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ABSTRACT

Dalfard granitoids are located in the south-east of Kerman province and in the margins mainly
include quartz diorite. Quartz diorites contain main minerals plagioclase, amphibole and
biotite and this work reveals that the rocks in this area are I type granitoides and they belong to
calc-alkaline magmatic series. The enrichment of LREE relative to HREE, high contents of LILE
relative to HFSE and anomalies of Nb and Ti in spider diagrams show that the Dalfard quartzdiorites
are formed in an arc setting environment. The CaO/(MgO+FeO)) and Al,0,/(MgO+FeO,) ratios
(0.55 and 1.36 respectively) show that the parent magmas were formed by the partial melting of
basaltic rocks of the lower crust and mantle fluids/melts also participated in their formation. Based
on geochemical data such as La/Yb(N) and Th/Yb(N>

are related to pre-plate collision environment and formed in the mature Volcanic arc setting at a

ratios (4.4 and 6.5 respectively), these magmas

depth of about 40 km at the supra subduction zone of the Neothetys oceanic lithosphere and then,

they ascent to the higher levels of the crust and passed fractional crystallization.

1.Intoduction

Granitoids are formed as a result of complex processes such
as subtraction, partial melting, digestion, etc., and are placed
in different parts of the crust, and their geochemical nature
and origin are evidence for the growth and evolution of the
continental crust in considered (Ducea et al., 2015 and references
there in). In addition, granitoids, depending on the specific
tectonic environment in which they are formed, have their
own mineralogical, geochemical and isotopic characteristics
(Kemp et al., 2007). Therefore, understanding the origin and

transformations of their constituent magmas can provide

valuable information to interpret the tectonic evolutions of the
crust of each region.

One of these granitoid complexes is the Delfard granitoid,
which is located in the southern part of the Dehj-Sardoiyeh
belt and is subjected to lithological investigations in this study.
The said intrusive mass has a northwest-southeast trend that

penetrated into the Eocene volcanic rocks.

2. Research method

In order to investigate the rocks of the study area, first library
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studies were done, then field visits and sampling of the mentioned
units, and after preparing thin sections, they were studied and
finally 10 samples of Hadad rocks were collected. The infiltrated
medium was sent to the SGS laboratory in Canada for chemical
analysis and the main elements were analyzed by XRF method
and minor and rare elements were analyzed by ICP-MS method
(Table 2). In order to study the chemistry of plagioclase and
amphibole minerals in quartz diorites studied at Yamagata
University, Japan, they were spot analyzed by a JEOL-HX 8600
M electronic microprocessor under conditions of 15KV voltage

and 20Na electric current (Table 1).

3. Geological environment and field relations

The Delfard intrusive mass is located in the southeastern part
of the Urmia-Dokhtar magmatic belt, which is named as the
Dehj-Sardouei belt in Kerman province (Dimitrijevic, 1973)
and is located on the geological maps of 1.250000 Bam and
Sabzevaran. The desired mass is divided into two parts by the
Delfard fault (fig.1). The eastern outcrop is almost oval in shape
and its long diameter is located along the northwest-southeast
and it is 20 kilometers long and its total area is about 200 square
kilometers.

The studied rocks have a surface and fresh gray color, and a
group of dense joints with a dominant northwest-southeast trend
can be seen in all their parts. Along some fractures and faults,
epidote and calcite secondary minerals are formed (fig.3a). The
margin of these masses shows the structure of porphyry and in
them you can see large crystals of plagioclase and amphibole

(with a size of up to 5 mm) in a finer grain field.

4. Lithography

Based on the modal values of minerals, these rocks include
quartz-diorite and granodiorite. The stones in question in
the hand sample are all crystalline and are characterized by
mesocratic color index and light gray to dark gray color. Their
characteristic texture is heterogeneous granular (fig.5-a) and
they include the main minerals plagioclase, amphibole, biotite

and quartz.

5. Chemistry of minerals

The chemical composition of a number of plagioclase and
amphibole minerals in the Delfard mass is shown in Table 1.
Plagioclases are located in the Ab-An-Or ternary diagram
in the range of labradorite (62.55 Or 0.45) (Ab 36.99 An) to
andesine 62.55 Or 0.44) (Ab 54.06 An) (fig.6a). Chemical
analysis of amphiboles in the studied rocks and Using the
diagram (Leak et al., 1997) shows that their composition is

magnesiohornblende (fig.6 b).

Geothermometric and geobarometry calculations on
amphibole and plagioclase minerals in the studied rocks
showed that the desired minerals in these rocks, at an average
temperature of 725 degrees Celsius (according to the method of
(Colombi, 1989) and a pressure of 1.5 to 2 2/2 kilobars
(with the method of Hammarstrom and Zen, 1986;
Hollister et al., 1987; Johnson and Rutherford, 1989;
Schmidt, 1992) have been crystallized.

