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Introduction

The Sanandaj-Sirjan metamorphic-magmatic zone (SSZ) (with 1500 km in
length and 150-200 km in width) along with the Urumieh-Dokhtar magmatic
arc as well as the folded-thrust belt of Zagros comprise the Zagros orogeny
in south west of Iran. The SSZ. based on the grade and age of
metamorphism, has been divided into northern and southern subzones
(Ghasemi and Talbot, 2006). The southern subzone are dominated by
metamorphosed and deformed lithologies belonging to middle - upper
Triassic, whereas, the Jurassic and the upper Cretaceous metamorphic rocks
as well as the felsic intrusions are more widespread in the northern subzone
(Moazzen et al. 2004; Ghasemi and Talbot, 2006; Sepahi et al., 2014). The
intrusions of SSZ range in composition from gabbro to granite and are
Neoproterozoic to Miocene in age. But the granitic bodies of Jurassic (140-
170 Ma) are more abundant (Hassanzadeh and Wernicke, 2016).

The metamorphic-plutonic complex of northern Bijar, situated on the
northern part of the Sanandaj-Sirjan zone of lIran, is important for co-
existence of regional metamorphic rocks (dominated by slate and phyllite as
well as inliers of green-schist) and a white garnet-bearing leucogranite.
Fonoudi and Sayareh (2000) suggested that this lithology was
metamorphosed during Cretaceous and were intruded by a leucogranitic
intrusion in N-Bijar. Although it is not seen any contact metamorphic halo at
the boundary zones of the pluton (likely because of its low heat potential) but
the presence of the aplitic apophyses in the country schistose rocks and
especially the occurrence of abundant xenoliths at the marginal zone of the
pluton (Figures 2C and 2D) are good indications of the age of the pluton
which is younger than that of the country metamorphic rocks.
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Mineralogically, the country rocks are the
metabasites metamorphosed under amphibolite facies.
and as the textural evidences show they were affected by
at least two episodes of regional metamorphism
followed by retrograde and dynamic metamorphism.
The high temperature ductile deformation is given by the
following indications: the seriate boundaries in quartz
grains, the ribbon quartz, the fish-shaped amphiboles,
the granoblastic and the recrystallized textures. On the
other hand, the granitic pluton, as a homogenous body,
is composed of more than 95 vol% of felsic minerals
(i.e. quartz, plagioclase and alkali feldspars) and about
less than 5 vol% other minerals (i.e. garnet, muscovite,
biotite). The shallow depth emplacement of the intrusion
is implied by the granophyric and perthitic textures.
Also, the high temperature deformation of the rocks is
shown by the seriate boundaries and dynamic
recrystallizations in quartz grains as well as the abundant
myrmekitic textures.

Geochemistry and Mineral Chemistry

The studied pluton is poor in Fe-Mg conrent but
peraluminous (A/CNK=1.05-1.11) in nature and
classified as high-K calc-alkaline magmatic series. The
convex downward of in REE pattern in studied samples
can be due to MREEs depletion possibly produced by
differentiation of ferromagnesian minerals (i.e.,
pyroxene, hornblende and even titanite) (Rollinson and
Pease, 2021). Whereas, the metabasites have a uniform
pattern of LREES/HREEs mildly enrichment ratio
(Lan/Lun =~ 3.01).

To determine the role of minerals in the petrological
evolutions, the rock-forming minerals were analyzed by
EPMA (Tables 2-6). As the results show the metabasites
mainly contain: Ca-amphiboles magnesio-hornblende
and lesser amounts of pargasite, epidote containing of
pistacite component of about 0.24-0.27, oligoclase-
plagioclase. The same analyses reveal that the granite
samples are composed of albite-oligoclase, orthoclase,
microcline, as the major and the zoned Mn-garnet

(spessartine), phengitic muscovite, as the minor
minerals.

Discussion and Conclusion

The metamorphic-plutonic complex of northern
Bijar comprises of two distinct lithologies, namely the
Cretaceous metabasites as the country rocks and the
garnet-bearing  leucogranite  pluton. The mineral
assemblages of the pluton point to the peraluminous
nature of granite confirmed by the A/CNK>1. The
mentioned pluton was intruded the country rocks in a
shallow depth of the crust with lack of any indication of
contact metamorphism. However, the observation of
abundant xenoliths of metabasites at the margin zone of
the pluton is a strong reason for its younger age than the
metabasites.

