OF 1FF leanl g 5l YV o5losds 1 0590 (60 1,5 (b oy 9 o8 (slaAsSl

33995 Jlouds (g yamno Wadgindl )5 50 g JuSlld by | 1l 9 (S g0l
(Oler o — g oeaw (393)

Y oo« #) . -
#2950 Jaslowsl 9 (B pall ez gue
Olnloble 3 o collsl ol5T oKzl bl ;5 amrlg o cliisiyma) 09,5 Lils -
Ol 50851 ¢ calluol ol5T olXzils 550951 axrly o ol pmoy 09,5 JLokiwl =¥

* Vahid.Shahrokhi @ Gmail.com : g cusous g

b3y illio g gi VEXTAIY s Gyl VFeY/ENY bl yo

oS
mpiie GleSle - 95550 e ) (S (mlidimey Bl a5 oud @Bly 550081 Gl el Jlad 0 (g e 45U (53985 0093
So 0055 onl el Lanseis B S-C slacSs pls 1 10 g 009 (920955 0095 cpl .ol )13 gty digy 15 50 a5 Cewl ()l s
oS g Ailoais ey O)lg0 yidoy ;0 5039 ulS 9,500 g (S 595,) 395,] Jalds lwald JSIT sledgas auisy la SIS oy Ugoro
Slllas aws oo ol WbSLS oagay 055 51 i 10 il g oog (S Gl 5 50,8 4 blese sloged 9 sloged ST, 4
T 5 Sage o0game 43 5 005 Cuil-Calidy e 2kl gae Il 5 mieie 3l (28 o] 45 wmo e (Lt Sge S sk send
Ol yass asals ol I EVAY OC L £5+ °C Jolias ;0 00 Y °C baiuign JoSid slod (1Kl .05 15 cad 58 00y Jolaie 036
gl S imtie 0 sl Cawdy JLid b g 0o ;aghS ¥l peS Ges o den eSS sasasplis YIYYKD o Sile L Las
silyg,8 JSITSIS sloKin Codgm 0dgamme 1 (yg e 4l slacaian 8,08 Sleen il S locSiw gl p Culgm (oo, lid
odid i biuisw ,0 FE/Mg cas o9 UL .ol oulds ol I S loools oS 4y g ad 3 131 g48 JSlywgS aigy j0 9
00game 48 55 FQM Sl lgie 4 VIV (Kle L AL ply 50 lacsgn Fef olin .ol g i loodsindl S og uife
Ogrme 4l 38 ST itulid (oS liae aited LSle oS Ll b osimoslis g 43,8 8 iiKe 6w laaseidl S
33 e 9 Ub (3l SIS Cagr (crlio Lauome 45 808 0 035 e Lb Ve T B VT e g 009 UL Sgge (slaosls oS 4

At (55850 5 Sl gl slopia

5955 s 5 gnst psbimnt SIS iz siglS (sloo3ly

bl GgmlannST lulpd g oS 5 Lad 5 Les Ll
Sygl Gty F9y0 8l Gy ohgh LIL
SIS aslen sl S slaled b sus jalite slaccign
FeO-MgO-ALO; (sla Jo5ei 15 cyaesll s 5 SIS
Olellase) WpS oo B paie slaosgaze o
hSan 5 Cuzl 995 (I 5wyl 995
Ji5 (S5l il ) Cogm Like (andess (Y0
Slogg Coedl 51 SIS 5 SCige % b35S me 5 5]
URCHET NN NI MW N
S 5 S 9o Wlg o0 S jop (Sl SIS dsgacee
Cagm oS 5 (Vo1 (Sogalo) igd Codgm addl

Sl 3l gyl o)) 9 )Io;’;'l Sedle S5 g
3 sramg il 50 5ol ped a5 el (G95 S0 9 0]
hﬂ‘)‘i} )o .“‘... O.). - S 4.? . . . ‘)L‘i"é 5 qu ‘E%‘)‘:}
Sl olas agyiglla g ()5eaST (cas)led Ol
wazl o8 VPP colusl) lawg SL del b
3O st Slell! Q|956a Coigm yobsond SoS 4
oz g b lSle olendisrd bl il ogas



o 1FF leanl g 5l YV o5losds 1 0590 (60 1,5 (b oy 9 o8 (slaAsSl

oduzmmy Jb (e 50 5 Al s Sleogas g oograz g
b odd cazrge a5 010 0929 (Sonlgsty 9 (Soelsr
O eebdimey Sl Jo G lolid e
A3 5 wedlle 4l

