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Biotite-muscovite granite (BMG)
BR 163b BR 164b BR 80 BR 474a BR477a BR 478a BR 481a BR 484

SiO2 72.29 71.90 72.25 72.79 72.18 72.07 70.65 73.09
TiO2 0.22 0.23 0.23 0.23 0.26 0.29 0.22 0.13
Al2O3 14.64 14.89 15.12 13.96 14.18 14.52 14.19 14.65
Fe2O3 0.13 0.05 0.17 0.52 0.73 0.70 0.63 0.28
FeO 1.39 1.55 1.25 0.83 0.99 0.98 0.87 1.02
MnO 0.048 0.054 0.046 0.042 0.040 0.043 0.092 0.059
MgO 0.48 0.54 0.40 0.51 0.64 0.62 0.49 0.32
CaO 1.29 1.10 1.48 0.76 0.83 1.30 1.64 0.84
Li2O 0.018 0.020 0.055 0.006 0.011 0.014 0.008 0.018
Na2O 3.59 3.64 3.70 3.49 3.94 3.55 4.28 3.53
K2O 4.59 4.63 4.59 4.58 4.10 4.60 4.75 4.29
P2O5 0.21 0.20 0.19 0.14 0.14 0.15 0.15 0.22
CO2 0.05 0.06 0.02 0.63 0.35 0.08 0.93 0.03
C 0.01 0.01 0.01 0.02 0.05 0.01 0.03 0.02
F 0.060 0.030 0.070 0.040 0.050 0.060 0.060 0.040
S 0.03 0.04 0.01 0.01 0.02 0.02 0.02 0.01
H2O

+ 0.84 0.83 0.68 0.96 1.13 0.91 0.77 0.73
H2O

- 0.05 0.09 0.18 0.15 0.16 0.21 0.11 0.15
Total 99.93 99.86 100.45 99.66 99.80 100.13 99.89 99.43
Be – – – 4.8 7.8 7.2 9.3 9.5
Cr – – – 21 12 21 11 14
Ni – – – 11 10 7 <5 4
Cu – – – 3 5 5 6 5
Zn – – – 75 82 43 75 35
Rb – – – 178 168 191 213 204
Sr – – – 211 228 262 144 132
Y – – – – – – – 14.0
Zr – – – – – – – 71
Nb – – – – – – – 10
Sn – – – – – – – 7
Ba – – – 726 752 770 690 904
Pb – – – – – – – 36
Cs – – – – – – – –
Th – – – – – – – –
U – – – – – – – 3

Biotite granite (BtG)
BR 361 BR 362A BR 479 BR 483 20-SET* Š-1* Š-2*

SiO2 70.60 69.81 71.60 70.48 70.91 71.26 70.90
TiO2 0.37 0.34 0.25 0.28 0.33 0.33 0.34
Al2O3 14.84 14.88 14.96 15.20 14.84 15.10 15.21
Fe2O3 0.08 0.08 1.18 0.44 0.60 0.42 0.45
FeO 2.05 2.10 0.37 1.28 1.58 1.95 1.89
MnO 0.049 0.048 0.040 0.053 0.044 0.046 0.040
MgO 0.84 0.88 0.67 0.61 0.80 0.83 0.86
CaO 1.70 1.81 1.50 1.71 1.63 1.41 1.50
Li2O 0.015 0.018 0.010 0.015 – – –
Na2O 3.35 3.32 3.49 3.53 3.38 3.18 3.10
K2O 4.49 4.38 4.52 4.22 4.40 4.33 4.45
P2O5 0.12 0.13 0.14 0.14 0.16 0.12 0.12
CO2 0.03 0.11 0.07 0.06 – 0.11 0.11
C – – 0.05 0.04 – – –
F 0.04 0.07 0.09 0.07 0.08 0.04 0.04
S 0.010 0.020 <0.005 0.040 – – –
H2O

+ 1.17 1.02 0.96 0.81 – 0.48 0.45
H2O

- 0.10 0.11 0.11 0.14 – – –
Total 99.85 99.12 100.09 99.20 98.75 99.61 99.46
Be – – – – – – –
Cr – – – 17 42 – –
Ni – – – 3 – – –
Cu <7 <7 – 5 – – –
Zn 41 40 – 45 41 47 61
Rb 214 200 – 200 201 190 210
Sr 254 280 – 303 266 273 274
Y 12.3 12.6 – 13 25 22 24
Zr 193 209 – 150 – – –
Nb 16 16 – 12 16 19 21
Sn <7 <7 – <2 – – –
Ba 1100 878 – 842 965 1249 1197
Pb 29 30 – 37 13 29 22
Cs – – – – 5 – –
Th – – – – 22.9 – –
U – – – 6 6.8 – –

