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Abstract

Damavand is a fascinating dormant stratovolcano, 60 km to the ENE of Tehran
located in the Alborz Mountains. Damavand volcanic products consist of lava flows and
pyroclastic fall, flow and surge deposits from different eruption cycles. The volcanic
rocks ranges from trachyandesite to trachyadacite and minor basalt. The mineral
assemblage consists of potash feldspar (Orssr7), Plagioclase (Anzs to Ansg), amphibole,
clinopyroxene (augite and salite), orthopyroxene (hypersthene and ferro-hypersthene),
biotite (phologophite) and Fe-Ti oxides. Some of the lavas and pyroclastic deposits show
calc-alkaline affinities. Lavas from different cycled are classified as shoshonitic types
and most pyroclastic deposits are classified as High-K. In comparison to n-type MORB,
three recent pyroclastic deposits in Damavand show an enrichment in LREE, LILE, Th,
and P and are slightly depleted in MREE and HREE. Incompatible LILE (Rb, Ba and Sr)
together with Th and U have not shown broad enrichment as a function of increasing
SiO, content. Variations in the Major and trace element compositions of Damavand rocks
and pyroclastic deposits are difficult to explain by fractional crystallization mechanism.
Scatter of several trace elements in plots against SiO, and incompatible trace elements,
also suggests that the petrogenesis is more complex than a simple fractionation process
from a single composition parent. High K, Ba and Rb content in volcanic products could
be due to enrichment of these elements in the source. Field observation such as limitation
of magmatism in region suggest that decompression melting could be generate the
Damavand Lavas and pyroclastic deposits.
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Middle East and west Asia. Damavand located in the
Alborz Mountains of northern Iran in the Mazandaran

Damavand is a dormant volcano, 60 km to the ENE Province. Damavand is the largest strata-volcano of the
of Tehran, and is the highest mountain (5670 m) in the calcalkaline and is an outstanding location to
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investigate volcanic and magmatic processes. There are
no known historic eruptions of Damavand and the latest
eruption occurred 7000 years ago. Damavand volcanic
products consist of many lava flows and pyroclastic
fall, flow and surge deposits which cover an area up to
400 km? around the volcano. Although the stratigraphy,
geochronology, volcanology and petrology of the
Damavand volcano has been studied by researches, but
need to study more extensive. Damavand history
include several eruptions of intermediate lavas and
widespread pyroclastic deposits which can be
interpreted as a powerful explosive volcano.

The purpose of this article is to report the petrology,
mineral chemistry, and geochemistry of lavas and
pyroclastic deposits to provide information on the
genesis of magmas. Damavand volcanic rocks and
pyroclastic deposits have investigated. Petrology,
geochemistry and mineral chemistry of 40 volcanic
rocks have been studied and geochemistry of more than
90 pumice samples from three recent explosive
eruptions also examined. These eruptions from older to
younger were named Rayneh Pyroclastic Deposits,

Karam-Poshteh  Pyroclastic Deposits and Mallar
Pyroclastic Deposits [Fig.1la,b,c and d] [11].
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Figure 1. (a) Outline of Damavand Volcano, major V|Ilages and geographlc features [12]. Numbers 1 2 and 3 in the map show a
section of Rayneh, Karam-Poshteh and Mallar pyroclasytic deposits recpectively.(b,c,and d), locations of pyroclastic samples studied
in this paper.
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Geochemical similarities between the lavas and
pyroclastic deposits were also documented.
Geological background

Volcanism on Damavand goes back to at least 1 ma
with on older sequence (Old Damavand) and younger
sequence (Young Damavand). The youngest known
eruption is a lava flow on the western flanks with an
age of 7.3 ka[4]. Damavand lavas ranges from basalt
(as early stage of volcanism) to dacite but being
predominantly trachyandesite. The phenocrysts are set
in a fine grained intergranular to intersertal groundmass
and they typically show porphyritic to glomero-
porphyritic texture.

Trace element geochemistry has affinities with
intraplate volcanism rather than subduction-related
volcanism. The tectonic setting of Damavand is
puzzling. It is located in a young and very active zone
of compression and strike-slip faulting. Deep thrust
faults border the mountain range with large strike-slip
faults towards the centre and south [8, 16].Volcanoes
located in regions of compressional thrust faulting are
uncommon, although there are some rare examples e.g.
[6].

