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Fig. 1. Simplified geological map of the Zarigan—Chahmir basin (ZCB) in the Posht-e-Badam Block, showing the
location of deposits within this basin (Rajabi et al., 2012; Rajabi et al., 2014). CF: Chapedony Fault, KbF: Kuhbanan

Fault, KF: Kalmard Fault, NF: Naeini Fault, PF: Posht-e-Badam Fault, ECVSS: Early Cambrian volcano-sedimentary
sequence



OS2 5 SLLL5 e VoA

09l dw Ll (b gme
sV JLsT el L 655 a3 5 33 51 O paleran Sl
S O o LS s ol 0t [ K5 VY Jle s T
omed 5 Sl gy 0l 83 () Oop5 ol xS
(G oS Slalaos i by o (e nls I g la S5
Lo Sl Caand KoLy a8 ol Lod 5 o s 55 ST

(Y JS8) Cl kel
s S o e S| (s SO S s s
Dy 23 3 odkeas 5 b 5 diin 0 salar 4w 5L o

L Gl O sais ) 505 g O ke Ol B T

55%53¢

58 ;3 Th-REE 154587 oy 55 4 oo g5y ol )
Al Ol jn e I by 3 S 212 s Ol 4
R 53 Sl e g bl B 8 e S i
ole 1348 (Bonyadi et al., 2011) ol ,n 5 g5l
dr 5l g 530 B3 s 3y g0 S OLaS
SLaSn 55 48 ol ol b ghane ) 5 (215605 4 otes
SLbspr o S14 58 o CL REE U ol jen 53 5 (5
3 s 0 polie ool o e SIS (S50 5 S
o2 Lol aa REE 5 Th ¢ o slacSin iy 55 Jite Ol ey
gt (055 GLASSs 5 S5LT) Ol G S8 5
39 B S I 3 il sy (SE5L
LB (S OlaS obe 15415 Ll 6355 0 odalia o5

31°48°

31°46°

LEGEND

=~ Strike & Dip

- High grade iron ore(>45%Fe)
- Low grade iron ore(<45%Fe) Granite

m Impregnated metasomatic Limestone and

rocks dolomite

Metasomatized rocks
o) Ve

» a7 A4 Diorite

ST Diabase

~~—__ Contacts
Andesite porphyry

= = < Fault

Jaspilite Felsic tuff

Sandy shale
Shale

Tectonic crashed
zone

(National Iranian Steel Corporation, 1975; Bonyadi et al., 2011) jsalzdun [Luils  wlids ye ) oaioolu asds ¥ J5i

Fig. 2. Simplified geological map of the Se-Chahun deposit (National Iranian Steel Corporation, 1975; Bonyadi et al.,

2011)
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Fig. 3. Na and Na-Ca metasomatism at the Se-Chahun ore deposit. A: White to pinkish albite within the magnetite ore
body, B: Red albite within the younger rocks characterized by brecciated texture, C: Fine-grained actinolite within the
magnetite grains (paragenetic association), D: Actinolite hosted by magnetite (non-paragenetic association), E and F:

common aspect of breccia at the Se-Chahun ore deposit. In B, E and F images, the breccia fragments are rhyolite and
the matrix is formed of magnetite, albite, calcite, apatite and actinolite.
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Fig. 4. A: Na-Ca alteration (at the Se-Chahun ore deposit), characterized by high feldspar (mainly albite) contents (XPL
light), B: Paragenetic association of actinolite and Th silicate (XPL light) (given of the rocks nature, the matrix is
leached), Automprph and course crystals of magnetite within the breccia. The breccia is composed of carbonate,
amphibole, Na-feldspar and epidote(PPL light), D: BSE image of paragenetic association of Th silicate, magnetite,
sphene, actinolite and calcite, E: BSE image of automorph thorite crystal (white taints are also of thorite composition
but show more silica content), and F: Limited occurrences of Th silicate within the magnetite ore body showing perhaps
the local enrichment of the magnetite parent magma in Th. Fsp: Feldspar, Ep: Epidote, Ap: Apatite, Act: Actinolite, Th:
thorium silicate, Mag: Magnetite, Spn: Sphene, Cal: Calcite, Abbreviations after Whitney and Evans (2010)



