Journal of Economic Geology &oLai8l (ol (o 3 alowo

Vol. 8, No. 2 (2016-2017)
ISSN 2008-7306

(TR0 JL) ¥ ojles A al>

by

FYY B YV Sl

Ll (oot S 3 3 coliiunl b 05 pad (63905 acgozxo (o3 LeoandisSy 3ud (slaadlgo (U5l
T oldgz pw dcbld

Ol i o5 lews )5 ol eyl pole 0uSCiils (o pale 05,5

VWAF/ YIYE o pds AVAY/-V/VY icdl o

ERWE

oo SSGIS 5 Cenl 055220935 9 Sl S oS 5 s (les )| 30 Cpi 6 eskS Tr 0 @ly el el S 009
Sl sy520815 5 (S SlaSis wmo oo (Lts (31550 ety Sl 00l B3 ol 0 508 5 Cayms iz ]
LAl e o ol Ly Ll 5 o5 atin s pmnkel U353k IS5 55 (ool lanlS dipame
LT S 55 5 Sl Sl s g0me 0l slo gl it (1S 5 Syl Tl Jolds osas jsbar 29 0l8 5 (0
S Sials v ()90 GLaculs ;o a5 (Jlo )3 1S e nsS S gsSTE sl je ) Vgens (sadgidlS leSiw o
S5 50lS 5 Sapmd Sl 5o 5 ITSINL ol 5l sl S slaSis 1o LIS oS 5 sl 00l ilos
35 o5l 5 (il s e i) S 5 ol Syl 35 510Kl 5 S ] ke iy b
Lo Jgmsiol 45 o 1o 10,10 cubillas dingy (5 ook B/ 350> o Ly 45 el JLsleS VIBF sgu> (6,5 sle plSim )0 e
VVE sga> ol o o] oSS Sl 5o o lis 1) Y/AF dg0 JSis jLad Sl o oy slocGlo 10 8990
oS sl a0 AF e 1000 iy ool g ol,5 il az 0 Ve o sg0 (63585 0055 5ol (lod (1 Sloe .l (5 5i0glS
0393 NI-NIO 3L e0gaze sV ;0 20,50 Sols g (gadsis] )5 (sleiw oaijle sledle ;o (y5umST atwlE g8 .ol 0o dulee
39 e ¢ S0 Sl 5 Gasgisl S sleSiw suijle sleSle O el o HLES 1) =V /0 9 =VY/A liee ol S g

ol 0 dalna ¥/F 4 VP

Do aiS &8 8 S al cnpsk JESLle js g0l polie
5 Los Lad b Na 5 Al Ti, Ca asile jolic ol jl i
“Les jo Gleee obie ol g s ()5S a8
Hammarstrom and ) s, 5 solai ol Jgsiel e lis
39290 poinagd] (i wadd o lis lodmgys (Z€N, 1986
ssban SIS slaassmil 57 50 Jymbal JLslo )
Goe oS SISl el (il g WS (o et L8 by (o
Al Jloie 15 «Schmidt, 1992) o,ls 842 0095 (5 S0l
Baes aShy w39 jole sloSle jo Al clale b Jgerial 4o
poiegll dos (al3 8 L el ol jols 2 oS> jLad

doddo
Sl il (5395 0058 G (6,5 KD (SgSr S po
=Sy aS Lol hacul ooy o) hSis oS Ll
oS 5 b s (b5 5l e )3T (SleSKins 50 35290 SlesilS
D) ol = oS (ploen 9S8 Ll 28 5 oale LS
sl ao Ll olead oS 5 5l eolawl sl o0
Jﬁ—'*"“" S J = Sl olen 0650 518 slaadlse
g lad 5l egite Ll )3 g 003 GleSiw plas 5o L-')4‘-'
s Blundy and Holland, 1990) s,ls ;3—a> &), >
U Cowl oo comgo Lo Jgmbol 00,008 olaasd Jgo,8

fsarjoughian2@gmail.com L3S Jghaest

DOI: 10.22067/econg.v8i2.35117



olaidl wlis pue aloxe

Olds o

YA

3hakds VY DISedb l akds Ve oo 5 bl bbaiges
olKils o 9w bl S0 3l aads YV 5 Jgusial
IXA- Jao JeOl 55,50l olSiss alwsgas (0l 5,0
NONA b ,> ol 910 KV sasescls 5Ldq L 8BOOR
B ledgaz jo s dUl opl mols a8 axs 5 15 00T 5,50
L lapdUT cpl 5l sael cavsas slaools ogi o oays ¥
3 s g s 0,50 EXCEl 5 Minpet slaljéls 5