Allenbach (1963; 1970) [1, 2] was the first
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systematic study of the geology. Knowledge about the
stratigraphy, age and geochemistry was significantly
enhanced by the study ofDavidson et al. (2004) [4],
Mortazavi et al. (2009) [12] and Mortazavi (2013))
[13]. There is, however, no detailed or reliable
geological map. The youngest known eruption is a lava
flow on the western flanks with an age of 7.3 ka.
Davidson et al. (2004) [4] also confirmed that the
largely volcanic products are remarkably uniform in
composition and petrology, being predominantly
porphyritic trachyandesite. Darvishzadeh and Mordi
(1997) [3] described young pyroclastic deposits that
they concluded were formed by sub-Plinian explosive
eruptions. Mortazavi et al. (2009) [12] describe the
distribution and characteristics of three pyroclastic
units and interpret the, in terms of eruption style, likely
magnitude, and hazardous effects. Mortazavi et al.
(2009) [12] then discuss the current state of the volcano
and the likelihood of the next eruption being explosive.
He discuss possible scenarios and impacts of future
eruptions locally and regionally and present the hazards
that would result from tephra fall in the cities and
provinces neighboring Damavand. Mortazavi et al.
(2009) [11] show that Damavand volcano has had high
intensity explosive eruptions, producing widespread
pyroclastic fall and flow deposits. Mohammadi (2016)
investigate the geochemistry and petrogenesis of the
youngest lavas of Damavand and suggest that volcanic
rocks originated from adakitic magma [11].
Mineralogy and geochemistry of lavas and pyroclastic
deposits can provide valuable information about
evolution of magma through time and composition of
parent magmas. To achieve this goal, field relationships

deposits will be described.

Petrography

The petrography, crystal chemistry, petrology and
geochemistry of volcanic and pyroclastic rocks in
Damavand volcano are described. We adopt a
classification, modified from Gill (1981) [7], and based
on dry analysis: basalt (<53% SiO,); andesite (53-63%
Si0,); dacite (63-68% SiO,); rhyodacite (68-72% SiO,)
and rhyolite (> 72% SiO,). Description of crystal grain
sizes are in terms of: phenocrysts, microphenocrysts
and  microlites. In  the following account
microphenocrysts and microlites are considered as
components of the groundmass in those rocks with
porphyritic texture. The volume percent of crystal
phases was determined in thin sections under optical
microscope using X4 magnification. Mineral analyses
were performed on a JEOL JXA 8600 four spectrometer
electron probe with operating conditions of 15 KV,
beam current of 15 Na and minimum beam diameter of
1 nm. Mineral analyses are provided in the electronic
supplementary material.

The volcanic rocks ranges from trachyandesite to
trachydacite (SiO, 53-65%) [Fig. 2]. Although basalt
(SiO, 45%) are available as minor. The mineral

assemblage consists of potash feldspar (kf), plagioclase
(ph), amphibole (amp), clinopyroxene  (cpx),
orthopyroxene (opx), biotite (biot) and Fe-Ti oxide
(opq). There are also minor interstitial glass and
vesicles. In the following description we distinguish
between large crystals, small crystals and crystallites
using an arbitrary division of maximum crystal length
(> 300 pum, 300-100 pm and < 100 pm).

and eological  features, texture, etrology, .
geolog . P 9y Potash feldspar is commonly the most abundant of
geochemistry, and petrogenesis of lava and pyroclastic
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Figure 2. Na2O+K20 versus SiO2 diagram showing volcanic rocks and pyroclastic deposits ranges from trachyandesite to

trachydacite.
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Figure 3. Trachyandesite (63% SiO2) show

(a): potash feldspar Witr; sieve t

N

o 21
e and Carlsbad twining. (b): SEM image of Potash

feldspar.Biotite and Fe-Ti oxide are present as inclusions. (c): Plagioclase with polysenthetic twining. Biotite and pyroxene occurs as
mafic phase microphenocrysts.(d): SEM image of Plagioclase, Biotite and Fe-Ti oxide are present as inclusions. (e): Biotite phenocrysts
and microphenocrysts in trachyandesits, Plagioclase and pyroxene occurs as mafic phase microphenocrysts. (f): SEM image of biotite,
Pyroxene, plagioclase and Fe-Ti oxide as inclusions. (g): Euhedral pyroxene phenocrysts and microphenocrysts. Some crystals show two
cleavage trace, one parallel to (1-1 0) and the other parallel to 110 plane. (h): SEM image of pyroxene, in trachyandesite.Mag: 40x, cpl
light, KF; potash feldspar,Biot: Biotite, Plg: plagioclase and PX: Pyroxene.Plg: Plagioclase.

the large crystals (30%) in most Damavand volcanic
rocks. Potash feldspar also occurs as small crystals and
crystallites. Most large crystals are subhedral to
unhedral; some are tabular show sieve texture and
rarely contain inclusions of brown glass, Fe-Ti oxides
and apatite. Crystal size ranges from 0.7 to 2.2 and
maximum crystal size rich to 3 mm. Potash feldspar
phenocrysts are divided into zoned and unzoned
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crystals. Carlsbad twining is common and reaction rim
also occur in some crystals [Fig. 3a and b]. Potash
content (Or from K,O + Na,O + CaO)in majority of
large potash feldspar rich to 43/7% [Table 1].
Plagioclase is occurs as phenocrysts and
microphenocrysts. Plagioclase also occurs as small
crystals and crystallites. Plagioclase abundance is
between 5 to 10 percent. Crystal size ranges from 0.7 to
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2.2 and maximum crystal size rich to 3 mm. Most large
crystals are euhedral to subhedral and prismatic and
rarely unhedral; some are tabular. Plagioclase
commonly show polysynthetic and albitic twining and
commonly contain inclusions of Fe-Ti oxides.
Plagioclase phenocrysts are divided into zoned and
unzoned crystals [Fig. 3¢ & d]. An content (Ca from
K20 + Na;O + CaO)in majority of large plagioclase
ranges from Angs to Ansg [Table 1].

