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Abstract

Takht coal mine located in the Gheshlagh coal-bearing large synclinorium in northern flank of the
Alborz Mountains in East of Golestan province has been investigated for evaluation of concentration
of trace elements such as gallium (Ga), germanium (Ge), vanadium (V), scandium (Sc), uranium (U),
lanthanum (La) and cerium (Ce). Coal samples studied in this research were categorized into
bituminous, sub-bituminous-lignite, lignite and peat types according to chemical analysis of major
element (CHNS wt%) constructing the coals. ICP-MS analysis of coal samples show that most of
trace elements in Takht coal mine have very low concentrations to those of hard and brown coals
around the world, however they displayed slightly enrichment in V (up to 88 ppm), Zr (up to 96 ppm)
and Sc (up to 16) compared to global average concentration in coals. Low concentration of trace
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elements in the Takht coal mine could be attributed to inherent poverty of the Shemshak sedimentary
basin of such elements. It could be related to the absence of trace elements-bearing source rocks (e.g.,
granitoids, carbonatites, pegmatites and periodotites) as source rocks of Shemshak Group sediments
in the study area. Therefore, it seems that formation and evolution of the Shemshak Group is occurred
in a sedimentary basin with normal concentrations of the trace elements that led to formation of a
trace element-poor coals.
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Figure 1. Geological map of Takht coal mine and surrounding area (southeastern part of map 1: 250,000
Gonbad Kavous; Geological Survey Publications 1993)
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Table 1. Petrographic results and maceral identification in coal samples of Takht mine, Minoodasht,
Golestan province
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Figure 2. Images of mining tunnels a) coal seams, b-c) and coal samples (T-sample K19T5, d) sample
(K8T3, e) sample from layer f) from Takht mine, Minoodasht, Golestan Province
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Table 2. Organic and major elements analytical results in immature and high-grade coal samples from
Takht Mine, Minoodasht, Golestan province

_
o
Bl.2d=0¢ Ssloe ° Sl ool o] &8 ° : ° ° ° °
O=EPEGSR|OR|IQAR|OXR|IQARIOR| QR | |ILR X X X X X L
IEPSHRE|8s|SE|XE|SE|PE|2E|GE|RE|CE|FE|TE|0g|Cg| b
e R i R B e o I S = i I ] I
S
<
Agod
<IYA AR A/ f IfY AR A [-Y ATANS VA Yo MV \RYi 4} V0N \lA8 /fa YYIAY
K19T5 | %
Aigod K
<IvY BAtd A4/0A YIOA VY AVEYN ALY 134 YNY AAy FAINY A\YIFY AVA] A1/} <IVE FYION b ~g
K10T4 | &
Gges | B
</aY “I\A AAIYY YIYA VY \IYY “I¥N AVAR YIA /A FYIOY AM7AN <-/oY eV “IAY 03/b+
K8T3
VY- <IVE /- AMZARY YR fiva «INF YIfY VVIVY ARV/NG ARTAAl YAIAY <:/0 A\AA I-f AR} \ ZJNV §
g
g
V/oa [0 AN+ ARIAZN YIFA fY “IA\ AR AIFY Wi YYIAD VYIAA <:/0 Yo /Y YeIf. Y Z{Y 5
G
&
c
<IvY AR} ANFO Yo AJERY \IYY <Ny VIVY A A-] Oy V1Y <-/b \tiad /-0 OAIAN Y fgy %
&I



https://gnf.khu.ac.ir/article-1-2729-en.html

VEe e bl g ks o) 5lad Y als

s> oo psle
(ol oBails psle 4, ,5)

