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A brief history of crustacean data processing

2009 SQUID-2 uploaded to SourceForg
2012 Where to next?
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Details: the seven questions
1. Uncertainty propagation protocol/workflow

2. Common Pb correction methods

3. Method of inter-element and inter-isotope fractionation
correction

Weighted mean/linear regression support
Rejection criteria

Handling/storage of reference values for normalization

S

Key differences from other available packages V
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Workflow: sample
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Workflow: data acquisition*

SET 1 TITLE: 433.002.1.1 DEAD TIME [ ns: 12 Normalise to SBM OFF.
1 2 3 4 2
1962r20 31894 33987 34971 6422 36960
204Pb 2 2 2 2 4
Bkgnd 0 1 3 4 1
206Pb 5980 6021 5762 5764 6005 R
207Pb 1044 1099 1089 990 1092
208Pb 585 604 564 572 36
238l 065 16112 16269 16903 17073 R
248ThO 22677 22819 22825 22969 23202
2540 37947 i 37613 38126 30394 J6950
270U02Z 14543 14200 14037 14325 14162

FLAGS: I Insufficient counts to center; C Fail to center; R Fail F test - passes by rejection; F Fail F test - acc

* assuming single-collector and focussed on 2%6Pb/238U
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<par name="date" value="2011-05-12" /=
<par name="time" value="13:17:52" /=

<par name="qtly" value="-193" /=

<par name="qtly_volts" value="-4870.4" />
<par name="qt1z" value="263" />

<par name="egy" value="0.00" /=

zpar name="egz" value="0.00" /=

<par name="prealphay" value="553" /=
<par name="pbm" value="-2.5nA" />

<par
<l--

_____ cp8 nave zZeros subtracrted ==

<par name="eisie_date_time" value="1904-1-1T10-0-0" /=
- <scan number="1"=
- Zmeasurements

=par name="detectors" value="12" />

<par name="trim_mass" value="195.787512" />

<par name="time_stamp_sec" value="17.000000" /=

<par name="autocentering_result" value="ok" />

<l-- can be "ok" "failed" "insufficient counts® - =

R = didmial LoDl wr b L e

<par name="autocentering_detector" valus="1" />

<data name="196Zr20">3928,3908,3909,3869,3921,3949,3889,3935,3921,3910</data=

dat a

name="eisie_cps" value="5.000000,10.000000,15.000000,20.000000,25.000000" /=

f or ma

<data name="SBM">55911,55929,55945,55996,56022,55978,55971,55926,55948,55942 </data>
Z/measurement >
- <measurement=

<par name="detectors" value="12" /=

<par name="trim_mass" value="203.952521" /=
<par name="time_stamp_sec" value="33.000000" /=
<par name="autocentering_result" value="ok" />

«<l-- can be "ok" "failed" "insufficient counts"” --=

=par name="autocentering_detector" value="1" />
zdata name="204Pb">0,0,1,1,0,0,2,1,2,0=/data>

<data name="SBM">=559348,559293,559382,559156,559134,559189,558956,558949,559049,559017 </data>
</measuremeant
- <measurement:

<par name="detectors" value="12" /=
<par name="trim__mass" value="204.002521" /=



Details: uncertainty propagation
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Assessment of errors in SIMS zircon U-Pb geochronology
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Abstract

Analytical errors calculated for individual spot “”°Pb/>**U measurements of zircon analyzed using high mass resolution
secondary ion mass spectrometry (HR-SIMS, e.g., SHRIMP II) were assessed using natural zircon (z6266) and synthetic glass
standards (NIST SRM 610). Evidence for U/Pb homogeneity of these materials includes new thermal ionization mass
spectrometry (TIMS) U—Pb analyses of 22 fragments of z6266 zircon from two laboratories, which are identical within error
and yield a weighted mean 2°°Pb/***U age of 559.0 + 0.2 Ma. TIMS U-Pb analyses of the SRM 610 yielded homogeneous
20°pp/ AU =0.2566.
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Workflow

U-Pb isotopic analysis of
unknown zircon

Background and
common Pb corrections

Assessing reference

Counting statistics
- Propagated to ratios via
double interpolation

Common Pb

U-Pb discrimination

(6repeatabilityd)

Calibration to reference

Age calibration

(6reproduci bilityd)

SEGE © Commonwealth of Austraia

Within-spot uncertainty

Within-spot uncertainty

Within-session

uncertainty
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Workflow: Initial processing

ANormalise counts to Secondary Beam Monitor as portion of
total secondary signal (typically <1% variation)

ASubtract background measurement taken near 204Pb mass

Secondary Beam Monitor
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Workflow: ratio calculation i double interpolation

Dodson M H 1978 A linear methnd for second-dearee
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ABSTRACT

Measurement of isotope ratios via double interpolation of cyclic peak jumping produces error correlations
between time-adjacent ratios which, if ignored, result in underestimated errors of their means. Equations
that incorporate the error correlations are derived, and an example given for a typical U-Pb/zircon analysis
via ion microprobe showing that isotope-ratio uncertainties for a single spot are usually underestimated by
factors of 1.2-1.3.

