Journal of Economic Geology
Vol. 11, No. 2 (2019)
ISSN 2008-7306

Wi s

oLl (ol (o
OFAA JL) ¥ ojled )Y al>
IV B YY) olxio

I - g w5 e 30 306 (T g (Lol yols oloabedl S ST 39

b

-

€3

*odj ol ol 9 Mo e 4o g0

Ol cOla S c0la 57 il g oS> gl 0S5 ¢l n e

WA/ Y/YY 150 OFA5/ A/ A talie L s

oS>

4

S o kS 70 (53S0 Ol ml e o) s 53 Sl SKmalys) o L S s Wil 3 opim (Ao~ S Kwdle ) Odme
d;j,b,:g\_ajL;udt_;,&_wdujGuuﬂ)b),ugujL;_.;|Hu9¢_au.¢..,\mc;bw,»,@:g,aw;?
ersbébﬂuﬁmw;lm&ﬂw)jvksﬂi“a&% GWWW@}\AU:JLWL‘)):JL’&)&@
D390l 5CA0 L b S obie it  Stwer 5SO03 L 30 S ol Cand jlws (Stwer (Ti02 ALO3 K0 SiO;
g:,_w|).§l_|éb—HLﬁ6‘ﬁ(%‘j%§jl§)d)bTLﬂhﬁ;\ftw}jb)jﬂ&lﬁ@j‘u).ﬁ(/ P205S'/"'\)P205w§
Slem Sl 31 a0 VYV/AF ppm S50 LY+ 8 — $4/0F PPN (s ony 2 3) 50 SLaas sed 45 oL S olie sl
35l oyl icwl 56w 5ol S ole 5 Jhe &K 36 S juolie slis e g p )0 Sl sas 3 ConlaeKindE

2L S ole S0 &8 das 0 0l glad 65 L;Lae:b@l:i .wl@;\éh@lf):iﬁ.m):u S ole Cble 05 i

el o3y JES o 4 Sholu b 5l ol o Sly3ng,s sboes Kdle) s

b S oj s o o —So 5T ool polie ¢ 3l ST olie (Kwdléj 1 SolS” SBo3lg

¢ (Ho, Er, Tm, Yb and Lw’ Kus@nd Y
cla S5 5l S .(Seredin and Dai, 2012) &5
flad o T o gmates 055 S 035 ol ST Solis
sl oo b 5 Sajlen b ys ole plld el Sy
Sole Gyl by Uite jadets 6l (S opl Sl dies
Schatzel and Stewart, ) ssi s esleul 50 S

2 o8 (Goldschmidt, 1933a) cailuS (2012

4ol
23 ek et s 3 gy ) Kad e Osbe oy e
I 533,050 305 a0 fia ST 158 F0 39> s
35S adles agy o 5855 o b sl g Sl
S 5 ol Al s g e e 053 Ol
TS s a4 3l S ole bl I S o o
Eu, Gd, Tb, Py )°®L . ¢ «(La, Ce, Pr, Nd and Sm)

1. XRF 2. ICP-MS 3. REE 4. LREE 5. MREE

aminzadeh85@gmail.com : L3S Jsiwes

6. HREE

DOI: https://doi.org/10.22067/econg.v11i2.68357



ooy pmal 5 (2 dlo e ryy

O (6 s kS PO o i Aol 5 LS VYO
=) JS) 655 0 Ol IS5 Slgny 53 (b Ola
Dl g e s (6 o s LS 90 o 15 sl 3 5 (A
230 VL g 5 LB JS) Cledi il e
O3ty oS b (SLa 53 0586 G0l 53 K dle
Ol ) GLacKiwde) 53 ol S jwlie ) p s o s
P ST USSPt SR NE UM PN TR
e P S S S Bdme )3 4ok S Lol

]

