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Extended Abstract

Introduction

The XVI-B anomaly iron ore deposit is situated within the Central Iranian structural zone, specifically in the
Bafq region. This region is notable for its lack of a direct association between specific tectonic periods and
iron ore deposits. The Bafq area contains 39 iron ore deposits with an estimated total reserve of 2 billion
tons, making it one of the most significant iron ore extraction regions in Iran.

Materials and Methods

Prominent iron ore deposits in the area include Sechahoon (117 Mt), Chadormalu (400 Mt), and Choghart
(216 Mt). The Bafg anomaly iron ore deposit is located within the Central Iranian structural zone. This study
involved the collection of drilling core samples for ICP-MS analysis (conducted at Karaj Laboratory), thin-
polish and thin-section preparations (54 samples), and XRF analysis (5 samples, also conducted at Karaj
Laboratory). According to the structural-sedimentary unit classification of Iran, the study area lies within the
central Iranian zone (Nabawi, 1976). This zone contains some of the oldest metamorphic rocks in Iran, dating
back to the Precambrian (Aghanbati, 2004). The Bafq mineral district, a subset of the central-eastern Iranian
microplate, has experienced tectonic evolution influenced by the Katanga orogeny and related movements
over the past 600 million years (Taghavi, 2015). The region's Neoproterozoic—Early Cambrian mass
magnetite deposits are predominantly found in volcanic rocks associated with mantle diapirism along caldera
margins. Notable deposits include Chaghez, Chadormalu, Choghart, and Sechahoon (Torab et al, 2007). The
dispersed mineralization of iron and rare earth elements in the Bafq mining area is directly linked to
intracontinental rifting. Volcanism, magmatism, and regional tectonics, influenced by rift dynamics, played
a significant role in the mineralization of igneous rocks (Samani, 1993).

The XVI-B deposit is part of the Bafq mineral district, located within the central-eastern Iranian microplate.
Stratigraphically, the area is divided into western, central, and eastern sections (Ramezani and Tucker, 2003).
The oldest rocks (Neoproterozoic—Early Cambrian) are situated in the eastern part, while the youngest rocks
(Eocene) are found in the west. Major faults, including the Nybaz-Chatak and Poshte-Badam faults, delineate
these sections.
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Results and Discussion

The region contains diverse igneous and metamorphic rocks. The igneous rocks include gabbro, diorite,
syenite, quartz monzonite, granite, and highly altered basic rocks (metabasites). The metamorphic rocks are
dominated by marble and skarn formations. The leucogranite, characterized by idiomorphic and graphic
textures, contains plagioclase and sodic feldspar crystals alongside quartz, alkali feldspar, biotite, and
secondary minerals such as sericite, clay minerals, epidote, and carbonates. Tectonic activity has resulted in
cataclastic textures in some samples. Mineralization in the area is primarily associated with syenite, gabbro,
and skarn rocks. The metallic minerals include magnetite, hematite, pyrite, and chalcopyrite, while non-
metallic minerals such as quartz, actinolite, calcite, and epidote are also present.

Mineralization and Geochemical Characteristics

Iron mineralization predominantly occurs as magnetite, which is observed in massive, void-filling, and
disseminated forms. Near the surface, magnetite undergoes oxidation, resulting in its transformation into
hematite, goethite, and other iron oxides. Associated metallic minerals include pyrite and chalcopyrite, often
found with quartz, actinolite, calcite, and epidote in host rocks, intrusive syenites, gabbros, and skarns.The
total iron oxide content in the collected samples ranges from 25% to 75%, while silica content varies between
5% and 45%. Titanium concentrations are relatively low, between 0.1% and 0.5%, and exhibit a negative
correlation with iron content. Potassium oxide levels range from 0.1% to 1.8%, and phosphorus content
varies between 0.02% and 0.35%, indicating an absence of phosphate mineralization. Magnesium oxide
levels range from 1% to 12%, largely attributable to the presence of ferromagnesian minerals such as
amphibole and dolomite. Negative correlations between magnesium oxide and iron suggest minimal
substitution of magnesium for iron in the mineral lattice. Aluminum and calcium oxides range from 2% to
12% and 2% to 26%, respectively. The ore samples contain cobalt (3—75 ppm), nickel (1-17 ppm), chromium
(1096 ppm), and vanadium (40-120 ppm). The behavior of rare earth elements (REEs) indicates
hydrothermal alteration, with total REE content varying between 13.1 and 375.1 ppm. Enrichment in light
REEs (LREEs) and depletion in heavy REEs (HREES), alongside a positive Eu anomaly, are consistent with
skarn-type deposits (Bea et al, 1996). This pattern suggests that REEs may substitute for elements in garnet,
zircon, and magnetite structures.

