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Introduction

Razgah, Kalibar, and Bozghosh intrusive rocks, located in East Azarbaijan
province, are among the most important alkaline nepheline syenite rocks
known in Iran. Several theories reported regarding the geochemical
characteristics as well as the geotectonic environment of the Tertiary
igneous rocks exposed in the Ahar-Arasbaran belt (Jamali et al., 2012).
Some workers have considered the magmatism of this belt as an important
extensional phase of the late Cretaceous, while, some others believe it is
related to subduction zones. Although the mineralogy, petrology,
geochemistry, and petrogenesis of these rocks have been studied by several
people (i.e., Esmaeili, 1997; Ameri, 2004; Ashrafi, 2009), in none of them
the origin and geotectonic setting of the area has been discussed in detail.
Thus, for the present study, mineralogical, petrological, and geochemical
studies are applied to understand the origin, the petrogenesis, and the
geotectonic setting of the intrusive rocks from the nepheline syenite
exploration areas, particularly the Razgah intrusive rocks.

Regional Geology

The Razgah intrusive. a part of the Western Alborz-

basins including gypsum marl, limestone marl,
sandstone, and the Miocene conglomerates. Their

Azarbaijan zone lies on the southern edge of the Ahar-
Arasbaran volcanic belt. Geologically, the Eocene
volcanic rocks cover the Jurassic-Cretaceous flysch is
intruded by the Oligo-Miocene plutonic rocks
(Mahdavi and Fazli, 2008). The Razgah nepheline
syenite intrusive intruded the sediments of evaporate

contact with previous rocks has vanished due to
weathering and erosion of itself and the Quaternary
sediments surrounding it. Copper mineralization
(malachite and azurite) can be identified in the western
part of Razgah intrusive. In addition, a number of
dykes are distributed especially in the western and
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northwestern parts. Also, numerous silica veins were
observed in different parts, mainly along, in parallel,
and in contact with dykes, more widespread in the
western part.

Materials and methods

Following the sampling (150 rock pieces) and
preparation of 70 thin sections for petrographic and
mineralogical investigations, trace and REE were
determined on 93 samples using the ICP-MS method.

Petrography

The Razgah intrusive rocks are dominated by
olivine-bearing  nepheline  gabbro,  nepheline
monzosyenite, pseudolucite syenite, and K-feldspar
nepheline syenite. Also, basic dykes (lamprophyre),
similar to their host (altered syenite nepheline), syenite
and microsyenite dykes and finally altered dykes with
siliceous and mineralized veins are present. Nepheline,
pseudolucite,  potassium  feldspar,  plagioclase,
clinopyroxene, and olivine are among the most
important major minerals. Apatite, zircon, and iron-
oxide are the minor while chlorite, calcite, adularia,
and hematite along with sericite, epidote, kaolinite, and
biotite present as secondary minerals. Granular and
porphyroid textures, as well as poikilitics, graphics,
and replacements (causing pseudomorphous forms),
are the common textures of the rocks under study.
Lamprophyre dykes with porphyry texture and olivine,
pyroxene, and Kaersutite (brown amphibole) are
present. The other dykes, to some extent, have similar
mineralogical characteristics as nepheline syenites, in
which clay minerals occur.

Discussion and Conclusion

The Co and Th contents, the amount of Ce/Yb,
Ta/Yb, and Th/Yb ratios along with low TiO, content
point to the nature of the parent magma as a high
potassium calc-alkaline type (shoshonite). The pattern
of REE, LILE, and HFSE, the negative Nb, Ti, and
HFSE anomalies as well as Pb and LILE positive
anomalies, indicate the mantle metasomatism process
or continental crust contamination occurrence
(Rollinson, 1993; Soesoo, 2000). In addition, the
decrease in P solubility with the high level of K and
REE gave rise to the separation of apatite from the
parent melt (Green and Adam, 2002). The similarity of
REE patterns indicates the same magmatic processes
involved in the generation of the rocks under study.
The mineralogical and geochemical data on Razgah
intrusive rocks and the associated lamprophyres point

to 1% partial melting of a spinel lherzolite source.
Based on the presented tectonic model, following the
Arabian plate subduction beneath the Iranian plate,
several processes including the slab breakoff, extensile
regime, magma formation from the enriched mantle,
and subducted slab melting took place which followed
by crystal fractionation and contamination at the base
of the crust and finally differentiated melts intruded the
high levels. As the gases release, the lamprophyre
dykes injected into the fractured roof and the other
dykes crosscut the Razgah intrusive rocks.
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Figure 1. Geological map of Ahar (based on 1:100000) and the location of Razgah intrusive rocks (Modifiedm

after Mahdavi and Fazli, 2008).
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Table 1. Geochemical data (the major elements in wt%) for the plutonic rocks of Razgah area.

Rock Type  Intrusion

Sample No. R-01 R-06 R-10 R-13 R-20 R-33 R-39 R-40 R-42 R-43 R-47
SiO2 5776  59.25 63.75 58.88 66.84 6281 59.28 6141 66.86 6243 62.54
Al203 17.09 18.81 17.17 16.30 17.00 15.15 18.79 18.19 14.90 16.16 17.33
Fe203 3.74 2.36 2.72 3.70 0.70 2.86 2.54 2.27 1.72 2.36 1.84
FeO 2.49 2.36 1.81 2.47 0.46 191 1.70 151 1.72 1.57 1.23
MnO 0.13 0.11 0.15 0.13 0.01 0.11 0.07 0.05 0.01 0.07 0.03
MgO 1.65 1.40 0.58 1.60 0.32 0.89 0.94 0.54 0.33 0.71 0.32
CaO 3.40 4.81 1.29 3.54 0.46 1.58 3.02 1.45 0.82 1.98 1.16
Na20 2.13 3.03 5.33 2.31 0.36 2.63 2.50 2.92 0.57 2.37 1.16
K20 7.84 4.64 5.82 7.41 11.94 8.04 7.57 8.92 8.11 8.09 9.53
TiO2 1.03 0.77 0.66 1.09 0.44 0.82 0.79 0.75 0.79 0.69 0.72
P20s 0.75 0.55 0.16 0.59 0.21 0.33 0.42 0.21 0.36 0.30 0.32
L.O.l. 2.36 2.14 0.82 2.34 1.32 3.16 2.64 2.00 3.99 3.50 3.99
Total 100.37 100.24 100.27 100.37 100.07 100.29 100.25 100.23 100.17 100.24 100.18
Na.0+K.0 9.97 7.67 11.16 9.72 12.31 10.67 10.08 11.84 8.68 10.46 10.69
K20/Na20 3.68 1.53 1.09 3.21 32.91 3.05 3.02 3.06 14.30 3.42 8.22
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Table 1. Continued.

Rock Type Intrusion

Sample No. R-50 R-51 R-59 R-61 R-62 R-63 R-67 R-68/3 R-89 R-102 R-114
SiO2 60.00 6147 6259 6295 58.92 59.06 4299 6156 58.79 64.95 66.30
Al203 18.32 17.46 17.81 17.97 18.73 18.22 17.61 17.40 18.48 15.60 17.00
Fe203 1.75 2.11 1.76 1.36 2.24 1.75 171 1.82 1.95 1.63 0.95
FeO 1.17 141 1.17 0.91 1.49 1.17 1.14 1.22 1.30 1.09 0.63
MnO 0.04 0.07 0.02 0.05 0.08 0.08 0.04 0.03 0.07 0.01 0.00
MgO 0.47 0.60 0.41 0.34 0.76 0.52 0.49 0.34 0.59 0.20 0.16
CaO 2.61 1.80 1.61 1.42 1.98 2.00 1.88 2.58 2.20 0.78 0.73
Na20 2.30 1.87 1.68 1.44 291 2.60 3.01 1.64 3.59 2.17 0.54
K20 8.36 8.33 8.55 9.45 8.34 10.10 7.89 7.98 9.12 8.66 11.38
TiO2 0.62 0.68 0.73 0.63 0.62 0.58 0.68 0.75 0.62 0.75 0.55
P20s 0.28 0.32 0.32 0.29 0.28 0.27 0.31 0.33 0.25 0.20 0.29
L.O.1. 4.26 4.08 3.53 3.32 3.87 3.83 22.41 4.54 3.25 4.12 1.57
Total 100.17 100.21 100.18 100.14 100.22 100.17 100.17 100.18 100.19 100.16 100.10
Na:0+K20 10.66 10.19 10.23 1090 11.25 1270 10.90 9.62 12.71 10.83 11.92
K20/Na20 3.64 4.46 5.09 6.54 2.86 3.89 2.62 4.86 2.54 3.99 21.14

LR R A P

Table 1. Continued.