* Analyses marked by an asterisk are from Mat����������	

Fine-grained enclaves (mainly in BMG)
BR 485 BR 476b BR 477b BR 481b BR 474b BR 478b
70.94 66.46 66.69 67.23 66.63 65.16

0.29 0.46 0.63 0.43 0.86 0.50
15.12 16.90 15.77 14.94 15.11 16.44

0.43 0.81 0.99 1.51 1.27 0.93
1.31 2.22 3.28 3.29 3.13 3.23
0.038 0.061 0.082 0.253 0.084 0.069
0.57 1.31 1.68 1.86 2.02 1.98
1.38 1.22 0.81 1.14 1.54 3.30
0.012 0.020 0.034 0.028 0.027 0.038
3.50 4.54 5.09 5.32 3.08 3.69
4.50 2.36 1.28 1.30 2.31 1.94
0.127 0.22 0.19 0.17 0.62 0.20

<0.01 0.53 0.29 0.50 0.80 0.09
0.03 0.12 0.07 0.03 0.06 0.03
0.064 0.090 0.060 0.060 0.090 0.160
0.01 0.02 0.03 0.03 0.02 0.03
0.64 2.27 2.49 2.10 2.62 1.92
0.19 0.22 0.26 0.19 0.16 0.19

99.15 99.83 99.73 100.39 100.42 99.93
6.4 9.0 8.3 13.7 7.2 7.1
8 23 50 78 94 34

<2 7 9 14 62 8
5 4 4 4 9 7

45 67 89 187 157 104
226 182 89 76 165 176
323 – – – – –

12.0 16.4 17.7 11.8 27.2 13.1
146 – – – – –

12 – – – – –
2 – – – – –

850 – – – – –
37 – – – – –

– – – – – –
– – – – – –
3 – – – – –
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Fine-grained biotite granite (BtG) (n=4)

   Mean σ    Min  25% 50%
SiO2 70.62 0.74 69.81 70.31 70.54
TiO2 0.31 0.05 0.25 0.27 0.31
Al2O3 14.97 0.16 14.84 14.87 14.92
FeOt 1.85 0.36 1.43 1.61 1.90
MnO 0.05 0.00 0.04 0.05 0.05
MgO 0.75 0.13 0.61 0.66 0.76
CaO 1.68 0.13 1.50 1.65 1.70
Na2O 3.42 0.10 3.32 3.34 3.42
K2O 4.40 0.14 4.22 4.34 4.44
K2O/Na2O 1.29 0.06 1.20 1.27 1.31
A/CNK 1.11 0.01 1.10 1.10 1.11
A/NK 1.44 0.03 1.41 1.42 1.44

Biotite–muscovite granite (BMG) (n=8)

   Mean σ    Min  25% 50%
SiO2 72.19 0.64 70.94 72.03 72.22
TiO2 0.24 0.05 0.13 0.23 0.23
Al2O3 14.63 0.42 13.96 14.43 14.64
FeOt 1.50 0.16 1.27 1.38 1.55
MnO 0.05 0.01 0.04 0.04 0.04
MgO 0.51 0.11 0.32 0.46 0.52
CaO 1.12 0.28 0.76 0.84 1.20
Na2O 3.62 0.15 3.49 3.52 3.57
K2O 4.49 0.19 4.10 4.45 4.58
K2O/Na2O 1.24 0.09 1.04 1.23 1.28
A/CNK 1.14 0.04 1.10 1.11 1.14
A/NK 1.35 0.04 1.30 1.33 1.35