(e e R %% QA AIAL v/ vy A VoA Al V3 Al Al $/3A90 A A> IO\ >
RPvy Ly 4\ U3\ AN 9 A AUA A w9 A s VAR Wl o> Al \
L] Ry AA VA VAL bl AY VA A Al /4 \e 4 Q/4b4 v/ o> (VA \
(o Frbos SL6TH 4% A A4\ Al 40 v/ Al Al v \e e AV YiA o> A4\ A
¥10T \ IWS A4 9/ 4\ A+ Vel Aele> 4 \e > /04 v A> VA (>
Cprrs frero —choy Frbot €18 Y A AL \ b A G QAL+ 4 Al yI- UVAS VA A> At ‘>
<r el corgye \ 4 A Al A A 3/ Ao/ A/ \/e \/+ A/ 3/ A Ale \
§j<v a7 wdd _ % _ wdd
1Z uz A M N n 1L 1L YL 9l el 1S us S JS as
(e e SN QA Seele (9N Y Vb V44 b/4 AV Wi w0 VA 44 v YA+ 400 VA
KFvy AVI+ Aol AI3A A bt YibA 0 A ViA 04 " A \ Yo/ - 440 N
0 R\ Al Aol AN -\ QUAL A \/4 el A 4 QA AA A Al yel v/
(s Frbos G16TM A9/ Aol A b AL 3104 AL OB AN AL Al b/A i Aol Aele A
V10T 4 Aol ule Q QLA 4130 4 IR Y\ V4 VAl A4 ! Aol Aol Al
il 2l saciiasdicalantl e18M A/ Aol vI-4 AL 443\ JYAV v Y] lA (A A (A A AV A-l- IA
< el crrgyo Al Aol A . A e A Aol \e “\ Al Aol 0 Al (el A
§jov Ty A wdd /. wdd 7. wdd A wdd
S 8y qd qd d IN aN eN O U BIN 11 e A ul IH
(A o S vI- b b4l AlQ A4 A4 AV A04 e 04/ A /A ALS \/4 AV/A 40
S N A VR 4149 VA AL AVAL ASI3A o NSl A WA -0 vi4 A/ Vel
Ll (S A Iy AV/- A0S VIA 04 VY (3744 AV VA Qdl+ AL TYVS WA AAJA A+l
(s Frbod S16TM A 3 AV/- AIAY e A UL AGIY Al A4l Aol AA ASA 4IA WA/ 400
v.L0TA Al AIA AN Al \ 0 u/Q YAIA \oE AV Al AN Abt Al IR Al
Coprr frero —choy Frbot €18 \ AAL Qu/- (VR4 39 A4 I8 AAAQ VA i Ade VA bAd AV AV/4 e
<0 el o \/- (/e A/ Ve \/- A A 3o/ IR IR Aol \/- A VR A Ao/
6j<r 7D wdd % wdd % wdd wdd
o | e od o | o [ o | oo | o) | o | e g | oa | ea | sv | w by

90UIN0Jd UR)S3|0D

“IYSEPOOUIIA ‘UIW [e02 JUpeL WO} Sajdwes yse pue [e0d MeJ JO S)NsaJ SISAJeue [ealwsyd 'S a|qe.L
b R sl R o qE ehpen S (e 9 € o | oD (o e ko o Q)

[ £2-TT-5202 U0 41rIenyy jub wouy papeojumo( ]



https://gnf.khu.ac.ir/article-1-2729-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

q S ] (b gige S K I om0 olgaS jolie il

A le J(Gloged) b 4z 0 g (o) Vb ax 0 b w Jij ;0 GlwS 5 (2,8 polie clile Sl nSile .F Joua
Seredin & Finkelman, 2008; Aftabi et al.,2015; Dai & ;I osls &L ») SewJlé; Sl o pole opl goladl
by 5l w5 o ,e50e pelie clalé Sile 4 (Levinson 1980 ;) ,ole s (Finkelman, 2018
;Yazdi & Esmaeilnia 2004; Goodarzi et al., 2006; Yazdi, 2012; Moore & Esmaeili, 2012 ;I laools 5.als
g obileads AYAY (L Ken 5 5lpd ATAY () 5 ool YAV AV ] Sen 4 ‘Siléi AYAM e g 55 8

OY0 laxe VYAF (g0 &5 g S jlo Slowkeo A YAF (o
Table 4. Global average of trace elements concentration in high-grade (hard) and low-grade (brown)
coals, the economic cut-off-grade of these elements in coal ash (based on data from Seredin & Finkelman,
2008; Aftabi et al., 2015; Dai & Finkelman, 2018), Clarke of elements (from Levinson 1980) and average
concentration of the elements in coal samples from other areas in the Alborz region (Based on a
combination of data from Yazdi & Esmaeilnia 2004; Goodarzi et al., 2006; Yazdi, 2012; Moore &

Esmaeili, 2012; Gholipour et al., 2009; Aghaei et al. 2010, 2011; Taheri et al., 2013; Shahraz et al., 2010;
Shamanian & Hosseini, 2014; Soleimani Marshak & Taghipour, 2014; Memar, 2015)

Ag | As| Ba| Be| Cd| Ce| Co| Cr| Cs| Cu| Ga | Ge| Hf| La | Li | Mo | Nb

e VIE VO VY | <IN LYY | BIY [ Yo | -//A VO (N[N A VY Ve Ve YIY IV | omb ez gbadled Sl (St
(sloged JUE3)
<1\ 1 VO Y SY|OYY| # VY \1Al \# 4 Y| WY AR \f Y/ F | a2y b Ji; Gk (il
(e JE3) YL
o | - - AR - - - - Voof - Vo Ye-f - - - - S 3 polis golasdl as e
SwJed
\ Y oval Yivo[ N 7. YE| of i oy Y <f Y Y\ \Y A ¥ _ o
s G S JLS (e Silse

