
Journal of Tethys: Vol. 3, No. 2, 123–136                                                                                   ISSN: 2345–2471 ©2015 

                                                                                     123                           

Introduction to the geology and mineralogy of pegmatites located south of Mashhad (first 

report of Li-bearing pegmatites from Iran) 

Pezhvak Didar
1*

, Mohammad Hashem Emami
2
, Fatemeh Emamian

3
 

1- Geological Research Center of Geological Survey of Iran. 

2- Islamic Azad University, Eslamshahr Branch, Eslamshahr, Iran. 

3- Geological Survey of Iran, Tehran, Iran. 

* Corresponding Author: pezhwakdidar@gmail.com 

Received: 28 January, 2015 / Accepted: 14 March 2015 / Published online: 15 May 2015 

 

  

Abstract 

The granites south of Mashhad are located in the north-east of Iran and occur in the suture zone 

between the Binalud and Kopeh Dagh areas. These S-type granites are peraluminous with an Upper 

Triassic Age and include intersecting pegmatites. These pegmatites are homogenous and show 

simple mineralogical combinations which include K-feldspars (microcline and orthoclase), 

plagioclase, quartz, micas (biotite, muscovite and lepidolite), tourmaline (elbaite, dravite, and 

schorl) and garnet (almandine-spessartite). The pegmatites south of Mashhad belong to the LCT 

(Lithium-Cesium-Tantalum) and MSREL-Li (Muscovite- REE-Li).The Li-content of these 

pegmatites ranges between 202-1653 ppm and the ratios K/Cs, K/Rb and Al/Ga are high which 

indicates a low level of differentiation. The Mg/ Li ratio in these pegmatites lies between 0.2-12.6. 

All the element ratios indicate that pegmatites are low evolved. 
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1–Introduction 

Nowadays lithium and its derivatives 

(compounds) have vast applications in the 

technology and industry including their use in 

lithium batteries, ceramics, glazes, fluxes, 

electrolysis etc. Pegmatites are one of the most 

important sources for extraction of lithium. The 

important lithium–bearing minerals present in 

the pegmatites are: spodumene, lepidolite, 

petalite and amblygonite. Fertile S-type, 

peraluminous granites produce LCT (Lithium-

Cesium-Tantalum) pegmatites which are 

generated by the partial melting (anatexis) of the 

Upper/Middle Crust rocks. In most areas the 

LCT type pegmatite is enriched in Li and it 

constitutes the most suitable source for the 

extraction of Li (Černý, 1989). In general, 

pegmatites are homogeneous or heterogeneous 

with respect to their mineralogical composition. 

Homogeneous pegmatites are not of remarkable 

value except in some cases where they are 

exploited for lithium, feldspar or micas 

(Guilbert and Park, 1986). 

The granites of South Mashhad in north-east 

Iran include discordant pegmatites. Although 

many studies have been carried out on these 

granites, the associated pegmatites have not 

been specifically described nor has their 

mineralization (especially with respect to Li) 

been reported. In this paper, lithium- bearing 

mineralization is described for the first time in 

Iran. In view of the increasing need of the 

world’s industry for this strategic element, it is 

necessary to study these resources even if they 

are of low grade. 

2–Analytical techniques 
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This study is based on an extensive field work 

and sampling on the granites and pegmatites of 

Mashhad during which one hundred large 

samples (at least five kilogram each) from 

different parts of granite and pegmatite outcrops 

were taken. Fluid inclusion investigations were 

conducted on six samples at the geological 

Survey of Iran, Tehran. Temperature-related 

phase changes were measured using a Linkam 

heating-freezing stage mounted on a microscope 

with 4, 10, 20, and 80X objectives. 