Rock Type Dikes and Veins

Sample No. R-14/1 R-21 R-22 R-28/1 R-30/1 R-32 R-37 R-47/1 R-66 R-68

SiO2 66.62 61.40 67.43 65.49 69.19 66.77 64.81 61.49 64.73 58.51
Al2O3 16.69 17.95 15.32 17.43 15.63 16.54 18.39 18.30 15.25 17.39
Fe20s 0.94 3.30 1.20 0.57 0.91 0.98 0.57 2.76 2.80 3.25
FeO 0.63 2.20 0.80 0.38 0.61 0.65 0.38 1.84 1.87 2.17
MnO 0.00 0.15 0.01 0.09 0.01 0.00 0.00 0.16 0.09 0.11
MgO 0.19 0.63 0.37 0.26 0.18 0.20 0.14 0.49 0.91 1.08
CaO 0.66 1.58 0.54 0.66 0.54 0.55 0.76 0.66 2.13 2.78
Na20 0.34 4.95 0.35 0.27 0.28 0.29 0.59 0.33 2.82 2.61
K20 11.48 6.46 11.52 11.66 9.34 11.88 11.93 11.05 6.86 8.30
TiO2 0.69 0.66 0.57 0.52 0.43 0.51 0.66 0.64 1.03 1.13
P20s 0.30 0.17 0.28 0.29 0.21 0.23 0.29 0.29 0.43 0.47
L.O.l. 1.56 0.87 1.72 2.44 2.77 1.50 1.53 2.28 1.37 2.53

Total 100.09 100.33 100.12 100.06 100.09 100.10 100.06 100.28 100.28 100.33
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Table 2. Geochemical data (the trace elements in ppm) for the plutonic rocks of Razgah area.

Rock Type Intrusion

Sample No. R-01 R-06 R-10 R-13 R-20 R-33 R-39 R-40 R-42
Ba 560 1116 111 901 795 1086 1114 195 1157
Rb 188 129 124 313 511 347 291 193 366
Sr 516 1245 97.1 808 363 421 698 210 407
Cs 4.8 5.1 3.8 6.5 4.1 8.5 11.1 17.8 5.4
Ta 1.3 0.83 3.14 0.74 0.98 0.69 0.81 3.87 0.82
Nb 26.1 11.5 54.5 9.2 4.9 7 6.9 56.8 7.9
Hf 5.26 3.17 10.03 3.33 2.36 3.09 3.22 14.01 3.27
Zr 201 110 508 135 84 132 108 493 129

Y 29.7 18.1 49.7 25.3 12 20 15.3 43.7 17.6
Th 16.48 8.4 36.91 5.62 4.75 6.08 6.25 63.18 6.11
U 5.1 2.4 13.69 1.8 3.4 17 15 9.2 1
Cr 21 16 20 11 7 11 10 9 9

Ni 8 9 3 7 4 4 5 4 3
Co 9 7.4 3.1 8.7 <1 5.2 6 4.1 15
\Y% 182 149 21 203 49 125 122 17 114
Pb 16 11 14 11 2 14 13 23 19
Zn 94 57 93 85 19 84 54 36 32
Ag 0.6 0.5 0.8 0.5 0.2 0.6 0.5 0.9 0.2
As 6 7.4 4.9 5.7 12.8 10.6 7.5 18.4 22
Be 5.5 2.7 12.7 2.2 2.7 2.6 2.1 12.2 3

Bi <0.1 <0.1 <0.1 <0.1 <0.1 0.5 0.2 <0.1 0.2
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cu 164 174 59 233 41 136 146 206 32

Li 24 19 49 46 47 19 18 30 40
Mo 4 4 6 4 2 2 2 3 3

S 1204 120 543 848 <50 102 171 575 <50
Sb 0.8 0.5 1 0.7 1.6 1.3 1.7 2.1 2
Sc 7.6 6.2 3.3 10.4 1.6 5.9 4.4 3.6 3.7
Se 1.6 <0.5 <0.5 <0.5 <0.5 <0.5 4.11 2.69 <0.5
Sn <0.1 <0.1 0.7 <0.1 <0.1 <0.1 <0.1 11 <0.1
Te <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ti 6154 4622 3928 6552 2655 4915 4730 4512 4743
Tl <0.1 <0.1 0.21 <0.1 0.46 0.33 0.24 1.04 0.18
W 2.1 15 4.3 1.9 <1 1 1 3.4 1
La 47 34 58 37 21 29 29 74 31
Ce 95 63 120 69 44 53 55 148 62

Pr 9.72 6.78 12 7.72 4.54 5.97 6.38 14.3 7.01
Nd 37.9 26.4 42 31.6 18.1 22.7 24.3 475 26.8
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Table 2. Continued.

Rock Type Intrusion

Sample No. R-01 R-06 R-10 R-13 R-20 R-33 R-39 R-40 R-42
Sm 7.13 5.18 7.6 5.95 3.44 4.35 4.82 8.23 5.12
Eu 1.43 1.84 0.56 1.96 1.03 1.45 1.61 0.71 1.75
Gd 5.74 4.2 6.45 4.84 3.12 3.74 3.86 6.92 4.24
Tb 0.88 0.63 1.15 0.75 0.5 0.58 0.62 1.22 0.65
Dy 5.48 3.43 7.67 4.19 2.6 3.14 3.34 8.44 3.68
Er 3.32 1.98 5.31 2.47 1.26 1.86 1.79 5.73 1.84
m 0.46 0.28 0.89 0.35 0.18 0.27 0.26 1.03 0.27
Yb 3.5 2.2 6.6 2.9 0.9 2.2 1.7 6.6 1.8
Lu 0.51 0.3 1 0.37 0.19 0.3 0.26 1.17 0.25
Lan 151.613  109.677  187.097  119.355 93.548 93.548  238.71 100 83.871
Cen 117.574 77.97 148.515 85.396 65.594 68.069  183.168 76.733 60.644
Prn 79.672 55.574 98.361 63.279 48.934 52.295  117.213 57.459 47.049
Ndn 63.167 44 70 52.667 37.833 40.5 79.167 44.667 36.667
Smn 36.564 26.564 38.974 30.513 22.308 24.718 42.205 26.256 20.564
Eun 19.456 25.034 7.619 26.667 19.728 21.905 9.66 23.81 18.231
Gdn 22.162 16.216 24.903 18.687 14.44 14.903 26.718 16.371 14.054
Thn 18.565 13.291 24.262 15.823 12.236 13.08 25.738 13.713 11.392
Dyn 17.019 10.652 23.82 13.012 9.752 10.373 26.211 11.429 9.752
Ern 15.81 9.429 25.286 11.762 8.857 8.524 27.286 8.762 8.048
Tmn 14.198 8.642 27.469 10.802 8.333 8.025 31.79 8.333 7.716
Ybn 16.746 10.526 31.579 13.876 10.526 8.134 31.579 8.612 9.091
Lun 15.839 9.317 31.056 11.491 9.317 8.075 36.335 7.764 8.075
Eu/Eu* 0.683 1.206 0.245 1.117 1.099 1.141 0.288 1.148 1.072
Lan/Ybn 9.053 10.419 5.925 8.602 8.887 11.501 7.559 11.611 9.226
Lan/Smn 4.146 4.129 4.801 3.912 4.194 3.785 5.656 3.809 4.079
Cen/Ybn 7.021 7.407 4.703 6.154 6.231 8.369 5.8 8.91 6.671
Cen/Smn 3.216 2.935 3.811 2.799 2.94 2.754 4.34 2.922 2.949
Eun/Ybn 1.162 2.378 0.241 1.922 1.874 2.693 0.306 2.765 2.005
Sum REE 218.07 150.22 269.23 169.1 128.56 132.94 323.85 146.41 119.51
aalsl Y Jguz.

Table 2. Continued.

Rock Type Intrusion

Sample No. R-43 R-47 R-50 R-51 R-59 R-61 R-62 R-63 R-67
Ba 995 1115 914 1066 1182 1045 910 873 1048
Rb 340 365 357 365 336 342 323 402 309
Sr 413 445 473 746 962 484 429 394 427

Cs 6.7 18.3 26.1 17 19.4 195 10.4 8.3 4.5
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Table 2. Continued.

Rock Type Intrusion

Sample No. R-43 R-47 R-50 R-51 R-59 R-61 R-62 R-63 R-67
Ta 0.75 0.71 0.71 0.73 0.93 0.77 0.56 0.8 1.06
Nb 5.7 6 4.5 5.4 5.3 4.4 6.6 6.4 6
Hf 3.02 3.25 2.71 3.31 2.98 2.72 3.07 2.97 2.7
Zr 115 128 91 118 98 87 110 103 87

Y 17.9 135 12.2 17.3 14.9 121 14.1 14.1 14.1
Th 5.21 5.92 5.04 5.88 6.87 4.97 5.24 5 5.16
U 1.7 11 1.6 1.3 1 1.2 15 1.3 15
Cr 14 9 8 8 15 13 8 7 9
Ni 2 4 5 3 9 5 3 3 5
Co 3.7 3.9 2.5 3.9 2.3 2.5 4 3.6 4.3
\% 97 97 78 90 88 78 85 78 90
Pb 7 19 9 9 11 8 6 7 12
Zn 61 40 32 52 46 37 51 48 29
Ag 0.3 0.5 0.4 0.4 0.2 0.2 0.4 0.4 0.3
As 4.6 11.2 12.4 15.7 12.1 11.7 12 13.9 8
Be 2.4 2.2 2 2.3 2.4 1.9 2.7 2.9 1.8
Bi 0.3 <0.1 <0.1 <0.1 0.1 0.2 0.2 0.2 0.4
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cu 115 82 159 128 126 152 112 113 128
Li 31 36 28 23 31 33 28 38 27
Mo 2 3 3 3 3 1 2 2 1

