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QUESTION 1 [25]

a) Write down the equation that relates the total error in chemical analysis to its individual error components
assuming a Gaussian distribution of the errors. [2]

b) For the following approaches to sampling, state how samples are collected, the equation (s) used to calculat:
sampling weights and numbers, and the merits and demerits of each approach.
i) Benedetti-Pichler. [3]
i) Student’s t. [3]
c) Following sampling, a spatial distribution may reveal a non-Gaussian population with “hot spots” and “col
spots”. Describe what is meant by “hot spots” and “cold spots™ in analytical sampling, and suggest how this ca:
be statistically treated if Gaussian statistics are to be applied to the population. [3]
d) Briefly explain how you would test for normality in a data set using the Kolmogorov-Sminoff non-parametric tes

(3]

e) The following data is obtained in an analysis of Cu and Zn in soil samples taken from a field in a random pattern.

Analyte | Sample #1 | Sample #2 | Sample #3 | Sample #4 | Sample #5 | Sample #6 | Sample #7 | Sample #
Cu (ppm) 125 126 124 128 147 123 128 126
Zn (ppm) 85 23 90 35 72 125 40 35

i) Should the value “147” be considered part of the Cu data set at the 90% confidence level? [2]
ii) On the basis of your answer in (i) above, state if the analysis produces a result that is different from tt

true value of 136 at the 95% confidence level. [3]
iii) Using an alternative uv-visible method for Cu, the values obtained on six (6) samples of the same fie

are as follows:

165ppm 124 ppm 173 ppm 142 ppm 126 ppm 115 ppm

e (Calculate the number of samples required to hold the precision of copper to the same level as t
population standard deviation. [4]

¢ How would this number of samples affect the sampling error of the zinc result? [2]

QUESTION 2 [25]

a) The concept of signal — to — noise ratio is a useful figure of merit in describing output quality in analytic
instrumentation, and also in the determination of detection limits.

i) What is meant by “signal — to — noise” in analytical measurements? [3]
ii) With due regards to signal ~to — noise ratio, define “detection limits” as applied to analyti
spectroscopy. [3]
b) In analytical data acquisition, noise is unwanted because it degrades the quality of signals.

i) Describe Johnson noise, and state the equation which gives a relationship of the magnitude of this no
to the bandwidth. [4]

ii) Describe Flicker noise, and state the equation which gives a relationship of the magnitude of this noise
the band width. [4]

iii) Noise can be removed from analytical signals by means of an electrical filter. Draw and label a circ
diagram of an electrical filter. [3]



¢) A major source of error in analytical data acquisition is aliasing.
i) What is meant by “aliasing” (use diagrams to illustrate) [2]
ii) State the “Nyquist Theorem”, and explain how it solves aliasing problems in analytical data acquisitio

[2]

d) Operational amplifiers (OP Amps) are widely used in analytical instrumentation to process analog signals. Dr
the electronic circuit and state the output of Summing Amplifier. [2]

e) Draw the symbolic circuit and construct a truth table for an AND function. [2]

UESTION 3 1251

a) During measurement, uncertainties in the analytical data obtained need to be carefully scrutinized and quantifi
Although these errors have been greatly reduced with the advent of digital electronics, it is important to quan
them in an analysis.

For the following triplicate calibration of Fe measured in tap water by spectrophotometry after complexation v
bipyridine:

Solution Concentration Absorbance

1.16 0.120

Standard # 1 1.16 0.125
1.16 0.130

2.32 0.248

Standard # 2 2.32 0.255
2.32 0.252

3.48 0.382

Standard # 3 3.48 0.385
3.48 0.384

4.65 0.504

Standard # 4 4.65 0.506
4.65 0.502

Aliquot # 1 0.337

Unknown Sample Aliquot # 2 0.335
Aliquot # 3 0.340

i) Use the Least Squares Method to calculate the equation of the calibration curve. [5]
ii) Calculate the uncertainty in the Least Squares value obtained in a (i) above in pg/ml. [3]

b) In an analysis, the reliability and validity of the results obtained need to be evaluated, usually through the us
certified reference materials, quality control charts, and interlaboratory comparisons.

i) What is meant by a “certified reference material” in so far as analysis of agricultural soils is concerned? [Z
ii) How is a certified reference material for agricultural soils produced? [3]
iii) Explain how the material is “certified” (3]

iv) Explain how the material is used to test the validity and reliability of data in an analysis of Cu, Zn and 1
soils. [3]

v) Draw a control chart for analytical measurements and explain why such charts are useful and how the;
used. [3]

vi) Explain how interlaboratory comparisons are used to evaluate reliability and validity of analytical data.[2’



Question 4 [25 Marks]

a) Briefly define the term Principal Component Analysis. In your description
include possible applications of principal component analysis using any
example of your choice. You may use diagrams and equations to illustrate
your answer.  [6]

b) In Principal Component Analysis it is essential that data must be standardized.

