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Stage | Metasomatism stage

Oxidized zon
(Mineral Prograde |[Retrograde

Garnet  |e—
Pyroxene
Phlogopite
Epidote
Chlorite
Amphibole
Calcite
Quartz
Magnetite — ———
Pyrite
Malachite
Hematite

1S o LasST ailate 55 LA 5 b SIS <5500 Jauls, VY S

1S s LS ailaie OLaS 5 o5 ol 5 ol ladenST y3lio =) s

Sample code | S1-288 | S1-107 | S1-250 | S1-269 | S1-294 | S1-49 | S1-46 | S1-102 | S1-8 | S1-81 | S1-83 | S1-103 | S1-95
Northing | 269779 | 270170 | 270591 | 270877 | 269659 | 269926 | 269910 | 270670 | 270233 | 270377 | 270449 | 270619 | 270641
Easting | 3818931 | 3818724 | 3818072 | 3818625 | 3819213 | 3818886 | 3818792 | 3818700 | 3818690 | 3818515 | 3818510 | 3818710 | 3818509
Somplel g 2 3 4 5 6 7 8 9 10 1 12 13
Si0, 724 | 720 | 687 | 730 | 725 | 716 | 767 | 709 | 762 | 748 | 772 | 729 | 737
TiO, 0.4 0.4 0.6 03 0.4 03 0.2 03 0.2 0.2 0.2 03 0.3
AlLO, 132 | 137 | 139 | 122 | 127 | 141 | 117 | 144 | 119 123 | 119 129 | 129
TFeO 0.9 0.8 1.2 08 05 0.9 0.9 11 1.0 15 0.8 08 1.0
Fe,0, 1.3 1.2 1.9 11 0.7 13 1.3 16 0.7 1.0 05 1.2 15
MnO 01 0.1 01 01 0.1 01 0.1 01 03 0.0 0.0 0.1 0.0
MgO 0.7 0.3 0.4 0.4 0.4 0.9 0.4 0.8 03 0.6 0.2 0.9 0.6

