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Outline:

Uncertainty propagation protocol/workflow
Common Pb correction methods, if applicable

Method of inter-element and inter-isotope
fractionation correction

Weighted Mean/Linear regression support, if
applicable

Rejection criteria

Handling/storage of reference values for
normalization

Key differences from other available packages



Workflow: Sample Setup

Project Name: Green River Basin Session 3

o ———

EARTHTIME PROJECT MANAGER

Project Type: U-Pb LA-ICP MS Data aquisition and reduction

Choose file handling protocol: |MU Flasma MC Faraday File Details: This is the default protocol for handling file
faraday analysis on the MU-Plasma. This handler v

Choose raw data template: | Arizona NUPlzsma runs.

Choose analysis purpose:
Load Raw Data using chosen File Handling Protocol and Raw Data Template
Organize Samples:
Mame: | Sri Lanka Zircon Std Mame: |Ent-09-123| Mame: |R33 Zircon Std
EARTHTIME SriLanka Standard w...  [View| Fole: Unknown Role: Secondary STD -

ACQUIPEDT-5L [21:47:44 23 Jun]
ACQUIPEDT-5L.1 [21:48:35 23 Jun]
AQUIPED1T-5L.2 [21:459:28 23.Jun])
AQUIPEDT-5L.3 [21:50:20 23.Jun)
AQUIPED1-5L.4 [21:51:26 23.Jun)
AQUIPEDT-5L.5 [21:52:13 23.Jun)
ACQUIPED1T-5L.6 [21:53:08 23.Jun]
ACQUIPEDT-55L [21:59:47 23.Jun]
ACQUIPEDT-105L [22:04:54 23.Jun]
AQUIPEDT-155L [22:10:17 23.Jun])
AQUIPED1-205L [22:16:42 23..Jun])
AQUIPEDT-255L [22:22:21 23 Jun]

AT NDENd S0l M- 97-99 59 lheal

-~

m

AGUIPEDT-1 [21:55:22 23 Jun]
ACGUIPEDT-2 [21:58:14 23.Jun]
AGQUIPEDT-3 [21:57:10 23.Jun]
AQUIPEDT-4 [21:58:04 23.Jun]
AQUIPEDT-E [21:58:54 23.Jun]
AQUIPEDT-E [22:00:40 23 Jun]
AGUIPED-T [22:01:34 23.Jun]
AGUIPEDT-B [22:02:23 23 Jun]
AGQUIPEDT-D [22:03:13 23.Jun]
AGUIPEDT-10 [22:04:05 23 .Jun]
AQUIPEDT-11 [22:05:5D 23.Jun)
AQUIPEDT-12 [22:06:45 23 Jun]

AT NSEnd 49 MF3-07T-94 79 Lhenl

>

ACQUIPEDT-R33 [21:54:10 23.Jun]
ACQUIPEDT-110R33 [00:03:25 24 Jun]
AGQUIPEDT-110R33.1 [00:04:11 24.Jun]




Workflow: Raw Ratios

L& ICP M5 Workflow Manager for a Session of Raw Data Preparation
— = = 0000020
| Grid @| Graph | overay )
i . .
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=
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Workflow: Fit Standards

—TR———— - R YT

LA ICP M5 Workflow Manager for a Session of Raw Data Preparation

for ALL Ratios

|Gri-j--;--| Graph | Owerlay

Standard

Lnknowns

@) RATIO wi 0D
(7) LOGRATIO w/out OD
7) ALPHA

AQUIPEDA-SL
00:00:02

include fraction
|:| local ¥ axis
|:| lecal Fit Functions

Measured Intensities |

Refit all data to shades.