R A oo+ Y <\ 7f Ve Yo YIv Yo VY \gL o OIA Y- Y. Y Yo

yolie 5
Ni | Pb| Rb| Sb | Sc Se Sn| Sr| Ta| Th| TI |U | V [ W Y Zn Zr
1 ldi4 ). \ \A \ SIVA[ NY e YR YIY| -/PAl YIRLOYY VY AIF YA Yo
SLSled Sl (Sl
(sl ogd J1&3) oy a3
VY a YA \ YV \Iid VE[ Ve Ay YIY] <I0Al VA[ YA +/a4 AIY YA \rd _ . _
sbSw ]l Sl (ke
(Couw JLEH YL as o
Yeool Yool - _ _ Yeoool Vool 04| - _ _ _ _ Yeoo| Yeoo Veoo Yoo 18 polie golasdl um e
S Ji ) ynS s
7Y Y YAl Y V¥ Y Vo[ fPY] Y \Y <YY| ¥ Yy| V- \rd a8 VAV
il S I (ke
Y Y Wy At AR AR o6 Yo YIV] Y-lY N Y 4 A Yy \al AR}
yolis SIS

ST polie (ouisirmo
LS Jo5 (¥ Jga) Gioty ol 5o oad ooliisl S Joj sladiges saips JSas JT jolis &2 &3y 5
5 (V5 ke Jlej &4Y) sl (KBT3KI0TE) oS- punsin dows (KI19TS wiged) aiegin JEj o0, ¥ 4
g5 Siw e digas (1 ¥ SE) wits gaeg,S BB (Y 5 55led i laay 4 byype ladised) o)
¥+ sgam H-C g +/V e sga> O-C ol s (S JT 008 do o AVIVE (S 0,5 s y0 YYIA diegin
ST S bas,s YD B OV o JS ()5 e caiSd — egin dous S o5 cdunslie o .ol ools lis


https://gnf.khu.ac.ir/article-1-2729-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

s3> oo pole VEe e olaal 5 ks ) 8 les Y ol Y.

(i oS8 pole 4,29

Cewl 00ls Cawsas [y JAA B - IYY STH-C g «NA B +/V8 51 O-C a3l Cand 5 dopd PAYY B £YV/O 51 IS
IV 5905 O-C ol s 5 S T 00,8 000 B0 o JS 0,8 0o y0 OMD b e g5 Kiw J&5 (Y Jgo)
IS S aoa YEIF BV Cye Jlej oo, byl J&5 slaas¥ (Y Jgaz) csl ooy lis +/VY sq0> H-C
S10-C a3l s g sl 00 yuts 20,0 Y 090 B YY 5l g5 sladiges JS JT 00,5 oyl5me alosls olis
ol oy SBaiges 18 (52) 3,555 e (¥ Jgox) el odal cawoas VY B V/0 5H-C g </VF L /-
3 (H2) 55,00 Jlake o) (CaiSil-aimgin das SiwJle; ,0) AT B (055 50) /+F 5l g o5l
o,5 baiges 10 (02) y5enSl .0g piie 0o, VIO B /0 51 (N2) (59,55 Hlade g oy FI7 B VIVl ladiges
00 Cynd (o, Vo [F) lade (568 diegin JK5 diged 10 9 (duo,0 YAIAY B VY/AA) Jlade o 5 yien sl)lo
Sl 0lge g olfiws 5l soliiuwl b Siw J&; sladiges (59, » 48,5 &g 155 —los (g5lwdnd LL 5 col
ood Jleyanls blyol S cile & o A BV 5l cwlid e sles 0ol o) sl Sw 5 ROCK- Eval
Ak Wil oo 00l gy (15 A9 )0 5L Sl S reskS VIO LY S5 Belate oS ilond Joxie

