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Introduction

Many lamprophyric dykes' outcrops are found in Azerbaijan (in the
northwest of Iran). These dykes which were the subject of many
studies are including camptonite dykes in Misho Mountain,
kersantite dykes of Goye-Poshti Mountain of Maragheh, camptonite
and sannaite dykes in Horand, minette dykes of Varzeghan, minette
dykes of Marand, minette dykes of Khoy, and minette dykes of Saray
volcano.

For the first time, Amel (1994) reported the occurrence of
lamprophyre in the Monavvar region. According to him, this
lamprophyre is spessartite and has Calc-alkaline affinities. In
this study, we performed a detailed petrographic study of this
lamprophyre.  Besides, by using clinopyroxene mineral
chemistry and whole rock chemistry, we try to investigate the

g 10.22108/1jp.2022.130449.1252 petrogenesis of these lamprophyres from different aspects.

General geology observations show two spessartite dykes
Monavvar region is located in the east intruded in the andesitic lavas of the studied

Azerbaijan province of Iran. Monavvar region region. The age of andesitic lava and spessartite

is a part of the Alborz-Azarbaijan zone. Field dykes is Plio-Quaternary because the andesitic
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lava intruded in Pliocene pyroclastic lava.
Spessartite has a blackish-brown color in the
hand specimens.

Petrography

The main petrographic texture of these
lamprophyres is the Porphyry texture. The
major minerals are plagioclase microliths (10-
15 volume %), orthoclase (5-10 volume %),
hornblende phenocrysts with burnt rim (40-50
volume %), clinopyroxene (>20 volume %),
and biotite (10-15 volume %). The accessory
minerals include zircon, sphene, and apatite.

The plagioclase has higher content than
orthoclase and both of these minerals could be
seen only as microlith. Regarding the
nomenclature scheme of Le Maitre (2002),
these features indicate that these lamprophyres
are spessartite.

Mineral Chemistry

The mineral chemistry of amphibole
shows a magnesio-hastingsite
composition. However, biotite is
phlogopite-ecastonite and  feldspars are
orthoclase and oligoclase in composition.

Discussion
Mineral chemistry of clinopyroxene studies

The clinopyroxenes are in the field of Quad
in the Q-J diagram and diopside in the En-Fs-
Wo diagram.

According to the AIV4+2Ti+Cr-Al'V+Na
diagram for clinopyroxenes, Monavvar
spessartite has occurred in almost the stable
and low oxygen fugacity status. Based on
Soesoo (1997), the clinopyroxenes were
crystalized under 1100-1200 °C and 2-6 kbar.
The chemical composition of clinopyroxenes
indicates subduction-related volcanic arcs and
within-plate tholeiitic environments.

Whole rock geochemistry of Monavvar
spessartite

Most lamprophyre samples are plotted in the
trachybasalt field on the total alkali (K>O+Na;O)

versus silica (Si20) classification diagram. They
show alkali basalt composition on the Zr/Ti,O-
Nb/Y plot. K»>0-Si,O diagram classified them as
calc-alkaline lamprophyres.

REE Geochemistry

In the spider diagram of studied samples, Nb
and Ti show a distinctive negative anomaly, and U,
La, K, Th, and Ba show a positive anomaly.
HFSEs depletion and LILEs enrichment of samples
are characteristics of shoshonitic and calc-alkaline
magma. Negative Nb and Ti anomalies could be a
result of Ti-bearing mineral segregation or high
oxygen fugacity. LILEs enrichment could indicate
that aqueous fluid is present during magma-
forming processes or crustal contamination during
magma evolution. Y depletion could happen as a
result of amphibole segregation.

All samples show highly fractionated steep
REE patterns which means a distinctive
enrichment of LREEs relative to HREEs. LREEs
enrichment occurs as a result of small degrees of
magma partial melting. However, this feature is a
character of shoshonitic and calc-alkaline magma.
The REE pattern of Monavvar spessartite does not
show an Eu anomaly. In the basic rocks, concurrent
crystallization of amphibole and plagioclase caused
a lack of Eu anomaly.