The metamorphic rocks of the studied area are the
low-medium grade regional metamorphic rocks (i. e.
slate, phyllite, hornblende schist and epidote schist)
affected by at least two regionally followed by dynamic
and retrograde metamorphisms. As the mineral
paragenesis show, the protolith of these rocks are
enriched in Ca, Fe and Mg (namely calc-alkaline
basalts). Also, they have been originated from MORB
sources with proxies of continental arcs. Moreover, the
studied granitic pluton belongs to a volcanic arc and/or
continental collision granite type.

The thermo-barometric calculations based on
different procedures yielded: T= 600£20 and P=13-15
kbar for amphiboles by the method reported by Ernst
and Liu (1998), T=593-718 °C in 2 kbar and T=640-708
°C in 8 kbar by Holland and Blundy's method (1994)
and finally T = 730 °C and P. 2-6.9 kbar by the method
suggested by Bhadra and Bhattacharya (2007).

On the other hand, by plotting the plagioclase data of
leucogranite pluton on Nekvasil et al. (2000) a P = 4.5
kbar and T= 500 °C. were obtained. Thus, the lower
temperatures of the granitic pluton can be explained by
the lack of contact metamorphic halo in the country
rocks.
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Figure 1. Geological map of A) the north of Bijar (modified after Fonoudi and Sayareh, 2000); B) structural
zones of Iran.
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Table 1. Major element oxides (in wt.%) and trace element (in ppm) data for metamorphic and granitic rocks in the

north of Bijar.

Rock Type Epidote Hornblende Schist | Hornblende Schist | Granite | Aplite
Sample No. SH-6 SH-7 SH-29 SH-28 SH-32 SH-15 SH-21 SH-22 SH-26 SH-27
SiO, 44.21 44.23 48.15 51.22 39.25 74.62 74.08 75.38 78.58 74.56
TiO, 1.25 1.4 1.43 0.99 1.35 b.d.l. b.d.l. b.d.l. 0.05 b.d.l.
AlL,O; 15.86 16.26 17.02 16.5 17.88 14.1 13.9 13.7 13.53 14.13
Fe,0s 11.92 10.83 10.14 9.22 11.89 0.94 0.71 0.75 0.78 0.84
MnO 0.27 0.19 0.18 0.16 0.16 0.21 0.32 b.d.l. b.d.l. 0.08
MgO 8.37 7.78 3.64 5.33 2.98 0.11 0.06 0.1 0.15 0.11
CaO 12.26 9.57 12.43 9.38 18.85 0.86 0.57 1.23 1.13 1.16
Na,O 2.15 2.39 4.16 3.89 0.9 3.55 2.94 3.33 3.34 3.47
K,0 0.21 0.3 0.28 0.25 0.2 4.87 6.35 4.89 4.63 4.97
P,Os 0.18 0.18 0.34 0.14 0.16 b.d.l. 0.06 b.d.l. b.d.l. b.d.l.
LOlI 3.37 3.77 2.16 2.91 6.3 0.74 1 0.58 0.63 0.57
Total 99.99  100.00 100.00 99.99 100.00 100.00 99.99  100.01 100.00 100.00
Cs b.d.l. b.d.l. b.d.l. b.d.l. 0.6 29 3 1.8 1.9 21
Rb 14 15 12 13 13 236 358 166 151 161
Ba 33 58 58 53 20 24 26 337 1119 1144
Sr 237 218 325 267 720 24.8 18.3 104 165 177
Th 0.62 0.49 1.41 1.08 0.78 8.83 3.91 5.35 2.84 4.35
U 0.2 0.2 0.5 0.2 0.2 2 3.8 1.3 0.7 0.9
Zr 23 38 32 21 21 8 12 b.d.l. b.d.l. 5
Ta 0.74 0.51 0.28 0.49 0.23 0.77 3.57 0.49 0.74 0.66
Y 16.5 15.2 27.5 18.5 20.6 30.6 10.9 15.4 5.7 11.6
Nb 12.5 9.9 8 10.2 6.7 15.4 33.9 9 11 9.2
La 7 7 11 7 9 7 4 6 3 4
Ce 18 17 30 17 21 14 8 10 3 8
Nd 13 10.4 18 10.4 13.8 7.9 43 5.2 2.9 4.2
Sm 3.42 2.67 4.33 2.67 3.6 2.41 1.65 1.37 0.98 1.3
Eu 1.14 1.05 2.03 1.05 1.42 0.21 b.d.l. 0.41 0.52 0.51
Gd 3.8 3.2 4.92 3.27 3.92 3.22 1.63 1.48 0.66 1.16
Tb 0.63 0.56 0.79 0.58 0.65 0.7 0.4 0.36 0.22 0.29
Dy 3.73 3.34 4.9 35 3.81 5.04 1.87 2.25 1.03 1.62
Tm 0.32 0.28 0.46 0.34 0.36 0.66 0.14 0.29 0.13 0.24
Yb 1.8 15 2.7 2 21 43 0.9 1.8 0.8 1.7
Lu 0.25 0.21 0.41 0.3 0.31 0.73 b.d.l. 0.26 0.1 0.24
Sc 38.4 21.6 24.8 28.4 28.9 2.9 0.8 1.6 1.8 1.6
Cr 11 13 12 12 21 169 323 95 88 29
Co b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. 37 38.8 29 23.8 21.2
Ni 10 10 6 8 8 57 126 29 23 11