0585 5 sl eoplil ol ol S sloasy
Sistle (™)l 190 b ol o ConnpdlSn cond
Sz okl £35S s JIg5 (™) o (6 5
CV) (5528 )31 Cay9209,5 5 dI™) 00l Fgal g asly
Sol e (F95 50 S (V- oY (& all) el
S olews Slacd ol plaes glacald 4 pguge
Ok b oy ol 5 )y Semlysl 4 sl
Wb Sl Senlyg) 4 Bl Sawanls 5l olaal
a2, 558, Uk s g ytme (1S 0058 S9i S1 )0 a5
o 05l ) 0z )0 (555,55 oo« 2lo)S (e
Coslordews g ojellast o 5 4 5 00l o gutnl b s
ol slaaSs dacSimanle Wlodds Lo Conds
S s plas a5 Wl 093 o (i slavsl
ol o 2lesS S5 o Al e S lagl (5 IS g,
ddbaie cpul 0 Ko O jle @ el a8 F &g aml
Sl (Kwgnl Sy Semlygy glaasls
Jol> a5 290 00 Gulep 5 )18 g, g
sloaxly z5,% g 5 0 SHES slacolls
55 S 00 5 oaad slaazly Gl s O 5l ()
S Sless g Jl ol culis sl b
b5 Slgwy () 0> (3908 At 42 4255 L laal
SLSL)TS (SHeSS (K yete o Selys - UL
9 03955 5503l B Sliga, JIg5 (215550 5 Sunie
5983 b (Ve ¥ o Bpoll 5 i) cons 625 (o JB
5 S rie S (F165Ma) Gl Seulysy (o 5o LS
AR R GOV Pt I PRR VRN L NS
T o (S sloasly (sargil S 03g3 (5,5 IS
598 0395 b wled Jore 13 (595,50 alla g 485 13
(TN e g 6yt 1) Sl 4Bl 5 S
OS2y S8 69y 2 U-Pb (g, ol plonil omi s
(OhSes g gyie VNV (e g (gt S5
e §3555505 0098 lalay eatmoglas (V1Y
(FE D Sz gl S Glressi L leses
gl g (Voo V ()l Ke 5 (g0gmune) ailiwl V.-V
o Selysy Oloy 5o (VN (Gl)Se g 9,5 plew)

S5 50 @ogle b cadl (See G55 50 5 03
O sk (Jlo g e Siw - Jlow S0 p S
5 (CusSwge 5 S5 sl gl ple b
sl axsly cillhe S pi (PIT) Soslizoge
o) bl g el A0 o Les 5 o ylesS)
3 (Ve oV e g alos NAAY () So g oy
& shoyns gty woism ok Sl
(b 50 ol Hetilr mijete Jle plyie 4 s
Ailgi o pasipagll 5 o0l 8yl A (] g porinesl]
9 20) O9h kew Gdily (6,005 Cuadae (o
S52g CaagSms b ol yad il Cdam (T VY () San
S8l g CusSwge e e o Wz e s
2 S oS 5 o8 yhage iy Slalllas bl 358 o0
L olesd Jobs 780 Cod (595 50 5 00,8] oK
99V e e eslghlgn) SO L (VAR (e 9) CogSge
» el Glge a 0pS e HE (VP W Sir
P T eldl gdaws 5 ok (o 5 Lo eoablio loSC

(Vo0 ) Sen g (5 i0) 0,105 oo )-*’L’ g
e 5 i o SlaSle (6 ometS g 0l ) B
PRSY YOw KVOVL 3 DN [UU A T W FUt JX S RO
9 Wgo sleSle JLad g Sl az o ST o250 Lad
S55lS Sl 5 GLSlegipiSS Sloogas cSlis
S Sl Esn GBed S5 4 Gy 4l
009y (el i g gouds (o) lrodld JoSo Wilgs o

