Quality Control of pXRF Spectrometry

Ayesha R.R. Landon-Browne, Ross D. Knight, Bruce A. Kjarsgaard, and Hazen A.J. Russell

INTRODUCTION How much sample do | need? pXRF vs Fusion and 4-acid methods PXRF spectrometer drift:

For groundwater studies, the collection of sediment geochemistry data is often beyond the

A portable X-Ray Fluorescence spectrometer (pXRF) has been utilized in multiple projects to characterize the geochemistry of a suite of elements and provides results , | | o b I o d I o I °
imilar to fusion and 4-acid methods. The oXRE anal ide near-instant lemental ition of sediments. with minimal sampl tion and at e . . e Table 1 The bivariate plots below display data aquired by pXRF compared with data obtained by lithium borate fusion (orange dots) and 4-acid (blue dots) digestions with ICP ES/MS analysis for sediments obtained scope, and budget of many programs, and is generally not included as a part of routine data variapie pro jeCtS dand ahna Yt|ca time ga pS
similar to fusion and 4-acid methods. The pXRF analyses can provide near-instantaneous elemental composition of sediments, with minimal sample preparation and a DXRF protocol for successful data acquisition relies on the assumption that the sample being analysed has an ‘infinite | | | ) dlid . | | . | I ; , o
| H ' ' dina d sion and . L . . Til-1 | Til -3 from 2 boreholes located in southern Ontario and processed to <0.063 mm. The green dashed line represents the 1:1 relationship. The black line represents a linear regression determined by the least collection. Portable X-ray fluorescent spectrometry has proven to be a successtul tool to
OW Cost. Fowever, questions persist regaraing data precision and accuracy. thickness”. Infinite thickness corresponds to the thickness of a sample where the analyzer returns a result that will not | . . . . . o
, 'fIh | i cker Samoles of ess than infinte thick n o : < that t As 3mm amm squares approach. characterize the chemostratigraphy of glacially derived sediments, as well as improving the | S d
change It the sample was thicker. Samples of less than infinite thickness will in many instances return results that are no . : : : : : : - - e mi . : From 2009 to 2016 approximately 7000 analyses have been carried out
. . . _— . . . . . . results, and pore water
To provide a normalized sample grain-size, volume, and to minimize nugget effects in glacially-derived sediments, samples are dried and sieved to <0.063 mm (ilt + clay) recise Ba 25mm | 20mm Results indicate that pXRF, of glaciallly derived sediment, is comparable to fusion and 4-acid ICP-MS/ES. 'nterlafe@t'ton %f CEOWIIl:IOIte giOPhI;S}]IFS: mltchrozaIlIeontOlogby esults, a OI[ .PO € tat?‘ e Project locations | O sirmmns on CRMI/SAM s part of eleven diffeent projects, For each analyticl
. . . . . . . . ) _ _ MISTI | fom ISM NOW m [ N [ [ TCA-8010 Standard Reference Material (SRM), .
prior to analysis. To ensure quality control, a number of Certified Reference Materials (CRM) and Standard Reference Materials (SRM) are analyzed with each project, and Ca JEOCNEMIHY. Lata COTIECLEG TFOM Thi5 MEROG ha> NOW BECOME a TOLLINE part O BOFENOiE % T andTi4 Cetfed Reference Moteril U session aTeflon blank, silica blank, and a suit of standards are analyzed at
comparisons made with previously published results. For further quality control, a sub-suite of sediment samples are analyzed by ICP-MS/ES after lithium borate fusion - - 03 ConSi - ~ 2 omm_| Smm - - M g M / studlies within the Groundwater Geoscience Program at the Geological Survey of Canada. & By o o "
P P yp : qualrty / P yzed by The recommended depth of a sediment sample sieved to <0.063 mm to obtain a consistent (precise) concentration for o — — ] Ca Ca n n / %%}0 ; linManicbs the start and finish of each session, and after every ten samples. The
and multi-acid digestions. elements being tested in Soil mode s listed in Table 1. Blank depths indicate that the returned result was not impacted - - - | oo - | om . e e . Wa 15 d en B or eh Ole S & | @M @ 2RegionsSurici Seiment Studies box and whisker diagrams plotted below display the variation in Ca and
150000 150000 /./'f | 77_17 & ! ] o A gy e, North West Territories ) i ) L ) )
by the thickness of the sample; however for most elements post data collection to correct for poor accuracy would be P ) ) z & E o % o . Z o | yan s AR Zr values obtained from Till-4. Data for individual projects is represented
1 1 1 1 1 1 1 1 1 1 o a A~ S o o 7 ; ; O A . .