Tectonic setting of Monavvar Spessartites

Based on the Zr-Y diagram and Nb-Zr-
Ce/P,Os diagram, Monavvar spessartites are
ascribed to an arc-related tectonic setting.

Petrogenesis of Monavvar Spessartites

Based on the whole rock composition of
Monavvar spessartite, Ni=68-92 ppm, Co=1-23
ppm, Cr=59-125 ppm, and Mg#=25-32%.
These values mean the lamprophyres could not
be considered as the primary magma, but
probably they are very close to the primary
magma composition. On the other hand, on
Dy/Yb-La/Yb diagram, the samples are
scattered in the field of garnet-bearing mantle
zone. Similarly, the La/Yb-La diagram
indicates the garnet presence in the source
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peridotite, in addition to the 5-15 % of mantle
peridotite partial melting for producing
Monavvar spessartite melt.

Geodynamics of Monavvar region

According to Rock (1991), petrographical,
mineralogical, and geochemical investigations
revealed M6 and M7 magmas for the Monavvar
spessartites. M6  was  produced by
contamination of primary magma by mantle
elements and M7 was produced by crustal
contamination of primary magma. By

considering this, the function of strike-slip
dextral faults in Azerbaijan (northwest of Iran)
could be responsible for Monavvar spessartites
formation. Due to the mentioned faults
function, transcurrent basins are made across
the faults. Transcurrent basins caused low
partial melting degrees of the metasomatized
lithospheric mantle and produced alkaline basic
magma. Contamination of this magma in
different depths could form spessartite magma.
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Table 1. Microprobe analysis and structural formula of amphibole and biotite minerals of Monavvar lamprophyric dikes.