\% 295 175 290 216 381 12 10 11 12 12
Zn 109 89 65 69 48 12 26 23 13 14
Na,0+K,0 2.36 2.69 4.44 414 1.1 8.42 9.29 8.22 7.97 8.44
A/CNK 0.61 0.75 0.57 0.70 0.50 1.11 1.09 1.05 1.08 1.07

b.d.l.; values below detection limits
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Table 2. Representative chemical data (in wt%) and calculated mineral formulae of amphiboles (in a.p.f.u. and
based on 22 oxygen atoms) in the metabasites of Bijar area.

Rock Type Epidote Hornblende Schist

Point No. 22/1 24/1 29/1 30/1 31/1 35/1 36/1 37/1
SiO; 42.88 43.3 45.32 44.58 45.6 45.03 44.75 45.62
TiO, 0.55 0.52 0.48 0.44 0.46 0.45 0.47 0.51
Al;O; 11.69 11.78 10.26 10.9 10.35 10.12 10.22 9.34
FeO 19.13 18.77 17.34 17.81 17.62 17.23 17.6 16.92
CaO 11.53 11.58 11.59 11.88 11.57 11.81 11.44 11.49
Na,O 1.62 1.66 1.36 1.42 1.47 1.57 1.47 1.58
K0 0.64 0.42 0.46 0.47 0.43 0.42 0.42 0.33
MnO 0.37 0.34 0.37 0.35 0.34 0.35 0.34 0.36
MgO 8.63 9.53 10.4 9.83 9.92 10.47 10.38 10.79
NiO b.d.l. 0.07 b.d.l. b.d.l. 0.1 b.d.l. b.d.l. b.d.l.
Cr;04 0.06 0.05 0.29 0.31 0.1 0.06 0.08 0.04
V203 0.12 0.12 0.1 0.1 0.11 0.09 0.09 0.09
Total 97.22 98.14 97.97 98.09 98.07 97.6 97.26 97.07
Si 6.539 6.446 6.709 6.623 6.767 6.706 6.675 6.824
Al 1.461 1.554 1.291 1.377 1.233 1/294 1.325 1.176
T Subtotal 8 8 8 8 8 8 8 8

Ti 0.063 0.058 0.053 0.049 0.051 0.05 0.053 0.057
Al 0.639 0.513 0.5 0.531 0.578 0.482 0.472 0.471
Cr 0.007 0.006 0.034 0.036 0.012 0.007 0.009 0.005
Fe®* 0.523 0.345 0.329 0.227 0.295 0.417 0.179
Fe?* 2.329 1.785 1.773 1.877 1.937 1.842 1.742 1.882
Mg 1.962 2.115 2/295 2/177 2/195 2.324 2.308 2.406
C Subtotal 5 5 5 5 5 5 5 5
Mn?* 0.048 0.043 0.046 0.044 0.043 0.044 0.043 0.046
Fe?* 0.111 0.029 0.029 0.007 0.022 0.01 0.037 0.056
Ca 0.841 1.847 1.838 1.891 1.84 1.844 1.828 1.842
Na 0.082 0.086 0.058 0.095 0.062 0.091 0.057
B Subtotal 2 2 2 2 2 2 2 2