Ca0 21 16 23 1.7 24 1.9 0.7 1.9 0.7 1.0 0.4 21 14
Na,0 2.7 28 15 2.7 25 37 3.0 42 3.0 31 2.7 34 33
K,0 44 5.8 55 40 5.3 45 44 38 45 44 5.0 45 42
P,O, 0.2 0.2 0.2 01 0.2 01 01 0.2 01 0.1 01 01 0.1
Lol 1.3 0.6 0.8 03 05 0.9 05 0.9 2.0 0.7 1.0 0.9 1.0
Total 998 | 996 | 971 | 9.7 | 982 | 1002 | 100 | 1002 | 101 99.7 | 1000 | 1001 | 100.1
=EEEE g 2 3 4 5 6 7 8 9 10 1 12 13
Ba 1292.0 | 1192.0 | 10220 | 6600 | 9420 | 8450 | 241.0 | 537.0 | 2380 | 3790 | 2490 | 7430 | 5280
Rb 2100 | 2780 | 2880 | 2330 | 1860 | 2140 | 2930 | 1880 | 3200 | 2650 | 2750 | 1940 | 2250
sr 2910 | 2350 | 1100 | 2830 | 3020 | 3370 | 1080 | 3130 | 863 | 1380 | 922 | 3440 | 237.0
zr 2330 | 2120 | 1660 | 161.0 | 2020 | 1510 | 1150 | 199.0 | 1120 | 131.0 | 1040 | 1870 | 1830
Nb 440 | 420 | 370 | 360 | 370 | 350 | 370 | 360 | 350 | 280 | 260 | 360 | 290
Ni 9.0 9.0 6.0 5.0 7.0 12.0 9.0 8.0 6.0 10.0 7.0 9.0 10.0
Co 44 45 46 44 33 6.4 2.2 3.2 1.9 43 05 438 5.2
Zn 120 | 510 | 190 | 200 | 140 | 100 | 110 | 280 | 410 6.0 5.0 9.0 9.0
cr 800 | 990 | 580 | 1080 | 1130 | 260 | 580 | 300 | 300 | 260 | 690 | 570 | 480
La 679 | 82 | 535 | 743 | 537 | 604 | 589 | 682 | 558 | 582 | 474 | 601 | 722
Ce 1330 | 1280 | 951 | 1080 | 1050 | 1110 | 809 | 1230 | 661 | 788 | 627 | 1200 | 106.0
Pr 127 11.2 9.3 9.7 103 | 101 6.0 11.1 49 6.3 5.0 116 9.4
Nd 410 | 335 | 324 | 205 | 317 | 320 | 178 | 339 | 125 | 179 | 141 | 405 | 291
sm 71 49 5.9 5.2 6.2 53 28 6.3 18 2.7 2.2 6.5 45
Eu 15 1.3 13 11 11 14 05 13 03 0.6 0.4 14 0.9
Gd 6.0 4.4 55 44 5.1 48 23 53 15 2.9 18 5.7 4.7
o 0.9 05 0.9 0.7 08 08 0.3 08 03 03 0.3 0.9 08
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Sample code | S1-288 | S1-107 | S1-250 | S1-269 | S1-294 | S1-49 S1-46 | S1-102 S1-8 S1-81 S1-83 | S1-103 | S1-95
Northing | 269779 | 270170 | 270591 | 270877 | 269659 | 269926 | 269910 | 270670 | 270233 | 270377 | 270449 | 270619 | 270641
Easting | 3818931 | 3818724 | 3818072 | 3818625 | 3819213 | 3818886 | 3818792 | 3818700 | 3818690 | 3818515 | 3818510 | 3818710 | 3818509
e 2 3 4 5 6 7 8 9 10 1 12 13
Dy 5.0 25 5.2 3.7 4.2 4.2 1.8 41 1.1 2.3 12 4.9 3.8
Ho 1.0 0.5 1.0 0.7 0.8 0.7 04 0.8 0.2 0.4 0.3 0.8 0.7
Er 2.8 17 29 20 24 23 11 25 1.0 15 0.9 29 22
Yb 3.8 2.3 4.0 2.6 3.1 2.7 1.9 2.8 14 2.2 1.0 2.9 2.6
Lu 0.6 0.4 0.6 0.4 0.4 05 0.4 0.5 0.3 0.4 0.3 0.6 0.4
Y 379 215 40.9 27.7 30.9 29.2 15.0 30.3 10.7 16.6 11.0 320 26.1
Cs 14 15 31 24 0.9 14 2.0 1.8 9.0 2.2 1.8 15 2.3
Ta 24 1.8 1.6 1.6 1.8 1.7 1.6 1.7 15 1.3 1.2 1.6 1.6
Hf 9.0 7.0 10.0 6.0 8.0 7.0 7.0 8.0 5.0 6.0 4.0 8.0 7.0