adllas (ol o o yame (KBT3) (b a0 5 (K19TH) YU ax 0 Siw Jlé) dgas g0 S50 mls
S ) Glp oud bt gl Jlwle oS 5 L 5l al sl e Crio oKipgh j0 a5 (V Jguz)
Sty 95 ladlrele 5l boes anegiy g5 JUj A2 0 L KIOTS wisas a5 (5 psboay ool oo 5 aiagin
(o oy V) et 5 (o 48 YY) Sl 5 slalmle J| 508 lien 4 5 (o 2o V)
o Sl 5l Baas e £55 b 43,0 Ko 15 olgicas KBT3 aiges cnglin ;5 (o ¥ USE) col azdly LSCas
Sy g5 ol o (o YIS sl Jlhwle ] cozm aoy0 YV L 5 ouls LSiS (o> a0y YY)
) coiid 5 (oo doyo V) Coi il Gl lule 5 (o ao)y0 Vo) Cenl 00g oy o9 JE luls
(o YUSS) wlools plaisl sszay | cod are coald Ko Jlé) Jlwle Lidw 5l 652l s (oo a0y
53l Sl 45 (KBT3) il 20 5 (KLITS) W 5 S JUE5 slotipns 51 ol53l 530 (5155s S sl
Gl 0 51,1 F IS 0 00 aseioo Ll 5o Lol pslo

LS polis (oonboipmo)

O BB 0 o (V IS8 5 7 S0 0 JS0) pls S J5 ol aiged £95 99 50 CleeS polie clile
]
ple S JLé; slrdiges

(FPPM=VYPPIM) S5 e 13 w58 5 o b B YL a0 Ko Ji) sladigas o psadlS bl (Ga) pals
loged § “Fw o Sw Jié) 50 po 5 chale ez :Shee 51 5 G L AYPPM) 8 S 5l 50 sl
b K Ji&5 9 058 sladiges 10 5 i pedlE Sob f sl sdel Cawsas (B/OPPM 4 £PPM 1) Sl
S5 e Vb 4z Sl 4 by ile 550 5 (APPM 5 MIPPM () el 00lidl 3last (2oiS)
(O JSs) el (FppmM)


https://gnf.khu.ac.ir/article-1-2729-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

"

ObendS i ccingine oo Sl Hase j0 GleS olie clale

2 ~
a (i
1.75-
®
*
o 15
©
o 15
T
e M
£
5 0.75- [ K19T5
3 . @ K10T4
0.5+ Bituminous @ KsT3
\\\coal X 0.,
0.25 . s
e S5
0
0 01 02 0.3 0.4 05 06 07 08
Atomic O/C ratio
80 b g
70 ‘
- 60 -
S
8 50 -
3
g 40 -
3 30 -
o
> 20 -
10 -
0 e - I
%Vit. \ %lIn. \ %Lip.
mK19TS 76 \ 22 | 2
80 &
c e
70 -
60 -
c
) 50 -
o
2 40 -
£
5 30 -
o
> 20 -
10 -
i |
%Mineral %vit. | %In.  %Lip.
W K8T3 73 20 ‘ 3 ‘ 4

5l Jlaged) Van Krevelen jlsge g, yol> (idgh 50 oais oolitul sladiges ois JEj az 0 s (1.F S50
-Js e (Lip.caedd 5 IN oo ml Vitieas ) b glgl o> o ,0 (o (Orem & Finkelman 2005
2l gls g Lip.caad 5 N caws il Vitican 0g) Jlmbe glal oz doy0 (@ s yame 5 Vb ax 0 Siw

CS e | ol ax 0 w6 digad

Figure 3. a) Determining the degree of coalification in the samples used in the present study on the van
Krevelen diagram (baseline diagram from Orem and Finkelman 2005), b)Volumetric percentage of
various macerals (Vitrinite Vit.; Inertinite In. and Liptinite Lip.) in high-grade coal samples from Takht
mine, ¢)Volumetric percentage of various macerals (Vitrinite Vit.; Inertinite In. And Liptinite Lip.) and
minerals in low-grade coal sample from Takht mine
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Figure 4. Reflected light microscopic images of macerals with different vitrinite reflectance percentages
in (a) high-grade coal sample (K19T5 sample) and (b) low-grade coal sample (K8T3) from the Takht
mine.

oSl 5 SR 51 Somly placdile co pare o)p g Sl sladises 1 paiile; (Ge) sl

Sl ot g sbaiges halls ool il (ol & ooz Glosed 5 S oK Jij panleys wilale
(0 JSo) el aslo 1) SIS a5 SGo38 g panile )

S FPPM=1F PPM) e lSul clale 51 (gogame aials 56 yame Kiw J&5 slodiges «(SC) oy b/

el el 423l oles & |, (FPPM s50>) oz slosed 5 coen oK) 4o psyuilsinl il |


https://gnf.khu.ac.ir/article-1-2729-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

