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Simplified Geological Map of Kal-c-kafi Area
e . -
£ 5 &
it 3 &
3330 — = 3330
Q G A B 2=
E,, - z /
Q
% °a°°al’lunD N
5 Km +

Quaternary Sediment (Alluvial, Gravel
and Sand often with gypsum, Sandstone,
Conglomerate, Clayey sand)

Pliocene (Conglomerate, Sandstone)

i Lamprophyric dike and Stock(Oligocene

- Eocene intrusive rocks (Granite,
28 Granodiorite, Monzonite, Diorite, Monzodiorite, Monzogabbro)

Zagros Ranges

|| Fault —
Thrust >l Ban

{;gros-Maluan = |+ A@bas Jagmurian Cross cutting D.ikes in Eocene la\'fa - ‘ /_ ::f’lor ia":'
UrTﬁf:h_Dokhm %) Basm s Eocene volcaplcs and sybvolcamcs (Andcsn»te,‘Dacnc. Trachyte, /' inor fault
Magmatic Arc 100K OOKm\ Trachy andesite, Andesite - basalt, Tuffs, Diorite porphyrite)

Study Area — ‘ . (] Village

3317

H‘}’.‘ Cretaceous (Limestone, Sandstone, Marl)

Anarak metamorphics (Schists, Marble, Phyllite)

ool o ailaie oo oolu owlidiyee) aiis B ¢ (modified after Alavi, 1991) o5 S'sls 19,0 ;0 (SIS dilais Cosdge :A Y JSo
Wl Ju8 = NBF (ol Ju8 = MIF ()b 905l ads> = IB w0 ,0lS” 5 = KAF g0 Ju5 = DRF) logS Voo e v e aiis
(oilyg, w815 95 = ZTZ «SSb o Jou8 = SHBF (s 5 = RAF (jlays Jo5 = NEF

Fig 1. A: Location of Kal-e-kafi area within the Yazd block (modified after Alavi, 1991), and B: Simplified geological
map of the study area adapted from 1/100000 Kaboudan Geological map (DRF = Doruneh Fault, KAF = Kalmard Fault,
JB = Jazmurian Basin, MIF = Minab Fault, NBF = Nayband Fault, NEF = Nehbandan Fault, RAF = Rafsanjan Fault,
SHBF = Shahr-e-Babak Fault, ZTZ = Zagros Thrust Fault)
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Fig. 2. A: Intrusion of Lamprophyric Dike (Lamp. Dike) within the Kal-e-kafi Eocene volcanic rocks (Eoc. Vol.) (East

of Anarak, Isfahan province), and B: Lamprophyric Stock (Lamp. Stock) and Dike within Kal-e-kafi Eocene volcanic
rocks (East of Anarak, Isfahan province)



rva e 1 i3 pred pailaSle Coumle 9 5ok aslp ¢ S 0 slaal b

OYa8 JL) ¥ ojles A ul>

(il Sl o5 b1 5,2) SIS ailaie gl yubsrad 15 S5m0 o SIS o lles Jgo,d drsloe s (W%) cands 5JUT ol ) Joum

G 9230 9 ST s e sminl lp 5emSTA 5 7YY Lol o )

Table 1. Chemical analyses (Wt%) and calculate structural formula of minerals in Kal-e-kafi lamprophyres (East of
Anarak, Isfahan province) (respectively base on 23, 6 and 8 oxygen for amphibole, pyroxene and plagioclase)

