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Volcanics

Phanerozoic Granitoids

Igneous Associated Deposits
1. Carbonatite (Mountain Pass, USA)
2. Granitoid hosted (Lovozero, Russia)
3. Intragranitic veins (Kvanefjeld, Greenland)
4. Vein hosted (Karonge, Burundi)
5. Shear zone/fault controlled (Nolans Bore, Australia)
Sedimentary Deposits
10. Beach placer (Alcobaca, Brazil)
11. Fluvial placer
12. Paleo placer
13. Ion adsorption/laterite (Longnan, China/Mt. Weld, Australia)
14. Unconformity associated

6. Skarn hosted (Mary-Kathleen, Australia)
7. Metasomatic/Hydrothermal (Strange Lake, Canada)
8. Pegmatite (Larvik, Norway)
9. Volcanic hosted (Brockman, Australia)
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1. Mariano, 1989; 2. Salvi & Williams-Jones, 2005; 3. Salvi & Williams-Jones, 2005; 4. Mariano, 1989; 5. Hussey, 2003; 5. Giere, 1996; 6. Halpin, 2010;
7. Salvi & Williams-Jones, 2005; 8. Larsen, 1996; 9. Ramsden et al., 1993; 10. Neary & Highley, 1984; 11. Halpin, 201Wagp,ﬁ0}?;

13. Wu et al., 1996 & Morteani & Preinfalk, 1996; 14. Harper, 1987.
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ACP-MS 25,4 SlaS” Sl 5 SlaS olie (gl Oloni dibate 51 Sl T (slodssos 4o gl =) Jsuler