Amphibole Biotite

Mineral

core mid mid Rim  Core mid Rim  Core mid rim Core  mid mid mid Rim
PointNo. \71 MZ2 MZ3 MZ4 MZ5 MZ6 MZ7 MZ8 MZ9 MZI0|MZ.Il MZI12 MZ.13 M.Z.14 M.Z.15
SiO, 4323 4184 41.00 4135 4315 4296 4270 42.12 4196 4230 | 36.15 36.54 36.12 35.76 36.39
TiO, 268 285 245 296 272 270 260 274 265 270 | 377 372 403 394 414
ALO; 1096 11.50 12.19 12.09 1091 1032 11.31 11.15 1191 1041 | 1536 1542 1490 1523 15.09
Cr,0; 0.01 0.03 0.02 0.04 0.07 0.02 0.00 0.02 0.03 0.02 0.00 0.03 0.00 0.03 0.01
FeO* 854 11.07 1265 11.80 820 880 820 847 1248 861 | 1400 1395 13.77 13.76 13.54
MnO 0.11 0.18 0.14 0.21 0.10 0.09 0.09 0.07 0.18 0.08 0.17 0.21 0.14 0.22 0.16
MgO 16.78 15.19 13.75 1436 16.73 17.01 1632 16.69 1385 16.78 | 16.24 1546 1626 16.12 1546
CaO 1122 1134 1131 10.81 1125 1139 1121 1136 11.16 10.84 | 0.00 0.02 002 000 0.00
Na,O 292 3.04 293 298 28 293 286 267 279 287 1.14 121 1.20 1.19 1.12
K,O 0.97 1.09 1.00 1.03 0.99 0.99 1.03 1.07 0.94 1.06 8.49 8.69 8.82 9.11 8.97
Total 97.41 98.10 9742 97.59 9691 97.17 9631 9632 9793 95.65 | 9530 9526 9526 9537 94.86
O# 23 23 23 23 23 23 23 23 23 23 22 22 22 22 22
Si 6.216 6.070 6.029 6.019 6.234 6.209 6.220 6.129 6.112 6.186| 5.140 5.198 5.149 5.105 5.199
Ti 0.289 0311 0.271 0.324 0.295 0293 0285 0299 0291 0.297( 2571 2.584 2501 2561 2.538
Al"Y 1.784 1930 1971 1981 1.766 1.756 1.780 1.871 1.888 1.793| 0.000 0.000 0.000 0.000 0.000
AV 0.072  0.035 0.141 0.092 0.090 0.000 0.160 0.040 0.155 0.000f 0.403 0.398 0.432 0423 0.444
Cr 0.001 0.004 0.002 0.005 0.008 0.002 0.000 0.002 0.003 0.002f 0.000 0.000 0.000 0.000 0.000
Fe?* 0.344 0.656 0.856 0.604 0380 0359 0.449 0.292 0.818 0.224| 1.665 1.659 1.642 1.643 1.617
Fe** 0.683 0.687 0.699 0.832 0.611 0.704 0.550 0.738 0.702 0.829| 0.000 0.004 0.000 0.004 0.001
Mn 0.014 0.022 0.017 0.026 0.012 0.011 0.011 0.008 0.023 0.009( 0.020 0.025 0.016 0.026 0.019
Mg 3.597 3286 3.014 3.117 3.604 3.664 3.545 3.620 3.008 3.659| 3.442 3.278 3.455 3.430 3.292
Ca 1.729  1.762 1.782 1.686 1.742 1.765 1.750 1.771 1.741 1.698| 0.000 0.003 0.002 0.000 0.000
Na 0.813 0.856 0.836 0.841 0.800 0.820 0.809 0.752 0.789 0.814 0313 0.335 0.333 0.330 0.310
K 0.178 0.202 0.187 0.190 0.183 0.182 0.191 0.199 0.175 0.199] 1.540 1.578 1.604 1.659 1.636
Cations 15.720 15.820 15.805 15.718 15.725 15.767 15.749 15.721 15.705 15.711 15.094 15.062 15.134 15.181 15.056
Fet# 0.087 0.166 0.221 0.162 0.025 0.089 0.112 0.074 0.248 0.057| 0.330 0.340 0.320 0.320 0.330
Mgt 0911 0.833 0.778 0.837 0.904 0910 0.887 0925 0915 0.942 0.670 0.660 0.680 0.680 0.670
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Table 2. Microprobe analysis and structural formula of feldspar and pyroxene minerals of Monavvar lamprophyric dikes.