Conclusion

The geological evidence indicates that the oldest rocks in the area are Precambrian metamorphic units,
including gneiss, mica-schist, amphibolite, and migmatite, which form the bedrock of the mineralization
anomaly. The deposit is covered by Tertiary and Quaternary sediments of the Bafq Basin. The alkaline
diorite-syenite intrusive units play a significant role in hosting mineralization. The mineralization comprises
a variety of igneous and metamorphic rocks, including gabbro, syenite, quartz monzonite, granite, marble,
and skarn. Magnetite is the dominant iron oxide ore and is accompanied by pyrite and chalcopyrite.
Oxidation near the surface leads to the formation of secondary iron oxides like hematite and goethite. The
geochemical data suggest that the deposit is of hydrothermal origin, with characteristics aligning it with
skarn-type deposits. Correlations among trace elements such as Co/Ni, Cr/Ni, and Cr/V, along with ratios
like Al/Co and Sn/Ga, further support this classification. The REE patterns, including a positive Eu anomaly
and LREE enrichment, are consistent with skarn-type mineralization and provide insights into the role of
hydrothermal fluids in the formation process. This study highlights the skarn origin of the XVI-B anomaly
iron ore deposit, emphasizing the significance of intrusive magmatic activity and hydrothermal processes in
its formation. These findings contribute valuable insights for the geological modeling and economic
evaluation of the deposit.
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Fig. 2: A: Idiomorphic hip texture of plagioclase minerals, sedic quartz feldspar, sample PS-5, 270 meters deep,
well No. 264 (XPL). B: graphic texture with co-growth of potassium feldspar and quartz, sample PS-5 at a depth
of 175 meters in well No. 260 (XPL) along with calcite and magnetite veins. C: Clinopyroxene, sphene,
amphibole, plagioclase and sphene minerals in gabbroic rocks, sample PS-53 from surface outcrop (PPL). D:
Relatively large grains of plagioclase and argillaceous and sericitized alkali feldspar and actinolitic sodic
amphibole and pyrite mineralization, sample PS-15 at a depth of 332 meters in well No. 257 (XPL). E: Grains
consisting of alkali feldspar, sodic amphibole, biotite, sphene and opac mineral (magnetite), sample PS-24 at a
depth of 328 meters in well No. 258 (XPL). F: Grains of feldspar, epidote, allanite and opac mineral, sample PS-
21 at a depth of 291 meters in well No. 258 (XPL). Plag: Plagioclase; Felds: alkali feldspar; Qz: quartz; Amp:
sodic amphibole; Cpx: clinopyroxene; Bio: biotite; Sph: sphene; Op: Opac; Ala: allanite; Ep: epidote.
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Fig. 3: A: Marble composed of epidote and opac minerals (skarn type) and calcite, sample PS-11 at a depth of 261
meters in well No. 257 (XPL). B: Epidote marble, grains consisting of epidote and calcite, sample PS-13 at a
depth of 276 meters in well No. 257 (PPL). C: Grains consisting of epidote, calcite, garnet and opac mineral with
calcite veins (skarn type) XPL. Epidote and garnet were formed at the expense of calcite, sample PS-8 at a depth
of 248 meters in well No. 257. D: relatively large grains of plagioclase and argillaceous and sericitized alkali
feldspar and actinolitic amphibole, sample PS-15 in 332 meters' depth of well No. 257 (XPL). E: grains consisting
of feldspar, Actinolite, sample PS-22 at a depth of 294 meters, well No. 258 (XPL). Plag: plagioclase; Grt: garnet;
Qz: quartz; Ab: albite; Act: actinolite; Ter: Tremolite; Ca: calcite; Op: Kani Kader; Alk: alkali feldspar; Ep:
epidote.
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Fig. 4: A: Magnetite ore (Mt) with massive texture, sample PS-22 at a depth of 312 meters in well No. 258 (PPL).
B: Scattered subidimorphic to idiomorphic magnetite (Mt) crystals, sample PS-42 at a depth of 92 meters in well
No. 261 (PPL). C: Martitization of subidimorphic to idiomorphic magnetite crystals in sample PS-43 at a depth
of 100 meters in well No. 261 (PPL). D: Hematite mineral (Hem) along with the phenomenon of martitization,
and in the form of splash, in sample PS-45 at a depth of 105 meters in well No. 261 (PPL). Hem): hematite; Mt:

magnetite; Gan: gunge)
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Fig. 5: A: Scattered grains of pyrite in magnetite ore samples in sample PS-48 at a depth of 415 meters in well
No. 259 (PPL). B: Fine grains of chalcopyrite in pyrite (Py) along with magnetite (Mt) in the form of coarse grains
in sample PS-19 at a depth of 276 meters in well No. 258 (PPL). Hem: hematite; Mt: magnetite; Gan: Gunge; Py:

pyrite; Chl: chalcopyrite).

S @y ailaie 5 5 CondS (A Y USE) Casl ol
GBS 5 5,0 0 @l slacdld I L6 gl
a5 oo uSas gleass] aes g olaaasT sl
(BY JS5) 5, aihie o ol colles b L3
5 Ol allles GI ulilhd) cddsnast 8
03 63gue ;0 g CouiiSe b oljen 1 oo Slwald
(D, EY JS5) Sgd oo

s 33k g

22l AL 550 s slo S5 S5 sle JIgs
gd (oo ool liS nj Joox

bl o S
s 50 (S e adbl Gla S5 o)y g adllae
Syse Ll hSis 5 bl g (fSaS ogs
Gy alie el b SIS ol 51 o 5 0o dalllas
S Gl (n e wib oo iS5 g9 lulid
Sl g1 5l Sl Gl S 9y LS s albly
A0lgS 5lsS il e E5 )5 g laliwals (oS
Bl 5 1T Ojge 4 aS Wbl oo albl Sl SIS
SE Gl Sl g adlate sl SIS 55,0 50 S
i s e heeld Sl ool ol alln sl
Sbul (Gl ey ot (b jo (g pae slaals



Ye o Ql)&“b?as")"‘"

YF-FQ Clao AT F O o )lads o0 35LE 0,90 ¢ymo (il (sloitngy

XVIED Jlogil 15wt 5 shol sla 5 Szijlly g o) Jsor

Table 1: Paragenetic column of the main and important minerals in anomaly XVI-b

Metamorphism

Mineral (Isochemical)