SPT (e — g il (b

ol GJAJ:»)J;J\}A?O Cawg b b sl o) >
Wl oldgdly b (o f s 5 g S AS Y B A
Sloe 5 0T o 5 o SN (5358 035 105 0l St 3
it 115 el 5 ke sl OLL O 358
lresss il b 5le) s cnl 53 6olsT Slsmy Sl slodas
o=l .(Pazand, 2015) Cowl odal Cowsas ol iosl (63 55
3 dS e b b 5l diash Ju8 Lo 5 55 Sl
3 b 055 (BY ) Sl oy s 5L
—e YL Pl Ol Jld o s sladlsS
FRPEEE XU PO PP NG PRE R S RC S TS
5 S (Siaile ot (a5 o g) (il g
s o 53 Ko gty ol ey o i (Ol S
5 iR 55 5l g ol laeSndle dilos S
(Yazdi, 2009) s 5,08 5595 5 O, O, A &
¥ gl b ladle g 5 ediolisST $SawdE 0,53
o35 opl Sl Jidw () Jgder) Sl ol 55T 5 o5 5)lhas
ol g (L) — (el e Glaadfe bl
Voo g e e 5 e g Al cong  Slapl 4 Ll
(s 5 o) Jo—Sa 8 (g 50 olul 4 S5 ailota
(Sl (013 K LIS 05,008 ) 5208 (gdge oS
o oLl b HIsdle ;o) 55 sble 5 Of jbas

Kndle; sladsises 3 530 S obe SERCIINS
lgeay Swdle ) 5Ls5 das 4 0lej OT 1. Coal o3lsplon
a5 2L S ol S 500 S e e 51 (S
sl 55 sla S rs sl ladle js.oul 4 )1 5
LeT oluasl oUls 5 Kiwdle) s oL SLs wsle
Seredin, 1996; Rantitsch et ) <ol 4 3 )1 5 4> 53 50

.@al., 2003; Fu et al., 2010; Seredin and Dai, 2012
ol s LT eslimal Jdsa j3b S ol gl Lol
s oodls slaly T dlags Sl s os 5l (saanblS”
>l SlesT . (Hower et al., 2016) cul 2l 58l as o)
5 oo b plasd 85 Gl el 5 (SS Olgen jole
ol Cmal lyls Ko sladnig O anill amu b
Eskenazy, 1987; Kortenski and Bakardjiev, 1993;)

Van der Flier-Keller, 1993; Hower et al., 1999;
.(Dai et al., 2015

o rdlacd 5 Jls 0B s Kndles slasig O1nl 3
G Ao Ve dalas (gas Lol 5 oS O e
ColiS| (gl ol s sla B 5LS L alel =¥
CaiS o ge 5 SLETVWWFO L 1 b 4t s Sl
g Sl ol g ol 55 (S b Sl e
o S5 s e 0T 51 (A oS b JlsJe
Wl 3 851,807 3 8 5 (655 0 01l 53 0355 g0 03 0l
23 ek et s 53 gy ) S O3las o S e
Il 533,050 505 a0 ia ST 5158 F0 39 s
35S adle acg o 5855 b sl ag Sl
S 55 o Al s gk o e 05 Ol
sl gy L bl S| S s e
Vg o 08 5 Lo g ailate 53 odbiplonl Sla o)
SBLLST g a5 Ul 43§ 0 VWFF L s 0l )
o 5 Sols gy (oS s T ilate ol dplo]
il ol (Golzar, 2007) Cul o5 O koo Y94 K i
o s OFCYEIYE L5 02O Y YA LUl s Js b L

Jolae gawsy L s VYO0 FY" PP s v LU0 e



e S e ane 53 500 (S 5 ol polie pleandisd) slaSg

OYAA JL) ¥ o)less V) ol

Yy
A B
&
T o
QY ’ :
- 0 Turkmenistan N ; N
CASPIAN SEA &
/ B
£ W
//ﬂ. & 34°
:‘;,
Central Iran Khur
i "X Dehuk
s Yazd Block
gl & \
g & Kouchek-Al
Rl = - oL Lut Block
E i/ - Nayband
‘= { | Tabas Block P
8 PN i8
Z £\ Kuhbanan :;' 2
[ =
ig
=0
Y, 4 Accretionary i {¢(
Complex iz %
<
50y o
| Sanandaj-Sirjan Zone Urumiyeh-Dokhtar South
-Magmatic Arc = Kouchek-Ali N
O -"-, '
Rafsanjan %
56° 5e° ___J0km