To dgte, thIS. research supports the application of pXRF for the charfacterlzanon of major and trace elements in gl'faual-derlved sedlment.s. We have found.that p)IRF beneficial. Y — — o000 - Ca K Sr by a box and whisker diagram. The two mustard coloured box and
provides reliable data for 14 elements, and can be used as a screening tool to select subsets of samples for traditional laboratory analytical methods. While routine y - Warden 0 75000 150000 225000 10000 0000 30000 0 100 200 0 400 whisker plots on the left side of the diagram are the same samples
. . . . - - 50000 | - 50000 . . Y OE $wn?arket - 0 +———*+———~t———pm g — : —ppm : : : —!ppm | | |
coIIlect|on of geochemical data by laboratory methods can be beyond the scope and budget of many programs, pXRF analyses can be used as an alternative analytical oh e T { | L w1 measured by the same instrument but with a different Yeray tube. The
too ‘ ’ 0 s000 100000 150000 200000 ° 0 50000 100000 150000 200000 ’ 0 500 1000 1500 2000 ’ 0 500 1000 {500 2000 i 0 50 100 150 200 0 10— E | 7 = 12t i I |
Rb ZLLLLL /mm Lithium Borate Fusion 4 - Acid Lithium Borate Fusion 4 - Acid Lithium Borate Fusion = . : : . ; b |arge| Vafrlatlon Iln the llght ]E)luehbox anddWh.ISker p|0tfor| Ca may be the
. . . Sf 5mm 5mm Y Y Rb > Rb > w1 - 71 > ’ = . o R N 2 ?ﬁ result of several operators for the pXRF during a particular project.
Does the size fraction matter? R : . Fe ... Fe -1 €0 , -1 €N ‘B | | m
% V - - ] ;2;263"‘"‘ ] ;g£63mm oo ppm /// o ppm 4 N _ ppm . ‘/ 80_’ ppm / *j; E 777777 ] ] ® |:| Silt
. . . o« _oe - da Zn 5mm 5mm L ] L ] " 8 " W ] 2 o] <:>‘3° B % i
Major grain size variation e B 2 _ _ ] g : < g o ¢ - =i b EEe
e e Rl . 200001 . y o a0 o P % 1 - ] of ] S [ Bedrock
() [ 1 | = o Unit3 s AA ] A‘A»A ] :; I:I Missing core
In Situ (drill core) vs. Processed (<0.063 mm) 20000 350 - 300 | .l | A/ = g 4 |
] i ] . g 1 Reccommended value 7 n=36 7/ n=37 =27 Nl n=37 ©  pXRF Newmarket Till
— = : z | Low filter K A 18, Main filter Sr = 700 High filt 1.7 )= 1.0x- et 1.,/ - 10c_ e i P ' i 50 5 _ 11000 . 500
. e~ ] . i - 0 : : : : : : : | : 0 . | . | . | - | _ 0 : | : | : 0 0 —— 17— 0 I———S—S—S—S—S—S—_—_—_——— '43 ®  pXRF Thorncliffe Fm. | |
% 19000 1 Reccommended value % 330 & 600 - Ig ler 0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000 0 o 50 100 ' 150 0 0 20. _ 40 o0 80 _ 100 120 0 20 40 60 g 100 120 ,% % o A pXRF Scarborough Fm. ] C a :
= _ = =z ' Lithium Borate Fusion 4 - Acid Lithium Borate Fusion Lithium Borate Fusion B C- 5 10500 - | |
_g 18000 __ g 310 g 500 _ 30000 30000 500 500 1000 1000 60 %‘ ¢ Fusion chemistry Ti" 4 I 1 T'" 4 @) -
g - g £ 4001 - / - / - g 3 I ' TR ® ®
§ 17000 MWW‘ § 290 _- eCCOTEnGE ELe § 300 _ - KOGSmm P ] <§3r /// ] <0§3£ /// 800 - 4)%351 800 = ,§' ——————— 10000 _ : i @) 450 - :
c ] c ] c ] pp 1 oom 7 | pom 70 | 9 e |
@) ] 0 0 25000 25000 400 400 = o
O O ' O 200 - ] 0 5 = - | | % = |
16000 - 270 - | " " L 600 600 % E 9500 - I o () I E I
] ] 100 - Detection limit Ba % % ; 3607 % 0 E E - Bedrock ] ] ] % _ : T @ : d % : * :
1 e e e e e e e e e = = = = = Q. o o 400 o 400 noinecs -80 80 80 ~—’ ] | | ~ |
15000 — 71 ' T ' T T T T T T T T T T T 250 — 71 ' T ' T T T T T ‘' T T T T T 7 0 — T ' T ' T ‘' T ' T '™ T ‘' T T* T 20000 20000 300 300 | égg 8 9000 - | ) ’ [ Recommended Value ? CC) 400 - i ' : @)
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 _ e . . E ' . 0 | ~ 2 | | Recommended Value
Thickness of sample (mm) Thickness of sample (mm) Thickness of sample (mm) . = @ - wi - ) = " - = o - = The variation in concentration of some elements (e.g. Ca, Fe, Rb, V) between the Thorncliffe £ o | s £ : :
Flements detected using the Low fiter for which trat Ny ctont with . e thickness include Ca. Cr K Tiand V. Element T Sl o I I N N A R ezl e Formation and the overlying Newmarket Till indicate that the silt and clay size fraction of § . | * | § | i
ements detected using the Low filter for which concentrations remain fairly consistent with increasing sample thickness include Ca, Cr, K, Tiand V. Elements o a0 a0 wo w0 oo o @ om0 m . . . . . .