Magnetite

Prograde skarn

Metasomatism(allochemical)

Retrograde skarn Weathering

Chalcopyrite

Pyrite

Garnet

Hematite
Goethite
Pyrothite
Quartz
Calcite
Actinolite
Chlorite

Epidote
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Table 2: Analysis results of anomalous ore samples XV1-b

Sample
No Co(ppm) Cr(ppm) Cu(ppm) Dy(ppm)

P-S-16 21.0 10.0 9.0 3.8
P-S-15 19.0 3.0 5.0 4.8
P-S-53 59.0 32.0 185.0 1.6
P-S-54 25.0 95.0 49.0 3.8
P-S-32 20.0 92.0 61.0 4.9
P-S-28 21.0 45.0 5.0 14.8
P-S-43 14.0 65.0 4.0 5.0
P-S-10 23.0 78.0 5.0 17

(%) Asppm)  Bappm)  Ca®%)  Zn(ppm)
6.9 2.0 85.0 34 38.0
6.6 3.0 583.0 3.2 71.0
9.7 3.0 177.0 9.2 66.0
8.3 20.0 402.0 6.2 55.0
75 11.0 140.0 8.8 28.0
55 4.0 71.0 2.0 41.0
4.9 11.0 90.0 6.8 22.0

17 14.0 38.0 19.0 28.0
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P-S-21 15.0 69.0 4.0 2.9 4.0 4.0 54.0 13.4 35.0
P-S-34 8.0 113.0 5.0 6.0 3.2 5.0 3624.0 19.3 30.0
P-S-9 76.0 47.0 5.0 25 2.8 52.0 10.0 8.1 21.0
P-S-3 4.0 23.0 7.0 2.9 6.3 2.0 46.0 2.8 20.0
P-S-8 14.0 45.0 7.0 8.9 3.0 62.0 12.0 16.1 29.0
P-S-7 10.0 34.0 4.0 4.4 18 16.0 10.0 10.4 21.0
P-S-11 13.0 67.0 11.0 3.4 24 3.0 45.0 14.0 22.0
P-S-48 12.0 75.0 16.0 5.5 5.2 3.0 766.0 8.1 20.0
P-S-44 20.0 39.0 5.0 23 17 3.0 63.0 32 21.0
P-S-23 15.0 21.0 4.0 14 0.9 10.0 31.0 2.7 16.0
P-S-20 7.0 68.0 4.0 5.1 4.1 11.0 10.0 18.8 19.0
P-S-2 4.0 11.0 10.0 3.1 6.2 10.0 56.0 2.4 21.0
P-S-4 3.0 20.0 8.0 2.9 5.7 2.0 16.0 2.6 15.0
P-S-50 12.0 81.0 91.0 19 3.4 3.0 74.0 12.6 55.0
P-S-45 16.0 18.0 5.0 15 17 1.0 43.0 17 22.0
P-S-13 6.0 26.0 10.0 2.1 2.9 2.0 435.0 27.0 35.0
P-S-51 49.0 47.0 179.0 2.8 3.4 98.0 77.0 14.4 21.0
P-S-31 18.0 71.0 4.0 2.7 24 1.0 401.0 10.6 13.0
P-S-5 3.0 6.0 5.0 2.3 3.6 1.0 10.0 2.4 14.0
P-S-22 15.0 17.0 8.0 0.8 11 2.0 44.0 3.7 20.0
P-S-19 55.0 31.0 3.0 2.3 35 12.0 10.0 10.4 36.0
P-S-42 20.0 22.0 44.0 17 0.6 4.0 39.0 3.4 23.0
P-S-46 15.0 39.0 5.0 14 11 2.0 50.0 29 20.0
P-S-47 11.0 3.0 51.0 0.8 0.4 3.0 17.0 13 20.0
P-S-29 40.0 94.0 4.0 31 0.8 1.0 10.0 55 19.0
P-S-26 22.0 30.0 18.0 2.0 2.2 4.0 135.0 23.8 26.0
P-S-49 18.0 20.0 29.0 0.8 0.9 4.0 36.0 5.3 31.0
P-S-40 653.0 31.0 14.0 0.8 0.6 86.0 76.0 10.0 27.0
P-S-24 227.0 28.0 276.0 0.8 3.9 310.0 83.0 41 15.0
P-S-41 38.0 7.0 4.0 0.8 0.6 5.0 516.0 29 35.0
P-S-38 7.0 56.0 4.0 1.8 0.9 1.0 1993.0 10.7 18.0
P-S-39 8.0 32.0 5.0 1.6 0.5 2.0 3790.0 4.6 14.0
p-s-27 41.0 2.0 30.0 0.8 0.1 3.0 10.0 24 15.0
Sample
No Pr(opm) ~ Rb(ppm)  Zr(ppm)  Sb(ppm)  Sm(ppm)  Sn(ppm)  Sr(ppm)  Ta(ppm)  Ce(ppm)