Give reasons. [2]

c) Five samples were taken for analysis of Cadmium and Lead from a
contaminated sample site, see data below:

Samples S1 S2 S3 S4 S5
sites

Variables

Cd 4 4 5 1.5 2

Pb 1.5 6 2.5 2 8
Calculate:
1) the eigen values and eigen vectors [2]
ii) the loadings and the score factors [2]

Show your working. You may use Unscrambler software on the PC provided
to confirm your working.

d) Using the answers from (c) above give a plot of both the loadings and score
factors. Briefly discuss the two plots highlighting any observed groupings and
correlations. [2]

e) Using the Unscrambler software on the computer provided open the data “
GEO “ and perform the following tasks excluding the last columns, latitude and
longitude in all the analysis below.

1) Using basic univariate statistics determine the dominant variables of the data

given. Give justifications for your answer. [1]
ii) Perform a Principal Component Analysis using the default values given below:
Weighting : 1/Sdev.

Validation : Leverage

Centering : Mean Centering

PC’s : 10

Show the score, loadings, residual and explained variance plots. [2]

iii) Briefly discuss your findings in your Principal Component Analysis above
(e(i1)). In your discussion include comments on samples groups, variable
correlations, dominant pollutants and their likely sources, outliers, percentage
explained variance and0 any vital observations in your result output. [8]



Question 5 [25 Marks]

a) Briefly define the term Cluster Analysis. In your description include possible
applications of principal component analysis using any example of your

b)

©)

choice. You may use diagrams and equations to illustrate your answer.

Five samples were taken for analysis of Cadmium and Lead from a
contaminated sample site, see data below:

Samples S1 S2 S3 S4 S5
sites
Variables
Cd 4 4 5 1.5 2
Pb 1.5 6 2.5 2 8
Calculate the distance matrix.

(6]

(4]

Using the answers from (c) above give a plot of the dendograms for both the
samples and variables.

e) Using statistica perform a Cluster Analysis of the data given below.

i) Show sample and variable dendograms

ii1) Briefly discuss your findings in your Cluster Analysis above (e(1)).

(4]

(5]
(6]

Code Si Al Fe Ti Na Mg Ca

Al 533 12.4 10.3 1.2 0.3 2.8 13.9
A2 52.8 12.3 10.2 1.2 0.2 2.7 13.8
A3 52.9 12.3 10.2 1.2 0.2 2.7 13.9
Bl 69 11.34 9.01 1 0.2 2.8 14.1
B2 57 10.35 8.37 1 0.2 2.5 13.7
B3 61 10.39 8.44 1 0.2 2.6 14
Cl1 533 12.25 10.63 1.2 0.2 2.5 13.6
C2 534 12.47 10.69 1.3 0.4 2.5 13.7
C3 53.2 12.18 9.85 1.2 0.2 2.3 13.5
D1 55.3 12.8 10 1.17 0.13 3 14.22
D2 54.7 12.4 9.9 1.17 0.13 2.7 13.92
D3 54.8 12.5 10 1.17 0.13 2.81 13.95
El 539 12.6 9.6 1.4 0.18 3.4 13
E2 54.1 12.8 9.7 1.4 0.19 35 133
E3 53.8 12.3 9.5 1.3 0.17 33 12.9