ID | Apl-SD | Ap2-SD | Apl-A | Ap2-A | Apl-M | Ap2-M | Apl-Z | Ap2-Z ID | Apl-SD | Ap2-SD | Apl-A | Ap2-A | Apl-M | Ap2-M | Apl-Z | Ap2-Z
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
Ag 1 1 1 1 1 1 1 1 Zn 20 9 135 14.2 15 14.1 11.2 10.1
Ba 13.2 35.2 16.2 14.8 6.2 5.8 7.8 8.1 Zr 5 15 7 9 5 4 7 5
Co 4.5 11 4.6 15 17.8 18.2 4.3 5.6 La 2150 2570 1560 1460 1250 1250 749 565
Cr 50 20 25 28 11 12 15 18 Ce 4630 5940 3530 3280 3160 3170 1780 1380
Cs 0.12 0.03 0.05 0.07 0.04 0.05 0.5 0.4 Pr 548 714 435 396 410 410 235 177
Cu 49 10 28 22 27 28 20 25 Nd 2130 2870 1850 1725 1655 1630 960 700
Ga 18.4 22.9 21.3 22.4 22.3 22.5 2.3 20.1 Sm 383 509 355 332 327 325 195 128
Hf 1.1 1.8 1.1 14 11 12 1.2 11 Eu 26.4 374 23.4 19.8 21.6 21.9 10.7 6.39
Mo 2 2 2 2 2 2 2 2 Gd 401 534 356 332 328 339 205 111
Nb 0.3 0.5 0.3 0.4 0.4 0.3 0.3 0.3 Th 49.1 67.1 47.3 45.3 42.4 42.98 33 13
Ni 5 5 5 5 5 5 5 5 Dy 251 345 234 210 212 214 155 59.9
Pb 21 5 94 102 95 94 101 102 Ho 49.2 67 47.2 42.7 41.6 42.5 26.1 8.93
Rb 0.4 0.3 0.4 0.5 0.5 0.5 0.4 0.4 Er 133 186 125 118 111 113 68 22
Sn 1 1 1 1 1 1 1 1 ™m 16.2 22.8 15.35 14.35 13.17 13.57 9.5 3.24
Sr 433 255 224 236 235 232 226 224 Yb 96.7 137 92.4 84.8 75.5 76.9 64 20.4
Ta 0.3 0.3 0.3 0.3 0.2 0.3 0.02 0.03 Lu 12.85 17.6 12.25 11.14 10.08 10.6 7.4 2.59
Th 107.5 156.5 108.6 110.5 110.2 111.3 108.4 110.2 Y 1410 1960 1063 1284 1046 1031 1035 1023
TI 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 Eu/Eu* | 0.206 0.219 0.201 0.182 0.202 0.202 0.164 0.164
U 141 19.2 12.41 10.68 111 12.3 11.2 10.3 >LREE | 9867.4 | 12640.4 | 7753.4 | 7212.8 | 6823.6 | 6806.9 | 3929.7 | 2956.39
\Y 43 44 52 49 51 43 52 48 >HREE | 2419.05 | 3336.5 | 1992.5 | 2142.29 | 1879.75 | 1883.55 | 1603 | 1264.06
wW 4 4 4 4 4 4 3 3 YREE | 12286.5 | 15976.9 | 9745.9 | 9355.09 | 8703.35 | 8690.45 | 5532.7 | 4220.45
Aoy cui gEPMA 2y 0 05 ailaie 53 CibT (slas sei 51 (ga0das 4 325 Q.E\4 Jod>
Sample P,O, | MgO | FeO | MnO | CaO | Na,0 | ClI E Total Sample P,O, | MgO | FeO | MnO | CaO | Na,O | ClI Total
AC-6-7 | 40.39 | 0.00 | 0.20 | 0.04 | 54.45 | 0.13 | 0.99 | 2.91 | 99.11 AC-7-12 | 40.45 | 0.07 | 0.18 | 0.05 | 54.01 | 0.15 | 1.12 | 2.84 | 98.87
AC-6-8 | 39.93 | 0.02 | 0.07 | 0.02 | 53.85 | 0.17 | 0.98 | 3.04 | 98.07 SD41-1 | 40.56 | 0.07 | 0.14 | 0.07 | 53.05 | 0.40 | 1.11 | 3.01 | 98.41
AC-6-10 | 4099 | 0.03 | 0.11 | 0.03 | 53.59 | 0.19 | 1.04 | 3.06 | 99.03 SD41-4 | 4241 | 0.10 | 0.09 | 0.04 | 53.83 | 0.24 | 0.91 | 2.98 | 100.60
AC-6-11 | 39.96 | 0.02 | 0.12 | 0.06 | 54.07 | 0.16 | 1.05 | 2.85 | 98.30 SD 41-5 | 40.01 | 0.06 |/0.07 | 0.03 | 53.52 | 0.29 | 0.90 | 3.03 | 97.90
AC-6-12 | 39.84 | 0.00 | 0.03 | 0.05 | 54.07 | 0.17 | 1.01 | 3.09 | 98.26 SD 41-16 | 39.19 | 0.07 | 0.27 | 0.08 | 53.30 | 0.27 | 1.27 | 2.88 | 97.32
AC-6-13 | 41.38 | 0.03 | 052 | 0.03 | 54.19 | 0.11 | 1.00 | 2.88 | 100.15 SD 41-18 | 41.47 | 0.07 | 0.10 | 0.06 | 53.07 | 0.26 | 1.14 | 3.02 | 99.19
AC-6-14 | 40.48 | 0.03 | 0.49 | 0.06 | 53.19 | 0.24 | 1.06 | 3.17 | 98.72 SD 41-19 | 40.93 | 0.06 | 0.20 | 0.09 | 52.43 | 0.35 | 2.63 | 2.11 | 98.80
AC-6-25 | 41.38 | 0.04 | 0.06 | 0.07 | 54.25 | 0.13 | 0.94 | 3.21 | 100.07 SD41-21 | 38.67 | 0.05 | 0.12 | 0.05 | 53.56 | 0.36 | 1.19 | 2.85 | 96.85
AC-7-6 | 39.41 | 0.03 | 0.00 | 0.04 | 54.49 | 0.21 | 1.09 | 2.94 | 98.21 SD41-22 | 4060 | 0.03 | 0.11 | 0.05 | 55.05 | 0.05 | 0.68 | 3.18 | 99.75
AC-7-9 | 39.96 | 0.01 | 0.10 | 0.07 | 5455 | 0.11 | 1.12 | 2.77 | 98.68
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- - Resource Current
Deposit Name Location (Tonnes) Grade Geology i Reference
P 8.9% REO Carbonatite host, -
Mountain Pass CaIL'Jng"a’ 29 Mt Provent & probable at | Fe rich minerals ie, siderite, magnetite, hematite Y Omsé?(;(%auch
1989 as host
Inner Approximately 40% of the global resource
- 0, isi i 1 i 1
Bayan Obo Mongolia, 48 ll(li;JtMt GOA)1§<)EEKJ([33 of FIQ_EE isin thlsdqeposn. I3_o§5|bl<a_ carbonate v Orrlsz%(grauch
China 13% ( |me§tone) sediment origin or igneous ( )
carbonatite origin. Fe rich 1500 Mt@ 35% Fe
0, 0,
Araxa Minas Gerais,| >450 Mt Ai;' éf, /?FE{(E)OZ;Q ’N\lt?zg 5 Carbonatite with residual enrichment N Orris & Grauch
Brazil 0.8 Mt laterite ' ! 278 due to laterite (2002)
0.05% U,0,
Mushaai Khuda South Govi, 200 Mt 1.5% REE including Magnetite-apatite rock. Apatite has high REE N Orris & Grauch
9 9 Mongolia 6.1 Mt 1.37% REO potassic alkaline volcanic and carbonatite host. (2002)
Quebec, 0.52% REE, .
Strange Lake Labrador, 55%,\'\2': 0.31% Y203 Pegmatite host in peralkaline host. N Orrls(zéz)o(;;auch
Canada 0.29% Nb,O
South 0.5% REE, . . .
Olympic Dam | Australia, | 2000Mt | 0.24-0.45% La + Ce; Cgr'g“rep;f o N orr's(z%oez;a”Ch
Australia 0.3285% REO P g
0.1% REE in P ore. -
Champ Idaho, USA | Unknown Phosphate mining Mudstone - Orrlsé?(;(%auch
ceased in 1986
Lovozero Russia Unknown 0.01% REO Peralkaline syenite Y Hed(rllglgf)t al.
Magnetite-apatite ores hosted by altered Bonvadi et al
Se-Chahun Bafq, Iran Unknown 0.39-0.89% REE rhyolitic tuff and intercalated shallow-water - é011) '
sandstone, dolomitic limestone and shale
Magnetite-apatite ores hosted by
- 0 volcano-sedimentary sequence which ) -
Mishdovan Bafq, Iran Unknown 1.75% REE comprises rhyolitic tuff with intercalated Daliran (2002)
carbonate lenses in its lower sections
Sorkhe Dizaj, - -
Morvarid, Zanjan, Iran Unknown 0.42-1.59% REE Magngt_lte-apatlte_ores hosted l:)y quart; N This study
Aliabad, Zaker monzonitic rocks with calc-alkaline affinity
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Abstract