S S gl ey sloan T b e S04 g

0908 (ol

FATF B FAYY lasb Jobs > 53 (g imue 420
YO o o Jlad YYOXF b ¥YYT o 5 By
e G yoshS ¥ g 5008l Gl ed o (5 0slS
O USE) ol 3 jauS sl

Sl = 355,58 195 5l e plye 4 4l )l
5 a8 oals aiSlis (VAFA (S el ol e zaiiw
Jolis (Ve oV cgoigm 9 Jooxe) gims digy )
B G oobys by 510 o o5 Lae slacln S
a5 we e ol Clelin ojls 18 g aul,S
9 SHESS slrodsdy 5 (S555S cpmnilaSle LgLﬁ.x;%T)é
SoL B ol 00,3 Gl glsl 1 slacgee
BB a5l 3 (S5 sl 5 S 5s l



I 1FF leanl g 5l YV o5losds 1 0590 (60 1,5 (b oy 9 o8 (slaAsSl

5295 b (i oo Sipetes ool 00 2
Osrs $55S 0058 Gl Sl Syl o
Slie (658 S g da il (490 S5ii by a5
oals a4l ol jo loas glacunds 5 uliiyse Sl
greld ;o suSgidl, S 0ogr (pl (Ve 0 B pali) ol

VoV (ingy0) loads (gaises, (ol52eS Ay jeS

Sldlas ¢ (B1,550 sllaw (o) pre Sldlas .col
sabaie pl ladSsdl,S a5 was 0 lis sendsl)
565 blas gam ) 5 S-type g5 5l vateslly lop e
sk a ]y QN5 JWIISIE slo (S5 5 0052 Itype
csiagyd VN Soall) ail e Lo lejen

(Y VY (g,s V10

49730’ Geological Map of Masteroon area 4945
|8 3T T A 7 3340
# R e () Y | % 2
\ AR O R e
> o X R I 15 0y~
} Mogleh, ! %, i
o L1 .'F‘-_%:
L ’.\ [ et
I SR S
|
[#3 frem s
1-Almogulakh / i
2-Golpaygan “\\‘\
3-Kolah-Gazi -/ "%
4-Dehbid L
5-Shalrbabak
*Study Area_ 1
. SRR

333 330
6 N 49%5°
Kilometers
®  Spring Fault

Mesozoic
Jurassic [Cretoeous

|:|(‘\’ Subvolcanic granodiorite porphyry.

QU Recent alluvium, Yong termaces,
—— Seawmriver — Geologic contact

Drainage s First class rood

O Village

. Scoond cluss rosd
Gd: Granwdionite and Pegmatites.

Jm®; Shales, Slates, and Semi-Schists,

Jm*; Metasandstone.

Jm™: Alteration of Slates, Metasandstone, Semi Schist awociated with Homfels

Fig. 1. Geological map of Masteroon area and its location on the map of Iran and the divisions of the Sanandaj-Sirjan
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Fig. 2. A: Intrusion of granodiorites in andalusite-garnet schist with contact aureole. B: Lisgang texture resulting from

biotite oxidation in granodiorites of the studied area.
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Fig. 3. A: Secondary quartz with Mortar texture in granodiorites in the study area. B: Alkali feldspar with stringy pertite
texture resulting from stress in granodiorites of Mesteroon area. C: Bending in plagioclase crystals due to applied stress. D:

Covering fabrique (mantle-core) around plagioclase in highly altered granodiorites. Abbreviations after (Siivola and Schmid,
2017).
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Fig. 4. A: Bending effects in biotite crystal faces due to tectonic stress. B: Transformation of biotite crystal to chlorite in altered
granodiorites. C: Older zircons with pleochroic halo. D: Younger zircons without pleochroic halo formed during magma
crystallization. Abbreviations after (Siivola and Schmid, 2017).
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Table 1. Results of EPMA datas for Biotites in Masteroon