. - .g . . ain fallly €onsis o : . P L T Lithium Borate Fusion 4 - Acid Lithium Borate Fusion 4 - Acid Lithium Borate Fusion 4 - Acid the upper Thorncliffe Formation was not incorporated into the matrix of the Newmarket Till. S _ | | s ] | |
8000 | | O 350 | |
detected using the Main filter for which concentration decreases with increasing thickness until infinite thickness is achieved (generally >6mm), include As, Cu, O | o ° e * * O | |
. . . . . . . . . . i | | ‘
Fe, Mn, Ni, Pb, Rb, Sr, Zn, and Zr. Of this group Mn has the lowest X-ray intensity and is determined using the Ka16.10keV line while Zr has the highest X-ray 2500 | | | i - - i
H _ _ intensity and is determined using the Ka1 15.98 keV line. Ba was the only element detected where concentrations continue to increase until 20 -25mm of sample ] o I I B h I f o . a o o % ' . a o N
southern . . . . . . . . . . _ _ _ | Q : O ! O O O | | E © S
Manitob C d C s | T [ T ] thickness is achieved. Barium is detected using the High filter and the Ka1 line of 32.70 keV. ; - | Ca // ] NMn o ! Mn // wl /’ ueensviiie borenoie 7000 E g 2 E 300 1 s e | ¢ ¢ ¢
| ar.“ O a . . | 280000 1 / // 280000 ;g£63mm . , y; 900_' ;g'.;)GSmm // oo ;g£63mm / 120- ;gﬁGsmm // 120_‘ Dec :: Jan June Sept All Yr : July T Sept DecT Nov Jan-Apr  April |:_ May June - Dec ié Jan June Sept All Yr : July T Sept Dec|i_ Nov Jan-Apr  April T May June
Unit  Lithofacies 0 8 16 24 0 8 16 24 Unit  Lithofacies 0 2000 40000 2000 4000 ) / | s | - y Carbon Ca Cu Rb 6500 | 2009 12011 2011 2011 2011 2012} 2013 2013 2014 2015 2015 /2016 2016 | 2009 {2011 2011 2011 2011 , 2012} 2013 2013} 2014 2015 2015 ;2016 2016
M B R BRI SR S PR TR N T T T NS BT PR T R NN NN MT SR BN | PR IR T NN NN NN N N 0 0 0 [ 0 0 [ 0 0 0 [ 240000 - 240000 - / 800 - 800 " | . i . o _ _ _ [ _ ! _ _ ! _ _ _ L _ i B i _ B B B B | B B | B B . | . :
. — 01 7 % I — 0 oo oo Our results indicate that thicker samples provide a higher degree of compaction (increasing density) at the sample surface interface with " " / e e g P ¢ Quesnsville 0 oo s o 0 m w0 m w0 w el Rl Tt | D 8 T w5 e e 6w v e
= . 1& ] 8 the X-ray beam, allowing for more X-ray beam sediment interaction which provides more consistent results. oo oy J/ T | s | s | o000 " - | | > " T |
] ] - 500 - 500 - %7 e® “1@ 10 SUSEE. f :‘
| | 160000 160000 / ] ] / ] ) ] ] ]
1 n=32 1 / n=32 i / n=32 i / n=32 40 4 n=E72 40 ¢ 1°®
= : : ] y=1.4x- 1r525=959(13 | 7 g y=12x+ 1r222=0f2 - 17 y=09r;:692 " 1.7 g y = .872x [241222 wz__° Eﬁr:_:zg_ 20 i 20 - ¢ 20 - ¢ 20 -
-20 7 . p— ; -20 - — . g h d II e h Id 7 120000 F————F————T————T————T——— 120000 . . . : 300 ¥¥r+—7—"—"F—"—"7—"T1—"1— — s fo—""% -+ r—— ¥+ 1+ o YA —— 20 i 20 ] ] : i ] : ] d Of ) h ) d b ®
- — L - —— 120000 160000 200000 240000 280000 320000 120000 160000 200000 240000 280000 320000 300 400 500 600 700 800 900 1000 1100 300 400 500 600 700 800 900 1000 1100 20 40 60 80 100 120 140 160 ]
- = T = What dwell time should | use? 130 PXRF spectrometer drift within and between projects