Iron oxide - apatite deposits are one of the most important REE resources that occurred in the Posht-e-Badam and Zanjan regions of Iran.
REE mineralization in the Zanjan region is associated with Sorkhe Dizaj, Aliabad, Morvarid, Zaker, Oskand and Golestanabad iron oxide-
apatite mineralization. The deposits are located in the Tarom area, which is a part of western Alborz - Azarbaijan zone. The Eocene volcanic
sequences such as olivine basalt, trachyandesite, andesite as well as volcanoclastic rocks are the main units in the area which are intruded by the
late Eocene plutonic rocks. Plutonic rocks in the region include porphyric micro-quartzdiorite and quattz-monzonite to quartz-monzodiorite.
Magnetite-apatite mineralization in the Zanjan region is related to quartz-monzonitic to quartz-monzodioritic rocks. The mineralization is
observed in the form of vein and stockwork (irregular veins and veinlets of magnetite-apatite). In the Tarom magnetite-apatite deposits, apatite
crystals are associated with magnetite some of which have sizes up to 20 cm. Monazite is the main REE-bearing mineral at these deposits
occurring as inclusion in the apatite. The apatite minerals contain 0.4-1.6 wt% REE, and have an REE distribution pattern with a strange
LREE/HREE enrichment. The results of this research indicate that the iron oxide - apatite mineralization in the Zanjan region is formed by a
quartz-monzonitic magma with calk-alkaline affinity, which occurred in a magmatic arc setting: This research shows that the magnetite - apatite

mineralization in the Zanjan region is an important REE concentration in Iran.
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