Biotite is occurs almost as microphenocrysts but
rarely phenocrysts. Biotite also present in groundmass.
Biotite abundance is between 5 to 10 percent. Crystal
size is commonly less than 1mm but in some cases
crystals with 2 mm long can be seen. Most crystals are
subhedral and show perfect cleavage. Parallel
extinction and brownish pelochroism are their main
character. Biotite in many cases altered to opaque
crystals. A framework of crystals can be distinguish in
progressive alteration. Routile and apatite occur as
inclusions in Biotite [Fig. 3e&f]. Microprobe analyses
[Tablel] show that biotite are rich in Fe-Ti suggest that

alteration to Fe-Ti Oxides. Microprobe data suggest
most micas are phologophite.

Clinopyroxene and orthopyroxene (cpx>>opx) occur
as subhedral to unhedral crystals with maximum length
of 1 mm and width of 0.8 mm. Individual crystals are
either unzoned or show normal zoning with higher
Fe/Mg rims. Pyroxenes contain abundant inclusions of
glass, needles of apatite and Fe-Ti oxides [Fig. 3g&h],
[Table 1].

Pyroxene content varies between less than 5% to 7
%. Clinopyroxene (En (38-46)-Fs (4-12)-Wo (44-53) to
Enge-Fs13-Wo40) mostly classified as augite and salite
with a few cases plotting as endiopside and diopside.
Most orthopyroxene are hypersthene (Engg to Engy)
with Ca less than 0.5. There are also a few ferro-
hypersthene crystals [Table 1].

The matrix of the trachyandesitic rocks (18-30%) is
typically very fine grained with microcrystalline and
crystallites of plagioclase, k-feldspar, clino and ortho
pyroxene, apatite, opaque minerals, secondary calcite
and rarely glass. Vesicles up to 2.5 mm in width are

Table 1. Representative microprobe analyses of biotite, K feldspar, Pyroxene, Fe oxides and apatite

from Damavand volcanic rocks.

Biot Biot Biot Biot Biot Biot

Ideal Cations 7.82 7.82 7.82 7.82 7.82 7.82

Ideal Oxygens 11.00 11.00 11.00 11.00 11.00 11.00

Sio2 38.08 38.09 39.26 36.72 3741 37.69

TiO2 5.38 5.30 5.51 5.96 6.18 6.03

Al203 13.05 12.90 13.40 13.32 13.14 13.20

Cr203 0.02 0.03 0.01 0.00 0.02 0.01

FeO 11.87 11.50 11.35 11.38 12.62 13.02

MnO 0.06 0.07 0.06 0.04 0.10 0.07

MgO 16.81 16.64 15.11 16.31 15.54 16.03

Na20 0.75 0.95 0.85 0.97 0.99 0.90

K20 8.55 8.67 8.40 8.32 8.52 8.93

Total 94.57 94.15 93.97 93.00 94,51 95.90

Table 1. Cntd
Px Px Px Px Px Px Px Px Px Px Px Px Px
Ideal 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Cations
Ideal 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Oxygens