© 2009 Elsevier B.V. All rights reserved.



Workflow: ratio calculation - double interpolation

1000

206Pb scans

4000

238U scans
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Workflow: ratio calculation - double interpolation

'‘Raw’ “%°Pb/**®U interpolated ratios
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AOutlier rejection by sequential removal of ratios and recalculation of
MSWD. If MSWD reduction > set factor (3) then reject.

Alf Prob. Fit > 0.05: weighted mean

Al'f Prob. Fit < 0.05: Tukeyods Bi wei
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Workflow: normalise signal, common Pb, etc.

ADirect measurement of 2%4Pb (207Pb corr. in Phanerozoic)

ACalculation of assumed 294Pb/206pp 204Pp/207Ph hbased on
Stacey and Kramers (1975) two-stage model.

ACorrection usually minor and generally reject analyses > 2%
common Pb as unreliable measurements

ACorrect 26Pband P b based ratios as r e

AAlso monitor potential overcounts on 294Pb by assuming
concordance in reference 29°Pb*/238U and 2°’Pb*/?3°U and
calculating non-2%4Pb counts to explain any discordance

GEOSCIENCE AUSTRALIA  [@GH § Commomeaty of Ausirta SQUID from the Sea to the Cloud



Workflow: calculate calibration constant

0.0

-0.2
R -
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Workflow: spot-to-spot uncertainty

2%°pp/238Y on reference

435
Extra uncertainty propagated to unknowns /O
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Workflow: homework

QU 2

Rev. 2.50

A User’s Manual

Ken Ludwig
Berkeley Geochronology Center
April 12, 2009
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Details: the seven questions
1. Uncertainty propagation protocol/workflow
2. Common Pb correction methods \/

3. Method of inter-element and inter-isotope fractionation V
correction

4. Weighted mean/linear regression support V
5. Rejection criteria V

[ 6. Handling/storage of reference values for normalization J

7. Key differepgesfipmmibas ayadableragagest\/
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ES Microsoft Excel - Prelim reduction 24-01-2010.xls
@_1 File Edit Wiew Insert Format Tools Data  Window  Isoplot n Help Sguidz  Adobe PDF Type a question for help

ARNEA" NERE NI RN A <N N RN A T e -1 -1 U e | = =[]0 000 [0]EE 0 EE S8 v o %
Pig) fey By o) @y Ry O | A B ([ | 9 Reply with Changes... EndReview...!i'@aﬁaij' 2 — vg! b @ Security.. | 2% ﬁ”%|€9!
PEESP | EER Y @R ® o
AST - A T.50.1.1. . dupl
a w | ® | v |z aan |ae| ac [aD]| aE [ AaF | aG | AH | al | A I ar Jam[ an [a0ff A | ar [ as| at [ au [ av [aw]| ax | Ay | az [ Ba | &

1 |lsotope Rati
2 |(errors are 1 gupid spot-time, for isotope ratios of the same element at mid spot-time, for isotope ratios of different elements at mid spot-time
3 | SHRIMP S w2y
4 |fram file:
5

4 corr h h N N

206Pb 204 204

238U 4corr  dcorr overcts owercts 204

206 %o 270 % 206 %o Ln % Ln % calibr. % | Age ppm 208Pb* % ppm ppm 232Th % Isec Isec 206 %

