Appendix 8.3 Data matrix for the principal components analysis

LOCHARBRIGGS/CONTROL

location | chloride | sulphate | nitrate | fluoride | sodium |[potassium| rainfall | temperature | gale
1 3726 | 6199 | -2032 | -4495 | 8332 | -3549 | 9305 111 6
1 B 97.21 1383 | -44.34 | 6998 -148 | 9305 111 6
1 12.26 -58.55 115 315 7498 | -53.49 | 9305 [EK] 6
1 11 9488 | -1228 | -44.34 | 6998 | 4403 | 9305 111 6
2 3195 | -67.33 20.08 4351 76.65 784 | 8955 87 3
2 79.21 -96.91 4435 57.61 6998 | -11.33 | 8955 8.7 7}
2 23.31 -40.65 75.87 46.36 54.95 032 | 8955 8.7 Y
2 3546 | -85.86 27.08 9583 | -56.64 29.1 8955 8.7 r)
3 1456 | -77.66 | -2537 | -9425 | -88.32 | -86.19 367 6.9 25
3 7215 | -94.78 16.92 98.31 6748 | -80.31 367 6.9 25
3 3038 | -81.78 | -28.81 9555 | 69.57 | -86.72 367 6.9 25
3 3156 | 9488 | -10.31 9532 | -83.32 | -9255 367 6.9 25
a -32.81 -78.26 457 9295 | -7098 | -17.05 434 85 05
3 6857 | 9496 43.07 0273 | 6248 | -1.48 434 6.5 05
4 A1.21 -85.88 5.31 9375 | -64.96 | -16.94 434 65 0.5
4 43.11 96.03 | -30.82 | -99.05 | 4664 | -17.91 434 65 0.5

mmﬁmaﬁm

location | chioride | sulphate | nitrate fiuoride | sodium |potassium] rainfall | temperature { gale
7 2024 | -82.14 | -1834 | -98.62 97.5 =70.07 | 930.5 1.1 6
1 2874 | 60.15 | 4050 | -97.33 | 9657 | -54.26 | 9305 [EK] s
1 13.63 4869 | 1549 96.33 94 4628 | 930.5 1.4 6 |
1 6.1 8214 | -34.31 -88.78 92 4477 | 930.5 114 6
2 -10.67 | -54.00 50.24 991 7 | -70.07 | 8955 8.7 4
2 1368 | -45.03 | -8.37 -§8.01 9628 | 4663 | 8955 8.7 4
2 2258 -82.14 383 -56.98 $5 3389 | 8955 8.7 7
2 7.2 8214 | -3431 | -90.11 52 784 | 8955 8.7 4
3 926 59.87 | -15.15 -99.9 97 | -73.06 367 6.9 25
3 19.04 | 8214 | 6324 | 9978 | -99.14 | -84.76 367 6.9 25 |
3 1533 8214 | -3431 -99.69 97.5 ~75.22 367 6.9 25
3 20.74 57.12 261 9882 | 87.99 1.38 367 6.9 25
4 275 B82.14 | 4884 | -99.87 875 -79.05 434 65 05
4 -18.86 629 8453 | 9976 | -97.14 | -84.76 | 434 6.5 05
3 16.29 5822 | -72.35 | -99.68 94 75.22 434 65 05
4 30.25 64 3362 | -9883 | -87.99 44.71 434 6.5 05
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[CROSSLAND HILL/CONTROL T
location | chloride | sulphate | nitrate fiuoride | sodium |potassium| magnesium | rainfall | T/°C | gale
1 -57.54 91 9922 | 9554 | 8204 | 3252 | 5686 9305 [ 111 | 6
1 7428 56.7 9693 | 0565 | -68.73 | -17.55 461 9305 [ 111 ] 6
1 -66.56 5664 | 9257 | -96.44 | -90.58 305 109.22 9305 [ 111 [ 6
2 -57.54 91 99.22 | -95.16 | -87.54 -55.84 74.22 8955 | 8.7 4
2 -76.64 65.44 | 9723 | 95.14 | -91.95 2275 74.22 8955 | 8.7 4
2 -73.19 -81.65 92.92 0442 | 9564 8528 12.94 8955 | 8.7 )
3 -25.66 7533 | 9842 | 9421 8392 | 3787 124.71 367 | 69 | 25
3 ~71.09 31.04 | 9548 | -95.66 -87.89 2251 1235 367 69 | 25
3 -59.26 2248 | -90.11 9462 | -89.88 | 4028 124.71 367 | 69 | 25
3 1882 [ 6739 | 98.39 | -93.56 798 24.11 135.29 434 | 65 | 05
4 -80.75 -59.11 9629 | 9358 | -89.13 | -30.46 135,20 434 | 65 | 05
4 69.72 2032 | 9054 | -94.11 91.76 | -53.11 1356.29 434 | 65 | 05
A N—
CROSSLAND HILL/ICLEANED ] |
location | chioride | sulphate | nitrate fluoride | sodium |potassium| magnesium | rainfall | TC | gale
1 -70.98 B1.71 -85.46 998 -96.41 -56.16 56.86 9305 | 111 | ©
1 -54.61 71.27 | -45.18 | 99.78 | 9424 | -36.19 461 9305 | 111 ] 6
1 -40.08 73.66 | -21.13 | 99.73 | -9162 | -1355 109.22 9305 | 111 | 6
2 ~70.98 91.71 8546 | -99.71 96.76 | -63.49 74.22 8955 | 8.7 3
2 61.83 7468 | 5103 | -99.77 | -94.77 5351 74.22 8955 | 8.7 4
2 -36.58 65.05 7.6 99.75 | -93.02 -49.61 -12.94 8955 | 8.7 4
3 59.23 7404 | -70.32 | -09.81 96.14 -50.64 124.71 367 69 | 25
3 63.67 55.56 | -28.68 99.74 8438 486 12.35 367 69 | 25
3 49.05 -54.96 132 9065 | -89.49 | -44.29 124.71 367 | 69 | 25
3 521 66.18 5.3 09.77 | -95.29 -36.6 13529 433 | 65 | 05
.4 -58.22 5293 | -27.45 | -99.69 | -90.58 -10.3 138.29 434 | 65 | 05
) 4125 | -49.82 17.57 9956 | 8743 | -22.22 135.29 434 | 65 | 05

