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Extended Abstract

Introduction

Enclaves provide valuable information for geologists, which includes the location of magmas,
the nature of the host rock and the relative age of the masses, the dynamics of the magma
chamber and cooling plutons, and various reactions inside the magma. The studied mass body
(Sinavand Mountain) is located in the northeast of the Sonqgor and in the Sanandaj-Sirjan zone
with a relative age of Upper Eocene to Lower Oligocene. The purpose of this research is to
investigate the field relationships and microscopic studies as well as the chemistry of
amphibole crystals of the host rock and mafic microgranular enclaves (MMES), for calculating
of temperature and pressure of both the enclave and the host. The studied area consists of
granodiorite-granite and diorite. The diorite rocks are exposed in the form of small and large
enclaves with sharp edges and variable sizes. These enclaves are mostly angular, oval and
shapeless with the contact margin often curved.

Materials and Methods

This research is based on studies of geological maps, field relationships, thin sections and
geochemical data. Plagioclase and amphibole minerals have been analyzed in Iran Mineral
Processing Research Center (Karaj) using EMP analysis, in the time 15-20 seconds and a
current of 20 Na.

Results and Discussion

Petrography

Host rocks: Granodiorite rocks are characterized by high abundance, medium grain and
granular texture, and granites are medium to coarse grained and have granular texture. The host
rock is composed of plagioclase (30-42%) with zoning and orthoclase (18-25%) and quartz
(23-30%) and some secondary minerals of amphibole, titanite, biotite, apatite, zircon and metal
oxides. Myrmikite, granophyric, poikilitic and perthitic textures are also observed. Enclaves:
The composition of diorite enclave (up to quartz diorite) includes plagioclase (50-60%),
amphibole (15-20%), potassium feldspar (less than 5%), quartz (3-15%) and secondary
minerals apatite, sphene and Metal minerals.
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The texture is microgranular and sometimes there is chemical zoning that indicates chemical
imbalance in the environment of their formation.

Chemistry of crystals

Amphibole: It is present in almost all compositions of host and enclave rocks, and 4 samples
from each (8 samples in total) were selected and analyzed. According to the diagram of Si
against Ca+Na+K, amphiboles in host rocks have igneous nature. Based on the charts of Lake
et al., the amphiboles of the host rock are magnesio-hornblende and hastingsite, and in the
enclaves, they are magnesio-hornblende and edenite. Plagioclase: The composition of
plagioclase in granite is albite with a variation of anorthite content of 4 to 5% and albite
granodiorite to oligoclase, but in diorite enclaves from oligoclase to labradorite and anorthite
content is 20 to 55%. In both enclave and host, the composition of plagioclase is zoned and it
will reflect the change caused by magmatic mixing/mixing. The dissolution reaction of more
calcic plagioclase with a more sodic lava forms plagioclase that has less anorthite than the main
types (i.e. core composition), but may be more calcic than its coexisting magmatic liquid. The
significant textural and compositional imbalance between the calcic core and its sodic cover
strongly indicates magmatic mixing and, of course, the durability and preservation of the signs
requires rapid crystallization and incomplete mixing. The average pressure calculated for
granite and granodiorite host rocks is 4.23 and 1.31 kbars, respectively, and the average
pressure at the time of host mass replacement is 2.77 kbars. But the enclaves have a pressure
of 2.46 kbars. Temperature has an effect on pressure calculation, and at high temperatures, the
increase of tetrahedral aluminum in hornblende increases, and as a result, it increases the total
aluminum and increases the pressure of mineral crystallization and magma replacement, which
is true for enclaves.

Conclusion

The macroscopic and microscopic characteristics of these enclaves, including grain size,
morphology, presence of contact surface and different shapes of enclaves, the presence of
elongated, shaped plagioclase crystals, needle apatite crystals and finally microgranular and
poikilitic textures, indicate that these enclaves are the result of rapid cooling and mingling/
mixing of felsic and mafic magmas.