Ca 0.043

Na 0.479 0.398 0.304 0.351 0.328 0.392 0.334 0.401
K 0.124 0.08 0.087 0.089 0.081 0.08 0.08 0.063
A Subtotal 0.546 0.487 0.391 0.44 0.409 0.472 0.414 0.464
O (non-w) 22 22 22 22 22 22 22 22

b.d.l.: values below detection limits
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Table 3. Representative chemical data (in wt%) and calculated mineral formulae (in a.p.f.u. and based on 13
oxygen atoms) of epidote in the metabasites of Bijar area.

Point No. 21/1 23/1 25/1 26/1 27/1 28/1
SiO; 38.53 38.35 37.89 38.69 38.88 38.78
TiO, 0.06 0.1 0.08 0.13 0.11 0.06
Al;O3 23.14 24.31 23.51 23.97 235 23.71
FeO 11.83 10.57 11.64 10.51 10.93 10.79
CaO 23.9 23.4 23.67 23.75 23.48 23.18

Na,O 0.01 0.02 0.02 0.04 0.03 b.d.l.
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Table 3. continued.

Point No. 21/1 23/1 25/1 26/1 27/1 28/1
K0 0.03 b.d.l 0.01 0.01 0.01 b.d.l
MnO 0.2 0.23 0.14 0.19 0.19 0.11
MgO 0.02 0.04 0.09 0.02 0.04 0.22
NiO b.d.l. 0.11 b.d.l. 0.03 b.d.l. 0.21
Cr,0; 0.14 0.09 0.03 0.02 0.02 0.03
V203 0.09 0.12 b.d.l 0.1 0.04 0.05
Total 97.95 97.34 97.08 97.46 97.23 97.14
Si 3.043 3.043 3.003 3.045 3.064 3.061
Ti 0.004 0.006 0.005 0.008 0.007 0.004
Al 2.148 2.261 2.196 2.223 2.183 2.206
Fe® 0.779 0.697 0.772 0.692 0.730 0.712
Mn 0.013 0.015 0.009 0.013 0.013 0.007
Mg 0.002 0.005 0.011 0.002 0.005 0.026
Ca 2.017 1.987 2.010 2.003 1.983 1.960
Na 0.002 0.003 0.003 0.006 0.005

K 0.003 0.001 0.001 0.001

Sum 9 9 9 9 9 9
Xps 0.27 0.24 0.26 0.24 0.25 0.24

b.d.l.: values below detection limits
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Table 4. Representative chemical data (in wt%) and calculated mineral formulae of feldspars (in a.p.f.u. and based
on 32 oxygen atoms) in the granites and metabasites of Bijar area.

Rock Type Granite

Point No. 451 5/1 6/1 7 11/1 12/1 13/1 8/1
SiO, 65.75 65.33 65.83 63.56 61.10 64.83 65.37 63.63
TiO, b.d.l b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. 0.01 b.d.l.
Al,03 19.53 19.63 19.88 21.2 20.91 20.9 21.19 17.16
FeO 0.11 0.07 0.07 0.09 0.08 0.06 0.07 0.02
CaO 1.36 15 1.61 3.51 2.86 2.76 2.75 b.d.l
Na,O 11.83 11.76 11.86 9.88 10.28 10.47 10.89 1.25
K20 0.17 0.13 0.15 0.19 0.24 0.19 0.13 16.15
MgO 0.01 b.d.l 0.01 0.01 b.d.l. b.d.l. b.d.l. b.d.l.
NiO b.d.l b.d.l. 0.07 0.03 b.d.l. b.d.l. b.d.l. b.d.l.
Cr;03 b.d.l b.d.l. 0.02 b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
V,0; b.d.l b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. 0.01
Total 98.76 98.42 99.5 98.47 95.47 99.29 100.41 98.22
Si 11.743 11.711 11.686 11.416 11.526 11.529 11.503 12.039
Ti 0.001

