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3540 I:I Pliocene to Quaternary alluvium

Agglomerate, andesitic/ basaltic rocks, pyroclastics

Tuff with minor lava (Mid. Tuff Member)

First class road

Second class road
Postulated fault

Limestone (Lar Formation)

Karaj Formation

Limestone, conglomerate, gypsum (Ziarat Formation)

Conglomerate and sandstone (Fajan Formation)

Cretaceous conglomerate and sandstone

Daneshmand, 1997)

Fig. 1. Simplified geological map of the Boumehen-Roudehen are (redrawn from the geological map of the east of

Tehran, 1/100000) (Vahdati Daneshmand 1997)
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Fig. 2. Field picture of an outcrop of basalts from Boumehen-Roudehen area in which their vesicles and fractures filled
by secondary white zeolite forming amygdaloidal texture.
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Fig. 3. Microscopic pictures of less altered basalts in XPL from Boumehen-Roudehen area showing A: plagioclase and
clinopyroxene phenocrysts in a glassy matrix, and B: Brown colored crystals of iddingsitized olivine, clinopyroxene and
plagioclase in a glassy matrix display hyalo-microlitic porphyry texture.

cpx: clinopyroxene pl: plagioclase (Whitney and Evans, 2010)
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Table 1. Chemical analyses of major oxides (in terms of wt%) through XRF techniques along with calculated CIPW
normative minerals for the basalt samples from Boumehen-Roudehen area. Ferric contents are calculated using Irvine
and Baragar (1971) equation (Fe,O;=TiO,+1.5).

Sample BR-14 BR-33 BR-35 BR-41
Si0, 47.36 47.08 47.2 47.47
TiO, 1.14 1.10 1.11 1.24
Al O; 18.19 16.7 15.89 16.01
Fe,0; 2.64 2.60 2.61 2.74
FeO 6.61 7.25 6.90 6.68
MnO 0.16 0.19 0.18 0.17
MgO 4.55 7.00 7.24 7.13
CaO 11.4 10.56 10.3 10.43
Na,O 2.68 2.52 2.78 2.64
K,0 1.76 1.70 1.97 1.69
P,05 0.28 0.27 0.31 0.33
LOI 2.44 2.18 2.65 2.63
Total 99.21 99.15 99.14 99.16

CIPW normative minerals (wt%)
Plagioclase 56.25 51.68 49.36 52.09
Orthoclase 10.99 10.64 11.23 10.58

Nepheline 1.02 0.94 1.51 0

Diopside 19.03 19.5 19.97 19.27

Hypersthene 0 0 0 0.36

Olivine 6.17 11.15 11.27 10.77

[lmenite 228 22 224 2.49

Magnetite 3.57 3.81 3.68 3.64

Apatite 0.7 0.07 0.76 0.81
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Table 2. Chemical analyses of trace elements (in terms of ppm) by ICP-OES technique for the basalt samples from

Boumehen-Roudehen area

Sample BR-14 BR-33 BR-35 BR-41
Zr 65 66 71 82
Nb 5.3 4.9 52 6.3
Sn 1.3 1.3 1.3 1.4
Cs 0.5 0.5 0.8 0.5
Ba 444 350 377 380
Hf 1.4 1.48 1.5 1.82
W 20.5 20.5 20.5 20.5
Th 2.6 2.33 2.54 25
U 0.9 0.7 0.7 0.7
La 12 13 14 15
Ce 25 26 27 31
Pr 3.85 4.05 4.12 4.61
Sm 34 3.31 3.33 3.7
Eu 1.23 1.16 1.22 1.32
Gd 291 2.83 2.77 3.27
Tb 0.4 0.4 0.38 0.42
Dy 3.04 2.98 2.79 3.14
Er 2.93 2.88 2.82 3.18
Tm 0.26 0.26 0.24 0.26
Yb 1.5 1.5 1.4 1.6
Lu 0.25 0.24 0.24 0.26
(La/Yb)N 5.74 35.86 41.84 41.38
(La/Sm)N 2.28 2.54 2.71 2.62
(Sm/YDb)N 2.52 14.15 15.42 15.81
Eu/Eu* 1.20 1.16 1.23 1.16
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1. Volcanic arc basalts
2. Within plate tholiite
3. Ocean floor basalts
4. Within plate alkali basalts
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Table 3. Chemical composition of plagioclase phenocrysts from Boumehen-Roudehen basic volcanic rocks and their
structural formulas based on 8 oxygen atoms