P-S-16 2.0 2.0 9.0 105.2 3.7 2.7 252.0 3.3 46.0
P-S-15 3.0 16.0 12.0 97.0 4.1 2.3 250.0 37 45.0
P-S-53 0.4 4.0 27.0 41.1 15 14 731.0 -0.4 16.0
P-S-54 2.0 10.0 10.0 46.6 3.0 25 370.0 -0.4 27.0
P-S-32 4.0 12.0 71.0 89.7 4.9 7.2 586.0 1.6 55.0
P-S-28 2.0 2.0 126.0 59.8 8.8 4.8 44.0 2.2 30.0
P-S-43 7.0 6.0 81.0 23.6 5.7 51 370.0 14 200.0
P-S-10 4.0 6.0 70.0 234.0 2.0 4.6 101.0 1.0 151.0
P-S-21 1.0 1.0 47.0 57.5 2.8 3.0 233.0 1.3 13.0
P-S-34 3.0 1.0 126.0 35.1 10.6 4.4 264.0 -0.4 23.0
P-S-9 109.0 1.0 53.0 105.0 12.9 5.9 307.0 -0.4 2890.0
P-S-3 1.0 1.0 46.0 143.9 18 2.4 62.0 1.8 27.0

P-S-8 0.3 4.0 63.0 165.6 19.9 6.8 180.0 -0.4 3544.0
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P-S-7 23.0 3.0 48.0 11.7 6.2 5.8 147.0 -0.4 857.0
P-S-11 6.0 4.0 60.0 2755 4.1 5.3 114.0 -0.4 127.0
P-S-48 2.0 53.0 127.0 23.2 5.4 4.1 137.0 1.2 40.0
P-S-44 0.4 26.0 41.0 10.8 18 1.9 37.0 -0.4 8.0
P-$-23 24.0 6.0 50.0 135 7.1 8.6 88.0 0.4 556.0
P-5-20 8.0 0.8 82.0 112.0 7.3 75 186.0 1.3 211.0
P-S-2 5.0 2.0 59.0 354.4 5.0 3.8 45.0 -0.4 143.0
P-S-4 4.0 1.0 62.0 323.7 4.2 3.6 47.0 -0.4 105.0
P-S-50 3.0 3.0 12.0 14.0 2.1 3.9 368.0 -0.4 134.0
P-S-45 0.4 16.0 43.0 13.7 15 18 28.0 -0.4 16.0
P-$-13 2.0 31.0 32.0 201.9 1.9 3.7 1063.0 0.4 35.0
P-S-51 0.4 4.0 63.0 24.3 2.4 2.8 267.0 -0.4 9.0
P-5-31 3.0 44.0 47.0 45.4 2.7 18 83.0 -0.4 72.0
P-S-5 1.0 1.0 32.0 258.1 17 3.0 26.0 13 17.0
P-S-22 0.4 6.0 46.0 14.1 0.8 25 36.0 0.4 5.0
P-$-19 0.4 0.8 10.0 78.2 2.7 3.2 345.0 -0.4 7.0
P-S-42 0.4 12.0 26.0 11.4 0.8 21 14.0 -0.4 1.0
P-S-46 0.4 14.0 28.0 10.4 1.2 2.1 27.0 -0.4 1.0
P-S-47 0.4 6.0 26.0 11.1 0.8 2.1 10.0 -0.4 1.0

Th(ppm)  Ti(%) Nd(ppm) V(ppm)  Y(ppm)  Yb(ppm)  Eu(ppm)  Er(ppm) Ga(ppm)
P-S-39 2.2 0.2 6.0 67.0 7.0 15 -5.8 -4.1 4.0
P-S-27 2.2 0.1 6.0 85.0 2.0 3.0 -5.8 -4.1 10.0
P-S-25 2.2 0.1 10.0 58.0 4.0 2.3 5.8 -4.1 8.0
P-S-1 5.6 0.1 11.0 43.0 19.0 2.7 5.8 2.3 13.0
P-5-36 2.2 0.1 9.0 69.0 8.0 1.4 -5.8 -4.1 11.0

Gd(ppm) Hf(ppm) K(%) La(ppm)  Pb(ppm)  Mn(ppm)  Mo(ppm) Na(%) Nb(ppm)

P-5-16 3.1 16 0.5 26.0 16.0 1181.0 2.4 4.7 42.0
P-5-15 3.7 16 2.1 23.0 16.0 1319.0 1.3 3.2 49.0
P-S-53 13 1.0 0.4 15.0 12.0 1051.0 -15 16 10.0
P-S-54 2.7 16 0.5 18.0 19.0 885.0 -15 18 5.0
P-5-32 3.9 4.0 0.4 35.0 16.0 451.0 -15 2.6 13.0
P-5-28 10.7 3.0 0.8 14.0 18.0 584.0 -15 0.8 15.0
P-S-43 4.2 3.0 0.4 128.0 22.0 459.0 -15 2.3 11.0
P-5-10 16 3.0 0.3 109.0 19.0 896.0 -15 0.6 5.0
P-s-21 2.3 2.0 0.2 12.0 20.0 1135.0 -15 0.7 9.0
P-S-34 6.7 3.0 0.1 9.0 21.0 1979.0 -15 0.3 3.0
P-S-9 5.7 2.0 0.1 1974.0 40.0 763.0 -15 0.3 5.0
P-S-3 18 2.0 0.2 14.0 13.0 318.0 1.7 6.6 25.0
P-S-8 11.4 2.0 0.1 2542.0 35.0 1278.0 -15 0.3 6.0
P-S-7 43 1.0 0.1 617.0 36.0 998.0 -15 0.4 3.0
P-s-11 3.0 3.0 0.1 93.0 35.0 1258.0 -15 0.3 3.0
P-S-48 5.1 4.0 1.0 22.0 278.0 511.0 -15 25 8.0
P-S-44 17 16 0.6 3.0 45.0 712.0 -15 0.5 4.0
P-S-23 3.0 2.0 0.2 314.0 45.0 661.0 -15 0.2 1.0

