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Sample Sm-GR-01 Sm-GR-02 GR-49-130 Sm-GR-03 GR-38-151
Lithology Micro spray Lime Dolomitic Biotite Rhyolitic-
limestone mudstone limestone monzogranite dacitic tuff
X 274207 274351 275150 276908 274875
Y 3818391 3818158 3818899 3820180 3818750
Units % % % % %
SiO, 4.47 4.19 9.35 67.47 68
Al;O3 1.25 1.55 3.26 15.53 13.97
CaO 32.2 50.27 18.64 2.28 5.23
MgO 17.89 1.92 21.79 1.7 0.44
TiO; 0.51 <0.1 <0.1 0.44 0.22
Fe,Os 2.58 0.73 29.49 1.85 0.79
SOs <0.1 <0.1 2.63 <0.1 0.13
P20Os <0.1 <0.1 <0.1 0.23 <0.1
Na.O <0.1 <0.1 <0.1 4.1 6.32
K->0 <0.1 0.16 1.62 5.33 2.86
Sro <0.1 0.26 <0.1 <0.1 <0.1
L.O.l 41.01 40.75 13.18 1.01 2.06

AN




Sy B oy § -Y -0

SM-GR- s>y opl (geis, 5l o cuitls p diges 1 )yl ySamo ST Souw alg-1-¥-0
slSal s axly opl sl oo (X:274207, Y: 3818391) (UtM) LLéls> Slaike L 01
Sl o 1) S e 9 CondS 51 plaaS) 5 a8l e Al S e 4 S5 Sloged B p S
2l olul 05 o comlie (Coilan) ool (gloonsT 4y (Kiél o Cusl 03,5 abd calise
Fe203 o5 ,Juie 5 MJO as,0VV/AY , Ca0 oo YV sl asly ol « XRE 51 Lol>

Abb oo olld oS uxen 9 Al2034,SI02

L aib oo SM-GR-02 uxly ol ygeis, 3l odiscisls y diges é&i Ogawdlo uslg-Y-Y-0
Sla IS g5l 50,5 5 aS1E K, 4 asly ol (X: 274351, Y:3818158) _Ldl i <l
5 0l e 0oy 27/50 e 43 CAO (1o e pliarss (st 3 Jolo gl Gabs bl o S|

B,l0 0925 o5 Jlade 4y oS a4,

Slaitee b 5,2\ Goc 5l GR-49-130 o Loty b diges 1 cmngdgd ST S dlg-¥-¥-0
Slalllas oll s sl sy Sl ailaie Jlads Coond o (X:275150, Y: 3818899) _,Ldl i
WCatife S ol (ol SIS oS 5 50 el cieglgs SalSKow diges (ol Guir (5, KK
ilodys 8 uSas (o )l sl B azeis (0 a5 00 5 oo oamline f CensSals Swil g oy
Ol maizme ol Slag) il K00 5 sz iane (2l Godgaze )3 (eglys Sel i wls
o, 18164 sl olowissy bl b (VYAY owse 5 ) aib oo ol o3 S8 bjwe
odlice b Jlade 4 oSt ad 5 wil o FE203 as )0 29/49 3 MgO ws,s 21/79 CaO

w0 Ca0,Si02,Al03 ,olic s pgew a5 e jloges ululpy (B-) Jgoz) 09d oo

YAY



03gamme g, S Kin 4 bgye sladaiges (RudnickandGaO .,2003) aso o yLid  ogm,

=l g wlpme Clslin b gldail jo a5 & ,.5 oo J18 Gln,S 5l e Cdad jo adlllas 0,90

Al203 ,Si02 slacdad Coows 0 cioglgoSalKiw diges olal> il oo 5,555 Slalllas

- S 5 B g 5lsS W gSels wile ola SIS g ol e oyl an T d olas ) Lsa

- S ot oS3 (1-0) Jagas yo (Y-0) o)led JSb clons ailil SlipyS Ko gulis

Sal g (Sal cuS 5 JJo 4 laaiges 0 Ca0, MO Slade jo (Sob s .Cowl 0als g3l Jlo s

-0 ol asls Son e FeaOs Jlade segss SalSiiw diges ;o ail oo diges cieglgs

Db oo dihaie 10 ol Kl an T8 ams [0 Co g CutiKe 399 o 4 aS s

100
10
O
5 —*— Microsparry limestone|
;é_ 1 —o— Lime mudestone
B —a—Dolomiticlimestone
0.1
0.01
A

Si0, ALO, CaO MgO TiO, Fe,0, P.0; NaO K0

3

B

(Rudnickand Ga0.2003) YL slo,B aiwg oS 5 9w, aFiw gilo oy Hloges V-0 JS&

YAY



A O3 9,

Si03 o Ca0 %
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Sample | SiO; | AlLOs | Fe:O3 | MgO | CaO | Na;O | KO | P,O5 | TiO2 | MnO

S1 67.9 15.3 1.9 11 2.3 3.9 4.2 0.2 0.6 0
S2 69.1 14.3 2 0.8 2.3 3.6 4.6 0.1 0.5 0
S3 70 14.7 1.9 0.5 1.2 4.1 5.2 0.1 0.5 0
S4 74.8 12.7 0.4 0.4 0.8 2.6 5.7 0.1 0.3 0
S5 74.8 12.8 0.8 0.4 11 3 5 0.1 0.2 0
S6 67 15.5 1.8 1.2 2.5 4 3.9 0.2 0.7 0
S7 68.8 15 1 11 2.2 4.3 4.6 0.2 05 0

