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LEGEND

LOWER JURASSIC

RAVAZELLS.

Jlry

Alemating layers of green fine to rare medium-grained sandstone and siltstone. Sandstone prevail in
the lower part of suite. Remnates of well-preserved THIGONIA zre characteristic for this suite. The
thickness of the suitc s about 300 m ta 500 m,

PASHIKALAT S.

J1 Psh

Alternation of sandstone, siltstone with rare thin (up 10 0.5m) intercalation of argillite, coal and gritstone.
Sandstone prevail over siltstone in the lower and middle parts of suite. Section including up to 21 coal
seams and sheds which szam p10 bas workable thickness, and seams pl6. p15 and p3 with unworkable
| thicknesses spreading o part of area. The thickness of suite vary from 200 m 0 400 m.

ASSIAB S,

J1 as

Alternation of equigranuler sandstone, siltstone wirh rare intercalations of argillite and carbonaceous
rocks. Sandstone preveil over the whole section of the suite. The presence of coarse - grained quartz
sandstone with Jenses of gritstone and inclusions of silistone pebbles are characteristic for e lower
part of the suite there are § coal seams with unworksble thickness. Thickness of this suite vary 250 10
400m.

UPPER TRIASSIC

KALARIZ S.

| Altenation of sandstone, siltstone and argillite with intercalation of coal lenses and layers.
Remnates of well-preserved FAUNA are characteristic for lower part of the suite. The light-
coloured quarzitic sandstone is developed in the base, This suite containe up to 28 coal seams and
] shied, which concentrated mainly in the middle part of the suite. The 13 coal layers (K25, k23, k21,
K20, k19, k14, kI3, k12, k10, k9, k8, k6. k5) in the middle part have workable thickness. The
average thickness of this suite is 338 m.

RAZMJAS.

Alternating layers of green to greenish- gray. fine - grained quanz sendstone and siltstone.
Remnaes of well-preserved THIGONIA istic for this suite. The thickness is from 404
w000 m,

SYMBOLS

@ Llevation in meters

Horizon marker of sandstone
®  Tunncldoor

— Gritstone
1ip of beds

30
AF An Suuctural section
——  Coal scams
> Sample Location
——  Minarfault (XRD. XRT. ICP-MS)
T 05 : Petcography
——  Major faulc G 07 : Lito- geachemistry
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Sample UTM Lithology
latitude Longitude

G-3 4033375 269039 Shale
G-8 4032485 269635 Shale
G-14 4032850 268877 Shale
G-18 4032850 268877 Shale
G-23 4033315 269390 Shale
G-26 4033315 269390 Shale
G-2 4033357 269059 Sandstone
G-6 4033138 269508 Sandstone
G-9 4032485 269635 Sandstone
G-15 4032850 268877 Sandstone
G-29 4031869 268851 Sandstone

g ICP-OES o9, 4 dalllas 550 aslaio (sla fois g locSimanls ;8 (G55 0o s ) 00l (5 pSojlil (sloauST gl 8 (V-Y) Jgo

ICP-MS
Sandstone Shale

sample G-2 G-6 G-9 G-15 G29 G-3 G-8 G-14 G-18 G-23 G-26 NASC]]
SiO, 72.84 64.58 69.55 54.48 71.98 59.87 64.17 56.89 68.34 59.47 65.19 64.80
ALO; 13.40 13.95 18.97 27.11 14.71 19.27 18.58 27.92 19.44 21.09 18.39 16.90
Fe;0; 5.67 8.13 3.04 6.07 5.52 9.31 7.75 3.76 2.77 6.90 3.92 5.65
TiO, 2.99 3.99 3.86 5.22 2.89 3.96 3.75 5.51 491 5.88 6.59 0.70
K,O 1.59 1.68 2.26 4.03 1.53 2.94 2.45 3.27 2.86 3.25 3.36 3.97
MgO 1.83 2.99 1.21 2.44 1.49 2.79 1.63 1.93 1.22 2.75 2.05 2.86
Na,O 1.25 1.53 0.38 0.50 1.37 1.17 0.90 0.55 0.35 0.55 0.43 1.14
Ca0O 0.26 2.80 0.54 0.03 0.32 0.40 0.46 0.08 0.04 0.02 0.03 3.63
P,0s 0.12 0.17 0.17 0.06 0.12 0.18 0.13 0.06 0.05 0.02 0.02 0.13
MnO 0.05 0.15 0.009 0.04 0.06 0.09 0.15 0.01 0.008 0.05 0.02 0.06
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Discrimination Function 1: -(1.773 * TiO;) + (0.607 * AL,O3) + (0.76 * Fe,O3) — (1.5 *
MgO) + (0.616 * CaO) + (0.509 * Na,O) — (1.224 * K,0) - 9.09