Eighty thin and polished-thin sections from the 

rock samples were examined in transmitted and 

reflected light. Among them, twenty of these 

sections were examined (and partly 

photographed) for trace elements on an SEM-

EDS (Microscope: ΣIGMA/VP-ZEISS and 

Detector: X-Max Oxford) equipped with EDX 

at the Center for Applied Researches of the 

Geological survey and Mineral Exploration of 

Iran, Karaj. Twenty-two samples of mica and 

feldspar together with seventy-two bulk samples 

from granites and pegmatites were prepared and 

analyzed for major and trace elements using 

ICP-OES (Varian 735-ES) at the Center for 

Applied Researches of the Geological Survey 

and Mineral Exploration of Iran, Karaj. Also 

eighty-six samples were investigated using 

XRD (Inel-EQUNOX 3000) method at the same 

center. 

3–Geological Background 

3.1- Regional Geology 

The granites of South of Mashhad occur in the 

Mashhad Zone according to the proposed 

categorization of structural zones of Iran (Alavi, 

1991). It is believed that the intrusives of this 

region have beenemplaced in the form of 

multiple intrusive pulses which appear to be 

related to the Hercynian tectonic movements 

and their post-tectonic phases (Emami, 2000). 

The 1:100,000 Geological Map of Mashhad 

(Taheri and Ghaemi, 1994) comprises three 

distinct zonesfrom north to south which are: the 

Kopeh Dagh zone, the Suture Zone and the 

Binalud Zone (Taheri and Ghaemi, 1994). The 

Suture Zone lies in between the Kopeh Dagh 

Zone and the Binalud Zone and it includes 

intrusive granite bodies, Ophiolite Complex and 

related metamorphics which constitute linear 

belts with a length of tens of kilometers, 

trending NW-SE along the northern slopes of 

the Binalud Range. This zone is the junction of 

collision of the Iranian lithospheric plate in the 

south and the Turanian plate in the north which 

led to the closure of the Paleotethys (Alavi, 

1991). The Paleotethys Suture zone lies in the 

Mashhad area to the north of the Binalud Range 

in NE Iran. 

3.2- The Granites of South of Mashhad 

The granites of south Mashhad, which host the 

pegmatites, are located in thesuture zone 

between the Kopeh Dagh zone and the Binaloud 

zone. These granites include three different 

intrusive phases of gr
1
, gr

2
, and gr

3
 in an area of 

40 km
2
. All types of granites host pegmatites 

(Fig. 1). 

The gr
1
 granite is a peraluminous, S-type, calc-

alkaline rock with a monzo- to syeno-granite 

composition. This granite is biotite and biotite-

tourmaline bearing with hypidiomorphic 

porphyroblasts of feldspar. The zircon U-Pb 

dating of gr
1
, performed by Karimpour et al. 

(2009), has revealed a 201.3±3.6 Ma age (upper 

Triassic), while (
87

Sr/
86

Sr)i and (
143

Nd/
144

Nd)i 

are 0.706776 and 0.5122219, respectively. 

These ratios correspond to a contaminated lower 

crust origin (Karimpour et al., 2009). The 

restites present in the gr
1
 granite show a general 

trend of N35. The total amount of trace 

elements of the gr1 granite differs from 212 to 

481ppm, where Eu indicates a negative value 

(Eu/Eu*=0.62-0.88) (Karimpour et al., 2009). 

The gr
2
 granite is a peraluminous, S-type, calc-

alkaline rock with a monzo- to syenogranite 

(Muscovite and Biotite) composition and has 

intruded into the gr
1
 granite (i.e. younger 

phase). This granite has been generated from the 
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shallower depth of continental crust during the 

Late Cimmerian orogenic phase (Valizadeh and 

Karimpour 1995; Didar, 2004). The gr
2
 is 

distinguishable from gr
1
 by lack of restite, 

equigranular fair grains and consequently fairer 

general rock color.  

 
Figure 1a) Location of Mashhad in north-east Iran; b) Geological map of granites (gr

1
, gr

2
, gr

3
) south of 

Mashhad, showing the location oftheirpegmatites. 