asgli;stis 4-3-1 4-4-1 4-3-2 4-42  6-2-1a  62-1b  6-2-1d  6-2-le
Si0, 46.14 4913 4584 4829 4882 5269 4801 4881
TiO, 0.06 0.04 0.00 0.09 0.02 0.01 0.03 0.03
ALO; 3364 3165 3401 3243 3245 2891 3226  31.96
FeO* 0.60 0.61 0.53 0.56 0.60 027 0.50 0.61
MnO 0.02 0.03 0.02 0.00 0.02 0.05 0.03 0.06
MgO 0.07 0.07 0.07 0.09 0.08 0.05 0.10 0.08
Ca0 1788 1566 1819 1591 15.81 1349 1689 1658
BaO 0.05 0.00 0.02 0.03 0.00 0.11 0.04 0.00
Na,O 1.44 2.75 1.26 2.44 2.48 3.62 2.05 222
K,0 0.08 0.19 0.07 0.18 0.19 0.53 0.14 0.18
Total 9998  100.12 10001  100.02 10047 9973  100.04  100.52
Si 2.13 2.4 2.11 221 223 2.41 2.20 223
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.83 1.70 1.85 1.75 1.74 1.56 1.75 1.72
Fe* 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.01
Ca 0.88 0.77 0.90 0.78 0.77 0.66 0.83 0.81
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.13 0.24 0.11 0.22 0.22 0.32 0.18 0.20
K 0.00 0.01 0.00 0.01 0.01 0.03 0.01 0.01
An% 86.87 7510 8847 7747 7705 6525 8136  79.70
Ab% 1265 238  1L12 2151 2186 3167 1786 1927
Or% 0.47 1.07 0.41 1.01 1.09 3.08 0.77 1.03
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Table 3 (Continued). Chemical composition of plagioclase phenocrysts from Boumehen-Roudehen basic volcanic
rocks and their structural formulas based on 8 oxygen atoms

Point

analysis 6-4-1 6-4-1 6-6-1 6-8-1a 6-8-1b 11-4-1 13-5-1 13-5-2
Si0, 45.82 47.56 46.98 46.53 46.68 51.12 53.04 51.87
TiO, 0.05 0.04 0.06 0.04 0.00 0.08 0.07 0.05
AL Os 33.83 32.95 33.17 34.01 33.48 29.89 29.12 29.42
FeO* 0.56 0.55 0.57 0.52 0.54 1.15 0.86 0.81
MnO 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01
MgO 0.08 0.07 0.07 0.07 0.05 0.13 0.16 0.16
CaO 18.08 17.12 17.63 17.47 17.51 14.00 12.29 13.42
BaO 0.04 0.00 0.00 0.03 0.05 0.00 0.03 0.07
Na,O 1.29 1.75 1.68 1.61 1.72 3.26 4.11 3.69
K,0 0.08 0.15 0.10 0.11 0.12 0.50 0.75 0.53
Total 99.84 100.18 100.26 100.37 100.16 100.11 100.43 100.03

Si 2.12 2.18 2.16 2.13 2.14 233 2.40 2.36
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.84 1.78 1.79 1.84 1.81 1.61 1.55 1.58
Fe’* 0.02 0.02 0.02 0.02 0.02 0.04 0.03 0.03
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01
Ca 0.89 0.84 0.87 0.86 0.86 0.68 0.60 0.65
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.12 0.16 0.15 0.14 0.15 0.29 0.36 0.33
K 0.00 0.01 0.01 0.01 0.01 0.03 0.04 0.03
An% 88.15 83.67 84.78 85.15 84.36 68.35 59.56 64.72
Ab% 11.38 15.45 14.64 14.23 14.95 28.77 36.09 32.23
Or% 0.47 0.87 0.58 0.62 0.69 2.88 4.35 3.06
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Fig. 4. Ternary classification of feldspars displays the composition of plagioclase phenocrysts from Boumehen-