Sio2 53.38 51.89 53.78 52.86 52.46 5251 68.43 50.93 48.32 46.97 51.68 48.67  46.07
Tio2 0.24 0.74 0.39 0.40 0.50 0.24 0.42 0.96 0.79 0.98 0.33 0.68 0.93
Al203 0.82 2.07 1.25 1.22 2.23 1.04 14.37 3.53 5.37 6.84 2.29 4.89 7.66
Cr203 0.00 0.21 0.04 0.11 0.23 0.00 0.01 0.16 0.00 0.00 0.25 0.00 0.01
FeO 7.69 7.56 7.00 7.50 6.75 8.53 2.37 6.27 8.00 8.75 5.35 7.89 8.98
MnO 0.48 0.28 0.29 0.39 0.25 0.44 0.08 0.10 0.17 0.20 0.10 0.26 0.24
MgO 14.82 14.96 15.72 15.33 15.33 14.77 0.31 14.87 12.98 11.79 15.91 1265 11.29
CaO 22.17 21.51 21.64 21.47 21.39 21.13 1.07 21.57 23.35 22.92 23.63 23.07 22.88
Na20 0.47 0.54 0.47 0.64 0.57 0.62 4.36 0.46 0.36 0.40 0.19 0.63 0.57
Total 100.08 99.77 100.59 99.93 99.72 99.28 96.70 98.85 99.33 98.86 99.74 98.75 98.63
En 43.06 44.56 45.06 45.41 45.36 44,12 1.22 44.56 40.86 38.22 46.43 40.56 37.94
Fs 10.66 9.41 10.36 8.88 9.16 1051 95.78 9 6.32 8.40 4 6.28 6.77
Wo 46.28 46.03 44,58 45.70 45.49 4537  46.44 46.44 52.83 53.38 49,57 53.16 55.29
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Table 1. Cntd
Plg Plg Plg Plg Plg Plg Plg Plg Plg Plg
Ideal Cations 491 491 491 491 491 491 491 491 491 491
Ideal Oxygens 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Sio2 62.95 60.26 61.69 60.57 61.98 61.97 60.34 31.37 35.68 59.68
Plg Plg Plg Plg Plg Plg Plg Plg Plg Plg
Tio2 0.12 0.04 0.03 0.04 0.05 0.03 0.04 0.04 0.03 0.06
Al203 23.32 2481 2431 24.37 25.35 23.69 25.07 13.69 15.77 24.58
FeO 0.74 0.47 0.41 0.43 0.47 0.38 0.28 0.52 0.48 0.46
MnO 0.02 0.00 0.01 0.00 0.01 0.02 0.00 0.04 0.02 0.02
MgO 0.08 0.01 0.05 0.01 0.03 0.02 0.02 0.08 0.10 0.02
Zn0O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 5.09 6.42 5.69 6.00 6.35 4.87 6.76 5.85 5.96 6.30
Plg Plg Plg Plg Plg Plg Plg Plg Plg Plg
Na20 6.93 7.06 7.71 7.20 6.77 7.97 6.84 8.80 9.48 7.42
K20 2.18 1.08 1.35 1.24 1.14 1.57 1.01 0.70 0.66 1.10
Total 101.44 100.13 101.23 99.85 102.15 100.53 100.37 61.09 68.18 99.63
Ab 62.03 62.39 65.68 63.54 61.40 68.17 60.84 70.45 7177 63.83
An 25.14 31.35 26.77 29.27 31.82 22.99 33.23 22.89 24.93 29.96
Or 12.82 6.26 7.55 7.18 6.78 8.84 5.93 3.66 3.30 6.22
Table 1. Cntd
Plg Plg Plg Plg Kf Kf Kf Kf Kf Kf
Ideal Cations 4.91 4,91 491 4,91 4,91 491 491 491 4,91 4,91
Ideal Oxygens 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Sio2 54.68 58.68 50.80 49.33 58.70 59.38 59.38 68.29 36.07 36.07
TiO2 0.06 0.02 0.46 0.06 0.07 0.04 0.05 0.66 0.34 0.34
Al203 27.51 16.23 17.01 19.63 25.47 24.89 24.81 15.53 9.48 9.48
FeO 0.41 0.28 111 0.31 0.50 0.48 0.47 2.03 1.49 1.49
MnO 0.01 0.03 0.00 0.01 0.00 0.01 0.02 0.03 0.03 0.03
MgO 0.01 0.29 0.03 0.01 0.04 0.01 0.01 0.24 0.45 0.45
Plg Plg Plg Plg Kf Kf Kf Kf Kf Kf
CaO 10.02 431 251 4.70 7.43 6.68 6.84 0.84 0.69 0.69
Na20 5.28 5.82 6.42 6.23 6.58 7.23 7.10 4.81 2.90 2.90
K20 0.61 2.26 1.46 0.86 0.97 1.01 1.06 6.23 3.47 3.47
Total 98.61 87.95 79.81 81.18 99.77 99.73 99.74 98.68 54.93 54.93
Ab 47.07 60.07 73.22 66.33 58.10 62.38 61.34 51.34 52.07 52.07
An 49.36 2457 15.84 27.66 36.26 31.88 32.66 4.94 6.88 6.88
Or 3.57 15.35 10.94 6 5.64 5.75 6 43.71 41.06 41.06
Fe-Ox Fe-Ox Apat Apat Apat Apat Apat Apat Apat
Ideal Cations 1.00 1.00
Ideal Oxygens 1.50 1.50 Sio2 0.42 0.38 0.45 0.30 0.28 0.43 0.67
TiO2 0.00 0.00 0.03 0.00 0.00 0.00 0.02
Sio2 0.08 0.09 Al203 0.00 0.01 0.02 0.02 0.01 0.01 0.00
TiO2 454 3.85 Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al203 3.45 2.75 FeO 0.21 0.27 0.70 0.34 0.30 0.50 0.27
Fe-Ox Fe-Ox Apat Apat Apat Apat Apat Apat Apat
Cr203 0.18 0.16 MnO 0.04 0.10 0.10 0.13 0.09 0.08 0.04
FeO 80.69 81.19 MgO 0.15 0.28 0.50 0.33 0.29 0.29 0.12
MnO 0.57 0.56 ZnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 3.77 3.35 CaO 49.07 52.36 52.42 52.92 52.91 52.19 49.84
Zn0O 0.00 0.00 Na20 0.30 0.37 0.60 0.57 0.49 0.52 0.20
CaO 0.02 0.05 K20 0.01 0.00 0.08 0.00 0.02 0.07 0.02
Na20 0.07 0.06 Total 50.20 53.76 54.89 54.61 54.40 54.08 51.19
K20 0.00 0.05

rarely present. The matrix fills the spaces between the
interlocking frameworks of large crystals. Rocks
characteristically display porphyritic texture. In some
cases seriate texture is shown by a wide range of grain
sizes of plagioclase, pyroxene and small proportions of
Fe-Ti oxide. In some samples the wedge-shaped
intersections between the large and small crystals have
occupied by hypo-crystalline material.
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Geochemistry trends

The identification of the geochemical affinities of
pyroclastic rocks was carried out using oxide wt% to
plot on the triangular AFM diagram. Majority
pyroclastic deposits plot just below and minor on the
boundary line and therefore show calc-alkaline
affinities in this diagram [Fig. 5].