5 Spot Hame 270 err 254 err 254 err UOA err PbAU err FApo FBpo_lsed AMad 496 StDev 46 const err| (Ma) 1o 206* 206Pb* err u Th /2380 err (fr. 207) (fr. 208) (fr. 207} err (fr
40 T.341.1| 006025 062 03947 041 002379 056 1.5427 024 1896 036 0.006960 0.61 414 2 0062 0145 308 246 119 0493 040 00224 o118 -41E-6 1E+3 -
41 T.3511| 005576 112 03592 074 002327 1.00 1.58215 043 15935 063 0.006823 1.12| 406 4 1107 0403 557 T4 25 0345 0582 00274 0.022 0000461 22
42 T.36.1.1| 006050 066 03576 044 002346 053 1.8265 025 1927 057 0.006928 0.64| H2 3| 0209 0467 347 221 110 05153 042 00574  -0099 0000005 1E+3
43 T.3741| 006040 077 03535 073 002354 069 1.58211 030 15915 044 0.007106 0.76| 422 3| -0425 0035 4483 159 39 0254 064 00225 0093 -1.5E-4 36 !
44 T.50.1.1| 006054 065 035911 045 002367 325 1.8190 027 15925 039 0007043 306 48 42| 0112 0144 263 202 93 0475 044 -00552 0080 0000058 100 -
45 T.39.11| 006062 061 03539 041 002359 055 1.58224 024 15925 035 0.006995 0.59| H6 2| 0080 0145 232 252 120 0490 033 00300 o0oss -16E5 309 -
45 T.40.1.1| 006011 0.84 035835 055 002335 075 1.8146 0352 15943 047 0.006984 0.81| N5 F| 0225 0155 18 133 E7 0520 052 -00433 0085 0000026 274 -
47 T.H.11| 006074 0584 03569 055 002350 075 1.8215 0352 1925 0438 0.006966 0.81| 414 3 0114 0144 17 126 59 0452 054 00309 oo0ss  -34E5 288 -
45 T.424.1| 006051 0.84 03594 055 00237 075 1.8117 032 1530 047 0.007060 0.81| 420 3| 0336 0osg 531 13 538 030 0B5 00352 0.072 0000077 892 -
43 T.43.44| 006079 079 038931 053 00239 071 1.8461 031 15385 046 0.006995 0.77| M6 3 010 oos2 401 136 37 0275 0B4 -00MS  -0049 0000145 47 i
50 T.4411| 0.06210 0896 03566 064 002399 056 1.8169 057 18914 055 0.007115 0.94| 423 4| 0445 0090 534 96 532 0347 071 005™ 0426 0000054 a7 -
51 T.4511| 005166 073 035893 049 002400 065 1.8216 028 19038 042 0.007101 0.72| 422 F| 0342 0146 323 162 78 0490 047 01033 oogs  -6.8ES a1 -
52 T.46.1.1| 005153 0.94 03531 062 002405 0584 1.8192 037 -1.910 054 0.007225 0.95| 429 4| -0.937 0118 S60 100 31 0324 071 01440 0127 000096 =08 -
53 T.47A1| 006054 080 03866 053 002343 071 1.8279 031 1926 046 0.006924 0.77| N2 3 003 0155 300 140 54 0469 052 00253 -0089 0.000100 B3
54 T.4811| 005140 091 03940 061 002422 081 1.8128 036 1907 052 0.007217 0.539| 429 4| 0199 oogs 20 104 30 0300 071 00198 00ss 0000033 204 -
55 T.38.1.1| 0.05935 0.81 03877 053 002321 072 18192 031 1944 045 0.006899 0.77 411 3 0053 0112 362 139 46 0344 059 00229 -0o040  -38E-S5 180 -
56 T.49.1.1| 006014 0.79 03923 052 002360 071 1.8305 030 1916 045 0.006992 0.77| M6 F| -0.400 0165 314 140 E7 0498 050 -00939 -0438 0000039 17S
57 I1.50.1.1...dup1] 006099 501 03593 054 0023535 076 1.5244 031 1916 047 0.007009 0.79( M7 3 0264 0152 343 13 B4 0501 052 00375 0046 0000037 158
58 -0.0035"  -0.005"
£0 Wtd Mean of Std Ph/U calibr. 0.007008 0.0 0.0
E1 1 error of mean 0.19%
52 1 external spot-to-spot error 1.06% ?
3] MSWD 2.85