Šev���������	�
����	��	���	��
��Mat������������
���et al. 1999) (DM

   Mean σ    Min  25% 50%
SiO2 71.55 1.28 69.26 70.91 71.26
TiO2 0.24 0.10 0.07 0.17 0.26
Al2O3 14.95 0.31 14.50 14.79 14.84
FeOt 1.69 0.45 1.08 1.39 1.60
MnO 0.04 0.01 0.02 0.04 0.04
MgO 0.63 0.24 0.26 0.45 0.77
CaO 1.14 0.42 0.56 0.74 1.23
Na2O 3.50 0.27 3.10 3.37 3.42
K2O 4.48 0.11 4.33 4.41 4.49
K2O/Na2O 1.28 0.09 1.12 1.24 1.30
A/CNK 1.18 0.06 1.12 1.12 1.18
A/NK 1.41 0.07 1.29 1.37 1.41

Deštná granite from the Šev���������	���Mat������������
���et al. 19

   Mean σ    Min  25% 50%
SiO2 73.71 0.69 72.86 73.17 73.85
TiO2 0.07 0.03 0.04 0.06 0.07
Al2O3 14.90 0.20 14.66 14.84 14.86
FeOt 0.63 0.27 0.36 0.42 0.54
MnO 0.02 0.01 0.01 0.01 0.02

75% Max
70.85 71.60
0.35 0.37

15.02 15.20
2.13 2.17
0.05 0.05
0.85 0.88
1.73 1.81
3.50 3.53
4.50 4.52
1.32 1.34
1.12 1.13
1.46 1.47

75% Max
72.42 73.09
0.27 0.29

14.95 15.12
1.62 1.70
0.05 0.06
0.58 0.64
1.32 1.48
3.66 3.94
4.59 4.63
1.29 1.31
1.15 1.22
1.38 1.42

DM) (n=11)

75% Max
72.76 73.28
0.33 0.34

15.07 15.65
2.12 2.33
0.04 0.05
0.82 0.88
1.46 1.63
3.64 4.01
4.52 4.75
1.33 1.44
1.23 1.26
1.44 1.53

1999) (n=5)

75% Max
74.11 74.54
0.09 0.11

MgO 0.21 0.05 0.15 0.15 0.23
CaO 0.42 0.11 0.29 0.33 0.47
Na2O 3.55 0.25 3.11 3.60 3.64
K2O 4.46 0.14 4.24 4.44 4.50
K2O/Na2O 1.26 0.10 1.18 1.21 1.24
A/CNK 1.31 0.08 1.24 1.25 1.27
A/NK 1.40 0.08 1.35 1.35 1.37

n = number of observations; σ = standard deviation; Min/Max = minimum/maximum;
50 %, 25 %, and 75 % = median and two quartiles

14.96 15.20
0.88 0.94
0.02 0.02
0.25 0.25
0.51 0.52
3.71 3.71
4.52 4.60
1.24 1.43
1.33 1.44
1.39 1.53
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Fine-grained biotite granite (BtG)
n NA Mean σ Min 25% 50%

Rb 3 1 204.7 8.1 200.0 200.0 200.0
Sr 3 1 279.0 24.5 254.0 267.0 280.0
Ba 3 1 940.0 139.7 842.0 860.0 878.0
Cr 3 1 103.0 76.6 17.0 72.5 128.0
Ni 3 1 30.7 24.2 3.0 22.0 41.0
La 3 1 47.3 6.0 41.0 44.5 48.0
Eu 3 1 0.98 0.07 0.90 0.94 0.99
Y 3 1 12.63 0.35 12.30 12.50 12.60
Zr 3 1 184.0 30.5 150.0 171.5 193.0

Biotite–muscovite granite (BMG)
 n NA Mean σ Min 25% 50%

Rb 5 3 193.4 22.7 168.0 178.0 191.0
Sr 2 6 227.50 135.10 132.00 179.75 227.50
Ba 2 6 877.0 38.2 850.0 863.5 877.0
Cr 5 3 15.2 5.7 8.0 12.0 14.0
Ni 4 4 8.00 3.20 4.00 6.25 8.50
La 5 3 31.8 8.5 16.8 34.4 35.0
Eu 5 3 0.65 0.12 0.50 0.60 0.66
Y 2 6 13.00 1.41 12.00 12.50 13.00
Zr 2 6 108.50 53.00 71.00 89.75 108.50

Šev���������	�
����	��	���	��
��Mat������������
���et al. 1999) (DM)
n NA Mean σ Min 25% 50%

Rb 11 0 204.6 12.0 181.0 200.5 202.0
Sr 11 0 227.1 96.4 87.0 146.0 266.0
Ba 11 0 853.5 287.2 404.0 664.0 940.0
Cr 1 10 42.0 – – – –
Y 9 2 21.7 2.4 18.0 20.0 22.0
Zr 10 1 132.5 69.2 32.0 83.25 129.5