Al 4111 4.147 4.159 4.487 4.391 4.380 4.394 3.892
Fe?* 0.016 0.010 0.010 0.014 0.012 0.009 0.010 0.003
Mg 0.003 0.003

Ca 0.260 0.288 0.306 0.675 0.526 0.526 0.518

Na 4.096 4.087 4.082 3.440 3.610 3.610 3.715 0.459
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Table 4. Continued.
Rock Type Granite
Point No. 4/1 5/1 6/1 7/1 11/1 12/1 13/1 8/1
K 0.039 0.030 0.034 0.044 0.055 0.043 0.029 3.898
Sum 20.269 20.274 20.291 20.083 20.081 20.108 20.175 20.225
An% 5.92 6.54 6.92 16.24 13.15 12.58 12.16
Ab% 93.20 92.79 92.31 82.71 85.54 86.38 87.15 10.53
Or% 0.88 0.67 0.77 1.05 131 1.03 0.68 89.47
b.d.l.: values below detection limits
Aalsl . F Jgus
Table 4. Continued.
Rock Type Granite Epidote Hornblende Schist
Point No. 9/1 10/1 34/1 33/1 32/1
SiO; 63.71 63.60 61.82 60.86 61.1
TiO, b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
Al;O; 17.54 17.57 22.68 22.63 22.71
FeO 0.03 0.08 0.12 0.06 0.03
CaO b.d.l. b.d.l. 4.94 5.52 5.29
Na,O 0.95 1.07 9.56 9.46 8.89
K,0 16.92 16.85 0.07 0.08 0.07
MgO b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
NiO b.d.l. b.d.l. b.d.l. b.d.l. 0.11
Cr,04 b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
V,0; 0.02 0.01 b.d.l. b.d.l. b.d.l.
Total 99.17 99.18 99.2 98.61 98.21
Si 11.981 11.964 11.086 11.09 11.06
Ti
Al 3.887 3.895 4,793 4.824 4.844
Fe?* 0.005 0.013 0.018 0.009 0.005
Mg
Ca 0.949 1.070 1.026
Na 0.346 0.390 3.324 3.317 3.120
K 4.059 4.043 0.016 0.018 0.016
Sum 20.278 20.305 20.187 20.247 20.086
An% 22.13 24.28 24.65
Ab% 7.86 8.80 77.50 75.30 74.96
Or% 92.14 91.20 0.37 0.42 0.39

b.d.l.: values below detection limits
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Table 5. Representative chemical data (in wt%) and calculated mineral formulae of garnet (in a.p.f.u. and based
on 12 oxygen atoms) in granites of Bijar area.

Point No. 14/1-c 15/1-m 16/1-r 17/1 18/1-c 19/1-m 20/1-r
SiO, 35.95 35.05 35.72 35.74 34.61 34.94 35.62
TiO, 0.13 0.11 0.19 0.12 0.17 0.11 0.14
Al;,O3 19.27 19.59 19.59 19.72 19.59 19.5 19.27
FeO 11.58 11.93 13.08 13.94 9.84 10.74 12.9
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Table 5. Continued.

Point No. 14/1-c 15/1-m 16/1-r 17/1 18/1-c 19/1-m 20/1-r
CaO 0.96 0.92 1.04 0.89 0.56 0.53 0.86
Na,O 0.03 b.d.l 0.06 0.02 b.d.l b.d.l 0.05
MnO 30.54 30.71 28.33 29.11 33.41 32.14 29.1
MgO 0.3 0.27 0.51 0.56 0.19 0.15 0.45
NiO b.d.l. b.d.l. b.d.l. 0.23 b.d.l. 0.02 b.d.l.
V,03 0.03 0.02 0.01 0.01 b.d.l b.d.l b.d.l
Total 98.79 98.6 98.53 100.34 98.37 98.13 98.39
Si 0.003 2.933 2.984 2.942 2.907 2.949 2.985
Ti 0.008 0.007 0.012 0.007 0.011 0.007 0.009
Al 1.879 1.932 1.929 1.913 1.939 1.935 1.903
Fe?* 0.727 0.647 0.835 0.773 0.467 0.590 0.759
Fe®* 0.082 0.188 0.079 0.187 0.225 0.166 0.109
Mn 2.160 2.177 2.005 2.030 2.377 2.292 2.066
Mg 0.037 0.034 0.064 0.069 0.024 0.019 0.056
Ca 0.086 0.082 0.093 0.079 0.050 0.48 0.077
Sum 8 8 8 8 8 8 8
Mg# 4.84 4.99 7.12 8.19 4.89 3.12 6.87
Almandine 24.1 22 27.9 26.2 16 20 26.6
Spessartine 71.8 74 66.9 68.8 81.5 1.7 69
Pyrope 1.2 1.1 21 2.3 0.8 0.6 1.9
Grossular 2.7 2.6 3 2.4 15 15 2.4
Andradite 0.1 0.2 0.1 0.2 0.2 0.1 0.1

