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Fig. 1. The simplified geological map of the area (A) and the location of the dikes (Red lines) (B), adapted from the 

Hamadan map at a scale of 1:100,000 (Eghlimi, 2000) 
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Fig. 2. The main lithological composition of the dikes and their host rock. A: The boundary between the dike and tourmaline 
schist; B: The poikilitic texture of the tourmalines; C: The mineralogical composition of the dike and the elongated crystals of 

muscovite and quartz perpendicular to the dike wall. 
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Fig. 3. The lithological composition of plagioclase, quartz, and tourmaline (A and B), graphic texture in the dikes (C), and a 
microscopic image of the overgrowth of quartz and feldspar (graphic texture) (D). Pl : (plagioclase); Qz (quartz); Tur 

(Turmaline); Fld (feldspar). 
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Fig. 5. BSE electron microscope images of some of the minerals present in the dykes
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Table 1. Results of point analysis of tourmalines in the studied dikes. Major elements are expressed as weight percentages. 

Schorlite = Schorl; Tourmaline = Tu. 

 Tu Tu Tu Tu Tu Tu Tu Tu Tu 

Point. No 20.1 21.1 16.1 17.1 18.1 5.1 6.1 7.1 8.1 

SiO2 39.31 37.19 37.39 36.78 36.72 36.22 36.00 36.47 35.48 

TiO2 0.01 0.35 0.30 0.20 0.21 0.14 0.17 0.11 0.14 

Al2O3 34.00 33.75 34.96 34.99 34.61 34.37 33.67 34.70 34.16 

FeO 14.76 14.23 14.17 14.07 13.91 14.55 15.26 14.84 15.06 

MgO 0.85 2.62 0.88 1.04 0.93 0.38 0.48 0.53 0.46 

CaO 0.11 0.15 0.13 0.15 0.10 0.09 0.17 0.06 0.17 

MnO 0.22 0.08 0.14 0.14 0.15 0.23 0.27 0.25 0.26 

Na2O 1.81 1.67 1.77 1.94 1.83 1.68 1.94 1.74 1.92 

K2O 0.04 0.05 0.04 0.04 0.03 0.04 0.05 0.03 0.06 

Total 105.85 104.62 104.30 103.78 102.80 101.83 102.09 103.01 101.75 

O=F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total* 105.85 104.62 104.30 103.78 102.80 101.83 102.09 103.01 101.75 

Structural formula based on 31 anions (O, OH, F) 

T:    Si 6.24 5.98 6.02 5.96 6.00 5.99 5.98 5.97 5.91 

Al 0.00 0.02 0.00 0.04 0.00 0.01 0.02 0.03 0.09 

B 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

Z:    Al 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 

Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Fe3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Y:    Al 0.36 0.38 0.63 0.64 0.66 0.69 0.56 0.67 0.61 

Ti 0.00 0.04 0.04 0.02 0.03 0.02 0.02 0.01 0.02 

Fe3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mg 0.20 0.63 0.21 0.25 0.23 0.09 0.12 0.13 0.11 

Mn 0.03 0.01 0.02 0.02 0.02 0.03 0.04 0.03 0.04 

Fe2+ 1.96 1.91 1.91 1.91 1.90 2.01 2.12 2.03 2.10 

Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Li* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

∑Y 2.55 2.98 2.81 2.84 2.83 2.85 2.86 2.88 2.88 

X:   Ca 0.02 0.03 0.02 0.03 0.02 0.02 0.03 0.01 0.03 

Na 0.56 0.52 0.55 0.61 0.58 0.54 0.62 0.55 0.62 

K 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

OH 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mineral 

Name 
Schorl Schorl Schorl Schorl Schorl Schorl Schorl Schorl Schorl 

MgO 0.85 2.62 0.88 1.04 0.93 0.38 0.48 0.53 0.46 

Fe# 0.95 0.84 0.94 0.93 0.94 0.97 0.97 0.97 0.97 
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X = Ca, Na, K or vacant;  
Y = Li, Fe2+, Mg, Mn, Al, Cr3+, Fe3+, V3+, Ti4+; 

Z = Mg, Al, Fe3+, V3+, Cr3+; 

T = Si, Al,  

B = B, (vacant) ; 

V = OH, O; 

W = OH, F, O. 
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Fig. 4. The diagram of the Fe# ratio against MgO (wt%) and the position of the studied samples in comparison with the source 

(A) and the model of the magmatic source supply and its depth in the formation of tourmaline-bearing veins(B) (Pirajino and 

Smithies, 1992). The tourmaline samples from the dikes are primarily distributed around the magmatic source. 
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Table 2. Point analysis of feldspars in the studied dikes. Major elements are expressed as weight percentages. Alkali feldspar 

= KF; Plagioclase = Pl. 