D1 D2 D3 D4 DS D6 D7 D8 D9 D10
Si0, 3470 | 3370 | 34.89 | 34.39 | 33.55 | 33.82 33.59 | 32.87 | 33.75 30.95
TiO, 3.25 3.28 3.80 3.33 3.78 4.01 3.10 3.86 4.09 3.60
ALO; 16.31 16.10 | 15.25 16.25 15.18 15.21 16.61 16.01 16.19 16.31
FeO 18.31 18.36 | 19.41 18.01 18.20 | 17.61 20.09 18.29 18.20 16.59
MnO 0.34 0.28 0.33 0.35 0.13 0.26 0.39 0.15 0.24 0.16
MgO 12.45 13.55 12.10 14.03 12.10 | 13.75 12.04 | 13.19 14.30 14.59
BaO 0.04 0.02 0.02 0.04 0.02 0.05 0.02 0.04 0.05 0.02
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.06 0.06 0.08 0.05 0.06 0.06 0.08 0.09 0.07 0.06
KO 7.04 7.05 6.45 7.16 7.44 8.06 8.01 7.97 5.49 5.31
H,O 1.62 1.60 1.77 1.67 1.73 1.64 1.75 1.69 1.71 1.79
Total 94.12 ] 95.00 | 94.01 | 95.28 | 92.19 | 94.47 95.68 | 94.16 | 94.09 89.38
Si 5.67 5.78 5.59 5.36 5.72 5.71 5.75 5.46 5.78 5.62
ALY 2.33 2.22 2.41 2.64 2.28 2.29 2.25 2.54 2.22 2.38
Al 3.46 3.36 2.86 3.38 2.83 2.84 3.65 3.24 3.38 3.43
AV 1.13 1.14 0.45 0.78 0.55 0.55 1.40 0.70 1.16 1.05
Ti 0.38 0.37 0.43 0.38 0.42 0.48 0.35 0.44 0.48 0.40
Fe?* 2.43 2.45 2.51 2.25 2.29 221 2.58 2.31 2.29 2.18
Mn 0.04 0.03 0.04 0.04 0.02 0.03 0.05 0.02 0.03 0.02
Mg 2.81 3.26 2.75 3.31 2.75 3.28 2.72 3.11 3.36 3.86
Ba 0.003 | 0.001 | 0.001 | 0.003 | 0.001 | 0.003 0.001 | 0.003 | 0.003 0.001
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.03 0.02 0.02
K 1.54 1.54 1.41 1.57 1.64 1.74 1.67 1.67 1.27 1.25
Total 16.353 | 16.811 | 15.611 | 16.343 | 15.691 | 16.313 16.791 | 16.283 | 16.613 16.781
Fe/Fe+Mg | 0.46 0.45 0.47 0.40 0.45 0.40 0.49 0.43 0.40 0.36
Mg/Mg+Fe | 0.54 060 0.50 0.59 0.54 0.60 0.51 0.57 0.59 0.64
T(°K) 955.18 | 949.38 | 971.72 | 969.00 | 985.54 | 1026.35 | 933.14 | 933.80 | 1016.87 | 985.63
T(°C) 682.03 | 676.23 | 698.57 | 695.85 | 712.39 | 753.20 | 659.99 | 660.45 | 743.72 | 712.48
P(Kb) 3.95 3.65 2.14 3.71 2.05 2.07 4.53 3.29 3.71 3.83
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Fig. 5. A: Al'+Fe+Ti-Mg-Fe+Mn ternary diagram (Foster, 1960) and placement of all samples in the Mg biotite range. B:
Triangular diagram of 10TiO2- FeO*+MnO-Mg (Nachit, 2005) and the presence of Mg biotites. C: Binary diagram of
Fe/Fe+Mg against Al'Y (Deer et al., 1992) and placing all samples in the biotite range. D: crystallization pressure of biotites
based on total aluminum and biotite pressure gauge calibration curve for granitic rocks (Uchida et al., 2007).
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Abstract

