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Abstract

The Tarz Pb-Zn deposit is one of the underground active mines in the Ravar-Kuhbanan area, located in the North of Kerman
province. In this mine, mineralization was observed in two distinct sulfide and carbonate divisions within the dolomitic-limestone
host rock units of the Middle Triassic succession (Shotori Formation). Field observations show that mineralization occurred mainly
along the faults as veins or veinlets and in lesser extent as massive textures. Galena, sphalerite, pyrite and chalcopyrite are the most
important primary sulfide minerals in the Tarz Pb-Zn deposit. Secondary minerals associated with the Pb-Zn deposits such as
smithsonite, hemimorphite, cerussite and anglesite were also identified in some of the investigated samples. The average
concentrations of Pb and Zn were 19 and 24% in the studied samples, respectively. Other elements such as Cd, Ag, S, Sb, Te, Se, As
and Cu also showed significant enrichment in the investigated samples. Evaluation of the obtained results using multivariate
statistical methods can reveal the possible relationships between mineralogical phases and geochemical analysis. For example, the
correlation between Pb, Ag, Tl and Sb can be related with the galena mineralization or the geochemical relationship between As, Bi,
Cu, P, Fe, Co, and S is related with the pyrite and chalcopyrite mineralization. Statistical relationships also showed that Zn has only
a weak geochemical association with Se, U and Mo. The strong correlation of Ca and Mg is also due to the host-rock mineralogy,

which is mainly composed of course and fine crystal dolomites at the margin and far distances of ore veins, respectively.
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Introduction

Tarz Pb-Zn deposit is located at 30 km east of Kuhbanan and
5 km southwest of the Tarz village in the North of Kerman
Province. From geological point of view, this mine is located
on the southeastern margin of the Bahabad Pb-Zn belt, which
is a part of Tabas-Poshte-e-Badam metallic belt of the Central
Iran (Alavi 1991; Rajabi et al. 2013). In this area, there are a
large number of Pb-Zn deposits that mostly occurs in the
Triassic dolomite-limestone beds of the Shotori Formation.
Major faults such as Kuhbanan and Behabad with NW-SE
direction have been very effective role in the development of
geology and mineralogy history of this region. However, The
dominant trend of the faults in Tarz Pb-Zn deposit is about
N40E, but field observations showed various faults and
fractures in different directions, which demonstrate the active
tectonic of this area. For example, one of the major
mineralization parts of the mine was in a shearing zone
produced by four major faults with NW-SE direction. Some
authors such as Amiri et al. (2009) believe that based on the

position of mineralized sections in the carbonate host rocks
the Tarz Pb-Zn mine is classified as the Mississippi Valley
Type (MVT) deposits. In the Tarz mine, mineralization is
observed in two distinct sulfide and carbonate sections, which
are located in the north and south of the mine, respectively.
This study emphases on the texture, mineralogy and
geochemistry of sulfide section of the Tarz Pb-Zn deposits in
order to determine the elemental dispersion, and
reconstruction of depositional history of Pb and Zn minerals.

Materials & Methods

Fifty rock samples were collected from mineral veins and
hosted-rock for mineralogical studies of sulfide section of the
Tarz Pb-Zn mine. Ore mineralogy studies were done on the
30 polished-thin section and five polished-blocks by
reflecting and polarizing microscope (OLYMPUS BH-2
model) at the Geology Department of Shahid Bahonar
University of Kerman. Also, eight samples were selected for
further mineralogical studies by X-ray diffraction (XRD)
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method in the Zarazma Laboratory, Tehran, Iran. After
mineralogical studies, 10 samples were selected for major
and trace elements analysis by the ICP-MS method in the
Zarazma Laboratory. Geochemical data were used to (1)
calculate enrichment factor; (2) identification of enriched
elements; and (3) geochemical correlations of target
elements. The spider diagrams of major and trace elements
were plotted in order to determine their changes from ore
veins to the surrounding hosted rocks. For drawing of spider
diagrams, the data were normalized against the standard
limestone.