11 ACID-BASE INDICATORS AT 25°C 14. DATA REJECTION—Q TABLE 19. t TABLE
Indicator pH range pKin  Acid Base n Q,, n Q) n Q, DF. t5, t,5 to;
Thymol blue 1.2—-28 16 red yvellow | 3 (.94 6 056 9 044 1 10 63 13
Methyl yellow 29—-40 33 red vellow | 4 0.76 7 051 10 041 2 082 29 43
Methyl orange 31—44 42 red vellow | 5 064 8 047 3 076 235 3.2
Bromocresol green 3.8 —54 4.7 yellow blue - 4 074 213 28
Methyl red 42—-62 50 red yellow 15. Bond Enthalples g 073 2.02 257
Chlorophenol red - 48 —64 6.0 yellow red Sﬁl’e“]; at §5°C {Le- Bsmd E;.‘erg‘ecs)l g 8;2 lgg 245
Bromothymol blue 60—76 7.1 yelow ' blue ’ 71 1.90 2.36
H ;463 391 413 368 563 432 8 071 186 231
Phenol red 64—-80 74 yellow red
e ) 73 00 83 oo ) C 3538 305 346 272 489 328 9 070 1.83 2.26
Tres0 FuTPe 430 83 yelow purple | N 222 163] MISC.| 275 192 | 10 070 181 223
ymol bue 8.0—96 89 yellow blue S—S 251 H—H436 C=C 615 [ 20 069 172 209
Phenolphthalein 8.0—98 9.7 colorless red __ -
Th Tohthalei S—F 327 N=N 946 C=C 812 30 068 1.70 2.04
ymolphthalein 93 —-10.5 9.9 colorless blue S—C1271 N=O 607 C=0 749 w 0.67 164 1.96
12. ELECTRODE POTENTIALS, §° 16. HEATS OF FORMATION 20. CONC. ACIDS AND.B
? A He in kJ mol-1 at 25°C
Na-+ ez Na 20 —2.713 All jons in H,O solution except as noted . A
R SR Al Eiemenis = e T
Al + e —1.66 H, 218 H* 0.0 H,O, —242 ceuc - . -
Zn' + 2e & Zn —0763 O, 249 Na® —240 H,0, —286| E.50, 3807 183 44
Fe +2e=Fe —-044 | C 717 Agr 106 CO, —1| ©& 2096 175 a9
Sd+* + 2e 55 Cd ~0403| N, 473 NH,* —133 CO,, —394| o= 8007 T35 a3
Cr=* + e Cr* —0.38 F, 79 OH- —230 NH;, —46 HNB . 63-01 141 69
Sn** 4+ 2e = Sn - 0.14 Ig 107 Br- —122 N2049 9 NgOH* 40 00 153 50
Pb* + 2e < Pb -0126| So 279 I- —55 S0p;, —297) Ng 17.03 0.90 28
Hr +2sH, 0,000 % 315 S= 33 SOz, —396 2 :
S,04= + 2¢ & 25,05~ 0.09 ag 107~ SO,=—909 H,S, —21 21. DENSITIES (g cm-3
TiO™ + 2H- + & 45 Tir + H,0 010 | K 88 CO3=—677 NaF: —574| water st |Air (70 cm) 0
S+ 2H* + 2e 5 H,oS 0.4 | Na, 609 s —271 NaCl,—4111 g.oc 09168 |Glass 2
Sn** + 2e & Sn~ 014 | K% 514 HCl, —92 KF, —5671 190 09997 |N2.CO; 2
Cu*+ esCu* 017 F‘g —255 HBr, —36 KCL, —437| 5g° 0.9982 |NaCl 2
SO;=+4H' 4+ 2e H.O + H,50;, 0.17 Cl, —233 HI, 26 AgCl,—127 22° 0.9978 |BaSO;, 4
AgCl+esCl+ Ag — 0.222 CHu —715 HCN, 135 AgBr.—100| 24° 0.9973 |AgCl 5
Saturated calomel / (0.244) | CoHz, 227 PH,, 5 PCly, —287] 26° 0.9968 |Aluminum 2
