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Abstract 

Mount Bidkhan stratovolcano is located in the central Iranian volcanic belt. It 

is composed of several types of pyroclastic deposits, lava flows and intrusive 

bodies. Textural and chemical characteristics of plagioclase phenocrysts from the 

eruptive products volcanic edifice, record complex magma mixing events over the 

lifetime of the volcano. Evidences such as xenocrystic high Al+Ti clinopyroxene 

and calcic cored plagioclase phenocrysts (An 75) in andesites, sieve-textured, 

dusty, and oscillatory zoned plagioclase together with clear normally zoned ones 

in the same sample and the wide compositional range of the plagioclase rims, 

show that magma mixing events have been playing an important role in the origin 

of Bidkhan eruptive products . Based on whole evidences, we propose a model for 

the evolution of Bidkhan parent magmas. According to the model, it is likely that 

mantle derived basic melts are injected into the lower crust, cause partial melting 

and produced acidic primitive melts. These two melts are then, mixed and resulted 

hybrid magmas, ascend toward the shallower reservoirs. Repeated magma 

injection gives rise to a second mixing event. Thus eruptive products at Mount 

Bidkhan have been originated from the mixing of intermediate hybrid magmas 

within shallow magma chambers. Sometimes, two melts have been erupted 

simultaneously as mingled melts. This model can be tested for other volcanic 

province of central Iranian volcanic belt. 
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Introduction 

According to definitions of Bacon [4] and Sparks and 

Marshal [30], mixed magmas that are blended to form a 

homogenous composition are termed ''mixed'' or 

''hybrid'' magmas [21], whereas, the term ''mingling'' or 

''comingling'' is used if magmas are heterogeneous 

physical mixtures at a microscopic or mesoscopic scale 



Vol. 21  No. 2  Spring 2010 Khalili Mobarhan and Ahmadipour J. Sci. I. R. Iran 

138 

(like banding or enclave/inclusions are in the rock). In 

this study, we use these terms for the same phenomena 

in Bidkhan eruption products. 
This study is aimed at understanding of magma 

mixing events in Bidkhan stratovolcano magmas and 

petrogenesis of related volcanics by evaluating various 

data. For this goal, we present detailed petrographic, 

mineralogical and geochemical description of the 

Bidkhan products to investigate the pre-eruptive history 

of the magmas and then we develope a generalized 

model for the evolution of magmas at Bidkhan. 

Magma mixing is a fundamental and effective 

process in the evolution of Iranian intermediate-silicic 

volcanic rocks. Many Iranian Cenozoic volcanic 

edifices shows various disequilibrium textured phenol-

crysts that have been produced by magma mixing [9], 

and Bidkhan stratovolcano is one of them that shows 

plenty of evidences for magma mixing and mingling. 

Many studies have demonstrated the complexity of 

intermediate magma chambers (like in Bidkhan), a 

complexity that is related to magma composition, 

fractional crystallization, assimilation and magma 

mixing. Moreover, compositional diversity in erupted 

products and disequilibrium textures in phenocrysts 

have been attributed to magma mixing at numerous arc 

calcalkaline related volcanoes (e.g. [33], [22]). 

There is now a consensus that magma mixing 

effectively occurs in replenished magma chambers and 

during eruptions; Therefore, [10] some studies have 

concentrated on the physical mechanisms and dynamics 

of magma mixing [30]. The triggering of explosive 

eruptions by magma injection and subsequent mixing 

has also been proposed at several volcanic centers (e.g. 

Askja by Sparks et al. [31], and Pinatubo by 

Eichelberger and Izbekov, [8]). This process reflects in 

both bulk composition and phenocryst assemblage. 

Plagioclase crystals record crystallization and magma 

mixing of their host magma, because of slow diffusion 

of alkali elements in feldspar compared with the time 

scale of magmatic events. In calcalkaline magmatic 

systems, compositional variations in feldspar have been 

used to interpret variations in the physical and chemical 

conditions brought about by processes such as magma 

mixing, pressure changes and convection during 

crystallization (e.g. [25]). 

Materials and Methods 

Whole rock chemical analyses for major elements 

were performed by X-ray fluorescence spectrometery at 

the Dipartimento di Scienze Geologiche of the 

University of Catania (Italy) by means of a Philips 

PW2404 WD-XRF on powder pellets, correcting the 

matrix effects according to Franzini et al. [13]. FeO 

concentrations were obtained by classic KMnO4 

titration; loss of ignition (L.O.I.), corrected for Fe
2+

 

oxidation, was determined by gravimetric methods and 

commonly is ~1.5 wt%, implying that sampled rocks 

were not significantly weathered. Trace and rare earth 

elements were determined by ICP-MS at the SGS 

Laboratories of Toronto 

(Ontario, Canada). Powdered rock samples were 

fused by Na-peroxide in graphite crucibles and 

dissolved using dilute HNO3. Fusion process involved 

the complete dissolution of samples in a molten flux. 

Trace element analyses were then made by means of a 

Perkin Elmer ELAN 6100 inductively coupled plasma 

mass spectrometer. Four calibration runs were 

performed on international certified reference materials 

(USGS GXR-1, GXR-2, GXR-4 and GXR-6) at the 

beginning and end of each batch of 15 samples. 

Precision is better than ~7% for all trace elements. The 

major element composition of crystals was analyzed by 

using the electron microprobe at Dipartimento di 

Scienze Geologiche of Catania by means of a TESCAN-

VEGA\\LMU scanning electron microscope (SEM) 

equipped with an EDAX XM4 60 microanalysis 

working in energy dispersive spectrometry (EDS). 

Operating conditions were 20 keV accelerating voltage 

and 0.2 nA beam current. The accuracy is ∼0.5% for 

abundances >15 wt%, ∼1% for abundances around 5 

wt% and ∼20% for abundances around 0.5 wt%. The 

precision is better than 1% for SiO2, Al2O3, FeO, MgO 

and CaO and better than 3% for TiO2, MnO, Na2O, K2O 

and P2O5. Plagioclase and clinopyroxene phenocrysts 

were analyzed in detail along core-rim transects with 

regular steps ranging between 10 and 30 µm, depending 

on the presence of textures, fractures and inclusions 

along the profile. 

Geological Framework and Field Observations 

Bidkhan stratovolcano has erupted in the South-East 

edge of Central Iranian Volcanic Belt (Urmieh-Dokhtar 

volcanic belt), just to the south of Bardsir town in the 

Kerman province. This volcanic edifice, 3500 m high, is 

underlained by Eocene, Oligocene volcanic basement 

(in some parts by Miocene rocks) and composed of 

several lava flows, different types of pyroclastic 

deposits, dykes and plugs (Fig. 1). 