Th(ppm) Ti(%) Nd(ppm) ~ V(ppm)  Y(ppm)  Yb(ppm)  Eu(ppm)  Er(ppm) Ga(ppm)  Th(ppm)
P-$-20 5.1 3.0 0.1 171.0 24.0 1869.0 -15 0.1 7.0

P-S-2 3.3 2.0 0.1 63.0 21.0 237.0 -1.5 6.0 17.0
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P-S-4
P-S-50
P-S-45
P-S-13
P-5-51
P-s-31
P-S-5
P-5-22
-5-16
P-S-15
P-S-53
P-S-54
P-5-32
P-5-28
P-5-43
P-5-10
P-s-21
P-S-34
P-5-9
P-s-3
P-5-8
P-S-7
P-s-11
P-S-48
P-S-44
P-S-23
P-5-20
P-5-2
P-5-4
P-5-50
P-5-45
P-5-13
P-5-51
P-s-31
P-S-5
P-5-22
P-S-19
P-5-42
P-S-46
P-5-47
P-5-29
P-5-26
P-S-49
P-5-40

P-S-24

3.0
1.6
13
15
2.3
2.2
1.6
0.3
1.2
11
-2.2
-2.2
7.6
1.8
6.1
4.7
-2.2
11
8.5
1.6
9.2
8.0
44
4.7
-2.2
13.5
8.9
3.7
4.2
6.0
-2.2
2.4
-2.2
-2.2
11
13
11
-2.2
-2.2
-2.2
-2.2
2.9
-2.2
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1.8

2.0
1.6
1.6
2.0
1.0
2.0
2.0
2.0
1.2
11
11
0.5
0.4
0.4
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.2

0.2

01
0.2
0.4
1.0
0.2
11
01
0.2
25.0
26.0
18.0
14.0
15.0
15.0
21.0
15.0
10.0
15.0
124.0
10.0
153.0
44.0
15.0
12.0
9.0
40.0
19.0
17.0
15.0
15.0
9.0
9.0
10.0
11.0
8.0
8.0
9.0
7.0
8.0
7.0
7.0
8.0
7.0

8.0

80.0
91.0
158.0
188.0
87.0
67.0
76.0
45.0
47.0
166.0
90.0
31.0
77.0
87.0
86.0
46.0
113.0
97.0
74.0
29.0
26.0
63.0
96.0
50.0
74.0
43.0
27.0
78.0
73.0
98.0
101.0
130.0
126.0
60.0
91.0

49.0

49.0
82.0
7.0
27.0
9.0
48.0
11.0
3.0

24.0
27.0
12.0
24.0
20.0
68.0
30.0
9.0
16.0
27.0
10.0
15.0
52.0
23.0
14.0
28.0
14.0
5.0
25.0
19.0
19.0
21.0
10.0
10.0
27.0
14.0
11.0
4.0
15.0
8.0
7.0
4.0
18.0
9.0
4.0

2.0

3.0

17.0
21.0
42.0
22.0
25.0
18.0
15.0
42.0

211.0
1221.0
681.0
413.0
1451.0
1758.0
199.0
774.0

2.6
2.9
1.7
2.8
1.9
5.2
34
0.8
15
31
2.7
1.9
6.2
3.6
2.7
2.2
4.0
3.2
2.8
1.6
14
2.0
3.6
0.8
3.2
14
0.8
2.9
2.4
3.4
3.7
3.9
4.4
0.8
3.0

0.8

1.6

-15
-15
-15
-15
-15
-15
1.7
-15
5.8
-5.8
-5.8
-5.8
5.8
5.8
-5.8
5.8
5.8
4.0
5.8
5.8
4.0
-5.8
5.8
5.8
5.8
-5.8
3.0
-5.8
-5.8
5.8
5.8
5.8
5.8
5.8
5.8
-5.8
-5.8
5.8
-5.8
-5.8
5.8
5.8
5.8

-5.8

-5.8

6.1
05
0.7
0.4
0.4
0.6
6.6
0.2
-4.1
2.6
-41
2.0
25
7.7
2.6
-41
-41
31
-4.1
-4.1
49
2.4
-4.1
2.9
-41
-41
2.7
-41
-41
-4.1
-4.1
-41
-4.1
-41
-41
-41
-41
-4.1
-41
-4.1
-4.1
-41
-41

-4.1

16.0
4.0
6.0
7.0
4.0
7.0

19.0
1.0
14.0
15.0
11.0
15.0
17.0
12.0

9.0
5.0
9.0
10.0
51.0
16.0
50.0
17.0
9.0
8.0
10.0
24.0
10.0
17.0
16.0
5.0
10.0
7.0
7.0
7.0
20.0
13.0
13.0
9.0
11.0
13.0
8.0
6.0
9.0