w/ OverDispersion

Baseline-Corr Intensities ()|

CI:-FI"uIII Shades to hide dﬁt?’l

wiout OverDizpersion

|
Raw Ratios | |
Apply Fit Function: 17 5
Select fractionation technigue: Mean
 Downhole| Intercept | = Line
I~ - 17.0
= —_ £X
| Fit each Standard o] | o -
ﬁ w/ OverDispersion
| Fit Standard Session | w/iout OverDispersion 16.5
| Fit each Unknown |
1R 1
0.105
Apply Fit Function:
Fractions Shown: Mean 0.100
@ All I Kept I Tossed | e Line
- o - 0.095
Restore all Fractions by Exp
1=
Restore all Aquisitions 2 w/ OverDispersion 0.090
Remove all Local Y-Axis wiout OverDispersion
0.085
0.080
Apply Fit Function: 0.1
Mean
o Line 0.10
]
iy Exp
m . .
ﬁ w/ OverDispersion 0.09
w/out OwverDispersion
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AQUIPEDT-5LA
Q00057

include fraction

local ¥ axis
local Fit Functions

wi OverDispersion

wilout OverDispersion

@ Mean
¥=a

a=| [2882d | 2 8324 : 0.0073020)

MEWD=0.8 BIC=-118.3

Line MSWD=06G BIC=-118.8

Exp Unable to Fit Funection

OverDispersion

(7) Mean-0OD £=0.020 MsWD= 1.2 BIC= 8.7

@ Line-OD §=0.003  MSWD= 1.3 BIC=-5.0
y=ax+h

a=[_ [0.0ps0] | 0. 00297 :+ 0_ooo3asize
b =[ [24851 ]-2.1a51 : 0.0030¢20)

Exp Unable to Fit Function

OverDispersion

) Mean-0OD £ = 0.074 MSWD=12Blo=-87

@ Line-0D £ = 0.007
y=a'%+h
= [o.0183 |-0 0183 : 0 no12(20)

a
b = -2.2987 -2.299 : 0.013(20)

MEWD=12BIC=-57

(7) Exp-DDE=0.008  MSWD=1.3BIC=-2.8

OverDispersion
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Workflow: Fit Session

MEWD= 0.8 BIC=-343 4

¥

a= [28p9] | 2.22a7 : 0.0011020)
Line MSWD=028 BIC=-3450
Exp Unable to Fit Function
Spline-0D MEWD= 1.0 BIC= 356

| OwerDispersion

Mean-0D £ =0.020 MsWD= 1.1 BIC=-26.0

Line-OD £ = 0.014 MSWD= 1.1 BIC=-22.8

Exp Unable ta Fit Funetion
@ Spline-OD MSWD= 1.0 BIC= 58.7
start: |0.001
step: |0.001
stop: |0.05
E=0.0118

| OverDispersion

Mean-0D £=0.033 mswD=1.1BIC=-257

@ Line-COD g =0.033
y=a'x+h

a= [oopoo] |-0.0000017 : 0.0000045(:
b= [260 |-2.296 + 0 021020}

MEWD= 1.1 BIC=-22.1

=P Unable to Fit Function

MEWD= 1.0 BIC=G1.2

Spline-0D

| OverDispersion



Workflow: Fit Unknowns

Z | T T W T——
LA ICP M5 Warkflow Manager for a Session of Raw Data Preparation
for ALL Ratios AQUIPEDY-R33 AQUIFEDT-1
Grid @ Graph Overlay w00 00:06:28 00:07:40
| = | P | = = | G A o include fraction include fraction
) LOGRATIO wiout OO local Y axi | local Y axi
Standard Unknowns - [ toca s oea faxs
() ALPHA |:| local Fit Functions local Fit Functions
Measured Intensities | Refit all data to shades. w/i OverDispersion w/ OverDispersion
Baseline-Corr Intensities || | T’-ﬁ"—llJ Shades to hide dr‘-ﬂ?-i’l f wiout OverDispersion wiout OverDispersion
Raw Ratios || o8l (7) Mean MSWD= 0.7 BIC= -1147
Apply Fit Function: | @ Line MSWh= 0.2 BIC= -112.0
Select fractionation technigue: Mean | 27— / y=a+h
[ - :
| Downhole |“tercept‘ ﬁ Line . ‘ Ir\ A R //‘ f'. , \ ql = -mm- 0.0001 + 0_0014(2c)
™ = A ” | 126— R b = 2.580 2.530 + 0.012(2
| Fit each Standard I,_,I| 2 £ T v 7 r ..Jll I' f I."I = {za)
™| wi OverDispersion l\!" ’ o, / : V \ f \! Y Exp Unable to Fit Function
| Fit Standard Session | w/out OverDispersion | I OverDispersion
= 124+— V
[ Fit each Unknown @
(7) Mean-0OD £=0.021 MSwWD= 1.2 BIC= 2.7
Apply Fit Function: 0210— @ Line-OD£=0.006  MSwD= 1.3 BIC= 6.1
Mean y=a+h
) ]