C .E,.;z.f 3 8 ﬂ% c 8 (ﬁ Data collection below a“minimum” dwell time for an element results in a reduction The graphs below display variable dwell times for Pb and Ca concentrations | Fe S | Fe S E Rb L 7N ) | . o f . K Ca Fe Ti Mn Ba Zr S Sr Cu V Zn Ni Rb As U Cr Pb Th
_ —_ O - = O of precision, whereas collection of data above this “‘minimum” dwell time should in soil mode for CRM NIST 610. Open circles reprsent the mean value of ~100 somo <o / om0 ] e / EE = , o] oo o] sagssmm ! E | | | 7] o0 T 40 ]
-40 ‘= : o -40 - ‘— | o i s ies i | fanal | dand d +20. Th ded value | 3 ' | y | | ’ Eog = 190007 1400 R 350 -
- _ = “ : _ i . increase precision. For studies incorporating hundreds or thousands of analyses, an analyses. Red and green dots represent +20. The recommended value is o’ L oo e . . L S _ 500 - ™
L ] o ] , , , , , , , , , ] ] r 4 40 = ] ~ 1 1 8 '
] ) _ e ] ) _ 3 optimum dwell time becomes a highly important factor for both a timely and cost represented by horizontal line. For P, all dwell times return highly accurate | % < 2 o] 2 < < ol B W el T Ty T T T T E 40000 - 200 300 é
o 1 &€ =1 %= e 1 ___ % . = JE . S effective procedure in which analytical precision is not compromised. For any data however there is potential for highly variable precision for dwell times | | 5 SRS B S B S SRR < < 35000 | o | oo 1000 ] o -
1", = ' O : -1 O | | ion levels, increasing the dwell t ts less than 30 seconds. For C is not affected by dwell time, wh | : | - | | m— 0 ; : o
7, T V) T element present at low concentration levels, Increasing the dwell time results in a ess than 30 seconas. ror Ca, accuracy IS not arrected by dwell time, whereas | 8% 0 2 g — % 30000 = B - o =
o l l . . . . . . . - T . : y=0_8X_r120=8'3?2 _ v = 0.8x s y=10x T y=-88:<+§-‘2‘r 801 = 80 1 80 1 80 1 80 - omm S 1 o 5500 o 800 ] Q- 200 7 ? z
[ - ‘ a - c A greater number of counts and should improve analytical precision. precision increases with dwell time. Precision is slightly improved for dwell oo Ml e K B e = | | | = - * > &
. " — 2 . 1 I . . i - A 4
B iy isi 8 B oM Clevisi 8 times beyond 30 to 40 seconds. The anomalous results at a dwell time of 80 Lithium Borate Fusion 4- Acid Lithium Borate Fusion Lithium Borate Fusion S 5000 - o0 2 0]
T paes o [ o E"TCU moms e o seconds may be caused by silicon drift detector saturation, due to high K 7 K 7 Sr / 7r o/ i ) 00 B
: g?::]eitglifatst r m : g?:ll.'eitgliist m e; 160__ Ti"- 1 >e¢ %RSD =18 count rates and mcreased dead t|me. 20000 1 ;gﬁﬁ?:mm (@) // 20000 A ;g£63mm o // 460_3 ;g£63mm // 460_' 2000 ;g£63mm (@) // Sediment types 10000 _ 4500 7 200 - 50
: _80 1 ﬁ% i : _80 | — ‘:' i § 120 - . . . . . . 1 // 1 // 440-5 /// 440_: /// ] - Soil profIIe I:l SaInd. - Gravel I:I Missing core ®  pXRF Thorncliffe Fm. ¢ pXRF Newmarket Till ] O 1 _____ O
] B g N . R O . AT . L - R R e e . 18000 - // . 18000 // & /// oo I&_ I&_ 1500 1 /// E‘- 1500 1 - Rhythmites [Jll Diamicton [N Becrock o Fusion chemistry 5000 — — — 4000 — 0 — - —_;O; 1 — — ot ___40_4 I —_—40—4' — — — ”y — — — — 57
& ‘ & B ettt e T T T et For many studies the optimal analytical dwell time ranges from | ¢ = X o, CO 7 o £ CO . 7 . Core geochemistry trends suggest that provenance of the core sediment was relatively