Discrimination Function 2: (0.445 * TiO,) + (0.07 * ALO;) — (0.25 * Fe,O3) — (1.142 *
MgO) + (0.438 * CaO) + (1.457 * Na,O) + (1.426 * K,0) — 6.861
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sandstone Shale
Sampl uc!
G-2 G-6 G-9 G-15 G29 G-3 G-8 G-14 G-18 G-23 G-26

Ba 244 247 376 588 201 448 387 460 379 475 516 570
Be 1.08 1.29 2.31 3.85 1.49 2.16 2.17 4.15 3.95 2.78 2.83 3.20
Bi 0.08 0.08 0.40 0.45 0.26 0.21 0.22 0.60 0.12 0.24 0.26 0.05
Cd 0.08 0.13 0.15 0.28 0.13 0.15 0.16 0.18 0.20 0.10 0.19 0.10
Co 8.89 16.9 5.81 18.8 17.3 20.6 15.9 16.8 7.78 13.0 8.29 10
Cu 70.6 147 70.7 66.2 45.8 46.2 45.2 57.6 11.9 35.2 23.6 39
Cr 145 228 130 178 86.6 220 114 176 104 262 215 35
Li 41.1 30.9 149 133 34.2 74.1 42.6 373 117 94.1 68.7 23
Mo 0.08 0.08 0.69 0.24 0.08 0.08 0.08 0.58 0.08 0.08 0.08 1.60
Nb 9.90 15.5 15.5 22.2 12.9 143 14.5 249 22.1 27.6 33.8 15
Ni 52.8 103 33.2 78.0 435 124 51.5 72.0 41.4 87.7 47.3 55
Pb 7.52 10.5 29.3 233 209 18.7 27.2 32.6 17.8 17.8 222 17
Rb 46.0 49.8 108 167 64.5 91.8 95.7 181 139 133 140 110
Sb 0.18 0.25 0.60 0.55 0.82 0.21 0.25 0.70 0.39 0.39 0.35 0.20
Sc 7.17 8.98 21.3 20.6 9.76 13.8 123 25.6 14.9 17.0 16.9 14
Sn 2.09 2.60 3.95 5.09 3.70 3.04 3.57 5.98 4.43 4.18 5.31 3.30
Sr 84.4 109 259 120 92.4 112 129 118 114 70.5 66.5 350
Th 8.16 10.1 14.6 17.0 11.6 13.0 13.6 18.5 144 143 14.0 11
Ti 4204 5610 5428 7334 4056 5566 5267 7736 6901 8261 9251 3600
U 1.37 2.19 3.91 4.17 2.29 2.48 2.67 5.02 3.20 3.11 3.50 2.80
\% 91.1 104 169 185 97.2 156 131 202 139 164 165 140
W 1.09 1.61 1.10 2.10 1.87 1.15 1.65 2.13 1.80 1.81 2.44 1.30
Y 9.42 15.5 209 23.5 184 14.6 17.6 25.0 18.8 11.8 15.0 22
Zn 83.5 85.9 314 108 65.4 131 91.9 56.7 28.2 78.2 51.3 67
Zr 169 177 276 361 223 276 264 453 264 320 340 240

reng of sedimentary (cullers,
Element ratio 1994)
Shale felsic rock mafic rock ucCcC NASC|[74]"
Th/Sc 0.87 0.84-20.5 0.05-0.22 0.79 0.79
Th/Co 1.07 0.67-19.4 0.04-1 0.63 1.10
La/Sc 2.46 2.5-16.3 0.43-0.86 221 2.29
Th/Cr 0.08 0.13-2.7 0.018-0.046 0.13 0.31
Cr/Th 12.39 4-15.0 25-500 7.76 3.18
La/Co 3.01 1.8-13.8 0.14-0.38 1.76 3.20