Obed8 el iciiogine wss Saw i Hane ;o ClweS jolie clale

\Y

SO 4 e OYPPM sgu>) Co ame Gy a2y 9 YU az )0 S Ji) ladisas ;o parailsul clale
(O JS5) Sl (VYPPM) pgs il

Vb azye Swdley po cbale (n 58 b opgalygl clile Sl glos S ETEE EN Pyl () oads/
5 ot Sl aS cel ailiS asles 4 | (YAPPM) 55 5 (FPPM) e jo cbale o 5 i b (- /APPM)
5 S S Jley 4 Cad g0l limeds C3 ase YU ax e w5 .ol (YPPM) a4l gl SMUS
@ Sep (i) )b laSiw e jo pasilygl cdile (S aas oo (lad (Sada psslsl 5l Ol Slosed
(O JS8) ol (FPPM 3505) ke (slosed (slacKiw Jlé) powl gl cdale

Sgdzte LSS dme 40 wyei g )b B YL a0 Su ) sladigas (o pasliY cdale aiels «(LA) paclsY
Clale cp 5aS b ess Vb ax o Ko JL ) Zenl (F+PPM) poslsY SIS 51 565 Lews 5 (FPPM=) V/OPPM)
Sl eSSl 9 e sloged 9 S S Siw 85 4 S @l Sl 0 VT A Olieeds pasilsY
(O JS5) a3 g0 Glis (St S5 (i disei

038 LES dae ;0 g g o)l B VL Az Saw ) sladige 0 pgpe cdile (CR) g
“Jl5 0 poe Sl Gl 4 S35 a5 Sl (FYPPM) g5 e SIS 51 S0l sl Ll (APPM-YOPPM)
(O JS) Zend (YYPPM 5 YYPPM 1) loz (slosed 5 Cew slockin

AYPPM) <555 5 AAPPM Sgu>) )i SiwJi5 slaaiges o cdale (n 3L L pgaslly (V) pgolly
Oz 9 (BYPPM) Gone (ol 423 5 (BFPPM) Vb 4z o Saw U a2 S puslly ;o (oo (Sb 58
pglly M 4y G S 8 5 oS eols las (YYPPM-YAPPM) olex sloged 5 cade slocKiw Ji;
(O JS8) S b5 (7 ppM)

2 Bl 5 i b pslS ) e ) (gog0me B atls L35 (pane S JIE (sladiges :(ZD) p3lS 25
Slatslds aoles a1, (FYPPM 5905 (rml 4z 0 Kew JIe5 0 cbale o 508 B AFPPM) YU a0 e Ji;
5 S SlaSin ) 55 pslS 5 eSilee SLE 31 it Ll (12 PPM) 515 5 SIS 51 S s oS
(O JS8) axia (YOPPM-YFPPM) ez (slosed

Sc, V, Cr, Co, Ni, Cu, Zn, Y, Zr, Nb, Mo, Ag, Cd, ) alawls 538 yole Sobs g5- Sob o8 dulio
(K19T54 505 taiagin) Y ax 0 slacow Jiéj glsil oo (Ug Th) 5251501, 4 (Ce g La) S oL «(HFW
5 (Coal seam 3 wgei teeiS) (w b SiwJle; (KBTS 3 KI0TA wiges teiagin ol il ool a0
@ S YU ax 0 Kl a5 ols olas (B JS8) e K ) fone o (Peat samples) o, g slaaiges
5o alavly 638 polie ady yo g oad & HF o Zr Y .Cu Ni .Co SC ol 5l )55 5 oyl ax,0 Sw i)
5 ol a0 Kiw Jl8) 4 Cad YU a0 Saw J8) sl oo g5 (U 5 Th) 52515501, 5 (Ce 4 La) S
ok Cr g Zn Cd Mo W (U, Thy 5.uS1ss00, 5 (Ce g La) S ol polie jo 1) Sob i o5 <)y
yolic odes ;0 Uyg 4 Caws (KBTI § K10TAw g5 taingin olwcasld) b ax 0 Su e .l sols
b ax 0 K ey o Ug ZrHF Cu Co WV SC yolie | Soi o5 9 65 i Soi s HF 572N >4
(Coal seam ¥ &ges o) )b SawJlé; 4 cans (KBT3 4 KI0TA &gas taimgioole —cuwsl)

C)5 gl duy oo Hhaiay ams o ol Sas e SWIAG s Mo Thlla ,ole o S cl 5,5 v


https://gnf.khu.ac.ir/article-1-2729-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

35> e pole VFe o bl g ke o) 8)las oY al> \VE
(so5)ls5 oKisls pole o 25)