Deštná granite from the Šev���������	���Mat������������
���et al. 1999)
n NA Mean σ Min 25% 50%

Rb 5 0 239.0 10.2 227.0 233.0 236.0
Sr 5 0 96.8 38.6 530.0 75.0 88.0
Ba 5 0 387.6 155.2 168.0 344.0 366.0
Y 5 0 25.8 6.5 22.0 22.0 22.0
Zr 5 0 44.4 13.8 33.0 34.0 36.0

n = number of observations; NA = not available; σ = standard deviation;
Min/Max = minimum/maximum; 50 %, 25 %, and 75 % = median and two quartiles
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75% Max
207.0 214.0
291.5 303.0
989.0 1100.0
146.0 164.0
44.5 48.0
50.5 53.0

1.02 1.04
12.80 13.00

201.0 209.0

75% Max
204.0 226.0
275.25 323.00
890.5 904.0
21.0 21.0
10.25 11.00
35.1 37.6

0.69 0.82
13.50 14.00

127.25 146.00

)
75% Max

214.5 220.0
273.5 358.0

1008.5 1249.0
– –

24.0 25.0
190.25 225.0

9)
75% Max
247.0 252.0
115.0 153.0
479.0 581.0

26.0 37.0
59.0 60.0
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BtG BMG
BR 361 BR 362A BR 483 BR 474a BR477a BR 478a B

La 048.00 0053.0 0041.0 037.6 034.4 035.0
Ce 088.0 0098.0 0086.9 071.3 061.9 066.6
Pr 009.5 0009.9 0010.5 008.8 007.4 007.7
Nd 032.0 0035.0 0036.3 026.8 023.6 023.5
Sm 005.5 0005.9 006.5 003.8 004.2 003.9
Eu 000.90 000.99 001.04 000.69 000.66 000.60
Gd 003.0 0003.2 003.8 003.2 002.8 002.3
Dy 002.43 002.45 002.90 0NA 002.04 0NA
Ho 000.47 000.49 0NA 0NA 0NA 0NA
Er 001.21 001.18 001.30 0NA 001.44 001.02
Yb 001.08 001.11 001.30 0NA 0NA 0NA
Lu 000.16 000.16 000.20 0NA 0NA 0NA
LaN 154.84 170.97 132.26 121.29 110.97 112.90
CeN 108.91 121.29 107.55 088.24 076.61 082.43
PrN 077.87 081.15 086.07 072.13 060.66 063.11
NdN 053.33 058.33 060.50 044.67 039.33 039.17
SmN 028.21 030.26 033.33 019.49 021.54 020.00
EuN 012.24 013.47 014.15 009.39 008.98 008.16
GdN 011.74 012.36 014.67 012.36 010.81 008.88
DyN 007.55 007.61 009.01 0NA 006.34 0NA
HoN 006.55 006.82 0NA 0NA 0NA 0NA
ErN 005.76 005.62 006.19 0NA 006.86 004.86
YbN 005.17 005.31 006.22 0NA 0NA 0NA
LuN 004.97 004.97 006.21 0NA 0NA 0NA
Eu/Eu* 000.67 000.70 000.64 000.61 000.59 000.61
CeN/YbN 021.08 022.84 017.29 0NA 0NA 0NA

BMG = Biotite–muscovite granite, BtG = Fine-grained biotite granite, NA = not available

� 6

BR 484 BR 485

016.8 035.1
033.4 070.1
0NA 007.5
013.6 028.6
003.2 005.3
000.50 000.82
002.3 003.1
002.40 002.10
0NA 0NA
001.35 0NA
001.30 0NA
000.17 0NA
054.19 113.23
041.34 086.76
0NA 061.48
022.67 047.67
016.41 027.18
006.80 011.16
008.88 011.97
007.45 006.52
0NA 0NA
006.43 0NA
006.22 0NA
005.28 0NA
000.56 000.62
006.65 0NA
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Sample
Rb

(ppm)
Sr

(ppm)
87Rb/86Sr 87Sr/86Sr 2 s.e. (87Sr/86Sr)i

Fine-grained biotite granite (BtG)