The wt% oxide data are also plotted in FeO/MgO
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Figure 4. (a): Composition of potash feldspar and plagioclase in volcanic rocks. There are wide ranges of potash feldspar and
plagioclase in volcanic rocks. (b): Micas are almost phologophite in Damavand volcanic rocks and Fe-Ti content result of biotite
alteration. (c): Pyroxenes in Damavand volcanic rocks are rich in Ca and poor in Fe and mainly are diopside.
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Figure 5. AFM diagram. P deposits plot just below and or on the boundary line in the calc-alkaline part of diagram. Mallar
pyroclastic deposits (solid triangles), Karam-Poshteh pyroclastic deposits (open triangles) and Rayneh pyroclastic deposits (solid
circles).

versus SiO2 diagram [Fig. 6]. Most pyroclastic deposits boundaries and also due to presence of Fe-Ti oxides.
show tholeiitic affinities. Based on a K,O versus SiO, diagram [Fig. 7a], with
It is noted that some samples plot within the classification boundaries after Peccerillo and Taylor
calcalkaline field in the AFM diagram [Fig. 5], but plot (1976)[15], lavas from different cycled are classified as
within the tholeiitic field in the Miyashiro diagram shoshonitic types. Most pyroclastic deposits are
[Fig.6]. This is simply an artifact of the different classified as High-K. It is clear from this diagram [Fig.
arbitrary boundaries between these igneous suites on 7a] that lava and pyroclastic deposits define trends
the two different diagrams. It also reflects the fact that from generally “high-K” to “shoshonitic series” with
these samples have compositions close to the increasing SiO, content. The key point is that the K,O
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Figure 6. FeO/MgO vs. SiO2 diagram for pyroclastic deposits. Pyroclastic deposits plotted in tholeiitic field. The line defining the
boundary between the fields of tholeiitic and calc-alkaline volcanic suites after [10] is shown for reference. Mallar pyroclastic
deposits (solid triangles), Karam-Poshteh pyroclastic deposits (open triangles) and Rayneh pyroclastic deposits (solid circles).
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Figure 7. (a): K20 versus SiO2 diagram, modified after [16] showing thrachyandesitic rocks and pyroclastic deposits from this
study. (b): Na2O+K20 diagram versus SiO2, showing thrachyandesitic rocks and pyroclastic deposits from this study.Mallar
pyroclastic deposits (open triangles), Karam-Poshteh pyroclastic deposits (open triangles) and Rayneh pyroclastic deposits (solid
circles), Damavand lavas (solid diamond) and Damavand lavas data from [5] (solid square).

content will be decrease from older deposits (Rayneh
pyroclastic deposits) to younger ones (Mallar
pyroclastic deposits). Na,O+ KO diagram versus SiO;
also show that Damavand lavas are alkaline whilst
pyroclastic deposits almost plotted in sub-alkaline area
[Fig.7b].

Major element geochemistry

Major element variation diagrams for Damavand
lavas and pyroclastic deposits rocks are shown in [Fig.
8]. K,O in Damavand pyroclastic deposits shows a flat

or weak tendency to decrease with increasing SiO,
between 60 to 65 wt%, whilst K,O in Damavand lavas
increases with increasing SiO,. Some of the volcanic
rocks and the pyroclastic deposits are distinctive on the
K,O versus SiO, diagram [Fig. 8] in having lower K,O
values at a given content SiO, in comparison to other
volcanic rocks and the pyroclastic deposits. It found

that the pyroclastic deposits on Damavand decreased in
relative K,O content with time and the older pyroclastic

deposits being richer in K,O. It is also observed that the
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K,O content are not the same in different volcanic deposits. Taken together, CaO content in lavas, Rayneh
rocks on Damavand. CaO content in lavas, show and Mallar pyroclastic deposits, show linear trends and
considerable decrease with increasing SiO, and scatter decrease with increasing SiO,. Al,O, in volcanic rocks
or weak tendency in Karam-Poshteh Pyroclastic shows a slight decrease in SiO, between 55 to 65wt%,
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Figure 8. Major elements variation diagrams for lavas and pyroclastic deposits of Damavand Volcano. Symbols are the same as Fig.7.
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whereas Al,O, in pyroclastic deposits from the other
units (Rayneh, Karam-Poshteh and Mallar) show a
linear trend with increasing SiO,. Na,O shows a linear
trend in both volcanic and pyroclastic deposits, but are
notable for having significantly lower content in
pyroclastic deposits compare with volcanic rocks. FeO
content in volcanic and pyroclastic deposits show a
linear trend and slight decrease with increasing SiO,.
Several Pyroclastic samples shows significantly higher
FeO than the majority. MgO in pyroclastic deposits
remains approximately constant over a range of SiO2
(55-65%), except for higher amount in volcanic rocks
which show a decrease in MgO continuously with
increasing SiO,. Pyroclastic deposits have higher FeO
and lower MgO than volcanic rocks.TiO, shows
considerable scatter in both volcanic rocks and
pyroclastic deposits. Although P,O; has a scattered
trend in both volcanic rocks and pyroclastic deposits, it
generally shows a flat variation with SiO, [Fig. 8]