S 67 <50 83 82 126 <50 79 <50 83

Sb 0.6 0.7 0.8 <0.5 0.6 0.7 0.6 0.5 14
Sc 5.2 2.6 3 4.3 3.9 2.9 3.4 3.7 4.2
Se <0.5 <0.5 4.51 <0.5 1.63 0.93 481 0.73 4.32
Sn <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Te <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ti 4124 4320 3705 4090 4377 3783 3699 3472 4106
Tl 0.14 0.11 <0.1 0.11 <0.1 0.13 0.16 0.15 0.19
W <1 1.2 <1 1.6 1.2 1.3 <1 <1 1.3
La 26 24 23 29 27 21 25 22 25
Ce 49 47 44 53 52 41 48 42 49
Pr 5.74 5.06 4.94 5.74 6.07 4.98 4.85 4.88 5.6
Nd 22 19.1 18.6 22.2 22 18.1 18.2 18.5 20.7
Sm 4.01 3.67 3.26 414 4.33 3.55 3.51 3.56 3.95
Eu 1.34 1.32 1.15 1.33 1.42 1.29 1.04 1.18 1.32
Gd 3.64 291 3.08 3.58 3.56 3.01 3.12 3.18 3.32

Tb 0.54 0.47 0.45 0.56 0.56 0.47 0.46 0.51 0.55
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Table 2. Continued.
Rock Type Intrusion
Sample No. R-43 R-47 R-50 R-51 R-59 R-61 R-62 R-63 R-67
Dy 3.14 2.28 2.44 3.13 2.96 2.54 2.65 2.63 29
Er 1.69 1.4 1.4 1.68 1.7 1.52 1.5 1.53 1.59
Tm 0.25 0.19 0.22 0.26 0.25 0.22 0.23 0.25 0.24
Yb 1.9 1.3 1.3 1.8 1.6 1.3 1.6 1.6 1.5
Lu 0.26 0.19 0.24 0.28 0.27 0.23 0.25 0.26 0.25
Lan 77.419 74.194 93.548 87.097 67.742 80.645 70.968 80.645 87.097
Cen 58.168 54.455 65.594 64.356 50.743 59.406 51.98 60.644 64.356
Prn 41.475 40.492 47.049 49.754 40.82 39.754 40 45.902 49.918
Ndn 31.833 31 37 36.667 30.167 30.333 30.833 345 37.167
Smn 18.821 16.718 21.231 22.205 18.205 18 18.256 20.256 23.077
Eun 17.959 15.646 18.095 19.32 17.551 14.15 16.054 17.959 21.361
Gdn 11.236 11.892 13.822 13.745 11.622 12.046 12.278 12.819 12.934
Thn 9.916 9.494 11.814 11.814 9.916 9.705 10.759 11.603 11.181
Dyn 7.081 7.578 9.72 9.193 7.888 8.23 8.168 9.006 8.571
Ern 6.667 6.667 8 8.095 7.238 7.143 7.286 7.571 6.81
Tmn 5.864 6.79 8.025 7.716 6.79 7.099 7.716 7.407 7.099
Ybn 6.22 6.22 8.612 7.656 6.22 7.656 7.656 7.177 6.22
Lun 5.901 7.453 8.696 8.385 7.143 7.764 8.075 7.764 6.211
Eu/Eu* 1.235 1.11 1.056 1.106 1.207 0.961 1.072 1.115 1.236
Lan/Ybn 12.447 11.928 10.862 11.377 10.891 10.534 9.27 11.237 14.002
Lan/Smn 4.114 4.438 4.406 3.922 3.721 4.48 3.887 3.981 3.774
Cen/Ybn 9.352 8.755 7.616 8.407 8.158 7.76 6.79 8.45 10.347
Cen/Smn 3.091 3.257 3.09 2.898 2.787 3.3 2.847 2.994 2.789
Eun/Ybn 2.887 2.515 2.101 2.524 2.822 1.848 2.097 2.502 3.434
Sum REE 108.89 104.08 126.7 123.72 99.21 110.41 102.08 115.92 123.26

aalol Y Jgus

Table 2. Continued.
Rock Type Intrusion
Sample No. R-68/3 R-89 R-102 R-114 R-03 R-07 R-08 R-09 R-11
Ba 1473 679 505 953 1592 1057 1037 1125 1654
Rb 353 278 208 434 142 131 134 138 72
Sr 617 352 237 456 1281.1 13145 13174 1276.4 1530.5
Cs 24.5 11.1 13.6 2.3 217 183 246 243 68
Ta 0.8 0.98 2.32 0.7 0.67 0.7 1.19 1.33 0.87
Nb 6.9 111 37.1 4.8 10.3 8.7 75 7.9 9.3
Hf 3.04 4.52 8 2.68 <0.5 <0.5 <0.5 <0.5 <0.5
Zr 98 155 345 76 77 85 64 72 80
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Table 2. Continued.
Rock Type  Intrusion
Sample No. R-68/3 R-89 R-102 R-114 R-03 R-07 R-08 R-09 R-11
Y 129 155 28.2 12.3 16.6 14.2 147 15.8 7.3
Th 6.31 9.25 33.69 5.65 5.9 5.61 4.34 4.43 5.6
] 1.3 3.2 148 13 1.7 18 15 1.6 19
Cr 13 9 7 7 14 16 19 20 19
Ni 4 3 4 3 8 8 13 11 6
Co 35 3.1 2.2 <1 8.1 6.9 121 104 11
\Y% 99 67 37 70 190 139 197 171 64
Pb 12 11 34 5 14 12 10 13 7
Zn 26 53 29 18 61 38 74 70 11
Ag 0.8 0.7 35 0.2 0.5 0.6 0.6 0.5 0.9
As 5.2 2.7 36.6 35 51 43 51 3 5.9
Be 18 34 4.9 2 2 21 15 19 25
Bi 0.2 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1
Cd <0.1 <0.1 0.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cu 54 135 2023 43 10.7 6.7 4.4 3.9 16.1
Li 23 29 27 37 31 18 17 16 15
Mo 2 2 3 1 2 2 2 2 3
S 96 69 82 59 174 343 115 515 127
Sb 1 0.9 3.2 3 2 1 <0.5 0.5 0.6
Sc 2.8 3.2 19 2.7 8.1 4.8 6.5 4.5 0.5
Se 4.58 53 <0.5 5.36 3.93 2.13 341 1.39 0.52
Sn <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Te <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ti 4491 3704 4480 3287 5078 4532 4868 4746 2623
TI <0.1 <0.1 1.73 0.63 <0.1 <0.1 <0.1 <0.1 <0.1
W 1.3 11 25 2.9 1.9 1.3 <1 <1 13
La 27 25 45 22 32 29 29 30 20
Ce 52 50 82 45 58 55 54 55 35
Pr 6.09 5.88 8.34 5.18 6.59 5.89 6.48 6.48 3.78
Nd 22.3 225 28.7 19.6 26.5 22.6 255 255 131
Sm 4.5 3.99 5.09 3.65 5.2 4.15 4.63 4.84 2.57
Eu 157 1.07 0.99 12 2.2 1.84 1.86 1.84 2.22
Gd 3.35 3.67 4.61 3.21 4.25 3.57 4.05 3.96 2.29
Tb 0.53 0.59 0.77 0.48 0.6 0.52 0.58 0.58 0.32
Dy 2.76 34 4.78 242 3.32 2.87 3.16 3.13 1.53
Er 143 1.94 2.9 143 1.95 153 1.78 1.76 0.84
Tm 0.23 0.36 0.48 0.21 0.26 0.24 0.23 0.25 0.13
Yb 13 2 3.2 11 2.1 1.8 2 2 1
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Table 2. Continued.
Rock Type Intrusion
Sample No. R-68/3 R-89 R-102 R-114 R-03 R-07 R-08 R-09 R-11
Lu 0.2 0.35 0.48 0.22 0.28 0.24 0.25 0.26 0.14
Lan 80.645 145.161 61.29 70.968 103.226 93.548 93.548 96.774 64.516
Cen 61.881 101.485 44,554 55.693 71.782 68.069 66.832 68.069 43.317
Prn 48.197 68.361 33.934 42.459 54.016 48.279 53.115 53.115 30.984
Ndn 375 47.833 26.667 32.667 44.167 37.667 425 425 21.833
Smn 20.462 26.103 14,513 18.718 26.667 21.282 23.744 24.821 13.179
Eun 14.558 13.469 11.565 16.327 29.932 25.034 25.306 25.034 30.204
Gdn 14.17 17.799 10.927 12.394 16.409 13.784 15.637 15.29 8.842
Thn 12.447 16.245 9.072 10.127 12.658 10.97 12.236 12.236 6.751
Dyn 10.559 14.845 6.584 7.516 10.311 8.913 9.814 9.72 4.752
Ern 9.238 13.81 5.667 6.81 9.286 7.286 8.476 8.381 4
Tmn 11.111 14.815 6.173 6.481 8.025 7.407 7.099 7.716 4.012
Ybn 9.569 15.311 5.742 5.263 10.048 8.612 9.569 9.569 4.785
Lun 10.87 14.907 5.901 6.832 8.696 7.453 7.764 8.075 4.348
Eu/Eu* 0.855 0.625 0.918 1.072 1.431 1.462 1.313 1.285 2.798
Lan/Ybn 8.427 9.481 10.675 13.484 10.273 10.862 9.776 10.113 13.484
Lan/Smn 3.941 5.561 4.223 3.791 3.871 4.396 3.94 3.899 4.895
Cen/Ybn 6.467 6.628 7.76 10.582 7.144 7.904 6.984 7.113 9.053
Cen/Smn 3.024 3.888 3.07 2.975 2.692 3.198 2.815 2.742 3.287
Eun/Ybn 1.521 0.88 2.014 3.102 2.979 2.907 2.644 2.616 6.313
Sum REE 120.75 187.34 86.98 105.7 143.25 129.25 133.52 135.6 82.92

aalsl Y Jgoz.