According to Dimitrijevic [7], this volcano belongs 

to a series of Plio- Pleistocene volcanoes (Mosahim, 

(2.6 ma. by HasanZadeh, [16]), Aj-e Bala and Aj-e 

Paiin) whose location is controlled by northwest-

southeast trending faults. 
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Figure 1. Simplified geological map of Bidkhan volcano (After Sirjan geological map No. I 11, 1995). 

 
Mount Bidkhan covers an area of about 400 Km

2
, it 

is moderately eroded and represents a thick (up to 500 

m) volcanic succession related to subaerial central 

eruptions and has a typical collapse caldera with almost 

350-400 m deep. In the caldera wall, there is a complex 

volcanic succession composed of pyroclastic surges, fall 

and flow deposits and several lava flows. Vegetation 

covered talus type deposits that have been accumulated 

in the foot of walls can related to collapse episode. 

Mount Bidkhan structure can be divided into central, 

proximal, medial and distal facies. Apart the distance 

from the axis, these facies show different features. For 

example, in central facies (Pld in Fig. 1), there are 

distinctive lithologies such as lava breccias, altered 

subvolcanic intrusion, circular dykes and extensive 

alteration zone. Proximal facies (Plvb ) marked by steep 

sided and welded volcanic successions with abundant 

welded fall deposits. Medial facies (Pllc and Plv) is 

dominated by numerous moderately welded pyroclastic 

flow units and distal facies (Pllt) composed of lahars 

and reworked volcanic originated deposits that have 

produced by epiclastic events. 

As shown in generalized volcano-stratigraphic 

column (Fig. 2), the pile of eruptive products starts with 

a typical base surge deposit (about 30 m in thickness) 

that directly overlies the Eocene volcanics and 

Oligocene and Miocene lithologies in some parts, (Fig. 

1) and represents the first eruptive Bidkhan products in 

Figure 3a. It is not found all around the periphery as the 

basal level and just in southern parts, overlain by a thin 

lava flow. This white colored unit is relatively fine 

grained and shows cross bedding (Fig. 3b) and planar-

dune type structures that are consistent with its origin by 

turbulent pyroclastic surges. It locates in lower part of 

Pllc in Figure 1. 

In Bidkhan proximal facies, there are welded 

pyroclastic fall deposits that crop out as several meters 

thick layers between another pyroclastics and lava flows 

in near caldera regions. These pyroclastics show the 

onset of the eruptive phases and repeat for up to 4 times 

in the sequence at the base of eruptive phases. they 

contain angular monotonous lithic fragments (andesitic) 

set in a reddish ash groundmass (Fig. 3c). There are 

several andesitic lava flows ( in Plv, Plvb and Pld units ) 

in the sequence of Bidkhan products (Fig. 3c) that show 

a coarsely porphyritic texture with various amounts of 

plagioclase, hornblende, pyroxene ± biotite phenocrysts 

in a glassy matrix. 

One of the most important units in Bidkhan are 

pyroclastic flow deposits (main parts of Pllc and Plv) 

that make up many parts of the volcano in the south 

(Fig. 3d). These pyroclastics contain numerous 

intercalation flow units. They are poorly sorted with 

abundant closely packed rounded andesitic lithics in an 

unwelded very fine ash matrix. There are many flow 

induced structures, such as imbrication fabrics, align-

ment of lithics and coarse lithic concentrations in some 

levels, show that these deposits have been produced by 
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block and ash pyroclastic flows (Fig. 3d). They evenly 

mantle the original topography of the edifice. 

There are some dacitic dykes and plugs (Fig. 3e) that 

have been injected into the central and proximal areas 

and are related to the final Bidkhan magmatic activities. 

Evidence for magma mingling commonly occurs in 

Bidkhan lava flows as centimeter sized darker and 

folded bands between lighter ones, with irregular 

boundaries (Fig. 3f). Lithologically, these two parts are 

fairly similar and their different appearances are due to 

different groundmass colors. 

Petrography 

Bidkhan volcanic products are generally non-to 

slightly vesicular, porphyritic to partially glomeropor-

phyritic lavas and dykes ranging between andesite to 

dacite compositions. Typical phenocryst assemblages  

 

 

Figure 2. generalized volcano-stratigraphic column of 

Bidkhan volcanic products in caldera walls. 

are: andesites: Plg+Cpx+Opx±Amph±Fe-Ti oxides, 

dacites: Plg+Amph+Bio±Cpx±Opx±Qz+Fe-Ti oxides. 

All lithologies are crystal rich, averaging between 

40-50% crystal by volume with plagioclase as dominant 

phenocryst and micro phenocryst phase. Other minerals 

may be present in varying amounts. These phases are set 

in the groundmass composed of glass and microlitic 

plagioclase. Plagioclase is the most abundant mineral in 

Bidkhan rocks. 

In all bulk-rock compositions, plagioclase occurs as 

large (up to 5 mm) euhedral to subhedral phenocrysts in 

isolation or in glomerocrysts and as equant micro-

phenocrysts (100-300 µm in diameter) and lath-shaped 

microlites (<100 µm) in the groundmass. Clinopyroxene 

occurs in andesites as isolated euhedral to subhedral 

phenocrysts up to 2 mm across, and as rounded 

glomerocrystic aggregates. Orthopyroxene occurs as 

individual subhedral to euhedral lath-shaped micro-

phenocrysts (<0.5 mm across). Pyroxene compositions 

are typical of calcalkaline rock series [11]. Clino-

pyroxene (Wo 42 En 44 Fs 14) are mainly augite and 

Orthopyroxene are hypersthene (Wo 2 En 72 Fs 26). 

Amphibole is present in more silica rich rocks of 

Bidkhan as brown-green prismatic phenocrysts ranging 

in size up to 5 mm. In some cases, amphibole is rimmed 

by opaque minerals, presumably as a result of 

breakdown during decompression [12]. Biotite is 

sometimes found in the dacitic dykes and plugs (<2 vol 

%) and occurs as euhedral single medium sized 

phenocrysts (up to 3 mm across). Quartz typically 

accounts for 1-2 vol % of dacitic rocks and is always 

found large rounded and/or irregularly embayed 

phenocrysts. 

Various Types of Plagioclases Based on Petrography 

Plagioclase crystals found in Bidkhan rocks, fall into 

two populations based on texture. 

The first population are those plagioclases that show 

disequilibrium textures such as sieved, dusty, fritted, 

honeycomb, riddle, spongy [36], cellular intergrowth 

[2], patchy [15] and different types of oscillatory 

zoning. Both phenocrysts and micro phenocrysts may 

show one or more of these textures. Second population 

of plagioclase crystals in Bidkhan rocks are clear type 

phenocrysts, microphenocrysts and microlites are 

represent equilibrium texture for the phases (Fig. 4). 