& FaskS YA sgam ol b wipal godgidl,S oo
adlie cpl o)l 13 pluws )l 378 o s eoks e 0
Bahroudi, ) olpi VYoo v e 5 (Technoexport, 1981)
OYC YE L OY® YV LLslas sldsb w5 ool (1999
&l Jle YYO N0 B YYONY Llélas oo g By
G 3 Gyedy eIl I Lisu 00gi (pl Lol 0uls
5 gyl (@leSle anpeS 50 5 eon 35 e Ll s
6LQJ>‘3 L‘)ﬁ)o 0053 k)"‘ (AIaVi, 1994) w‘ W) 6515
sy oo e opl gl (Mohamadi, 1995) el 60,5 Sga5
0033 Q"‘ (\ Ji..u) Q}ms‘o QLQ,\..‘H.: U] (5|).> U’“5§| )l S
5 <l S Sy Gl eelbia S bl 1 gdsk
00905 & aleddu )3 g wesee LSS (SIS
SRS ye Slaass] leSiw by conl odls oS5 s
Srbs S5y by aiies S ys il Yeams LS ol .5l
ol o S (oo pleisgs Gliee S G )0 (gl U
9 Sy WS oS5 L goaxin sl ooy
RO IR &)).1 O).«.I (_.;)...MSB G o).u o &) l.s 9)al§
S e SO U e o 5l g el stie LGNS () Culs

St B btz - gyl s sl W 5 a5

S5 954 Clakio

30915 9 (S5 (D98 009

5 i oSS S OYelS sl L ko o
95l (a0 Y B VYY) 35)1sS sleuslS slyls «s w89l )5

53 0gd g0 SendS Jgmial (50005 ol 1o ST 3>
Fe+MQ iil> zo 054 pgicegdl (Lid ul3dl L a5’ Jl>
(Hawthorne, 1981; o4& o M2 (5,0 aliST ool
(Robinson et al., 1982; Anderson and Smith, 1995
Jgsiel 30 09250 ALO3 (Lad b g Lo Gial3¥l b onlplo
soliiwl b crizen (Moody et al., 1983) sl oo (ol
et 097 Slewlre 4 Olsise Jsmiel (oloed woS 5 5|
LSl Ol ol o g ST A l8s8 L oo a >0
5l s (Ridolfi et al., 2010) csls s oosms JS_is
AT sloSiw slos arlns sl Jyors slecds,
Stein and ) cowl Mg Dy —ailsjoe (5 g i s,
Helmy et al., ) o_sb Jolss o oa L a5 (Dietl, 2001
2l ok sles wodal Cawsds slos &yg0 (ol jo 5 (2004
;I .(Moazzen and Droop, 2005) <! (sasgusl 5 eogs
Ui 1o 9t o oS 5l ool b S0 (g5
slos Sl o5 5.5 Bl Sy 6T USE b 5 Les &,
(Moazzen and Droop, 2005) cuul esgs JuSis oy 5le]
JoSi5 (S pmogl S s S5 sl el s39k eog
925 5 Smd S P L goanie oSyl Laugi g 0o
3)lsS D95 Slesls Jols (63585 0095 () ailoas alad
Sy &5 b 53 ol S 5 Jgmiel IS
oSsm 5 Jmal Ny Jali bowe o0 )5
Ol g Spee pots (Jobs Loyl Laalyd )0 LS (nl aits
bl ale culie i lid —les Olaslxe sl 1,
Slojom alox 5l (LS Gletagy 3 Sipl 4 4y
Kananian et ) |, 5 oLils 4 (Hamzeii, 2013)
ol Aty JS K cewdsis oy e 4 «@l, 2014
39290 Sl <S5 5l 6 pSose b gk cnl jo ol
Llil eoor a0 wsdee o ke Gl
(OienST Al 8 oo g )Lid a5l el olansSo 8

Bgd alo LSl Ol 4l

axdllao (g9,

S bpaise 5 e Glhewyp g adlae Iy
Voo 5l G olawd S pal (639 o0y calike (slaaslg
s 0550 oSy Sn dlsay 5 agd Jio SU alaks
el dedl o 5l dmy Al e jo i8S J1E IS



¥.a

..... Sloslaiunl b & pa (6355 dcgomme (oliondsSpd sloadie b))

(T8 JL) ¥ oyless A al>

SSia gt LN 358 0 03 (5 e e T U
o=y o3lasl L adilocids o b dawgie ojlail jo o S

u_LC‘ 9 09_4»‘5_4 OA_’OLG;A_»JQ_J‘ B 6),..‘9‘_4.‘.&? & N
)‘ )l_m).m 6Lm)b Lg)JA_)L» Ja)L_>| ).i:l._.g aS ooy ‘5,...»).:

F) Jomiial (o, YY BIY) M550 (o0 OY B IY)
wlid (Sl (omo 0 ¥l ) Cgn (ao,0 A L
5 o mae 4l b Bls 5leS s (S nj g 98 SB
Lo JSs dars Ojgoay il g ol (2ge (sh50l5 Sl
A PR ARV ORGSO FE I G- -] KW R L

Table 1. Electron-microprobe analyses of amphibole in the Nasrand intrusion and dikes