"f

i 477 P " oW 0.25mm et P o e
olas y Th Lhasls 5 ol e wdS sladd, ol a5 (CuiiXa 5 g Bg5 labad L) aploan [Luils jo Ly S diges :A O 5o
otyss Sl Th o8 Mag oS Cal oy )55 GlaclSele s 5 oS cla 5 K53l bl «(PPL ,g) B g s oo

(Whitney and Evans, 2010) 3lsl 5 g 5! ol lazs|
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Fig. 6. Position of the rhyolitic rocks at the Se-Chahun ore deposit on the A: Th/Yb vs Ta/Yb (Gorton and Schandle,
2000), and B: K,O/Yb-Ta/Yb (Pearce, 1982) discrimination diagrams. OA: oceanic arc, ACM: active continental
margin, WPVZ: within plate volcanic zone, WPB: within plate basalts, MORB: mid ocean ridge basalt, Abbreviations
after Gorton and Schandle (2000)
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Table 1. Trace and rare Earth elements of the brecciated samples of the Se-Chahun ore deposit analyzed using ICP-MS.

Sample Pb Y Zr Hf Nb Ta Ti Se Rb La Ce
1 9.11 56.3 144 3.06 2.13 0.5 570 14.3 84.7 18.1 51.5
2 4.8 233 108 2.86 1.17 0.74 130 6.95 194 10.3 26
3 2.63 49 60.7 1.94 2.64 0.66 7189 8.93 10 15.2 36.3
4 3.58 117 73.3 1.63 3.56 0.65 5241 19.4 17.8 11.3 243
5 3.97 82 116 2.96 13.9 1.3 8140 15.3 41.4 9.39 20.2
6 2.75 86.6 98.2 1.83 5.99 0.57 5995 16.9 20.7 11.2 18.4
16 5.09 88.4 112 4.09 1.73 0.56 2394 22.3 2.32 19.9 68.1
17 3.91 110 39.8 1.72 2.54 0.44 6145 14.8 0.47 40.1 106
18 2.77 98.3 58.9 3.06 1.56 0.41 538 36.4 0.97 9.6 33.1
19 3.6 136 82.6 3.13 1.86 0.32 2551 20.7 2.25 38.6 111
20 2.71 66.1 524 1.96 2.29 0.71 342 17.3 4.68 49.7 99.5
24 4.19 24.6 59.7 1.44 2.99 0.71 3715 18.7 1.39 12.8 27.7
25 3.75 25.6 49 1.45 1.26 0.21 4344 14.9 5.04 13.7 35.1
27 4.89 133 87.4 3.84 1.53 0.54 364 34.9 3.85 17.9 61.8
28 10.9 82.7 36.1 1.45 2.02 0.42 6088 12.9 18.4 12.1 31.5
36 16.2 118 164 4.77 2.34 0.87 943 6.5 30.3 30.2 87.9
37 4.47 270 174 3.49 1.12 0.58 445 2.95 22.2 270 653
38 16.2 86.1 240 6.11 1.44 0.5 653 2.61 36.2 49.3 155

Sample Pr Nd Sm Eu Gd Tb Dy Er Tm Yb Lu
1 8.2 30.6 9.62 1.65 9.82 1.67 10.4 6.76 1.11 6.83 1.14
2 4.26 18.8 6.21 1.64 4.84 0.72 4.23 2.64 0.44 2.62 0.5
3 6.02 25.4 7.14 0.95 7.75 1.39 9.08 5.88 0.98 5.78 1
4 4.34 19.8 9.88 2.27 14.8 2.93 19.3 11.3 1.72 9.15 1.42
5 3.62 16.1 7.64 1.8 10.8 2.11 13.7 8.17 1.24 6.64 1.05
6 3.1 13.4 6.72 1.48 10 2.01 13.6 9.15 1.42 8.49 1.36
16 11.7 40.6 13.5 1.49 14.7 2.66 15.8 10.3 1.78 11.3 1.85
17 14.6 59.3 17.4 2.5 18.9 3.29 19.3 12.5 2.15 13.3 2.23
18 6.49 24.1 9.96 0.94 12.8 2.55 15.9 10.9 1.93 12.5 2.26
19 16.3 67.7 232 3.22 242 4.08 22.9 14.1 2.36 14.7 2.58
20 11.9 50.6 13.3 1.85 13.3 2.19 12.2 7.5 1.3 8.41 1.53
24 4.75 20.1 5.68 0.88 5.44 0.86 5.01 2.96 0.53 3.52 0.66
25 6.55 26.9 7.23 0.84 7.23 0.93 5.14 2.9 0.53 3.31 0.6
27 12 42.4 16.8 2.32 18.7 3.58 22.3 14.2 2.52 15.5 2.62
28 6.06 25.5 9.34 1.45 10.7 2.15 13.5 8.74 1.51 8.95 1.47
36 13 533 20 2.63 20.2 3.53 22.1 14.6 2.68 16.4 2.58
37 72.9 297 48.8 5.53 48.8 8.34 40.4 26.8 4.35 25 3.87