S8 69.71 | 13.48 1.72 0.75 | 299 | 437 | 644 | 0.09 | 047 | 0.06

S9 69.87 | 13.14 1.78 0.75 | 269 | 414 | 6.46 0.1 0.44 | 0.08

S10 | 67.73 | 12.89 1.74 075 | 4.2 325 | 781 0.1 0.42 | 0.09

S11 | 70.81 | 14.27 1.93 0.75 | 247 | 293 | 479 | 0.12 | 043 | 0.05

S12 | 70.99 | 14.16 0.9 0.75 | 211 4.8 5.03 0.1 0.51 | 0.01

S13 69.4 14.13 13 0.75 | 1.65 | 576 | 513 0.1 046 | 0.01

S14 | 70.26 | 14.27 1.38 0.75 | 2.08 4.5 4.9 0.1 047 | 0.02

(TA=Total Alkali, S= SiO2) TAS suuailb-0-0
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(Cox etal, 1979) Lawg L dsl logad cpl 0gd oo dwlee do j0 do sl  CO2 4 H20
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TAS (Cox et al. 1979)
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Sample 01 02 03 4-8 4-11 4-13 | 49-103 | 55-32 | 55-58 | 55-65
X 274835 " " 274699 " " 271550 | 274850 " "
Y 3818650 " " 3818749 " " 3818899 | 3818799 " "
Litology | Grt- Grt- | Mag Mag Mag Mag Mag- Mag- | Mag- | Mag
Px mag Py- Py- Phl- -
Cpy-Ca | Cpy- Px- Ca
Phl Grt
Al (%) 6.01 2.05 0.35 <0.1 <0.1 <0.1 0.29 0.76 <0.1 0.74
Fe 115 32.57 | 39.86 43.22 42.61 42.36 41.18 39.35 3454 | 40.52
Mg 4.66 9.16 6.25 3.67 3.32 4.03 5.68 7.54 17.76 7.55
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Ca 6.63 0.12 0.7 0.61 0.16 0.28 0.13 <0.1 <0.1 <0.1
Na 0.42 <0.1 0.13 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
K 0.95 1.15 <0.1 <0.1 <0.1 <0.1 <0.1 0.24 <0.1 0.14
Ti 0.31 0.11 0.04 0.02 0.02 0.02 0.04 0.04 0.08 0.08
P 0.03 <0.01 | <0.01 | <0.01 <0.01 | <0.01 | <0.01 <0.01 0.02 | <0.01
S 0.38 0.16 0.64 0.48 10.52 9.93 33.63 2.93 0.34 | 14.94
Ag(ppm) | 6.71 2.57 3.34 11.87 6.73 3.04 4.39 2.87 7.9 14.64
As 26.17 431 5.1 3.15 6.31 6.86 9.46 4.66 6.27 8.59
Ba 1805.29 | 282.57 | 68.12 <10 <10 <10 <10 423.92 <10 | 1943
Be 1.39 <0.1 | <0.1 <0.1 0.11 0.11 0.11 0.4 <0.1 <0.1
Cd 0.1 <0.1 0.2 0.21 <0.1 0.78 0.25 <0.1 <0.1 <0.1
Co 13.72 8.35 | 13.25 7.46 4.9 15.05 | 52.68 8.06 4.24 2.06
Cr 45.62 | 1859 | 14.44 9.61 7.65 11.87 | 16.29 16.45 17.3 | 23.92
Cs 1.03 23.73 | 1.35 <1 <1 <1 <1 6.34 <1 3.19
Cu 16.23 | 11.11 | 303.61 | 66.64 | 272.14 | 253.8 | 806.13 | 118.45 | 86.31 | 309.26
Ga 5.04 6.32 2.22 2.17 2.27 2.33 14 2.07 1.87 2.36
Hf 3.57 1.4 <1 <1 <1 <1 <1 <1 1.75 1.55
Li 6.25 20.34 | 3.45 1.8 391 3.24 3.43 3.55 3.52 3.42
Mn 2999.67 | 539.55 | 845.55 | 1220.68 | 1076.87 | 942.99 | 554.18 | 673.08 | 865.86 | 703.61
Mo 0.42 0.78 0.37 0.3 0.4 0.63 1.03 0.35 0.36 0.33
Nb 26.87 4.36 4.49 1.44 3.59 5.59 3.98 7.05 18.43 | 4.72
Ni 18.31 23.76 | 11.59 7.93 15.61 17 17.06 9.44 11.39 | 13.12
Pb 29.56 | 34.09 | 4151 | 56.24 58.89 | 23597 | 53.05 4421 | 29.79 | 55.98
Rb 133.23 | 352.07 | 23.15 2.49 2.6 2.43 15.54 88.98 491 | 72.37
Sc 5.45 1.75 <1 1.07 <1 <1 <1 1.84 3.13 1.34
Sn 106.41 | 4.19 5.92 4.92 2.62 4.32 431 2.41 3.25 3.75
Sr 531.22 | 85.96 | 37.87 | 150.92 <10 <10 <10 <10 <10 <10
Ta 1.26 <1 <1 <1 <1 <1 <1 <1 <1 <1
Th 3.24 <1 <1 <1 <1 <1 <1 <1 1.14 <1
U 2.72 <1 <1 <1 <1 <1 <1 <1 107 |1
100.54 | 208.45 | 209.05 | 235.73 | 237.13 | 228.14 | 222.24 | 189.69 | 169.51 | 230.78
W 28.65 <1 4.61 2.19 2.84 2.74 9.49 2.42 8.94 | 12.06




Y 18.8 <1 <1 1.13 <1 <1 <1 <1 <1 <1
Zn 51.24 | 55.14 | 205.23 | 265.08 | 116.89 | 1299.4 | 48.31 53.13 | 66.02 | 61.42
Zr 10453 | 7359 | 7861 | 73.74 7394 | 7252 | 89.18 73.75 | 9249 | 112.46
La 2.76 2.32 <1 <1 <1 <1 <1 <1 <1 <1
Ce 6.24 3.75 <1 1.3 <1 <1 <1 3.25 2.07 1.35
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Major Oxids (wt%b)

sample Al Fe Mg Ca P S
Grt-Px zone 6.01 11.5 4.66 6.63 0.03 0.38
Grt-Mag zone 2.05 32.57 9.16 0.12 0.0075 0.16
Mag+Phl+Px+Grt 0.075 34.54 17.76 0.075 0.02 0.34