The gr
3
 granite is a peraluminous, S-type, calc-

alkaline rock with a monzo- to syenogranite 

composition (muscovite and garnet bearing). 

This granite has been dated to 205.9±4.1 Ma 

(Upper Triassic) using zircon U-Pb method 

(Karimpour et al., 2011). The total amount of 

the REEs of this rock unit differs from 130 to 

176, where Eu indicates a slight negative value 

(Eu/Eu*=0.52-0.76). The (
87

Sr/
86

Sr)i and 

(
143

Nd/
144

Nd)i of gr
3
 are 0.708161 and 

0.5122214, respectively, the ratios indicating a 

continental crust origin for the magma 

(Karimpour et al., 2011). Based on the Rb/Sr (1 

to 1.3) and CaO/Na2O (~ 0.3) of gr
3
, the source 

rock might have been a metaplete to 

metapsamite (Karimpour et al., 2011). 

In general, all the granites hosting the 

pegmatites (gr
1
, gr

2
, and gr

3
 shown on the 

Mashhad 1:100,000 Geological Map) are silicic, 

peraluminous, calc-alkaline and S-type leuco-

granites. The average sum of Na2O+K2O for 

these granites is about 10% and their mean 

K/Rb ratio ranges from 2.03 in gr
1
 to 1.55 in gr

3
 

(Table 1). These granites fall in the “strongly 

evolved and fractionated region” of 

Blevin’sdiagram (Blevin, 2003; Fig. 2). The 

CaO and MgO contents are very low (≈1% and 

≈0.2% respectively). The average Mg/Li ratio in 

these three granites ranges from 5.3 in gr
1
 to 0.7 

in gr
3
 (Table 1). Based on the available data it 

can be concluded that all the three granites are 

fractionated and rather strongly evolved. 
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3.3–The field features of the granites 

Pegmatite veins cross-cut all the three phases of 

granites occurring south of Mashhad. The 

density and frequency of occurrence of 

pegmatites increases from gr
1
 to gr

3
. 

Furthermore, their widths also show a similar 

tendency. from a width of several centimeters in 

gr
1
 to about half a meter to several meters 

widein gr
3
 (occasionally up to 150m) running up 

to several kilometers. 

 
Figure 2) Location of South Mashhad granites on 

Blevin's K/Rb−SiO2 diagram (Blevin, 2003). In this 

diagram gr
1
and gr

2
 are more differentiated and 

evolved than gr
3
. [gr

1
(●), gr

2
 (●), gr

3
 (●)]. 

These pegmatites are of the simple, 

homogeneous type, with an identical 

mineralogy and similar coarse-grained texture 

from the borders to the center. Their width 

ranges from a few centimeters to several meters 

and their length reaches several kilometers. The 

constituent minerals are: 

1- Pink and white coarse-grained feldspar (up to 

more than 5cm long and wide) which are the 

dominant phases and lend their color to the 

entire pegmatite (Fig. 3). 

2- Colorless to milky quartz with dark colored 

tourmaline inclusions in some areas. This 

assemblage is abundant at some places. 

3- Silver-white to dark colored micas occurs in 

radial, swallow-tail and book- mica structures, 

(about 5cm long and wide) are present. The 

amount of these micas is subordinate to the 

feldspars; at some places quartz is the dominant 

mineral (Fig.4). 

4- Dark to black tourmaline occurs as individual 

prismatic crystals or radial aggregates. The 

abundance of these tourmalines varies from 

place to place (Fig.5). 

5- Red garnets can be seen as crystals ranging 

from a few millimeters to a few centimeters in 

size. 

These pegmatite veins show two cross-cutting 

trends viz. NE-SW and NW-SE with dips 

ranging from N45E to N85E. 

3.4–Petrography and Mineralogy of the 

Pegmatites 

The pegmatites under study fall into the alkali 

feldspar granite, monzogranite to syeno-granite 

fields in the Streckeisen’s classification 

(Streckeisen, 1976). Petrographic studies show 

that the constituent minerals of these pegmatites 

are: alkali feldspars, sodic plagioclase, micas 

(including biotite, muscovite and lepidolite) 

tourmaline, garnet and apatite. 