38 20.1 77.8 17.6 1.8 16.5 2.65 15.9 10.7 1.96 11.9 1.86
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Fig. 7. A: Chondrite normalized patterns of REE for rhyolites at the Se-Chahun ore deposit (chondritic normalizing
factors from Boynton, 1984), and B: Comparative primitive mantle-normalized trace and REE elements variation
diagrams for the Se-Chahun rhyolites (mantle normalizing factors from Sun and McDonough 1989) (rhyolitic data from
Mirzaei, 2014)
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Fig. 8. A: Chondrite normalized patterns of lanthanides for Thorium mineralization zone at the Se-Chahun ore deposit
(normalizing factors from Boynton, 1984), and B: Comparative primitive mantle-normalized trace and REE elements
variation diagrams for thorium mineralization zone (normalizing factors from Sun and McDonough 1989)



"y e 38 Suwe ddlaie (ygalzaw LS ;0 Th-REE lals 5 &y oy

OYAA L) ) oless V) ol

AP R YA NS Lees (Khoshnoodi et al., 2017)
Llods B oLl L &G 0T gl o ¢l S L3 o
elist s VY 330 53 (550 5 Kle Shls (o 1
il 03 5 ) 55 (ool pie ey (i Jaia ST Sl 5 5
Sl 3 53 (o8 Sl 6 28 o 5 55 43T 05 54
Gl Gloy8 aiw gy ¢ Se 305 Slegulie 5 Slo S
Sy g 93 4S Sl o35 el VY 2o Lo g Ol e
g e i (6 2 A S o L 5 D5 a5
VJ_))J&Teiﬁ.ul{mbﬁ)jmwﬁjnmwﬁ
ol sba 0T (65 ) 8 Sl okl S et L 1 5o
Ol 93 3,0 (Bl (e sl a gy L odtes ) g0
(mSa el S (555 Sla i 03 5 I 055 A
b slaliie (glyls Al 5 oo 457 5505 3935 g T 5 LT
Slacnn ;85 O b 5l o gl ey L LS e
A5 o ST g (e Sl g adlale ) 50 55 )
S Sl A ol Bl 5 Gl o 350 Lo
Sl 50 535 p pole S a0 S S o oS S 350 o
sl e 4 Lo op 5 Ly US4 o o eolis ol
Lo S 5 0bson (s e o9 8 53 2 sl
30 gb_?ﬁj_a.ﬁjﬁju;PbTh-REE 234 aasls
ot A3 o DL p sl 5 s e Jo 5T neSn
Sl it SalS ite Lo yT e K jlog 8 53 n

s s Ol 903
(Bl 5o T il 15 Kos 5 53 b I3 SOl
olie 51 oYU lasle clyls a8 Wyl 5 ola,lils
Mokhtari et al., 2013; ) s S ClaS 5 OlasS
.(Khoshnoodi et al., 2017; Deymar et al., 2019
5ol — T slacKe s Lacs5LTREE sLa S
s (Mokhtari et al., 2013) wws 4lin a7 GlaeSsls
REE (sla S (655" 0 01l 55 CosbT— oo T (sl ,LuilS” i
Pl Gl m (S5 (Pl edins OLE &7 L)ls gl
Sy 5> (Mokhtari et al., 2013) c—ula,Lils

Ve (Sals SOl psmss 5 p sl e JlosT omen
Slod s e (Lol e an oy 55 a5 JLis 55 Jale
REE La Sl 55 5550 alis .ol —2il55 5 Lol