Feldspar Clinopyroxene

Mineral

Core  mid Rim  Core  mid Rim  Core  mid Rim Core Rim Core  mid mid Rim
PointNo. M.7.16 M.Z.17 M.Z.18 M.Z.19 M.Z20 M.Z21 M.Z22 M.Z.23 M.Z.24| M.Z27 M.Z28 M.Z29 M.Z30 M.Z.31 M.Z.32
Sio, 64.14 6340 7232 6793 7137 7140 59.83 60.62 63.88 | 51.54 53.33 5120 52.63 51.60 51.61
TiO, 008 0.09 013 018 021 019 005 0.00 0.05 0.83 0.19 060 0.11 053 0.63
ALO; 1936 21.51 1539 17.12 1545 1498 24.02 2420 21.28 3.25 1.63 3.33 1.22 2.10 2.29
FeO 076 0.78  0.75 1.07 021 1.02 028 030 045 4.87 399 401 750 499 595
MnO 0.00 0.00 0.02 005 0.00 002 0.00 0.02 0.00 0.50 054 123 0.03 023 0.10
MgO 003 0.04 049 0.18 0.12 004 0.00 0.00 0.02 0.11 013 012 052 010 0.13
CaO 1.71 3.27 0.97 1.91 1.52 0.60 5.48 5.71 2.69 | 15.92 16.12 15.78 1490 16.82 16.84
Na,O 8.07 8.68 5.81 7.15 6.30 5.71 8.09 7.88 8.59 | 22.81 23.65 21.26 2190 21.71 21.99
K,O 392 223 338 346 338 519 057 059 220 0.61 074 072 0.64 040 039
Total 98.05 99.99 99.24 99.02 9855 99.15 9831 99.32 99.15 [100.51 100.33 98.25 99.45 98.53 99.94
O# 8 8 8 8 8 8 8 8 8 6 6 6 6 6 6
Si 2.925 2833 3.175 3.040 3.161 3.173 2712 2718 2.863| 1.87 1.94 1.90 1.95 1.91 1.89
Ti 0.003 0.003 0.004 0.006 0.007 0.006 0.002 0.000 0.002| 0.02 0.01 002 0.00 0.01 0.02
Al 1.039 1.132 0.796 0.902 0.806 0.784 1.282 1.278 1.123| 0.14 0.07 0.15 0.05 0.09 0.10
Fe?* 0.029 0.029 0.027 0.040 0.008 0.038 0.011 0.011 0.017 0.00 0.00 0.00 0.02 0.00 0.00
Fe* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000| 0.04 0.03 006 0.17 0.07 0.07
Mn 0.000 0.000 0.001 0.002 0.000 0.001 0.000 0.001 0.000| O0.11 0.09 007 0.06 0.08 0.12
Mg 0.002 0.003 0.032 0.012 0.008 0.003 0.000 0.000 0.001| 0.02 0.02 004 0.00 0.01 0.00
Ca 0.083 0.156 0.045 0.092 0.072 0.028 0.266 0.274 0.129| 0.86 0.87 0.87 0.82 0.93 0.92
Na 0.713  0.752 0.494 0.620 0.541 0.492 0.711 0.685 0.747| 0.89 092 085 0.87 086 0.86
K 0.228 0.127 0.189 0.197 0.191 0.294 0.033 0.034 0.126| 0.04 0.05 005 0.05 0.03 0.03
Cations 5.022 5.035 4.763 4911 4.794 42819 5.017 5.001 5.008
Ab 69.60 72.70 67.90 68.20 6730 6040 70.40 69.00 74.60 [Wo=0.50 0.51 0.48 0.47 0.46 0.47
An 8.10 15.10 6.20 10.10 9.00 340 2630 27.60 12.90 [En=0.48 0.48 0.49 0.44 0.50 0.50
Or 2230 1230 26.00 21.70 23.80 36.10 330 3.40 12.60 [Fs=0.02 0.01 003 0.09 0.04 0.04
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Figure 5. Mineral composition of Monavvar lamprophyric dikes on A) amphibole chemical classification diagram
(Leak et al., 1997); B) (Mg/(Mg+Fe*?) versus Si diagram (Hawthorne et al., 2012) for the amphibole phenocrysts; C)
Fe*"/(Fe*+Mg) versus AlV! diagram (Deer et al., 1991) for the micas; D) feldspar classification plot (Deer et al.,

1991).
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Figure 6. Core to rim composition of two clinopyroxene crystals on A) Q-J diagram (Morimoto, 1988); B) En-

Wo-Fs ternary diagram (Morimoto, 1988).
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Figure 7. Core to rim composition of two clinopyroxene crystals on A) Ca+Na versus Ti diagram (Leterrier et al.,
1982); B) AIV! + 2Ti + Cr versus AlY + Na diagram (Schweitzer et al. (1979).
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Figure 8. Distribution of studied clinopyroxenes in the Monavvar lamprophyric dikes on A) Xpr-Ypr diagram for
thermometry of clinopyroxenes (Soesoo, 1997); B) Xpr-Ypr diagram for barometry of clinopyroxenes (Soesoo,
1997); C) F1-F2 diagram after Nisbet and Pearce (1977) (OFB: Ocean Flow Basalt; VAB: Volcanic Arc Basalt;
WPT: Within Plate Tholeitic basalt; WPA: Within Plate Alkaline basalt).
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Table 3. Representative major (in wt%) and trace element (in ppm) of Monavvar spessartite compositions. M.Z.1 to

M.Z.5 samples are from Amel (2007). Calculations of ferric and ferrous iron have been performed by the method
proposed by Irvine and Baragar (1971) and the modified method by Le Maitre (1976).