BR 361 187 284 1.9085 0.717492 34 0.709344

BR 479 227 293 2.2468 0.719095 16 0.709503

BR 483 200 303 1.9123 0.717656 26 0.709492

Biotite-muscovite granite (BMG)

BR 484 204 132 4.4837 0.732045 38 0.712904

BR 485 226 323 2.0271 0.717877 25 0.709223

Pyroxene microgranodiorite, Dehetník

BR 486 118 322 1.0611 0.712004 16 0.707853

Sample
Sm

(ppm)
Nd

(ppm)
147Sm/144Nd 143Nd/144Nd 2 s.e. (143Nd/144Nd)i

Fine-grained biotite granite (BtG)

BR 361 4.2 25.5 0.09956 0.512026 40 0.511830

BR 479 3.2 18.5 0.10456 0.512080 29 0.511875

BR 483 6.5 36.3 0.10796 0.512053 8 0.511841

Biotite–muscovite granite (BMG)

BR 484 3.2 13.6 0.14155 0.512059 18 0.511781

BR 485 5.3 28.6 0.11160 0.512063 8 0.511844

Pyroxene microgranodiorite, Dehetník

BR 486 5.3 27.9 0.11424 0.512239 20 0.512033

Isotopic ratios with subscript ‘i’ were all age-corrected to 300 Ma with exception of the pyroxene microgranodior

275 Ma has been adopted (Košler et al. 2000); TNd
DM  = two-stage Nd model ages calculated after Liew and Hofma

ε
i
Nd 

T
Nd
CHUR 

(Ga)

T
Nd
DM 

(Ga)

–8.2 0.96 1.67

–7.4 0.92 1.60

–8.0 1.01 1.65

–9.2 1.60 1.74

–8.0 1.03 1.65

–4.9 0.74 1.39

orite BR 486 for which the Ar–Ar age

ann (1988).
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Parent Biotite Plag. Daughter Calculated Diff. Cumulate
(Š-2) (BR 484) daughter

SiO2 70.19 36.74 61.60 73.09 72.98 0.11 47.52
TiO2 0.34 4.69 0.00 0.13 0.05 0.08 2.66
Al2O3 15.21 19.45 24.48 14.65 14.42 0.23 21.63
FeOt 2.29 21.30 0.08 1.27 1.09 0.19 12.10
MgO 0.86 8.08 0.00 0.32 0.40 –0.08 4.58
CaO 1.50 0.00 6.83 0.84 1.32 –0.48 2.96
Na2O 3.10 0.41 6.43 3.53 3.11 0.42 3.02
K2O 4.45 8.65 0.58 4.29 4.36 –0.07 5.15
% in cumulate: 56.60 43.40
R2 = 0.52
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# plot the data and mixing hyperbola
Y<-(cc-u*v+X*v)/(X-u)
plot(X,Y,type="l",col="red",xlab="87Sr/86Sri",ylab="EpsNdi")
points(z[,1],z[,2])

# plot asymptotes
abline(h=v)
abline(v=u)

The equation of a mixing hyperbola in the [x, y] space can be written in the form (Albarède 1995, p. 262):

MNN�� =−− ���� �� ���

Where: x0, y0 = asymptotes, and q  = curvature parameter

This can be rearranged to:

���� N��N�NMN� ++−= ���

or a more familiar form:

�
� NN

M
��

−
+= ���

Let’s build a matrix A with three columns, including 1, x and y. The vector y should contain products xy. Then 
balance can be written in a matrix form (Albarède 1995):

5N� = ���

and solved for vector x containing the elements [q-x0y0, x0, y0] by the least-squares method.

# The plain text, tab-delimited data file contains three columns:
# 1st = sample ID
# 2nd = initial Sr isotopic ratios
# 3rd = initial epsilon values

#read the data
z<-as.matrix(read.table("mix.data",sep="\t"))

# calculate the results
A<-cbind(1,z[,2],z[,1])
y<-z[,1]*z[,2]
xa<-lsfit(A,y,intercept=FALSE)
xa<-xa$coefficients
u<-xa[2]
v<-xa[3] # asympotes
cc<-xa[1]+u*v # curvature

# and print them
X<-seq(min(z[,1]),max(z[,1]),by=0.00001)
result<-paste("The best fit hyperbola is: y =",round(v,5),
"+",round(cc,8),"/(x-",round(u,4),")",sep="")
cat(result, "\n")