10.0

9.0
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P-S-41 -2.2 0.2 6.0 88.0 2.0 3.3 -5.8 -4.1 20.0
Sample
No Co(ppm)  Cr(ppm)  Cu(ppm)  Dy(ppm) Al(%) As(ppm) Ba(ppm) Ca(%) Zn(ppm)
P-S-16 21.0 10.0 9.0 3.8 6.9 2.0 85.0 3.4 38.0
P-S-15 19.0 3.0 5.0 4.8 6.6 3.0 583.0 3.2 71.0
P-S-53 59.0 32.0 185.0 1.6 9.7 3.0 177.0 9.2 66.0
P-S-54 25.0 95.0 49.0 3.8 8.3 20.0 402.0 6.2 55.0
P-S-32 20.0 92.0 61.0 4.9 7.5 11.0 140.0 8.8 28.0
P-S-28 21.0 45.0 5.0 14.8 5.5 4.0 71.0 2.0 41.0
P-S-43 14.0 65.0 4.0 5.0 4.9 11.0 90.0 6.8 22.0
P-S-10 23.0 78.0 5.0 1.7 17 14.0 38.0 19.0 28.0
P-S-21 15.0 69.0 4.0 2.9 4.0 4.0 54.0 13.4 35.0
P-S-34 8.0 113.0 5.0 6.0 3.2 5.0 3624.0 19.3 30.0
P-sS-9 76.0 47.0 5.0 25 2.8 52.0 10.0 8.1 21.0
P-S-3 4.0 23.0 7.0 2.9 6.3 2.0 46.0 2.8 20.0
P-S-8 14.0 45.0 7.0 8.9 3.0 62.0 12.0 16.1 29.0
p-S-7 10.0 34.0 4.0 4.4 1.8 16.0 10.0 10.4 21.0
P-S-11 13.0 67.0 11.0 3.4 24 3.0 45.0 14.0 22.0
P-S-48 12.0 75.0 16.0 5.5 5.2 3.0 766.0 8.1 20.0
P-S-44 20.0 39.0 5.0 23 17 3.0 63.0 32 21.0
P-S-23 15.0 21.0 4.0 14 0.9 10.0 31.0 2.7 16.0
P-S-20 7.0 68.0 4.0 5.1 4.1 11.0 10.0 18.8 19.0
P-S-2 4.0 11.0 10.0 3.1 6.2 10.0 56.0 2.4 21.0
P-S-4 3.0 20.0 8.0 29 5.7 2.0 16.0 26 15.0
P-S-50 12.0 81.0 91.0 19 3.4 3.0 74.0 12.6 55.0
P-S-45 16.0 18.0 5.0 15 17 1.0 43.0 17 22.0
P-S-13 6.0 26.0 10.0 2.1 2.9 2.0 435.0 27.0 35.0
P-S-51 49.0 47.0 179.0 2.8 3.4 98.0 77.0 14.4 21.0
P-S-31 18.0 71.0 4.0 2.7 24 1.0 401.0 10.6 13.0
P-S-5 3.0 6.0 5.0 2.3 3.6 1.0 10.0 2.4 14.0
P-S-22 15.0 17.0 8.0 0.8 11 2.0 44.0 3.7 20.0
P-S-19 55.0 31.0 3.0 2.3 3.5 12.0 10.0 10.4 36.0
P-S-42 20.0 22.0 44.0 17 0.6 4.0 39.0 3.4 23.0
P-S-46 15.0 39.0 5.0 14 11 2.0 50.0 2.9 20.0
P-S-47 11.0 3.0 51.0 0.8 0.4 3.0 17.0 13 20.0
P-S-29 40.0 94.0 4.0 31 0.8 1.0 10.0 55 19.0
P-S-26 22.0 30.0 18.0 2.0 2.2 4.0 135.0 23.8 26.0
P-S-49 18.0 20.0 29.0 0.8 0.9 4.0 36.0 5.3 31.0
P-S-40 653.0 31.0 14.0 0.8 0.6 86.0 76.0 10.0 27.0
P-S-24 227.0 28.0 276.0 0.8 3.9 310.0 83.0 41 15.0
p-S-41 38.0 7.0 4.0 0.8 0.6 5.0 516.0 29 35.0
P-S-38 7.0 56.0 4.0 18 0.9 1.0 1993.0 10.7 18.0
P-S-39 8.0 32.0 5.0 1.6 0.5 2.0 3790.0 4.6 14.0
p-s-27 41.0 2.0 30.0 0.8 0.1 3.0 10.0 24 15.0
Sample
No Pr(opm) ~ Rb(ppm)  Zr(ppm)  Sb(ppm)  Sm(ppm)  Sn(ppm)  Sr(ppm)  Ta(ppm)  Ce(ppm)

P-S-16 2.0 2.0 9.0 105.2 3.7 2.7 252.0 33 46.0
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P-S-15 3.0 16.0 12.0 97.0 4.1 2.3 250.0 3.7 45.0
P-S-53 0.4 4.0 27.0 41.1 15 14 731.0 -0.4 16.0
P-S-54 2.0 10.0 10.0 46.6 3.0 2.5 370.0 -0.4 27.0
p-S-32 4.0 12.0 71.0 89.7 4.9 7.2 586.0 1.6 55.0
P-S-28 2.0 2.0 126.0 59.8 8.8 4.8 44.0 2.2 30.0
P-S-43 7.0 6.0 81.0 23.6 5.7 5.1 370.0 14 200.0
P-S-10 4.0 6.0 70.0 234.0 2.0 4.6 101.0 1.0 151.0
P-S-21 1.0 1.0 47.0 57.5 2.8 3.0 233.0 13 13.0
P-S-34 3.0 1.0 126.0 3b.1 10.6 4.4 264.0 -0.4 23.0
P-S-9 109.0 1.0 53.0 105.0 12.9 5.9 307.0 -0.4 2890.0
p-S-3 1.0 1.0 46.0 143.9 18 2.4 62.0 18 27.0
P-S-8 0.3 4.0 63.0 165.6 19.9 6.8 180.0 -0.4 3544.0
p-S-7 23.0 3.0 48.0 11.7 6.2 5.8 147.0 -0.4 857.0
P-S-11 6.0 4.0 60.0 275.5 4.1 5.3 114.0 -0.4 127.0
P-S-48 2.0 53.0 127.0 23.2 5.4 4.1 137.0 1.2 40.0
P-S-44 0.4 26.0 41.0 10.8 18 1.9 37.0 -0.4 8.0