Roudehen basic volcanic rocks (Deer et al., 1992).
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Table 4. Chemical composition of pyroxene phenocrysts from Boumehen-Roudehen basic volcanic rocks and their
structural formulas based on 6 oxygen atoms

oxides 11-2- 11-4- 11-4- 11-4- 11-4- 11-4- 11-4-
rim lcore 2core 1mid 2mid lrim 2rim
SiO, 51.40 49.94 49.16 49.98 50.28 51.78 51.81
TiO, 0.76 0.86 0.96 0.63 0.82 0.90 0.86
AlLO; 2.43 5.55 5.93 5.34 5.77 2.90 2.75
FeO* 8.40 6.09 6.36 5.71 5.95 8.57 8.97
MnO 0.31 0.14 0.17 0.16 0.11 0.19 0.30
MgO 14.69 14.67 14.32 14.82 14.27 14.61 14.29
CaO 21.44 23.00 22.93 23.39 23.26 21.59 21.51
Na20 0.29 0.27 0.34 0.25 0.31 0.27 0.30
Total 99.71 100.52 100.18 100.29 100.77 100.82 100.79
Z site
Si 1.91 1.83 1.81 1.83 1.84 1.91 1.91
Al 0.09 0.17 0.19 0.17 0.16 0.09 0.09
M1 site
Ti 0.02 0.02 0.03 0.02 0.02 0.03 0.02
Fe*' 0.05 0.08 0.10 0.09 0.06 0.03 0.03
Al 0.02 0.07 0.06 0.06 0.08 0.03 0.03
Fe?! 0.19 0.10 0.08 0.08 0.11 0.21 0.22
Mg 0.72 0.73 0.72 0.75 0.72 0.71 0.70
M2 site
Fe** 0.02 0.01 0.01 0.01 0.01 0.03 0.03
Mg 0.09 0.07 0.06 0.05 0.06 0.10 0.09
Mn 0.01 0.00 0.01 0.01 0.00 0.01 0.01
Ca 0.85 0.90 0.90 0.92 0.91 0.85 0.85
Na 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Mg/Mg+Fe 0.76 0.81 0.80 0.82 0.81 0.75 0.74
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Table 4 (Continued). Chemical composition of pyroxene phenocrysts from Boumehen-Roudehen basic volcanic rocks
and their structural formulas based on 6 oxygen atoms

oxides 13-_5- 13-5- 6-1-1a 6-1-1b 6-1-1c 6-1?1d 6-_2-1
1mid 2core core core core mid rim
Si0, 50.34 49.34 48.24 48.17 48.22 48.29 50.75
TiO, 0.88 0.93 1.39 1.38 1.40 1.20 0.86
AL O, 3.30 5.69 5.58 5.51 5.65 4.92 2.74
FeO* 8.99 7.84 8.87 9.02 9.03 8.48 9.12
MnO 0.22 0.13 0.29 0.24 0.21 0.30 0.47
MgO 14.61 14.40 13.54 13.75 13.62 13.83 14.66
CaO 21.69 21.44 21.78 21.72 21.57 22.09 20.68
Na20 0.31 0.36 0.43 0.47 0.41 0.40 0.35
Total 100.34 100.13 100.12 100.25 100.11 99.50 99.62
Z site
Si 1.86 1.82 1.79 1.78 1.79 1.80 1.89
Al 0.14 0.18 0.21 0.22 0.21 0.20 0.11
M1 site
Ti 0.02 0.03 0.04 0.04 0.04 0.03 0.02
Fe’* 0.11 0.09 0.13 0.15 0.13 0.15 0.07
Al 0.00 0.07 0.03 0.02 0.03 0.01 0.01
Fe*' 0.15 0.13 0.13 0.11 0.13 0.11 0.18
Mg 0.71 0.69 0.67 0.67 0.66 0.70 0.71
M2 site
Fe** 0.02 0.02 0.02 0.01 0.02 0.01 0.03
Mg 0.09 0.10 0.08 0.08 0.09 0.07 0.11
Mn 0.01 0.00 0.01 0.01 0.01 0.01 0.01
Ca 0.86 0.85 0.87 0.86 0.86 0.88 0.83
Na 0.02 0.03 0.03 0.03 0.03 0.03 0.03
Mg/Mg+Fe 0.74 0.77 0.73 0.73 0.73 0.74 0.74
Jodr) Lobs OLaeS 5 53 (555 4y /0 51 aS) silay 5 gusl 5 3 O (g 2 3550 Sl €50 CIPW ) 55 4o