OhESen g mmalyg 51 Ol 1 oy (292 o —SzsS S ]le) pane ldlazr Cuxdes By ogir e -SaS Sl one
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Fig. 1. A: General tectonic map of Iran (modified after Stocklin, 1968; Alavi et al., 1997) and location of the South
Kouchek-Ali coal mine, and B: Geographic location of the South Kouchek-Ali coal mine (modified after Wilmsen et

al., 2010)
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Table 1. The amount of coal reserves in the Tabas Coal field (Golzar, 2007)

‘million tonnesy _ YPe ofcoal Mine
1100 Coke Parvadeh
250 Coke Nayband
650 Thermal Mazino
400 Thermal Kamar Mahdi
360 Thermal South Kouchek-Ali
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Fig. 2. Geological map of the South Kouchek-Ali (modified after Aghanabati and Haghipour, 1978)
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Fig. 3. Stratigraphic column of Hojedk Formation and location of their coal bearing horizons in Kouchek-Ali region

(Ameri et al., 2013)
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Table 2. Concentrations of ash, convection, moisture, volatile organic compounds and major element oxides in samples
from the South Kouchek-Ali Coal Mine (%)

Sample Ki K> Ks K4 Ks Ks K7 Ks
Litology  nY Col conl (RYCRYcn Ry (Y
Depth(m)  196.5 285 321.5 337 188.5 61 374.5 245

Ash 13.74 28.58 44.52 22.65 40.5 21.68  50.09 24.87
Convection 507, 5762 4244 6435 4417 5555 3474 6037

(Cal/g)

Moisture 1.8 0.9 0.9 0.4 1.2 1.8 0.2 0.6

V&C)s 12 8.8 7.1 7.1 9.3 12.4 7.5 8.3

S 1.36 1.37 3.43 2.27 1.36 111 2.39 1.68
N 0.9 nd 0.5 0.8 0.2 0.9 0.6 0.7
C 53 51 41 58 44.5 65.5 43 59
H 3.4 3.1 2.5 3.2 2.5 3.4 2.2 3.2
cl 0.53 0.36 0.14 0.15 0.48 0.85 0.42 0.36
Si0; 4.62 8.56 19.94 8.02 17 8.96 24.17 9.8
TiO: 0.13 0.19 0.58 0.2 0.42 0.23 0.57 0.34
ALO3 3.28 5.64 12.74 5.54 10.93 5.29 14.43 6.08
Fe:03 1.42 6.65 423 3.08 5.09 2.07 3.96 2.85
Ca0 0.35 1.01 0.2 0.26 0.4 0.11 0.36 0.26
K:0 0.27 0.84 2.35 0.81 1.96 1 2.75 0.91
P20s <0.0001  <0.0001 0.0001 <0.0001 <0.0001  <0.0001  0.0001  <0.0001
SO; 3.13 5.16 4.61 4.59 423 3.18 4.25 427

\. LREE/HREE
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Table 3. Correlation coefficient between Oxides, REE and ash in samples from the South Kouchek-Ali Mine

Oxide SiO: TiO: ALO3  Fe:03 CaO [ €10) SO3 Ash REE
SiO: 1
TiO: 0.92 1
AlLO3 0.99 0.92 1
Fe203 0.14 0.08 -0.16 1
CaO 0.02 0.06- 0.01 0.57- 1
K20 0.99 0.91 0.98 0.14 0.02 1
SO3 -0.09 0.08 0.11- 0.69 0.33 0.08- 1
Ash 0.95 0.87 0.96 0.30 0.0006 0.95 0.21 1
REE 0.65 0.76 0.66 0.01 -0.38 0.6 0.001 0.51 1
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Fig. 4. Correlation diagrams between SiO», Al,Os, TiO,, K;0, Fe;O3 in samples from the South Kouchek-Ali Mine
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Table 4. Rare earth elements in the South Kouchek-Ali Coal Mine (ppm)