Sample A7.21 A7.22 A731 A7.32 N16.21 N16.22 N16.3.1 N16.3.2 N16.34 N31.3.1 N31.3.2
Type D.D D.D D.D D.D Grd Grd Grd Grd Grd Grd Grd
SiO; 43.00 4219 44.09 4209 4731 4776 4501 4735 4856 4826  47.35
TiO, 261 327 273 349 1.30 1.40 0.96 141 1.10 1.18 141
AlLO; 10.71 11.63 10.36 11.70  6.55 6.05 9.56 5.90 5.44 5.37 5.90
FeO 1395 1228 1231 1245 1731 1679 1791 1675 1546 17.16 16.75
MnO 034 029 031 029 0.53 0.47 0.47 0.54 0.38 0.51 0.54
MgO 13.40 1384 1472 1368 1216 1247 1368 1311 1415 1266 1311
CaO 10.37 1092 10.82 1094 10.16 10.82 8.38 1066 1115 10.65 10.66
Na,O 274 272 268 267 1.56 1.64 1.03 1.85 1.44 1.44 1.85
K,0 080 070 055 061 0.99 0.74 0.70 0.72 0.82 0.73 0.72
total 9793 97.83 9856 9791 97.88 98.13 97.70  98.27 9850 9794  98.27
TSi 6.25 613 631 6.11 6.91 6.98 6.16 6.89 7.00 7.04 6.89
TAI 176 187 169 1.89 1.09 1.02 1.61 1.01 0.92 0.92 1.01
TFe® 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.10 0.07 0.04 0.10
TTi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CAl 008 012 006 011 0.03 0.02 0.00 0.00 0.00 0.00 0.00
CCr 0.00 000 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CFe® 096 074 089 0.75 0.97 0.70 1.92 0.82 0.76 0.83 0.82
CTi 029 036 029 0.38 0.14 0.15 0.10 0.15 0.12 0.13 0.15
CMg 290 3.00 314 296 2.65 2.72 2.92 2.84 3.04 2.75 2.84
CFe? 073 075 058 0.76 1.14 1.35 0.00 111 1.03 1.23 1.11
CMn 0.04 004 0.04 0.04 0.07 0.06 0.06 0.07 0.05 0.06 0.07
CCa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BMg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BFe? 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BMn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BCa 161 170 166 1.70 1.59 1.69 1.29 1.66 1.72 1.66 1.66
BNa 039 030 034 030 0.41 0.31 0.29 0.34 0.28 0.34 0.34
ACa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ANa 038 047 040 045 0.03 0.16 0.00 0.18 0.13 0.07 0.18
AK 015 013 010 011 0.19 0.14 0.13 0.13 0.15 0.14 0.13
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Table 2. Electron-microprobe analyses of plagiocalse in the Nasrand intrusion and dikes

Sample A13.1.1 A13.1.2 A13.13 A1314 Al1331 Al1332 Al7.14 Al715 Al722 Al7.23
Type D.D D.D D.D D.D D.D D.D G.D G.D G.D G.D
Sio, 54.95 64.65 55.76 53.41 65.13 64.76 47.28 48.32 60.03 63.36
TiO, 0.03 0.00 0.10 0.01 0.00 0.00 0.02 0.04 0.00 0.03
AlL,O; 27.58 21.84 27.48 28.64 23.09 21.99 33.21 32.55 25.58 23.17
FeO 0.55 0.07 0.61 0.64 0.14 0.03 0.49 0.42 0.07 0.06
MnO 0.00 0.00 0.00 0.05 0.05 0.05 0.00 0.00 0.00 0.00
MgO 0.05 0.01 0.02 0.08 0.02 0.10 0.09 0.08 0.02 0.00
CaO 10.74 3.15 10.26 11.72 3.65 2.97 17.03 16.45 7.10 4.25
Na20 5.12 9.78 5.54 452 9.67 9.84 1.87 2.13 7.55 8.93
K20 0.35 0.08 0.48 0.32 0.15 0.10 0.08 0.11 0.11 0.13
total 99.38 99.58 100.25 99.34  101.86 99.79  100.06 100.09 100.46  99.93
Si 9.99 11.44 10.05 9.75 11.29 11.43 8.70 8.86 10.65 11.20
Al 5.91 4.55 5.84 6.16 471 4.57 7.20 7.03 5.34 4.82
Ti 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Fe? 0.08 0.01 0.09 0.10 0.02 0.01 0.08 0.06 0.01 0.01
Mn 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00
Mg 0.01 0.00 0.01 0.02 0.01 0.03 0.02 0.02 0.01 0.00
Ca 2.09 0.60 1.98 2.29 0.68 0.56 3.36 3.23 1.35 0.81
Na 1.81 3.36 1.94 1.61 3.25 3.36 0.67 0.76 2.60 3.06
K 0.08 0.02 0.11 0.08 0.03 0.02 0.02 0.03 0.02 0.03
Ab 45.40 84.50 48.10 40.30 82.10 85.30 16.50 18.80 65.40 78.60
An 52.60 15.00 49.20 57.80 17.10 14.20 83.10 80.50 34.00 20.70
Or 2.11 0.40 2.81 1.90 0.80 0.60 0.40 0.60 0.60 0.80
Sample A17.3.1 Al17.3.2 N16.1.1 N16.1.2 N16.1.3 N16.2.1 N16.3.1 N16.3.4 N16.35 N313.1
Type G.D G.D Grd Grd Grd Grd Grd Grd Grd Grd
SiO; 51.77 51.24 64.14 61.42 61.65 63.19 62.99 63.23 62.65 67.21
TiO, 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.03 0.00 0.00
Al,O3 30.04 30.43 22.76 24.00 23.11 24.07 23.13 23.04 23.06 20.46
FeO 0.57 0.66 0.04 0.16 0.21 0.17 0.27 0.20 0.36 0.00
MnO 0.00 0.01 0.01 0.01 0.02 0.00 0.00 0.00 0.00 0.01
MgO 0.09 0.14 0.01 0.01 0.01 0.00 0.01 0.12 0.00
CaO 13.17 13.82 3.78 5.52 5.60 5.13 4.42 4.47 4.26 0.89
Na20 3.93 3.87 8.98 7.57 8.28 8.02 8.84 8.88 8.61 10.56
K20 0.19 0.19 0.10 1.33 0.44 0.62 0.37 0.37 0.16 0.07
total 99.76  100.34  99.79  100.00 99.30 10121 100.07 100.22  99.23 99.20
Si 9.45 9.33 11.32 10.95 11.04 11.06 11.15 11.18 11.16 11.83
Al 6.46 6.53 4.73 5.04 4.88 4.96 4.82 4.80 4.84 4.24
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Fe? 0.09 0.10 0.01 0.02 0.03 0.03 0.04 0.03 0.05 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00
Ca 2.58 2.70 0.71 1.06 1.08 0.96 0.84 0.85 0.81 0.17
Na 1.39 1.37 3.07 2.62 2.88 2.72 3.03 3.04 2.98 3.61
K 0.04 0.04 0.02 0.30 0.10 0.14 0.08 0.08 0.04 0.02
Ab 34.70 33.30 80.70 65.90 71.00 71.20 76.70 76.60 77.80 95.10
An 64.20 65.70 18.80 26.50 26.50 25.20 21.20 21.30 21.30 4.40
Or 1.10 1.10 0.60 7.60 2.50 3.60 2.10 2.10 1.00 0.40
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Table 3. Electron-microprobe analyses of pyroxene in the Nasrand intrusion and dikes