A o] %% A 2 165 S ele T T e T e T T T 30 8 1 e e | |
g] O g S g N - o - 40 seconds. i % ® .- | | | it i ition sedi | iahly var
— s | & o s - _ _ consistent and depositional processes did not partition sediment to impart a highly variable
- g ] ] SE) ] ] ’ 0 10 20 30 40 50 60 70 80 90 100 110 e il n=32 e yd n=32 260 - ///. : =32 260 - ] g n=32 500: 7/ n=32 . . p p . . . p p g y Fe K Ca Mn S Zr Ba Zn V Cr As Cu Rb Sr Th U Ni Pb
- - Reading No { 7 | 7 oo | L %o B : : APt | /4 geochemical signal between stratigraphic units. For Ca the concentrations obtained by 45000 T—0 2000 750 500 %
Spiritwood valley _ | Spiritwood valley | ~ 200 ; 550 O Nk O e S s A 19726 - oS i o , _ - O - _
% o _ C u (30 Sec) i Esgfan;;nie;gej YSaIue: 47 ppm ,E\ 525 | o P b 12000 140|(10.th. 1600(JB 1:000F ?0000 22000 12000 14000 ‘ZOOOA .(;8000 20000 22000 340 360 380 400 420 440 460 480 500 340 360 380 4:-)0 ’:ZOd 440 460 480 500 0 500 1000 1500 2000 2500 0 50 100 150 200 250 300 350 400 450 500 550 pXRF Spectrometry mlmIC the % Carbon Conte nt for a” unItS. 40000 - 1800 700 450 80 -
' o ' ‘ ‘ o e ok . a1 ‘ | 9%RSD = ithium Borate Fusion - Aci ithi ' - Aci i - - A . ]
The effect of heterogeneity of in situ samples in this mud and pebble rich diamicton indicates that the field application of pXRF on unsieved samples will likely result in - | Tl | RS =15 g 00 -ihium Borate Fusion ? Hihium Borate Fusion 4o Aod - . - 650 1 100 .
) ) ) ) , ) , ) , L , , O 120 1 | ~ 7 35000 ] . }
highly variable analytical results. Not only will pebbles under the surface influence analysis, but sand size particles will have significant effects on the analysis. For this @ , § 450 - . A | 600 - - -
. . . o . . = 807, ., I I T I.'.o.;.'..",-""" ver T Tee tete” ® . T 4 - Q- -———— - - - - ———— — e e - S 30000 - 14004 O _
reason pXRF spectrometry will not provide accurate results when pebbles and variable grain sizes are present in the sample being analysed. § R R SR e s S i LAt £ jﬁg | % T} {I} S &% [ pX R F S peCt rom Et ry Data CO rrECt ion fO ¥F aCCura Cy qll X - - o 550 - 200 - 5
= S e e e ST e e o Certified Value: 426 ppm o S 25000 - 1200 - B8 500 - o
O & ; : S 3751 —" | O = | 8 = | 250 @ Aa =
. T e e e § w1 the good, the not so good, the ugly = £ aw o | :
' ‘ ‘ ¢ ‘ ’ ‘ ’ ‘ 4 0 10 20 30 40 50 60 70 80 90 100 110 @) o . . . . . . . . . . -+~ ]
Removal of size fractions >0.063 mm provide quality data that assist in the interpretation of both visual core logging and downhole 200 i 32518 "NIST 610 NIST 610 d ’ Data correction or calibrations are typically carried out: 1) pre-collection, by Calcium data collected from the Queensville borehole would improve in accuracy by post - 3 - 200 200 -
~ ; I : : ~commended Valuk: 47 oom 300 T T T T T T T T T - TR : : : i - S L - e 150007 5001 ' = %]
t  1CU wose0 et 0 0 20 30 40 50 s 70 80 a0 entering a calibration slope and intercept into the pXRF spectrometer or; 2) collection calibration. Cu'is close to the detection limit and thus displays poor precision and S ! ] 350 - O e
Q 1 - I I I I %RSD=10 | | , : : : : o , : : . : : : . | j 600 - 20 -