Hg,Cla + 2e = 2CI- + 2Hg 0268| C-Hsy 52 CgHg: 49 PCl;,—375| 28° 0.9963 |Iron 7
Biv + 3e & Bi 0.293 C,Hg, —85 CHZOH, —238{ 30° 09956 {Brass 8
UOq** + 4H* + 2e &5 U*+ + 2H,0 0.33 C;Hg, —105 C.H;O0H,-—235] 90° 0.9653 |Mercury 13
VO* + 2H* + e &5 V= + H,O 0.34 nC,H, o, —127 C,H;OH,—278 | 100,° 0.0006 |Platinum 21
Cu** + 2e < Cu 0.34 nCgH,g, —209 COCl,, —219 —
Fe(CN) =3 + e =5 Fe(CN)4~* 0.355 CCl,; —135 CH,Cl, —81| 22. MOBILITIES (m’V" ; X
Cu* + e+ Cu 0.52 Li*+ 39 Hy;0* 350 3Ba-
17. ABS. ENTROPY S°
I~ +2e =2 31 0.545 - Y h Na* 50 NH,* 173 iLa*?
H;AsO, + 2H* + 2e = H{ AsO3 + HoO  0.56 ¥ mal-1 K- at 25°C K+ 174 Ag* 62 3SO,
I + 20 & 2I- oy | Dre 181 Pyw 164 SHe, 292 1y g6 OF- 198 4PO
el _ - N, 192 HF, 174 NO, 211 - 4
0. + ZH’+23F‘ H,0, . 069 | CI,, 223 H,O, 189 N,O,, 304 23. WATER V.P. (torr)
Quinione <+ 2H 1— 2e &= Hydroquinone 0.70 2y 203 CO, 198 NH,, 192 0°C 46 950
fxe " +tew Fer 0.771| Cgra 57 CO,, 214 PClg, 312 189 123 300
Agz +2ec22Hg 0.792| S; 254 SO,, 248 PCl,, 365 20° 175 500
e o) iy o 0f o b '
e g - CoHg, 229 CH,OHr 127 24. MISCELLANEQUS
;Iég“ -+ %;-*-—»ng 0.907 C;H,, 270 C,H;O0H, 283 i dew = ZEOU
NOo + 3H* + 2e 5 HNO, + H,O 0.94 C,H,, 201 C,H;OH, 161 St dev. = v 3K~/ (-1
o2 +H"+ e:NOj—H.,O 0.98 C.H,, 219 (CH;),0, 266 —E°— (0. ossz/n)log(li%edmo::])
0.*+ 2H* + e 5 VO* + H,0 0.999 «He, 269 CH;COOH, 282 log L.T,=~abc=A = log 1
Br» + 2e &5 2Br- 108 Jop Nos logMa B301TT, -
AMO0g- + 12H* + 10e & 6H,0 + I, 119 18. AG® FORMATION x = (=b = \/bZ — 4ac)/Za
0, + 4H* + 4e < 2H,0 1.229 kJ mol-1 at 25°C 121’;0?124 sin 6 ot
VnO, +4H' + Ze S Mn* +2H,0 123 ny 203 HF, —273 H,0p —229 | 1= 6008 s 10907 &
Cr,07= + 14H* + 6e 5 TH,O + 2Cr~+ 133 g - 62 HClL, -—95 HoO; —237 | e=1602X10:19C
Cl, + 2e & 2CF 1358] CL, 106 HBr, —54 SO,, —300 | N, = 6.022 X 1023 mol!
3&’8“ +8§§H* + 10e <_;I= ((i)qu + Br, 1.50 1916 232 HI, 17 SO, —3711 | F= %7 cs ,
-+ 8H*+ 5e 5 4H,0 + Mn~ 151 7 87 NHz, -—16 PCl;, —268 | 8= ms
Zeti + & 15 Cetd 161 | NOy 51 €O,  —137 PCly, —305 | §S 298 X0 mel
13. MEAN ACTIVITY COEFFICIENTS N2Oss 98 COpp —394 CHyy —51 | R= 1987 cals molt K
M KCl  Na.SO 2Hyy 68 C,H,, 209 C,Hg, —33 = 0.08206 litre atm mol'! K1
ao 1 ZHSO4 - — = ol-1 K-1
CeHy, 125 CH30H, 162 8314 Jm
0.001 0.965 0.89 0.70 2 —175 = 8.314 kPa dm3 mol"! K1
CCly, —65 C,H;OH; 1
0 0 0.901 0.72 0.39 BF : ___1120 CHC]. ___70 0 °C = 273 15 K
n1 n 700 n ac N1 3g 39 ]CV—TGO’—XW'”J.