': Taylor and McLennan, 1985
2, Gromet, 1984
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Gl eyl b (5:lae 5 aily oo anlllan 3 )90 (gladiges )0 (uSins & S (S 0L yolie
shls e 5 a4 a5 (GA/YD)N § La/Sm)N (La/Yb)N ,las « i g Scwawle gl oo acloe
|, S S ol yolie Sus 28 5 anlse Ve Ve AT 5 V/B+ o VY /PP olis
IVV] oiprnds ol (BT J3a2) dilesiso ol aslllas 3,90 (sladises ;3 aSims & o
Lodsgel dad ;o 0db oo i BB REE sl L-type, M-type, H-type Sob g€ gg5 4w
Cwd 4y (gl alily o adlllas 550 sladigai ;o REE o4 L-type ,Slis a5 wisg Lu/Lu > 1
o s 5505 s3lizul Cen/Cen* 5 Bun/Eun® b Jge,3 51 olsi e Ce 5 BU slacs lrigel 5051
S ol e Y F L5 VAY o Y/ F L5 VAY () logel )l e 3 ass o,5b slacSiwanls
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o)y s g Swails sladiges S ol yolic (0-Y) Jgu

Sandstone Shale
S ucc
G-2 G-6 G-9 G-15 G29 G-3 G-8 G-14 G-18 G-23 G-26
La 26.4 354 40.2 459 31.0 37.6 39.9 47.6 43.4 41.5 37.7 30.0
Ce 51.9 67.0 79.7 99.0 62.0 74.4 80.5 98.8 86.0 82.3 72.7 64.0
Pr 5.83 7.13 8.21 10.6 6.88 7.94 8.78 10.8 9.18 8.88 7.78 7.1
Nd 19.5 271 30.8 40.8 259 29.8 32.6 40.5 34.1 33.7 29.1 26.0
Sm 3.52 4.98 5.63 7.58 4.89 5.60 6.08 7.20 5.25 5.26 4.74 4.5
Eu 0.82 1.11 1.24 1.70 0.93 1.21 1.25 1.49 1.07 1.14 0.98 0.9
Gd 2.98 4.57 5.01 6.79 4.67 4.68 527 6.29 4.27 4.03 3.74 3.8
Tb 0.39 0.63 0.71 0.89 0.68 0.62 0.70 0.90 0.55 0.53 0.49 0.6
Dy 1.95 3.06 3.86 4.87 3.79 3.07 3.56 5.04 3.22 2.69 2.89 3.5
Ho 0.36 0.58 0.84 0.99 0.75 0.62 0.71 1.18 0.75 0.56 0.58 0.8
Er 0.99 1.50 2.36 2.93 2.16 1.80 1.96 3.33 220 1.58 1.79 2.3
Tm 0.17 0.27 0.41 0.49 0.36 0.28 0.35 0.59 0.40 0.27 0.33 0.3
Yb 1.02 1.48 2.53 3.13 222 1.82 2.12 3.69 2.63 1.91 2.37 22
Lu 0.14 0.20 0.34 0.44 0.30 0.25 0.29 0.49 0.38 0.30 0.36 0.3
LREE 107.2 141.6 164.6 203.9 130.7 1553 167.9 204.8 178.0 171.6 152.0 131.6
HREE 8.8 134 173 22.2 15.9 144 16.2 23.0 155 13.0 13.5 14.8
REE 116.0 155.0 181.9 226.1 146.5 169.7 184.1 227.8 193.5 184.7 165.6 146.4