P-S-23 24.0 6.0 50.0 13.5 7.1 8.6 88.0 -0.4 556.0
P-S-20 8.0 0.8 82.0 112.0 7.3 7.5 186.0 13 211.0
p-S-2 5.0 2.0 59.0 354.4 5.0 3.8 45.0 -0.4 143.0
P-S-4 4.0 1.0 62.0 323.7 4.2 3.6 47.0 -0.4 105.0
P-S-50 3.0 3.0 12.0 14.0 2.1 3.9 368.0 -0.4 134.0
P-S-45 0.4 16.0 43.0 13.7 15 18 28.0 -0.4 16.0
P-S-13 2.0 31.0 32.0 201.9 1.9 3.7 1063.0 -0.4 35.0
P-S-51 0.4 4.0 63.0 24.3 24 2.8 267.0 -0.4 9.0

P-S-31 3.0 44.0 47.0 45.4 2.7 18 83.0 -0.4 72.0
P-S-5 1.0 1.0 32.0 258.1 17 3.0 26.0 13 17.0
P-S-22 0.4 6.0 46.0 14.1 0.8 25 36.0 -0.4 5.0

P-S-19 0.4 0.8 10.0 78.2 2.7 3.2 345.0 -0.4 7.0

P-S-42 0.4 12.0 26.0 11.4 0.8 21 14.0 -0.4 1.0

P-S-46 0.4 14.0 28.0 10.4 1.2 2.1 27.0 -0.4 1.0

P-S-47 0.4 6.0 26.0 111 0.8 2.1 10.0 -0.4 1.0

Th(ppm)  Ti(%)  Nd(ppm)  V(ppm)  Y(ppm)  Yb(ppm)  Eu(ppm) Er(ppm) Ga(ppm)

P-S-39 -2.2 0.2 6.0 67.0 7.0 15 -5.8 -4.1 4.0

p-s-27 -2.2 0.1 6.0 85.0 2.0 3.0 -5.8 -4.1 10.0
P-S-25 -2.2 0.1 10.0 58.0 4.0 2.3 -5.8 -4.1 8.0

P-S-1 5.6 0.1 11.0 43.0 19.0 2.7 -5.8 2.3 13.0
P-S-36 -2.2 0.1 9.0 69.0 8.0 14 -5.8 -4.1 11.0

Gd(ppm) Hf(ppm) K(%) La(ppm) Pb(ppm) Mn(ppm) Mo(ppm) Na(%) Nb(ppm)

P-S-16 31 1.6 0.5 26.0 16.0 1181.0 2.4 4.7 42.0
P-S-15 3.7 1.6 2.1 23.0 16.0 1319.0 13 3.2 49.0
P-S-53 13 1.0 0.4 15.0 12.0 1051.0 -1.5 1.6 10.0
P-S-54 2.7 1.6 0.5 18.0 19.0 885.0 -1.5 1.8 5.0
P-S-32 3.9 4.0 0.4 35.0 16.0 451.0 -1.5 2.6 13.0
P-S-28 10.7 3.0 0.8 14.0 18.0 584.0 -1.5 0.8 15.0
P-S-43 4.2 3.0 0.4 128.0 22.0 459.0 -1.5 2.3 11.0
P-S-10 1.6 3.0 0.3 109.0 19.0 896.0 -1.5 0.6 5.0