-
k=138 0o gk’



Non-design data: Geo

Data

Rb Sr Y Zr Nb U K Ca Ti \'/

W=2 58.000 | 248.000 | 22.000 | 412.000 6.000 6.300 | 1.390 | 3.050 | 0.352 30.000
W=2 91.000 | 212.000 | 20.000 | 236.000 | 10.000 9.850 | 1430 | 3.320 | 0.433 44.000
W=14 57.000 | 225.000 | 31.000 | 308.000 | 10.000 8.260 | 1.340 | 3.760 | 0.484 0.000
W=42 64.000 | 231.000 | 19.000 | 266.000 9.000 10.700 | 1.350 | 4.390 | 0.358 30.000
W=14 85.000 | 219.000 | 31.000 | 294.000 | 14.000 | 111.000 | 1.620 | 2.540 | 0.352 15.000
W=26 61.000 | 212.000 | 26.000 | 331.000 | 13.000 5430 | 1410 | 3.400 | 0.799 | 135.000
W=1 71.000 | 245.000 | 19.000 ; 351.000 9.000 16.600 | 1.580 | 2.520 | 0.277 17.000
W=0 109.000 | 255.000 | 28.000 | 424.000 | 10.000 21.000 | 1.620 | 2.940 | 0.357 0.000

=0 111.000 | 240.000 | 21.000 | 297.000 | 11.000 44100 | 1.800 | 2.450 | 0.380 9.000

=1 228.000 | 193.000 | 36.000 | 292.000 | 19.000 12.400 | 2.750 | 2.240 | 0.327 0.000

=0 169.000 | 215.000 | 28.000 | 323.000 | 12.000 22500 | 2.560 | 2.430 | 0.313 9.000
W=15 53.000 | 259.000 | 14.000 | 216.000 6.000 2530 | 1.440 | 3.400 | 0.302 47.000
W=14 98.000 | 220.000 | 16.000 | 201.000 | 11.000 11.500 | 1.150 | 3.700 | 0.357 25.000
W=12 133.000 98.000 | 19.000 | 165.000 | 14.000 6.510 | 2.040 | 1.900 | 0.554 26.000
W=0 135.000 | 214.000 | 17.000 | 271.000 | 10.000 14400 } 2100 | 2550 | 0.315 17.000
W=0 81.000 | 176.000 | 31.000 | 399.000 | 10.000 12.600 | 1.360 | 3.530 | 0.400 47.000
W=0 144.000 | 223.000 | 21.000 | 341.000 | 11.000 8330 | 1590 | 2.340 | 0.389 2.000
W=0 245.000 | 120.000 | 31.000 | 362.000 | 13.000 6.500 | 2.950 | 1.740 | 0.246 4.000
W=2 63.000 | 163.000 | 18.000 | 251.000 5.000 16.000 | 0.920 | 3.290 | 0.335 0.000
W=2 84.000 | 169.000 | 17.000 | 180.000 | 15.000 19.600 | 1.320 | 2.720 | 0.457 89.000
W=2 85.000 | 204.000 | 19.000 | 250.000 8.000 12.200 | 1.380 | 3.350 | 0.381 0.000
W=14 141.000 | 182.000 | 37.000 | 290.000 | 23.000 | 268.000 | 1.460 | 2.390 | 0.370 24.000
W=0 55.000 | 249.000 | 28.000 | 363.000 9.000 2.800 | 1.260 | 3.520 | 0.466 50.000
263127 282.000 | 143.000 | 33.000 | 203.000 | 17.000 29.600 | 3.330 | 1.910 | 0.276 0.000
263129 315.000 | 133.000 | 26.000 | 202.000 | 23.000 15.300 | 2,960 | 2.170 | 0.466 7.000
263152 60.000 | 256.000 | 16.000 | 272.000 5.000 5900 | 1.550 | 2400 | 0.294 0.000
263154 67.000 | 211.000 | 22.000 | 269.000 6.000 9.240 | 1.210 | 2690 | 0.337 22.000