Alkalifeldspars (based on petrographic studies 

and XRD results) are of two types: microcline 

and orthoclase. The microcline is mainly fresh 

and unaltered while the orthoclase is partly 

sericitized and kaolinized (Fig. 6). 

Orthoclase from these pegmatites shows 

perthitic and micrographic textures. The 

plagioclases range from albite to andesine. They 

are unaltered to partly sericitized. The XRD 

results show that micas from these pegmatites 

are of the following types: biotite, muscovite 

and lepidolite. Under the microscope, the brown 

biotites occasionally show zircon inclusions. 

These biotites are in the process of alteration to 

tourmaline-muscovite or chlorite+iron oxide 

(Figs. 7a to d). The chemical formula for these 

biotites (based on the X-Ray results) is as 

follows: 

K2(Fe2.786 Mg2.321 Ti0.55) (Al2.413 Si5.587 O20)(OH) 4 
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Figure 3)Coarse grained feldspar in the pegmatites of the area which lend their colour to the entire body of 

the pegmatites) 

 
Figure 4) Coarse-grained swallow-tail shaped micas 

in pegmatites of the area. 

 
Figure 5) Black tourmaline crystals pegmatites 

south of Mashhad (Qtz=quartz, Feld=feldspar, 

Mi=mica, Tour=tourmaline). 

 
Figure 6)Tabular, unaltered microcline crystals 

occurring with sericitized and kaolinized orthoclase 

(Mus=muscovite, Or=orthoclase, Mic=microcline). 

Petrographic studies show that muscovite and 

lepidolite are of the primary and secondary 

types (formed as a result of alteration of biotite 

and alkali feldspars). The chemical formula for 

these micas (based on the X-Ray results) is as 

follows: 

-KAl(Mn0.2Al0.8)(Al0.42Si3.58)O10(OH)2-

muscovite 

- KAl2(Si3 Al)O10(OH, F)2-muscovite 

-[K2(Al2.32Mn0.11Li3.460)(Si7AlO20)F3(OH)]1.5-

lepidolite 
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-KLi(Li0.24Al0.65)Al0.51Si3.49O10F(OH)3.32-

lepidolite 

- KLi1.6Al2.01Si3.39 O10 F1.2 (OH)0.8-lepidolite 

- KLi0.92(Al0.55 Li 0.35)2Si4O10 F2-lepidolite 

-(Al0.63Li0.37)(Li0.95Al0.05)(Si3.36Al0.64)O10 

(OH,F)0.5- lepidolite 

- KAl2Al(Al0.13Si3.87O10)F-lepidolite 

Petrographic studies have also shown (Fig. 7) 

that the tourmalines from these pegmatites are 

of primary and secondary types (resulting from 

the alteration of biotite to tourmaline in the last 

stage of magmatic activity). XRD results on the 

chemical composition of these tourmalines 

indicate that they are of the following types: 

uvite (from the pneumatolytic alteration of 

plagioclase+biotite), elbaite, schorl and dravite. 

 
Figure 7a) Zircon inclusions surrounded by black haloes in brown biotite grains;b)Alteration of biotite 

tomuscovite + iron oxides(Bio=biotite, Zr=zircon, Mus=muscovite, Gar=garnet, Tur=tourmaline, 

Ap=apatite, Chl=chlorite). 

The garnets present in thesepegmatites have 

been shown by SEM-EDS point analysis to be 

of the almandine-spessartine type (Fig. 8a). 

They are devoid of any zoning from the border 

to the center and the Fe/Mg ratio is almost 

constant from the border to the center (Fig. 8b). 

The apatite grains are very fine grained and 

euhedral. SEM-EDS point analysis results 

indicate that they are mainly hydroxyapatite and 

less commonly of the fluorapatite type (Figs. 9). 