Sample  B842 B844 B844 B842 B844 B844 B844
Point 134 143 147 156 165 144 149 150 154
Mineral  Amp Amp Amp Cpx Cpx Cpx Pl Pl P1
Position Core Rim - Core Rim - - - Rim
SiO, 4235 42.77 4222 51.19 51.81 51.70 54.94 55.52 51.53
TiO, 2.51 2.68 2.64 0.71 0.58 0.63 0.02 0.00 0.01
ALO; 12.34 11.63 12.80 4.25 3.35 3.84 28.41 28.18 30.76
FeO* 12.90 12.37 12.37 7.81 7.93 7.61 0.48 0.49 0.52
MnO 0.30 0.28 0.18 0.22 0.35 0.22 0.00 0.03 0.02
MgO 12.73 13.29 12.76 14.12 13.88 14.30 0.03 0.03 0.05
CaO 11.43 11.38 11.42 21.45 21.81 21.75 10.82 10.56 13.59
NiO 0.01 0.01 0.02 0.00 0.00 0.00 0.00 0.01 0.00
Na,O 2.23 231 2.20 0.40 0.38 0.37 4.84 4.60 3.27
K,O 1.32 1.16 1.21 0.03 0.03 0.00 0.37 0.43 0.22
Total 98.09 97.89 97.80 100.19  100.12  100.08 99.93 99.85 99.97
Si 6.20 6.25 6.18 1.89 1.92 1.91 248 2.50 2.34
Ti 0.276 0.295 0.290 0.020 0.016 0.018 0.001 0.00 0.000
Al 1.80 1.74 1.82 0.09 0.06 0.07 1.51 1.50 1.65
Al 0.33 0.26 0.38 0.09 0.08 0.08 (total) (total) (total)
Fe* 0.45 0.46 0.42 0.03 0.01 0.02 0.00 0.00 0.00
Fe™ 1.13 1.06 1.10 0.22 0.23 0.22 0.02 0.02 0.02
Mn 0.04 0.03 0.02 0.01 0.01 0.01 0.00 0.00 0.00
Mg 2.78 2.90 278 0.78 0.77 0.79 0.00 0.00 0.00
Ca 1.79 1.78 1.80 0.85 0.87 0.86 0.52 0.51 0.66
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.63 0.66 0.63 0.03 0.03 0.03 0.42 0.40 0.29
K 0.25 0.22 0.23 0.00 0.00 0.00 0.02 0.03 0.01
Total 15.67 15.65 15.64 4.00 4.00 4.00 4.98 4.96 4.98
Mgt 0.71 0.73 0.72 0.78 0.77 0.78 - - -
An - - - - - - 54.10 54.40 68.70
Ab - - - - - - 43.80 42.90 30.00
Or - - - - - - 2.20 2.70 1.30
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Fig. 3. Photomicrographs of Kal-e-kafi Lamprophyres (East of Anarak, Isfahan province) under cross-polarized light
(XPL) A: Showing major phenocrysts component of rock, Corrosion Gulf and glomeroporphyritic raft of amphibole,
and B: Inclusion of pyroxene, apatite and opaque minerals in magnetite type are observed within amphibole (GPT =

Glomeroporphyritic Texture, COG = Corrosion Gulf)
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Fig. 4. Chemical graphs of amphibole, clinopyroxene and feldspar of Kal-e-kafi lamprophyres (East of Anarak, Isfahan
province). A and B: Amphiboles (Leake et al., 1997), C: Pyroxenes (Morimoto et al., 1988) and, and D: Feldspars (Deer

et al., 1996)
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Fig. 5. Chemical composition diagrams of amphibole and clinopyroxene from Kal-e-kafi lamprophyre (East of Anarak,
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1991)
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lamprophyres (East of Anarak, Isfahan province), (C: After Ridolfi et al. (2010), D: After Mayer (2013))
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Table 2. LA-ICP-MS and EPMA analyses of clinopyroxene, plagioclase and amphibole from Kal-e-kafi lamprophyre

(East of Anarak, Isfahan province)