[Table 2].
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race element geochemistry

The trace element characteristics of the volcanic
rocks and pyroclastic deposits in Damavand Volcano
are displayed using the multi element spider diagram of
Pearce (1982) [14], in which elements are normalized
against a N-type MORB standard Sun and McDonough,
(1989) [17]. The trace element data have been plotted
in terms of Rare Earth Elements (REE) alone [Fig. 9a]
and for selected trace elements, after consideration of
relative incompatibilities and mobility [Fig. 9 b & c]
[Table 3]. Here light, middle and heavy rare earth
elements are denoted as LREE, MREE and HREE
respectively and Large lon Lithophile Elements as
LILE. To avoid from any complexity (90 samples) and
ability to compare trace elements from different
eruptive phase, the averages of elements in each
eruptive phases have been plotted.

In comparison to N-type MORB, three recent
pyroclastic deposits in Damavand show an enrichment
in LREE (La, Ce, Sm, Eu), LILE (Ba, Rb, K, Sr,), Th,
U, and P and are slightly depleted in MREE (Gd, Tb,

Table 2. Representative major and trace elementdata of volcanic rocks and pyroclastic deposits from Damavand volcano.

Sample 1D 2-D 3D 4D 5D 6D 7D 8D 9D S3L8C _ S3L8M __ S3L8F  S3L6L
Si02 635 64.75 6356  58.21 6247 6246 6338 6517 64 57.74 61.00 6151 61.03
Tio2 1.04 0.93 105 179 115 116 11 16 115 112 1.06 1.01 1.08
Al203 1442 1412 1437 1591 1425 1413 1441 135 136  14.93 15.45 15.24 15.55
FeO 4.93 443 484 397 559 503 471 47 476 864 4.85 4.63 5.87
MnO 0.07 0.07 008 009 008 007 007 007 007 <1 <1 <1 0.10
MgO 1.68 17 1.79 29 199 195 18 173 167 149 1.38 1.30 1.60
Ca0 4.46 38 463 731 5 505 461 396 491  3.96 3.27 3.15 4.04
Na20 45 474 457 475 471 446 48 424 436  3.96 3.27 3.15 4.04
K20 4.82 49 45 384 417 471 454 501 489  3.07 3.20 3.17 3.63
P205 058 055 0.6 123 059 059 052 05 06 4.16 4.16 4.26 4.05
Total 100 100 100 100 100 100 100 100 100 0.82 0.76 0.71 0.93
Ba 1189 1080 1153 1289 1132 1132 1148 1196 1141 10000  100.00 10000  100.00
Rb 110 139 111 61 99 107 104 112 109 33025  398.15 365.80  395.00
Sr 1172 1052 1254 1676 1282 1315 1284 1434 1343 10822 12066  1128.79  1198.7
zr 316 341 305 332 304 298 204 321 303 61019  753.79 764.85  755.50
Pb 18 26 27 26 36 17 17 19 14 34.47 22.03 8.61 31.81
Y 19 20 18 16 18 1 817 19 18 12.70 15.52 13.31 16.14
Nb 43 47 48 58 45 45 35 47 37 46 46 49 48.79
U 2 5 0 0 0 0 0 0 2 2 6 3 4.09
Th 18 32 21 10 19 17 16 19 15 21 24 22 23.93
Sample S3LOA _ S3L12C _ S3L12M __ S3L12F _ S3L16C S3L16M PR2 __ PR3 PR4 PR5 PR6
Sio2 60.87 61.90 62.20 56.39 62.34 62.39 6580 6240 6000 6260 6280
Tio2 1.13 0.93 0.87 077 0.93 0.90 0.80 1.00 0.90 0.90 0.80
Al203 15.53 15.16 15.05 13.67 15.29 15.16 1540 1560 1660 1620 1530
FeO 5.50 513 521 9.97 4.88 5.01 3.90 4.50 4.20 4.20 4.30
MnO <1 <1 <1 0.30 <1 <1 <1 <1 3.50 <1 <1
MgO 1.84 1.28 1.35 1.16 1.39 1.36 1.10 1.50 1.20 1.60 1.20
Ca0 4.15 3.10 3.28 4.68 3.15 3.27 3.20 3.90 2.40 2.60 3.70
Na20 415 3.10 3.28 4.68 3.15 3.14 3.90 3.50 3.30 3.60 3.60
K20 3.22 3.37 3.43 3.25 3.44 3.46 PR2 PR3 PR4 PR5 PR6
P205 3.72 456 4.25 3.82 442 434 4.30 470 4.60 4.70 4.30
Total 1.00 0.62 071 0.58 0.67 0.67 0.70 0.90 0.50 0.60 0.70
Ba 100.00  100.00 100.00 100.00 100.00 100.00 10000 100.00  100.00  100.00  100.00
Rb 479.75  281.36 263.48 316.84 380.68 322.99 1935 3653 4622 6595  90.15
Sr 1249.02  876.94 791.12 1013.65 1167.3 1042.07 11448 11395 1333.66 12968 1272.90
zr 73815  680.59 636.42 778.23 813.23 787.94 68143 768.38  609.26  809.27  770.63
Pb 29.41 15.51 29.91 23.74 17.15 17.75 2688 3712  71.88 3695  28.86
Y 18.20 10.28 10.49 15.00 13.06 13.29 1122 1176 2174 1357 1151
Nb 67.56 65.25 69.21 59.39 51.73 51.77 58.86 6511 5671 4893 6525
U 2.20 1.63 231 2.16 173 1.98 5.15 1.74 1.80 6.68 3.21
Th 24.10 21.82 23.60 26.13 19.55 20.08 3332 2584 2174 3572 1259
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Table 3. Representative rare earth elementdata of volcanic rocks and pyroclastic deposits from Damavand volcano.