Mag-Sulfid zone 0.525 40.265 6.61 0.1025 | 0.0075 18.28

Mag zone 0.44 41.26 5.93 0.25 0.008 10.17

Trace Elements (ppm)

sample Co Cu Mn \Y/ W Zn
Grt-Px zone 13.72 16.23 2999.67 100.54 28.65 51.24
Grt-Mag zone 8.35 11.11 539.55 208.45 0.75 55.14
Mag+Phl+Px+Grt 4.24 86.31 865.86 169.51 8.94 66.02
Mag-Sulfid zone 30.37 462.29 613.63 205.965 5.955 50.72
Mag zone 6.11 266.65 862.56 229.14 7.57 266.5
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Spider Plot- Upper Continental Crust (Taylor and McLennan 1995)
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Sample SM-TP-06
Mineral Magnetite
Point 22 23 24 25 28 29 30 31 32 33 34 39 40
Sl?l(gz 0.03 0.08 3.26 0.01 33.26 | 0.10 0.31 0.15 0.06 0.11 0.10 0.05 0.51
AlO3 0.05 0.15 1.09 0.13 0.33 0.02 0.27 0.17 0.17 0.20 0.09 0.09 0.63
FeO 92.97 | 89.66 | 87.27 | 92.65 | 91.70 | 91.78 | 92.69 | 90.95 | 89.94 | 89.70 | 90.44 | 91.68 | 90.52
MgO 073 | 074 | 119 |08 |09 |071 |09 |08 |081 |09 |046 | 087 |1.04
Cao 0.00 0.00 0.07 0.00 0.44 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00
Na.O 0.04 | 0.08 |076 |008 |023 |002 |047 | 047 | 018 | 033 | 036 |0.00 |O0.30
K20 0.00 {005 |031 |003 |010 (000 |0.17 |0.11 |0.05 |0.09 |0.04 |0.00 |014
TiO> 0.03 | 0.07 |012 |0.00 |0.17 |0.00 |[0.05 |0.00 |0.00 |0.00 |0.00 |0.00 |O0.00
P>Os 0.00 | 0.00 | 0.05 |010 |000 |000 |000 |0.00 |O0.00 |O0.00 |000 |O0.00 |O0.00
MnO 0.05 | 0.04 | 002 |003 |000 |005 [009 |0.04 |008 |0.06 |006 |004 |O0.11
Cr0O; | 000 |000 |000 |000 |000 |0.00 |O000 |000 |00O0 |00O0 |000 |0.00 |O0.00
CoO 0.00 | 0.00 | 0.00 |000 |000 |000 |094 |0.03 |0.00 |O0.00 |000 |O0.00 |O0.00
NiO 0.00 | 057 | 125 | 000 |000 |004 |[000 | 098 |0.00 |0.00 |049 |0.00 |O0.00
V203 0.00 | 0.00 |0.00 |000 |00O0 |000 |000 |0.00 |O0.00 |O0.00 |O000 |0.00 |O0.00
SO» 0.00 0.00 0.07 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CuO 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
Zn0O 0.00 | 0.00 |0.00 |000 |00O0 |000 |000 |0.00 |O000 |O0.00 |O0.00 |0.00 |O0.00
Total 93.90 | 91.44 | 95.46 | 93.84 | 94.61 | 92.75 | 95.98 | 93.76 | 91.29 | 91.47 | 92.04 | 92.73 | 93.25
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Sample SMB-55-42
No.

Mineral Magnetite

Point No 29 30 31 35 36 37 38 39
SiO2 0.07 0.12 0.10 0.07 0.67 0.13 0.11 0.13
Al2O3 0.18 0.17 0.12 0.06 0.11 0.10 0.12 0.10
FeO 90.88 91.24 93.45 92.76 89.56 | 91.88 | 90.40 | 91.51
MgO 1.33 1.22 1.31 0.93 1.05 1.23 1.33 1.11
CaO 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00
Na20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.00 0.04 0.00 0.13 0.00 0.00 0.00 0.00
TiO2 0.00 0.03 0.00 0.03 0.03 0.00 0.00 0.00
P20s 0.00 0.00 0.00 0.06 0.07 0.00 0.00 0.00
MnO 0.11 0.06 0.09 0.10 0.08 0.06 0.09 0.09
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CoO 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00
NiO 0.16 0.00 0.71 0.20 0.00 0.87 0.00 0.16
V203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
SO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CuO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 92.75 92.96 96.09 95.12 91.87 | 94.30 | 92.09 | 93.12
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Sample SMB-49-131