Fractions Shown: 2 Line 0208 — a=[_ [o.0p50] | o.00498 : 0.00076(20)
@ All I Kept I:-Tossed é Exp 0.200 b = -1.618 -1.6139 : 0.0065(2c)
Restore all Fractions ™ w/ OverDispersion ’ Exp Unable to Fit Funection

Restore all Aquisitions w/out OverDispersion 0.195— OverDispersion
Remove all Local Y-Axis
02al— (7)) Mean-OD £=0.082 wswp=12BIC=-87
Apply Fit Function: : ) Line-ODE=0.026 WMSWD=1.3EIC=-G0
Mean 3 = S D= C=
o - 022 @ ExpODE=0.009  MSWD= 1.4 BIC=-3.3
R Line y=a'e{bh*x)+c
é Exp oaal | a=[ [o3624 ] v.352  0.029(20)
N | wi OverDispersion b =] [04793 ]-0.1719 : 0_031(20)
wiout OverDispersion c = -mn- -1.772 + 0.033(2a)
0.18—
OwverDispersion




Workflow: Downhole (lolite)

Oy OO

LA ICP MS Workflow Manager for a Session of Raw Data Preparation

. _ __ for ALL Ratios
[Grid ( )| Graph ()] Overlay (e} (») RATIO
LOGRATIO
(V] Standard || Unknowns 8MPM

7l (e) Mean-OD §=0.004 MSWD= 1.2 BIC= -10.0
y=a
Smrhcmmmhnimn: . a= -EE- 2.8257 * 0.0021(20)
2l se = Intercept
; . () Line-OD £=0.003 MSWD= 1.3 BIC= 7.2
17.4— —
() Exp MSWD= 1.0 BIC= -14.9
() Spiine-OD MSWD= 1.0 BIC= 35.4
172 @1 OverDispersion
S
& 17.0—|
©w
o
o~
16.8—
Fractions Shown:
(o) All | ) Kept | ) Tossed | weel|
Restore all Fractions
Restore all Aquisitions -
Remove all Local Y-Axis S
16.2—
o
]
Elapsed Sc:u;nda
( ) Residuals:
(_) Mean-OD £ =0.026 MSWD= 1.2 BIC= 0.5

Refresh View

Default Zoom

A H M\ timn ARE—nnne  simiain- 4 anim- o0

@)

Save Close | Switch to Project Manager | Output Session means and errors for standards