Table 2. Continued.
Rock Type Intrusion
Sample No. R-12 R-14 R-20/1 R-23 R-36 R-44 R-46 R-54 R-56
Ba 46 891 1154 716 1118 1046 1207 1062 1087
Rb 209 206 552 175 366 363 267 372 372
Sr 101.4 1080.7 382.7 607 448.2 457.7 1149.2 465.4 488.2
Cs 25 296 23968 205 133 133 235 131 104
Ta 0.89 0.57 0.62 1.71 0.78 0.83 0.82 0.82 0.69
Nb 10.3 4.9 4.3 26.8 6.5 6.4 5.9 5.6 44
Hf <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Zr 96 68 72 269 119 109 99 116 94
Y 10.9 17.7 49.4 204 14.8 14.8 15.8 15.3 12.3
Th 2.65 3.84 4.4 17.23 6.08 5.97 6.23 6.32 5.41
U 0.6 1.3 218.1 4.7 1.5 1.7 1.3 1.6 1
Cr 9 15 9 13 8 13 13 9 9
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.Table 2. Continued

Rock Type Intrusion

Sample No. R-12 R-14 R-20/1 R-23 R-36 R-44 R-46 R-54 R-56

Ni 3 11 4 6 3 5 8 3 3
Co <1 13.6 1.9 3.8 4.1 4.2 4.7 3.9 24
\Y% 3 297 218 86 96 92 134 90 86
Pb 7 10 22 20 12 10 17 11 6
Zn 50 81 88 48 52 56 29 59 48
Ag 0.2 0.6 45 0.8 0.7 0.4 0.5 0.3 0.3
As 2.9 8.7 414 12.2 10.9 41.1 6.7 12.2 11.8
Be 8.1 15 4.6 5.4 2.1 25 1.8 25 2.2
Bi <0.1 <0.1 18 <0.1 0.2 0.8 0.3 0.1 <0.1
Cd <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
Cu 124 8.4 33 16.2 16.2 13.7 134 9 24.6
Li 71 32 300 45 17 23 32 19 28
Mo 4 2 3 4 2 2 4 2 1

S 339 525 988 294 62 68 760 83 <50
Sb 1.2 0.9 1 15 1 2.8 11 0.6 0.5
Sc 0.6 10.7 3.9 34 3.8 4 45 3.8 34
Se <0.5 4.15 5.2 <0.5 4.6 2.79 <0.5 3.87 2.6
Sn <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Te <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ti 2057 5968 2744 4488 4384 4106 4398 4207 4041

TI 0.33 <0.1 0.25 0.18 0.16 0.28 0.45 0.12 <0.1
WY 1 2 1.2 2.7 <1 11 1.7 11 1
La 18 31 33 34 26 25 28 26 24
Ce 36 59 91 72 50 49 52 50 46

Pr 4.09 7.18 12.93 8.26 5.58 5.99 6.4 5.76 5.13
Nd 151 29.1 57.8 30 211 23.1 23.3 21.6 19.3
Sm 2.39 5.43 16.01 5.44 3.94 4.24 451 4.26 3.6
Eu <0.1 1.78 4.4 1.17 1.34 1.38 1.69 1.37 1.29
Gd 2.54 4.56 12.12 4.46 3.44 3.62 3.66 3.51 3.18
Tb 0.38 0.67 2.36 0.73 0.56 0.57 0.59 0.57 0.47
Dy 1.97 3.86 15.44 4.43 2.87 3.33 3.16 3.01 2.47
Er 1.15 1.98 6.25 2.83 171 1.87 1.7 1.73 1.33
Tm 0.17 0.27 0.81 0.45 0.26 0.28 0.27 0.29 0.21
Yb 1.3 2.3 4.2 2.7 1.6 17 1.9 1.8 1.2
Lu 0.25 0.27 0.62 0.54 0.26 0.31 0.26 0.32 0.21
Lan 58.065 100 106.452 109.677 83.871 80.645 90.323 83.871 77.419
Cen 44554 73.02 112.624 89.109 61.881 60.644 64.356 61.881 56.931
Prn 33.525 58.852  105.984 67.705 45.738 49.098 52.459 47.213 42.049
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Table 2. Continued.
Rock Type  Intrusion
Sample No.  R-12 R-14 R-20/1 R-23 R-36 R-44 R-46 R-54 R-56
Ndn 25.167 48.5 96.333 50 35.167 385 38.833 36 32.167
Smn 12.256 27.846 82.103 27.897 20.205 21.744 23.128 21.846 18.462
Eun 24.218 59.864 15.918 18.231 18.776 22.993 18.639 17.551
Gdn 9.807 17.606 46.795 17.22 13.282 13.977 14.131 13.552 12.278
Thn 8.017 14.135 49.789 15.401 11.814 12.025 12.447 12.025 9.916
Dyn 6.118 11.988 47.95 13.758 8.913 10.342 9.814 9.348 7.671
Ern 5.476 9.429 29.762 13.476 8.143 8.905 8.095 8.238 6.333
Tmn 5.247 8.333 25 13.889 8.025 8.642 8.333 8.951 6.481
Ybn 6.22 11.005 20.096 12.919 7.656 8.134 9.091 8.612 5.742
Lun 7.764 8.385 19.255 16.77 8.075 9.627 8.075 9.938 6.522
Eu/Eu* 1.094 0.966 0.726 1.113 1.077 1.272 1.083 1.166
Lan/Ybn 9.335 9.087 5.297 8.49 10.956 9.915 9.935 9.738 13.484
Lan/Smn 4.737 3.591 1.297 3.931 4.151 3.709 3.905 3.839 4.194
Cen/Ybn 7.163 6.635 5.604 6.898 8.083 7.456 7.079 7.185 9.915
Cen/Smn 3.635 2.622 1.372 3.194 3.063 2.789 2.783 2.833 3.084
Eun/Ybn 2.201 2.979 1.232 2.381 2.308 2.529 2.164 3.057
Sum REE 83.34 147.4 256.94 167.01 118.66 120.39 127.44 120.22 108.39