6. Geochemical composition of whole rock

The whole rock composition of the granitoid rocks of Delfard
Massif is shown in Table 2. The spectrum of SiO, in the studied
rocks varies from 52 to 62% by weight. The amount of Al O,
shows a relatively wide range (14.9 to 21.2) in harmony
with the amount of silica. The amount of TiO2 in these rocks
changes from 0.55 to 0.85% by weight, and other oxides such
as Na,O (2.53 to 3.7% by weight) and K,0 (0.51 to 2.05% by
weight), with increasing amount of silica , show a noticeable
increase. The modal composition of the studied rocks is

shown in fig.7a.

7. Discussion, Petrogenesis

The subtraction phenomenon can play an important role in the
magmatic evolution of granitoids. The decreasing trends of
oxides such as MgO, Feot, Al,O,, and CaO with the increase of
SiO, (fig.8) in Delfard rocks can be due to the subtraction of iron
and magnesium minerals such as biotite and hornblende, which
is consistent with the petrographic evidence.

The involvement of upper crustal materials during
emplacement can make this ratio slightly higher. Experimental
works have shown that the partial melting of the basaltic rocks
of the lower crust will create metaaluminous magmas, while the
partial melting of the destructive crustal rocks of peraluminous
granites. will make All the studied rocks are metaaluminous,
have a weak Eu anomaly, and the pattern of HREE abundance
in them is almost flat. All these evidences indicate that the
main source of the forming magma is the basic rocks of the
lower crust. The ratio of CaO/(MgO+FeO,) (0.4 to 0.7) and
ALO,/(MgO+FeO) (1.2 to 1.52) in the studied samples is
relatively low and shows that the mother magma They are
derived from metabasaltic source rocks (Altherr et al., 2000).
Geochemistry of whole rock shows that Delfard granitoid is a
part of Jabal-Barez type granitoids, whose age is attributed to

Oligomiocene and penetrated into Eocene igneous complexes.

8. Conclusion
The studies conducted in this research showed that the Delfard

granitoid mass penetrated into the Eocene igneous rocks and

124



Petrogenesis of granitoids from Dalfard area (Northwest of Jiroft)....../ Zeinab Rahmanian et al. / G.S.J. 2023 , 33 (1): 123-142

is of the type I granitoids. The created magma has ascended to
the upper parts of the crust and has crystallized at higher levels
while bearing crystal subtraction.

The enrichment of light rare earth elements compared to
heavy rare earth elements, the high amount of LIL elements
compared to HFS, and also the negative anomaly of Ti and Nb
in the multi-element diagrams, show that the magmas forming
Delfard quartzdiorites were created in the arc environment. The
ratios of CaO/(MgO+FeO,) and Al,0,/(MgO+FeO,) (equal to

0.55 and 1.36, respectively) show that the primary magmas are
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from partial melting of the basic rocks of the lower crust with
the intervention of fluids and Mantle melts have been created.
Geochemical data such as La/Yb and Th/Yb ratios (equal to
4.4 and 6.5 respectively) and the geological position of Delfard
granitoids indicate that the parent magmas are probably related to
the previous environment. They have emerged from the collision
and in the place of a mature volcanic arc at a depth of about 40
km above the subduction zone of the Neotethys lithosphere, and
then they have climbed to higher levels and endured fractional

crystallization.
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Figure 5. a) Heterogeneous grain texture with the presence of plagioclase minerals with polysynthetic makel and zoning -biotite-quartz-alkali
feldspar in quartzdiorites; b) Potassium feldspar rim around plagioclase in Delfard quartzdiorites; c) Plagioclase-biotite crystals Quartz;

d) Quartz and amphibole crystals with twin mackle in granodiorites (all images in Xpl light).
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Figure 6. a) Chemical composition diagram of plagioclase in Ab-An-Or diagram (Deer et al., 1992); b) Classification

diagram of amphibole in Delfard quartz diorites (Leake et al., 1997).
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Table 1. Chemical analysis data of EMP plagioclases (base on 8 Oxygene) and amphiboles (base on 23 Oxygene) in Delfard quartz diorites.