Sample

Al32.1 Al1322 A1323 Al1324 Al1331 Al1332 A1333 A1351 Al1352 Al1353 Al1354

Type D.D D.D D.D D.D D.D

D.D D.D D.D D.D D.D D.D

SiO, 48.78 4749  50.30 50.01  48.87

TiO, 0.89 1.00 0.51 0.75 1.04
AlLO; 5.75 6.80 3.54 5.02 3.71

FeO 8.57 9.16 8.52 8.50 10.08

Cry0; 0.03 0.00 0.08 0.01 0.00
MnO 0.12 0.23 0.25 0.20 0.34
NiO 0.03 0.00 0.04 0.00 0.02

MgO 1455 1374 1598 1470 1475
Ca0 2133 2119 2040 21.32 19.86

Na,O 0.36 0.34 0.35 0.37 0.26
K,0 0.00 0.00 0.00 0.00 0.00

total 100.40 99.95 99.96 100.87 98.93
TSi 1.79 1.76 1.85 1.83 1.84
TAl 0.21 0.24 0.15 0.17 0.16

TFe® 0.00 0.00 0.00 0.00 0.00
M1AI 0.04 0.06 0.01 0.05 0.00
M1Ti 0.03 0.03 0.01 0.02 0.03
M1Fe®  0.14 0.15 0.14 0.11 0.12
M1Fe?  0.00 0.01 0.00 0.02 0.02
M1Cr  0.00 0.00 0.00 0.00 0.00
MiMg 0.79 0.76 0.84 0.80 0.83
M1Ni 0.00 0.00 0.00 0.00 0.00
M2Mg  0.01 0.00 0.04 0.00 0.00
M2Fe?  0.13 0.13 0.13 0.13 0.17
M2Mn  0.00 0.01 0.01 0.01 0.01
M2Ca  0.84 0.84 0.81 0.84 0.80
M2Na  0.03 0.02 0.03 0.03 0.02
M2K 0.00 0.00 0.00 0.00 0.00

98.63  99.15

48.72 5093 4924 50.18 50.54 49.94

0.98 0.59 0.75 0.83 0.53 0.67
3.89 2.27 5.52 5.58 4.90 5.65

10.33 9.35 8.61 7.86 7.20 6.64

0.00 0.00 0.05 0.07 0.19 0.24
0.31 0.30 0.13 0.19 0.18 0.13
0.00 0.00 0.00 0.03 0.00 0.03

1426 1521 1421 1572 1574 1485
19.87 2015 2180 20.74 2136 22.04

0.26 0.32 0.30 0.27 0.24 0.28

0.00 0.03 0.02 0.00 0.01 0.00
100.63 101.46 100.89 100.48

1.84 1.90 1.81 1.82 1.84 1.83
0.16 0.10 0.19 0.18 0.16 0.17
0.00 0.00 0.00 0.00 0.00 0.00
0.01 0.00 0.05 0.06 0.05 0.07
0.03 0.02 0.02 0.02 0.02 0.02
0.11 0.08 0.12 0.10 0.09 0.08
0.05 0.05 0.03 0.00 0.00 0.02
0.00 0.00 0.00 0.00 0.01 0.01
0.80 0.85 0.78 0.82 0.84 0.81
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.03 0.02 0.00
0.17 0.16 0.12 0.14 0.13 0.11
0.01 0.01 0.00 0.01 0.01 0.00
0.80 0.81 0.86 0.81 0.83 0.86
0.02 0.02 0.02 0.02 0.02 0.02
0.00 0.00 0.00 0.00 0.00 0.00
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Table 3 (Continued). Electron-microprobe analyses of plagiocalse in the Nasrand intrusion and dikes