Workflow: Interactive Data Table

s U-Pb Redux TRIPOLIZED Project: Empty Project <C\Users\noahm\Documents\ReduxCalcCheck\LA-ICP-MS CalcCheck 6-Jan-13\Gehrels_6149_3-04-13.redux> | = | [E] £ |l
Project Sample Aliquots Fractions Lab Data Reports References Web Resources Tools Help
[ Aliquot [inci]note] Fraction | 206204 | 206207 | 206i208 | 2060206 | 207205 | 208205 | 202205 | 238235 | 233235 | 233236 |
4 m
Active Fractions i i - -
Re_]ectedFrachons| Report Settings Manager r L I&J
Dates [Ma) Isotopic Ratios - - -
Categories ( double-click to hide / show )
206Ph/ 20 207Pb/ (t20 | 207Pb/ t20 206Pb/ 207Pb/ 207Pb/ :
Fraction 238F  abs 2350 |abs | 206Pb® abs o% disc ® 238LF  +20% 235LF  |t+20% 206Pb® Fraction move up
| Sort |[Cav J[av J[av J[av][av J[av J[av [ av J[av][ av J[av][ av ]| Dates(Ma)
:
AQUIPE01::AQUIPE01 Composition
[ AQUIPED1-1 1212 32 1200 | 21 | 1177 16 -3.04 |0.2069 | 29 | 2.259 30 |0.07918
[ AQUIPEO1-2 592 16 589 |14 | 577 | 19 | -2.60 |0.0962 | 29 |0.786 | 3.0 | 0.05027 ||| Correlation Coefficients
[N] AQUIPE01-3 925 27 922 32 913 88 -1.38 | 0.1544 | 3.2 | 1.478 54 | 0.0695 Fraction
5 aauirore o |1 e |2 e | 7 54 |oms% | 30 o862 | 45 |ooces || COMmNS for Selected Category (double-click to hide / show
[ AQUIPEO1-6 1224 32 1218 | 21 |1211 12 -1.10 |0.2001 | 29 | 2.322 3.0 |0.08055 ||| 206Pb/204Ph move up
M AQUIPED1-7 590 16 592 17 | 601 52 1.78 |0.0058 | 29 |0.792 38 |0.0599 208PR/2060h
M AQUIPEOL-8 1066 28 1066 | 19 | 1068 11 0.22 |0.1798 | 29 | 1.859 29 |0.07498 ||
[ AQUIPEO1-9 598 17 596 14 | 589 27 -1.50 |0.0971 | 29 | 0.798 3.2 |0.05959 507Pb/235U
[ AQUIPE01-11 1369 29 1437 | 71 1540 | 160 1112 |0.2365 | 3.2 | 3.12 9.6 [0.0956 Ml | o —oepn l
M AQUIPEO1-12 808 26 916 21 | 959 28 6.38 |0.1494 | 3.1 | 1.464 3.4 | 0.07105 |
® AQUIPE01-13 574 16 576 | 16 | 585 | 46 186 |0.0032 | 29 |0.764 | 36 |0.0505 206R06/238U(Th-corscied)
M AQUIPED1-14 620 17 622 15 629 3 146 |0.1009 | 28 | 0.845 3.2 |0.06071 ||| [20FER235U{Pa-corrected) :
[ AQUIPED1-15 10.68 | 0.81 | 957 | 8.7 (9010 |[1300 | 99.88 |0.00166 | 7.6 | 0.0089 | 9.6 |0.432 ||| |[207PR/20EPh (Th-—cormecied)
M AQUIPED1-20 3111 | 095 | 362 | 52 | 387 290 91.97 [0.00484 | 3.0 |0.0363 |15 |0.0544 ||| |[207Eb/206P0 (Pa-corracted)
M AQUIPEO1-21 1502 9 1498 | 24 | 1493 14 -0.60 |0.2624 | 29 | 3.37 3.0 [0.09325 |||l |207Pb/206PE (Th- and Pa—comected)
[ AQUIPEO1-22 567 15 567 13 | 567 19 0.00 |0.0920 | 28 | 0.748 3.0 |0.05001 ||| |correlation coefficient
[ AQUIPE01-23 429 1.3 436 | 1.8 | 82 66 47.97 | 0.00667 | 3.0 | 0.0439 | 41 |0.0477 ||
M AQUIPEOL-24 226.2 | 6.4 23090 | 89 | 368 67 38.46 (00357 | 29 |0.265 | 42 |0.0539
[ AQUIPEO1-25 2552 | 090 | 468 | 8.5 [1344 | 320 98.10 |0.00397 | 3.5 |0.0472 |19 |0.086 ||| :
M AQUIPEO1-26 981 26 989 0 |1007 78 254 |0.1644 | 28 | 1.649 49 |0.0727 ||
[ AQUIPE01-27 654 18 670 a7 | 724 180 961 |0.1068 | 30 |0935 | 9.7 |00635 | -
M AQUIPEO1-28 600 16 500 | 17 | 507 54 051 [00975 | 29 | 0804 | 38 |0.0508 Hellrss s
[ AQUIPE01-29 1830 a5 1853 | 24 |1879.8 | 8.0 264 |0.3283 | 28 |521 29 |[0.11499 i 206Pb/2380
[ AQUIPEO1-32 1365 36 1368 | 22 | 1373 14 0.62 |0.2358 | 29 | 2.848 30 |0.08759 | @ sighig @ =it digitcount =nja | 212
M AQUIPEO1-34 1005 27 1023 | 20 | 1061 28 524 |0.1687 | 29 | 1738 3.2 |0.0747 ) - — :
M AQUIPEO1-35 628 17 631 15 | 640 n 189 01021 | 28 | 0862 | 3.2 |0.06103 ||| 2% [ZJunctcolvisble for this vaiue
[ AQUIPE01-37 624 17 626 17 | 631 a8 1.10 |0.1017 | 2.8 | 0.852 3.6 |0.0608 ||l | @ siofig @ amit. digitcount= | 215
M AQUIPE01-38 2219 6.2 2226 | 8.4 | 230 70 3.36 | 003503 | 28 |0.245 | 42 |0.0508 ||