P-S-21 2.3 2.0 0.2 12.0 20.0 1135.0 -1.5 0.7 9.0
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P-S-34 6.7 3.0 0.1 9.0 21.0 1979.0 -1.5 0.3 3.0
P-S-9 5.7 2.0 0.1 1974.0 40.0 763.0 -1.5 0.3 5.0
P-S-3 18 2.0 0.2 14.0 13.0 318.0 17 6.6 25.0
P-S-8 11.4 2.0 0.1 2542.0 35.0 1278.0 -1.5 0.3 6.0
P-S-7 4.3 1.0 0.1 617.0 36.0 998.0 -1.5 0.4 3.0
p-S-11 3.0 3.0 0.1 93.0 35.0 1258.0 -1.5 0.3 3.0
P-S-48 5.1 4.0 1.0 22.0 278.0 511.0 -1.5 2.5 8.0
P-S-44 17 1.6 0.6 3.0 45.0 712.0 -1.5 0.5 4.0
p-S-23 3.0 2.0 0.2 314.0 45.0 661.0 -1.5 0.2 1.0
Th(ppm) Ti(%) Nd(ppm)  V(ppm)  Y(ppm)  Yb(ppm)  Eu(ppm) Er(ppm)  Ga(ppm)  Th(ppm)
P-S-20 5.1 3.0 0.1 171.0 24.0 1869.0 -1.5 0.1 7.0
P-S-2 3.3 2.0 0.1 63.0 21.0 237.0 -1.5 6.0 17.0
P-S-4 3.0 2.0 0.1 49.0 17.0 211.0 -1.5 6.1 16.0
P-S-50 1.6 1.6 0.2 82.0 21.0 1221.0 -1.5 0.5 4.0
P-S-45 13 1.6 0.4 7.0 42.0 681.0 -1.5 0.7 6.0
P-S-13 15 2.0 1.0 27.0 22.0 413.0 -1.5 0.4 7.0
P-S-51 2.3 1.0 0.2 9.0 25.0 1451.0 -1.5 0.4 4.0
P-S-31 2.2 2.0 11 48.0 18.0 1758.0 -1.5 0.6 7.0
P-S-5 1.6 2.0 0.1 11.0 15.0 199.0 17 6.6 19.0
p-S-22 0.3 2.0 0.2 3.0 42.0 774.0 -1.5 0.2 1.0
-S-16 1.2 1.2 25.0 80.0 24.0 2.6 -5.8 -4.1 14.0
P-S-15 11 11 26.0 91.0 27.0 29 -5.8 2.6 15.0
P-S-53 -2.2 11 18.0 158.0 12.0 17 -5.8 -4.1 11.0
P-S-54 -2.2 0.5 14.0 188.0 24.0 2.8 -5.8 2.0 15.0
P-S-32 7.6 0.4 15.0 87.0 20.0 1.9 -5.8 25 17.0
P-S-28 18 0.4 15.0 67.0 68.0 5.2 -5.8 1.7 12.0
pP-S-43 6.1 0.3 21.0 76.0 30.0 34 -5.8 2.6 9.0
P-S-10 4.7 0.3 15.0 45.0 9.0 0.8 -5.8 -4.1 5.0
P-S-21 -2.2 0.3 10.0 47.0 16.0 15 -5.8 -4.1 9.0
P-S-34 11 0.3 15.0 166.0 27.0 31 4.0 31 10.0
P-S-9 8.5 0.3 124.0 90.0 10.0 2.7 -5.8 -4.1 51.0
P-S-3 1.6 0.3 10.0 31.0 15.0 1.9 -5.8 -4.1 16.0
p-S-8 9.2 0.3 153.0 77.0 52.0 6.2 4.0 4.9 50.0
p-S-7 8.0 0.3 44.0 87.0 23.0 3.6 -5.8 2.4 17.0
P-S-11 4.4 0.3 15.0 86.0 14.0 2.7 -5.8 -4.1 9.0
P-S-48 4.7 0.3 12.0 46.0 28.0 2.2 -5.8 2.9 8.0
P-S-44 -2.2 0.3 9.0 113.0 14.0 4.0 -5.8 -4.1 10.0
P-S-23 13.5 0.3 40.0 97.0 5.0 3.2 -5.8 -4.1 24.0
P-S-20 8.9 0.3 19.0 74.0 25.0 2.8 3.0 2.7 10.0
p-S-2 3.7 0.3 17.0 29.0 19.0 1.6 -5.8 -4.1 17.0
p-S-4 4.2 0.3 15.0 26.0 19.0 14 -5.8 -4.1 16.0
P-S-50 6.0 0.2 15.0 63.0 21.0 2.0 -5.8 -4.1 5.0
P-S-45 -2.2 0.2 9.0 96.0 10.0 3.6 -5.8 -4.1 10.0
P-S-13 2.4 0.2 9.0 50.0 10.0 0.8 -5.8 -4.1 7.0

P-S-51 -2.2 0.2 10.0 74.0 27.0 3.2 -5.8 -4.1 7.0
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P-S-31 -2.2 0.2 11.0 43.0 14.0 14 -5.8 -4.1 7.0
P-S-5 11 0.2 8.0 27.0 11.0 0.8 -5.8 -4.1 20.0
P-S-22 13 0.2 8.0 78.0 4.0 2.9 -5.8 -4.1 13.0
P-S-19 11 0.2 9.0 73.0 15.0 2.4 -5.8 -4.1 13.0
P-S-42 -2.2 0.2 7.0 98.0 8.0 3.4 -5.8 -4.1 9.0
P-S-46 -2.2 0.2 8.0 101.0 7.0 3.7 -5.8 -4.1 11.0
P-S-47 -2.2 0.2 7.0 130.0 4.0 3.9 -5.8 -4.1 13.0
P-S-29 -2.2 0.2 7.0 126.0 18.0 44 -5.8 -4.1 8.0
P-S-26 2.9 0.2 8.0 60.0 9.0 0.8 -5.8 -4.1 6.0
P-S-49 -2.2 0.2 7.0 91.0 4.0 3.0 -5.8 -4.1 9.0
P-S-40 55 0.2 15.0 49.0 2.0 0.8 -5.8 -4.1 10.0
P-S-24 1.8 0.2 8.0 52.0 3.0 1.6 -5.8 -4.1 9.0
P-S-41 -2.2 0.2 6.0 88.0 2.0 3.3 -5.8 -4.1 20.0
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Fig. 6: The charts show the changes in the amount of main oxides SiO,, TiO, K20, MnO, P,0s, MgO, Al,Os3,
CaO compared to Fe203 (values based on weight percentage).
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Fig. 7: Changes in the amount of REE elements (ppm) in iron ore samples relative to the percentage of iron oxide
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Fig. 8: Comparison of the pattern of rare elements in the XVI-b anomalous magnetite deposit with the granitic
intrusive units of the study area that are normalized to chondrite.
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Fig. 9: A: Cobalt to nickel ratio diagram and location of samples from deposit 16 b in the range of hydrothermal
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Changes in the ratio of elements aluminum to cobalt and tin to gallium and the location of samples from deposit
16b in Skarn type deposits (Amounts in grams per ton).
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