b.d.l.: values below detection limits; c: core; m: middle; r: rim
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Table 6. Representative chemical data (in wt%)
and calculated mineral formulae of muscovite (in
a.p.f.u. and based on 22 oxygen atoms) in granites
of Bijar area.

Point No. 1/1 2/1 3/1
SiO, 47.6 46.84 47.03
TiO, 0.22 0.26 0.21
Al,O; 31.18 30.99 31.86
FeO 4.69 4.71 4.28
Na,O 0.55 0.44 0.46
K,0 10.6 11.45 10.79
MnO 0.07 0.03 0.04
MgO 0.84 0.79 0.82
V,0; b.d.l 0.03 0.02
Total 95.75 95.54 95.51
Si 6.418 6.372 6.353
Ti 0.022 0.027 0.021
Al 1.582 1.628 1.647
AlV! 3.372 3.340 3.425
Fe? 0.529 0.536 0.483
Mn 0.008 0.003 0.005
Mg 0.169 0.160 0.165
Na 0.144 0.116 0.120
K 1.823 1.987 0.859
Sum 14 14 14
XMg 0.24 0.22 0.25

b.d.l.: values below detection limits
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Figure 2. Field photographs from the main outcrops of the north of Bijar A) the slate-phyllite unit (view to the
southwest); B) the granite intruded the schistose country rock (view to the southwest); C, D) the xenolitic

enclaves in the granite (view to the north).
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Figure 3. Photomicrographs of minerals in leucogranite and metabasites of the Bijar area A) two generation of
lineation in amphiboles of green schist; B) uralitization in pyroxenes of hornblende schists; C) fish-shaped

amphibole in hornblende schists; D) garnet-bearing leucogranite; E) polycrystalline ribbon of quartz with serrated
boundaries and undulatory extinction in silicic bands of metabasites; F) wormy-like myrmekite in leucogranites;

G) anti-rapakivi texture in leucogranites; H) recrystallization of fine-grained quartzes in leucogranites.
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Figure 4. A) The SiO; versus total alkalis (Na,O+K,0) diagram (Le Maitre et al., 2002); B) the Th versus Co
diagram (Hastie et al., 2007); C) The SiO; versus K,O diagram (Peccerillo and Taylor, 1976); D) The SiO, versus

Na20+K;0+CaO diagram (Frost and Frost, 2011).
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Figure 6. The mineral chemistry plots A) The classification plot of Ca-amphiboles (Hawthorne et al., 2012); B)
The triangular plot of feldspars Ab-An-Or (Deer et al., 1996); C) The mineral chemistry plot of garnets (Grew et
al., 2013); D) The discriminating diagram of magmatic/metamorphic garnets (Miller et al., 1981); E) The mineral
chemistry plot of muscovites (Tischendorf, 2004); F) The classification plot of muscovites (Lambert, 1959).
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spessartine; D) the end-member variations of pyrope.
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Figure 9. The tectonic setting and petrogenetic diagrams. A) The Ta/Yb versus Th/Yb diagram (Pearce, 1982); B)
The La/Yb versus Th/Nb diagram (Holocher et al., 2012); C) Primitive mantle-normalized multi-elements spider
diagrams (Primitive mantle composition from Sun and McDonough (1989)); D) The A/CNK versus SiO, diagram
(Chapell and White, 1974); E) Trace element spider diagram for granites (red lines) normalized with ocean ridge
granites compared with S-type granite of Azna body (grey lines; Moazzen et al., 2004); F) Y versus Nb diagram

(Pearce et al., 1984)
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