263156 71.000 | 200.000 | 27.000 | 317.000 | 13.000 15.500 | 1.150 | 3.320 | 0.440 80.000
263162 73.000 | 199.000 | 16.000 | 242.000 9.000 22900 | 1470 | 3.130 | 0.319 0.000
263166 75.000 | 193.000 | 18.000 | 222.000 7.000 12.100 | 1.270 | 3.250 | 0.383 52.000
263168 79.000 | 201.000 | 46.000 | 313.000 | 12.000 10.900 | 1.460 | 4.310 | 0.541 12.000
263170 95.000 | 179.000 | 43.000 | 266.000 | 13.000 21.500 | 1.420 | 4.120 | 0.581 49.000
263174 25.000 | 206.000 | 21.000 | 173.000 7.000 8740 | 0.850 | 4.550 | 0478 42.000
263180 49.000 | 188.000 | 50.000 | 273.000 | 14.000 12.700 | 0920 | 3.460 | 0.536 65.000
263192 86.000 | 258.000 | 17.000 | 351.000 9.000 13.000 | 1910 | 2.480 | 0.329 56.000
263200 115.000 | 229.000 | 25.000 | 275.000 | 11.000 50.900 | 1.460 | 2.500 | 0.350 0.000
263230 82.000 | 301.000 | 18.000 | 309.000 7.000 2410 | 1980 | 2.770 | 0.328 46.000
263236 77.000 | 310.000 | 24.000 | 323.000 7.000 1.630 | 1.900 | 3.160 | 0.274 38.000
263240 263.000 | 162.000 | 30.000 | 328.000 | 19.000 5570 | 3.400 | 1.730 | 0.320 24.000
263248 69.000 | 275.000 | 19.000 | 350.000 8.000 12.500 | 1.750 | 2.640 | 0.266 28.000
263274 61.000 | 275.000 | 19.000 | 440.000 9.000 4.010 | 1.520 | 3.030 | 0.378 72.000
263276 63.000 | 251.000 | 10.000 | 262.000 6.000 4200 | 1.470 | 2440 | 0.298 0.000
263278 79.000 | 226.000 | 24.000 | 180.000 9.000 6.860 | 1.120 | 5550 | 0.312 0.000
263282 94.000 | 210.000 | 18.000 | 212.000 | 11.000 8110 | 1.550 | 3.890 | 0.374 0.000
263284 65.000 | 218.000 | 17.000 | 200.000 5.000 13.200 | 1.380 ;| 3.310 | 0.313 10.000
263290 44.000 | 163.000 | 10.000 | 166.000 8.000 7770 ; 0.880 | 2.520 | 0.376 2.000
263292 39.000 | 250.000 | 14.000 | 295.000 6.000 3.8930 | 0.930 | 3.050 | 0.335 25.000
263320 83.000 | 247.000 | 18.000 | 247.000 9.000 29.500 | 1.350 | 2.600 | 0.345 6.000
263322 119.000 | 220.000 } 19.000 | 200.000 | 11.000 10.500 | 1.640 | 4.010 | 0.364 0.000
263324 85.000 | 232.000 | 19.000 | 269.000 | 10.000 30.400 | 1.100 | 3.120 | 0.280 0.000
263326 118.000 | 215.000 | 14.000 | 218.000 | 13.000 17.300 | 1.280 | 3.540 | 0.385 69.000
263330 150.000 | 193.000 | 22.000 | 134.000 | 11.000 38500 | 1.890 | 2780 | 0.263 0.000
263332 91.000 | 232.000 | 20.000 | 244.000 8.000 13.100 | 1.220 | 3.810 | 0.389 61.000
263334 52.000 | 210.000 | 22.000 | 295.000 7.000 28.200 | 1.140 | 3.040 | 0.284 0.000
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Non-design data: Geo