. . . . e ] T Dwell Time (sec) Comparing the analyses of 689 samples of sediments sieved to <0.063 mm with a pXRF and lithium borate fusion post-collection, by correcting data based on analyses of standards. For the accuracy. Elements that contain sufficient concentrations to be determined by soil mode o B R 300 - 8 :
Minor grain size va riation g oLl | - l . I s o o . digestion and ICP ES/MS analysis we conclude that 9 elements return excellent results, 5 elements return good results, diagrams below the original raw data point for Fe in Till-1,-2, and -3 is represented gennerally do not need correction. The graphs below display how correction of the Ca data w000 | & 00 | om0 o o o © °1. 8.9 ¢
c O L LTt T L T Rrr I St = B o , , , ] _O_+-2-1__ | _O_|
§ o [T et T T e R S 00000 - S ® o) and 4 elements return poor results. Elements that are not detected (12) may be the result of samples not containing by blue dots while the smaller red dots represent + 20. After post analysis produces both precise and accurate results. O s s s T s e st e s 28 m28  metos  mesos o8 33 med7e  mesas
£ I : : : o ~ 1 A e N Al Q1200 nmm . . . . - . . . . . . . .
Biva ri ate pIOtS Of <0.074 mm vs. <0.063 mm c & o R I I o 80000 - Certified Value: 81500 ppm that element in sufficient concentration to be above the detection limit. This may also hold true for Ni and Mo, while Sc correction based on a regression line obtained from CRM's the same data points are
ST e § 780007 has an overlap with Ca and should not be identified with the pXRF. plotted as green and yellow dots. In general, calibration is not necessary for all K Ca Fe Ti Ba Mn Sr Zr Cu NN Rb V Zn As Pb Th U
260000 30000 400 3250 C 76000 -
| CuinTill-1 with dwell times of 10, 30, and 60 seconds per filter. Dashed horizontal 2 74000 - elements. Decreased Decreased Excellent 0 5 0] . ] ]
| w] OF : AT - 5 | & ® 11007¢ 2 : 50000 ‘ I ‘ ‘ ‘ at increased recision and accurac recision and accurac - | ' 90 -
| ppm lines represent the recommended value. Dashed vertical lines represent time gaps ~ © 72000 | & T 1.0079 B Excellent 9 r*>0.8 n=689 (fusion vs. pXRF) 4003 =] | | | B accuracy at in P ) accuracy  p y = N | | & : | Project 1 - 2009(Kinburn)
_ 22500 1 0] 2500 - . . i 70000 4—— Nisreto o o NI5T610 H 5 He E o] F O | 1 | | Till-1 concentrations near detection limits for 9-14 elements _ 2800 %07 B 400 80 - OProject 2 - 2011 (Spiritwood)
£ 200000 ] € Jo000- E ] = in analyses when the pXRF was shut down for <1 hour. Solid vertical lines 1 " Good 5 ’>0.6 > 2 C . e S TURNTES P Ty . . = T 00 e | - O Project 3 - 2011 (East Arm)
£ | £ £ ] £ el 0 10 20 30 40 50 60 70 80 90 — : E— _ 12 - o o 3 seentoRt e ooud,0 8 SRS S SN S B0 L e b, e G £ | B B o] O Project 4 - 2011(7358)
S oo S N 0 . represent a break in analyses > 24 hours. Large blue dots represent the data point Dwell Time (sec) son | ooz [ [ Poor 4 i e [ e | 1m0 [ asee | 20 7o § sooo TriIHESLIR Ty R ERA R RC U Cu : - Rb Q & . e o0 - et 2012 oot Rae)
- ] 15000 - ? 2000 . - © ] 260000 { < /7 401 <0.063 mm °® <0063mm 2600 5 2 300 60 o) - T anium