20 3
2.5
G A -
E E ?
a
7 a 15
210 Z . %
3 / o 1 /
o m 0 = 40
0 % 0 v,
Lignte- s : Lignte- Mean _—
subbtumin | Bituminus | Mean Peat | Lignte coal World Meon subbtumi | Bituminus | MeanPeat | Ligntecoal| \\ | Word | Ut
uscosl | coslTakht | Takht Tokht | MesnUCC | o n World nuscoal | coal Takht | Takht Takht Brown
Tokht Hard Coal Tokht Coal Hard Coal
BGa B 4 1 91 7 ss 6 WGe | 065 03 135 08 16 2 24
35
3 100
r %0
2.5 ? 80
2 4 70
— - 60
£1s g
a § 50
S 1 / > a0
0.5 / e
20 I
B | 10
Lignite- .
Mean Mean
subbitumin | Bituminus | Mean Peat | Lignite coal o
uscoal | coal Takht | Takht Takht | MeanucCC| World |World Hard Bituminus | MeanPeat | Lignitecoal | . | MeanWorld | Mean an
e Brown Coal | Coal coal Takht Takht Takht Brown Coal | Hard Cc
mu| 17 | o8 28 | 3 2 29 | 19 my .. & = 0 2 28
18 35
16 30
14
—-12 25
£
a 10 E20
2 o
-~ 8 215
<
v 6 3 10
4 5 =
2 . . iy
0 rreees 0 Lignite- n
ignite- ignite-
5 Mean Mean 4 Mean Mean
subbitumin | Bituminus | Mean Peat | Lignite coal Mean UCC World World subbitumin | Bituminus | Mean Peat | Lignite coal Mean UCC World World Hard
uscoal | coalTakht | Takht Takht biown cosil #6ei o uscoal | coalTakht |  Takht Takht diowncen | ccai
Takht rown Coal ar 03l Takht ow! 0al O
@sc| 6.5 16.4 11.2 15.8 1 41 37 |La| 115 4 11 8 30 10 1
70 200
60 180
50 160
T . 140
s 40 E 120
2 a 100
7 5 2
w
40
M| U 2 H N
Lignite- 0
F Mean Mean Lignite-
| i 1
subbitumin | Bituminus | Mean Peat | Lignite coal Mean UCC World World Hz sibbiuming ftuminus | Mean Peat | Lj gnle coal Mean UCC Mean World | Mean World
uscoal | coalTakht | Takht Takht coal Takht | Takht akht Brown Coal | Hard Coal
Takht Brown Coal Coal | s coal Takht | |
|ce| 278 8.97 29.04 35.03 64 22 23 ol uid » 2 » 29 s %

g ol slostd 5 S sloKiw o) 5 258 pne SaSin o) s eaS polis (S oSilen Cile Aulin & YK
(Mean UCC) ol ol S S

Figure 5. Comparison of the average concentrations of some trace elements in coal samples of the Takht

mines and those of the world, Clarke of the elements (Mean Upper continental crust)
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Figure 6. Comparison of trace elements enrichment-depletion among high-grade coals (bituminous;

sample K19T5), low grade coals (lignite-sub-bituminous; samples K10T4 and K8T3), peat (lignite; coal
seam 3) and peat samples in the Takht coal mine
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Figure 7. Comparison of the average concentration of trace elements in coal samples from Takht mine

(average of bituminous and bituminous-lignite coal samples; K19T5, K10T4 and K8T3) with those of
other areas from the Alborz region, brown and hard coals of the world
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Table 6. Correlation coefficient between trace elements concentration and total organic carbon content

(TOC) in coal samples used in this study
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Introduction