colol Y Jgus

Table 2. Continued.
Rock Type Intrusion
Sample No. R-57 R-64 R-65 R-78 R-79 R-80 R-81 R-82 R-83
Ba 1011 966 932 970 954 958 1038 1277 956
Rb 378 352 378 348 366 362 318 377 393
Sr 447.2 457.6 419.2 362 532.6 427.6 560.8 681.8 464.1
Cs 106 79 123 131 121 125 121 64 117
Ta 0.76 0.65 1.01 0.66 0.67 0.84 0.7 0.77 0.71
Nb 4.7 4.2 6.1 5 5.8 6.8 6.3 6.4 6.9
Hf <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Zr 97 77 90 78 92 86 103 81 91
Y 12.6 111 131 12.7 13.6 135 18 10.9 125
Th 5.92 5.4 5.19 4.83 5.16 5.01 5.26 5.49 6.42
U 1.3 11 1.6 14 1.7 1.3 1.2 1.6 1.4
Cr 9 6 7 7 7 6 9 6 7
Ni 3 5 3 3 3 3 3 6 2
Co 2.2 3.7 3.8 2.7 4 3.9 3.8 1.6 2.3
\ 73 73 83 77 90 89 99 87 72
Pb 11 7 9 7 7 7 22 12 9
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Table 2. Continued.
Rock Type Intrusion
Sample No. R-57 R-64 R-65 R-78 R-79 R-80 R-81 R-82 R-83
Zn 44 21 48 41 55 57 63 24 30
Ag 0.2 0.3 0.3 0.5 0.6 0.2 0.5 0.7 0.4
As 12.3 12.8 7.4 4.4 7.1 10.1 8.1 191 105
Be 2.2 2.3 2.3 24 2.3 2.2 23 1.7 3.2
Bi <0.1 <0.1 <0.1 0.2 0.2 <0.1 <0.1 0.2 0.1
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cu 24.6 13.6 4.9 26.8 8.7 10.1 116 23.6 33.2
Li 37 26 24 37 18 25 23 31 58
Mo 1 2 2 1 3 1 2 2 1
S <50 <50 74 89 983 93 115 152 53
Sb <0.5 0.8 <0.5 <0.5 1.6 0.6 0.9 0.7 0.7
Sc 2.8 31 35 31 3.7 3.7 5.4 0.6 2.8
Se 3.06 2.85 2.53 4.24 5.27 3.86 <0.5 3.95 3.9
Sn <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Te <0.1 <0.1 <0.1 <0.1 0.18 <0.1 <0.1 <0.1 <0.1
Ti 3720 3560 3675 3622 3935 3801 4270 4334 3497
TI <0.1 <0.1 0.1 <0.1 0.16 <0.1 <0.1 0.19 <0.1
WY 11 <1 1.2 <1 <1 11 1 1 11
La 24 22 23 22 24 23 26 23 23
Ce 46 43 45 43 46 46 49 45 46
Pr 5.35 4.65 5.22 5.19 5.51 5.36 5.71 5.24 5.61
Nd 19.7 17 204 20 21.2 20.7 21.9 19.2 204
Sm 3.56 311 3.85 3.71 3.8 3.76 4.13 3.67 3.61
Eu 121 1.08 1.19 1.23 1.37 1.36 1.35 142 122
Gd 3.17 2.88 3.24 33 3.29 3.35 3.46 3.09 3.27
Tb 0.52 0.44 0.52 0.49 0.55 0.51 0.54 0.46 0.5
Dy 2.59 2.08 2.83 2.67 2.92 2.68 291 2.32 2.59
Er 1.48 1.28 1.59 1.48 1.62 1.54 1.77 1.3 1.59
Tm 0.22 0.22 0.25 0.26 0.26 0.26 0.28 0.19 0.25
Yb 1.3 11 15 15 1.6 15 2 1 13
Lu 0.23 0.19 0.27 0.24 0.28 0.24 0.27 0.17 0.25
Lan 77.419 70.968 74.194 70.968 77.419 74.194 83.871 74.194 74.194
Cen 56.931 53.218 55.693 53.218 56.931 56.931 60.644 55.693 56.931
Prn 43.852 38.115 42.787 42.541 45.164 43.934 46.803 42.951 45.984
Ndn 32.833 28.333 34 33.333 35.333 345 36.5 32 34
Smn 18.256 15.949 19.744 19.026 19.487 19.282 21.179 18.821 18.513
Eun 16.463 14.694 16.19 16.735 18.639 18.503 18.367 19.32 16.599
Gadn 12.239 11.12 1251 12.741 12.703 12.934 13.359 11.931 12.625
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Table 2. Continued.

Rock Type Intrusion

Sample No. R-57 R-64 R-65 R-78 R-79 R-80 R-81 R-82 R-83

Thn 10.97 9.283 10.97 10.338 11.603 10.759 11.392 9.705 10.549
Dyn 8.043 6.46 8.789 8.292 9.068 8.323 9.037 7.205 8.043
Ern 7.048 6.095 7.571 7.048 7.714 7.333 8.429 6.19 7.571
Tmn 6.79 6.79 7.716 8.025 8.025 8.025 8.642 5.864 7.716
Ybn 6.22 5.263 7.177 7.177 7.656 7.177 9.569 4.785 6.22
Lun 7.143 5.901 8.385 7.453 8.696 7.453 8.385 5.28 7.764
Eu/Eu* 1.101 1.103 1.03 1.075 1.185 1.172 1.092 1.289 1.086
Lan/Ybn 12.447 13.484 10.338 9.888 10.113 10.338 8.765 15.506 11.928
Lan/Smn 4.241 4.45 3.758 3.73 3.973 3.848 3.96 3.942 4.008
Cen/Ybn 9.153 10.111 7.76 7.415 7.437 7.932 6.337 11.64 9.153
Cen/Smn 3.118 3.337 2.821 2.797 2.921 2.953 2.863 2.959 3.075
Eun/Ybn 2.647 2.792 2.256 2.332 2.435 2.578 1.919 4.038 2.669
Sum REE 109.33 99.03 108.86 105.07 1124 110.26 119.32 106.06 109.59

Table 2. Continued.

Rock Type Intrusion

Sample No. R-84 R-87/1 R-90 R-93 R-96 R-101 R-103 R-104 R-105
Ba 1016 1228 966 968 968 1089 1046 1030 867
Rb 234 144 347 479 357 394 390 384 305

Sr 904.5 1005.5 390.6 404.1 416.7 663.2 449.7 445.6 415.2
Cs 376 306 117 971 123 144 86 112 122
Ta 0.82 0.9 1 0.47 0.76 0.88 0.85 0.97 0.99
Nb 7 1.7 9.8 3.4 7.6 7.8 8.8 7.9 12
Hf <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Zr 81 87 149 76 99 91 104 119 163

Y 134 17.7 14 13.6 142 125 13 16 16.8
Th 5.62 6.09 8.6 4.39 6.26 5.85 6.31 6.43 9.77
U 1.6 1.7 1.9 10.1 2.2 1 1 15 2
Cr 10 16 6 6 8 8 6 7 10

Ni 8 10 3 6 3 12 4 5 2
Co 5.8 12.3 3.2 3.8 4.1 4.8 5.3 4.2 4.1
\Y% 135 246 75 69 90 83 77 78 76
Pb 16 13 8 5 11 9 8 8 11
Zn 44 83 50 33 54 47 28 35 56
Ag 0.8 0.6 0.6 0.8 0.6 0.7 2.3 0.3 0.7

As 8 3 10 25.2 54 13.3 17 9.1 8
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Table 2. Continued.

Rock Type Intrusion

Sample No. R-84 R-87/1 R-90 R-93 R-96 R-101 R-103 R-104 R-105

Be 1.9 1.7 2 2.8 2.3 21 21 2.3 31
Bi 0.2 0.1 0.2 0.9 <0.1 0.1 <0.1 <0.1 0.2
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cu 204 2.9 10.2 2.8 11.8 18 12.2 124 10.2
Li 35 18 19 67 23 29 44 29 20

Mo 1 2 <0.1 1 1 2 2 2 3

S 287 120 105 51 2695 59 <50 <50 59

Sb 1 <0.5 0.6 1 11 0.6 0.6 0.7 0.9
Sc 4.3 9.7 3.3 2.6 3.7 3.6 25 4 34
Se 4.64 1.92 3.24 2.79 4.62 3.2 <0.5 <0.5 5.09
Sn <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Te <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ti 4419 5872 3769 3255 3896 4039 3947 3820 3798

Tl 1.43 <0.1 <0.1 0.51 0.12 0.14 0.13 0.13 <0.1
W 2 1.1 15 1.3 12 1.2 1.2 <1 1

La 27 30 25 22 24 24 23 25 28

Ce 53 59 51 46 47 49 44 47 58

Pr 6.59 7.72 6.15 5.35 5.59 5.6 5.03 5.67 6.57
Nd 25.3 30.9 23 19.9 21.4 21.3 19.1 21.2 245
Sm 4.62 5.93 4.33 3.93 3.77 3.91 3.45 4.08 4.49
Eu 1.56 231 1.29 1.35 13 1.42 127 1.29 1.16
Gd 3.84 4.82 3.66 3.59 3.46 3.25 3.19 3.53 3.87
Tb 0.58 0.76 0.58 0.59 0.57 0.53 0.47 0.55 0.62
Dy 3.03 411 3.23 3.05 2.96 2.79 2.44 2.8 3.5
Er 1.63 2.28 1.93 1.61 1.7 1.49 13 1.68 2.05
Tm 0.26 0.32 0.34 0.22 0.29 0.25 0.21 0.26 0.34
Yb 1.6 2.3 1.7 1.2 1.7 1.3 1.2 16 21
Lu 0.24 0.32 0.32 0.22 0.27 0.25 0.19 0.26 0.36
Lan 87.097 96.774 80.645 70.968 77.419 77.419 74.194 80.645 90.323
Cen 65.594 73.02 63.119 56.931 58.168 60.644 54.455 58.168 71.782
Prn 54.016 63.279 50.41 43.852 45.82 45.902 41.23 46.475 53.852
Ndn 42.167 515 38.333 33.167 35.667 355 31.833 35.333 40.833
Smn 23.692 30.41 22.205 20.154 19.333 20.051 17.692 20.923 23.026
Eun 21.224 31.429 17.551 18.367 17.687 19.32 17.279 17.551 15.782
Gdn 14.826 18.61 14.131 13.861 13.359 12.548 12.317 13.629 14.942
Thbn 12.236 16.034 12.236 12.447 12.025 11.181 9.916 11.603 13.08
Dyn 9.41 12.764 10.031 9.472 9.193 8.665 7.578 8.696 10.87

Ern 7.762 10.857 9.19 7.667 8.095 7.095 6.19 8 9.762
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Table 2. Continued.