Workflow: Interactive Concordia Plots
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Workflow: Interactive Concordia Plots

0.
206Pb/Q3BU

0.062 0.064 0.066 0.068 0.070 0.072

0.060

BALTO-7

unknown3::unknown3

421.2 +4.4/9.5/9.7/9.7
MSWD = 0.70,n = 3

weighted mean 206Pb/238U

0.64 0.6



2. Common Pb corrections

* |sochron regression methods available
(upper/lower intercept from TIMS)

3. Fractionation Correction

().~ 2()
Y true Y meas
log <—) = a + log <—)
Y true Y meas



4. Weighted Mean/Linear Regression

* Weighted means take into account reported in
the form X/Y/Z/W, where

— X is the analytical uncertainty, and takes into
account the uncertainty correlations from sample-
standard bracketing

— Y also includes the lab’s observed variability in
multiple standards of the same mineral

— Z additionally includes uncertainties in the mineral
standard IC

— W adds in decay constant uncertainties



5. Rejection Criteria

 None: user-based rejection.

— Open to suggestions, but 20 ends up
underestimating uncertainties

6. Handling/Storage of Reference
Values

 Model stored publicly online as xml|

— Separately records radiogenic end-member and
common Pb ICs, with covariance matrix to
describe the uncertainties in each



&

7. Key Differences

. Treats heteroscedastic and overdispersed data

Log-ratio analysis of compositional data

Propagates systematic uncertainties between
integrations — dead time, detector grains/non-
linearity

D. Provides model selection guidance (BIC)

. Treats systematic uncertainties between

measurements from sample-standard bracketing

Plugs into ID-TIMS Redux for plotting, weighted
means, databasing capabilities



A. Heteroscedastic data

* Uncertainty in each data point is different

201
15F

>10}°,", *

% 10 20 30 40 50 60 70 80 90 100
t
Mean: 9.86

+2SE: 0.26



A. Heteroscedastic data

* Uncertainty in each data point is different

20r

15F

L ]
e L .
> 10_ o 9Tge . 'l. T IR . [ 1] a® * ..

% 10 20 30 20 50 60 70 80 90 100
t
Mean: 9.86 Wtd Mean: 9.94

+2SE: 0.26 +20 0.24




A. Heteroscedastic data

e Estimate uncertainty in each analysis

— Total counts (shot noise)
— Amplifier behavior (Johnson noise)

* |f the measured variability in the data is larger
than the estimated uncertainties, make up the
difference with overdispersion (excess
variance)



B. Log-ratios of compositional data

Resolves the age-old problem: ratio of the
mean vs. mean of the ratios?

Differences between isotope ratios do not
obey the rules of ‘distances’: evaluating means
and standard deviations generates internally
inconsistent results.

* Instead, use e.g. log(207/206), log(208/206)

* Evaluate math in log-ratio space, then
exponentiate. More Thursday!



C. Propagate systematic uncertainties
between successive integrations

* Not as important for LA-ICP-MS at present,
but will become more so as uncertainties
continue to come down

* Dead time, ion counter non-linearity, gain
inter-calibration between detectors.



D. Model Selection

201

15F

MO.HHH}{MHH)

0 2 B 6 8 10 12 14 16
t

Do these measured data have a trend? Should | use a
mean or a linear fit to describe the data?