Concentrations of some trace elements such as Ge, Ga, U, V, Se, rare earth elements (REES),
Y, Sc, Nb, Au, Ag and PGEs in a number of coal mines in the world to the extent of economic
exploitation of these elements. It is high (from hundreds to thousands of ppm). Such coals have
been introduced as metalliferous coals in which the concentration of trace elements is at least 10
times higher than the average concentration of these elements in the world's ordinary coal (Dai
and Finkelman, 2018; Seredin and Finkelman, 2008). Metalliferous coals have been used as raw
materials for the extraction of some precious metals for the past hundred years, such as the coal
mines of Wyoming and Utah in the United States for gold and silver in the late 19th and early
20th centuries (Jenney, 1903; Stone, 1912). Since World War Il, metalliferous coal has been a
major source of uranium production in Russia and the Commonwealth of Independent countries
and the United States. In the early 1960s, coal was used to recycle germanium (Ge) in Russia
and the Commonwealth of Independent countries, and to a lesser extent in the Czech Republic
and Slovakia (Jandova and Vu, 2001), as well as in the United Kingdom and Japan (Swaine,
1990). Metalliferous coal is currently used as a source of Ge in Russia, Uzbekistan and China,
and today coal can be considered as the main source of Ge for the global industry (Holl et al.,
2007). Iran containing about 3700 million tons of coal reserves and annual production of 2
million tons of crude coal and about 1,000,000 tons of coal concentrate is among the countries
with major coal reserves in the world (Zadeh Kabir, 2011). Due to the high cost of coal
production in Iran, the extraction of trace and precious metals from the products of raw coal as
well as from waste from coal consuming industries (such as steel and coke) can increase.
Concentration of trace and strategic elements in Iranian coal reserves from both economic
geology and environmental perspectives has been done in several research works (Yazdi and
Esmaeilnia, 2004; Goodarzi et al., 2006; Yazdi, 2012; Moore and Esmaeili, 2012; Aftabi et al.,
2015). In most of these studies, the concentration of trace and strategic elements is mainly
higher than Clarke and the threshold grade of these elements and comparable to the average
concentration of coal in the world, but much lower than the cut-off-grade for the extraction of
these elements from coal ash. The present study evaluates the concentration of trace and
strategic elements in the coal of Takht mine to determine the coal potential of this mine for trace
and strategic elements.

Geologic setting
Takht coal mine near Takht village in the southeast of Minoodasht town in Golestan
province and in terms of regional geology, this mine is located in the large coal syncline is
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called Gheshlagh synclinorium on the northern slope of the Alborz mountain range. The total
coal reserves in Gheshlagh synclinorium are estimated at 450 million tons, which includes 231
million tons of potential reserves (Razavi Armaghani and Moin Sadat, 1993). The lithological
units present in the Takht area are Paleozoic (including Lalon, Mila, Padha, Khoshilaig,
Mubarak, Doroud and Ruteh) and Mesozoic Formations (Elika, Shemshak, Delichai and Lar). A
basaltic horizon belonging to Silurian (probably equivalent to Sultan Maidan basalts) is also
present in the north of Takht region between the units of Mila and Padha Formations. Most of
the coals in the Takht area belong to the Upper Triassic and the Lower Jurassic (Shemshak
group; East Alborz Coal Mining Company, 2009). The thickness of the coal zone of the area is
about 600 meters and the total number of coal layers in it is about 26 layers (East Alborz Coal
Mining Company, 2009). The number of layers of coal that can be mined in the region is 6
layers of coal on which geological operations are focused (layers K20 - K19 - K17 - K11 - K10
- K8; East Alborz Coal Mines Company, 2009). One of the advantages of coal mining in this
region is the proximity of the mineable layers to each other. The thickness of the mineable coal
zone is about 150 meters and all the mineable layers are located in this section. The total
thickness of the coal layers that can be mined in this section is 10.87 meters. The study of the
quality of coal in the Takht area has shown that the moisture content of coal seams is between
1.8 - 1.2%, ash content between 44.7 - 11.2% and volatiles between 37.5 - 34.2 (East Alborz
Coal Mining Company, 2009). According to the classification of industrial coals in Iran, Takht
coal mines are a oily gas type that alone has an extremely weak coking ability (East Alborz Coal
Mining Company, 2009).

Material and methods

To achieve the objectives of the research, sampling of coal seams being mined in 3 tunnels
No. 3, 4 and 5 (layers K8, K10 and K19) and layers of peat (3 Layer) was done on the entrance
roads to the mine. After crushing and pulverizing in porcelain mortar, some of the samples were
prepared as representative samples for chemical analysis, and some of the polished sections
were prepared for coal petrography and maceral type identification in 2 samples (i.e., K19T5
and K8T3). Chemical analysis for organic elements (i.e., organic carbon, hydrogen, sulfur and
nitrogen), major elements (SiO,, Al,O3, Na,O, K,0, Fe,03;, CaO, MgO, MnO, P,0Os) and trace
elements (including 48 transition elements, metalloids, non-metallic elements, La and Ce of rare
earth elements and U and Th of radioactive elements) in 3 samples from Takht mining layers
(K8, K10 and K19 coal layers) and 3 samples of 3 immature coal seams carried out in the
Research Institute of Petroleum Industry of Iran (for organic elements and major elements
analysis using XRF) and MSALABS in British Columbia, Canada (for trace element analysis
using ICP-MS). Statistical data processing was performed using Excel and SPSS programs.