Sample No. M.Z.1 M.Z.2 M.Z3 M.z.4 M.Z.5 M.Z.Al M.Z.A2 M.Z.6 M.Z.7 M.Z.lam3
SiO, 51.58 52.06 50.01 51.10 50.47 51.81 47.17 53.92 51.53 53.34
TiO, 1.42 1.41 1.84 1.39 1.39 1.42 2.12 1.85 1.48 1.32
Al O3 14.57 14.64 10.77 14.39 14.26 14.60 14.49 15.29 15.80 14.00
Fe,05* 8.21 8.19 9.69 8.04 8.04 8.1 11.17 7.29 8.23 5.38
Fe;03 1.75 1.97 3.58 1.01 1.70 1.70 2.39 1.56 1.97 1.29
FeO 6.45 6.21 6.11 7.02 6.30 6.38 8.77 5.72 6.25 4.08
MnO 0.12 0.11 0.14 0.11 0.12 0.11 0.15 0.14 0.14 0.13
MgO 6.53 6.45 8.70 6.33 6.52 6.47 7.28 4.05 5.16 6.74
CaO 8.46 8.27 11.10 8.12 8.28 8.35 8.92 6.90 7.90 7.92
Na,O 4.12 431 3.22 4.23 4.32 4.20 3.97 3.31 3.64 433
K,O 1.75 1.72 1.27 1.69 1.72 1.72 1.41 1.95 1.68 1.48
P,0s 0.98 0.97 1.23 0.5 0.98 1.00 1.04 0.24 0.66 0.96
LOI 2.24 1.82 2.52 3.62 4.19 221 1.79 3.67 3.44 2.98
Total 99.98 99.95 99.79 99.84 100.09 99.99 99.51 98.61 99.61 98.58
Cr 241 210 440 210 240 220 230 220 210 188
Ni 101 94 130 94 101 97 185 5 180 95
Co 32 28 40 36 40 38 42 21 37 32
Sc 11 12 8 9 11 12 14 10 12 9
\4 196 188 230 203 221 194 238 188 213 190
Cu 34 38 36 35 47 52 82 52 48 42
Pb 9 9 41 9 9 9 7 12 10 11
Zn 148 124 190 152 134 98 148 111 101 106

Bi 0.08 0.10 0.12 0.10 0.09 0.12 0.15 0.14 0.11 0.10
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Table 3. Continued.

Sample No. M.Z.1 M.Z.2 M.Z.3 M.Z.4 M.Z.5 M.Z.Al M.Z.A2 M.Z.6 M.Z.7 M.Z.lam3
Cd 0.08 0.09 0.06 0.04 0.08 0.06 0.12 0.03 0.04 0.09
In 0.05 0.06 0.08 0.09 0.06 0.08 0.12 0.08 0.08 0.06
Sn 1.45 1.35 0.96 0.95 1.10 1.20 0.24 1.20 1.50 1.40
W 1.10 0.90 1.20 1.10 1.00 1.00 0.60 0.90 1.00 1.00
Mo 2.10 1.60 10.00 1.20 1.40 1.70 1.20 2.00 1.70 1.90
S 220.00 325.00 245.00 310.00 255.00 285.00 435.00 285.00 340.00 310.00
As 1.60 1.80 1.10 1.40 1.30 1.20 0.90 1.30 1.80 2.20
Se 0.30 0.60 0.50 0.40 0.60 0.30 0.70 0.30 0.40 0.50
Sb 0.20 0.32 0.22 0.15 0.23 0.25 0.35 0.15 0.25 0.20
Te 0.15 0.34 0.25 0.23 0.15 0.25 0.35 0.20 0.10 0.20
Ag 0.3 0.5 0.4 0.3 0.1 0.2 0.5 0.3 0.4 0.3
Hg 0.2 0.3 0.1 0.2 0.1 0.1 0.2 0.1 0.1 0.1
K 14727 14278 10542 14029 14278 14278 11704 16178 13946 12285
Rb 43 40 91 40 43 42 23 61 42 37
Cs 4.15 4.26 7.00 3.15 2.68 2.65 3.07 2.97 3.02 1.60
Ba 857 906 980 905 858 880 873 917 895 1010
Sr 1216 1284 1239 1283 1215 1260 1170 1130 1100 1290
Tl 0.10 0.11 0.14 1.13 0.13 0.12 0.12 0.12 0.11 0.11
Ga 22 15 21 16 20 18 18 19 19 21
Li 19.70 20.40 28.00 24.30 21.40 19.80 21.40 22.40 19.80 20.70
Ta 1.72 2.10 1.60 1.70 1.65 1.85 1.90 1.70 1.30 1.65
Nb 31.4 31.6 28.0 31.7 31.5 31.5 353 29.6 22.1 36.4
Hf 3.95 4.52 4.15 3.85 3.95 4.10 4.30 4.30 4.30 4.41
Zr 195 193 200 213 214 194 171 155 160 235
Ti 8513 8553 11030 8333 8333 8513 12709 11090 8872 7913