LREE(La-Eu): o SG b yobe  HREE(GA-Lu): cpfiw SG ol ol

Yo



Ol S (o gh — pow Juad

90
80
70
60
50

40
3
1
0 lI ..__-_-_—_._--__

Pr- Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

M sandstone M shale

o © o
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sample | (La/Lu)y (La/Sm)y  (Gd/Lu)y Eu/Eu* Ce/Ce*
G-2 1.96 113 1.75 1.98 225
G-6 1.89 1.07 1.92 2.03 228
G-9 1.26 1.07 1.24 2.04 2.44
G-15 1.11 0.91 1.30 2.17 2.77
G29 1.10 0.95 1.30 1.81 2.36
G-3 1.60 1.01 1.57 1.98 241
G-8 1.49 0.99 1.55 1.93 251
G-14 1.04 0.99 1.08 2.04 2.71
G-18 1.22 1.24 0.95 1.83 2.50
G-23 1.50 1.18 1.14 1.93 248
G-26 1.12 1.19 0.88 1.83 235

LREE(La-Eu): s S o6 ole  HREE(Gd-Lu): Ko S 06 ,ole
EuN/EuN*= EuN/(0.067SmN+0.33 TbN). CeN/CeN*= CeN/(0.5LaN+0.5PrN).
GdN/GdN*= GdN/(0.33SmN+0.67TbN). N=sample/UCC
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A Cad 3o WS Y Sw e sladiges (Y-F JSC0) W6)lo 00,578 anST ds 4y Gl (6 55eS
30 9SGl yiin Sab 28 oo gl P20s g FerO3, Ca0, NaxO slaansT o oSy Y
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smaple SiO, Alz? Ca0 Fe,0; K0 MgO MnO  Na0O P,0; TiO,
G-13 34.58 18.67 9.41 21.04 1.22 2.26 0.08 0.21 0.96 0.83
G-17 32.36 18.60 0.86 44.34 1.01 0.43 0.01 0.65 0.44 0.84
G-24 56.37 26.41 0.50 7.01 4.16 2.79 0.07 0.43 0.05 1.72
G-33 59.38 26.38 0.56 5.62 3.64 2.03 0.03 0.36 0.09 1.24
G-1 55.07 26.63 0.51 9.52 4.59 1.31 0.00 0.45 0.14 1.45
G4 62.30 22.62 0.43 5.92 3.24 3.07 0.04 0.37 0.08 1.55
G-11 58.28 29.59 0.18 3.92 4.44 1.64 0.00 0.40 0.08 1.17
G-16 57.47 29.21 0.12 4.65 4.33 2.22 0.03 0.38 0.08 1.16
AV((Z;;?’, 66.23 20.29 0.08 5.17 3.54 2.56 0.05 0.39 0.03 1.49
Av coal 45.67 22.51 2.83 19.50 2.51 1.88 0.05 0.41 0.39 1.16
b:;:—ig;zlgale 58.28 27.01 0.31 6.00 4.15 2.06 0.04 0.40 0.10 1.33
w:i;:l* 8.47 5.98 1.23 4.85 0.19 0.22 0.02 0.16 0.10 0.33
ce 5.39 3.76 2.30 4.02 13'02 8.54 3.20 2.59 4.06 3.51
*Ketris and Yadovich, 2009[14].
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. Argillace

sample Coal Coal bearing shale AV(GI_ .
G-13 G-17 G-24 G-33 G-1 G4 G-11 G-16 23,26)