Sample | 75 | 18 | 79 | s | e sample | 74 | 83 [ 92 | 93 | 104
Representative compositio.ns ‘of plagioclases in the quartz (e Gy e T (e e i
diorites
Sio, 56.86 58.06 58.12 55.32 54.34 Sio, 49.27 | 50.53 | 48.94 | 50.24 | 49.59
TiO, 0 0.01 0.02 0.05 0 Tio, 1.64 1.33 0.95 0.96 1.14
ALO, 28.34 26.85 27.29 29.36 29.58 ALO, 7.4 6.39 5.55 6.25 7.04
FeO 0.14 0.15 0.16 0.23 0.26 FeO 11.81 12.08 12.13 12.33 12.28
MnO 0.04 0 0.03 0 0 MnO 0.42 0.49 0.6 0.54 0.35
MgO 0 0.01 0 0 0.02 MgO 15.2 16.01 15.17 15.77 15.5
CaO 10.67 9.02 9.58 12.21 12.54 CaO 12.16 11.57 11.45 11.39 11.1
NiO 0.01 0 0 0 0.02 NiO 0.07 0 0.02 0.07 0
Cr,0, 0 0.01 0.07 0.03 0.04 Cr,0, 0.03 0 0 0.04 0.05
V,0, 0 0 0 0.05 0.08 V,0, 0.04 0.07 0.04 0.04 0
Na,O 5.41 5.83 5.81 4.48 3.63 Na,O 0.65 0.77 0.56 0.79 0.82
K,0 0.09 0.08 0.08 0.06 0.09 K,0 0.45 0.37 0.35 0.44 0.41
F 0 0 0 0.31 0 F 0 0 0 0.27 0.18
Cl 0.02 0.02 0.01 0.02 0 Cl 0.19 0.19 0.13 0.12 0.19
Total 101.57 100.03 101.17 101.97 100.6 Total 99.27 | 99.75 | 95.85 99.1 98.53
Si 2.517 2.593 2.574 2455 2.439 Si 6.952 7.03 7.112 7.05 6.973
Al 1.479 1.414 1.425 1.536 1.565 Al 1.048 0.97 0.888 0.95 1.027
Ti 0 0 0.001 0.002 0 Al 0.182 | 0.077 | 0.062 | 0.084 0.14
Fe 0.005 0.005 0.006 0.008 0.01 Fe, 0.584 | 0.893 | 0.833 | 0.941 0.998
Mn 0.001 0 0.001 0 0 Ti 0.174 | 0.139 | 0.103 | 0.102 | 0.121
Mg 0 0.001 0 0 0.001 Cr 0.004 0 0 0.005 | 0.006
Ca 0.506 0.432 0.455 0.58 0.603 Fe, 0.81 0.512 | 0.641 0.506 | 0.446
Na 0.464 0.505 0.499 0.386 0.316 Mn 0.05 0.058 | 0.074 | 0.064 | 0.041
K 0.005 0.004 0.005 0.003 0.005 Mg 3.198 | 3.321 3287 | 3.299 | 3.248
Ca 1.837 1.725 1.782 1.712 1.672
Or 0.504 0.454 0.489 0.333 0.57 Na 0.177 | 0.206 | 0.158 | 0.214 | 0.223
Ab 47.625 53.652 52.077 39.801 34.192 K 0.08 0.065 | 0.064 | 0.078 | 0.074
An 51.872 45.894 47.434 59.866 65.238 Mg/(Mg+Fe*) 0.8 0.87 0.84 0.87 0.88
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Figure 7. a) Modal classification of intrusive rocks of the studied area (Le Maitre et al., 2002;
Streckeisen, 1976); b) Classification of intrusive rocks of the studied area (Winchester and Floyd, 1977);
¢) Determination of magmatic series of intrusive rocks of the studied area (Peccerillo and Taylor, 1976);

d) Chart of A/NK vs. A/CNK changes (Shand, 1943).
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Figure 8. Change diagrams of the main oxides of the studied samples against SiO, (Harker, 1909).
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Table 2. Chemical analysis data of the main oxides of the rock samples of the study area (main oxides based on weight percentage and

elements based on parts per million).