Sample A33.1.1 A33.1.2 A33.13 A3321 A3322 A3323 A3331 A3332 A3333 A3334
Type G.D G.D G.D G.D G.D G.D G.D G.D G.D G.D
SiO; 5184 5195 50.13 4754 5153 51.92 4897 5115 5132 5144
TiO, 0.48 0.46 0.86 1.35 0.50 0.51 0.93 0.44 0.51 0.51
AlLO; 2.38 2.22 3.21 581 2.14 1.47 4.55 244 2.52 1.80
FeO 8.61 7.86 11.56 8.65 8.58 12.40 6.84 7.51 8.13 10.40
Cry0; 0.08 0.11 0.03 0.15 0.08 0.01 0.68 0.29 0.06 0.02
MnO 0.20 0.25 0.40 0.17 0.23 0.52 0.12 0.23 0.19 0.34
NiO 0.00 0.03 0.08 0.00 0.00 0.04 0.00 0.00 0.02 0.01
MgO 1694 1716 1450 1380 16.12 1502 1519 1706 16.66  15.77
Ca0o 19.28 2043 1943 2138 2052 1781 2138 1985 2075 19.14
Na,O 0.17 0.19 0.35 0.29 0.19 0.21 0.26 0.21 0.16 0.21
K,0 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
total 100.01 100.65 100.55 99.13 99.88 99.89 9891 99.16 100.32 99.64
TSi 191 1.90 1.86 1.78 191 1.95 1.82 1.89 1.88 1.92
TAI 0.09 0.10 0.14 0.22 0.09 0.05 0.18 0.11 0.11 0.08
TFe? 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
M1Al 0.01 0.00 0.00 0.03 0.00 0.01 0.02 0.00 0.00 0.00
M1Ti 0.01 0.01 0.02 0.04 0.01 0.01 0.03 0.01 0.01 0.01
MiFe®  0.07 0.09 0.11 0.13 0.08 0.03 0.10 0.09 0.10 0.07
M1Fe?  0.00 0.00 0.06 0.03 0.02 0.11 0.00 0.00 0.00 0.04
M1Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00
M1Mg 091 0.89 0.80 0.77 0.89 0.84 0.83 0.89 0.89 0.88
M1Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M2Mg  0.02 0.04 0.00 0.00 0.00 0.00 0.01 0.05 0.03 0.00
M2Fe’  0.20 0.14 0.19 0.12 0.17 0.25 0.11 0.14 0.14 0.21
M2Mn  0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.01 0.01 0.01
M2Ca 0.76 0.80 0.77 0.86 0.81 0.72 0.85 0.79 0.82 0.76
M2Na 0.01 0.01 0.03 0.02 0.01 0.02 0.02 0.02 0.01 0.02
M2K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Fig. 1. Geological map of the Nasrand intrusion and its situation in the Geological Map 1:100000 of Shahrab
(Bahroudi, 1999) with slightly modified and situation of it in the Urumieh Dokhtar magmatic arc in the geological map

of Iran (Aghanabati, 1998)
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Fig. 2. Photomicrographs of the amphibole coexist with plagioclase in the A: granodiorite rocks, and B: dioritic dikes
of Nasrand complex. (Plg and Amp are plagioclase and amphibole, respectively).
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Fs triangle diagrams of pyroxenes (Morimoto, 1988).



olall gulitiine; ala Oledz r \Rlg
@L._m)l.....& ul.._ml.?u 6‘,} 45 QSDLQJM] )b ‘UT ).nos)l.c W}Lﬁuﬁ

Ca>\V/0 5 Si SVIO slayssls slass sl wigd o soliul
a>g¢5 ool adl (Hammarstrom and Zen, 1986) sl
oS 5 a8 olaJgmbol 5w )lid Slawlre glp a5 8,8
CdgiS| ‘YW WS > gl (g lbogs Wl side ST
Sl yo8 9 S grm Sl 50 5150 g meddgmola 51 5
(Helmy et al., 2004) 545 o ol

F)leS wls S Cilen il L aipal (63545 0043
S gl 5 g 9 W lewald pely
Sl Jsis cuils g cuiile yea> g Fe/FenitMg<0.44
Lls emizren 5 Sl (58T anlS 98 35 YU ,0Ls o5
Js8 B peedS g s Olie b piloaidds 50 (00
iy lzd Sl gl 1) o1 (Ca>1.58 4 Si<7)
oS Ol sl ez 59 51 e sl 35l oo clie
o0ch (5 0355 s ST slaJpasial 4 by e (sbaosls
ol