Sample S4N4F S4AN4LiS4AN3ASH S5N2F S3N2AS S3N2F S3N3C S3N3M  S3N3F S3N3Li S3N4C SIR1 PR2 PR3 PR4 PR5  PR6
La 8069 7325 4335 7460 7095 7629 87.89 90.45 98.80 9220 8244 62.33 2834 36.73 61.74 5450 44.92
Ce 116,69 12558 120.03 98.02 67.59 100.47 105.67 169.71 7540 51.42 63.38 62.36 4831 70.96 140.98 99.40 78.63
Pr 11.40 10.89 796 11.66 9.67 1412 13.79 1383 13.79 13.06 1244 1022 7.98 839 11.24 997 9.10
Nd 6778 6147 57.94 36.06 56.04 47.38 5264 6436 7319 66.33 61.35 61.10 32.12 36.47 57.11 48.25 36.46
Sm 716 644 617 413 536 496 576 646 708 692 591 592 328 430 638 577 436
Eu 222 193 188 107 1.69 152 160 197 227 237 218 166 1.01 102 203 159 1.21
Gd 253 258 247 170 208 178 213 237 244 265 242 253 224 224 260 240 2.28
To 166 172 167 128 126 147 120 155 161 159 151 1.34 147 145 151 157 139
Dy 148 312 266 166 324 296 400 403 462 472 429 166 117 118 472 180 106
Ho 059 059 055 044 066 045 094 077 078 069 067 059 062 057 063 058 064
Er 245 256 234 172 175 202 173 221 230 237 236 245 195 206 247 234 194
Tm 021 022 020 014 017 014 018 019 019 022 020 021 019 018 021 020 0.9
Yb 195 187 168 146 164 178 1.83 194 194 198 198 195 151 155 213 175 1.65
Lu 017 018 017 012 014 012 014 016 016 018 016 017 015 015 017 016 0.16

Sample SIN8M SINSF SINSLi S2N2C S2N2M S2N2F S2N2LiS2N1ASH S3N4M S3N4F S4N4C S4N4M S2R5 S2R6 S2R7 PR1 S2R2C
La 6167 4710 61.01 8668 89.16 9109 7325 89.34 8583 7577 7577 100.85 38.78 30.34 35.52 37.77 58.36
Ce 12595 9432 124.87 174.40 184.97 177.45 147.96 17514 164.37 148.71 148.71 208.52 75.40 51.42 63.38 62.36 116.90
Pr 1057 875 1110 1507 1407 1350 10.89 1307 1215 1177 1177 1324 873 849 834 851 9.74
Nd 5117 4462 50.39 6547 6582 6499 57.94 57.19 60.64 59.06 59.06 67.78 41.52 35.42 33.84 34.83 48.36
Sm 527 513 613 721 664 671 617 566 559 551 551 716 453 398 4.05 350 514
Eu 165 142 190 200 228 199 18 158 167 166 166 =222 111 108 109 101 1.62
Gd 257 239 276 242 248 240 247 1.88 214 217 217 253 236 242 223 215 218
To 162 149 169 152 158 166 167 159 132 133 133 1.66 155 159 133 102 142
Dy 223 279 336 377 395 419 266 3.44 370 279 279 148 213 138 136 169 284
Ho 057 054 061 094 076 066 055 073 064 063 063 059 059 0.62 059 062 055
Er 240 211 261 225 219 224 234 2.16 1.94 193 193 245 212 205 202 141 221
Tm 022 021 022 021 019 019 020 015 018 018 018 o021 019 021 019 018 0.18
Yb 200 1.88 2.09 1.80 1.87 180 1.68 1.43 171 188 188 195 174 162 170 151 170
Lu 018 017 019 016 017 016 017 012 014 015 015 o017 016 017 0.16 0.15 0.5

Dy, Ho) and HREE (Er, Tm, Yb, Lu) [Fig.9 b & c].
Rayneh and Karam-Poshteh Pyroclastic deposits are
enriched in Th, but is notable depleted in Gd and Lu
compared to Malar pyroclastic deposits.