Sample 171 230 209 213 214 26 | 262 | 286 | 200 [ 296
Rock type Granodiorite Quartz diorite
Si0, 62 57.8 53.3 53.1 52 52.8 52.7 55 57.1 544
ALO, 14.9 15.15 19.8 18.8 212 19.2 17.5 18.1 16.95 16.9
Fe,0, 8.67 7.23 9.61 9.42 7.58 10 1005 | 8.43 6.93 7.85
Ca0 5.17 6.7 9.52 9.39 10.3 8.76 8.89 6.96 6.68 8.13
MgO 3.01 425 3.41 5.07 407 3.78 3.95 321 3.15 6.97
Na,0 338 3.44 2.95 2.53 2.68 3.06 2.56 3.77 33 2.93
K,0 2.05 1.63 0.51 0.92 0.97 0.72 0.73 1.06 1.29 0.83
Cr,0, <0.01 0.02 <0.01 0.01 0.01 <001 | <001 | <001 | <0.01 0.01
TiO, 0.85 0.55 0.82 0.75 0.69 0.65 0.59 0.57 0.73 0.62
MnO 0.16 021 0.16 0.19 0.13 0.19 0.2 0.16 0.12 0.17
P,0, 0.2 0.1 0.35 0.13 0.09 0.13 0.12 0.13 0.15 0.17
Sr0O 0.03 0.03 0.06 0.04 0.05 0.05 0.03 0.05 0.05 0.06
BaO 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01
LOI 0.63 1.67 1.06 1.55 1.43 111 241 1.39 1.82 139
Total 101.08 | 9881 | 10156 | 10191 | 10121 | 10046 | 99.74 | 98.84 | 9829 | 100.44
Ba 293 234 107 113.5 102.5 112.5 87.2 120 154 82.2
Ce 39.2 39.1 17.9 17.2 8.8 15.3 13.4 18.4 25 2
Cr 10 130 10 70 40 10 20 10 10 90
Cs 531 226 0.59 223 252 2.4 2.6 0.45 1.05 111
Cu 157 90 110 57 161 129 156 60 93 21
Dy 6.02 6.48 3.18 324 1.88 2.66 3.25 3.26 3.54 3.14
Er 3.75 4.04 1.82 1.99 1.13 1.58 2.05 2 2.07 1.92
Eu 1.01 1.01 1.1 0.9 0.65 0.93 0.9 1.09 1.06 1.08
Ga 15.8 14.6 18.1 15.9 15.9 20.6 18.6 20.4 18.6 16.1
Gd 5.64 6.28 3.28 3.03 1.8 2.55 2.95 331 3.75 322
Hf 44 22 2 1.8 13 1.4 1.7 25 2.7 1.8
Ho 135 1.42 0.66 0.7 0.4 0.58 0.71 0.65 0.71 0.65
La 16.7 14.9 7.9 75 3.7 6.9 5.6 7.8 10.7 9.9
Lu 0.56 0.62 0.26 0.29 0.18 0.26 0.28 03 0.32 0.31
Nb 8 6.2 1.8 1.7 12 1.6 1.4 1.6 2.8 2.6
Ni 6 34 6 26 2 5 9 8 8 71
Nd 2.1 23.1 11.2 10.5 5.8 93 9 12.7 15 13.2
Pr 521 5.45 2.45 238 1.28 2.03 1.93 2.76 3.47 3.05
Rb 77.5 64.6 12.9 32.7 35 24 18.3 18.7 2.1 24.6
Sm 535 557 2.74 2.49 1.53 224 2.46 3 3.53 3.04
Sn 2 2 1 1 1 1 1 1 1 1
Sr 275 296 547 409 486 534 369 464 520 582
Ta 0.5 0.4 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2
Th 0.97 1 0.52 0.5 03 0.4 0.52 0.52 0.59 0.53
Th 5.03 5.89 1.4 1.7 0.78 1.17 1.29 1.06 175 249
Tm 0.57 0.6 0.25 0.28 0.16 0.24 0.28 0.29 0.29 0.28
U 131 1.05 0.26 039 03 03 039 0.64 0.6 0.77
v 149 109 196 227 191 237 311 195 204 154
w 1 3 1 2 4 8 1 1 1 1
% 35.6 37 17.1 18.3 10.8 15.3 17.9 17.8 19.2 17.6
Yb 3.54 3.83 1.62 1.72 1.07 1.49 1.86 1.83 1.9 1.9
Zr 154 64 74 64 47 51 59 87 93 59
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Figure 9. a) Spider diagram of the samples of the studied area normalized based on chondrite (Boynton et al., 1984); B) Diagram of samples of the

studied area, normalized based on the primary mantle (Sun and McD, 1989). The red line of the lower crust has the same composition as the lower crust.
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Figure 10. a, b, and c) diagram of determining the types of I, S, and A granitoids (Whalen et al., 1987); c¢) Quoting from
(Chappell and White, 1992). In general, 4 models are considered for the formation of type I granitoids: 1) digestion and
fractional crystallization (AFC) or fractional crystallization (FC) from the parent basaltic magma (Duchesne et al., 1998;
Macpherson et al., 2006); 2) magmatic mixing between felsic and basic magmas (Danyushevsky et al., 2008;
Streck et al., 2007); 3) partial melting of low grade metasomatized lithosphere (Jiang et al., 2006) and 4) partial melting of
crustal rocks (Chung et al., 2003).
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Figure 13. a) Diagrams for determining the tectonic location of Delfard intrusive mass. a) Al,O,-TiO, diagram
(Muller and Groves, 1997); b) Y+Nb-Rb diagram (Pearce et al., 2008); ¢c) Hf-Ta*3-Rb diagram /30 (Harris et al., 1986);
d) R1-R2 diagram (Batchelor and Bowden, 1985).
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Figure 14. a and b) Ba/Th-Th and Th/Yb-Nb/Yb variation diagram, which shows the contribution of subduction

fluid components and melts in the formation of Delfard granitoid parent magma (Pearce et al., 2008).
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