64.00 64.13 64.38 62.62 62.97 64.52 64.43 64.65 68.49 68.05 68.51 68.09 67.15 67.58 68.13 

0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 

18.49 18.33 18.30 18.80 18.69 18.06 18.13 18.30 19.39 19.42 19.57 20.26 20.34 20.36 19.52 

0.03 0.02 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.02 0.00 0.08 0.02 

0.01 0.00 0.01 0.00 0.00 0.02 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.02 0.00 

0.02 0.02 0.00 0.00 0.00 0.76 0.07 0.00 0.01 0.43 0.00 0.00 1.42 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.03 1.12 1.04 1.08 0.57 

0.48 0.75 0.48 0.67 0.96 0.38 0.53 0.48 12.92 12.97 12.62 11.67 12.13 12.02 12.47 

18.20 17.62 18.24 15.97 16.02 17.12 17.68 18.06 0.12 0.10 0.15 0.13 0.13 0.11 0.12 

101.23 100.87 101.41 98.06 98.64 100.89 100.87 101.49 100.96 101.00 100.88 101.29 102.24 101.25 100.83 

11.85 11.89 11.89 11.84 11.84 11.98 11.94 11.91 11.92 11.89 11.92 11.80 11.73 11.75 11.88 

4.04 4.00 3.98 4.19 4.14 3.95 3.96 3.97 3.98 4.00 4.01 4.14 4.19 4.17 4.01 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.21 0.19 0.20 0.11 

0.17 0.27 0.17 0.25 0.35 0.14 0.19 0.17 4.36 4.39 4.26 3.92 4.11 4.05 4.21 

4.30 4.17 4.30 3.85 3.84 4.06 4.18 4.25 0.03 0.02 0.03 0.03 0.03 0.02 0.03 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

20.37 20.33 20.35 20.12 20.18 20.13 20.27 20.31 20.29 20.32 20.22 20.10 20.25 20.21 20.24 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.13 0.13 5.00 4.49 4.70 2.45 

3.85 6.08 3.85 5.99 8.35 3.26 4.36 3.88 99.31 99.37 99.09 94.31 94.84 94.73 96.94 

96.15 93.92 96.15 94.01 91.65 96.74 95.64 96.12 0.61 0.50 0.77 0.69 0.67 0.57 0.61 
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Fig. 6. Triangular diagrams of feldspars showing the distribution of the samples within the orthoclase and albite fields 
(A), muscovite, which represents the composition of the studied muscovite micas (indicated by the star symbol) in the 

pegmatitic dike (B). 
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Table 3. Point analysis of micas in the pegmatitic dikes. Major elements are expressed as weight percentages.  
Muscovite = Mus. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

  

  

  

  

  

  

  

  

  

  

  

 

 

 

 

 

 

 

 

 
 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

 Mus. Mus. Mus. Mus. Mus. Mus. Mus. 

Point No. 1.1 2.1 3.1 4.1 9.1 10.1 11.1 

SiO2 47.20 46.62 47.60 47.52 47.51 46.86 46.98 

TiO2 0.00 0.02 0.01 0.02 0.04 0.03 0.04 

Al2O3 36.63 35.69 36.22 36.23 36.28 36.13 36.31 

FeO 1.96 1.86 1.85 2.24 1.75 1.43 1.21 

MnO 0.09 0.08 0.09 0.08 0.06 0.03 0.04 

MgO 0.00 0.07 0.01 0.05 0.14 0.09 0.20 

CaO 0.01 0.01 0.01 0.06 0.01 0.01 0.01 

Na2O 0.68 0.71 0.61 0.43 0.44 0.39 0.00 

K2O 11.23 11.17 11.33 11.38 11.36 11.37 11.25 

Total 97.79 96.24 97.73 98.01 97.59 96.34 96.04 

normalized 

oxygens 
22.00 22.00 22.00 22.00 22.00 22.00 22.00 

Si 6.15 6.18 6.21 6.19 6.20 6.19 6.20 

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Al 5.63 5.58 5.57 5.56 5.58 5.62 5.65 