The most common type (75 vol %) consists of large 

grains (up to 1 cm in length) with normal oscillatory 

zoned (Fig. 4). The second less common plagioclase 

consists of grains with a coarsely sieved interior. 

Resorption zones surround the interior of oscillatory and 

coarsely sieved ones (Fig. 4). 



Using Magma Mixing/Mingling Evidence for Understanding Magmatic Evolution at… 

141 

 

Figure 3. a) Bidkhan volcanic products' pile, with white colored pyroclastic surge in the base (S), pyroclastic flows in middle (F), 

and lava flows at the top (L), b) close up view of pyroclastic surge deposits contain cross-bedding structure, c) Bidkhan pyroclastic 

flow deposits, d) Bidkhan andesitic blocky lava flow, e) Dacitic plug that has cut proximal facies volcanic products, f) Mingling 

structure in Bidkhan lava flows. 

 
The coarse sieved texture is due to the presence of 

abundant melt inclusions, which vary from circular to 

elongate and irregular shapes. The high concentrations 

of inclusions suggest that they form a system of 

interconnected channels permeating the crystals' interior 

[17]. Some of the plagioclase crystals show complex 

internal zoning with irregular zone boundaries 

characterized by rounded corners and lobate 

embayments (Fig. 4) and sometimes are overgrown by 

euhedral outer crystal zones (Fig. 4). These textures, 

with resorbed and embayed plagioclase faces called 

"partial-dissolution surfaces" by Tsuchiyama [36]. 

Other disequilibrium textures in Bidkhan plagioclase 

crystals such as dusty and patchy are shown in Figure 4. 

Some of disequilibrium textures are seen in microphe-

nocrysts (Fig. 4). In Figure 4 clear type of plagioclase 

phenocrysts, microphenocrysts and microlites are also 

shown. 

Whole Rock Geochemistry 

Whole rock major and trace element contents for 

representative Bidkhan samples are listed in Tables 1, 2 

and 3. According to the classification schemes of 

Pecerillo and Taylor [26] and Le Maitre [20], Bidkhan 

rocks form a medium to high K calc-alkaline suit 

ranging in composition from andesite to dacite (Fig. 5a 

and 5b). 
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Figure 4. Photomicrographs of texturally types of plagioclases in Bidkhan eruptive products and their An mol% in the cores. 

 
Many of compositional arrays of Bidkhan samples 

are linear (e.g. Fe, Ca, Y (Fig. 5 c, d, i)) which support a 

magmatic differentiation in parental magmas. Some 

element arrays, however, are scattered (e.g. Ba, Sr, P (j, 

h, g)) or curvilinear (e.g. Al, Na (e, f)). These suggest 

that processes such as crystallization, and assimilation 

also probably operate in the magma chamber. In 

addition, some features such as high amounts of Th/Nb 

and Zr/Nb ratios in Bidkhan samples (Tables 1, 2, 3), 

suggest crustal contamination in the genesis of the 

magma. 

Whole rock compositional range in our samples is 

narrow from 59 to 65 wt% for SiO2 and variation 

diagrams show a short range differentiation between 

andesitic to dacitic melts. This means, in Bidkhan, 

intermediate magmas have differentiated in a short 

compositional range in magma chamber. The whole 

rock data have tested and plotted in several well known 

magma mixing indication diagrams (e.g. [5], [10], [18] 

and [35]), but there are not any magma mixing 

indication between basaltic and dacitic melts in those 

diagrams. This means that if there were mixing events 

between basic and acidic melts they have not reflected 

in the whole rock compositions of Bidkhan eruption 

products. In fact these diagrams just show a continues 

short range differentiation. These results are confirmed 

by field and petrographic observations, because we have 

not any basaltic eruption or basic enclaves or basaltic 

bands in the field. So, field observations and whole rock 

chemistry for Bidkhan rocks suggest that the last melts 

that have differentiated and erupted from shallow 

magma chambers had been intermediate (probably 

andesitic) melts and have been repeatedly invaded by 

newly intermediate batches of magmas during 

differentiation. 

Then we have to search the traces of magma mixing 

in mineral chemistry, especially plagioclase crystals in 

the Bidkhan rocks. 

Plagioclase Chemistry 

Microprobe analysis of cores, middle and rims of 

Bidkhan plagioclase crystals are listed in Table 4. 

Because different rock types in Bidkhan are relatives 

(Fig. 5a) and for understanding correlation between 

plagioclase crystals and whole rock compositions, we 

grouped the rocks into dacites, andesites and transitional 

rocks based on composition and according to TAS 

diagram (Fig. 5a). 

As shown in Figure 6 and Table 5, core compositions 

of plagioclase phenocrysts range from 28-72 and rims 

are slightly more sodic, however some of them have a 

little orthoclase component (Figure 6). But in general, 

there are not any clear distinctions between different 

rock types in this regard. 

In Table 5 An mol% ranges have shown for the 

plagioclase phenocrysts cores. In andesites, those 

plagioclase cores with An 50-56 are in the most 
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Table 1. Whole-rock compositions of lithics in pyroclastic 

deposits (Selected from 13 samples) Major oxides were 

determined by XRF, the others by ICP-MS 

Sample K2 K7 O6 F9 B9 F1 

Wt %       

SiO2 64.71 60.06 62.22 62.99 63.02 60.63 

TiO2 0.58 0.60 0.49 0.50 0.57 0.70 

Al2O3 17.48 16.70 16.37 17.23 16.98 17.28 

Fe2O3 3.68 4.51 3.13 2.70 3.94 5.70 
FeO 0.68 1.02 1.55 1.68 1.08 0.70 

MnO 0.01 0.10 0.10 0.08 0.08 0.06 

MgO 0.38 2.26 2.21 1.21 1.59 1.23 

CaO 4.25 5.88 5.19 4.48 5.13 5.21 

Na2O 4.03 4.19 3.64 3.79 4.11 4.28 

K2O 2.16 2.57 2.75 3.16 2.62 2.08 

P2O5 0.16 0.30 0.20 0.17 0.19 0.20 

L.O.I. 1.87 1.81 2.16 2.00 0.68 1.92 

Total 100.00 100.00 99.99 100.00 100.00 100.00 
FeOtot 3.99 5.08 4.36 4.12 4.63 5.83 