(oS pole ol Kol b 5 oKl Sl o3l
ol (g5 SLSlo e GleS by 55 5 (S LS
wlie Lol 5 55 50 SVl 2i w5 JUsl 0T Lulal oS
& —~REE (s § LA i 3 ol 8,0
~l SRS e sladlp 5 15 S OV st el
G 5 VU o adais Cleas b o 03lial K
S5 i (e iy §58 55 (LS REE (gl b 55
K gle T acSin IREE ¢ S opl ol L 5d oo
slaesls puman (Daux et al.,, 1994) das oo 0L 1, ol
oL S b Jsls 53 1541 Jbw REE sla S5 5 REE

(Liu et al., 2013) was o 0L 1, 51548

S5 domb § S
J=else 5 (o p dmly Coale 550 po 4 byl 0STU
IS .\;.wleuul)loTJ:LxﬂrfLa- RS-y
3l s 5 Glaigy @85 03 (5 agy S OT ke ws
35 e 53 S Cl Jlae 2 La s 51 S
=L .(Mohseni and Aftabi, 2012) ¢l ois LS is
obis Uit odins 0Lss 457 ikate (5,8 55l 056 035 5
ar Sl ot iyl sl ailaio )3 0y 5 Ao IOl
CbT Gla SUS (gl Olhious 5l dn Lo 5 Sl oS
53 gy Lite (ST LS 5 OLaS ol (551>
OT 43 45" (Mohseni and Aftabi, 2012) a_ab sdias 5
ailllw L5l (a3 51 0 palar aw LS 53 jaus Lise
Mohseni, ) col o 55 &S558k S 055 55155 G
oyt e g5 55 5 Lie ol 112007
Lize ((Mokhtari et al., 2013) o, 5 (5 libes .l
23 el T —eafe laeKlS ;s REE ¢l o oLS L
DSen 5 3yt alasd 8 i s plsluc oty oS 5,



OhlSes 5 (SLLL; e NA

Ghlie s ois JSCa5 slaeSin 55 )5 bl Lae 3 2 5o
PR Y SRR 3| K| B-EO FRCH WIS PPY
(Hawkesworth et al., 1997) o ;5 b, 5,5 Jl>
5 s S| amis 55 gd adkaie 5,5 LT I idw &S Lles
leds lans & 048 55 55955 o gl i VL 5 L
5348 edisl adgl sLlS L 5l 205 ) e Vb i
Gl S5l S U 5wy 0ol 53 0 LS55 salS Lo lonsy|
shdzel 53 SYlw ol Il 5 oLl oo 55 (Litn
S CLalBl S i wlis e slaylt o Olea
33) adsl g oK Sl & (Wlodany e e o 6T 5 b
el ol i v 5 o594 Th-REE ,ole 51 (b 5w
L&, GV S5 s der I gl s dalsd bl
Gils a8 b K 5l gl e 53 aelS glaanS
55y adex 1 cwlid SIS dalsd (uzua Th-REE 15418
dalsd s Sy s 5 S b LG CndS e SIS
05 3 s S BB e 5 S e 015 o (bt 5
asl JUasl oL Lol 5 55 5 Sl S la oSS Lav g
=545 5 (Titayeva, 1994) 145 wlwl o .cel
el Sas JISITESIS (sl ploe 53 a5 5 (oS Lol
Th(CO)y ™ Jsma s Ly 4l S oShaS & pmis
o055 JUs! Jaale b LIS Coale 51 438 L Js!
g > Cays 5 T b L (e ) CxSe s
ol 0T oS sl iy 0 gale aw LS 55 Ol S5 5 o5 5
SLe (s S0 3 i (ol sl 035 (gLl el o
Slaassod 6l p s e JasT ador 5l oo 85
SLsT 53 3 4 50 s b ol 55 5 sl R
SLaLS 3 p s e JlosT Ll g o 35 LS
g3230 ol GASTE s el (5 5 S sl (s
03l 4w ,LulS ;3 Th-REE 15408 Jusle 45" ol