Fe 0.21 0.21 0.20 0.24 0.19 0.16 0.13 

Mn 0.01 0.01 0.01 0.01 0.01 0.00 0.00 

Mg 0.00 0.01 0.00 0.01 0.03 0.02 0.04 

Ca 0.00 0.00 0.00 0.01 0.00 0.00 0.00 

Na 0.17 0.18 0.15 0.11 0.11 0.10 0.00 

K 1.87 1.89 1.88 1.89 1.89 1.91 1.89 

Sum 14.05 14.06 14.03 14.03 14.01 14.01 13.92 

Fe/(Fe+Mg) 1.00 0.94 0.99 0.96 0.88 0.90 0.77 

Al iv 1.85 1.82 1.79 1.81 1.80 1.81 1.80 

Al vi 3.79 3.76 3.77 3.75 3.78 3.81 3.85 

Al vi (Mg+Fe) 17.71 17.08 18.53 14.79 17.32 21.69 22.25 

T1: Si 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

T2: Si 1.08 1.09 1.10 1.10 1.10 1.09 1.10 

T2: Al 0.92 0.91 0.90 0.90 0.90 0.91 0.90 

Sum T2 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

M2: Al 1.89 1.88 1.89 1.88 1.89 1.90 1.92 

M2: Mg 0.00 0.01 0.00 0.00 0.01 0.01 0.02 

rest Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

M2: Fe 0.10 0.10 0.10 0.11 0.09 0.08 0.05 

Sum M2 2.00 2.00 1.99 2.00 2.00 2.00 2.00 

M1: Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

M1: Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

M1: Fe 0.00 0.00 0.00 0.01 0.00 0.00 0.01 

Sum M1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

A: K 0.93 0.94 0.94 0.95 0.95 0.96 0.95 

A: Na 0.09 0.09 0.08 0.05 0.06 0.05 0.00 

A: Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sum A 1.02 1.04 1.02 1.00 1.00 1.01 0.95 

Muscovite% 0.83 0.83 0.83 0.82 0.83 0.86 0.85 

Paragonite% 0.08 0.08 0.07 0.05 0.05 0.04 0.00 
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Table 4. Physical characteristics of the large dikes in the area 
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Fig. 7. A) View of a pegmatitic dike (looking northwest), B) Rose diagram of the dike orientations in the area, n=27. 

                                                
1 Aspect ratio 

Aspect 

ratio 
dip strike H(m) W(m) L(m) 

N- dike 

center 

E- dike 

center 

Dike 

number 

243  90  343  86  4  974  34.608167°  48.674914° 1 

202  90  359  27  1.4  284  34.599325°  48.680441°  2 

192  90  347  34  1.49  287  34.597448°  48.683438°  3 

20  90  339  -  3.36  69  34.586198°  48.688794°  4 

30  90  338  -  3.87  117  34.587374°  48.690120°  5 

57  90  339  -  4.67  267  34.593836°  48.702119°  6 

83  90  332  -  12  1007  34.601152°  48.700556°  7 

74  90  005 36  2.16 160 34.624907° 48.699662° 8 

110  90  012 43  2 221 34.626078° 48.701606° 9 

12  90  354 7  11 135 34.620793° 48.692023° 10 

13  90  333 28  13 170 34.620024° 48.691937° 11 

57  60  260 16  1.73 99 34.619843° 48.691128° 12 

42  70  212 23  2.38 101 34.619379° 48.691639° 13 
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Fig. 8. Types of Magmatic banding (Tian and Shan, 2014) observed in the dikes of the area: Laminar flow (A), and 
disharmonic fold (C), interlayerd fold (D). 
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Fig. 9. Growth of tourmaline crystals normal to the dike wall (A), growth of quartz and muscovite crystals as elongated crystals normal 

to the dike wall (B). As shown in the images, the size of the crystals increases from the dike wall toward its center, and the dike is 