ppm       

Ba   519  533 492 

Be   0  0 0 

Cr   20  20 80 

Cu   26  40 30 
Li   0  10 0 

Mn   680  550 390 

Ni   18  13 36 

Sc   6  5 5 

Sr   646  725 680 

V   99  96 100 
Zn   72  68 56 

Ag   0  0 0 

As   0  0 0 

Bi   0  0 0 

Cd   0  0 0 

Ce   61.7  61.1 60.6 

Co   16.8  15 18.6 

Cs   6.9  5 2.5 

Dy   2.07  2.03 2.07 

Er   1.17  1.05 1.04 

Eu   1.15  1.31 1.26 
Ga   18  20 21 

Gd   3.18  3.44 3.23 

Ge   2  1 1 

Hf   4  4 4 

Ho   0.43  0.38 0.43 

In   0  0 0 
La   44  41 40.6 

Lu   0.2  0.15 0.14 

Mo   3  2 0 

Nb   8  7 8 

Nd   27.9  29.6 28.9 

Pb   16  13 11 

Pr   7.96  8.2 7.95 

Rb   95.8  78.6 69.2 

Sb   0.8  0.6 0.5 
Sm   4.2  4.8 4.4 

Sn   2  2 1 

Ta   0  0 0 

Tb   0.47  0.47 0.49 

Th   20.9  13.9 16.3 

Tl   0.6  0 0 
Tm   0.17  0.13 0.14 

U   4.55  3.5 3.43 

W   2  1 1 

Y   12.4  10.9 11.5 

Yb   1.1  0.9 1 

Zr   149  134 123 

Table 2. Whole-rock compositions of dykes (Selected from 13 

samples) Major oxides were determined by XRF, the others by 

ICP-MS 

Sample Q10-1 V2 X4 D7 V1 D3 

Wt%       

SiO2 66.26 63.54 66.29 64.78 59.00 64.94 

TiO2 0.46 0.51 0.46 0.49 0.71 0.56 

Al2O3 16.74 16.68 15.58 16.50 17.60 16.76 

Fe2O3 3.35 3.62 3.20 2.66 3.92 3.35 
FeO 0.41 0.90 0.76 0.90 1.46 0.67 

MnO 0.04 0.08 0.05 0.04 0.07 0.04 

MgO 0.89 1.48 1.24 1.18 2.04 1.17 

CaO 3.80 4.75 3.78 4.55 6.50 4.08 

Na2O 4.28 4.01 3.82 4.00 4.17 3.99 

K2O 2.37 2.93 2.71 2.47 2.28 2.54 

P2O5 0.15 0.17 0.14 0.17 0.28 0.19 

L.O.I. 1.26 1.30 1.97 2.25 1.97 1.71 

Total 100.00 100.00 100.00 100.00 100.00 100.00 
FeOtot 3.43 4.16 3.64 3.30 4.99 3.69 

ppm ppm      

Ba   511   478 

Be   0   0 

Cr   20   0 

Cu   26   57 
Li   20   30 

Mn   400   280 

Ni   13   14 

Sc   0   0 

Sr   513   578 

V   73   84 
Zn   63   74 

Ag   0   0 

As   0   0 

Bi   0.1   0 

Cd   0   4.1 

Ce   36.8   39.8 

Co   12.1   12.4 

Cs   3.4   3.8 

Dy   1.19   1.21 

Er   0.61   0.64 

Eu   0.89   0.97 
Ga   17   18 

Gd   2.18   2.36 

Ge   1   1 

Hf   3   3 

Ho   0.23   0.24 

In   0   0 
La   25.4   26.3 

Lu   0.07   0.08 

Mo   0   0 

Nb   6   5 

Nd   18.1   19.9 

Pb   9   8 

Pr   5.15   5.51 

Rb   76.3   66.6 

Sb   0.9   0.7 
Sm   3   3.4 

Sn   1   1 

Ta   0   0 

Tb   0.29   0.31 

Th   10.5   7.8 

Tl   0   0 
Tm   0.07   0.07 

U   2.9   2.63 

W   1   1 

Y   6.7   6.7 

Yb   0.5   0.5 

Zr   85.4   91.4 
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Table 3. Whole-rock compositions of lavas (selected from 23 samples) Major oxides were determined by XRF, the others by ICP-

MS 

Sample R5 Q8 R8 B3 P5 D9 V4 G7 L6 B12 V8 N1 An 

Wt%              
SiO2 59.52 63.52 59.92 62.42 60.56 65.21 61.87 63.38 61.18 62.33 59.97 62.24 64.42 

TiO2 0.61 0.45 0.63 0.55 0.61 0.47 0.53 0.51 0.65 0.54 0.62 0.50 0.45 

Al2O3 17.14 15.84 16.80 17.18 16.44 16.63 17.35 16.60 17.43 17.17 17.42 17.04 16.71 

Fe2O3 4.30 3.45 5.09 3.66 4.36 2.29 3.95 4.39 4.58 3.83 4.89 4.13 2.92 

FeO 0.76 1.42 0.59 1.09 1.36 1.16 0.92 0.38 0.92 0.73 1.02 0.60 1.17 

MnO 0.09 0.10 0.06 0.07 0.10 0.06 0.06 0.08 0.07 0.08 0.08 0.10 0.08 
MgO 2.67 1.89 2.80 2.02 2.36 1.33 1.19 1.57 1.16 1.52 1.87 1.58 1.21 

CaO 5.87 4.94 5.74 4.91 5.41 4.14 4.96 4.37 5.70 5.13 5.76 4.60 4.30 

Na2O 4.58 3.89 4.20 4.34 3.77 4.20 4.41 3.85 4.45 4.13 4.24 4.24 4.15 

K2O 1.91 2.82 2.07 2.32 2.95 2.42 2.61 2.75 1.99 2.42 2.55 3.07 3.13 

P2O5 0.22 0.17 0.18 0.20 0.31 0.16 0.23 0.17 0.23 0.20 0.24 0.21 0.18 

L.O.I. 2.31 1.51 1.91 1.22 1.78 1.94 1.90 1.95 1.65 1.92 1.33 1.69 1.26 

Total 99.99 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99 100.00 100.00 100.00 