As 1333 1333 19.8 26.2 33 46.1 17.1 9.8 11.55
Ba 486 701 681 573 594 536 625 554 523
Be 22.8 86.6 20.2 9.6 11.7 9 123 9.1 5.65
Bi 0.7 0.6 0.9 0.7 0.8 0.5 0.7 0.8 0.45
Co 34.7 80.8 50 26.9 133 31.8 13.2 24.6 18.2
Cr 188 199 357 123 236 254 102 113 170.5
Cs 6.5 4.5 16.3 12.1 14.7 11 18.1 16.4 10.95
Cu 178 176 151 82 113 73 94 86 49.5
Hf 7.81 7.79 4.16 2.55 2.49 2.69 2.87 1.92 1.815
Li 227 109 115 200 50 114 281 196 92.5
Mo 12.6 10.2 5.1 2.8 2.5 0.6 2.4 0.6 0.0875
Nb 34.8 395 32.6 24 26.4 27.2 20.6 12 17.05
Ni 131 560 197 85 171 161 79 86 97
Pb 108 209 47 41 42 31 36 24 22
Rb 59 49 187 148 181 138 205 197 139
Sb 19.8 14.1 9 29 3.1 39 5.9 4 1.85
Sc 46.6 236.6 394 21.7 24 23 19.9 19.2 17.85
Se 4.46 11.69 4.77 2.42 2.69 1.9 2.06 1.33 1.37
Sn 3.6 32 49 4.2 4.4 4 4.4 3.7 3.1
Sr 638.7 645.9 338.6 162.5 175.9 119 136 157.2 74.8
Ta 1.01 1.14 217 1.57 1.66 1.61 1.47 0.71 1.03
Th 13.48 19.91 18.23 13.66 14.69 12.28 12.07 14.44 10.88
Tl 3.59 11.06 0.82 1.32 1.15 0.97 1.53 1.29 0.74
U 8.2 10.1 10.6 35 49 44 2.4 2.6 1.95
\% 351 261 232 177 201 182 207 159 130.5
W 49 7.5 39 29 29 2.3 22 13 1.65
Zn 133 114 130 134 99 124 93 139 71.5
r 290 314 87 71 67 69 93 51 385
Cd 1 1.6 0.3 0.4 0.5 0.5 0.3 0.3 0.15
In 0.375 0.375 0.375 0.375 0.375 0.375 0.375 0.375 0.375
P 3662 1575 150 296 340 226 211 272 68

AN
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Element Crazareh ayortd cc Chinese cc UCH** cc
As 78.2 8.3 32 38 20.62 1.60 48.84
Ba 6103 150.0 38 159.0 384 570.00 1.07
Be 348 2.0 53 2.1 16.49 3.20 10.88
Bi 0.7 11 0.6 0.8 0.92 0.05 13.43
Co 48.1 6.0 35 7.1 6.79 17.00 2.83
cr 2168 17.0 10.4 154 14.07 69.00 314
Cs 9.9 11 13.7 11 8.72 nd nd
Cu 146.8 16.0 5.7 175 8.39 39.00 3.76
Hf 56 12 21 37 150 nd nd
Li 162.8 14.0 114 318 5.12 23.00 7.08
Mo 7.7 21 0.7 3.08 2.49 1.60 4.80
Nb 327 4.0 54 9.4 347 15.00 2.18
Ni 2433 17.0 73 13.7 17.76 55.00 442
Pb 101.3 9.0 37 15.1 6.71 17.00 5.96
Rb 1108 18.0 10.0 9.3 11.97 110.00 101
Sb 115 10 42 0.8 13.63 0.20 57.25
Se 86.1 37 58 438 19.65 14.00 6.15
Se 58 13 15 21 277 0.14 41.68
Sn 4.0 14 29 211 188 3.30 120
Sr 446.4 100.0 15 140.0 3.19 350.00 1.28
Ta 1.5 0.3 45 0.6 238 nd nd
Th 16.3 32 42 58 2.79 11.00 148
T 42 0.6 21 0.47 8.93 nd nd
U 8.1 19 19 24 333 2.80 2.89
% 2553 28.0 6.7 351 727 140.00 1.82
w 48 10 22 11 444 130 3.69
n 127.8 28.0 41 414 3.09 67.00 191
Zr 190.5 360 19 89.5 2.13 170.00 112
cd 0. 0.2 2.0 03 3.30 0.10 8.25
In 0.4 0.0 9.4 0.047 7.98 nd nd
P 14208 2500 10 nd nd 860.00 165

*Ketris and Yadovich, 2009 [99]. **Dai et al, 2012 [111]. *** McDonough and Sun, 1985 [72].