Appendix 8.4 Summary of the degrees of freedom and critical F values for the
two sandstones.

Source of variation Degrees of freedom
Locharbriggs Crossland Hill
DEPTH/LOCATION  DEPTH LOCATION
Between sample h-1=3 h-1=2 3
Within sample hin-1)=12 hin-1)=9 8
Critical value', F Fa 12 = 3.49 Fas =4.06 Fao=4.25
P=0.05

h and n represent the different depths and locations. If Fvalues > Ftabulated then the sample
means differ significantly and the null hypothesis is rejected.
'Miller and Miller (1993).
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Appendix 8.5 Example of one-way ANOVA and correlation analysis for
Locharbriggs sandstone

LOCHARBRIGGS CONTROL

Variable CHLOR
By Variable DEPTH

Source

Between Groups
Within Groups

Total

Group Count
Grp 1 4
Grp 2 4
Grp 3 4
Grp 4 4
Total 16
GROUP MINIMUM
Grp 1 -37.2600
Grp 2 -81.0000
Grp 3 -30.3600
Grp 4 -43.1100
TOTAL -81.,0000

IDE

D.F.

12
15

Mean

-29.1450
~-75.2325

-1.5000
-37.8075

-35.9213

MAXIMUM

-14,5600
-68.5700

23.3100
-31.5600

23.3100

Analysis of Variance

Sum of
Squares

11118.6893
2218.4075
13337.0968

Standard
Deviation

9.9979
5.8588
24.0282
5.2757

29,8184

Mean
Squares

3706.2298
184.8673

Standard
Error

4.9990
2.9294
12.0141
2.6379

7.4546

211

20.0481

95 Pct Conf Int

~-45.0537
-84.5550
-39.7336
-46.2022

-51.8104

F

F

Ratio Prob.

TO
TO
TO
TO

TO

.0001

for Mean

-13.2363
-65.9100

36.7336
-29.4128

-20.0321



By

Variable CHLORIDE
Variable LOCATION

Source

Between Groups
Within Groups

Total

GROUP

Grp 1
Grp 2
Grp 3
Grp 4

TOTAL

Count

Lo - N

16

MINIMUM

-81.0000
-79.2100
-72.1500
-68.5700

-81.0000

-36.
~30.
-37.
-38.