Mineral Magnetite

Point.No 1 2 3 4 7 8 9 10 11 12 13 14 23
SiO2 0.07 0.03 0.20 0.10 0.08 0.03 0.15 | 0.30 0.29 0.31 0.21 0.15 0.07
Al203 0.16 0.17 0.17 | 0.11 0.22 0.00 | 0.04 | 043 | 061 | 043 | 0.26 | 0.30 0.06
FeO 91.04 | 91.86 | 91.22 | 90.86 | 91.69 | 91.24 | 91.42 | 90.00 | 90.74 | 90.62 | 91.41 | 90.34 | 91.85
MgO 0.86 0.83 0.83 0.90 1.09 0.86 0.60 193 1.12 127 1.72 1.69 0.49
Cao 0.00 0.00 0.00 0.00 0.00 0.01 0.04 | 0.08 0.03 0.12 0.00 | 0.02 0.00
Na2O 0.00 0.00 | 0.00 | 0.05 0.00 0.00 | 0.07 | 0.07 | 0.07 | 0.00 | 0.00 | 0.04 0.00
K20 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
TiO2 0.03 0.04 | 0.04 | 0.02 0.04 0.05 | 0.10 | 0.24 | 0.00 | 0.04 | 0.02 | 0.06 0.06
P>Os 0.04 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.07
MnO 0.09 0.04 | 0.04 | 0.05 0.05 0.03 | 0.05 | 0.06 | 0.11 | 0.09 | 0.13 | 0.10 0.05
Cr203 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
CoO 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
NiO 0.41 0.00 | 0.00 | 0.00 0.21 0.33 | 054 | 0.00 | 0.04 | 0.16 | 0.06 | 0.29 0.00
V203 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
SOz 0.00 0.00 0.00 0.00 0.00 0.04 | 0.00 0.00 0.00 | 0.00 0.00 | 0.00 0.00
Cuo 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
Zn0 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
Total 92.70 | 92.99 | 92.63 | 92.09 | 93.38 | 92.59 | 93.01 | 93.11 | 93.21 | 93.04 | 93.81 | 92.99 | 92.65
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Sample SMB-TP-49-131 ,. SM-TP-06
Mineral Pyrite Chalcopyrite
Point No. 24 25 35 36 37 38 28

Si 0.00 0.00 0.07 0.06 0.07 0.08 0.05
Al 0.00 0.06 0.00 0.00 0.00 0.00 0.00
Fe 4531 45.50 45.86 45.75 4547 45.70 29.88
Mg 0.13 0.07 0.08 0.04 0.09 0.22 0.00
Ca 0.11 0.03 0.00 0.01 0.01 0.05 0.05
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.01 0.01 0.00 0.00 0.01 0.00 0.01

P 0.00 0.00 0.00 0.00 0.04 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.01 0.01 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Co 0.10 0.03 0.00 0.00 0.00 0.00 0.81
Ni 0.17 0.00 0.00 0.00 0.00 0.00 0.39

V 0.00 0.00 0.00 0.00 0.00 0.00 0.00

S 52.72 52.45 52.78 52.50 52.91 52.60 33.75
Cu 0.29 0.87 0.00 0.12 0.00 0.00 33.89
zZn 0.13 0.00 0.00 0.00 0.00 0.00 0.01
Total 98.97 99.02 98.79 98.48 98.61 98.66 98.84
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Mn,SiO4
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Sample SMB-TP-55-42
Point Mineral | SiOz | Al2Os | FeO | MgO | CaO | Na2O | TiOz | P20s | MnO | NiO | V203 | Total
32 34.01 | 0.00 2.07 | 58.25 | 0.00 0.00 0.33 | 0.00 0.06 | 0.00 | 0.00 | 94.75
33 Forsterite 3444 | 0.00 2.03 | 58,53 | 0.02 0.10 0.33 | 0.06 0.07 | 0.21 | 0.00 | 95.79
34 3549 | 0.03 190 | 59.45 | 0.05 0.06 0.26 0.12 0.05 | 0.00 | 0.04 | 97.52
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Sampl SMB-TP-49-131
e
Point | Mineral SiO2 | Al203 | FeO | MgO | K> Naz | TiO | P2O | Mn | NiO | Total
(o) (0] 2 5 (0]
19 200 | 114 | 34 | 303 | 8.94 | 0.08 | 0.05 | 0.00 | 0.02 | 0.0 | 953
4 9 1 6 7 6
20 | Phlogopit ™63 7113 [ 36 | 30.3 | 8.70 | 0.17 | 0.03 | 0.06 | 0.00 | 0.0 | 94.6
e 3 0 8 9 7 7
21 390 | 106 | 46 | 315 | 656 | 0.09 | 0.02 | 0.12 | 0.00 | 0.6 | 931
0 7 2 6 5 7
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ahs Lol jole oSt polie wlol 5 (3=F) Joao 10 05l oo druloes dads 1o gl b SIS
aged Olsie r HsSde l3dla 5 sl esliiul b co)l8 05,8 sla SIS wopo V o)leds (959,500 41555
Jodz 0 598 g,y 4 dewle 1 Jol> gl SIS aus o s bl ady gl p ol oals ools LS
Slie pl SLo 5l eslatul by (Ve-F) Jgo slaools sasl p Colys jo .ol 00l 00,51 (V-F)
Caoms 43 Codljail 08gama 10 g yame Kl Slacs )5 oS 5 o el = Ygug 5 —Cooljail

OY-F) IS5 5,5 o0 )8 Yaug S

Sample SM-TP-10

No.

Mineral Andradite-Grossular Andr | Gross | Spess | Alman
adite ular atine dine

Point 1 2 3 4 5 6 7 8 9

No

Na20 0.07 |0.00 | 0.00 |0.07 |004 |0.09 |000 |[0.00 |000 |O0.00 0.00 0.00 0.00

K20 0.04 |0.10 | 0.00 |0.00 |000 |0.00 |000 |[0.00 |000 |O0.00 0.00 0.00 0.00

MgO 0.00 | 0.00 |0.00 |000 |000 |0.00 |0.00 |000 |O0.00 |O0.00 0.00 0.00 0.00

CaO 30.42 | 30.50 | 30.75 | 30.62 | 30.80 | 30.63 | 31.17 | 31.53 | 32.09 | 33.11 | 37.35 | 0.00 0.00

MnO 022 (024 |025 (033 |023 [023 |011 [036 | 033 |0.00 0.00 42.99 | 0.00

FeO 20.74 | 21.21 | 21.22 | 20.57 | 28.43 | 26.74 | 26.72 | 19.14 | 19.49 | 31.42 | 0.00 0.00 43.30