Rock Type Intrusion
Sample No. R-84 R-87/1 R-90 R-93 R-96 R-101 R-103 R-104 R-105
Tmn 8.025 9.877 10.494 6.79 8.951 7.716 6.481 8.025 10.494
Ybn 7.656 11.005 8.134 5.742 8.134 6.22 5.742 7.656 10.048
Lun 7.453 9.938 9.938 6.832 8.385 7.764 5.901 8.075 11.18
Eu/Eu* 1.132 1.321 0.991 1.099 1.101 1.218 1.171 1.039 0.851
Lan/Ybn 11.377 8.794 9.915 12.36 9.518 12.447 12.922 10.534 8.989
Lan/Smn 3.676 3.182 3.632 3.521 4.004 3.861 4.194 3.854 3.923
Cen/Ybn 8.568 6.635 7.76 9.915 7.151 9.75 9.484 7.598 7.144
Cen/Smn 2.769 2.401 2.843 2.825 3.009 3.024 3.078 2.78 3.117
Eun/Ybn 2.772 2.856 2.158 3.199 2.174 3.106 3.009 2.293 1.571
Sum REE 129.25 150.77 122.53 109.01 114.01 115.09 104.85 114.92 135.56
Alsl Y 9o

Table 2. Continued.
Rock Type Intrusion
Sample No. R-106 R-107 R-108 R-109 R-110 R-111 R-112 R-115
Ba 987 989 888 886 1069 990 957 978
Rb 421 364 345 325 373 380 335 311
Sr 399.3 415.3 428.9 4121 496.4 440.1 432.2 436.9
Cs 118 119 104 106 124 110 127 143
Ta 081 0.79 0.64 0.68 0.84 0.8 0.84 0.86
Nb 7.3 6.8 5.6 8.1 8.5 5.7 8.7 7.6
Hf <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Zr 89 94 89 98 98 79 108 82
Y 12.9 12.6 11.8 13 134 12.1 144 134
Th 466 521 4.58 5.53 6.75 5.23 6.44 5.07
U 1 1.3 1.6 18 1.1 1.1 2.1 2.1
Cr 9 10 8 8 6 6 9 8
Ni 4 6 5 4 4 6 4 3
Co 3.2 3.1 3.8 3.8 3.1 3.8 3.7 4.5
\% 84 76 82 83 86 92 87 102
Pb 9 7 7 8 8 6 16 11
Zn 51 42 50 50 47 52 54 59
Ag 0.6 0.8 0.8 0.5 0.3 0.2 0.4 0.5
As 12.5 9.4 7.7 13 7.8 13.7 51 6.5
Be 1.8 22 2.1 2.3 22 2.2 2.3 2.1
Bi 0.1 0.1 0.1 0.1 0.1 <0.1 <0.1 <0.1
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cu 9.5 10.3 8.5 5.9 214 11.8 7 9.8
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Table 2. Continued.

Rock Type Intrusion

Sample No. R-106 R-107 R-108 R-109 R-110 R-111 R-112 R-115

Li 23 23 21 22 32 20 20 16

Mo 1 2 1 2 2 2 3 3

S 64 200 53 69 88 104 63 2014

Sb 0.9 0.9 0.6 0.6 1.2 0.6 1 05
Sc 3.6 2.9 2.9 2.8 3.2 3 35 41
Se 5.46 4.76 4.84 5.31 4.4 4.17 4.85 5.3
Sn <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Te <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ti 4072 3615 3564 3609 4084 3774 3850 4166

Tl 0.15 0.11 <0.1 <0.1 0.1 <0.1 <0.1 <0.1
W 11 <1 <1 <1 1.2 1.2 <1 11
La 22 23 21 22 24 22 25 24

Ce 44 45 41 44 49 43 49 45

Pr 5.25 4.97 4.69 5.07 5.79 5.12 5.8 5.53
Nd 20.6 18.9 184 19.7 22.6 194 21.7 225
Sm 3.76 35 3.46 3.69 4.37 3.58 43 4.03
Eu 1.28 1.2 1.15 1.12 1.34 1.2 1.36 1.36
Gd 3.39 3.17 3.14 3.16 3.53 3.18 3.55 3.5
Tb 0.51 0.49 0.5 0.5 0.54 0.5 0.57 0.54
Dy 2.69 2.39 2.33 2.76 2.92 2.64 3.08 2.79
Er 1.59 1.46 1.47 1.59 1.63 1.57 1.82 1.68
Tm 0.25 0.24 0.24 0.26 0.3 0.24 0.29 0.24
Yb 15 13 1.3 15 15 14 1.7 1.6
Lu 0.27 0.24 0.23 0.27 0.26 0.26 0.3 0.26
Lan 70.968 74.194 67.742 70.968 77.419 70.968 80.645 77.419
Cen 54.455 55.693 50.743 54.455 60.644 53.218 60.644 55.693
Prn 43.033 40.738 38.443 41.557 47.459 41.967 47.541 45.328
Ndn 34.333 315 30.667 32.833 37.667 32.333 36.167 375
Smn 19.282 17.949 17.744 18.923 22.41 18.359 22.051 20.667
Eun 17.415 16.327 15.646 15.238 18.231 16.327 18.503 18.503
Gdn 13.089 12.239 12.124 12.201 13.629 12.278 13.707 13.514
Thbn 10.759 10.338 10.549 10.549 11.392 10.549 12.025 11.392
Dyn 8.354 7.422 7.236 8.571 9.068 8.199 9.565 8.665
Ern 7.571 6.952 7 7.571 7.762 7.476 8.667 8
Tmn 7.716 7.407 7.407 8.025 9.259 7.407 8.951 7.407
Ybn 7.177 6.22 6.22 7.177 7.177 6.699 8.134 7.656
Lun 8.385 7.453 7.143 8.385 8.075 8.075 9.317 8.075

Eu/Eu* 1.096 1.102 1.067 1.003 1.043 1.087 1.064 1.107
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Table 2. Continued.

Rock Type Intrusion

Sample No. R-106 R-107 R-108 R-109 R-110 R-111 R-112 R-115
Lan/Ybn 9.888 11.928 10.891 9.888 10.787 10.594 9.915 10.113
Lan/Smn 3.681 4134 3.818 3.75 3.455 3.866 3.657 3.746
Cen/Ybn 7.587 8.954 8.158 7.587 8.45 7.945 7.456 7.275
Cen/Smn 2.824 3.103 2.86 2.878 2.706 2.899 2.75 2.695
Eun/Ybn 2.426 2.625 2.515 2.123 2.54 2437 2.275 2.417
Sum REE 107.09 105.86 98.91 105.62 117.78 104.09 118.47 113.03

ol8;, dalaie 9,0 Q_l)é—l Sl ol jon a5 LGl sl EPM 4L 55 Gl b paie) Gland puo) slrosls ¥ Jau
Table 3. Geochemical data (trace elements in ppm) for the dikes and veins associated with plutonic rocks of

Razgah area.

Rock Type  Dikes and Veins

Sample No. R-14/1 R-21 R-22 R-28/1 R-30/1 R-32 R-37 R-47/1 R-66 R-68

Ba 1202 69 932 1021 913 944 1426 960 943 1122
Rb 416 213 502 493 431 507 471 699 218 314
Sr 424 123 410 410 328 461 393 299 388 437
Cs 14 51 4.8 3.8 4.3 1.8 3.3 111 7.1 18.4
Ta 0.73 1.62 0.58 0.54 0.51 0.51 0.57 0.69 1.2 1.25
Nb 8.7 23.2 4.3 3.8 2.7 3.1 47 4.8 111 12.3
Hf 2.75 9.81 2.45 2.49 212 2.03 2.73 3.26 5.23 5.78
Zr 89 386 87 85 67 63 95 123 210 231

Y 16.8 30.8 149 65.8 14 9.5 145 16.4 25.1 27.9
Th 8.44 14.92 3.88 4.44 3.27 3.32 5.26 5.27 10.19 11.12
U 2.7 4.9 5.8 172 23.3 11 18 1.6 34 3.7
Cr 8 13 12 7 9 10 6 9 10 14

Ni 3 1 2 8 3 4 3 4 4 6
Co <1 2.9 <1 84.8 2.6 <1 <1 59 5.6 6.3
\Y% 111 27 67 103 84 72 44 140 125 140
Pb <1 12 8 46 11 5 19 11 22 18
Zn 20 109 26 70 68 18 11 63 81 85
Ag 0.4 0.8 0.8 6 3.6 0.4 0.2 0.4 0.5 0.6
As 10.6 0.5 213 15.3 60.3 13.9 10 23.8 4.2 38.5
Be 4 11 24 2.8 2.8 25 18 3.5 34 3.8
Bi 0.1 <0.1 0.8 1 4.6 0.4 1.2 <0.1 0.2 0.3
Cd <0.1 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 0.2
Cu 325 168 1125 18231 18482 101 27 54 209 157

In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Li 37 46 98 72 81 50 32 41 22 39
Mo 3 7 2 3 2 2 1 4 3 6
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Table 3. Continued.