The intrusive mass of Mesteroon area is located in the north of Aligudarz and is part of the Sanandaj-
Sirjan magmatic-metamorphic zone. This mass is granodiorite with S-C fabrique. This mass contains
megacrysts of quartz, alkali-feldspar, plagioclase, biotite and muscovite flakes. Quartz is often
amorphous with wave quenching and usually grown between minerals. Alkali feldspar includes
orthoclase, pertitic orthoclase and microcline and in most cases, they are cericitized. Biotites are brown
and reddish-brown in color and have curvature and often show kingband phenomenon due to stress.
Mineral chemistry studies show that the composition of biotites is rich in magnesium and includes the
siderophyllite-anite end member, and they are placed in the range of biotite and outside the range of
phlogopite. Also, the biotites of the Mestroon area are often primary and magmatic, and none of them
are in the range of newly balanced biotites. The average formation temperature of biotites is 638.48 °C
and it is between 659.99 °C and 753.20 °C. The range of pressure changes in the Mestron area with an
average of 3.32 kb indicates the formation of biotites at a depth of less than 3 km and is consistent with
the pressure obtained in the biotite pressure gauge calibration curve for granite rocks. The biotites of
Mesteroon area are located in the biotite range of subduction calc-alkaline rocks and in the type I
orogenic zone and have been confirmed with the help of whole rock data. The high Fe/Mg ratio in
biotites indicates the magnetite nature of Mesteroon granitoids. The values of Fe# of biotites against Al
with an average of 2.3 as the FQM average are also in the range of magnetite series granitoids and
indicate the magma's oxide conditions. The amount of oxygen fugacity in Mesteroon area is high with
the help of available data and it is estimated to be 10"'? to 10™'* bar, which is a suitable environment for
gold and copper mineralization in epithermal and porphyry systems.

Keywords: Biotite, Calc-Alkaline, Mineral Chemistry, Thermobarometry, Masteroon, Aligudarz

Introduction

Biotite is a hydrous mafic mineral common in
many igneous and metamorphic rocks, which
crystallizes under a wide range of temperature
and pressure conditions, and is sensitive to the
slightest change in physicochemical conditions
such as temperature, pressure, magma
composition, and changes in the fugacity of
oxygen and halogens. The chemical
relationship between biotite and its host
magma was first investigated by various
researchers.

With the help of biotite mineral chemistry, it is
possible to obtain important information about
the physicochemical conditions of the mother
magma, as well as the temperature and pressure
conditions, the composition and the conditions
of oxidation and reduction of magma,
especially in internal igneous  rocks.

Crystallized biotite of granitic magmas such as
alkaline, calc-alkaline and peraluminum are
placed in specific ranges in FeO-MgO-Al,O;
diagrams. Diagnosing the origin of biotite in
petrological interpretations before drawing
petrogenetic diagrams and separation is of
particular importance because the effect of
metamorphism, hydrothermal alteration and
coexisting minerals can change the initial
composition of biotite.

Materials & Methods

Using 25 thin-polished sections prepared from
non-weathered surface areas, the mineralogical
and geochemical composition of biotites in
Masteroon area was studied and investigated.
Then, the composition, type and origin of the
biotites studied for 10 selected points of the
studied thin-sections were determined with the
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help of electron microprobe analysis and using
the CAMECA-SX-100 device in the electron
microprobe laboratory of Iran Mineral
Processing Research Center with different
standards for 12 parameters.

Discussion and Results

Masteroon area is located between longitudes
49°377 to 49°40” east and latitudes 33°30” to
33°33” north, in the north of Aliguderz city and
near Farzian village. This area is known as a
part of Sanandaj-Sirjan metamorphic zone.
Lithological units include metamorphosed
slate, metamorphosed sandstone, mica-
semischist with black hornfelses (™),
metamorphosed sandstone (J™), a relatively
uniform sequence of oriented and epidotite
schist (J™'), and granodiorite porphyry (CV).
The most important geological event in the
Oligoderes region in the Middle Jurassic is the
emergence of the Masteroon granitoid mass,
which caused the formation of a small amount
of hornfels and stained schists in this area by
infiltrating the schists. This granitoid mass is
classified in the territory of the high-pressure
orogenic belt. The intrusive mass of Masteroon
area mainly consists of granodiorite and
granite. Granodiorites are mostly medium to
coarse crystals and sometimes coarse crystals
of alkali feldspar, quartz and muscovite flakes
can be identified well. S-C fabrics can be well
recognized in these rocks.