v o v V V 0] while the smaller red dots represent + 20. . L 4Be B Bad 3 33 Elements |, B . C , N . O . F 1[(')\”@ g b ik el | B of T ’ “f 3 | > I % = ] ¢ . et Vo 5015 (o)
140000'- 120007 ] Sodium Magnesium H Aluminum Silicon Phosphorus Chlorine Argon S = Pt ;.; ; :';. S ° ° : ;.:;;;. o o.;::;.° °';. oo ..;:° °§. L ° '0.°. N : .0 I&- 240000 7 30 7 /// b 20000 o ; g 00 & | & %0 é" OPro'ect9 - April 2015 (ThiCkneSS)
| S y o] N 1500 } . sse00 | sea0s| L. Not detected 12 Soil Mode  |zxual.aes | 5osms 35.453 | 30.948 R e Rt B B LR S G A DI AU R s s ’ A y <L g &2400 - | I . 40 - i Og;gigg} 1235732220&66(85;@;;}%&0
120000_: 2 =n_g_;g1 7500 2 r:_gg r2 =n_593 1250 r2 =n_g=;74 b I f ﬁ h d I . O 45000 T T 3 ' . T T e 3 T '.' T '"' 3' '.'3 ' . S 200000 >é' 20 ® /7 >é' 407 S = - = ]
100000 1 YIIODC6 | e yE0ser 3 oM yIionenn O S . el Does atte ry iITé a ECt t e rEtu rnearesu t? 1|1\|a 1I2V|g 13A| 1 4SI [+ 5P 17@ | 18A r 0 0 20 0 40 50 oging 187 0 80 9 100 110 ’.”'t/;’ o eta B J 3 o0 ] j SEC I I B R - A e atocsion
100000 140000 180000 220000 260000 5000 10000 15000 20000 25000 30000 100 150 200 250 300 350 400 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 Gallium Germanium Selenium Bromine Krypton 40000 ] ] /* P 2200 ,é 100 1 20 - )
<0.063 mm <0.063 mm <0.063 mm <0.063 mm 46000 50 69.723 | 72.61 78.96 | 79.904 | 83.80 _ _ I I Recommended Value: 38400 ppm 160000 n=32 0 e n=32 0] n=32 il 550 - ] i +20
600 - 30 - 110 T— 2400 —_ Recommended Value = 48100 PPM ~ 45 - & ' Recommended Value = 44 PPM Ga Ge [r K[r g_ 39000 Fe . . . . o oo oo . o o, Tlll-é ’ =14 521;582 // =07r2+j;(13 =1 6»2?09% - 1 1___| Bl n = number of times sample has been
] » : : { v - € 45500 - F e c % Q 12.85828588:208 50589683032, .8 o.92058283. 98028820882 25098 0 08,0 08380588 9258958322.85285°828, 880k c T 120000 ¥ . . LA o K2 . . LA e P o Am— . I At 10 analyzed and a >LOD result is
] B 287 ' 100 7 V 2200 7 Q g1 g 40 1 ¢ 4 ® o— — e — — 31 — 321_ 34 35| - 36Xe ~ 38000 Jeereteoeenegeee ._."9:". TRt o et _dbo_‘“ i - ° Ttee T Te T °°° 120000 160000 200000 240000 280000 320000 0 10 20 30 40 50 25 30 35 40 45 50 55 60 | : 1 | returned
*07] p'pma 26 1 00 :ppm 2000 % 45000 - Till-1 ‘:’ 35 - R b 88.906 92.906 {98} | 101.07 |102.906 114.82 [118.710 126.904| 131.29 é 17000 1 Lithium Borate Fusion Lithium Borate Fusion Lithium Borate Fusion 06 o308 o308 2000 N 500 N 0 a06 o308 o308 0 a06 o398 o396 me306  medoe ao4 200 o393 o230
ol | ui | e 2 0. %c0 o ¢ o o g 304 TN Y Nb Tc | Ru| Rh In | Sn | | Xe g7 | | . _ _
S ] E »] E I °%%6 E S 44500 %Ww ® ® %o o o T 39 41 43 44 45 49 53 54 < 36000 1 . ) ol Accuracy will improve with Exchange x-y axis to Apply to the raw data | | | | | | |
§ wo] S sl > 2 S - g e AR AR Al SN o «':0“ R o '7, e § 20 - 174667 17846 |180 548 186.507] 1602 | 155.52 |165.07 204,383 268.680| 2085 | ©16r | (555) S o000 |3:FH R LT st TR A T R P oration " T egrscion camtion T and replot Elemental data collected from Till-1, Till-2, and TCA 8010 over eleven projects. Elements are group together using a common y-axis value. The solid horizontal blue
o 1 o T [ O 60 ! - . . I : : 1] . . . o e . o g .