4–Mineral Chemistry 

4.1- Feldspars 

The feldspar chemistry was investigated by 

ICP-OES chemical analysis which gave the 

following results:  the Na content of these 

pegmatite samples ranged between 1.7% to 

4.5% while the K content varied from 2.9% to 

12%; the Rb content was between 351 to 967 

ppm (Table 2). The average K/Rb ratio in these 

feldspars ranged from 126 to 152 while the Cs 

content was very low (<0.1 to 1.9ppm). Further, 

the average K/Cs ratio in these feldspars is very 

high (Table 2). Based on all of the presented 

chemical evidence we can conclude that the 

pegmatites under study show a low level of 

differentiation. 

4.2- Micas 

The K content of these micas varied between 

3.9% to 8.5% while the Rb values lay between 

361 to 1430 ppm. The Li and Cs contents 

ranged between 1938-6322 ppm and 2.2-6.2 

ppm respectively (Table 3). The average K/Rb 

ratio in these micas was from 40 to 103 while 

the average K/Cs ratio was very high and 

ranged from 14810 to 16115 (Table 3). 

4.3- Garnets 

Point analysis data from SEM-EDS 

investigations and the elemental abundance data 

obtained for garnet grains indicate that they are 
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of the almandine-spessartine type with almost 

zero content for Mg and Ca (Fig. 10). The 

Fecontent of these garnets is higher than their 

Mn content and their composition plots near the 

almandine pole in the almandine-spessartine 

Ternary diagram (Fig. 10). 

5–Geochemistry of pegmatites south of 

Mashhad 

The pegmatites occurring south of Mashhad are 

peraluminous and the average A/CNK 

[Al2O3/(CaO+K2O+Na2O)] index is about 

1.4and the average K2O/Na2O ratio is about 1.4. 

These pegmatites show a relatively high 

contents for SiO2, K, Al, Ba, Rb, Li, Nb, and Be 

with lower contents for Mg, Ca, Th, U, Sm, Ti, 

Zr, Ta, Cs, and Fe. The Li content of these rocks 

varies from 202 to 1653 ppm but the average Li 

content is about 521 ppm (Table4). 

The Mg/Li ratios for pegmatites of the Mashhad 

area vary from 0.2 to 12.6 (with an average 

value of 2.1) which indicate minimum mixing 

with mafic and ultramafic rocks of the area 

(Table 4). The average value for K/Rb ratio for 

these rocks is about 163 which indicate the low 

level of differentiation of these rocks. Similarly, 

the very high average Al/Ga ratio of these rocks 

also supports their low differentiation. The 

increasing trend of Li-content in these rocks is 

not related to the differentiation trend of the 

pegmatites. 

 

Table 2) Results of element analysis by ICP-OES for Potassic feldspars occurring within the pegmatites 

south of Mashhad. 

 

Table 3) Results of element analysis by ICP-OES for micas occurring within the pegmatites south of 

Mashhad. 
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Figure 8a) Point analysis by SEM-EDS of garnets from pegmatites south of Mashhad. In these garnets their 

iron content is greater than their manganese content); b) Ratio of Fe/Mn in these garnets that Shown 

them in below table.  
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Figure 9) Point analysis by SEM-EDS of apatites in 

the pegmatites of the area. Mostly their composition 

is hydroxyl-apatite while fluor-apatite is less 

common. 

 
Figure 10) Ternary diagram (Ca*10)-Mn-Fe for 

determination of garnet composition (after Müller et 

al., 2009). Garnet compositions from south of 

Mashhad fall on the FeOT−MnO axis as their 

(Ca*10) content is very low or zero. These garnets 

are of the almandine-spessartine type with Fe>Mn. 

6– Fluid Inclusion Studies 

Fluid inclusion studies were carried out on 

inclusions in quartz occurring within the 

pegmatites to determine the pressure and 

temperature conditions of their formation. 