CC: concentrationcoff
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Je; amb b3yl e 5 JU5 b ( S JIE5 sladiges 10 95250 (S 50l polie polie
F ol Kiw JLi 5 sloar¥ 5| oliands; Slllae (sl sl o0 @] F-F Jouz 1o 05k o
S peizmed 5 (G-24) P10 agld Sty asly (G-13-14) 5 DS asly 5 ol L aiges

el 00 Cils s 03b ome B Siw ) a0 5l (G-33) aiged

oy o Sladiged 10 3990 (ppm)‘_;l&)als yobie polae (F-Y) Jgox

cample coal Coal bearing shale Argillaceo
G-13 G-17 G-24 G-33 G-1 G4 G-11 G-16 us shale
La 95 168 59 42 41 44 35 47 415
Ce 171 317 124 97 92 96 87 106 86.5
Pr 12.52 29.02 8.68 59 4.97 5.47 41 6.48 4505
Nd 56.2 114 46.2 347 324 33 277 36.4 28.05
Sm 10.36 22.82 9.75 632 629 6.15 4.83 6.79 45
Eu 2.79 6.56 2.66 1.54 173 1.53 118 1.65 1.035
Gd 11.13 27.14 9.43 56 6.18 534 428 5.97 3.755
Tb 1.84 4.64 1.52 0.71 0.92 0.74 0.55 0.76 0.455
Dy 10.33 26.89 8.97 423 535 433 324 427 2735
Er 4m 15.65 538 1.95 251 1.81 124 171 0.905
Tm 0.72 1.91 0.79 0.4 0.48 0.41 037 039 03
Yb 43 144 5.4 1.6 2.4 17 1 15 0.8
Lu 0.48 1.39 0.6 0.26 033 027 021 023 0.175
REE 381.38 749.42 282.38 202.21 196.56 200.75 170.7 219.15 175.215
Y 49.4 160.3 50.5 159 227 167 105 16.4 7.7

32635y il o 0508 g S Ol Saw e polae 4 G polie opl (Sab e ulye

oz slaXn e daa] e slen Jé; SN INY] oy jusS & s o V-F Jgu>
-y polie bl el oays 5wl A Jsas o [N o] lacKiw e 5 [V 1]
Sy oasY a4y s 05 (Siw Jij oY o (SB- 0l jolie polie oad S8 (S
Sas i aSY, Er,Dy ;olic 0 Logase ol oo plp 99 (Sad oé cu s slls S o]
So 3l S (Sabé a5 Ce, Projobie 52 4 950,15 Hase a4y S g wipo oo LA ) (2L

00l ;S Sab £f oo polae wlul il SO YL Sab pe S b elie 4k W)l

qy



oy o JUj (ouiigi — ok Jad

oz sl Xw e dacy jaiS @ cas o3k Sw ey sy o S ol polie polie
S L o (SaSE ap (YL AT s e LS (Sud st sad 4 Sl 5 er

050,555 gJ OQLM s Siw i boysb dilats ‘_,’i;...ulé)' sy 10 5950 (Ppm) L,’Sl> b polie polde duolio (V=) Jgox

G
Element CTOz;zla;th Abyek CC* Karmozd CC**
La 91.00 40.14 2.27 65.35 1.39
Ce 177.25 81.07 2.19 188.28 0.94
Pr 14.03 9.29 1.51 16.39 0.86
Nd 62.78 34.31 1.83 59.15 1.06
Sm 12.31 6.73 1.83 10.16 1.21
Eu 3.38 1.39 2.44 2.12 1.59
Gd 13.32 5.20 2.56 7.23 1.84
Th 2.17 0.77 2.82 1.34 1.62
Dy 12.60 4.13 3.05 6.07 2.08
Er 6.92 2.54 2.72 3.28 2.11
Tm 0.95 0.41 2.30 0.43 2.20
Yb 6.42 2.75 2.33 2.79 2.31
Lu 0.68 0.44 1.56 0.48 1.43
Y 69.02 21.05 3.28 23.67 2.92