Prob. of fit 0.00
rejected spot #s 22,23,38
For visualization & preliminary evaluation only
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1 |Errorsarel e LY = o =Y [
| Al Al Al bl
204corr 207corr 208corr 204corr 204corr 208corr Y
206PR 206Pb 206Pb 207Pb 208Pb 207Pb Dis- Tocorr 4corr doorr Total Total 4corr 4corr 4corr 4corr dcorr dcorr
12380 1o /2380 1¢ /2380 1o J/206Pb 1o [/232Th 1o [206Pb 1o cor- 206 % 208 % 206 %) 238 % 207 %| 238 % M S| 207 % 2060 % err| 238 % 227
2 | Spot Name Age err Age err Age err Age err Age err Age err dant /238 err /232 err (238 err| (206 err (206 err| (206° err [206* err| (235 err (238 err corr| [206° err [(206*
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15 0G1-11.1 40 22 M0s 5 42 25 Me4 4 M7 33 65 6 +1 069 052 0184 1.0 7050 0.8 1.4 083 0285 0.24] 14 0.83 0298 0.24| 251 0% 0705 083 1.0 14 0.82 0.300
16 0G1-12.1 M35 23 3389 &3 M6 26 69 4 27T 36 M70 6 +1 0692 054 0185 11 7039 0.8 1.4 088 0.300 0.23) 1.4 0.88 0300 028 251 0% 0704 088 1.0 1.4 0.87 0.300
17 0G1-13.1 3422 2% 3357 53 427 27 472 5 3363 29 3480 7 +2 0683 054 01831 13 7005 09 14 083 0.301 0.31 14083 0300 032 250 1.0 0700 093 098] 14 1.02 0302
19 =
20 | | Redo Concordiaﬁge
2 Mean age of coherent group (N=15) 3465.6
2z age error {95% conf.) 21 To recalculate Concerdia Age using different spots,  X-Y wid mean (88%-conf. errs), incl. error from Standard:
7 MSWD  0.89 select desired rows from the red columns  [1.421] 0.3] 0.289] 0.07]
24 Probability 0.57 then press button at right.  on all 15 points.
25 date-point error ellipses are Tsigma Probability of equivalence = 0.23 (mswd = 1.2}
26 DISCORDANT (probability of concordance = .00045)
7 Faor visualization & preliminary evaluation only
28
29 3485 2o error bars
30
o 3480 4
32 _
P 2475 4
L 3470 4
£ air
a6 3465 4 L i I.
= NI
5 460 4
| =9 | 3455
|40
|4 | 450 4
| 42 | A
7 3445 t t +
44 0 5 10 15
| 45 |
| 46 | Std  Grouped
47 I\\J . '
] ote. aependency on Isoplio
1 n L]
43
50 @ ". @
51 et @ G p o @
52 565 & oy @ o % ey !., J
53 =2 Lo e w °
—— ) * * @
| 54 =
| 55 |
| 58 | 545
| 57 |
63
53 C
1] 525 t t t t +
&l 0 10 20 30 40 50 &0
2 Hours
| v
M 4 » W]\ Data-reduction params 4 Within-Spot Ratios / StandardData ; JE3 »

Ready

MUM

-



The bigger picture: SQUID in Open Source

sourceforge.net/projects/squid2

SQUID?2 =1 bodorkos, jocky1, ksircombe09

Summary Files Reviews Support Develop Hosted Apps  Mailing Lists

#A Home (Change Fie) Date Range: | 2009-05-05 to 2013-02-26

DOWHLOADS

665

In the =elected date range

TOP COUNTRY *
Australia

45% of downloaders

TOPOS*

Windows
201201 2012407 201301 | 749 of downloaders

200907 201001 201007 201101 201107

il b et g SQUID from the Sea to the Cloud
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ISOPLOT [E9 .x. bodorkos, jocky, 1 United States 317 19%

2 China 172 10%
summary Files Reviews supp3  Australia 107 6%
= 4  Germany 101 6%
# Hom 5 Canada 92 6%
e 6  United Kingdom 74 4%
400 7  Brazil 69 4% [
8 India 65 4%
. 9 France 62 4% |
, 300 10 Russia 48 3%
- 11 Japan 47 3%
g 12 Mexico 39 2% —
R 13 Spain 36 2%
150 14 Taiwan 26 2%
. /\ 15 Finland 25 2% S
16 Colombia 23 1%
°0 / 17 Turkey 21 1%
04— 18 Switzerland 21 1% +———r—r——
& & & 3 @°°’ & 19 Italy 19 1% .—°°’w&v“’\;&'°”
120 Chile 19 1%
Other 271 16%
Total last 12 months 1654
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SQUID-2: Issues

ADistribution and installation
AVersion control
ADependency on Excel (2003)

ADocumentation of algorithms
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Option #1: Update SQUID + ISOPLOT to Office 2010
J Bring applications up-to-date
J Encourage use

L Requires resources for developer/s

Microsoft Du
Office2010

GEOSCIENCE AUSTRALIA @ 7 Commonwastn of Austrss SQUID from the Sea to the Cloud



Option #2: Testing virtualisation at GA
AEnterprise-s cal e O0vCl oud?d

AServer runs WinXP, Office
2003. Accessible by
browser, behaves like
desktop

ASuccessful tests of
SQUID-2

L Installation issues

L Potential on-going cost
for licences

A way forward??
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