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Abstract: Tertiary rocks are exposed in the Cretaceous ophiolite complex deposits in the SW of 
Birjand. Petrography and chemical analysis results of these masses include microquartz monzodiorite, 
tracy andesite, andesite and dacite. These rocks have a porphyric texture and composite plagioclase 
phenocrystals, hornblende and biotite. Pyroxene, quartz and opaque minerals are observed in the field 
also. In most cases, hornblendes have the burnt edges. Petrological, mineralogical study and 
geochemical investigations suggest that these rocks belong to calc-alkaline series and volcanic arc 
active continental. Heavy rare-earth elements to light rare-earth elements generally show rich 
disruption a lot. This magma creates with a low-grade of partial melting from enriched mantle above a 
subduction zone or oceanic plate because of Negative anomalies of Nb and enrichment of LILE that 
during ascent has suffered crust contamination. Finally, in a continental magmatic arc has adakit rocks 
volcanism. 
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INTRODUCTION 

 
Studied area is located in the 30 km SW of Birjand (East of Iran) and 5 km SE of khusf and that geographic 

location is between 58°54 - 59°00 and 32°41 - 32°48. The division of structural units of Iran, this region is 
located in the eastern states of Lut and the north of Sistan structure. Sistan structural state is from collision of the 
Lut block with Afghan zone (Berberian, F., 1977; Tirrul, R., et al., 1983). Studied set in previous works (Tirrul, 
R., et al., 1983; Zarrinkub, M.H., et al., 2010) has introduced with different names andesite, andesitic dacite and 
micro diorite with age Paleogene, Neogene and Tertiary. In this paper rely on field studies, mineralogical - 
petrography and geochemistry, the origin of rocks be discussed. 

Studied area can be considered as the Eastern part of Lut block. Occurred volcanism has an explosive phase 
of andesitic to dacitic lavas and associated with pyroclastic rocks such as tuff that are significant extent in the 
region (Zarrinkub, M.H., M.M. Khatib, 2001; Khatib, M.M., M.H. Zarinkub, 2009). The oldest rocks in the 
region are the sequence of the ophiolite units that is attributed to the Upper Cretaceous (Allahpur, A., 1996), 
which is referred to as kalerd melanzh (Stocklin, J., 1974). Research results of 40Ar/39Ar on mineral biotite in the 
Dokuhe mass are related to the late Eocene and have 7 / 0 ± 38 million years (Allahpur, A., 1996). 

Studied rock outcrops are seen with domer structures and columns. Sometimes are cut phyllite and slate as a 
dyke. Series of tuff and bereccia are seen around them. Most of them are Barande mount in 3 km SE of Khusf 
and Dokohe mount 15 km in SE of Khusf, that are seen as two dome to be attached together and Quaternary 
alluvial deposits are around them.  

 
Research Methodology: 

During the field observations was collected of 90 rock samples from various parts of the study area. After 
studying the manual sample, 90 thin section preparation and was studied with polarizing microscope. 11 
samples with ICP-MS method in ALS Chemex Canada was the chemical analysis. Also, different software 
especially Excel, Minpet, Igpet and GCDkit were used for analysis and drawing charts. 

  
Results: 

Igneous rocks in the area based on the results of microscopic studies to be classified as follows: Sub 
volcanic rocks (micro quartz monzo diorite), volcanic rocks (tracy andesite, andesite and dacite) and pyroclastic 
rocks (tuff and bereccia). 

 
- Micro Quartz Monzodiorite:  

Microscopic studies indicate that these rocks have diversity in texture such as porphyric and hollocrystalin 
texture with microgranolar field. Plagioclase, hornblende, biotite and quartz are considered as the main minerals 
and Apatite, Sphene and opaque are minor components (Fig. 1-a). Biotite crystals are sometimes altered to 
chlorite. Opaque is occurring as levels of biotite (Fig. 1-b). Small crystals of pyroxene are fined in the feldspar 
melt of rocks. 
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- Tracyandesite: 
These rocks have porphyric texture with fine grain field. Plagioclase, green hornblende and biotite are large 

crystals of rocks. Most of them have polysentetic and karlsbad twin. In these rocks two generations of 
plagioclase can be seen. The first generation that forms the large crystals represents the low-speed and large 
depth and the second generation of fine crystals that are cooled more rapidly near the surface (Shelly, D., 1993). 
Some plagioclases are serisity (Fig. 1-c). Amphiboles forms euhedral, rhombus and seen in longitudinal 
sections, columns and prismatic in tracyandesite (Fig. 1-d). Opacity of amphiboles and biotites is because of the 
rapidly pressure drops (Rutherford, M.J., and P.E.J. Hill, 1993). Some researchers believe that the pressure drop 
reduces the stability of these so the black margins are formed around crystals like hornblende (Devin, G.D. and 
H.J. Sigurdsson, 1995). Euhedral crystals of biotite, subhedral crystals of clinopyroxene, tiny crystals of quartz, 
apatite, secondary sphene and primary opaque minerals are scattered in the fine grain to glass field in these 
rocks (Fig. 1-e).  
 