Ales s LWL jlos Grie YL

2 s Lite 5 ol;48 «(Khoshnoodi, 2016) (g3 sis
35 ool el 4B S 3 ) 2 3 50 Dl LS
Lol b 5 assl 5 5 oYl (Khoshnoodi, 2016)
23 35 Late (JLeb (g0, anbl o g 53) JITSIS
92 bl ols LalSle ol . Ules g & jlaar LS
s e OLE |y (Kb 3 5 3 (5 ke (sl 5 47 Aizs
Sy 4 il OF 157 a5 bl o 555 Lo
039 (o Amly Olan L ool 55 0 sl Sl 650
03131 S ol 58S 1 ey B g ]
Jole a0 by e 55 0T 1S5 55,8 55 SVl ol ply .ol
LS L 51 VL G, s SIS o S5 51 6 500
ool Lie W15 ol 0 slgtiy 1,51 o8 JIT SIS
Tl S ClaS 5 ol ole 355 s Glp
Oy din il 5 bl ols ST bl
W gy 05 54 ety A3y L (S 5 LU 5 (6L Ol
i sd ol el ) gie GlalS b dis o
S An (glainy 0del j3 05 56,8 sl e slaLS L
Slad £ 058 Jomn 5o GV s & Jiducsss Juols o
23 les sy ;813 (6o 6 amis 5 5555 oo Sl Amio
GLaeKin | o055 Lo 31 taud ( iducsd Jous
3 oYU (lsmmn gl 5 dns o JSi5 (glo, L Suls
5 e S s 55 Ommen S5 G plad L ol
Sy AL LSl 58 0l 3 s 5 Sl (aomlin Lie
5 9550 e Pl A gy (65 0 o3l LADI (glo LS
5 ps et 8 0 s 8 )3 asuc s adlate sy Al e
2l bl s 1S5 1, L‘fuﬁsﬁfwj:;\gzsu.
b g 53 O galardw HLulS o(f JST2) 552 g0 (Lo LT
W&as ol s NSy Lo ol 43 81 5 Jlad (glo,l6 asl>
45,8 55 e )5 4 ool yg b Olgu ) okes  sbay

dalsd ulal o (Hawkesworth et al., 1997) 452



e o 38 Suwe ddlaie (ygalzaw LS ;0 Th-REE lals 5 by oy

OYAA L) ) oless V) ol

References

Arjmandzadeh, R., Karimpour, M.H., Mazaheri,
S.A., Santos, J.F., Medina, J.M. and Homam,
SM,, 2011. Two-sided asymmetric
subduction; implications for tectonomagmatic
and metallogenic evolution of the Lut Block,
eastern Iran. Journal of Economic Geology,
3(1): 1-14. (in Persian)

Audétat, A. and Keppler, H., 2005. Solubility of
rutile in subduction zone fluids, as determined
by experiments in the hydrothermal diamond
anvil cell. Earth and Planetary Science Letters,
232(3-4): 393-402.

Bonyadi, Z., Davidson, G.J., Mehrabi, B., Meffre,
S. and Ghazban, F., 2011.Significance of
apatite REE depletion and monazite inclusions
in the brecciated Se-Chahun iron oxide—apatite
deposit, Bafq district, Iran: Insights from
paragenesis and geochemistry. Chemical
Geology, 281(3—4): 253-269.

Boynton, W.V., 1984. Cosmochemistry of the rare
earth elements; meteorite studies. In: P.
Henderson, (Editor), Rare earth element
geochemistry. Elsevier, Amsterdam, pp. 63—
114.

Brenan, J.M., Shaw, H.F., Phinney, D.L. and
Ryerson, F.J., 1994. Rutile-aqueous fluid
partitioning of Nb, Ta, Hf, Zr, U and Th:
implications for high field strength element
depletions in island arc basalts. Earth and
Planetary Science Letters, 128(3—4): 327-339.

Daux, V., Crovisier, J.L., Hemond, C. and Petit,
J.C., 1994. Geochemical Evolution of Basaltic
Rocks Subjected to Weathering: Fate of the
Major Elements, Rare Earth Elements, and
Thorium. Geochimica et Cosmochimica Acta,
58(22): 4941-4954.

Deymar, S., Behzadi, M., Yazdi, M. and
Rezvanianzadeh, M.R., 2019. Relation of
alkali-metasomatism and Ti-REE-U (Th)
mineralization in the Saghand mining district,
Central Iran. Journal of Economic Geology,
10(2): 471-496. (in Persian with English
abstract)

Foley, S.F., Barth, M.G. and Jenner, G.A., 2000.
Rutile/melt partition coefficients for trace
elements and an assessment of the influence of
rutile on the trace element characteristics of
subduction zone magmas. Geochimica et
Cosmochimica Acta, 64(5): 933-938.