FeOtot 4.63 4.52 5.17 4.39 5.28 3.23 4.48 4.33 5.05 4.18 5.42 4.32 3.80 

ppm              
Ba 492     527  550 221 545  590 627 

Be 0     0  0 0 0  0 0 

Cr 40     10  40 30 20  0 20 

Cu 57     76  44 0 53  39 45 

Li 30     10  20 0 0  30 20 

Mn 680     410  600 290 550  700 600 
Ni 16     <5  21 28 13  8 5 

Sc 7     0  7 0 6  6 0 

Sr 765     636  602 364 739  670 692 

V 115     82  65 61 95  79 79 

Zn 76     70  65 33 83  72 74 

Ag 0     0  0 0 0  0 0 

As 0     0  0 0 0  0 0 

Bi 0     0.2  0.3 0.2 0  0.1 0 

Cd 0     0  0 0 0  0 0 
Ce 58.2     38.4  61 57 58.6  87.5 82 

Co 19.4     11.9  16.8 19.4 14.3  16 12.9 

Cs 1.6     5.1  5.7 6.8 5.2  6 8.5 

Dy 1.95     1.19  1.98 2.05 1.83  2.58 2.45 

Er 1.16     0.57  1.24 1.22 1.03  1.6 1.35 

Eu 1.24     0.95  1.18 1.34 1.22  1.51 1.38 
Ga 21     19  18 20 20  19 19 

Gd 3.43     2.2  3.16 3.55 3.26  4.33 3.85 

Ge 1     1  1 1 1  1 1 

Hf 3     3  4 3 4  5 5 

Ho 0.4     0.22  0.41 0.43 0.37  0.54 0.51 

In 0     0  0 0 0  0 0 
La 39.9     25.7  41.6 37.7 39.5  60 56.3 

Lu 0.14     0.1  0.16 0.16 0.14  0.22 0.19 

Mo 0     0  0 0 2  0 2 

Nb 8     5  8 7 7  11 10 

Nd 29     19.9  27.2 28.7 28.8  38.9 36.5 
Pb 9     11  17 18 12  21 22 

Pr 7.88     5.24  7.76 7.86 7.98  11.2 10.5 

Rb 54.2     64.9  97.4 60.5 75.3  115 113 

Sb 0.5     0.4  0.7 0.4 0.6  0.7 0.7 

Sm 4.9     3.2  4.3 4.9 4.6  5.8 5.6 

Sn 2     1  5 2 1  2 2 
Ta 0     0  0 0 0  0.6 0.5 

Tb 0.45     0.31  0.45 0.51 0.46  0.64 0.54 

Th 13.1     6.9  20.5 13.6 13.4  27.3 26.4 

Tl 0     0  0 0 0  0.5 0.5 

Tm 0.16     0.08  0.15 0.15 0.13  0.22 0.19 

U 3.18     2.24  3.33 3.17 3.26  5.84 5.63 
W 1     0  1 1 1  2 2 

Y 11.3     6.7  12.1 12.2 11.1  16.5 14 

Yb 0.9     0.5  1 0.9 0.9  1.4 1.1 

Zr 111     102  146 124 131  193 181 
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Figure 5. Whole rock major and trace element abundances of Bidkhan igneous rocks, versus SiO2. a) Total alkali diagrams that 

shows classification scheme of Le bas (1983), our samples place in the field of andesite to dacite. b) K2O versus SiO2 classification 

diagram from pecerillo and Taylor (1976), majority of Bidkhan samples place in high-calc alkaline series. C-f) Major element 

abundances in Bidkhan rocks; g-j) Trace element abundances in Bidkhan rocks. Lithics in pyroclastic deposits (Triangle), Dykes 

(Dark triangles), Lava (Square). 

 
abundant, for dacites, core with An 41-49 and for 

transitional rocks An 41-48 are the most. Although there 

are rare cores with An 75 in andesites and some cores 

with An 67 in transitional rocks are present. Table 5 
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Table 4. Representative electron microprobe (oxides in wt%) analysis of Bidkhan plagioclase along core-rim (selected from 50 