NiO 012 |0.28 | 000 |0.14 | 000 |0.00 |000 |[0.00 |036 |O0.00 0.00 0.00 0.00

Al203 796 | 813 |7.69 |847 |221 |297 |215 |895 | 897 | 0.00 22,64 | 20.60 | 20.48
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V203 0.00 |[0.00 |000 |0.00 |000 |0.00 |000 [0.00 |O000 |O0.00 0.00 0.00 0.00
Cr20s 0.00 | 0.00 (0.00 |000 |O0.04 |003 |0.00 |000 |O0.00 |O0.00 0.00 0.00 0.00
SiO2 38.59 | 39.03 | 38.16 | 37.69 | 37.52 | 37.57 | 38,57 | 38.32 | 38.19 | 35.47 | 40.02 | 36.41 | 0.00
TiO2 023 (000 |041 (029 |000 |0.00 |000 |03 |021 |O0.00 0.00 0.00 0.00
Total 98.39 | 99.49 | 98.48 | 98.18 | 99.27 | 98.26 | 98.72 | 98.68 | 99.64 | 100.00 | 100.00 | 100.00 | 100.00
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Ad: andradite, Gr: grossular, Alm: almandine, Sps: spessart «(Meinert 1989) Lss ol ., ISl

L <SG oles gy g, abaii Lol polie anST polie wlul 5 26,5 09,5 slo SIS 0o )0 dloes A-F Jgo>
.(Andrew and Locock, 2008) =i 5 SIS oS )5 cpss 1581 o 5 51 oolaal

Chemical | 1968 Cation assignments (apfu) End-member | Proportions | Remainder (apfu)
analysis wt% | cations | dodecahedral | octahedral | tetrahedral | Henritermierite cations | octahedral
oxide
SiO: 38.59 Si 0.1936 3.0000 Blythite Si 0.1936
TiO2 0.23 Ti 0.0143 Katoite Ti 0.0031
ZrO; 0.00 Zr 0.0000 FCa garnet Zr
SnO2 0.00 Sn 0.0000 FMn garnet Sn
Y203 0.00 Y 0.0000 Yttrogarnet Y
Al203 7.96 Al 0.7764 0.0000 Kimzeyite Al
Sc20s 0.00 Sc 0.0000 Kimzeyite-Fe Sc
Cr203 0.00 Cr 0.0000 Tin garnet Cr
V203 0.00 \Y 0.0000 Schorlomite V
FeO / Fe?* 0.0000 Schorlomite-Al Fe?*
FeOrot
Fe203/ 20.74 | Fe®* 1.2916 0.0000 Morimotoite Fe®* 0.2632
calc
MnO 0.22 | Mn? 0.0154 NaTi garnet 0.56% Mn?*
(Mn203) Mns* 0.0000 Morimotoite.Mg Mn3*
MgO 0.00 Mg 0.0000 0.0000 Morimotoite-Fe Mg
Ca0 30.42 Ca 2.6974 Majorite Ca
Na20 0.07 Na 0.0112 Sc garnet Na
H20+ 0.00 Ha Goldmanite Ha
F 0.00 | vac() Yamatoite subtotal | 0.4599
O=F (calc) 2.7240 2.2760 3.0000 Uvarovite
Total 98.23 cation proportions not ideal Knorringite F
(calc)
Fe3*/Feot 100.00% Spessartine 0.51%

yya




Note: FeOrot Mn3*/Mniot | 0.00% Pyrope

(Wt%) = 0.237 | O excess does not chargebalance | Almandine

0.8998 Fe20s3 + pfu’

Er?do octahedral Si unlikely to be real.... Grossular 38.31%
6] 12.2363 Andradite 51.42%
anions

MnO = 0.8987 F 0.0000 Calderite

Mn203 anions

Skiagite
Khoharite
Remainder | 9.20%
Total 100.00%
Proportions | Non ideal
Charge balance no

b g psSrs abi A Lol jolis oS polie (olul 6,15 05,5 sla S5 a3 saadls ) o—F Jsor

.(Andrew and Locock, 2008) <s,i5 SIS oS 5 s 158 p 5 51 eolaul

Points | Lithology | Grossular | Spessartine | Andradite | NaTigarnet | Uvarovite
1 And-Gro 38.31 0.51 51.42 0.56 0.00
2 And-Gro 38.77 0.56 50.65 0.00 0.00
3 And-Gro 36.92 0.58 53.97 0.00 0.00
4 And-Gro 40.57 0.77 49.82 0.56 0.00
5 And-Gro 10.44 0.55 82.23 0.00 0.00
6 And-Gro 14.27 0.55 73.32 0.00 0.13
7 And-Gro 10.44 0.26 83.60 0.00 0.10
8 And-Gro 42.38 0.83 49.88 0.00 0.00
9 And-Gro 42.28 0.76 51.04 0.00 0.00
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(Meinert 1989) ool jail -y ) lucusl

u.mfgj.u ‘s’lf W—?—Y’—f‘

odds 5 So5lal SM-TP-01 sladiges ,0 puSgm S S9,aSl gy, S Olallas iy »
ol (1V=8) Jgoz 5 OF=F) USS 4o S5 ol gs, o abaii ¥ olows glabais 56T s e
Al p obed oS5 5 CaMgSi206 oleowds Jooy8 b dned £95 S gy Cowl o0
aile aop SiOx 5549 5 MgO: 1861 ¢ Ca0:25.90 (s la i,
JeSas 1y S cpl oy o i SiO2 S xSl LT ol 4l (www.webmineral.com)
Qo0 DOITA Jlade o yiien B diges ol jo 0o 0 B+/OY 5l ous )'.SJBT bla o QT Sade a2 oo
O S pl oS annlie b G5 olaerds oS 5 L 1) cuS 5 ol 51008 go i diged o
2 S Gl vszy (6, KAl lalllas 45 4> g5 b o jls s ged S L, (SGo5 o yiin aoo o0