locat

12
15

Mean

7750
8275
1575
9250

.9213

MAXIMUM

12,2600
23.3100
-14.5600
-11.2100

23.3100

ion

Analysis of Variance

Sum of
Squares

148.9040
13188.1927
13337.0968

Standard
Deviation

38.2066
42.0097
24.5809
23.8177

29.8184

Mean
Squares

49.6347
1099.0161

Standard
Exrror

19.1033
21.0049
12.2904
11.9089

7.4546
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F F
Ratio Prob.
.0452 ,.9866

95 Pct Conf Int for Mean

-97.5693 TO 24,0193
-97.6734 TO 36.0184
-76.2706 TO 1.9556
~76.8238 TO ~1.0262
-51.8104 TO ~20.0321



CHLORIDE

FLUORIDE

NITRATE

POTASIUM

SODIUM

SULPHATE

CHLORIDE
1.0000
( 16)
P= .
.1096
( 18)
P= .686
.0138
{ 16)
P= ,960
-.1284
{ 16)
P= .636
-.0424
( 16)
P= .876
.7899
( 16)
P= .000

FLUORIDE
.1096
( 16)
= .686
1.0000
( 16)
pP= .
.6079
( 16)
pP= .012
.4299
( 16)
P= .097
.0799
( 16)
P= .769
.4165
( 16)
P= .109

NITRATE
.0138
( 16)
P= .960
.6079
( 16)
P= .012
1.0000
( 16)
P= .
.5038
( 16)
P= .047
.3528
( 16)
P= .180
.2439
( 16)
P= .363

Correlation Coefficients -

POTASIUM
~-.1284
( 16)
P= .636
.4299
( 16)
P= ,097
.5038
( 16)
P= .047
1.0000
( 16)
P= .
.4735
( 16)
P= .064
.1226
{ 16)
P= .651

(Coefficient / (Cases) / 2-tailed Significance)

* . " is printed if a coefficient cannot be computed

PARTIAL

Controlling for..

CHLORIDE

SODIUM

CHLORIDE

1.0000
{ 0)
P= .

.3375
( 10)
P= 283

CORRELATION

FLUORIDE NITRATE

SODIUM

.3375
( 10)
P= .283

1.0000
( 0)
P= .

SODIUM
-.0424
( 16)
P= .876
.0799
( 1e)
P= .769
.3528
( 16)
P= ,180
.4735
( 16)
P= ,064
1.0000
( 16}
P=
-.1173
( 16)
P= .665

SULPHATE
.7899
( 16)
P= 000
.4165
( 16)
P= .109
.2439
( 16)
P= .363
.1226
( 16)
P= .651
-.1173
{ 1e)
P= ,665
1.0000
( 16)
P= ,

COEFFICIENTS =~ -

(Coefficient / (D.F.) / 2-tailed Significance)
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Appendix 8.6 Multivariate statistical analysis results

LOCHARBRIGGS CONTROL

Initial Statistics:

Variable

CHILORIDE
FLUORIDE
GALE
NITRATE
POTASIUM
RAINFALL
SODIUM
SULPHATE
TEMPERAT

PC extracted

Communality

1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

Rotated Factor Matrix:

CHLORIDE
FLUORIDE
GALE
NITRATE
POTASIUM
RAINFALL
SODIUM
SULPHATE
TEMPERAT

Factor 1

.34041
.66841
. 91751
.21084
.11924
.86627
-.28365
.61452
.89800

Canonical Discriminant Functions

Pct of Cum Canonical After Wilks'

*
*
%*
*
*
*
*
*
*
*
*

2 factors.

Fcn Eigenvalue Variance Pct

1+ 10.1184
2* 1.2889
3* .2387

86.88 86.88
11.07 97.95
2.05 100.00

Factor Eigenvalue

OO JAAOE WNRH

Factor 2

-.22469
.52480
-.03669
.76405
.84280
.39383
.72216
-.01704
.07239

Corr

. 9540 :
.7504 :
.4390 :
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3.79921
1.98233
1.63123
.68663
.47545
.25493
.11958
.04345
.00718

Pct of Var

42.2
22.0
18.1

=N
. .