* Tazareh Coal / Abyek Coal ~ **Tazareh Coal / Karmozd Coal

PPN 51 o5k (oxe S JLi) (slaaisas ;5 35230 (REE) SUs ol olie gams

Lyl s 50 e YNANO ppm L5 VY /Y ppm JLé; Ld sladiges YFA/FY ppm b Y- /Y)Y
o,k oo ;o S ol jolic gaomxme hwgin jlade (P-F Jgoz) WS o s YVO/Y) ppm
ppm) ooz slaSiw Jlé; S 4 (Y/YO ppm) ey ;0S4 Cand a5 ol oo ¥+ Y/AY ppm
[V ] Y16 ppm) LG 1ol slaKiw ey s VIV (VY ppm) (s sloiw Jle; [aal@ass
aslllas 0550 slodaises Y jaie (A-F Joom o #-F JS0) aoo oo olid |y, oYL Sob 2
maie Gl ail e £/ Y ppm lavwgis Jlade o VF /Y ppm B VO/A ppm gl 8 0 oS ol e
solie ggozme il e ATY) Gl gloSiw U & Coms (VL (Sud 28 ca o sl

Sl o) jlocie 4 sl sads ools lis V-F IS ;0 REY) Y paie b (S ol jolic lawgio
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e Sl Saw e ; SIS g ;a8 b o) 5l S 65 (ladiges 10 39290 (ppm) (SB- ol polic polis awslie (A-F) Jgo
I8 0l slocKaw S5 5 crz (sloSan e

La 91 0.24 7 1 8.27 225 404 | 1200 758
ce |72 0.61 2 23 7.71 46.7 380 | 2100 844
pr |1403 | 0.0 B 3.5 4.01 6.42 219 | 240 585
Nd 62'27 0.46 13467' 12 523 23 282 | 9.50 6.61
sm | 1231 0.15 82 2 6.16 4.07 302 | 170 724
Eu 3.38 0.06 63 0ar a9 0.84 402 | 040 845
Ga | 1332 0.2 66.9 27 4.93 4.65 286 | 1.80 740
Tb 2.17 0.04 54'52 032 678 0.62 350 | 030 723
Dy 12.6 0.25 5064 2.1 6.00 3.74 337 | 190  6.63
Er 6.92 0.16 B2 0o 74 1.79 387 | 100 692
Tm 0.95 0.02 4765 0.31 3.06 0.64 148 | 015 6.33
Yb 6.42 0.17 3767 1 6.42 2.08 3.09 | 095 6.76
Lu 0.68 0.02 ) 0.2 3.40 0.38 179 | 014 486
Y 69.02 1.57 ot 8.4 8.22 18.2 379 | 850 812

*McDonough and Sun,1995 [113]. ** Ketris and Yadovich, 2009[99]. *** Dai et al, 2012[111]. **** Finkelman, 1993

Cc: Concentration coefficent
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G-36 G-37 G-38
La 54 100 54 69
Ce 112 209 115 130
Pr 7 17.71 7.21 20
Nd 38.2 79.3 38 67
Sm 6.81 16.3 6.66 13
Eu 1.62 4.34 1.59 2.5
Gd 5.8 15.05 5.53 16
Tb 0.84 2.38 0.73 2.1
Dy 5.08 13.07 4.21 14
Er 242 7 1.76 5.5
Tm 0.48 0.94 0.42 2
Yb 23 6.6 2 6.2
Lu 0.31 0.68 0.25 1.2
Y 223 71.3 17.1 51
LREE 218.01 42231 220.87 299
MREE 13.34 34.84 12.06 34.6
HREE 27.81 86.52 21.53 65.9
REY 259.16 543.67 254.46 399.5
critical 70.46 177.39 63.39 142.1
uncritical 73.61 149.06 73.4 118
excessive 115.09 217.22 117.67 1394
out look 0.61 0.82 0.54 1.02
REO 383.56 804.63 376.60 591.26