s L ailsyjon ) poateadl (liae cams po (Lt Lty
SRl Gee s bl (pl g o)l (a3 abal) el
ol S aagy (Vyhnal et al., 1991) ol 53 \SKel 0055
2 S9rge porieegll Sl eoliwl L (g3aste (glopin 23
Hammarstrom and Zen, ) oSles S >, ails en
51 S «(1986; Hollister et al., 1987; Schmidt, 1992
s S (AQUe, 1997) 31 slpiy ol &S 1>l
sle,lzs L, «Schmidt, 1992) oo il by, 4 ,Lzd
G cdlien 5 pl o Gl 5l ool Cussay
Ol hels it (Salon (3905 0355 (G55 5 dlla
oo o3l (63945 0355 p oS> jLid b)) sln b,
AL oaal cowsasy jled (oSl b, onl Gab ol
S s JLghS VP Sgu 05,0 (53988 0395 (3Rl
2l e

ol » «(Anderson and Smith, 1995) coel § gl
Slid o ulbxe o a5 cwl obbadlie alex 5l Lo a5 i el
po—eotl SRl cmrse Yo slales jo 550 5L
IS psinsll tal3dl (] o 4y 5 atlsjom )y (5,005
5 gerea |y ol abal) (L Raeg% cnl nlpli 0sd 0
Sk ae o o s L3l as wis S b I, (o Lid
)28 Lad g A 2OC L5 8+ +0C Luyl s o g Sl ouds ool

S oslizal i )Lz g 5 ol 5| (S
Sl Syl Sl 5 e iagll i3
Hammarstrom and Zen, 1986; Hollister et al., )
(i il 5l eolal 4oy 9 (1987; Schmidt, 1992
FoleS g il o8 (il I Sblen 352
Vyhnal et al., ) cewl Jolas Laylos 1o Cudgn 9 DS
) oS 5 Ll oniiol sleslS asgome jpa (1991
30 LslS acgeme cpl a8 sl o] ko g el 00,5 Sgame
s ondaculne JLad g ol ot jelite wgadge Lul b
il Clbad dcgemme 39 g CewleS e ol 5l o>
00iiS Siris bz 5 coddidnline [Lid a5 cul 5T Sl
0555 45 6,Lad L oacd j5 Lite ailsjon a5 Ceul _ias
Anderson and Smith, ) cewl so—s 9 Liwe gasSgns!,S
.(1995; Moazzen and Droop, 2005

(558 aegazme (S| aLulSeh g Y Koo S)b
Lol (e lid ) Gl el sledop 5l S (S
Ol L2 Jgal Sl o 0l S o
9= Gl Syeo yo |, sl FepdFetMg <+ /%
535 o0 18 il g s o FE 5S] a i
19 0sd Jssiel o Mg/Fe 5 Fe*'/Fe™ l5dl eocly
ot 9 955 o0 Shayz a0 ls Al ol jenay Mg as
ool i (il sl (ST Al 58 v
« p;Y (Stein and Dietl, 2001) sy o Jomrial 0 Aly
Oliee lusS @=ds joban wilgisad alal) l el )55
Slmlore bl a8 15 eaBl (ST aulS 2
e (6l 550l 5l sl oael Cssdy (5 g
Syg—e ) LesdlS ol g j5-a ol jige (5enST ainlS 2
Stein and ) Jsls g oyl sadie 4y ou 00 )18 cw)p
5 ¥ fOy e Sl cuisle 0459 (Dietl, 2001
A5 a5 cel fO2 Gog (s caimop i coialil j5a>
+osle +ailns lajer ja> (Wones, 1989) ;g4
992 Y SR (Jseehol b uaSg 5 5lS b oo 55,158
ol rzren byl il laSle o (5T a8 gd
Sg=5 a5l slixel (Helmy et al., 2004) f,LSen 4
Sl sl slajol olsisar Jlo S8 Coilis 5 cunile
NCOWUX { DRV RV 1 B < %



Y“w. . ookl b o pal (63585 acgazme (olandsSs b sloadlie b))

OTA0 JL) ¥ ojles A ul>

sdal Cwdass ag LS VV/F sga ¢ 20,90 slocSls jo
nn]

Nl Sl it leazis lid 5l esel Cavody b
Ol 45 Sl (Glatugy BosnS ohiw )3 Wyl (G394 0393
S8 e 5l (8L waled 5 (So3dlsrn Slaslie b @ls
5 Ol Sl L 398 Gl SLSL 50 5 Gloogs
Gle s ml pogdle il Salas 0095 plaiol (slao LS
S, Shos (6,851,585 il lawgie Alo U 5, als il wile
Sl (ol o 5 draigai ;3 Jloyig s (ool ]
degazme L S 5 o8 5 (5l (o o Loy Lt
laylad )3 Smdd (63985 0358 S sl (22 L 539
a1 5 egdle (Clarke, 1992) oS s cillas o5
S G 5 Sl ST 50 05250 Johal dey s
Lol 03,5 3920 YL (Lol 4y s g 00l ol

ogei 5l lgSion oSy JeSis JLad nd sl
s XPT e 5l oolaiwl Ls 4 (S0€S00, 1997) 5 uigus
s 8 USC2) YPT g XPT cloa e o, oolizl YPT
(50€s00, 1997) $gi o dwle ;5 slo alal, ol

0.346FeO(tot) -0.052MnO  + 0.309MgO  +
0.431Ca0 - 0.446Na,0
YpT= -0.369Si0, + 0.535TiO, - 0.317Al,03 +