The trace element data of volcanic rocks and
pyroclastic deposit samples are plotted versus SiO, and
against one another [Fig. 10]. Incompatible LILE (RDb,
Ba and Sr) together with Th have not shown broad
enrichment as a function of increasing SiO, content.
However there is considerable variation in the
concentrations of these elements at a given value of
SiO,, particularly Rb, Ba, Th and Zr. Pyroclastic
deposits plots as a distinct cluster in comparison with
volcanic rocks. Pyroclastic deposits are enriched in Rb,
Ba Th, Zn and Zr in comparison to the volcanic rocks.
Mallar pyroclastic deposits as the youngest explosive
eruptions has the highest content of the above elements
in comparison to the Rayneh and Karam-Poshteh
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pyroclastic deposits [Fig. 10].
considerable scatter.

Zr data show two distinct groups for volcanic rocks
and pyroclastic deposits. Volcanic rocks with the
majority having high Zr with 100 to 300 ppm and the
pyroclastic deposits have Zr contents which are
intermediate between 500 to 900 ppm.

A comparison between geochemistry of the volcanic
rocks and pyroclastic deposits show that the
geochemistry can be contrasted. LREE (La, Ce, Hf, Pr)
show scattered variations with SiO,. Damavand
pyroclastic deposits are typically enriched in LREE but
show a large range in LREE. Mallar deposits as the
youngest pyroclastic phase of Damavand s
anomalously enriched in LREE (with the exception of
Pr) compared to Karam-Poshteh and Rayneh
pyroclastic deposits. The same trend can be observed
with MREE (with the exception of Tb). In both trace

Ce, Sr and Y show
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element categories (LILE and LREE) the Mallar
pyroclastic deposits with few minor exceptions shows
the most enrichment.

Results and Discussion

Variations in the Major and trace element
compositions of Damavand rocks and pyroclastic
deposits are difficult to explain by fractional
crystallization mechanism. An interesting observation
is that K and Rb are well correlated only in Mallar
pyroclastic deposits [Fig. 10]. The only major phase
that might discriminate between K and Rb is biotite and
the variations are consistent with K being significantly
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more compatible than Rb [16]. Zr data [Fig. 10] show
that there are two groups of pyroclastic deposits with
high Zr content (600 to 900 ppm in given SiO; content
of 60%) and volcanic rocks as a low Zr group (100 to
300 ppm in given SiO; content of 60%). Scatter of
several trace elements in plots against SiO2 and
incompatible trace elements (Zn, Ba, Th, Ce and Sr),
also suggests that the petrogenesis is more complex
than a simple fractionation process from a single
composition parent. High K, Ba and Rb content in both
volcanic rocks and pyroclastic deposits could be due to
enrichment of these elements in the source. Rb, Ba may
be accepted in the plagioclase and biotite which have
structures large enough to accommodate Ba [9].
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Figure 10. Trace elements variation diagrams for pyroclastic deposits of Damavand Volcano. Symbols are the same as Fig.15.
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Figure 12. Geochemical affinity of Damavand pyroclastic deposits. (a): Hf-Th-Ta triangular diagram after [19], (b): K20-TiO»-
P20s triangular diagram, (c): Ti/Y vs. Nb/Y discriminant diagram after [14], with effects of fractionation of modal phases; ap:
apatite, cpx: clinopyroxene, MT: magnetite and amp: amphibole.

Diagrams of mineral composition are used to test
whether fractionational crystallization might have
evolved. Al,O, and CaO content in, plagioclase and
pyroxene and bulk composition of whole rock were
plotted against SiO, [Fig. 11a & b]. The trend suggest
that evolution of trachyandesitic lavas and pyroclastic
deposits might not be explained by simple fractionation
but there is not enough mineral composition data
available on Damavand lavas and pyroclastic deposits.

Tectonic-environment diagrams are only valid for
primitive rocks, and the Damavand rocks are highly
differentiated. Relatively high Th and Low Y contents
can be intemperate as crustal contamination.
Differentiation and contamination processes of
Damavand rocks make uncertainty about the plotting
areas in the above discriminant diagrams. Presence of
magnetite and apatite imply fractionation processes
have been involved and is responsible for considerable
scatter in trace element characteristics. Fractionation
vectors [Fig. 12 a, b and c] suggest that parental
magmas probably had lower Nb/Y ratios, while
providing little constraint on parental Ti/Y ratios.
Davidson et al (2004)[4] show that basalts from the
region, which might represent parental magmas, do
have lower Nb/Y ratios and plot closer to the within-
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plate fields.

Volcanic rocks and pyroclastic deposits contain high
Nb content (50-80) which is much higher than
sebduction related magma and volcanic arc rocks.
Geochemistry data also show no apparent trends
through time and distinct similarity can be observed
between Damavand trachyandesits with the same rocks
from interaplate magma setting. Field observation such
as limitation of magmatism in region suggest that
decompression melting and local hotspot formation
could be investigate in Damavand.
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