Ga 21.0 19.0 19.0 19.0 19.0 21.0 20.0 220 20.0 18.0 16.0 20.0 17.0
Th 58.6 58.4 343 49.4 64.6 84.7 74.6 39.9 61.2 63.5 74.4 404 51.9
K,0/Na,0 1.6 20 3.6 15 22 1.2 15 0.9 15 14 1.9 1.3 12
(La/Yb)N 12.0 25.9 9.0 19.3 11.7 15.1 20.9 16.4 26.9 17.8 320 14.0 18.7
Eu/Eu* 0.7 0.8 0.7 0.7 0.6 0.9 0.6 0.7 0.5 0.7 0.5 0.7 0.6
A éf.b.r_'.ﬂ&M\dbéudjkf@}fﬂ\jgx)q}aj@b—v e
sample S1-133 S1-280
point 1 1 2 2 3 3 4 4 5 5) 6 6 7 7 1 1
wt.% core | rim core rim core | rim | core | rim | core | rim | core [ rim | core | rim | core | rim
SiO, 354 | 374 35.9 37.2 36.4 | 37.2 | 36.3 | 35.5 | 36.5 | 36.6 | 35.6 | 36.5 | 35.8 | 37.1 | 37.76 [36.85
Tio, 0.3 19 0.24 | 0.34
ALO, 0.0 9.6 24 9.2 59 (113 | 38 |14 |61 | 76 | 09 | 68 | 3.1 | 79 | 12.04 | 855
Fe, 0, 315 | 184 27.9 18.8 226 | 15.6 | 26.0 | 29.4 | 22.7 | 18.6 | 29.8 | 21.9 | 26.9 | 20.3 | 14.52 [18.96
MnO 0.5 0.1 05 04 (05|02 |02|03|04|01|04|02]|05]| 061|049
CaO 331 | 347 334 34.2 34.0 | 34.6 | 33.7 | 329 | 34.1|34.1|329|33.9|334|34.1]| 34.74 |34.35
Total 99.9 | 100.7 99.7 99.8 99.6 | 99.2 { 99.9 | 99.3 | 99.6 | 99.3 | 99.3 | 99.5 | 99.4 | 99.9 | 99.91 [99.54
End-members
Andradite | 100.0 | 54.4 | 88.0 56.0 69.8 | 46.4 (811|928 | 700|567 952|668 |841| 614 |42.61| 57.36
Grossular 0.0 | 445 | 116 43.0 286 |524(185| 6.8 | 294|365 | 47 |323|154 | 375 |55.32| 40.50
Spessartine 0.0 1.0 0.3 1.0 0.8 12 | 04|04 |06 | 09| 01|09 ]|05 11 137 | 112
sample S1-280
point 2 2 2 2 3 3 5 4 4 5 5 6 6 7 7 8 8
wt.% core mid mid rim | core | mid | rim | core | rim | core | rim | core | rim | core | rim | core | rim
Sio, 371 374 36.7 | 37.3 | 376|372 (372|376 (369|353 (374 (371|372 371|369 369 (369
TiO, 0.3 05 04 | 07 06 | 08 03 | 03 10 | 04 | 06 | 0.6
AlLO, 9.5 10.9 8.0 95 [11.7|102| 92 [114 | 84 | 05 (113 | 91 | 99 | 108 | 82 | 93 |79
Fe,0, 18.2 15.9 19.8 18.2 |14.7| 16.7 | 186 | 151 | 188 | 304 | 154 | 184 | 176 | 153 | 195 | 17.7 |19.8
MnO 0.4 0.5 04 05 (06| 05|05|05|05|03|05|05|05|05]|05]| 04|04
CaO 34.2 34.8 342 | 344 |348|345 (342|346 (340|328 (346|342 (344|346 |34.1| 343 (341
Total 994 99.8 99.5 | 999 [99.8]99.8 99.7 |99.8 |99.3|99.2|99.6|99.6|99.7| 99.3 |99.6| 99.2 ({99.8
End-members
Andradite 545 | 474 | 59.8 544 | 435 | 49.6 | 55.7 | 445 | 56.8 | 96.9 | 45.6 | 55.2 | 52.4 | 455 | 58.8 [53.3/59.8
Grossular 445 | 50.7 | 37.7 446 | 54.0 | 472 | 432 | 525|399 | 2.4 | 524|429 | 46.4 | 50.4 | 39.0 [43.8/37.6
Spessartine 1.0 1.1 1.0 1.0 14112 |12 |12 |11 |08 | 12| 11| 12 11 11 {09] 1.0
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S1-71 S1-280