22,60 oleoris oS5 9 CaFeSin06 olowds Jgo,8 b Cufyusan ail g0 DL LB aiges )]
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561 s 4l .(www.webmineral.com) aib oo s ,s SiO2: 48.44 4 Fe0:28.96 CaO:
L ool aSg5m 500 &5 Cornilagl s o oS5 1) S cnl we s (n i SI02 (g 2SI
- o0 Ca0: 22.69 4 Si0;: 48.62 MNO: 28.96 __luans iS5 § CAMNSIN06 _lions Jsosd
5| e ST 0,0 YIVE Lo VE 51 gl auST o0 F/2F /59 51 yal oensT ol
B 0 IOY 5| pomrhies 9nST g 9oy YEIOY b YE/VA 5l nedS ST caoys VA/AR B VONF
SIS Cp gpreswt RVeLOSEY ) () B VRV g1 IPERC S FUVRRS UL CONR VOWA | BARV-PIP SO RVE L OSSR AR Vi
oSy oyl )0 Glusgi Dlyis g gonailaie | 6,UT ¢ S9iSUl g5;5 5 55w e sl
B 330 (oS pidd Edie (0 g2 jdae dhite oS g oS 5 Dl 0l cod cdlin
dilaie (glomS sy 5 Cool o duglis Lis ool () Kul olee slapmSsrm b Coiuilags
ol @l Bl 025 o0 S8 Lo 0l )8l (alee (SS9 oS G0 yS 0 g2 s
TGS 9 Ghpesrd by 9z (e dllale GlauS gy oS 5 slabi (Sl SJGT
Minpet (2002) ,158le 5 5l oolazwl b aS (VO-F) JSo Jloged Bub puizmo g .0l oo (o5 i
adlaie (puSoym 055 o Wa3 o0 (LA 5 5ySee LT Sla gy 5l ol mls wilond s
b sz g9 5l 5 Wl L3 lopelmiie meedS oSy pmgilS oS0 sz ane
\WO: 39.18-50.77 ;o SIS cpl lizl oS 5 (Morimoto et al., 1988) aril oo o’ ymson

2wl oo lwss jo EN: 33.99-50.69 , Fs: 4.89-16.43

Sample SM-TP-01

No.

Mineral Diopside- | Reference | Reference Reference
Hedenbergite | Diopside Hedenbergite | Johannsenite

Point 22 23 24

No

Na20 0.33 0.20 0.03 0.00 0.00 0.00

K20 0.02 0.04 0.09 0.00 0.00 0.00

MgO 15.14 | 16.23 | 18.89 18.61 0.00 0.00

Y¥Y



CaO 24.78 | 25.68 | 26.53 25.90 22.60 22.69
MnO 0.17 0.21 0.04 0.00 0.00 28.70
FeO 4.19 4.64 0.49 0.00 28.96 0.00
Al20s 3.74 1.05 0.76 0.00 0.00 0.00
V203 0.00 0.00 0.00 0.00 0.00 0.00
Cr203 0.00 0.00 0.00 0.00 0.00 0.00
SiO2 50.53 | 50.75 | 51.63 55.49 48.44 48.62
TiO2 0.29 0.26 0.12 0.00 0.00 0.00
P20s 0.07 0.00 0.00 0.00 0.00 0.00
Total 99.26 | 99.06 | 98.58 100.00 100.00 100.00
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(Thermobarometry) oz ,lid-lo  yoj-F-#

Sy S 5 bl (o Lad- Lo o - V-F-F

1 oot L Les g Led Lyld s a5 cedl T Sk bioeSa s oyl el Sl
» -(Yavuz, 2013; Aydin et al., 2009) u,ls LSl 5l oo jelite (sla S g pmgdS oS5
Jol slaSiw jliad g Lo (und Sliwly 50 Gl oo ) S g m (liosd oS 5 olal (en
g lid Lo g9 9o Nimis & Taylor (2000) Jow welw! , Putirka (2008) .5, 15" 4 Lyl
<83 (n Vb s ladas (nl woged )] Clde (S gy 9SS g 9lS ST oS 5 el
3 Sbadl Cdld pliee alne bl 2 S g mgilS ST ) Bl a0 565
"0 CaMg Jolss 4l 2 beges g ol oud (2l Clde oS 5 cdlbs g 9 (S g pmoidS
S raS s astelS S5 gy 4 Lo 5 ,Lad Lyl (e sl gy onl o (Putirka, 2008) wil,
g Loo Loyl paads 0 s abaly wlal 5 a8 ol eolaul (Yavuz, 2013) Winpyrox 4l

il 09905 pladl g yame allate ()l (93 ;0 Sgpm Heb Hel HLad

V-5 dolee

T(K)=93100 +544P(Kbar) /61.1+36.6(XTi ™)+ 10.9(XFe - 0.95 (XAl P* +XCr ¢P* -
XNa ¢ -XK % )+ 0.395 [In(aEn ¢ ]2

e adlate Syl (5 SlaS g prddS oSS slos ol SS by, b dlobae cf jo a5
Jogas (F-Y) S el o 3,51 5 Lok YITY JLid g o5 e az,0 FAR b FOA (o 5>