Keywords: Magma mingling, Enclave, Diorite, Granitoid, Zoning.
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(Na K)(Ca Na)(Al Ti Fe**Mg Fe?*MnCa)(Si ANO 22(OH) 2

S el &l Jge 9 S el
Am79h-1 (Naoo1 K)o,01(Casz s Nao,o1)s70( Al ez Tioor Fe?*1,01Mg Fe?*14sMn 0,01Ca3,7s)s78(Sis,74 Al 62)7,36022(OH)2 Hastingsite
Am79h-2 (Nao,03 K)o,03(Cass7 Nao)s o Alyes Ti Fe**1,00Mg Fe?'1,40Mn 0,02Ca3,87)s,52(S1s,m1 Al1,63)7,34022(OH)z Hastingsite
Am79h-3 (Na K)(Cas,s7 Na)ss7(Al 16611001 Fe3"1,00Mg Fe?*138Mn 0,00Cas 87)s85(S1 5,68Al1,66)7,34022(OH)2 Hastingsite
Am79h-4 (Nao10 K)oj10(Cas g1 Naojo)s oAl 163Tioo Fe*"1,sMg Fe**1,50Mn 0,01Cass1)s,77(Sis7a Alye3),37022( OH)2 Hastingsite
Am79h-5 (Nago1 K)o,01(Cas7s Naoor)so(Alyes Ti Fe¥ 1,oiMg Fe?*14Mn 0,02Ca3,78)s81(S1s,73 Al63)7,36022( OH)2 Hastingsite
Am79h-6 (Naoo1 K)o,01(CassoNaoor)ss1(Al1e1 Tioo Fed™1,oMg Fe?"1,46Mn 0,02Ca350)s84( 81570 Al164)7,34022( OH)2 Hastingsite
Am79h-7 (Naoz K)o,02(Cas 7o Nagoz)ssi(Ales Tioee Fed™1,03Mg Fe™1,37Mn o,01Cas,79)s,75(S15,78 Al 63)7,41022( OH)2 Hastingsite
Am79%-1 (Nao,0s Ko06)o,1(Carer Naos)1,06( Aloar Tigee Fe¥*o0Mga ss Fe2*2,20Mn 0,04Can01)7,26(S17,62 Alo,37)7,00022( OH)2 Actinolite
Am79%-2 (Nag,04 Kojos)o,12(Cai,g0 Nao,oa),03(Alo;s7 Tioos Fe*o,0sMgz 33 Fe 236Mn o,05Ca1,80)7,32(Si7;ss Alo;s7)s12022(OH):2 Actinolite
Am79%-3 (Nao10 Koos)o,16(Ca1,s2 Naoji0)y,02(Alost Tioes Fe*To Mgz a6 Fe?1,00Mn 0,0sCay 82)7,28(Siz; 50 Aloss1)s,00022( OH)2 Actinolite
Am79-4 (Naoos Koos)o,14(Can,s1 Naojos)ss(Alos2 Tioes Fe**o,a0Mgz,a0 Fe?*1,04Mn 0,04Ca1 81)7,34( Sizjas Alo52)7,07022( OH):z M-hornblende
Am79%-5 (Nao,or Kojos)oos(Cargr Nao,or)y ss( Alous Tioos Fe*o,2sMgzss Fe? 200Mn o,04Ca 87)7,25(S17,50 Aloja6)s0s022(OH)2 Actinolite
Am79%-6 (Nao,16 Ko,06)0,22(Can o7 Nao16)2,13(Alojas Tios FedTo,0sMgaz ss Fe?218Mn 0,0sCa1,97)7,37( 817,55 Aloas)s,0022(OH)2 Actinolite
Am79%-7 (Nao,01 Ko06)0,07(Cai,e3 Nao,or)1,04(Alosz Tiooz2 Fe**o,ssMgz 62 Fe?*1,77Mn o,04Ca,03)7,55( 17,35 Alo;62)7,07022(OH):2 M-hornblende
Am79e-8 (Nao,04 Kojor)on(Canss Nao,osh o Al 0511005 Fe*o,3aMg2 50 Fe2*1,03Mn 0,0sCa1 s6)7,33(S17,50 Alo,s1)8,01022( OH)z Actinolite
Am75h-1 (Nao14 Koas)o,e2(Cai e Naojia),08(Alous Tioez Fe*ossMgz s Fe? ™1 s2Mn 0,04Can 84)7,24( Si7,40 Aloas)7,07022(OH)2 M-hornblende
Am75h-2 (Nao20 Koj18)o,47(Can 58 Nao,20)2 17( Al s Tiojz6 Fe?*0,45Mgs,00 Fe2*1,00Mn o,01Ca1 88)s,6(Sis 10 Al150)s,08022( OH)2 Tschermakite
Am75h-3 (Naoj7 Koo4)o,21(Cai,1 Naoj7)es(Aloar Tioes Fe**os0Mgs 28 Fe?1,08Mn 0,04Can 81)7,24(Siz; 50 Alo41)7,01022( OH)2 Actinolite
Am75h-4 (Nao,o Ko,o7)o07(Can,ss Na)1 ss(Alos Tiojos Fe* o,2Mgz 68 Fe?*1,83Mn 0,02Ca1,s8)7,43(S1 7.42Al0,73)515022( OH) 2 M-hornblende
Am75h-5 (Nao,0s Ko02)o,08(Ca1,93 Nao,os)1,99( Alo,ss Tio0z2 Fe**o0,32Mgs 15 Fe*1,46Mn 0,02Cai,03)7,29(Si7 65 Alo;ss)s0022(0OH):2 Actinolite
Am75h-6 (Naoj1a Ko03)o17(Caie0 Naoj14)ys3( Alosas Tioos Fe*osMgs 26 Fe? o,7sMn 0,03Ca1,60)7,21(S17,44 Aloja4)7,:85022(OH):2 M-hornblende
Am75h-7 (Nao,13 Ko,04)017(Carm Naojia),s4(Aloas Tioos Fedo,saMgs 20 Fe?To8Mn 0,00Ca1,7m)7,21(S17,48 Alojas)7,03022(0H)2 M-hornblende