Wt.% 1 2 3 4 1 2 3] 4 5
SiO, 52.83 52.23 53.32 54.45 54.45 54.55 54.45 54.45 54.35
ALO, 0.42 0.38 0.15 0.00 011 0.11 0.00 011 0.11
Fe,0, 9.94 11.11 8.12 1.77 177 1.63 1.77 1.77 2.70
MnO 12.13 11.23 13.28 16.94 17.38 17.49 16.94 17.38 16.63
MgO 0.16 0.33 0.16 1.30 0.70 0.80 1.30 0.70 0.60
CaO 24.25 2421 24.33 25.37 25.37 25.18 25.37 25.37 25.08

Na,0 0.30 0.32 0.32 0.29 0.30
Total 100.03 | 99.81 99.68 99.82 99.78 99.76 99.82 99.78 99.48
End-members

Diopside 68.16 63.63 74.10 90.74 92.60 92.74 90.74 92.60 89.96
Hedenbergite | 31.33 35.31 25.39 531 5.28 4.85 5.31 5.28 8.20
Johannsenite 0.51 1.06 0.51 3.95 212 241 3.95 212 1.84

1St LS it (5l yos () oK @}j&ll,\fﬁ,‘\iku‘@ts—\‘d,.x?

S1-59 S1-23
Wt.% 1 2 3 4 5 1 12 13 14
TiO, 0.08 | 008 | 0.09 | 0.15 | 0.08 0 0.02 0 0.01
SO 0 0 0.03 0 0 0 0.01 0 0.01

ALO, | 015 | 015 | 020 | 022 | 011 | 015 | 0.19 | 0.16 | 0.17
TFeO | 87.79 | 90.67 | 89.59 | 88.74 | 89.91 | 90.18 | 91.74 | 84.35 | 91.60
NiO 0 0.01 0 0 0 0 0.01 0 0.03
MnO 0.16 | 018 | 015 | 0.16 | 018 | 022 | 0.18 | 0.19 | 0.19
MgO 211 | 193 | 217 | 226 | 203 | 033 | 034 | 047 | 031

CaO 0.01 0.02 | 010 | 0.01 | 0.07 | 0.06 | 0.19 | 0.01
Na,O 0.07 | 0.07 | 0.05 | 0.02 | 0.10 0 0 0.23 | 0.04
V,0 0.04 | 002 | 001 | 001 | 002 | 0.03 | 003 | 0.02 | 0.02
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Abstract

The Senjedak-I prospect area is one of the six eastern anomalies of Sangan iron mine. Geologic units in the area consist of Jurassic shales and
sandstones, skarn rocks and Tertiary biotite monzonite and biotite syenogranite intrusive rocks. Due to severe alteration of biotite monzonite
porphyry intrusive, geochemical studies have focused on the biotite syenogranite. This granular intrusive consists of K-feldspar, plagioclase, quartz,
biotite and accessory minerals such as zircon, titanite, apatite and magnetite, with weak sericitic, argillic and silicic alterations. Biotite syenogranite
is rich in silica (68.7 to 77.2 wt.%) and is chemically peraluminous which is formed by fractional crystallization from an I-type granitic magma
poor in P (average 0.1% P,O,). This intrusive rock falls in the range of I-type granites and is oxidized. REE values indicate negative Eu anomaly,
mild enrichment of LREE, a positive pattern close to flat HREE and negative anomalies of Ba, Sr, La, Ce, Ti, and Eu. On the basis of Rb, Nb,
YD, Hf, and Ta contents, tectonic setting of samples fall in Volcanic Arc Granite (VAG) and Post Collision Granite (post-COLG) divisions. The
most important event in the Senjedak-I area was infiltration of Fe-bearing fluids through the carbonate rocks, their recrystallization, skarnification
(prograde and retrograde), and iron ore deposition that could be explained by occurrence of calc-silicate minerals. The skarn has been separated
into 4 zones on the basis of abundance of the calc-silicate minerals: garnet skarn, phlogopite skarn, epidote skarn, and amphibole skarn. According
to Electron Probe Micro Analysis (EPMA), the composition of garnets is andradite-grossular (An 100-42.6 Gr 0-55.32 Sps 0-1.39) and pyroxenes
are diopside-hedenbergite (Di 63-92 Hd 4-35 Jo 0.5-3.9). Mineralization in this prospect area formed as stratabound and massive bodies in the
carbonate rocks. The main ore mineral is magnetite (40%) with minor amounts of pyrite. Secondary minerals are hematite and malachite. The FeO
content in the magnetite is 91.7% and the S content is 0.03%. The Senjedak-I anomaly is located along the eastern part of the Dardvay deposit
(in central division of the Sangan mine). The geochemical similarities of intrusive rocks, chemistry of skarn minerals, and pyroxene and garnet
composition confirm that the Senjedak-I is a part of Dardvay, which is separated by a main fault with southeast-northwest trend.

Keywords: Senjedak-I, Electron Probe Micro Analysis (EPMA), Fe skarn, Khaf Sangan mine, Khaf-Kashmar-Bardeskan belt.
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