Petrographic studies of the fluid inclusions from 

coarse grained quartz showed the distribution 

pattern, shape, size, number and their phase 

content. Most of the fluid inclusions were found 

as Fluid Inclusion Assemblages (FIA; Fig. 11a). 

In the samples under study the fluid inclusion 

size varied from 8-35.5 microns showing 

different shapes includingrounded, angular, and 

irregular shapes; most commonly rounded, 

irregular, and occasionally elongated linear 

shapes were observed (Fig. 11b). 

Fluid Inclusion studies carried out on these 

samples showed that the salinity of fluid 

inclusions range from 0.33 to >13 wt% NaCl 

with the greatest frequency of salinities 

occurring between 1.8 to 3.3 wt% NaCl. The 

salinities (wt% NaCl) and the densities were 

calculated using the PVTX Modeling Software 

for Fluid Inclusion V2.6 provided by the 

Linkam Company (Fig. 12a). The 

homogenization temperatures for the two-phase 

inclusions were determined by the vapor to 

liquid transition. The histogram of 

homogenization temperatures shows values 

ranging from 167ºC to 387ºC with the 

maximum frequency of homogenization 

temperatures occurring around 247ºC to 267ºC  

(Fig. 12b). 

It should be noted that the heating results 

mentioned above have not been corrected for 

the effect of pressure and as such they indicate 

the minimum temperatures of crystallization. 

After the salinity and density determinations in 

the heating and cooling stages, the temperature 

of formation of the pegmatite veins was 

calculated by employing the Pressure-

Temperature graph. The pressure of formation 

of these fluid inclusions was about 3000-4000 

bars and their depth of formation was between 

10 to 14Km below the surface level. 

 

 

Apatite 

Biotite 

Biotite 
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Figure 11a) Photomicrograph of Fluid inclusions in 

quartz from the pegmatites of the area seen as Fluid 

Inclusion Assemblage (FIA); b) Photo micrograph 

showing the size and shape of fluid inclusions 

(usually irregular or elongated) in quartz from the 

pegmatites of the area. 

 
Figure 12a)Histogram of the salinity of the fluid 

inclusions ranging from 0.33 to more than 13wt% 

NaCl. The maximum vales are between 1.8–3.3 wt% 

NaCl; b) Histogram of homogenization temperatures 

ranging from 167 to 387°C showing the maximum  

for homogenization temperatures occurring between 

247–267°C. 

7–Conclusions 

The pegmatites of south of Mashhad are 

homogeneous with a simple mineralogical 

composition containing alkali feldspars 

(microcline and orthoclase), quartz and micas 

(muscovite and lepidolite). Other constituent 

minerals in these pegmatites include plagioclase 

(albite to andesine), biotite, tourmaline (elbaite, 

dravite and schorl) and garnets (almandine-

spessartine). As shown by the mineralogical 

composition and the high Li-content of these 

pegmatites they belong to the MSREL-Li type 

(Muscovite-Rare Element-Lithium). The K/Rb 

and K/Cs ratios for these pegmatites are high 

which indicates their low level of 

differentiation. The Cs-content in the alkali 

feldspars from these pegmatites is very low (1 

to1.9 ppm) and the Li content in the white micas 

is rather high. Garnets from these pegmatites 

have iron content higher than the manganese 

content and they tend towards the almandine 

pole in the Fe-Mngarnet diagram.The 

pegmatites south of Mashhad are peraluminous 

and the average A/CNK ratio in theses rocks is 

about 1.4. These pegmatites show a low level of 

differentiationas the average K/Rb ratio is very 

high (~ 163). Similarly, the Al/Ga ratio in these 

rocks is very high.Finally, the pegmatites are 

lepidolite-bearing. The Li-content of these 

pegmatites varies from 202-1653 ppm and they 

have been reported for the first time from Iran in 

this paper. In view of the ever-increasing 

demand for lithium by the industry, the 

pegmatite field deserves further study in the 

future. 
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