Forster, H. and Jafarzadeh, A., 1994. The Bafq

mining district in Central Iran - a highly
mineralized Infracambrian volcanic field.
Economic Geology, 89(8): 1697-1721.

Frondel, C., 1956. Mineral composition of
gummite. American Mineralogist, 41(7-8):
539-568.

Gorton, M.P. and Schandl, E.S., 2000. From
Continents to Island Arcs: A Geochemical
Index of Tectonic Setting For Arc-Related and
Within-Plate Felsic to Intermediate Volcanic
Rocks. The Canadian Mineralogist, 38(5):
1065-1073.

Green, T.H. and Adam, J., 2003. Experimentally-
determined trace element characteristics of
aqueous fluid from partially dehydrated mafic
oceanic crust at 3.0 GPa, 650-700 °C.
European Journal of Mineralogy, 15(5): 815—
830.

Haghipour, A., 1977. Geological map of the
Biabanak-Bafq area, scale  1:500,000.
Geological Survey of Iran.

Haghipour, A. and Pelissier, G., 1977. Geology of
the Saghand Sector. In: A. Haghipour, N.
Valeh, G. Pelissier and M. Davoudzadeh
(Editors), Explanatory Text of the Ardekan
Quadrangle Map. Geological Survey of Iran,
Tehran, pp. 10-68.

Hawkesworth, C.J., Turner, S.P., McDermott, F.,
Peate, D.W. and Van Calsteren, P., 1997. U-Th
Isotopes in Arc Magmas: Implications for
Element Transfer from Subducted Crust.
Science, 276(5312): 551-555.

Khoshnoodi, K., 2016. Mineralogy, geochemistry
and mineralization of radioactive elements
with special emphasis on thorium in the
Choghart ore deposit in the Bafq region,
central Iran. Ph.D. Thesis, Shahid Beheshti
University, Tehran, Iran, 216 pp.

Khoshnoodi, K., Behzadi, M., Gannadi-maragheh,
M. and Yazdi, M., 2017. Alkali Metasomatism
and Th-REE Mineralization in the Choghart
deposit, Bafq district, Central Iran. Geologia
Croatica, 70(1): 53—69.

Klemme, S., Prowatke, S., Hametner, K. and
Gunther, D., 2005. Partitioning of trace
elements between rutile and silicate melts:
implications for subduction zones. Geochimica
et Cosmochimica Acta, 69(9): 2361-2371.

Mirzaei, Z., 2014. Petrography and geochemistry
of rhyolite rocks in the Se-Chahun iron oxide
deposite, Bafq mining district, Central Iran.



OhlSes o SLl5 e Y.

Journal of Biodiversity and Environmental
Sciences, 5(6): 329-337.

Mohseni, S., 2007. Investigation on the Rapitan
banded iron formation and mineralization in
central Iranian iron ore field. M.Sc. Thesis,
Shahid Bahonar University, Kerman, Iran, 284
pp.

Mohseni, S. and Aftabi, A., 2012. Comment on
Significance of apatite REE depletion and
monazite inclusions in the brecciated Se-
chahun iron oxideapatite deposit, Bafq district.
In: Z. Bonyadi, G.J. Davidson, B. Mehrabi, S.
Meffre and F. Ghazban (Editors), Insights from
paragenesis and geochemistry. Chemical
Geology, Amsterdam, pp. 378-381.

Mokhtari, M.A., Hossein Zadeh, G. and Emami,
M.H., 2013. Genesis of iron-apatite ores in
Posht-e-Badam Block (Central Iran) using
REE geochemistry. Journal of Earth System
Science, 122(3): 795-807.

National Iranian Steel Corporation (NISCO),
1975. Detailed exploration of Se-Chahun iron
ore deposit in Central Iran. National Iranian
Steel Corporation (NISCO), Tehran, Report 1,
117 pp.

Pearce, J.A., 1982. Trace element characteristics
of lavas from destructive plate boundaries.
John Wiley and Sons, New York, 724 pp.