Idrus et al., ) el oolizul LB JSul oLS ) xV -7 1)
390> 00 dumle HLid Sl 3 g, ol 3202007
oE e L e 28,5 s o b .d.ﬂ‘sa Cewddy V/FQ
Caraul 5 gm0l g (SChMIAL 1992) cooisl i )L
L oo amle 50 (Anderson and Smith 1995)
odd plnil Slewlone (Juwyd Sl 5 W)lo Sligyen S0S,
o

Slails o Lo Jomial (6,5 ISt Jlid 4l (ol
e b8 5 Glgi e e Jpemiel oS5l esliial b (s
as o, oolaxw! (Ridolfi et al., 2010) ) Son 5 algas,
i b b o ST =SS laatsT sloSiw ol
L 00 glos oogasme ;o g cwl oolaiwl JoB idlys,8
5 LIS Ve s LY. Led g ol 5 il ax 5 VY
XHO o) g-\ANNO<+0 S 4 5L
RidoHfi 6t ) s,ls 5,5 ) s +/A j (H,0/H,0+Ca0)
Sl )l ol 4 S aSS ol 4 axg5 L @l., 2010
SLacSls 5o S el osli ol 6 sleassT gl
Syid el g by 3,8 55 (0855 8L L Hlais e
el 00l b3yl LelS V/AFE/Y s50

Helmy et ) Y/50 gricm® glatus, sleSoms JE> olul,

0.323FeO(tot) +0.235MnO - 0.516MgO - T LSt tas o O/ s LSis s
0.167Ca0 - 0.153Na,0 Syl 545 Bae 5 B 090> (50585 0355 [5G
15
2
YPT ii <2Kb.__
25 25 61q
’ 115
| . .* >20
- » '1620
0 [ by
42 40 38 36 34 32 30 28 26 24
XPT

(SOESOO, 1997) 5.\».59.“: )‘Js.o.) )‘ oalazul lJ J.JJ.Q.\ 60}@ 4L g0 ‘5.\5).:@ u&:‘é B Ms)..u )9L..) )L.MB u.u..’..: d J&&J

Fig. 6. The estimation of crystallization pressure of pyroxene in the gabbroic dike of the Nasrand intrusive complex by

Soesoo (1997).
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Fig. 7. The estimation of crystallization temperature of pyroxene of the gabbroic dike in the Nasrand intrusive complex
by Soesoo (1997)
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Fig. 10. The estimation of oxygen fugacity by pyroxene composition in the Nasrand gabbroic dikes (Schweitzer, 1979)
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Introduction

Mineral composition is sensitive to variations in
the composition of the magma and can be used to
characterize  the physical conditions  of
crystallization such as temperature, pressure,
oxygen fugacity and water content. The studies
have demonstrated that geobarometery by
amphibole provides a tool for determining the
depth of crystallization and knowledge of the
depth of crystallization of hornblende through to
solidification of calc-alkaline plutons (Anderson
and Smith, 1995). The composition of pyroxene
can be used as crystallization pressure and
temperature indicators of pyroxene too.

Anlytical methods

The mineral compositions of the Nasrand
intrusion  were  determined by electron
microprobe, with special emphasis on the
amphibole, feldspar, and pyroxene at the Naruto
University, Japan, the EPMA (Jeol- JXA-8800R)
was used at operating conditions of 15 kV, 20 nA
acceleration voltage and 20s counting time.

Results

The Nasrand intrusion (33°13'-33°15' N, 52°33'-
52°34'E) with an outcrop area of about 40 km? is
situated in the Urumieh—-Dokhtar magmatic belt,
SE of Ardestan. It is composed of granite and
granodiorite and various dikes of diorite and
gabbro which are intruded in it. It is intruded into
Eocene volcanic rocks, including andesite,
rhyolite, and dacite. The petrographical studies
indicate that the granitic and granodioritic rocks
contain major minerals such as quartz, K-feldspar,
plagioclase, and amphibole, which are in an
approximate equilibrium state. The gabbroic-
dioritic  dikes usually show microgranular

porphyric texture. They mainly consist of
plagioclase, amphibole, and pyroxene. The
plagioclase shows variable composition from
albite to oligoclase in the granitoid rocks and from
oligoclase to bytownite in dioritic and gabbroic
dikes (Deer et al.,, 1991). The amphiboles are
calcic and their composition varies from
hornblende to actinolite, whereas the composition
of the basic dikes is inclined to hastingsite (Leake
et al., 1997). Actinolitic probably crystallized as a
subsolidus phase. Pyroxene in the dikes is
clinopyroxene with augite- diopside composition
(Morimoto, 1988).