samples) An%, mol % anorthite 

Sample SiO2 TiO2 Al2O3 FeO MgO CaO Na2O K2O Total An% 

Q1(lithics of pyroclastic rocks),Plagioclase 1           

Core 61.11 0.11 24.42 0.40 0.13 5.51 7.12 0.82 99.72 28 

Middle 62.25 0.13 22.74 1.08 0.26 5.62 6.30 0.98 99.63 31 

Rim 58.07 0.08 26.78 0.48 0.09 7.94 5.64 0.53 99.74 42 

V6(lithics of pyroclastic rocks),Plagioclase 1           

Core 49.67 0.13 32.22 0.69 0.19 14.15 2.48 0.20 99.73 75 

Middle 56.52 0.12 27.38 0.53 0.12 9.08 5.39 0.43 99.73 47 

Rim 58.53 0.20 25.90 0.58 0.06 7.68 5.89 0.64 99.60 40 

W3(lithics of pyroclastic rocks),Plagioclase 1           

Core 53.82 0.13 29.29 0.56 0.24 11.02 4.12 0.35 99.63 58 

Middle 51.77 0.14 30.77 0.68 0.22 12.28 3.26 0.26 99.47 66 

Rim 59.63 0.00 25.91 0.37 0.11 7.18 6.11 0.54 99.85 38 

B9(lithics of pyroclastic rocks),Plagioclase 1           

Core 57.74 0.20 25.81 1.11 0.36 7.91 5.70 0.54 99.37 42 

Middle 57.34 0.00 26.98 0.53 0.26 8.93 5.47 0.33 99.84 46 

Rim 71.21 0.52 15.98 1.27 0.17 2.28 4.49 3.52 99.44 16 

F1(lithics of pyroclastic rocks),Plagioclase 2           

Core 54.80 0.13 27.87 0.88 0.26 10.16 4.71 0.42 99.23 53 

Middle 56.80 0.15 27.14 0.40 0.30 9.25 5.20 0.47 99.71 48 

Rim 53.88 0.12 29.04 0.72 0.25 10.93 4.16 0.37 99.47 58 

X4(dyke),Plagioclase 1           

Core 59.50 0.12 25.27 0.52 0.18 6.52 6.62 0.67 99.40 34 

Middle 60.60 0.07 25.02 0.31 0.23 6.37 6.74 0.55 99.89 33 

Rim 61.51 0.23 24.16 0.34 0.16 5.57 6.86 0.76 99.59 29 

Q10(dyke),Plagioclase 1           

Core 53.85 0.19 29.22 0.33 0.27 10.84 4.40 0.33 99.43 56 

Middle 56.49 0.20 27.67 0.39 0.14 8.89 5.25 0.38 99.41 47 

Rim 66.19 0.18 21.93 1.85 6.57 1.92 0.12 0.44 99.20 72 

Q10(dyke),Plagioclase 2           

Core 59.70 0.05 25.81 0.23 0.19 7.27 6.19 0.35 99.79 38 

Middle 58.47 0.07 25.93 0.38 0.20 7.69 6.06 0.38 99.18 40 

Rim 58.02 0.00 26.86 0.43 0.20 8.45 5.73 0.32 100.01 44 

S4(dyke),Plagioclase 1           

Core 61.49 0.11 23.93 0.39 0.18 5.61 7.07 0.68 99.46 29 

Middle 61.58 0.14 23.97 0.36 0.17 5.34 7.47 0.67 99.70 27 

Rim 58.85 0.18 25.74 0.36 0.20 7.53 6.19 0.50 99.55 39 

D3(dyke),Plagioclase 1           

Core 57.18 0.09 27.59 0.35 0.15 9.00 5.18 0.28 99.82 48 

Middle 57.69 0.17 26.83 0.30 0.07 8.36 5.55 0.40 99.37 44 

Rim 59.47 0.11 25.70 0.30 0.06 7.17 6.35 0.49 99.65 37 

D3(dyke),Plagioclase 2           

Core 56.27 0.22 27.59 0.47 0.24 9.34 5.07 0.32 99.52 49 

Middle 56.00 0.08 27.97 0.64 0.11 9.48 5.08 0.31 99.67 50 

Rim 55.68 0.10 28.23 0.55 0.25 9.66 4.84 0.31 99.62 51 

T9(dyke),Plagioclase 2           

Core 56.15 0.11 27.47 0.46 0.22 9.41 5.12 0.34 99.55 49 

Middle 55.71 0.24 28.10 0.39 0.27 9.69 4.89 0.31 99.75 51 

Rim 55.32 0.17 28.42 0.47 0.18 10.12 4.73 0.27 99.80 53 

L6(lava),Plagioclase 2           

Core 56.39 0.21 27.23 0.66 0.15 9.27 5.30 0.40 99.77 48 

Middle 61.29 0.00 24.74 0.38 0.11 6.14 6.65 0.67 99.98 32 

Rim 59.21 0.36 24.93 0.88 0.13 7.24 6.23 0.69 99.67 37 

L6(lava),Plagioclase 3           

Core 59.19 0.09 25.69 0.59 0.28 7.69 5.78 0.62 100.01 41 

Middle 57.73 0.15 26.49 0.50 0.27 8.22 5.65 0.52 99.63 43 

Rim 54.19 0.10 29.02 0.68 0.24 11.03 4.58 0.33 100.28 56 
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Table 4. Continued 

Sample SiO2 TiO2 Al2O3 FeO MgO CaO Na2O K2O Total An% 

G7(lava),Plagioclase 3           

Core 56.91 0.15 26.91 0.56 0.34 8.45 5.65 0.61 99.76 44 

Middle 58.73 0.25 25.70 0.54 0.16 7.44 5.91 0.85 99.72 39 

Rim 54.08 0.06 28.65 0.72 0.12 10.95 4.43 0.44 99.68 56 

I5(lava),Plagioclase 1           

Core 59.03 0.24 25.29 0.55 0.17 6.84 6.30 0.87 99.48 35 

Middle 58.63 0.12 25.73 0.50 0.17 7.53 6.00 0.72 99.59 39 

Core 59.25 0.22 25.17 0.60 0.08 7.06 6.18 0.81 99.55 37 

T5(lava),Plagioclase 1           

Core 54.50 0.00 29.06 0.42 0.19 10.83 4.16 0.33 99.67 58 

Middle 59.47 0.12 25.48 0.49 0.18 7.21 6.01 0.67 99.73 38 

Rim 56.41 0.15 27.51 0.66 0.07 9.29 5.03 0.45 99.63 49 

T5(lava),Plagioclase 2           

Core 55.49 0.04 28.71 0.46 0.15 10.15 4.69 0.31 100.00 53 

Middle 60.21 0.19 25.09 0.50 0.00 6.33 6.52 0.77 99.71 33 

Rim 64.23 0.25 21.26 1.04 0.13 3.07 6.38 3.48 99.84 16 

T5(lava),Plagioclase 3           

Core 59.28 0.27 25.13 0.53 0.20 7.11 6.07 0.71 99.54 38 

Middle 58.32 0.07 26.40 0.30 0.12 8.26 5.73 0.52 99.90 43 

Rim 56.25 0.18 27.34 0.68 0.18 9.13 5.11 0.51 99.70 48 

R7(lava),Plagioclase 1           

Core 56.34 0.15 27.71 0.65 0.12 9.34 5.05 0.27 99.71 50 

Middle 57.62 0.11 26.45 0.62 0.20 8.65 5.54 0.43 99.76 45 

Rim 54.57 0.12 28.37 0.78 0.29 10.39 4.48 0.34 99.56 55 

C6(lava),Plagioclase 1           

Core 57.47 0.19 26.83 0.54 0.22 8.57 5.35 0.43 99.60 46 

Middle 55.02 0.22 28.05 0.64 0.25 10.02 4.70 0.39 99.29 53 

Rim 54.84 0.26 28.01 0.80 0.26 10.09 4.50 0.48 99.24 54 

C6(lava),Plagioclase 2           

Core 56.79 0.18 27.13 0.64 0.20 8.82 5.24 0.46 99.46 47 

Middle 57.47 0.00 26.88 0.50 0.20 8.78 5.35 0.39 99.57 46 

Rim 55.35 0.11 27.76 0.88 0.27 9.82 4.71 0.48 99.38 52 

V7(lava),Plagioclase 2           

Core 56.94 0.25 26.88 0.57 0.10 8.88 5.24 0.53 99.39 47 

Middle 58.65 0.11 26.23 0.38 0.30 7.63 5.70 0.66 99.66 41 

Rim 58.99 0.15 25.87 0.46 0.21 7.35 6.02 0.71 99.76 39 

N1(lava),Plagioclase 1           

Core 58.43 0.19 25.81 0.54 0.20 7.33 6.04 0.80 99.57 38 

Middle 59.38 0.18 25.31 0.46 0.14 6.66 6.26 0.97 99.49 35 

Rim 58.78 0.16 25.73 0.40 0.20 7.70 6.13 0.58 99.86 40 

N1(lava),Plagioclase 2           

Core 61.86 0.20 20.43 1.40 1.50 7.06 4.77 1.97 99.68 39 

Middle 56.11 0.14 27.38 0.55 0.23 9.62 4.94 0.58 99.75 50 

Rim 59.59 0.24 25.00 0.56 0.20 6.96 6.42 0.56 99.60 36 

An(lava),Plagioclase 1           

Core 52.04 0.13 30.25 0.53 0.24 12.33 3.28 0.33 99.13 66 

Middle 58.65 0.28 25.75 0.65 0.24 7.49 5.74 0.69 99.49 40 

Rim 65.64 0.18 20.18 0.73 0.18 2.08 6.25 4.43 99.67 11 

An(lava),Plagioclase 2           

Core 56.78 0.24 27.08 0.52 0.15 8.90 5.09 0.59 99.35 47 

Middle 60.51 0.17 24.59 0.44 0.28 6.27 6.45 0.88 99.59 33 

Rim 61.83 0.19 23.98 0.56 0.00 5.32 6.69 1.06 99.63 28 

P1(lava),Plagioclase 2           

Core 61.34 0.10 24.32 0.32 0.13 5.85 6.70 0.78 99.54 31 

Middle 59.83 0.14 25.21 0.34 0.17 6.84 6.34 0.72 99.59 36 

Rim 54.35 0.15 28.99 0.53 0.13 10.85 4.30 0.31 99.61 57 
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indicates that certain plagioclase crystals are not belong 

to the specific rock types, moreover, there are several 

plagioclase generations with various compositions in 

each rock type. Composition profiles from core to rim 

for some plagioclase grains are shown in Figure 7. 