Results and discussion

Based on the analysis of organic elements in the coal samples used in this study, the coals
are divided into 3 categories including bituminous coal (sample K19T5), semi-bituminous-
lignite (samples K10T4 and K8T3), lignite (coal seam No. 3) and peat (samples related to coal
seams No. 1 and 2). The amount of sulfur in the studied samples is very low ranging from 0.03
wt% (in peat) to 0.83 wt% (in semi-bituminous-lignite coal) percent. Hydrogen (Hy) in the
samples is from 7. 2 wt% to 4.6 wt% and the amount of nitrogen (N,) ranged from 0.5 wt% to
1.5 wt%. Oxygen (O,) has the highest value (17.88 to 18.81%) in peat samples and the lowest
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value (10.6%) in bituminous coal samples. Based on temperature-depth simulations performed
on coal samples using Rock-Eval pyrolysis analysis, the studied coals had a geological
temperature formation from 70 to 80 °C during the coalification process. They can be matched
to a depth of 2 to 2.5 km for diagenesis in the studied coal basin. Petrographic results of two
samples of high grade coal (K19T5) and low grade (K8T3) of Takht mine are consistent with
the combination of known macerals for bituminous coal (mainly vitrinite and less inertinite and
leptinite) and lignite (mainly composed of minerals and less has maceral vitrinite-type).
Comparison of average concentrations of metalloid and non-metallic elements between coals of
Takht mine (average bituminous and bituminous-lignite coals) and brown as well as hard coals
of the world and also coals of other areas from the Alborz region and Clarke of the elements It
has been shown that the studied coals have concentrations mainly in the Clarke range of the
elements. However, they have higher mean concentrations for Ga, As and Sb than the coals of
other areas of the Alborz region, but they have the mean concentrations of Bi, Ge, In, Tl, Se and
Ta similar or close to each other and much lower mean concentrations for Pb. The average
concentration of granophile and lithophile elements (Li, Be, Rb, Sr, Ba, Cs) in the studied coal
samples (bituminous and bituminous-lignite) is less than the average concentration of these
elements in brown coal and hard coals of the world, the coal of other areas of the Alborz region
and Clarke of these elements. The average concentration of Li in coal samples of Takht mine is
close to the average concentration of this element in coal samples of other areas of the Alborz
region. Comparison of enrichment-depletion of transitional, rare earth and radioactive elements
between high-grade, low-grade, and peat samples in Takht mine showed that high grade coal
compared to low grade coal and peat samples enriched in Sc, Co, Ni, Cu, Y, Zr and Hf elements
and in other transitional elements, rare earth (La and Ce) and radioactive (Th and U) depleted.
High-grade coal samples compared to low-grade ones and peat samples has shown the highest
depletion in rare earth elements (La and Ce) and radioactive elements (Th and U), W, Mo, Cd,
Zn and Cr. Low-grade coal samples compared to peat in trace elements except Zn and Hf show
significant depletion, and depletion in Sc, V, Co, Cu, Hf, Zr and U in low- grade coal samples
compared to peat is more noticeable but these shows a slight enrichment in La, Th, Mo and Ag.
Peat appears to be richer than low-grade coal and high-grade coal in trace elements (especially
for Th, U, Ce, Cd, Mo, Nb). The relationship between the concentration of trace elements and
the amount of organic carbon (TOC) in the studied coal samples showed that with the exception
of Sn (Sn - TOC: r =+ 0.70) and Be (Be - TOC: r=+ 0.35) there is a moderate to significant
negative correlation.

Conclusion

The most important results of this study showed that: 1-The coals of Takht mine, due to the
low to medium burial depth of coal deposits (between 2 to 2.5 km with a temperature of 70 to
80 °C) in the best degree of coal from sub-bituminous to bituminous type do not exceed. 2-
Petrography of macerals showed that bituminous-type coal is mainly composed of vitrinite- type
maceral and to a lesser extent of inertinite- and liptinite-type macerals. In contrast, low-grade
lignite-type coal is mainly composed of minerals and only 27% of its volume is maceral of
vitrinite-type and to a much lesser extent of inertinite and leptinite. 3- Comparing the trace
elements concentration in coals of Takht mine and the average concentration of trace elements
in the world brown and hard coals showed that the coal of Takht mine like to those of other
areas of the Alborz region are poor of trace elements. 4- The lack of suitable source rocks for
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trace elements (such as granites, carbonates, pegmatites and peridotites) as the protolith of
Shemshak group sediments can be introduced as one of the main reasons for the inherent
poverty of the coals of Takht mine and other areas of the Alborz region from trace elements.
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