Discussion

The total Al content of hornblende is a sensitive
linear function of crystallization pressure and
temperature (Schmidt 1992; Holland and Blundy,
1994). However, the computed pressure may
reflect the level at which the hornblende
crystallizes rather than the pressure at which the
granite consolidates. Therefore, Al content in
hornblende geobarometer is only applicable in the
presence of quartz and plagioclase; alkali
feldspars, biotite, hornblende, clearly limit
compositional influences (Ague, 1997). Oxygen
fugacity has a marked effect on the mineral
system, so only hornblendes with Fe/(Fe+Mg) <
0.65, Si <75 and Ca >1.6 were used for
geobarometry and are not applicable to subsolidus
actinolite (Stein and Dietl, 2001). The average
formation pressure in the intrusive rocks is
evaluated to be 1.54 kbar by Schmidt (Schmidt,
1992) and Anderson and Smith (Anderson and
Smith, 1995) equations, which is consistent with a
depth of 5.9 Km, whereas the average pressure of
amphibole crystallization in the dioritic dikes is
calculated to be about 2.96 Kbar by the Ridolfi
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equation (Ridolfi et al., 2010), indicating 11.4 Km
depth. The estimated pressure for clinopyroxene
crystallization in the dikes is calculated to be
about 4-8 kbar by the Soesoo (Soesoo, 1997) and
Putirka (Putirka, 2008) equations which is
reflecting the initial crystallization pressure of
pyroxene from magma which corresponds to
depths of about 15-30 km. The average formation
temperature of the intrusive rocks and amphiboles
in dioritic dikes is estimated to be 700 and 940 °C
respectively, by the Holland and Blundy (Holland
and Blundy, 1994), Vyhnal et al. (Vyhnal et al.,
1991), and Ridolfi et al. (Ridolfi et al., 2010)
equations. The highest temperatures from
pyroxene thermometry in the dikes is about 1150
— 1250 °C by Soesoo (Soesoo, 1997) and Putirka
(Putirka, 2008) equations which are assumed to
reflect the actual temperature of initial pyroxene
crystallization and are usually higher than
temperatures obtained by hornblende-plagioclase
thermometry. Oxygen fugacity in the granitoid
rocks and dioritic dikes is above the Ni-NiO
buffer and it is indicated to be -12.9 and 10.5 bars,
respectively, by the Ridolfi et al. (Ridolfi et al.,
2010) equation. Water contents in the granitoid
rocks and dikes are calculated to be about 3.6 and
4.6 wt. % respectively, by the Ridolfi et al.
(Ridolfi et al., 2010) equation, i.e. for typically
subduction - related environments.

References

Ague, J.J., 1997. Thermodynamic calculation of
emplacement pressures for batholithic rocks,
California: Implications for the aluminum-in-
hornblende barometer. Geology, 25(6): 563-
566.

Anderson, J.L. and Smith, D.R., 1995. The effects
of temperature and fO, on the Al-in-
hornblende barometer. American Mineralogist,
80(5-6): 549-559.

Deer, W.A., Howie, R.A. and Zussman, J., 1991.
An introduction to the Rock forming minerals.
Longman, London, 969 pp.

Holland, T. and Blundy, J., 1994. Non-ideal
interactions in calcic-amphiboles and their
bearing on amphibole-plagioclase
thermometry. Contribution to Mineralogy and
Petrology, 116(4): 433-447.

Leake, B.E., Woolly, A.R., Arps, C.E.S., Birch,
W.D., Gilbert, M.C., Grice, J.D., Hawthorne,
F.C., Kato, A., Kisch, H.J., Krivovichev, V.G.,
Linthout, K., Laird, J., Mandarino, J., Maresch,
W.V., Nickel, E.h., Rock, N.M.S., Schmucher,
J.C., Smith, D.C., Stephenson, N.C.N,
Unungaretti, L., Whittaker, E.J.W. and Youzhi
G., 1997. Nomenclature of Amphiboles,
Report of the Subcommittee on Amphiboles of
the International Mineralogical Association
Commission on New Minerals Names.
Europian Journal of Mineralogy, 9(3): 623-
651.

Morimoto, N., 1988. Nomenclature of pyroxenes.
Fortschr mineral, 66(2): 237-252.

Putirka, K.D., 2008. Thermometers and
Barometers for Volcanic Systems. Reviews in
Mineralogy and Geochemistry, 69(1): 61-120.

Ridolfi, F., Renzulli, A. and Puerini, M., 2010.
Stability and chemical equilibrium of
amphibole in calc-alkaline magmas: an
overview, new thermobarometric formulations
and  application to  subduction-related
volcanoes. Contributions to Mineralogy and
Petrology, 160(1): 45-66.

Schmidt, M.W., 1992. Amphibole composition in
tonalite as a function of pressure an
experimental calibration of the Al-hornblende
barometer. Contributions to Mineralogy and
Petrology, 110(2-3): 304-310.

Soesoo, A., 1997. A multivariate statistical
analysis  of  clinopyroxene  composition:
empirical coordinates for the crystallisation
PT-estimations. Geological Society of Sweden,
119(1): 55-60.

Stein, E. and Dietl, E., 2001. Hornblende thermo
barometry of granitoids from the central
Odenwald (Germany) and their implication for
the geotectonic development of the Odenwald.
Mineralogy and Petrology, 72(1-3): 185-207.

Vyhnal, C.R., Mcsween, H.Y. and Speer, J.A.,
1991. Hornblende Chemistry in Southern
Appalachian  Granitoids:  implications  for
aluminum hornblende thermo barometry and
magmatic  epidote  stability.  American
Mineralogist, 76(1-2): 176-188.



	2- Sarjoughian- 35117-  F  10
	2- Sarjoughian- 35117-  E