Clearly, there are compositional variations in 

plagioclase crystals that reflect their complex history. 

Detailed studies in these profiles revealed that in 

Bidkhan rocks, many plagioclase crystals are 

compositional zoned and four types of zonation were 

distinguished in our plagioclase (Fig. 8). 

1) Normal zoned plagioclases that occur throughout 

the compositional spectrum of Bidkhan rocks (Fig. 8). 

In this type, An mol% varies from 53 in core to 10 in 

the rim, and crystals have not any internal dissolution 

surfaces (Fig. 8); thus, they reflect near equilibrium 

growth from a melt progressively depleted in the 

components crystallizing. 2) Reversely zoned 

plagioclase crystals that make up a significant 

percentage of the Bidkhan plagioclases and occur in all 

of the rock types (Fig. 8), with a compositional range 

from 30 An mol% in core to 55 in rim. 3) Normal 

oscillatory zoned plagioclases that also occur in all of 

the rock types (Fig. 8); their An mol% fluctuates from 

core to rim, but in the rim (An 30) is much more than 

the core (An 54). This type has interpreted as evidence 

of repeatedly entrance of newly batches of magma into 

the chamber. The ∆An in oscillations are relatively 

small (~5 An mol% ), that suggest newly melts were 

nearly similar in composition. 4) Reverse oscillatory 

zoned plagioclases occur in three types of the Bidkhan 

rocks (Fig. 8). In this group of plagioclase crystals, An 

content fluctuates (with ∆An ~10 mol %) and increases 

from their core to rim overally. These types of 

plagioclases are shown in Figure 8 to find chemical 

evolution of them during magmatic events. 

Investigation of chemistry data in Bidkhan reveals 

that there are some plagioclase crystals with calcic cores 

(An 75 mol%) in andesites. Experimental works on 

equilibrium crystallization in magma systems, show that 

in andesitic magmas, the An content of plagioclase 

would not exceed 48-52 mol% An at pressure of 0.1-

200 mpas, temperature of 800-1300 °C and water 

content of 0-4 wt% [3]. This composition is agreement 

with the core of some plagioclase phenocrysts in 

Bidkhan andesites (Sample V6), but in andesites we 

have plagioclases with An mol% 75 in the core and 

according to the experiments [3] plagioclases as calcic 

as An 76-90 can not crystallize in equilibrium with 

andesitic melt at any pressure, temperature and water 

content and thus this type of plagioclase phenocryst 

must have introduced to the Bidkhan andesites from a 

more mafic source. The coarse sieved interior of some 

An rich plagioclase phenocrysts (Fig. 7c) indicates that 

the cores were subjected to the process of dissolution 

prior to entrance in shallow magma chamber probably 

due to decompression of ascending host melts [22]. 

There are several zonation patterns in plagioclase 

phenocrysts from the same rock. Some crystals show 

normal zoning (Fig. 8), some show reverse and some of 

them are oscillatory zoned. These features must be 

established due to magma mixing. In general, the range 

of core compositions of plagioclases in Bidkhan is An 

55, larger than that of their rim's composition (An 20). 

This situation that has stated by Toothil [34], means a 

combination of fractionation and magma mixing, where 

crystals growth in a relatively shallow magma chamber 

has periodically been interrupted by injection of other 

melts, with nearly similar composition. 

 
Table 5. An mol% ranges in the core of plagioclase 

phenocrysts of Bidkhan different rocks 

 Number of samples 

Name of 

rock 

An mol%  

more than  

60 

An mol%  

between  

50-60 

An mol%  

between  

40-50 

An mol%  

less than  

40 

Andesites 
1 

(75) 

5 

(50-56) 

1 

(40) 

4 

(35-38) 

Dacites  
2 

(52-58) 

5 

(41-49) 

4 

(28-34) 

Transitional 

rocks between 

Andesites  

and Dacites 

2 

(61-67) 

6 

(50-58) 

12 

(41-48) 

6 

(30-39) 

Numbers in parenthesizes are the An% and their ranges 

 

 

Figure 6. The compositions of plagioclase phenocryst rims (a) 

and cores (b) plotted on An-Ab-Or diagram. In general, cores 

are slightly more calcic than the rims. Andesites (Triangle), 

Dacites (square), Transitional (Diamond). 
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Figure 7. Photomicrographs of different populations of plagioclase crystals from Bidkhan eruptive products, and mol% An along 

core to rim sampling transects (a-f); g) A traverse across an oscillatory zoned plagioclase phenocryst. Solid lines in photos indicate 

path of transect for electron microprobe analysis. 

 
Many plagioclase phenocrysts have thin more sodic 

rims (Fig. 7), which have similar An content (An 20) to 

plagioclase microlites in the matrix. These are probably 

crystallized during eruption. The An rich rims on the 

reversely zoned plagioclase phenocrysts may be 

associated with the last hybridization events that occur 

in shallow magma chamber. 

Finally evidence such as the wide range of 

plagioclase core composition in individual rocks, the 

lack of clear correlation between plagioclase and host 

rock compositions, the occurrence of reverse zoning in 

plagioclases and occurrence of xenocrystic plagioclase 

indicate that magma mixing have played roles in 

magmatic evolution. 

Magma Mixing 

Almost all of criteria for identification of magma 

mixing in silicic-intermediate rocks, such as disequi-

librium textures, occurrence of normally and reversely 

zoned plagioclase in the same sample [14], occurrence 

of unusual mineral composition [23], and occurrence of 

heterogeneous plagioclase core and rim composition 

[37], exist in Bidkhan eruptive products. 