formed parallel to the existing fractures in the host rock. The arrows indicate the direction of crystal growth and crystallization. 
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Fig. 10. Tectonic fabrics within the dikes, including undolus extinction (A) and chessboard extinction (B), dynamic 
recrystallization of the GBM type (C), deformation twinning of plagioclase (D), transverse micro-fractures in 

tourmaline (E), and micafish structure of muscovite (F). 
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Fig. 11. Formation of hot lineations on the outer walls of the dike (Varga et al., 1998) 
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Fig. 12. Examples of hot slickenline fabric developed on the walls of the dikes, hot slickenlines showing various plunging often 

trending northwest, the nearly horizontal hot slickenline (A, B, D) and the oblique hot slickenline (C) are illustrated. 
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Abstract 
In the southeastern region of Hamadan, numerous pegmatitic dikes have intruded into the schists. These 

dikes consist of a mineralogical composition that includes albite, alkali feldspar, tourmaline, quartz, and 

muscovite. Based on point analyses, the tourmalines are identified as schorl, the feldspars as orthoclase, 

the plagioclases as albite, and the muscovites as a member of the muscovite-seladonite group. 

Considering the Fe# ratio against magnesium oxide, the samples are situated in domain A, and the 

distance of the pegmatitic veins from their fluid source is about 1 kilometer. The dikes have low to 

vertical dips and variable thicknesses, with a dominant trend of NW-SE. Magmatic fabrics such as 

mineral orientation and enclaves, banded texture within the dike, and fabrics resembling thermal 

lineations on the external surface of the dike have formed in interaction with the host rock. Based on 

field observations and microscopic studies, the dikes in the area are classified into three different types 

concerning their deformation: extensional dikes (tensional), active dikes, and mylonitic dikes. 

Extensional dikes have formed in the fractures within the host rock (joints, faults, schistosity) and exhibit 

a comb texture, which indicates a low to moderate opening rate of the fractures. The second type, the 

active dikes, have a magmatic pressure that has resulted in a banded texture parallel to the walls. The 

third type, the mylonitic dikes, show evidence of solid-state deformation. These dikes have been re-

deformed after cooling under the influence of shear zones, and their high-temperature deformation 

microstructural evidence is apparent. 
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Introduction 

Dikes usually intrude along zones of weakness in 

the crust, such as faults, joints, or fractures. These 

fractures can form due to tectonic forces (e.g., 

extensional or compressional stress), cooling and 

contraction of rocks, or other stress-induced 

mechanisms. Magma, generated from partial 

melting in the mantle or lower crust, rises upward 

due to buoyancy, moving through conduits and 

fractures toward the surface. 

 

Regional Geology 
In southeastern Hamedan, numerous pegmatoid 

dikes have intruded into schist rocks. These dikes 

exhibit a mineralogical composition including 

albite, alkali feldspar, tourmaline, quartz, and 

muscovite. Based on point analyses 

(microprobe), the tourmalines are of the schorl 

type, the feldspars are orthoclase, the 

plagioclases are albite, and the muscovites 

represent the end-member muscovite–celadonite 

series. Considering that the Fe# values versus 

magnesium oxide place the samples in domain A, 

the distance of the pegmatoid veins from their 

fluid source is approximately 1 kilometer. 

 

Petrography and Minerals chemistry 

Based on point analyses (microprobe), the 

tourmalines are of the schorl type, the feldspars 

are orthoclase, the plagioclases are albite, and the 

muscovites represent the end-member 

muscovite–celadonite series. Considering that 

the Fe# values versus magnesium oxide place the 

samples in domain A, the distance of the 

pegmatoid veins from their fluid source is 

approximately 1 kilometer. In these dikes, biotite 

is generally absent. The absence of biotite may be 

related to the chemical composition of the 

magma (potassium and aluminum-rich, iron and 

magnesium-poor), high oxidation conditions, 

low temperature and pressure conditions, and the 

presence of hydrothermal fluids. The dominant 

mineral assemblages typically exhibit a 

pegmatitic texture, but a graphic texture, which is 

the result of the intergrowth of quartz and alkali 

feldspar, is also clearly observed both in hand 

samples and in thin sections. Based on point 

284  



��������	 ���� 
�� �
������ ����� ����19����� � 37   ��!��" � ��#� �1404   

 

 

analyses, the tourmalines are identified as schorl, 

the feldspars as orthoclase, the plagioclases as 

albite, and the muscovites as a member of the 

muscovite-seladonite group. Considering the Fe# 

ratio against magnesium oxide, the samples are 

situated in domain A, and the distance of the 

pegmatitic veins from their fluid source is about 

1 kilometer. 