1y ST slacdisb (Moinvaziri, 2010) s 55 e () ol g g sl gl b i 51 s 5300 Gla SIGL 00
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Fig. 5. Ternary classification of pyroxenes (Morimoto et al., 1988) displays the composition of pyroxene phenocrysts

from Boumehen-Roudehen basic volcanic rocks.
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Fig. 6. Chemical composition of pyroxene phenocrysts from Boumehen-Roudehen basic volcanic rocks in A: magmatic
series diagram of Le Bas (1962), and B: tectonic discrimination diagram of Nisbet and Pearce (1977).
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Fig. 9. A: The plot of Boumehen-Roudehen basic volcanic rocks on the volcanic rock classification based on the total
alkali elements versus silica (Cox et al., 1979), curve discriminating alkaline series from sub-alkaline after Myashiro
(1978), and B: The plot of same samples on the shoshonite series of K,0-Si0, diagram of Peccerillo and Taylor (1976).
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Fig. 11. The plot of Boumehen-Roudehen basaltic rocks on the Cr-Y diagram (Pearce, 1982). This diagram separates
MORB from volcanic arc basalt (VAB). Within plate basalts (WPB) overlap MORB and VAB realms.
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Introduction

The Upper Eocene basic volcanic rocks that have
cropped out in Karaj formation in the Boumehen
and Roudehen area in the east of Tehran are
characterized by fibrous zeolites filling their
vesicles, cavities and fractures creating amygdale
texture. The study area is located structurally in
the Central Alborz orogenic belt. The presence of
large volumes of shoshonitic magma during the
Middle to Late Eocene in southern—central Alborz
implies that partial melting to produce
shoshsonitic melts was not a local petrological
event. Thus, their ages, formation processes, and
interpretations are of  regional tectonic
significance. In this study, we present a detailed
petrography, mineral chemistry, and whole-rock
geochemistry of high-K (shoshonitic) basic rocks
to understand the petrogenesis and source region
and to deduce the nature of the tectonomagmatic
regime of the Alborz.

Materials and methods

In this study, we present new major and trace
element data for a selection of 4 of the least
altered samples by a combination of X-ray
fluorescence (XRF) and ICP-OES techniques at
the Zarazma Mineral Studies Company.

Mineral analyses were obtained by wavelength
dispersive X-ray spectrometry on polished thin
sections prepared from each rock sample
described above for 12 elements using a Cameca
SX-50 electron microprobe at the Istituto di
Geologia e Geoingegneria Ambientale, C.N.R.,
University La Sapienza of Rome, Italy. Typical
beam operating conditions were 15 kV and probe

current of 15 nA. The accuracy of the analyses is
1% for major and 10% for minor elements. A total
of 24 point analyses were collected.

Results and Discussion

The extent of alteration in the study rocks varies
from slight to severe and shows porphyritic to
glomeroporphyritic  textures.  Pyroxenes are
generally subhedral to euhedral and occur as
discrete crystals as well as aggregates. Olivine
may occur only as relics filled with iddingsite,
chlorite and calcite. Plagioclase is subhedral to
euhedral and occurs both as pheocrysts and
microliths in the glassy groundmass. The
plagioclase crystals are variably sassuratised and
sometimes replaced by zeolites.

Microprobe data indicate a restricted range of
chemical composition for pyroxene falling in
diopside and augite fields of ternary pyroxene
classification diagram (Morimoto, 1988). The
plagioclase composistions have been plotted in the
fields of labradorite and bytownite in the
orthoclase-albite—anorthite ternary diagram (Deer
et al., 1992). On the F1-F2 tectonic discrimination
diagram of Nisbet and Pearce (1977), pyroxene
compositions plot mainly in volcanic arc basalt
field consistent with their whole rock
geochemistry.  Thermobarometry  based on
pyroxene composition (Soesoo, 1997) displays a
range of temperatures from 1150 to 1250 °C and
pressure from 3 to 8 kbar for its crystallization.
Whole rock compositions show that the variations
of SiO, contents are narrow (47.08 — 47.47 wt%)
and TiO, (1.1 - 1.24 wt%). Relatively higher
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contents of K,O show a shoshonitic affinity in the
K,0-SiO, diagram (Peccerillo and Taylor 1976).
Trace element and rare earth element (REE)
distribution patterns for the basaltic samples
normalized to the primitive mantle (McDonough
et al., 1992) and chondrite values (Sun and
McDonough, 1989) show similar patterns. The
samples are all enriched in large-ion lithophile
elements (LILEs), such as Rb, Ba, and K, and
light rare earth elements (LREEs) ((La/Sm)y=
2.3-3.2) relative to the more immobile elements
(e.g., Hf, Ti and Y). The plot of analyzed samples
in a series of different tectonic discrimination
diagrams shows that the Boumehen-Roudehen
alkaline basalts are consistent with characteristics
of subduction related (active continental margins)
tectonic environments. In addition, enrichment in
LILE and depletion in HFSE on spidergram create
patterns which are very similar with the pattern of
Andean counterparts indicating an arc setting.
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