B2 o (LS 9 ame adlaie )0l g5 Sl S g gidST (6lp 1y Les - Lis
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LSl 5l sl 29,5 by 9 2bdle wV¥lw oS 5 b ldle opl olalS Jawily oail oo
(Audetat et al., 2008; John et al., ) 50,5 o < 15,0 (ool g) Yl o a5 col
3 oot el Gt Gladie) jo ol J o 1558 slaolie 5 &Yk 2010
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e.g. Sobolev, 1994, 1996; Audetat et al., 1998, ) w,li8 o Lozl o 1) WSl ,ols b
asddlao cownl .(2008; Halter et al., 2005; Ulrich et al., 1999; Wilkinson et al., 2009
olid oo d Sl pwlidiipme) aLldS PBluse S0 )0 (guiediy)l wlS plgis 4 Jhew sl )lils
5 LS oaino LSS a5 SVl oS 5 pizmed g sl luils DYl oS 5 ( JBs (55
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el Jlw s 2y ok a5l Glalo e a4z po (Foldlplsay 5 5 ol e (nl S) e
2y 5o sk goke jo seliie axlin 1098 g0 el 0,5 Wiz 4 slice i Sl ool
Ol ey aalol b Sjgo cpl po sl pls a4y Joloe 51 cid el aly b lojen 9 9,5 g0
85550 o el (PIMAry) adol 1) osldl plody Jlow slice 5 00us,5 Sgous o salsi o
S oo 335 ol 5l sk a5 Jslms 5l (padn g 055 ol (ale SuaSa ()T 5o sk 0y b plojen
SigS oo (Pseudosecondary) cnég,s gl 1) ol clice o5 wgome o Suss ol 5o
il 53 san Jlw 9 95 ol (S lie Vo & 0T 55 sk o 4l 5l s anilir
slice IS jebay 058 o (Secondary) agl 1) Lol cpl slice il als o o SinSls
S9bse el Redl SVl 5 Ken SVlw 095 90 4 (S5 LB delibe L
Gl S5 5ed oo eolitul s, sl Sl 5l Jlw il Slllas cy> .(Roedder., 1984)
Sby o)l o Jlaul woagdss bl wandS wwolle wuysls IS sl a e Jyens
Shepherd et al., 1985; ) culeSul § jlawald (2o 155,55 oS g aadl (68 g ywlS
.(Van den Kerkhof and Hein, 2001

il 50 99250 slaj8 -
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.(Redmond et al., 2004; Seo et al., 2012
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Sample Mineralazition Stady Mineral UTM Local Sampling
SM-01 Pyroxen-Calcite-Pyrite- Pyroxen- X:274733 Surface
Ghotite-Hematite Calcite Y:3818664
SM-09 Pyroxen-Garnet-Epidote Garnet X:274723 Surface
(Altratione Zone) Y:3818475
SM-11 Termolite-Actinolite Termolite- X:274980 Surface
Actinolite Y:3818617
SM-13 Garnet Zone Garnet- Calcite | X:275122 Surface
Calcite -Pyrite Y:3818828
SMB-49-131 | Calcite-Magnetite-Pyrite Calcite X:275150 Bore hole
Y:3818899
SMB-55-57 -Phologopite-Pyroxen- Calcite X:274850 Bore hole
Magnetite- Calcite-Garnet Y:3818799
SMB-55-67 Calcite-Magnetite-Pyrite Calcite X:274850 Bore hole
Y:3818799
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Sample- Size(um) Origin Phases | Te (°C) | Tm(ice)(°C) Th(°C) Salinity(wt%

Point NaCl equiv)
SM-13-1 3 Primary L+V -135 -46 195 43.58
SM-13-2 5 Primary L+V -109 -43 200 40.14
SM-13-3 4 Primary L+V -100 -50 190 49.04
SM-13-4 3 Primary L+V -110 -45 185 42.37
SM-13-5 4 Primary L+V -115 -50 180 49.05
SM-13-6 3 Primary L+V -85 -40 170 37.17
SM-13-7 5 Primary | L+V -95 -48 190 46.18
SM-13-8 4 Primary | L+V -90 -45 180 42.38
SM-06-9 3 Primary | L+V -85 -35 185 33.02
SM-06-10 7 Primary | V+L -75 -30 200 29.53
SM-06-11 5 Primary | L+V -95 -35 410 33.02
SM-06-12 4 Primary | L+V+S -110 -45 405 42.38
SM-06-13 5 Primary | L+V -100 -45 400 42.38
SM-06-14 6 Primary | L+V -100 -35 390 33.02
SM-06-15 7 Primary | L+V -105 -38 395 35.40
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Sample- Size(um) Origin Phases | Te (°C) | Tm(ice)(°C) Th(°C) Salinity(wt%
Point NaCl equiv)
SM-13-1 3 Primary L+V -35 -6 125 9.49
SM-13-2 7 Primary | L+V -40 -11 110 15.32
SM-13-3 5 Primary | L+V -35 -5 105 8.13
SM-13-4 3 Primary | L+V -32 -8 95 12.00
SM-13-5 4 Primary | L+V -35 -5 100 8.13
SM-13-6 7 Primary | L+V -42 -15 130 19.08
SM-13-7 7 Primary | L+V -37 -12 135 16.33
SM-13-8 6 Primary L+V -37 -11 140 15.32
SM-55-67
9 4 Primary | L+V -40 -10 120 14.27
10 5 Primary | L+V -35 -8 125 12.00
11 4 Primary L+V -28 -8 95 12.00
12 4 Primary | L+V -23 -12 100 16.33
13 5 Primary L+V -35 -9 105 13.16
14 5 Primary | L+V -27 -11 95 15.32
SM-TP-01
15 5 Primary L+V -38 -4 110 6.71
16 4 Primary L+V -30 -2 100 3.65
17 5 Primary L+V -33 -8 95 12.00
18 5 Primary L+V -32 -7 95 10.77
19 6 Primary L+V -45 -2 190 3.65
20 5 Primary L+V -37 -1 185 2.01
21 5 Primary L+V -35 -6 185 9.49
22 5 Primary L+V -40 -2 143 3.65
23 4 Primary L+V -37 -4 137 6.71
24 5 Primary L+V -37 -5 130 8.13
25 5 Primary L+V -30 -4 132 6.71
26 4 Primary | V+L -42 -4 130 6.71
27 6 Primary | V+L -35 -3 125 5.22
28 6 Primary | V+L -35 -5 127 8.13
29 5 Primary L+V -36 -2 127 3.65
30 6 Primary L+V -38 -4 130 6.71
31 7 Primary L+V -35 -8 125 12.00