Rock Type  Dikes and Veins
Sample No. R-14/1 R-21 R-22 R-28/1 R-30/1 R-32 R-37 R-47/1 R-66 R-68
Sn <0.1 11 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
S 56 418 <50 <50 165 <50 107 <50 238 579
Sb 1.9 0.8 36 31 9.6 31 2.2 0.9 33 23
Sc 3.9 38 25 35 2.2 1.6 4.1 34 6.4 7.7
Se 481 2.84 <0.5 0.59 3.39 2.34 1.95 <0.5 4.73 1.75
Te <0.1 <0.1 0.13 <0.1 <0.1 <0.1 0.11 <0.1 <0.1 <0.1
TI 0.58 <0.1 0.61 0.98 0.55 0.85 1.01 0.27 0.23 0.34
Ge n.d nd nd nd nd nd nd n.d nd nd
w 2.7 3 11 2.2 15 2.4 33 2.8 21 34
La 28 52 24 35 17 17 24 22 42 46
Ce 58 104 43 76 33 37 49 47 84 90
Pr 6.08 10.5 4.89 9.25 3.69 3.99 5.22 5.04 9.81 10.53
Nd 233 36.7 18.7 37.9 13.8 154 19.8 194 36.1 393
Sm 4.53 5.84 3.57 9.02 2.7 291 3.84 3.85 6.77 7.25
Eu 1.39 0.37 13 2.75 0.97 0.96 131 1.13 1.69 19
Gd 3.69 5.29 3.26 8.67 2.75 2.72 3.27 3.33 5.38 5.86
Tb 0.57 0.87 0.48 1.84 0.44 0.4 0.52 0.55 0.86 0.95
Dy 3.33 5.27 2.54 1331 2.57 2.03 2.92 3.18 4.95 5.5
Er 1.91 3.43 1.36 6.71 143 1 1.7 1.95 2.89 3.25
Tm 0.27 0.53 0.19 0.93 0.21 0.16 0.24 0.33 0.45 0.51
Yb 1.7 4.3 13 5.4 12 0.8 12 21 2.9 3.3
Lu 0.27 0.82 0.21 0.72 0.2 0.15 0.24 0.37 0.45 0.5
cdolol Y Jaus

Table 3. Continued.
Rock Type Dikes and Veins
Sample No. R-04 R-05 R-19 R-25 R-25/1 R-25/2 R-26 R-26/1 R-28
Ba 561 689 1210 1165 912 1380 1122 923 1126
Rb 116 61 414 521 435 474 484 505 465
Sr 893.8 464.3 416.1 433.9 416.7 445.2 403 429.8 408
Cs 82 14 124 141 46926 2809 9247 1536 137
Ta 0.37 0.44 0.62 0.55 0.48 0.89 0.52 1 0.54
Nb 14 4.3 4.9 51 31 4.5 3.8 4.3 4.4
Hf <0.5 <0.5 <0.5 <0.5 0.75 <0.5 <0.5 <0.5 <0.5
Zr 44 52 72 74 65 95 90 109 95
Y 12.6 22.6 115 11 34.1 20.3 13.2 15 13.3
Th 1.88 3.94 3.89 3.77 3.34 4.25 4.16 4.42 4.62
U 1.9 15 1.08 11 183.5 46.9 155 135 1.2
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Table 3. Continued.

Rock Type Dikes and Veins

Sample No. R-04 R-05 R-19 R-25 R-25/1 R-25/2 R-26 R-26/1 R-28

Cr 11 26 6 8 7 6 6 5 7

Ni 7 8 2 3 134 3 6 3 7
Co 9.9 19 2.3 <1 101.1 <1 3.6 4.1 4.9
\Y 160 45 83 38 53 41 77 76 91
Pb 1 25 7 13 623 4 17 3 9
Zn 79 19 32 10 166 19 45 28 35
Ag 0.5 0.4 0.3 0.4 99 1.9 1.9 0.8 0.8
As 121 <0.1 17 153  >100 304 44.6 26 10.6
Be 0.8 1.2 14 1.6 11 2.2 11 2.1 2.1
Bi <0.1 <0.1 0.3 0.2 0.2 0.7 43 3.3 0.1
Cd <0.1 0.1 <0.1 0.1 43 <0.1 0.1 <0.1 <0.1
Cu 41 2.9 1.6 1.9 2.7 3.2 2.1 3.2 12.7
In n.d n.d n.d n.d n.d n.d n.d n.d n.d
Li 12 7 25 26 23 36 18 49 51
Mo 4 1 1 2 855 5 3 2 3
Sn <0.1 <0.1 <0.1 0.8 <0.1 <0.1 <0.1 <0.1 <0.1
S 471 576 179 <50 <50 <50 <50 <50 253
Sb 0.5 1 1.6 1 15 19 5 4.1 6.1
Sc 7.3 4.6 3 1.7 3 34 25 2.6 3.3
Se 4.79 5.25 <0.5 4.47 3.45 4.2 <0.5 <0.5 <0.5
Te <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1
TI <0.1 0.15 0.5 0.31 5.78 0.67 0.5 0.36 0.5
Ge 1.46 154 2.19 2.45 2.21 2.8 2.47 2.93 2.79
w <1 <1 <1 <1 13 2.2 14 2.2 1
La 19 25 21 19 24 24 22 24 25
Ce 33 41 42 39 47 50 42 43 49
Pr 3.93 4.63 4.55 4.15 5.41 5.36 4.5 4.71 5.19
Nd 16.5 18.1 171 16 214 21.7 16.7 18.2 20.3
Sm 2.95 3.48 3.22 3.24 4.46 471 3.32 3.4 3.8
Eu 1.08 1.05 1.18 114 149 137 1.15 11 131
Gd 291 3.29 2.93 2.76 4.72 4.14 2.89 3.09 3.2
Th 0.43 0.49 0.46 0.42 0.92 0.68 0.44 0.49 0.46
Dy 2.03 2.75 2.25 212 6.9 3.9 2.27 2.53 2.61
Er 111 1.76 1.21 1.15 4.37 2.01 117 1.34 1.34
m 0.16 0.25 0.19 0.17 0.65 0.29 0.18 0.19 0.21
Yb 25 3.1 1.1 0.9 3.6 1.6 11 13 1.2

Lu 0.14 0.25 0.18 0.19 0.57 0.26 0.19 0.2 0.2
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Table 3. Continued.

Rock Type Dikes and Veins

Sample No. R-31 R-32/1 R-34 R-58 R-68/2 R-87 R-87/2 R-91 R-92

Ba 1079 1085 1063 297 827 413 890 1296 1174
Rb 534 447 507 3 350 347 180 358 319
Sr 433 427.7 401.9 101.7 338.8 106.4 568.1 458.1 470.5
Cs 5338 37 733 21 21 35 1561 37007 2391
Ta 0.55 0.53 0.69 0.54 0.53 3.36 0.66 0.55 0.62
Nb 3.8 35 5.8 3.2 29 25.9 4.4 5 5.6
Hf <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Zr 98 86 109 106 68 114 76 110 95

Y 53.4 11 104 8 171 22.3 147 915 14.7
Th 3.66 4.39 5.13 17.09 3.74 47.03 3.39 4.46 5.69
u 131.9 0.8 11 8 1 7.8 1.3 652.6 5
Cr 9 9 6 14 6 7 17 9 7

Ni 15 4 5 8 2 3 14 8 17
Co 11.3 <1 2.8 <1 <1 <1 12.6 3.7 10
\Y% 75 51 77 9 72 18 295 228 100
Pb 63 6 8 <1 1 18 10 69 12
Zn 39 14 38 <1 15 21 86 128 50
Ag 10.8 0.2 0.5 0.3 0.1 0.2 12 12.6 7.4
As 44.4 8.6 17.9 9.1 6.1 34 15 16.2 43.4
Be 1.8 21 2 <0.2 1.9 6.3 1 2 1.9
Bi 7 0.2 0.5 0.3 <0.1 0.1 0.3 1 0.2
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 0.3
Cu 2.4 13 2.3 <0.5 24 9.7 8 3.7 205
In n.d n.d n.d n.d n.d n.d n.d n.d n.d
Li 42 42 120 8 21 6 18 29 43
Mo 2 2 3 4 3 4 1 11 2
Sn <0.1 <0.1 <0.1 <0.1 <0.1 0.5 <0.1 <0.1 <0.1
S <50 <50 <50 1079 <50 176 504 127 72
Sb 4.6 4.8 11 5.8 35 35 <0.5 5.8 0.7
Sc 35 1.3 34 0.5 2.7 1.3 15.7 4.8 2.8
Se <0.5 <0.5 <0.5 4.56 5.49 5.11 4.75 6.74 5.26
Te <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
TI 1.48 0.76 0.21 <0.1 0.47 1.33 <0.1 0.99 0.8
Ge 2.62 2.52 3.02 1.95 2.03 3.99 2.68 3.37 3.09
w 14 1.6 <1 1.2 5.2 3.3 <1 11 1
La 30 20 18 7 21 41 21 46 24
Ce 62 40 36 13 39 82 42 121 50
Pr 7.61 451 3.84 1.83 4.37 8.38 5.84 17.3 5.91
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Table 3. Continued.
Rock Type Dikes and Veins
Sample No. R-31 R-32/1 R-34 R-58 R-68/2 R-87 R-87/2 R-91 R-92
Nd 31.2 16.6 15 7.3 16.8 26.8 25 84.2 21.8
Sm 7.29 3.26 2.87 1.36 3.17 4.68 5.22 23.98 4.35
Eu 2.36 1.14 1.03 0.42 0.99 0.57 1.49 5.86 1.44
Gd 6.73 2.87 2.67 1.84 2.95 4.11 4.21 20.06 3.57
Th 1.36 0.42 0.4 0.28 0.5 0.69 0.65 4.17 0.56
Dy 9.85 2.16 1.93 1.36 2.72 4.2 3.44 26.72 3.13
Er 5.31 1.16 1.05 0.72 1.64 2.65 1.79 10.54 1.74
Tm 0.73 0.17 0.14 0.11 0.25 0.5 0.27 1.45 0.29
Yb 4.5 0.9 0.9 0.5 15 3.1 2.1 7.8 1.6
Lu 0.6 0.17 0.16 <0.1 0.24 0.58 0.27 1.06 0.26
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Figure 2. Field photographs of A) Copper mineralization along with dikes; B) Alteration of Nepheline- syenite