Dati

c

ATITUD | ONGI

W= 120.00 3.090 | 134.000 .000 58.000 2.000
W= 405.000 | 696.000 | 4.190 | 239.000 44.000 | 104.000 { 19.000 2.000
W=14 178.000 | 680.000 | 4.390 94.000 76.000 76.000 | 14.000 | 14.000
W=42 169.000 | 692.000 | 4.460 | 174.000 | 151.000 76.000 | 14.000 | 42.000
W=14 5.000 | 419.000 | 2.760 32.000 26.000 73.000 | 17.000 | 14.000

=26 9.000 | 664.000 | 4.160 72.000 56.000 82.000 | 16.000 | 26.000

=1 0.000 | 380.000 { 2.330 51.000 21.000 44.000 | 14.000 1.000

=0 156.000 | 574.000 | 3.250 | 112.000 51.000 65.000 | 14.000 0.000

=0 117.000 | 566.000 [ 3.110 | 125.000 69.000 83.000 | 15.000 0.000

=1 0.000 | 434.000 | 2620 38.000 36.000 63.000 | 19.000 1.000

=0 0.000 | 481.000 | 2.930 56.000 43.000 67.000 | 21.000 0.000
W=15 265.000 | 533.000 | 3.160 | 177.000 26.000 49.000 | 17.000 | 15.000
W=14 27.000 | 609.000 | 3.810 41.000 53.000 69.000 | 18.000 | 14.000
W=12 318.000 | 657.000 | 5.200 | 105.000 84.000 ;| 100.000 | 19.000 | 12.000
W=0 133.000 | 492.000 | 3.290 | 113.000 32.000 71.000 | 16.000 0.000
W=0 517.000 | 819.000 | 4.930 | 214.000 60.000 91.000 | 24.000 0.000
W=0 89.000 | 578.000 | 3.390 | 117.000 21.000 73.000 | 16.000 0.000
W=0 0.00Q0 | 484000 | 1.680 33.000 9.000 40.000 | 25.000 0.000
W=2 754.000 | 802.000 | 4.830 | 283.000 44.000 87.000 | 17.000 2.000
W=2 689.000 | 768.000 | 4.920 | 332.000 72.000 | 166.000 | 21.000 2.000
W=2 395.000 | 798.000 | 4.280 | 176.000 69.000 88.000 | 20.000 2.000
W=14 0.000 | 517.000 | 2.900 47.000 36.000 97.000 | 19.000 | 14.000
W=0 108.000 | 599.000 | 3.730 84.000 26.000 57.000 | 17.000 0.000
263127 0.000 | 346.000 | 2.270 46.000 16.000 59.000 | 21.000 64.513 | -50.6
263129 186.000 | 694.000 | 4.520 | 127.000 99.000 | 105.000 | 23.000 64.525 | -50.7
263152 10.000 | 352.000 | 2.540 64.000 14.000 52.000 | 12.000 64.295 | 514
263154 293.000 | 548.000 | 3.670 | 159.000 27.000 74.000 | 13.000 64295 | -51.4
263156 639.000 | 797.000 | 5.000 | 288.000 51.000 | 123.000 | 16.000 64294 | 514
263162 420.000 | 650.000 | 3.780 | 196.000 41.000 63.000 | 13.000 64293 | 514
263166 377.000 | 587.000 | 3.580 | 163.000 39.000 57.000 | 15.000 64290 | 514
263168 194.000 | 912.000 7 4.930 | 134.000 76.000 87.000 | 19.000 64.290 | 514
263170 141.000 | 869.000 | 5.230 | 122.000 74.000 | 101.000 | 21.000 64289 | -51.4
263174 73.000 | 832.000 | 4760 | 108.000 | 135.000 55.000 | 16.000 64281 | -51.4
263180 0.000 | 562.000 | 4.290 71.000 | 127.000 | 103.000 | 14.000 64.271 | 514
263192 0.000 | 403.000 | 2.360 48.000 28.000 42.000 | 16.000 64.299 | -51.1
263200 51.000 | 609.000 | 3.180 | 120.000 71.000 83.000 | 14.000 64.311 | ~51.2
263230 0.000 | 405.000 | 2.590 47.000 14.000 49.000 | 15.000 64492 | -50.8
263236 32.000 | 379.000 | 2.230 37.000 16.000 35.000 | 18.000 64.496 | —49.8
263240 0.000 | 273.000 | 1.660 11.000 2.000 43.000 | 19.000 64.540 | -50.7
263248 0.000 | 381.000 | 2.370 24.000 9.000 47.000 | 15.000 64.570 | -50.¢
263274 14.000 { 403.000 | 2.460 47.000 11.000 52.000 | 15.000 64.572 | -50.4
263276 0.000 | 361.000 | 2.740 50.000 17.000 56.000 | 12.000 64.5672 | -50.¢
263278 0.000 | 508.000 | 3.520 60.000 33.000 49.000 | 19.000 64.770 | -50.7
263282 68.000 | 565.000 | 3.630 87.000 47.000 62.000 | 22.000 64.763 | -50.€
263284 0.000 | 418.000 | 2.920 80.000 22.000 49.000 | 15.000 64.749 | -50.¢
263290 0.000 | 373.000 | 3.200 57.000 29.000 38.000 | 12.000 64.728 | -50.7
263292 208.000 | 528.000 | 3.240 | 218.000 17.000 56.000 | 16.000 64.330 | -51.3
263320 78.000 | 521.000 | 3.340 | 113.000 57.000 79.000 | 16.000 64.360 | -51.1
263322 99.000 | 642.000 | 4.080 65.000 52.000 77.000 | 23.000 64.368 | -51.1
263324 5.000 | 429.000 | 3.200 35.000 28.000 54.000 | 10.000 64.368 | -51.1
263326 0.000 ; 584.000 | 4.120 31.000 46.000 76.000 | 16.000 64.367 | -51.1
263330 3.000 | 685.000 | 3.760 60.000 66.000 94.000 | 16.000 64.365 | -51.1
263332 0.000 | 568.000 { 3.880 40.000 39.000 57.000 | 17.000 64.366 | -51.1
263334 0.000 | 361.000 | 2.650 28.000 20.000 50.000 | 11.000 64.371 | -511
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Non-design data: Geo Data