*Ketris and Yadovich, 2009. REO: REY Oxides
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La 61.4 52.6 60.7 85.7 51 41.9
Ce 124.5 107.5 125.5 176.5 104 86.6
Pr 13.9 12.2 13.7 19.3 11.8 9.4
Nd 56.6 48.6 56.6 77.6 45.6 37.2
Sm 11.6 10 10.1 15.4 9.2 7.1
Eu 2.6 2.5 2.6 32 2 1.7
Gd 11.3 9.1 10.4 13.4 7.9 7.4
Tb 1.5 1.6 1.8 1.9 1.4 1.2
Dy 9.7 8.1 9.5 11.1 7.5 6.9
Y 51.4 44 53.8 60.7 42.5 37.3
Ho 1.9 1.7 2 22 1.7 1.4
Er 5.7 5 5.2 6.1 4.1 3.7
Tm 0.7 0.7 0.7 0.9 0.6 0.5
Yb 4.7 4.1 5.4 5.8 3.8 3.4
Lu 0.7 0.7 0.7 0.8 0.6 0.5
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LREY 74.8 74.9 74.3 77.9 75.5 74

MREY 21.4 21.2 21.8 18.8 20.9 22.1

HREY 3.8 3.9 3.9 33 3.6 39

Critical 127 110 130 161 103 88

Uncritical 98 84 95 134 80 66

Excessive 133 115 134 186 111 92

Outlook 0.96 0.96 0.96 0.86 0.93 0.95

REO 431 371 432 579 354 297
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Abstract

Tazareh mining area is located 40 km N of Shahrood in eastern Alborz structural zone
and belonging to a large east-west syncline called Mianab syncline. The coal deposits of
this area are part of Shemshak group with upper Triassic- lower Jurassic in age, which
are limited to dolomitic limestones of Elika F. from the bottom, and limestone of
Delichay F. from the top. The Shemshak group dividing three sub-sections in Tazareh
area: Pashkelat, Asiab and Kelariz sub-sections, which coal layers belong to the Kalariz
and Pashkelat sub-section stratigraphically. The coal bearing sandstone consist of
quartz, plagioclase, microcline, moscovite, zircon, tourmaline and anatase and shales
have quartz, plagioclase and clay minerals. Based on Folk nomenclature, sandstones are
in the sublitharenite - litharenite range, and shales are named silty shales and sandy
shales. Pyrite, chalcopyrite, kaolinite, and quartz are the minerals existent in Tazareh
coal, which among quartz and clay minerals are prevail. Based on petrographic studies
on coal, Vitrinite, Inertinite and Lipitinite groups have the highest, medium and low
abundances in these coals, respectively. The geochemical data display that coal bearing
rocks are deposited in the back-arc extensional basins and in the active tectonic
environment. The mean value of XREE is 165 ppm in sandstone and 187 ppm in shale
samples which is more than North American shale Composite (173 ppm) and
Continental Crust (146 ppm). These rocks have a LREE enrichment relative to HREE,
and Eu and Ce have positive anomalies. Tazareh coals in comparison to the world coals
are enriched in K,O and MgO due to the presence of minerals illite, moscovite and
chlorite. The enrichment coefficient of rare elements from Tazareh coal relative to the
world and China coals are 4.6 and 7.19, respectively. The mean value of ZREE in
Tazareh coal is 404 ppm, which is more than XREE in chondrite (25.2 ppm), world
coals clark (68 ppm), China coals (138 ppm) and American coals (62 ppm). The cluster
analysis of the geochemical data of Tazareh coal shows a strong positive correlation
between REE and Be, Se, U, Y and its high negative correlation with Cs, K, Mg, Mn,
Rb, Ti and Al. Tazareh coal concentrate ash contains the highest REE value, which is
about 1.4 times as much as world coal ash. This enrichment is highlighted for Eu, Er, Y
and Ce elements. According to the results of this research, coal layers from the Kelariz

sub-section are capable to trace and rare earth elements prospecting.

Keywords: Geochemistry, rare earth elements, coal, coal ash, Tazareh.
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