= 0w o Wwo

Cum Pct

Fen Lambda Chi-square df

0 .031721
1 .352685
2 .807278

34.508
10.422
2.141

18
10
4

42.2
64.2
82.4
90.0
95.3
98.1
99.4
99.9
100.0

Sig

.0109
.4043
.7099



LOCHARBRIGGS CLEANED

Initial Statistics:

Variable

CHLORIDE
FLUORIDE
GALE
NITRATE
POTASIUM
RAINFALL
SODIUM
SULPHATE
TEMPERAT

CHLORIDE
FLUORIDE
GALE
NITRATE
POTASIUM
RAINFALL
SODIUM
SULPHATE
TEMPERAT

Communality

*

*
.00000 *
.00000 *
.00000 ~*
.00000 ~*
.00000 ~*
.00000 ~*
.00000 ~*
.00000 ~*
*

Lol e il ol o T S

.00000

Factor 1

-.13472
.65010
.96144
.51909
.36885
.94842

-.00687
.01973
.95731

Canonical Discriminant Functions

Fcn Eigenvalue Variance Pct

1* 10
2%
¥

.2507
. 6936
.0184

Factor Eigenvalue
1 3.74158
2 2.49464
3 1.41620
4 .58849
5 .30178
6 .20261
7 .12973
8 .11868
9 .00628
Factor 2
.88426
.37012
-.06258
.29328
.84113
-.02089
.94694
.16404
-.09386
Pct of Cum Canonical After Wilks'
Corrx Fcn Lambda
: 0 .051533
93.51 93.51 .9545 1 .579780
6.33 99.83 .6400 : 2 .981924
.17 100.00 .1344
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Pct of var Cum Pct
41.6 41.6
27.7 69.3
15.7 85.0

6.5 91.6
3.4 94.9
2.3 97.2
1.4 98.6
1.3 99.9

-1 100.0

Chi-square df sig

29.655 18 .0409
5.451 10 .8591
.182 4 .9961



CROSSLAND HILL CONTROL

Initial Statistics:

Variable Communality * Factor Eigenvalue Pct of Var Cum Pct
L]

CHLORIDE 1.00000 = 1 4.33380 43.3 43.3
FLUORIDE 1.00000 * 2 2.36987 23.7 67.0
GALE 1.00000 ~* 3 1.71734 17.2 84.2
MAGNESIU 1.00000 * 4 .66170 6.6 90.8
NITRATE 1.00000 ~* 5 .45770 4.6 95.4
POTASIUM 1.00000 * 6 .23448 2.3 97.7
RAINFALL 1.00000 * 7 .10435 1.0 98.8
SODIUM 1.00000 * 8 .06736 .7 99.5
SULPHATE 1.00000 ~* 9 .04461 .4 99.9
TEMPERAT 1.00000 * 10 .00879 .1 100.0
PC extracted 2 factors.
Rotated Factor Matrix:

Factor 1 Factor 2
CHLORIDE -.30138 .62940
FLUORIDE -.84595 -.02852
GALE .97094 -.05519
MAGNESIU -.60980 .46630
NITRATE .03642 -.82700
POTASIUM .22348 .67476
RAINFALL .88821 -.24875
SODIUM -.05967 .88474
SULPHATE -.44775 -.05739

Canonical Discriminant Functions

Pct of Cum Canonical After Wilks'

Fcn Eigenvalue Variance Pct Corr Fen Lambda Chi-square df Sig

: 0 .013578 23.646 21 .3105
1* 12.8238 81.74 81.74 .9632 : 1 .187696 9.201 12 .6857
2% 2.2006 14.03 95.76 .8292 : 2 .600738 2.803 5 .7304
3% .6646 4.24 100.00 .6319 :
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CROSSLAND HILL CLEANED

Initial Statistics:

Variable Communality * Factor Eigenvalue Pct of Var Cum Pct
*
CHLORIDE 1.00000 +* 1 6.23805 56.7 56.7
FLUORIDE . 1.00000 = 2 2.54266 23.1 79.8
GALE 1.00000 = 3 .91779 8.3 88.2
MAGNESIU 1.00000 ~ 4 .57778 5.3 93.4
NITRATE 1.00000 * 5 .38267 3.5 96.9
POTASIUM 1.00000 ~* 6 .25779 2.3 99.2
RAINFALL 1.00000 = 7 .05627 .5 99.8
SEAEXP 1.00000 ~* 8 .01815 .2 99.9
SODIUM 1.00000 * S .00709 .1 100.0
SULPHATE 1.00000 ~* 10 .00176 .0 100.0
TEMPERAT 1.00000 ~* 11 .00000 .0 100.0
Rotated Factor Matrix:
Factor 1 Factor 2
CHLORIDE .06267 .82919
FLUORIDE -.38399 .72437
GALE . 95685 -.19222
MAGNESIU -.61796 .16833
NITRATE -.19134 . 92905
POTASIUM -.10222 .76241
RAINFALL .91808 -.14381
SEAEXP .96548 -.19322
Canonical Discriminant Functions
Pct of Cum Canonical After Wilks'
Fcn Eigenvalue Variance Pct Corr Fcn Lambda Chi-square df Sig
: 0 .000980 38.103 21 .0125
1+ 81.0948 91.77 91.77 .9939 : 1 .080471 13.859 12 .3098
2% 6.6451 7.52 99.29 .9323 : 2 .615211 2.672 5 .7504
3* . 6255 .71 100.00 .6203 :
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Appendix 8.7 Initial and final values for the colour components brightness (L),
green to red (a) and blue to yellow (b).