- Andesites: 

They have porphyric texture with fine grain field. The large crystals of plagioclase, hornblende, biotite and 
clinopyroxene are fine in the context of the glass. Sieve tissue is seen in these rocks. Plagioclase crystals are 
seen with irregular and karlsbad twin (Fig. 1-f). These non-equilibrium textures indicating magma mixing, 
dissolution effects caused by the pressure reduced during magma ascent to the surface or sudden changes in 
temperature and water vapor pressure (Shelly, D., 1993; Tsuchiyama, A., 1985) Hornblende crystals sometimes 
altered and are created dark minerals (iron oxide). Laboratory studies shown that andesite magmas that created 
hornblende, have at least 3% water (Burnham, C.W., 1979). Minor minerals include subhedral opaque minerals 
and fine crystals of apatite. 

 
- Dacites: 

These rocks have porphyric texture with flow microlity field. The main and common minerals are 
plagioclase, biotite, green hornblende and quartz. Large crystals of plagioclase exist in the field with albite or 
karlsbad twin and zoning. Some plagioclases have been rounded margins that can chemical imbalance, the rapid 
rise of magma, suddenly reduced of pressure and the crust contamination (Raymond, L.A., 2002). There are 
some basic micro pillows that indicating magma mixing (Tsuchiyama, A., 1985) (Fig. 1-g). Grains of 
clinopyroxene crystals in Smaller-scale and small opaque is presence in the field. 

 
- Tuffs: 

Tuffs of this region by type, size and composition (Pettijohn, F.J., et al., 1972; Le Maitre, R.W., (ed.) 1989) 
is divided into two type’s litic tuff and crystal tuff. Litic tuffs have pieces of quartz and plagioclase, amphibole, 
the biotite blades, opaque minerals, calcite and fragments of andesite volcanic rock in the field. 

The main minerals in crystal tuff are broken plagioclase, amphibole, pyroxene, quartz, alkali feldspar and 
biotite (Fig. 1-h). Most of these minerals have undergone alteration. The main secondary minerals are calcite, 
sersyt, opaque minerals and iron oxide. 

                                              a)                                             b) 

           
                                              c)                                               d) 
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                                                   e)                                                   f) 

          
                                                    g)                                                  h) 

          
 
Fig. 1: Microscopic images of: (a) Crystals of plagioclase and amphibole in the micro quartz monzo diorite 

samples (XPL×4). (b) Alignment of opaque minerals in place of biotite in the micro quartz monzo 
diorite samples (XPL×10). (c) Plagioclase with zoning in the trac andesite samples (XPL×4). (d) The 
amphibole minerals with form rhombus in the tracyandesite samples (XPL×10). (e) Apatite crystals in 
the tracyandesite samples (XPL×10). (f) Some crystals of plagioclase with oscillatory zoning in the 
andesite samples (XPL×4). (g) Basic micro pillow in the dacite samples (PPL×2). (h) Fractured crystals 
of plagioclase, pyroxene and calcite crystals in the tuff samples (XPL×10). 

 
- The Chemical Naming Of Igneous Rocks: 

The study rocks based on division (Cox, K.G.B., et al., 1979) are in the range tracyandesite, andesite and 
dacite (Fig. 2-a). Sub volcanic rocks in the study area, based on divisio (Middlemost, E.A.K., 1985) are in the 
range quartz monzo diorite (Fig. 2-b).  

 
                                              a)                                                   b) 

 
 
Fig. 2: (a) Classification and naming of rocks (Cox, K.G.B., et al., 1979); (b) Geochemical classification and 
naming of sub volcanic rocks based on total alkali vs. silica (Middlemost, E.A.K., 1985). 

 
- Geochemical And Tectonic Environment Diagrams For Igneous Rocks: 

(Irvine, T.N. and W.R.A. Baragar, 1971) were proposed graphs total alkali to silica for separation alkali 
rock series from semi-alkaline or sub-alkaline. Samples of region is showing semi-alkaline or sub-alkaline 
behavioural (Fig. 3-a). Diagram of AFM (Irvine, T.N. and W.R.A. Baragar, 1971) was used to determine the 
process of igneous series and for separation calc-alkalin magmas from tholeiitique. Samples show calc-alkalin 
properties (Fig. 3-b). In diagram A/NK vs. A/CNK, rocks of region are metaluminous (Fig. 3-c). Basalts 
different graphs (Hf-Th-Ta) is used to determine the tectonic setting of rocks (Wood, D.A., 1980). 
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                             a)                                                           b)                                     c) 

           
 
Fig. 3: (a) Diagram of Na2O + K2O vs. SiO2 for differentiation alkaline series from subalkalin (Irvine, T.N. and 

W.R.A. Baragar, 1971). (b) Triangular diagram AFM (Irvine, T.N. and W.R.A. Baragar, 1971).  (c) 
ANK vs. ACNK (Shand, S.J., 1943).  