Am24le-1 (Naoj13 Ko03)o16(Cas 26 Nao13)s,30(Alojs Tiom Fed™Mgz2 30 Fe 1,7:Mn 0,03Cas26)7,56( 517,62 Alojis)7,77022(OH)2 M-hornblende
Am24le-2 (Naos Koj1)o2s(Caz;s0 Naojs)2es(Al o43Tioo Fe** Mgz 30 Fe**2,12Mn 0,02Cazs0)7,68(Si7,46 Aloj43)7,80022( OH)2 M-hornblende
Am24le-3 (Nao;13 Koj4)ozr(Cazis Naos)z 26(Alon Tioo Fe**Mgi ez Fe?*233:Mn 0,02Cazi3)712(Sizns Alom)7ss022(OH)z Edenite
Am24le-4 (Nao,14 Ko24)036(Casor Nao,14)3, 210 Al Tioon Fe*Mgz 36 Fe? 22sMn 0,03Cas07)s49( Si7,53 Alo,9)s32022(OH)2 Edenite
Am7le-1 (Naojs Kooz)o17(Caiss Naojis)zo(Aliss Tiozo Fe*o052Mg 324 Fe**o,77Mn 0,01Can85)s17( Sises Alvss)s 23022( OH)z M-hornblende
Am7le-2 (Na Ko02)0,02(Cazz22 Na)zz2(Alojis Tioor Fe¥*o0sMgsa0 Fe?*14sMn 0,01Ca2,22)7,20(S17,37 Alo,15)7,52022( OH)2 M-hornblende
Am7le-3 (Naoo7 K)o,02(Cases Naor)s7(Alojs Tiojes Fe3*Mgs 22 Fe?o,2Mn o,01Cas,63)7,77(S17,33 Aloj14)7,47022( OH)2 Edenite
Am7le-4 (Nao,12 Koos)os(Caz Nao12)2,23(Alojs Tioes Fe*Mgs a3 Fe2 1,.41Mn 0,0Caz11)7,25(S17,36 Alozs)7m022(0H)2 M-hornblende
Am7le-5 (Nao,os K)o,05(Cas a9 Nao,os)s s4(Alo,74 Tioos Fe** Mgsz0 Fe**o,:Mn 0,01Cas,49)531(S17,30 Alo,74)s,13022( OH)2 Edenite

Am7le-6 (Naos K)o,03(Caz s Naoos)s,sn(Alo,21 Tioos Fe¥ Mgsar Fe?*o,6sMn 0,01Cas,64)8,02(S17,36 Alo,21)7,57022( OH)2 Edenite
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