L LOCHARBRIGGS CONTROL LOCHARBRIGGS CLEANED
Site Before After increment |Before After increment
Glasgow [56.65 36.27 2038 [58.7 4351 -15.19
Aberdeen [56.65 50.5 .15 58.67 43.45 -15.21
Banft 63.36 46.97 -16.39  [62.81 a7.18 1563
Dunkeld [60.53  |37.82 22.71 62.92 46.57 16.35
L CROSSLAND CONTROL CROSSLAND CLEANED
Site Before After increment [Before After increment
Glasgow |60.76 49.3 1146 [63.49 54.05 044
Aberdeen |60.76 59.22 154 5349 58.02 5.47
Banff 69.26 58.82 1044 |60.26 59.53 973
Dunkeld [68.73 58.85 9.88 66.93 55.24 -11.69
a LOCHARBRIGGS CONTROL LOCHARBRIGGS CLEANED |
Site Before After increment |Before IAﬂer increment
Glasgow 36 7.85 4.25 4.38 9.25 4.87
Aberdeen 356 87 5.1 45 10.56 6.06
Banft 6.8 144 76 5.47 177 6.3
Dunkeld 5.06 6.92 1.86 6.25 9.86 3.61
a CROSSLAND OL Em—sﬁm‘ D
[Site Before  |After increment [Before  |After increment
Glasgow 0.43 0.37 038 1.22 0.6 0.62
Aberdeen 0.43 2.02 159 0.9 0.37 053]
Banff 1.43 1.37 0.06 0.78 0.4 118
Dunkeid 0.26 A -1.36 0.3 0.82 -1.75]
b [OCHARBRIGGS CONTROL __ [LOCHARBRIGGS CLEANED
[Site Before  |After increment |Before  |After increment
Glasgow 9.45 12.75 33 10.97 1549 452
rdeen 9.45 15.85 6.4 10.95 16.19 5.24
[Banff 11.83 18.62 6.79 11.41 16.68 5.27
Dunkeid 10.76 13.7 2.94 12.05 17.01 4.96
b CROSSLAND CONTRI CR stl
Stte Before  |After increment |Before  |After increment
Glasgow 11.16 16.2 5.04 126 17.26 4.66
Aberdeen 11.16 19.77 861 128 16.45 3.85
[Bant 1373 18.82 5.19 12.13 15.21 3.08
Dunkeld 11.66 16,7 404 1326 19.04 5.78|
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Appendix 8.8 The EDX analysis for Locharbriggs and Crossland Hill stones

(A)

)
IX-RfIV: 0-20 keU Window : Be
Live: Os Preset: 100s Remaining: 100s
NH | SC
49 | a
< .0 5.163 keU 10.3 >
FS=256K 0S= BK ch 268= 1890 cts

MBEML :RI3erdeen/clean
EDX analysis of the potassium feldspar shown in Plates 8.2a-b
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EDX analysis of the Locharbriggs surface in Plates 8.1a-b respectively
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jX-RRV: 0-20 keU W ndow : Be
Live: Os Preset: 100s Remai ni ng: 100s

« F

NIl 1 s C .0 !
u g Mis 1 i
i i E ijililifl i VWA A i9itfstew iM WKm HDIIHW W SH Wi
5.703 keU 10.8 >

.6
FS=256K 0OS= 8K ch 295= 2442 cts
MBEML : B-BanffXcc

X-RRV: 0-20 keU Window : Be
Live: Os Preset: 100s Remai ni ng:  100s

.6 5.703 keU 10.8 >
FS=256K 0OS= 8K ch 295= 6476 cts
MEM1:B-Banff/cc

EDX analysis of the Crossland Hill surface in Plates 8.4a-b respectively
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EDX analysis of the Crossland Hill surface in Plate 8.3a
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