Discussion of Results & Conclusions

Mineralogy

Mineralogical studies using ore microscopy and XRD
showed that both primary and secondary minerals are present
in the sulfide section of the Tarz deposit. The most important
primary minerals were galena (about 60%), sphalerite (less
than 40%), pyrite and chalcopyrite. These minerals were
often found in the mineralized sections in the northern part of
the mine, where mineralization occurs mainly as veins and
veinlets, breccia and in lesser extent as pore-filling structures.
The  secondary  minerals  including  smithsonite,
hemimorphite, cerussite, anglesite and iron oxides also were
identified in different parts of the mine. In addition to the
mentioned minerals, dolomite and calcite were also observed
as the main minerals of the hosted-rocks. The identified
dolomites minerals can be classified into two groups
including fine-crystalline and sudhedral, coarse crystalline or
saddle dolomite. It seems that fine-crystalline dolomites have
formed as primary minerals during the early time of
diagenesis, while the coarse-crystalline dolomites have
formed by hydrothermal fluids. Calcite in the hosted rocks
was mainly in the form of microcrystalline or micrite type
and it seems that this mineral is not affected by the Pb-Zn
mineralization process.

Structure and texture

The structures and textures of mineralization in the Tarz
mine, were as veins and veinlets, massive, breccia, pore-
filling and replacement types. These structures are mainly
related to the active fault system of the region. Galena,
sphalerite, pyrite and dolomite were the most important
primary minerals in most of mineralized textures, however,
secondary minerals such as smithsonite, hemimorphite and
cerussite were also observe in pore-filling and replacement
textures.

Geochemistry

According to the results obtained from normalized
enrichment factor Pb, Cd, Zn, Ag, S, Sb, Te, Se, As and Cu
have moderate to high enrichments in the investigated
samples, respectively. Also, U, TI, Bi, Mo, Co and Cr

showed low enrichments in some samples. The geochemical
relationships between enriched elements was well compatible
with the mineralogical results. For example, identified sulfide
minerals (galena, sphalerite, pyrite and chalcopyrite) have a
great potential for replacing of several of enriched elements
in their crystalline structures as impurities. The geochemical
associations of most of the target elements in sulfide minerals
can be considered as possible mechanisms for enrichment of
these elements in the investigated samples. These
geochemical association can be revealed using multivariate
statistical methods. For examples, the following groups of
geochemical associations were observed in the investigated
samples:

1- The correlation between Pb, Ag, Tl and Sb, which can be
related with the galena mineralization;

2- The correlation between P, Cu, Bi, As elements with Fe,
Co and S can be related with the pyrite and chalcopyrite
mineralization;

3- The strong correlation between Ca and Mg is due to the
mineralogy of the host-rock minerals;

4- Zinc only showed a weak correlation with Mo, U and Se,
which may be due to the alteration and weathering of its
primary sulfide minerals mainly into the secondary
carbonate minerals;

The spider diagrams of major elements showed that
except iron, other elements have the same values with
standard limestone. Ore forming processes, especially the
presence of sulfide minerals such as pyrite, chalcopyrite and
even sphalerite are responsible for iron enrichment in the
investigated samples. Contrasting to the most of major
elements, trace elements, especially Pb, Cd, Zn, Ag, S, Sh, Te
and Se, As and Cu, showed strong deviation from their values
in the standard limestone. Concentration of these elements
were decreased by increasing distance from ore veins to the
host rock.

Possible mineralization model

The Pb-Zn mineralization in the Tarz mine as well as other
ore deposits in the Ravar-Bahbad region is often as veins and
veinlets. A variety of lithological and structural factors
control Pb-Zn mineralization in this region. According to
Leach et al. (2005) diagenesis and tectonic processes have a
fundamental role in the formation of MVT type Pb-Zn
deposits. Field observation demonstrate that active tectonic
and formation of a complex fault system have more important
role than other factors in the formation of Tarz Pb-Zn deposit.
Comparison of the obtained mineralogical and geochemical
data in this study with the previous researches revealed that
the Pb-Zn mineralization in Tarz area is more similar to the
MVT type. Nevertheless, to determine the source of ore-
bearing fluids and to draw up a comprehensive mineralization
model, isotopic and structural data are required.



el g SKar slarasy
VWA 5l o s osled V5 gl o)l oy 5 e Lo

s e &
AR YA VAV, VR Y Gl IYAAY/YA [J o &b

WA v

3,50 0L S Olwl el b (595 5 O Ddre el g i (s 85 5 (el SIS
Bl ,S O Ko b (29w slaldls 51 Sl