Rajabi, A., Canet, C., Rastad, E. and Alfonso, P.,
2014. Basin evolution and stratigraphic
correlation of sedimentary-exhalative Zn Pb
deposits of the Early Cambrian Zarigan
Chahmir Basin, Central Iran. Ore Geology
Reviews, 64(6): 328-353.

Rajabi, A., Rastad, E., Alfonso, P. and Canet, C.,
2012. Geology, ore facies and sulfur isotopes
of the Koushk vent-proximal sedimentary-
exhalative deposit, Posht-e-Badam block,
Central Iran. International Geology Review,
54(14):1635-1648

Rajabzadeh, M.A., Hoseini, K. and
Moosavinasab, Z., 2013. Mineralogical and
geochemical studies on apatites and phosphate
host rocks of Esfordi deposit, Yazd province,

to determine the origin and geological setting
of the apatite. Journal of Economic Geology,
6(2): 331-353. (in Persian with English
abstract)

Ramezani, J. and Tucker, R.D., 2003. The
Saghand region, Central Iran: U-Pb
geochronology, petrogenesis and implications
for Gondwana tectonics. American Journal of
Science, 303(7): 622—665.

Rostami, M. and Tale Fazel, E., 2019.
Geochemistry, mineralization and alkali-Fe
oxide alteration of the Lake Siah irontapatite
deposit (northeastern Bafq), Bafg-Saghand
metallogenic province. Journal of Economic
Geology, 10(2): 587-616. (in Persian with
English abstract)

Schmidt, A., Weyer, S., John, T. and Brey, G.P.,
2009. HFSE systematics of rutile-bearing
eclogites: new insights into subduction zone
processes and implications for the -earth's
HFSE budget. Geochimica et Cosmochimica
Acta, 73(2): 455468

Sun, S.S. and McDonough, W.F., 1989. Chemical
and Isotopic Systematic of Oceanic Basalt:
Implication for Mantle Composition and
Processes. In: A.D. Saunders and M.J. Norry
(Editors), Magmatism in the Ocean Basins.
Geological Society, London, pp. 313-345.

Titayeva, N.A., 1994. Nuclear geochemistry.
Chemical Rubber Company, Florida, 304 pp.

Torab, F.M., 2008. Geochemistry and
Metallogeny of Magnetite- apatite Deposits of
the Bafq Mining District, Central Iran. Ph.D.
Thesis, Clausthal University of Technology,
Harz, Germany, 131 pp.

Torab, F.M. and Lehmann, B., 2007. Magnetite-
apatite deposits of the Bafq district, Central
Iran: apatite geochemistry and monazite
geochronology.  Mineralogical =~ Magazine,
71(3): 347-363.

Whitney, D.L. and Evans, B.W., 2010.
Abbreviations for names of rock-forming
minerals. American Mineralogist, 95(1): 185—
187.



Journal of Economic Geology
Vol. 11, No. 1 (2019)
ISSN 2008-7306

KA

6olaidl ol o)y
OTAA L) ) ol ) al>
) ) 1 Olxaw

Brecciated unit and Th-REE mineralization in the Se-Chahun ore deposit, Bafq
mining district, Central Iran

Gholamreza Mirzababaei'', Mehrdad Behzadi', Mohammad Reza Rezvanianzadeh?, Mohammad
Yazdi', Mohammad Ghannadi Maragheh®

1) Department of Geology, Faculty of Earth Sciences, Shahid Beheshti University, Tehran, Iran
2) Nuclear Science and Technology Research Institute, Atomic Energy Organization of Iran, Tehran, Iran

Submitted: July 08, 2017
Accepted: Jan. 08,2018

Keywords: Th-REE mineralization, brecciated unit, calc-alkaline magma, Se-Chahun ore deposit, Bafg

region

Introduction

The Bafq region hosts the most important
magnetite-apatite deposits of Iran. The geology of
this region has been studied by many researchers
(e.g., Haghipour, 1977). The ore deposits are
mainly hosted by a volcano-sedimentary unit. The
presence of a brecciated unit at the margin of the
magnetite -apatite ore deposits is discussed by
several authors. This unit contains remarkable
concentration of Th and REE minerals
paragenetically  associated ~ with  magnetite,
actinolite, calcite and albite. Mineralogical
properties of the brecciated unit as one of the most
important geological events in the magnetite-
apatite ore deposits of the Bafq region, and Th-
REE mineralization hosted by this zone at the Se-
Chahun ore deposit is discussed.