Sample Ki K> Ks K4 Ks Ks K7 Ks
Vs G cl G Gt G o G
Ash 13.74 28.58 44.52 22.65 40.5 21.68 50.09 24.87
La 19.9 10.8 31.7 22.1 29 21.8 30.4 24.5
Ce 39 22.9 63.3 42.4 56.02 43.5 61.2 47.7
Pr 4.40 2.73 7.17 4.86 6.18 4.89 6.49 5.35
Nd 17.8 10.7 26.1 18.1 22.7 17.4 25.2 19.9
Sm 3.31 291 4.68 3.57 4.75 3.05 5.14 3.89
Eu 0.74 0.66 0.59 0.71 0.97 0.64 1.09 0.85
Gd 2.95 2.42 3.95 2.91 3.29 2.65 3.43 3.43
Tb 0.50 0.42 0.65 0.54 0.54 0.35 0.57 0.54
Dy 2.65 2.07 3.80 2.96 3.27 2.16 3.36 2.98
Ho 0.58 0.45 0.77 0.64 0.70 0.47 0.78 0.71
Er 1.52 1.26 2.38 1.74 2.09 1.41 2.13 2.03
Tm 0.30 0.17 0.39 0.30 0.29 0.23 0.36 0.28
Yb 1.68 1.19 2.28 1.99 1.98 1.41 2.38 1.86
Lu 0.29 0.16 0.37 0.29 0.36 0.20 0.35 0.29
Y 14.5 10.7 19.7 15.7 17.8 12.9 19.9 16.6
YREE 110.12 69.54  168.19 118.81 150.12 113.06 162.78 13091
YLREE 84.41 50.04  132.95 91.03 118.83 90.64 128.43 101.34
YMREE 21.34 16.27 29.05 22.82 25.87 18.7 28.35 24.4

XHREE 4.37 3.23 6.19 4.96 542 3.72 6 5.17
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Table 5. Comparison of the average concentration of rare earth elements in coals from South Kouchek-Ali mine with
world, US, Redang Island and Chinese coals (Data of world, US, and Chinese coals are from Ketris and Yudovich,
2009)( Data of Redang Island coals is from Antonina et al., 2013) (ppm)

Redan
clement  WOrld  USA NOUE Ching  Coals from
coal coal study area
La 11 12 16.30 26 21.4
Ce 23 21 24.50 49 43.2
Pr 3.5 2.4 4.30 5.5 4.93
Nd 12 9.5 12.80 22 18.06
Sm 2 1.7 4.20 4.3 3.54
Eu 0.47 0.4 3.39 0.9 0.63
Gd 2.7 1.8 2.47 3.7 3
Th 0.32 0.3 0.65 0.7 0.47
Dy 2.1 1.9 1.54 3.1 2.67
Ho 0.54 0.35 0.59 0.7 0.56
Er 0.93 1 1.04 1.9 1.6
Tm 0.31 0.15 0.42 0.27 0.26
Yb 1 0.95 1.20 2.1 1.6
Lu 0.2 0.14 0.66 0.3 0.24
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Fig. 6. NASC (North American Shale Composite)-normalized REE patterns of the South kouchek-Ali Coal Mine
samples. A: Coaly shales, and B: Coal
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Table 6. Concentrations of minor and trace elements in samples from the South Kouchek-Ali Coal Mine (ppm)

Sample Ki K: K3 K4 Ks K K7 Ks
. Coal Coal Coal Coal Coal
Lithology shalz Coal Coal shalz shalz Coal shalz shalz
Sr 112.5 52.2 103.5 81.9 72 51 71.8 81
Ba 131 88.9 298 153 231 222 259 193
Nb 5.8 2.7 10 5.9 8.1 8.1 9.2 8.1
Ce 39 22.9 63.3 42.4 56.2 43.5 61.2 47.7
Zr 79 44 118 98 109 78 111 94
Rb 60.5 32.3 120.5 69.9 123.5 89.3 110.5 85.1
\% 74 53 119 84 109 93 111 101
Cr 50 30 70 60 80 70 80 70

W 1 12 1 1 1 1 2 2
Th 8.16 5.05 12.85 10.6 11.95 8.14 12.4 9.96
U 1.63 0.85 2.49 2.35 2.27 1.51 2.17 1.98

Y 14.5 10.7 19.7 15.7 17.8 12.9 19.9 16.6
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Table 7. Comparison of the average concentration of some trace and rare earth elements in coal and coaly Shale from
South Kouchek-Ali Mine with USA and Chinese coals and Clarke (Composition of the Continental Crust) (ppm), (Data

of USA, and Chinese coals are from Ren et al., 1999)