exposed in Razgah exploration area.
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Figure 3. Photomicrographs of K-feldspar nepheline syenites; A) Trachytoid or flow texture due to alignment of

anisotropic orthoclase crystals (in XPL); B) Green clinopyroxene phenocryst (in PPL); C) K-feldspar and
nepheline in association with zircon (in XP); D) Clear crystals of K-feldspar along with euhedral to sub-hedral

crystals of relatively altered nepheline (in PPL).
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Figure 4. Photomicrographs of nepheline monzosyenite, olivine nepheline gabbro, and pseudoleucite syenite, A)
pyroxene and alteration mineral assemblage around the opaque minerals; B) clinopyroxene and olivine replaced
by iron oxide and secondary minerals in nepheline monzosinite; C) clinopyroxene, nepheline, K-feldspar and
plagioclase along with apatite, opaque and perovskite (Prov); D) plagioclase and clinopyroxene in olivine-bearing

nepheline gabbro; E) remnants of clinopyroxene with opaque minerals in their rims; F) graphic texture formation
by Nepheline and K- feldspar intergrowth in pseudoleucite syenite.

5 el Vel S S il (E-F JSs) wigd o il S Syl gdgu —F- il

O S sl baiges (S 0 Camgldgw Hea> aibie ;0 0o yle 5o O goa i b Sw oyl




VEY 5ol ety g ol o)led o ez Jlo (85909 —1

1¥5

S ol cdl gl oo 0 4y Jl> o sl ol

ool (652839085 5 80 Sl S Ol o0
o) G Hga @ azgi b5 6,08 oS
Lol plssoo 1y oS5, ddlate )0 oaisidly (lo ydg el
S cnl 510503 o 5l el b el -]
09,5 325 0 g (sanaiws HISIT (slayuds el Lo

S oo Sl S (Gigem CedginelS
ol s Caiauli) gy oyl B3g5 wltce SBSs -¥-s

(ol

= Ol ) Slece—wglgdgu (i
g bl g ol sl SIS 51 D93 g STy oilS
=2 s S l casSals oy GG (el ws]
Sle S 51 oy 0 0 Jlemdiay K a6l
S ablie 5 0 aS cel Slu 5o 5l esnlagay
(F ISy el assly b xS
i sla s Yo

G55, sty Lo S Jolts daSiun ()]
@bl 5 05 Sla I (28 jobay g STy gidlS (el
e S5, Ly gl ool it (e $ sla S
Slbl 50 505 slayoh 5 (G23S1y &dl> &g 05 L
Sy Al da S gy 9l (o5 g 58S sLa SIS
(B-Y g A-Y la ISo) canl 03,5 sy 1 (Gg,5)

B RV RELIE LIV S (RO
(g Oz a g oundS laysly &jgot (Job abolic
s S5, L S et S8 (o050 gblie (o g
e Lol jlosd (oo 0ns (S (il B0
5 A el ST Gy S
5 (C-V JS2) Jlmaldponly —Cod S ot om0
3 g0 el ool apay (D-V IS2) S lewald by - oypudis
sk azsliz sl 03g: ol yop urlows aisolil b 25|

St Qo ol olgS LT LS )8 5,168 5,

g S Sl Syl -F-o
M&Q@U&L&ﬂf' eI A)\)ﬁa

Jas (FF JSt) SedhS il ol sols i
3 sl ool sy Jlwaliornlsy 5 plas (S gl yom
(o) e il (K 095 (nl o @) slacdly
=5 sLa G olremes (S g e ds S5 oL
5 (Coialil 5 ciSa) gl ;a8 G (oS 05 sty

a¥, 5 LSSl (KK -0

Gedg o) S5k slacsslo -V -0

353 ligee (Ko wxly 5oy K5y L as laSw ()
9 Srdrm Sobo b g (Swd Lged ;0 wigd oo lulid
Ngd oo 00y 05 dine) ) g, Sy SS9 jpla>
5 W 5=k oS g atile 2la S «SU ablise 5o
il g ol Gla S5 51 (Camsg) 5 el g gilasald
Slebay S o058 Lo S5 ) oS GLS g conSe
099 9 75 0 50 Jlose <3l L LajdSu3dh way) o
Sloged Jomial (o ,S ot 393 L8> 5o Lile
oSy S Ao 40 SzS (5 5 S5l & jg0
5 @lree slaShy am azy L (0 JS8) i
(S S) Slogtd Jpmeal y3am 9l 5 (ulis SIS
ERVPRVATIUTIUANRINE SN

oS ol 8055l sla gilowald 51 (el 5 Conn]
D 50 03D Lol gdgu O ygody Cowg) Al
s o Lo gond bod> LS B aSasS

dLbL b ) )d . A‘ 00—y - W ;l? )l? bd.l.QWLU

(=)

ol PoS cie sla sl 53 o5 ddlare 5l ond o) 2
(D=0 L A0 o o) g co 0sd SIS

Jgiel S35 Sloged 75 Lo GlS b (oS gy giclS
a3l Jlilee S50 50 WDl (S wlosds a3l
ca il guwas Lol sailosls (2,8 cdl) Jbye 8> Ll
Loyl & jpmoty s il og oo lils Sl s le sk
Ao} 9 o giliwald da lwald 9,0 S L g ouiS
(F-0 o) 0gds 0 00y Ko

sl slo 5 5l e ) IS 5 o) G SE (odlen

09 Lg Sw dn) ;o Ly aS e bSw oyl



¥y OSes 5 (conld e e Sy 0l Capionns ki 50095 lsye ol g (5K 1 sondran;

X

00=d (el dgiliwald g jlewald la SISl (sl asgorme b a5 Comglgoge (B A a8y el 5l (0950s Soe sl pugal O S0
(63859 Sty Sn g (6 5udye SOl b puSg pidS g Cogl ol jonds lis (D tanl ous Lad> o (g5 et LB Lol sl
IS Suaw- 1 DA_»S‘)J A0y yo aS (wsﬁo;) JM] t_§:>555 6)5...«...0 LgLﬁb)?L (F 5).\5 6;[5 ob.o.bd.i U.‘S”...'s_...lf 9 w.u}!j«bjm (E

35 5 Cll Gla S5 5 (S Ty bl b (S gy gl ol joy
Figure 5. Photomicrographs of lamprophyres: A and B) pseudoleucite (Psd-Luc) that is replaced by feldspar and
feldspathoids, but its octagonal form has been preserved; C and D) nepheline, leucite and clinopyroxene in
porphyry and microlitic porphyry texture; E) pseudoleucite and clinopyroxene with opaque mineral; F) prismatic

and small crystals of amphibole (cressotite) scattered in the matrix, and along with the reaction rim of
clinopyroxene, apatite and opaque.
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Figure 6. Photomicrographs of the altered dykes with intense alteration of nepheline and feldspar, as well as Fe-
Mg minerals. Sericite is an alteration mineral, extensively has occured in some samples.
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Figure 7. Photomicrographs of the syenite dykes, A) elongated apatite crystal in association with clinopyroxene,
opaque minerals, and amphibole reaction rim (Re-Amp) (in dark green color); B) corona around Na-
clinopyroxenes, along with cross-section of apatite; C) the reaction rim around opaque mineral, the remains of Fe-

Mg minerals, and formation of the graphic-like texture between K-feldspar and Kalcilite (KIs) in which the quartz
was released (Re -Qz); D) graphic-like texture formed by feldspar and nepheline intergrowth.
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Figure 8. Microphotographs of the altered dykes containing silica and mineralized veins, A) Silica vein with
quartz crystals in different size (in XPL); B) Iron (Hem, Fe-Oxide) and copper (Mlc) ores along the vein (in
PPL); C, D) Malachite (Mic) and iron oxide (Fe-Oxide) in siliceous veins, in the form of fissure filling with
radial texture and sometime in aggregation (in reflective light and PPL, respectively).
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Figure 10. R1-R2 diagram (De la Roche et al.,
1980) (Symbols as in Figure 9).
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Figure 14. Primitive mantle-normalized multi-element diagrams (normalization values from Sun and McDonough
(1989)) for 4 rock intrusive rock groups from Razgah area (PLu-Sy: pseudodulosite syenite; Sy: potassium
feldspar syenite; Nph-G: nepheline gabbro; Nph-MoSy: nepheline monzosinite).
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