Study of disequilibrium textures and variation of 

mineral composition has been the most effective way of 

fingerprinting the role of magma mixing in intermediate 

rocks. In the light of these evidences, we found that 

there are two distinctive magma mixing events in 

Bidkhan parent magmas. It is probably that The first 
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Figure 8. Compositionally various types of plagioclase in Bidkhan rocks and their compositional variation patterns from core to rim. 

 
mixing events have occurred in great depths of the crust, 

between basic (probably basaltic or basaltic andesite) 

and acidic (probably dacitic) melts. This event happend 

prior to entrance of hybrid magmas into the shallow 

magma chambers. For this reason, nowadays we have 

not any eruptive product from these original melts in 

Bidkhan, but xenocrystic inherited plagioclase cores 

that are not in equilibrium with their host rocks, suggest 

that these melts could have been existed. There are 

some calcic-cored plagioclases (An 75) with more sodic 

rims (An 40) in andesites; also there are sodic-cored 

plagioclases (An 28) with more calcic rims (An 42) in 

these rocks (Table 2). The first plagioclases can be 

inherited from a basaltic melt [3], whereas the second 

ones may become from a dacitic melt and then, both 

minerals have placed in an intermediate hybridized melt 

to form rims with similar compositions (An 40 and  

An 42). 

Second mixing event occurs in the shallow magma 

chamber between hybridized intermediate magmas with 

nearly similar composition. For this reason, the 

compositional range of Bidkhan eruptive products is 

from andesite to dacite, moreover, the composition of 

irregular bands in mingled rocks are nearly similar and 

both mingled melts show many similar features for 

magma mixing. 

Results and Discussion 

There are many evidence show that rock associations 

in Bidkhan stratovolcano have been produced from 

magmas representing different magma mixing and 

crustal assimilation processes. But there is not any 

direct evidence from original end-member melts, and all 

of the erupted magmas have intermediate to acidic 

composition. So these melts have earned their 

relationships in the shallow magma chambers. In other 

word, after mixing of original magmas (basaltic and 

dacitic melts) in deep of the crust, resulted hybridized 

melts ascend toward shallow depths and produce 

Bidkhan eruptive magmas. 

Because this part of central Iranian continental crust 

is relatively thick [6], [1], it is probable that mantle 

derived basic magmas are stopped in the lowermost part 
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Figure 9. Schematic model for the evolution of Bidkhan parent magmas based on whole evidence. a) Injection of mantle derived 

basic magmas and partial melting of lower crust, generation of primitive acidic melts and mixing of two magmas to form hybrid 

intermediate melts. Ascending hybrid melts toward shallow reservoirs and repeatedly injection of these melts cause mixing, 

differentiation and eruption of andesitic to dacitic magma of Bidkhan volcano. 

 
of the crust and begin to crystallize. These magmas can 

cause partial melting events in lower crust and acidic 

original melts are produced. Then, these melts mix and 

the first mixing event occurs in this situation, and 

intermediate hybridized melts are formed. Nowadays, 

we have just some records from original melts in 

Clinopyroxene and plagioclase phenocrysts. Al and Ti 

rich clinopyroxenes associated with calcic cored sieved 

plagioclases in andesitic rocks are inherited xenocrysts 

that have been formed in a basic melt. Then, these 

plagioclases have placed in intermediate hybridized 

magmas to form zoned and oscillatory rims (with An 

75) around calcic cores. On the other hand, in the same 

rock, there are more sodic cored plagioclase phenocrysts 

(An 40) that could have crystallized in more silicic 

melts (more silicic than andesite). These crystals also 

have oscillatory and reversely zoned rims (Fig. 4) 
similar in composition to the former plagioclase rims. 

This means that the cores of these two types of 

plagioclases have been crystallized in separated melts 

(probably in original basic and acidic melts) and then, 

they have placed in the same hybridized melts and their 

similar rims formed simultaneously in new magma. 

Sieved and dusty textures are commonly reported in 

igneous rocks of proposed magma mixing origin [36]. 

These textures also form due to decompression, when 

magma rises toward the surface [22]. 

In this case, there should not be any compositional 

changes accompanying the corrosion of the crystals 

[19]. Moreover, if sieved plagioclases were formed due 

to mixing, there should be some kinds of compositional 

changes, like the case of Bidkhan rocks (Fig. 4). 

All of evidence shows that in Bidkhan, hybridized 

melts ascend and emplace in shallow magma chambers. 

The chambers are open system and repeatedly invaded 

by intermediate hybridized melts and second magma 

mixing event have occurred in this situation. The 

composition of these melts can be changed depends on 

the amount of acidic and basic original end member 

magmas. When a newly batch of magma enters into the 

chamber, whole composition of magma changes and 

another rim is formed on the former plagioclase core, 
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and gradually, oscillatory zoned plagioclase (Fig. 4) are 

produced. Some xenocrystic calcic plagioclases in this 

case, are resorbed to form sieved or dusty textured 

crystals (Fig. 4). In Shallow chambers, there have been 

enough time for differentiation, so a range of magmas 

from andesite to dacite formed due to fractional 

crystallization of hybridized magma. 

Because these magmas are intermediate, the 

compositional spectrum of their differentiation 

controlled by crystallization of pyroxenes, plagioclase 

and amphibole. So in these magma chambers some of 

plagioclases phenocrysts have totally equilibrated with 

the host melts (Fig. 4), but there are some xenocrystic 

plagioclases in these melts that have involved into new 

stage of crystallization and oscillatory or reversed zoned 

rims formed around the former cores (Fig. 4). 

The heat come from new batches of magma cause 

establishment of convection cells and phenocrysts are 

suspended in the magma. As a result, during eruption 

we can see a variety of phenocrysts in eruptive products. 

At the time of eruption, a clear thin rim is formed 

around the former plagioclases with composition similar 

to groundmass plagioclase microlites (Fig. 4). 

Eruptive melts range from dacitic to andesitic in 

composition and sometimes, two melts erupted in the 

same time as mingled magmas, before mixing event 

completely occur in the chamber (Fig. 9). 

Based on field, petrography and chemistry evidence, 

we propose a multi-stage model for magmatic evolution 

of Bidkhan (Fig. 9). The stages of the model are as 

follows: 

1) Original mantle derived basic melts cause partial 

melting of lower crust and mixed with acidic resultant 

melts, and intermediate hybridized magma are formed. 

2) Newly formed magmas ascend to shallow 

chambers, crystallize and fractionate and mineral 

assemblages dominant by plagioclases are produced. 

3) Repeated injections of hybridized magmas into the 

chamber caused second mixing event and formation of 

oscillatory and reverse zoning in the former 

phenocrysts. 

4) Eruption of andesitic to dacitic magmas. 

Sometimes two melts erupted as mingled melts. 

In Bidkhan stratovolcano, there are many 

petrological evidences that demonstrate magma mixing 

is a principal process for the origin of the textural and 

mineralogical characteristic of the rocks. Detailed 

studies show that this process has been done in different 

stages and situations. This means that Bidkhan lavas 

and pyroclastics can not produced by simple two 

component magma mixing. Indeed, these products have 

been formed by several mixing of hybridized 

intermediate melts with nearly similar compositions. 

Hybrid melts, in turn, can be tested for other igneous 

provinces in central Iranian volcanic belt. 
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