South Kouchek- Ali

(Clarke) USA  China Mine
Element Coal
Coal oa'y Coal
shale
Sr 130 130 175.96 83.84 68.9
Ba 130 170 169.1 193.4 202.96
Nb 4.7 9.5 22.06 7.42 6.93
Ce 11.5 21 49.8 49.3 43.23
Zr 41 27 246.75 98.2 80
Rb 16 21 20.68 89.9 80.7
A" 25 22 94.11 95.5 88.33
Cr 10 15 34.87 68 56.66
A% 6 1 2.35 1.4 4.66
Th 6.3 3.2 6.9 10.61 8.68
U 3 2.1 7.52 2.08 1.61
Y 0.3 0.95 1.78 16.9 14.43
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Table 8. Comparison of the average concentration of oxides in South Kouchek-Ali Mine with Clarke (Composition of
the Continental Crust) (Goldschmidt, 1933b) (%)

1;1?32: study area Clarke
SiO: 12.63 62.22
TiO: 0.33 0.83
AlLO3 7.99 16.63
Fe203 3.66 6.99
CaO 0.36 3.23

K>O 1.36 4.13
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Introduction

The rare earth elements (REEs) are classified into
light (La, Ce, Pr, Nd, and Sm), medium (Eu, Gd,
Tb, Dy, and Y), and heavy (Ho, Er, Tm, Yb, and
Lu) groups (Seredin and Dai, 2012). Goldschmidt
(1933) was the first to study the REEs in coal in
some detail. In recent years, REEs in coal have
received much more attention owing to their
stable geochemical characteristics and potential
economic value (Seredin, 1996; Seredin and Dai,
2012; Rantitsch et al., 2003; Fu et. al., 2010). Coal
deposits have since become an important
alternative source for REEs (Seredin and Dai,
2012; Hower et al., 2016), However, unusual REE
anomalies in coal basins have not attracted special
attention, because it seems that there are sufficient
resources of these metals in conventional deposits
(e.g.,  carbonatites, alkaline  granites,  and
weathering crusts) ( Seredin and Dai, 2012). The
aim of this study is to assess REE content in the
South Kouchek -Ali coal mine, located in the
Central Iran Coal Basin, about 65 km southwest
of the city of Tabas.

Materials and methods

Samples were collected from the South Kouchek-
Ali coal mine that includes 3 coal samples, five
coaly shales. The samples were analyzed by X-ray
fluorescence spectrometry (XRF) for major
elements. REEs were analyzed by inductively
coupled plasma mass spectrometry (ICP-MS).

Results
The concentration of rare earth elements of the
South Kouchek-Ali coal mine may have resulted

in background rare earth elements in the primary
mineral matter. The concentration of rare earth
elements of south kouchek -Ali coal mine has
been determined, and the range of these elements
in representive studied samples is compared with
the worldwide, Chinese and USA coals. Rare
carth elements show positive correlation with
major elements, indicating that these elements are
mainly associated with clay mineral. Positive
correlations of Y REEs with AlLO; SiO,, and
TiO2 suggest that the REEs are mainly derived
from detrital sources and occur dominantly in
kaolinite and illite. The concentrations of Y REEs
in representative samples range from 69.54 to
113.06 ppm with an average value of 127.94 ppm,
higher than the average Y REE content of the USA
(53.59 ppm) (Finkelman, 1993) and worldwide
coals (68ppm) (Yudovich and Ketris, 2006), but
lower than that of average Chinese coals (162.51
ppm) (Dai et. al., 2008). The abundance of light
rare earth elements is higher relative to heavy rare
carth elements. Light rare earth elements may
have resulted in high background LREEs in
primary mineral matter.

Discussion

The South Kouchek-Ali coal mine occurs in the
Middle Jurassic Hojedk Formation, and is located
in the western part of the Tabas coalfield. The
Hojedk Formation mainly consists of shale,
sandstone and carbonate rocks. The concentration
of rare earth elements of the South Kouchek-Ali
coal mine has been determined, and the range of
these elements in coal samples studied is
compared with the worldwide types of coal. The
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Ozbak-Kuh granites have been identified at the
north of the Tabas Coal Basin, and Narigan,
Zarigan, Chadormalou, and Saghand granites have
been identified in the west of the Tabas Basin.
During the accumulation of coal-bearing
formations, the supply of terrigenous materials
originated from here (Pazand, 2015).
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