Rb Sr Y Zr Nb U K Ca Ti \'
263338 155.000 | 150.000 | 26.000 | 194.000 9.000 40.900 | 1.900 | 2220 | 0.468 82.000
263348 87.000 | 293.000 | 16.000 | 213.000 6.000 35200 | 1610 | 2570 | 0.331 22.000
263350 ] 53.000 | 177.000 | 43.000 | 272.000 9.000 52.800 | 1.210 | 2270 | 0.322 21.000
263358 152.000 | 222.000 { 22.000 | 360.000 | 15.000 40.800 { 1.540 | 2.330 | 0.313 0.000
263376 130.000 | 198.000 | 20.000 | 348.000 7.000 5850 | 1.870 | 2.740 | 0.244 0.000
263378 160.000 | 149.000 | 21.000 | 332.000 | 15.000 43.600 | 1.880 | 2.080 | 0.279 0.000
263384 99.000 | 155.000 | 32.000 | 331.000 7.000 2770 | 1520 | 4000 | 0.426 91.000
306345 1 52.000 | 255.000 | 13.000 | 245.000 7.000 7.800 | 1.130 | 3.330 | 0.383 43.000
306347 38.000 | 224.000 | 13.000 | 317.000 9.000 4300 | 1.060 | 2.880 | 0.418 54.000
306348 ! 50.000 | 239.000 9.000 | 246.000 7.000 7.900 | 0970 | 2850 | 0.360 0.000
306349 ' 76.000 | 250.000 | 19.000 | 296.000 4.000 3.300 | 1490 | 3.220 | 0.429 9.000
306351 j 125.000 | 265.000 | 19.000 | 344.000 9.000 3.600 | 1.980 | 2.640 | 0.296 2.000
306353 81.000 | 237.000 [ 19.000 | 310.000 | 10.000 7.700 | 1.550 | 2.750 | 0.299 16.000
306355 : 55.000 | 226.000 | 23.000 | 209.000 4.000 24600 | 1.110 | 2320 | 0.295 0.000
306356 66.000 | 220.000 | 28.000 | 220.000 1.000 34600 | 1.500 | 2.270 | 0.334 0.000
306360 50.000 | 182.000 | 39.000 | 219.000 1.000 67600 | 0.750 | 2.180 | 0.256 0.000
306362 81.000 | 265.000 | 16.000 | 241.000 2.000 3100 | 1.950 | 2.740 | 0.299 0.000
306363 64.000 | 243.000 | 17.000 | 309.000 5.000 14500 | 1.390 | 2.420 | 0.211 0.000
306366 39.000 | 221.000 | 15.000 | 257.000 4.000 6600 | 1.160 | 2.540 | 0.218 0.000
306367 67.000 | 226.000 | 42.000 | 342.000 8.000 8.400 | 1560 | 2.780 | 0.327 0.000
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Non-design data: Geo

Data

263338

Cr

Mn

Fe

Ni

Cu

Zr

Ga

heelite gr | ATITUD

ONGIT

252.000 | 777.000 | 5.040 | 166.000 | 122.000 | 138.000 | 16.000 64.434 | -51.0¢
263348 12.000 | 512.000 | 3.410 60.000 81.000 82.000 | 15.000 64.497 | —50.4¢
263350 0.000 | 603.000 | 2.920 33.000 43.000 58.000 9.000 64.489 | -50.0¢
263358 0.000 | 570.000 | 3.160 71.000 53.000 75.000 | 14.000 64.254 | -51.22
263376 85.000 | 418.000 | 2.540 83.000 6.000 43.000 | 15.000 64.121 | -51.2¢
263378 0.000 | 405.000 | 2.460 54.000 12.000 56.000 | 17.000 64.131 | -51.0¢
263384 433.000 | 817.000 | 5.120 | 160.000 90.000 86.000 | 22.000 64.180 | -51.4¢
306345 32.000 | 629.000 ! 3.550 76.000 | 170.000 67.000 | 14.000 64.276 | -51.4:
306347 30.000 | 405.000 | 2.920 86.000 35.000 41.000 9.000 64.364 | -51.3¢
306348 44.000 | 444.000 | 3.170 86.000 32.000 45.000 | 13.000 64.362 | -51.3¢
306349 55.000 | 583.000 | 3.520 79.000 32.000 57.000 | 12.000 64.362 | -51.3z
306351 0.000 | 399.000 | 2570 55.000 22.000 41.000 | 12.000 64.605 | —49.87
306353 0.000 | 392.000 | 2.590 41.000 21.000 40.000 | 11.000 64.618 | —49.87
306355 0.000 | 317.000 | 2.650 21.000 9.000 39.000 | 10.000 64.618 | —49.8¢
306356 0.000 | 574.000 | 3.120 26.000 20.000 48.000 | 11.000 64.618 | —49.8"
306360 0.000 | 910.000 | 2.720 29.000 28.000 64.000 5.000 64.645 | -50.47
306362 0.000 | 459.000 | 2480 35.000 17.000 45.000 | 13.000 64.656 | —50.5(
306363 2.000 | 380.000 | 2.640 | 23.000 19.000 56.000 | 11.000 64.659 | -50.5¢
306366 0.000 | 629.000 | 2.240 30.000 10.000 49.000 7.000 64.636 | -50.4¢
306367 66.000 | 470.000 | 3.050 | 77.000 33.000 79.000 | 14.000 64.638 | —50.4¢
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