Materials and methods

The present study has been carried out in four
stages including: field work, microscopic studies,
ICP-MS and ICP-OEA analysis as well as EPMA
analysis. The field work included observations,
investigations, radiometry, spectrometry and
sampling from different lithologies in both open
pits and drilled cores. The microscopic studies
were carried out in order to identify the minerals
and examine the textural properties of these
minerals found in the brecciated unit. The ICP-
MS and ICP-OEA analysis were carried out on the
samples taken from the ore bodies and the
radioactive parts of the mine. The EPMA analysis

was also carried out to achieve a more precise hint
at the occurrences of the Th and REE minrals and
also to investigate the paragenetic relationships
between the minerals probed.

Results

The brecciated unit is generally formed at the
margin of or within the ore deposits mentioned.
The matrix of the brecciated unit at the Se-Chahun
ore deposit is composed of different minerals
including magnetite, titanomagnetite, actinolite,
albite, apatite, titanite, calcite, epidote, chlorite
and Th silicates. The coarse rock fragments are
mainly of the rhyolitic rocks and metasomatic
fragments. Based on the mineralogical studies, the
brecciated unit is the host of Th-REE minerals.
The Th-silicates are formed in two crystallized
forms including monoclinic (huttonite) and
tetragonal (thorite). Thorium occurrence is found
in three types: granular, massive and veinlet. The
geological investigations indicate the role of
solutions derived from magmatic arc originated in
calc-alkaline magmas as a source for Th(-REE) in
the brecciated wunit. Based on the field,
mineralogical and geochemical evidence, a
remarkable part of Th has been transported by
carbonate complexes in basic and reduced
solutions. Apatite and monazite show a notable
concentration ~ within the brecciated unit.
Monazites are found mostly as single crystals not
always hosted by apatite crystals. Two types of
actinolite are recognized, 1. Older than Th
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mineralization within the magnetite ore and 2. A
younger generation paragenetically associated
with Th silicate. Two types of albites are
recognized: an early (white) albite found within
the magnetite ore; a late (red) albite also found
within the brecciated zone in association with Th
occurrences.

Metals such as Th and REE, at the Se-Chahun
magnetite-apatite ore deposit are thought to be
predominantly derived from the associated
magmas, via magmatic—hydrothermal fluids
exsolved upon emplacement into the crust. Two
main sources exist for the origin of the metals (Th
and REE): 1: sediments on the downgoing slab
subducted into the mantle wedge (located between
the downgoing slab and the overriding plate); 2:
assimilation of crustal rocks within the magma
chamber and also during ascending of the
magmas. Th-REE have been transported mainly
by carbonate complexes in alkaline and reduced
environments. The presence of a reduced
environment during Th-REE mineralization is
evidenced by paragenetic association of magnetite
and pyrite (and minor chalcopyrite) supported by
negative Eu anomaly. Presence of an alkaline
environment is also supported by the presence of
calcite crystals, veins and veinlets paragenetically
associated with Th-REE minerals.

Discussion

A limited number of models have been suggested
to explain the provenance of the brecciated unit.
Mohseni and Aftabi (2012), among others,
suggested that this zone is a proximal zone of
magnetite-bearing  keratophyres  formed in
submarine environments. By contrast, no clear
source for thorium silicate is suggested. Recently,
Khoshnoodi (2016) discussed the subject in one of
the largest iron-apatite ore deposits in the region,
the Choghart. According to his suggestions, the
solutions derived from the calc-alkaline magmas
are the source of thorium.

According to our suggestions, the lower
continental crust and also the continental derived
sediments on the sea floor adjacent to the
subduction zones can be proposed as one of the
most important sources for limited amounts of
thorium found within the magmatic arc magmas.
It is proposed that these magmas and associated
mineralization are not limited to the margin of the
magnetite-apatite ore deposits. Until now, the
importance of the Bafq mining district has been
due to its discovered magnetite-apatite resources.
Further exploration programs supported by
mineralogical and geochemical studies may lead
to opening new ways in exploration of uncovered
ore deposits in the Bafq district containing more
economical resources.
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