32 7 Primary L+V -32 -7 120 10.77
33 6 Primary L+V -34 -6 120 9.49
34 5 Primary LV -31 -5 115 8.13
35 6 Primary ny -40 -10 135 14.27
36 6 Primary ny; -37 -7 140 10.77
37 5 Primary ny. -33 -4 125 6.71
38 5 Primary ny. -27 -2 120 3.65
39 10 Primary L4V4S -42 -11 137-180 15.32
40 12 Primary V4L -40 -9 130 13.16
41 5 Primary ny. -43 -17 135 20.72
42 5 Primary ny. -34 -12 130 16.33
43 4 Primary ny; -33 -13 127 17.29
44 7 Primary ny; -35 -15 124 19.08
45 6 Primary ny; -35 -14 125 18.20
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Sample- Size(um) Origin Phases | Te (°C) | Tm(ice)(°C) Th(°C) Salinity(wt%
Point NaCl equiv)
SM-01
1 6 Primary L+V -95 -42 350 39.10
2 4 Primary L+V -90 -47 380 44.85
3 3 Primary L+V -94 -45 375 42.38
4 5 Primary L+V -92 -55 355 57.57
5 4 Primary L+V -70 -40 330 37.17
SM-11
1 5 Primary L+V -75 -43 300 42.38
2 4 Primary L+V -70 -40 285 37.17
3 3 Primary L+V -65 -38 275 35.40
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Abstract

The Madanjoo iron ore deposit is located in 18km north Sangan, 45km southeast Khaf,
300km southeast Mashhad, the Khorasan Razavi province in the northeast of Iran. This
area is a part of the Khaf-Kashmar-Bardaskan or Khaf-Drouneh volcanic-plutonic belt
in the Central Iran micro-continental zone and at the northeast of the Lut block. The
Madanjoo iron is one of the eastern anomalies of the Sangan iron ore complex. The rock
units of the area include Jurassic shaly sandstone, lime mudstone, and sandstone,
Cretaceous shale, tuff, microsparite to sparite limestone and dolomitic limestone
sequences, late Eocene (38-40 Ma) biotite monzogranite (a little outside the research
area), late Eocene skarn rocks, and Quaternary sediments. Biotite monzogranite is
classified in type | granites, high-potassium calc-alkaline magmas, meta-alumina and
slightly peraluminous, and continental arc granitoids. The Jurassic and Cretaceous rock
units are metamorphosed into contact with Eocene intrusive and transformed to the
skarn rocks, and away from the skarn zone, Jurassic clastic rocks transformed into slate
facies and Cretaceous carbonate rocks have been recrystallized and marmarized. The
mineralogical zonation in the Madanjoo skarn includes: pyroxene; pyroxene+garnet;
Garnet;pyroxene+wollastonite+magnetite;magnetite;pyroxene+garnet+phlogopite;phlog
opite;tremolite+actinolite+phlogopite; and
muscovite+sericite+calcite+epidote+magnetite zones. The influence of hydrothermal
fluids, the rock units has been affected by the argillic, chloritic, epidotic, sericitic, silicic
and carbonate alterations. In the Madanjoo area, progressive skarn consists of
anhydrous minerals i.e., Ca-rich garnet and clinopyroxene, Inthe late stages of the
progressive phase, as a result of mixing of hypogenic hydrothermal fluids with meteoric
waters and reducing of fluid pressure, the oxygen fugacity increases and form
magnetite, pyrrhotite, hematite and oligiste, respectively. In the early stages of
retrograde phase was formed magnetite, pyrite and chalcopyrite. The minerals such as
hematite, goethite and limonite formed during the supergene surface erosion and
oxidation. The main structures of mineralization are massive, disseminated, vein-
veinlets, plat-shape, lens-shape, and open-space filling.

Minimum and maximum contents of Fe in the Madanjoo ores are 11.50% and 43.22%,
and Cu, S, and P amounts vary from 11 to 806 ppm, 0.16 to 33.63%, and 0.01 to 0.03,
respectively. Iron have positive correlation with V, Cu, and S, and negative correlation
with Ir, Mn, P, and Cr. The study of minerals chemistry illustrate that magnetite
composition from the Madanjoo ore deposit is the same with that of hydrothermal and
skarn origin. Olivine (forsterite), garnets (andradite and minor grossular) and pyroxenes
(diopside and minor hedenbergite) are important minerals in the Madanjoo skarn. The
thermo-barometric study based on pyroxene chemistry display that the formation
temperature of clinopyroxenes in the skarn zone between 458 and 689°C and a pressure
of 2.21 kbar.

Fluid inclusion microthermomery studies on garnet, pyroxene, tremolite-actinolite, and
calcite minerals demonstrate that homogenization temperature vary from 95°C to
410°C, salinity from 2.01 to 57.57 wt.%NacCl, fluid density about 1 to 1.1 g/cm?, and
vapor pressure from 10 to 400 bars. Progressive, retrograde and supergene ore
mineralization in the Madanjoo skarn occurred at depths of 1400 m to 100 m, and
mixing of hypogene hydrothermal fluids with meteoric waters have an important role in
magnetite deposition. Finally, the Madanjoo iron occurrence is introduced as calcium-
magnesium exoskarn-type ore deposit.

Keywords: mineralogy, alteration, geochemistry, fluid inclusion, iron skarn, madanjoo.
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