Sample B844

Point 152 161 153 151
Mineral CPX CPX Plg Amp
Si0, 52.76  50.08 48.51 42.21
Ti0, 0.43 0.83 0.02 2.59
Al 05 2.48 5.37 32.90 12.69
FeO* 7.10 8.55 0.47 12.16
MnO 0.22 0.25 0.00 0.18
MgO 14.54 13.16 0.04 12.97
CaO 2193 2131 15.93 11.53
NiO 0.00 0.01 0.00 0.00
Na,O 0.29 0.46 2.13 2.31
K,0 0.01 0.03 0.11 1.32
Total 99.76  100.04  100.12 97.97
Li 22.151 23.836  8.048 2.138
Rb 0.010  0.007 1.780 4.873
Sr 95.455 115.360 2357.600 521.350
Y 15.223 26.017 0.227 30.700
Zr 28.605 52.621  0.044 53.446
Nb 0.045 0.088 0.005 8.307
Ba 0.042  0.030 112.510  182.940
La 3.560  6.694 3.848 8.410
Ce 15.145 30.736  6.160 34.108
Pr 2.687 5.164 0.531 5.873
Nd 14.633 27.344  1.766 31.573
Sm 4276  7.734 0.194 8.771
Eu 1.197 2.116 0.490 2.516
Gd 3916 6.769 0.137 8.067
Tb 0.559  0.928 0.011 1.091
Dy 3454  5.573 0.048 6.692
Ho 0.639 1.046 0.008 1.246
Er 1.652  2.717 0.020 3.184
Tm 0.221  0.368 0.003 0.418
Yb 1.474 2310 0.016 2.686
Lu 0.216  0.309 0.002 0.352
Hf 1.267  2.360 0.006 2.235
Ta 0.008 0.019 0.002 0.383
Pb 0.238  0.467 3.680 3.561
Th 0.053  0.127 0.013 0.108
U 0.012  0.024 0.012 0.053
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K5 pg=0.109+0.186. Mg#cpe and Mg#me=(K ™ pemg - Me#cp)/ [ 1-Mg#cm (K ke rg - Mg#mer)] (Wood and Blundy,

1997).

Table 3. Calculated Kd of REEs and Y of Kal-e-kafi lamprophyres (East of Anarak, Isfahan province) clinopyroxene

and coexisting basaltic melt (M = Basaltic melt), in this table: KCpxFe_Mg=0.109+O.l86. Mg# ¢ and Mg#meﬁ(KC""Fe_Mg .

Mg#cpy)/ [I—Mg#cpx+(KCp"Fe_Mg . Mg#ue)] (Wood and Blundy, 1997).

Method Cpx composition Ky (Wood & Kg (Sun and Liang,  Basaltic melt (Wood & Basaltic melt (Sun and
Blundy, 1997) 2012) Blundy, 1997) Liang, 2012)
Sample B844- B844- B844- B844- B844- B844- B844- B844-161 B844-152 B844-161
152 161 152 161 152 161 152
H,0n 10 10
(Wt%)
Mg#y. 0482  0.444
La 3.560 6.693 0.113 0.109  0.046  0.063 31.509 61.670 76.603 105.655
Ce 15.145 30.736  0.171 0.166  0.077  0.106  88.525 184.956 196.121 290.390
Pr 2.687 5.164 0.243 0.239  0.118  0.163 11.046 21.614 22.813 31.757
Nd 14.633 27.344  0.325 0.323 0.165 0230 44977 84.651 88.524 118.765
Sm 4.276 7.734 0.471 0.476 0247  0.351 9.087 16.246 17.305 22.037
Eu 1.197 2.116 0.522  0.533 0.273 0.391 2.291 3.971 4.387 5.406
Gd 3.916 6.769 0.562 0577 0.288 0418  6.971 11.724 13.581 16.189
Th 0.559 0.928 0.585 0.606 0292 0428 0.955 1.531 1.914 2.167
Dy 3.454 5.573 0.591 0.617  0.283 0.421 5.843 9.031 12.183 13.234
Y 15.223  26.017 0.586  0.615 0.273 0.408 25977 42.331 55.793 63.682
Ho 0.639 1.046 0.581 0.611 0.266  0.400 1.010 1.712 2.401 2.614
Er 1.652 2.717 0.559 0592 0244 0371 2.953 4.590 6.777 7.326
Tm 0.220 0.368 0.531 0.565 0220 0338 0414 0.651 1.001 1.089
Yb 1.474 2.310 0.500 0534 0.196 0305 2951 4.324 7.511 7.572
Lu 0.215 0.309 0.468  0.503 0.175 0274  0.459 0.614 1.230 1.126
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Introduction

Lamprophyres are mesocratic to melanocratic
igneous rocks, usually hypabyssal, with a
panidiomorphic texture and abundant mafic
phenocrysts of dark mica or amphibole (or both)
with or without pyroxene, with or without olivine,
set in a matrix of the same minerals, and with
alkali-feldspar restricted to the groundmass
(Woolley et al., 1996). Lamprophyres are
frequently associated with orogenic settings and a
mantle modified by dehydration of subducted slab
(Gibson et al., 1995).