s | S ] s | o s ™ S § 151 Cs Lu| Hf | Ta Re|Os| Ir | Pt Fg | TI Bi | Po| At | Rn © " 34000 +—— B — —— line represents the recommended value, the dashed horizontal black line represents the limit of detection. Grey boxes represent + 26, Variation in returned
200] | . i 01 | 1200 | 10 - 71 0 10 20 30 40 50 60 70 80 90 100 110 e 7 : 2 : : _ o — : : :
| l R w00 Desleted b I Sesleted batt T e e e L R 2 e B B i Reading e Ca Ca |Ca results between projects can vary substantially however variation within each project is, for many elements acceptable. Notice that occasionally there are outliers
ol 14 gera. o . _ N “ L | 4 L ull battery epleted battery uil battery epleted battery {223} | {226} J {262} | {261} | {262} | {266} | {267} | {277} | {266} | {281} | {272} | {285} {285} {289} {293} —~ 30000 I I I 3 Recommended Value: 27800 ppm 260000 | <0063 mm e 260000 1 <0063 e =] <0063 A kel d
Ve o R plm| g e T IS i #3000 4 o Fr |Ral Lr| Rf |Db| Sy [Bh |Hs | Mt [110[111]112 114 116 118 3 Fe - | TI!"@ . 5 = that most likely represent erroneous data.
:LOD=45 y =0.90x + 56.1 ; ] . 9! . . . ,=.-7.2X.+ 5|55 ) :L0|D=I25 IIIIIIIIII =I' . +. 7 O —"— =086|X+24I795 R 418 8 I I 8 i o 3828 I o 8 I§§§L§§o o 298¢ X 540000 4 /// §240000_ /7 % 1 [ 0 [ 0 ) 0 ) [ 0 0 0
A aanananasnanasaanes S b R 0 A ] Reading No Reading No 87 |ss 103 [104 105 [108 |107 [108 |109 [110 |111 |12 [113 |14 [115 |11e |17 |118 g s T e e e e Tt e X v g . Although there is drift from prOIECt to prOIECt, for most elements there is ver y little drift within a pr OleCt' demonstr atmg that SamPIES
<0.063 mm <0.065 mm <0.065 mm <0.063 mm The pXRF was run in soil mode for 60 seconds per filter. A delay of 2 minutes occured before the next reading was obtained. The graphs above are for Till-1 for Fe 138.600|140.116|140.908| 144.24 | {146) | 150.36 |151.64| 157.25 [158.925| 162.50 | 164.930] 167.26 [168.934| 173.04 @ 26000 1 S om0 g from a given project should be analysed in as short a time frame as possible
o , , , , , - - - - - i1 m La|Ce| Pr|{Nd|[Pm|{Sm|Eu|Gd|Tb|Dy|Ho| Er [Tm|Yb | Solids = 2 T
The bivariate plots displayed above show that an increase in fine sand content from <0.063 mm to <0.074 mm obtained from glacial and Rb untilthe battery was drained and the pXRF sht off on its own. These anaylses were carried out using both Til-1 and Tilk4 | o oo oo oo Les oo or feo oo | Liquids e O SRR VT S S SN T ol Nl ks I =32 | o =
. 3 . . . . Actinium Protacitinium Neptunium Plutonium Americium Curium Berkelium | Californium | Einsteinium Fermium | Mendelevium Nobelium O 1 @ ° "9 ¥ o -i' L AR H i . i ¢ © i i /// y= 1 4% [15595 /// - 0.7x -::1 5356 y= 10Xr+;329
derived sediment of southern Ontario does not affect the results obtained using a pXRF as long as the concnetrations are well above , , . . e . EoTy | Gy | a3y | @A) | B | (B0 | 52 | 26Ty | 280 | 299) | (Gases 22000 -+ ——— — — —————— o oo o P T e
the detection limit For elements that normally display a high degree of presicion, battery charge has no effect on the quality of the data. SQA‘C gfa 9'3\'P gf’u Qm 9(63"‘ 9'73“ %Cf 9!53 1';"‘ Md 1'0\2'0 Coo R e Lithium Borate Fusion XRF T i Borate Fusion
) eading No

Natual Resources - Ressources naturees GEOLOGICAL SURVEY OF CANADA ({5} COMMISSION GEOLOGIAUE DU CANADA Groundwater Geoscience Program - Geological Survey of Canada Canada