Tourmaline and biotite are among the mafic
minerals that can be identified well in the hand
sample. In some parts of this mass, biotite has
been formed due to the oxidation of lizgang.
Quartz is often amorphous with wave
quenching and usually grown between
minerals. The presence of wave silence in
quartz indicates the initial stage of fine-grained
formation and the continuation of deformation
after the formation and stress on the rocks. The
effect of stress on the rocks has caused the
phenomenon of quartz crushing, which has
resulted in the release of silica and the
formation of fine-grained secondary quartz and
to some extent the shape itself, and has created
the texture of the mortar. Alkali feldspar
includes orthoclase, pertitic orthoclase, and
microcline, which is separated into kaolinite in
most cases. Sometimes the transformation of
orthoclase into microcline can be seen in some
sections, which indicates the stress and the
formation of tectonic microcline as well as
dynamic deformation in solid conditions.

Microcline megacrysts are among the other
alkali feldspars found in the rocks of the
region, which have a tartan matrix that is
magmatic. Plagioclases are shaped to semi-
shaped and mostly sericite and kaolinite.
Plagioclase mackles are mostly albitic and
polysynthetic and have been bent due to
tectonic pressures. Biotites are shaped to semi-
shaped and are brown and red-brown in color,
sometimes together with muscovites, they are
aggregated and oriented. Biotite crystals have
curvature and most of them show the king band
phenomenon due to stress. The red and
reddish-brown color of this mineral indicates
the abundant amount of total iron and
aluminum and the low amount of magnesium
and Fe®™ in high-alumina granites of
continental impact environments resulting
from anatexis of sedimentary rocks.
Sometimes, biotites are completely or
incompletely decomposed into chlorite and
turbid minerals, and after undergoing
hydrothermal alteration, they become colorless
and the intensity of pleochroism decreases. In
biotites, inclusions of rounded and metamict
zircons, apatite, rutile and cloudy minerals are
seen. Zircon can be seen in two different ways
in these rocks: the first mode, which mostly has
a pleochroic halo and is older and the second
mode, which does not have a pleochroic halo
and was probably formed during the
crystallization of magma, and is the younger
than the group of the first mode.

Conclusion

Mineral chemistry studies show that the
constituents of biotites are rich in magnesium
and are located in the range of biotite and
outside the range of phlogopite. The amount of
TiO shows an average of 3.61apfu, an average
of 0.41apfu of Ti, the average FeO content of
the samples is 18.31apfu, and their MgO
content shows an average of 13.21apfu. In this
way, the formation of biotites is placed in the
end member of siderophyllite-anite. In the
ASPE classification all samples from the
Masteroon area fall between the siderophyllite-
anite pole. Also, based on the classification of
biotites with the help of cation values of Mg,
Fe?*, Mn, Ti, Fe’* and A" and determining the
relationship of these cations with the type of
biotite the samples of Masteroon region are
present in the range of magnesium-rich
biotites.
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Also, the biotites of the Masteroon area are
often primary and magmatic, and none of them
fall within the range of newly balanced biotites.
The average formation temperature of biotites
is 638.48°C and it is between 659.99°C and
753.20°C. The range of pressure changes in the
Masteroon area with an average of 3.32kb
indicates the formation of biotites at a depth of
less than 3 km and is consistent with the
pressure obtained in the biotite barometric
calibration curve for granite rocks. The high
Fe/Mg ratio in biotites indicates the magnetite
nature of Masteroon granitoids. The amount of
oxygen fugacity in Masteroon region is
estimated to be 10™° to 10™% bar with the help

of the available data, which is a suitable
environment for gold and  copper
mineralization in epithermal and porphyry
systems. The biotites of the Masteroon area are
located in the biotite range of subduction calc-
alkaline rocks and in the type I mountain zone,
which the data presented from the whole rock
confirm this. Granitoid rocks can be divided
into magnetite series and ilmenite series, the
first group has high Fe/Mg ratio and the second
group has low Fe/Mg ratio. The values of Fe#
of biotites with an average of 0.43 against Al
with an average of 2.3 as the FQM average are
in the range of magnetite series granitoids and
indicate the magma's oxide conditions.