Small outcrops of lamprophyres with Paleozoic to
Oligocene age are reported from the central parts
of Iran (Torabi 2009 and 2010). The primary
magmas of these lamprophyres were derived from
decompression melting of the mantle induced by a
tensional regime of continental crust (Torabi,
2010). Bayat and Torabi (2011) called the western
part of the CEIM (Central-East Iranian
Microcontinent) (Anarak to Bayazeh) a
“Paleozoic lamprophyric province” and suggested
that the lamprophyre magmas were formed by
subduction of Paleo-Tethys oceanic crust from the
Early to late Paleozoic which resulted in the
mantle metasomatism and enrichment.
Lamprophyric dykes and stocks of the Kal-e-kafi
area (Central Iran, Northern part of Yazd Block)
cross-cut the Eocene volcanic rocks and other
older rock units such as Cretaceous limestone.
These lamprophyres are mainly composed of

hornblende (magnesio-hastingsite), clinopyroxene
(diopside) and plagioclase (labradorite to
bytownite) as phenocryst, in a matrix of fine to
medium grained of the same minerals and
orthoclase, apatite, magnetite, chlorite and
epidote.

In this paper that is a report on the first study on
the calc-alkaline lamprophyres of Central Iran, the
petrography and mineral chemistry of calc-
alkaline lamprophyric dykes of the Kal-e-kafi area
are discussed.

Materials and methods

Chemical composition of minerals were
conducted at Kanazawa University (Kanazawa,
Japan) using the wavelength-dispersive electron
probe microanalyzer (EPMA) (JEOL JXA-
8800R), with 20kV accelerating potential, 20 nA
beam current and a counting time of 40 seconds.
Natural minerals and synthetic materials were
used as standards. The ZAF program was used for
data correction. The Fe** content of minerals was
estimated by stoichiometry. The Mg# and Fe#
were calculated as [Mg/(Mg+Fe")], and
[Fe?*/(Fe**+Mg)] atomic ratio of minerals,
respectively.

Trace  element values of  phenocrystic
clinopyroxene, amphibole and plagioclase were
analyzed by LA-ICP-MS (laser ablation-
inductively coupled plasma-mass spectrometry)
using an ArF 193 nm Excimer Laser coupled to an

*Corresponding authors Email: torabighodrat@sci.ui.ac.ir

DOI: 10.22067/econg.v9i2.47493



Journal of Economic Geology

Nazari and Torabi 38

Agilent 7500S at the Earth Science Department of
the Kanazawa University (Japan). The diameter of
the analyzed points was 60 micrometers for
clinopyroxene and 120 micrometers for
amphibole and plagioclase.

Mineral abbreviations are adopted from Whitney and
Evans (2010).

Results and Discussion

Lamprophyres of the Kal-e-kafi area (Central
Iran, West of Yazd Block) are exposed as dykes
and stocks which cross-cut the Eocene volcanic
rocks and other older rock units such as
Cretaceous limestone. Field studies indicate that
calc-alkaline lamprophyric dykes of the Kal-e-kafi
(east of Anarak) are younger than the other
igneous rocks.

According to the results of petrography and
mineral chemistry, the mesocratic lamprophyres
of Kal-e-kafi area are calc-alkaline spessartite.
Unique values of Al,O; and TiO, associated with
oscillatory zoning of clinopyroxenes reveal the
crystallization of clinopyroxenes during ascending
of magma.

Plagioclase phenocrysts are labradorite to
bytownite in composition and the plagioclases of
matrix are labradorite. Chemical composition
diversity of plagioclase indicates the fractional
crystallization of these lamprophyres.

Amphibole  thermometry  estimate  average
temperature of 860°C and barometry by Anderson
and Smith (1995) shows 1.5 to 3 kbars pressure.
Clinopyroxene thermobarometry calculate 1150
°C temperature and pressure between 2 to 5 kbars.
The geochemical features and thermobarometry of
the Kal-e-kafi spessartite minerals suggest that the
primary lamprophyric magma was derived from
partial melting of a lithospheric mantle spinel
Iherzolite. Changes in values of pressure, water
content, and Oxygen fugacity during magma
ascending lead to oscillatory zoning minerals.

Based on the mineral chemistry, it can be
concluded that the Kal-e-kafi lamprophyres were
formed in a subduction-related environment by a
calc-alkaline magmatism.
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