 

Structural Features of Dikes and Aspect Ratio 

The general orientation of the dikes is mostly 

northwest-southeast, north-south, and some have 

a northeast-southwest trend. The trend of these 

dikes is generally straight, although some show a 

change in orientation along their length. The dip 

of the dikes varies, ranging from inclined to 

nearly vertical. The thickness and length of the 

dikes also fluctuate. The maximum thickness is 

about 13 meters, and the longest dike is 1023 

meters in length. The aspect ratio of the dikes, 

calculated as the ratio of dike length to dike 

thickness (opening amount), is an important 

criterion in analyzing the behavior of dikes. This 

ratio can provide valuable information about the 

internal pressures of the magma and the 

mechanical properties of the host rocks. Dikes 

form when magma, under high pressure, is 

injected into fractures of the host rocks. A high 

aspect ratio (a large length-to-thickness ratio) 

indicates that the magma was injected under high 

pressure and into a rock with greater resistance, 

forming a long and thin dike. In contrast, a lower 

aspect ratio may suggest softer host rocks with 

lower resistance. In the study area, the aspect 

ratio values range from 9 to 243, with an average 

value of 87, indicating a low aspect ratio. This 

could be related to the proximity of the dikes to 

the surface and the weaker elastic conditions of 

the host rocks. 

 

Discussion 

Based on field observations and microscopic 

studies, the dikes in the region are classified into 

three types in terms of deformation. The first type 

consists of extensional dikes, the second type are 

active dikes, and the third type are mylonitic 

dikes. In the first type of dikes. the walls of the 

dike have opened with a low rate, and crystals 

begin to crystallize from the walls in the direction 

of the minimum stress (σ3 axis). In most of the 

dikes, tourmaline crystals that are perpendicular 

to the dike walls have been fractured, indicating 

that the opening of the dike has continued, 

leading to the fracturing and brecciation of the 

tourmaline crystals. Additionally, the filling of 

spaces between tourmaline fractures with 

minerals such as quartz and feldspar suggests that 

magmatic fluids were still present in the area. 

This type of dike also represents a passive 

emplacement of dikes, where the role of magma 

pressure in the formation and creation of new 

spaces was minimal. 

The second type consists of active dikes with 

moderate deformation. In these dikes, 

deformation is concentrated at the boundary 

between the dike and the host rock. In this type, 

host rock crystals, such as muscovite, sillimanite, 

and andalusite, have rotated near the dikes and 

become aligned parallel to the dike walls. In these 

dikes, the magma flow was strong, and the 

internal fabric, or banded texture, is parallel to the 

dike walls. These magmatic bands are often 

regular and parallel to the dike walls, indicating a 

laminar flow of magma. Additionally, enclaves 

of schist have been detached from the host rock 

and are aligned with the dike walls. The pressure 

of the magma played a significant role in the 

formation of these dikes, and the magma pressure 

was high enough to align the host rock crystals 

and enclaves, also creating the banded texture. 

The third type consists of mylonitized dikes. 

These dikes show complete solid-state 

deformation, with mylonitic foliations and shear 

lineations formed. In these dikes, muscovite 

crystals exhibit undulatory extinction and have 

been converted into fibrolite and sillimanite. The 

conversion of muscovite into fibrolite and 

sillimanite indicates high-temperature 

deformation. Other indicators, such as 

recrystallization through grain boundary 

migration (GBM) and checkerboard extinction, 

confirm a minimum deformation temperature of 

700°C. Tourmaline crystals in the mylonitized 

dikes show deformable behavior. As a resistant 

mineral, tourmaline can remain stable in a wide 

temperature range from the greenschist facies to 

the amphibolite facies, with the boundary 

between brittle and ductile behavior of this 

mineral occurring at approximately 500°C. 
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