D. Model Selection

Mimummlrl,

t

Weighted mean: 10.69 + 0.53 (20), MSWD = 1.38



D. Model Selection

,,.m.}”m!mml‘

5F

0

Line fit: (0.012 £ 0.11)t + (10.58 £ 0.98), MSWD =1.13
pab - ‘0.871



D. Model Selection

| ‘ | l | Weighted mean:
a1 H e A | | 10.69 + 0.53 (20),
| MSWD = 1.38, BIC = 20.7

Line fit: (0.012 £ 0.11)t +
’”°'I"|H'i'i"' | (10.58 + 0.98),
i MSWD =1.13, BIC=19.9

Lowest BIC wins: the line is most likely the best fit.



E. Sample-standard bracketing -
Unct. correlation between unknowns

Line Fit:

1.2¢

1F

0.8F

0.6f

0.4F

0.2F

Correlation Coefficient

OF

-0'20 1000 2000 3000 4000 5000 6000 7000 8000 9000

t



E. Sample-standard bracketing -
Unct. correlation between unknowns

Spline Fit:
121
Al
0.8f
0.6f
0.4t

0.2F

Correlation Coefficient

OF

-0'20 1000 2000 3000 4000 5000 6000 7000 8000 9000

t



48 .08

48.00

47 .92

F. Calculating a weighted mean

<y

| <,

zircon

weighted mean 206Pb/238U (Th-corrected)
47.976 £ 0.016/0.028/0.059
MSWD=17,n=6

0 Gives more weight to more
precise analyses, un-weights
less precise analyses

0 But there is no room here for
systematic uncertainties, from
sample-standard bracketing,
standard ICs, decay constants...



Systematic uncertainties are

covariance
??:Oéltl—l—()ég?fg a1+ o =1
_ d_f -
, { at  dt } or Tht dt,
9% T | T T y 2 -
dtl dt2 i O-tth O-tg i dt
L dtz -

0 What are the weights that minimize the
uncertainty in the weighted mean?

McLean et al.,
2011 (G"3)



Systematic uncertainties are

covariance
??:Oéltl—l—()dg?fg a1+ o =1
_ d_g -
, { at  dt } or Tht dt,
9% T | T T y 2 -
dtl dt2 i O-tltg O-tg i dt
L dtz -

a =371 /(1'271)

McLean et al.,
2011 (G"3)



Systematic uncertainties are

covariance
??:Oéltl—l—()ég?fg a1+ o =1
_ d_f -
, { at  dt } or Tht dt,
9% T | T T y 2 -
dtl dt2 i O-tth O-tg i dt
L dtz -

(=1"n""¢ /(1" ")

McLean et al.,
2011 (G"3)
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Software Chasm

Kelly: domain-independent software
engineering solutions serve to isolate the
scientific-computing community

[IEEE Software 2007]

Wilson: treat scientific software with
scientific rigor [American Scientist 2006]



Goal:

calibrate earth history and develop the geochronological
techniques necessary to produce dates with uncertainties
approaching 0.1 percent

Requires:

robust software for data reduction, analysis, and
archiving to support both science and education

5 March 2013 Jim Bowring LA-ICP-MS Charleston
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EARTHTIME
Software Requirements

open-source applications for full U-Pb data
reduction and error propagation

provide graphical and statistical tools
produce publication-ready artifacts

produce a standardized record for transport
to/from archival databases



CIRDLES

Cyber Infrastructure Research and Development
Lab for the Earth Sciences

CIRDLES.org

Collaborative domain-specific software
engineering research to produce tools that
advance science



Domain-Driven Development
Process

Software .
Engineering Geochemistry
Domain Domain

N r

Common Language:
Data Dictionary
Visualizations
Process Maps
Prototypes

Domain-Driven Software Engineering Processes
Requirements Analysis
Specification
Prototypes
Testing
Architecture
Documentation

5 March 2013 Jim Bowring LA-ICP-MS Charleston



/_ﬂraw{
Mass ;2

Spectrometer A
Tripoli

sample

filltered

analysis
meta-data

Sample
U-Pb \Redux R OSER %

Workflom\Manager Analysis— Mode

IGSN completed analysis
for archiving
W, SESAR
3 . “ ) . ..:::!!::!.!!:2!::: G eeCh r O n
................................... ) EaARChem
sample meta-data by one or more archived
IGSN for compilation analyses for compilation

U-Pb Redux

Compilation Mode
5 March 2013 Jim Bowring LA-ICP-MS Charleston 37
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