 
This chart can also be used for intermediate and silica lavas (Rollinson, H., 1993). all samples can be seen 

in the range volcanic arc (Fig. 4-a). Samples were near the Th and under the line separator Hf / Th = 3, all of 
them are known calc-alkalin. In Zr-Y and Al2O3-TiO2 diagrams (Muller, D., D.I. Groves, 1993), the samples are 
located in the range volcanic arc (Fig. 4-b,c). 

 
                      a)                                                     b)                                               c) 

        
 
Fig. 4: (a) determine the tectonic environment by using minor elements based on Hf-Th-Ta (Wood, D.A., 1980) 

A=Normal MORB, B=Enriched MORB, C=Within plate alkaline basalts, D=Volcanic arc basalts 
(Hf/Th>3 islands arc tholeiite, Hf/Th<3 calc- alkaline); (b) diagram of TiO2 vs. Al2O3 (Muller, D., D.I. 
Groves, 1993); (c) diagram of Nb-Y (Muller, D., D.I. Groves, 1993). 

 
Studied samples shown in the spider diagrams that normalized with MORB (Sun, S.S., W.F. Mcdonough, 

1989). The samples show enrichment of LILE elements (Fig. 5-a) and this indicating that they are relative to 
subduction zone (Zanetti, A., et al., 1999). These rocks are enriched from LILE elements such as Ba, Rb and Cs 
than HFSE in about 10 to 1,000 times which it could indicate the low part melting of origin, high magma 
fractionation and high fugacity of CO2/H2O in the environment of magma formation (Harric, C., 1983; 
Rollinson, H., 1993). Negative anomaly of Nb is observed in the samples that are related to the crust 
contamination in the magmatic processes (Rollinson, H., 1993). (Sun, S.S., W.F. Mcdonough, 1989). says if 
igneous rocks collection are related together with crystallization of the subtractive process, levels of trace 
elements and their ratios to be constant and continuous change. Parallel patterns of trace elements in these rocks 
can verify that the origin of these rocks is common (Green, N.L., D. Harry, 1999). 

Mg # is between 40.71 to 46.48 varies which is indicative of magma evolution. The high proportion of 
LILE/HFSE can because of minerals separation such as olivine, clinopyroxene, orthopyroxene and plagioclase 
from the basic magma and forming the secondary magma (Rollinson, H., 1993). According to (Borg, L.E., et al., 
1997) magma released from the upper lithosphere in subduction zones that is poor of Nb and rich of LILE added 
to the mantle wedge. For these reasons, root of this magma creates from an enriched mantle top of the 
subduction zone. The distribution pattern of the rare earth elements in samples is normalized with condrite (Sun, 
S.S., W.F. Mcdonough, 1989) (Fig. 5-b). According to this diagram, all samples are riched from the rare earth 
elements of about 4 to 200 times than condrite. 
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a)                                                  b) 

      
 
Fig. 5: (a) Spider diagram normalized with MORB [31] (b) Spider diagram normalized with condrite [31].  

 
Conclusion: 

Dokohe volcanic rocks are andesite, dacite, tracy andesite and micro quartz monzo diorite. Petrological, 
mineralogical study and geochemical investigations suggest that these rocks belong to calc-alkaline serie and 
volcanic arc active continental and show geochemical behavior similar adakit. Non-equilibrium tissues (sieve 
texture and oscillatory zoning), shows reduced pressure during magma ascent to the surface, sudden changes in 
temperature, oxygen fugacity and water vapor pressure. Enrichment of LREE and LILE and depletion of HFSE 
elements can be indicative of volcanic arc-related rocks. The positive anomalies of Sr and Ba in the rocks can be 
caused by contaminated with crust. Considering the age of magmatism in this region, in the final stages of 
closing the beam ocean of east Iran, fluids released from the oceanic subduction plate (metamorphosed to 
amphibolites fancies) is caused mantle metasomatism. Magma derived from mantle metasomatism and melting 
of oceanic subducted plate. Therefore HFSE elements remaining and other elements come up with fluids. This 
magma during ascent to higher levels and passes through the crust, have magmatic fractionation, mixing and 
crust contamination. 
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