Y 18 17 21 18 19 17 19 24 22 14
Th 13.40 13.50 0.00 13.60 13.40 13.40 5.33 9.42 7.37 9.56
U - - - - - - 1.18 2.86 2.01 2.70
La - - - - - - 49.20 26.20 37.10 61.70
Ce 97.60 102.50 - 102.50 97.70 99.40 103.50 75.80 75.00 121.00
Pr 11.45 12.54 10.24 11.04 9.65 10.25 12.85 6.07 9.00 14.00
Nd 37.20 48.40 41.20 39.80 48.40 48.20 49.10 23.00 43.00 52.00
Sm 6.68 8.52 7.24 6.53 7.74 5.42 8.47 4.73 6.41 8.36
Eu 1.75 2.48 2.21 1.85 1.78 1.95 2.51 1.24 2.00 2.18
Gd 6.72 6.68 6.95 6.74 6.51 7.48 6.56 4.30 5.50 7.02
Tb 0.75 0.84 0.74 0.72 0.71 0.71 0.87 0.72 0.75 0.70
Dy 3.67 4.18 3.52 3.34 3.45 3.52 4.28 4.39 4.35 3.61
Ho 0.58 0.72 0.58 0.68 0.62 0.64 0.75 0.85 0.80 0.59
Er 1.74 1.85 1.52 1.68 2.15 1.84 1.97 2.60 2.30 1.44
Tm - - - - - - 0.28 0.43 2.30 0.18
Yb - - 2.70 - - 0.00 1.50 2.62 2.01 1.12
Lu - - - - - - 0.21 0.40 0.30 0.16
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Table 4. Comparison of major element oxide changes of the Monavvar lamprophyric dykes with the mean of the
analyses presented by Rock (1991) for calc-alkaline lamprophyric dykes (spessartite).

Monavvar Rock (1991)
Min Max Min Max
SiO, 47.17 53.92 43 63
Al O3 10.77 15.8 10 19
CaO 6.9 11.1 2.7 10.5
MgO 4.05 8.7 2.1 14.4
Na,O 3.22 4.33 2.2 7.5
K,O 1.27 1.95 0.3 4.8
TiO, 1.32 2.12 0.4 3.1
P,0s5 0.24 1.23 0 0.6
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Figure 9. Monavvar spessartite composition on A) SiO: versus Na;O + KO (TAS) diagram (Le Bas et al., 1986); B)
Nb/Y versus Zr/TiO, diagram (Winchester and Floyd, 1977).
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Figure 10. Monavvar spessartite samples on A) Al,O3 versus CaO diagram (Foley et al., 1987); B) SiO; versus K,O
diagram (Rock, 1991); C) Na,O versus K->O diagram for determination of magmatic series (Rogers et al., 1998).
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Figure 11. Composition of spessartite dykes of Monavvar area in A) Primitive mantle normalized trace element
pattern (Sun and McDonough, 1989); B) Chondrite normalized rare earth element (REE) pattern (Sun and

McDonough, 1989).
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