Il Ola S il gt oKl psle A s (gl a0 8 Ayl ol )5 5 gy kSl Lo,
rezafaryab@gmail.com
Ol b5 il gt oSl o gl SUSCS ¢ pmnlid a9, Slholi] pdia sy il
Zand1883@uk.ac.ir
Il oS ial degs oSl ipsle S ¢ ol e 00,5 Lo ) gy Sl & 504

khorasani@uk.ac.ir

oS>

o=l o3 ml5as sl 1,3 Ol S Glial Sl s a8 sl Olua sS— 3l &0 53 e s Jlad Oslae 31 S 500 (605 5 e LS
@.N&uw}f}y&ﬁMW(dﬁx}b) &_:L:A QALJ“JJ zb;&ubb): Lgitﬂy)ﬁbjswmj))blﬁ)jbm Odze
DR e ] a S S (Glos s JSiday jieS Slie 4 5 slanS 5 s1aS ) [Saay b oS slialy 55 (55l ldlS daas e 0L
Gl gas 53 K plwlid Ladigas 5 2 5 56 ST 5 Cum coud o oot (o33 Csantl ahor 31 (G5 5 e (Sla LIS
5 55 Cu 5 As Se Te Sb S Ag Cd Jsle ,Ks ,olie 3y Loy YF 514 (o ja Gy 5 o ShlE Lo g2 coldandllas
@u)gﬁ_wu@uéu;uﬁgwl Jat?:)\mﬁ;;ﬁx%@mduusz@u Sl ks Gl Sl 26 edd ey 5 Sbad gol
e sl oL bl Lty .up;b Gy SIS 5 oy 2134 5l el Sas S 5 Co Fe P CU Bi As ole slad s
4S el fle Ol K ol S 51 55 MO 5 Ca sl Siver 555 MO 5 U S [ole b Lins ol 8 Siawen L3 ZN

el o S5 (13818 (laaS ) 51 553) Hskis, Camslan 5 (Al saaSy Lsl= 53) jsbadss J'ISJ’L?M

Ol S o Olar S b (655 5w SLslS ¢ and 55 ¢ il SIS 1 gudS Lol

*

AT OALY ] oo ooy 35

Copyright©2019, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and share it
with others as long as they credit it, but they can’t change it in any way or use it commercially.

Do0i:10.22108/jssr.2019.117098.1102



http://jssr.ui.ac.ir/article_23807.html

\Y’i/\}ﬁlﬁ%yAJL«ﬁ:‘V?&lﬁAJu¢mjwdu¢wmgy)jé)l§34:>ﬂ- L;L&&A)}i ¥

56l o LI Ll s s bsbe Ko 5 il S
e Gla S s el gAY L Ol psen ke
— = AdE el Losbile oS 5 olea S S 2l
=358 5 el ey Aa 36 0 5SS 5 B s
sire w3l (S sl war Sb sl ea g Jde sl adeis
S35 3@ O oy o S0 a4l S Olipe S
(Amiri et al. AL o pw o 0 52 & sl lils g5 5,k
By e SO13 e g Slasy 5 e pd SIS 4572009)
5 aoly S S st dasdlas HLLS 55 ed 5408
Ly 5 e sdalie USG5l pmee [ sbay 45 ol (5l 5
Odme s 3 Sl S o 5 el s gl s iy
2 Lgdpe B e SKuG ol fp KL als Sl
5 mlid LS el s el dallae sl i si
A b s 5 o Ll s S el s
il obs (SAS1 sl Kl e S Sl a5 1S
Al e eddanllas LUK LSS 65 5 (solail

sddandlas ddais ol g olidas
ik olidao glaasly Sasl, o Jlxl a0
Sl >l & e odal s (Mahdavi et al. 1996)
S sb 5 s BE IG5 S50 B o ealST i)
Al S ab pl 5 CdSS e 5 e llS
Glrod s el o 4 Olan S 5 bl oS (s 3 5
Ntz Gladsly L (S o e (5358
slaa iy 5o Jod Sl Ugs pl me Do el oil
Gl Ly (St ladly o GLBI 55 o)
0 aS CndSaa ol el e S el e Sl
Ghorbani & se (5l ) a4l ol yae s Cilises sla 55058
Sbd sy SS& s pasein oS53 . (and Azizan 2009
VYOuewn Wl L34 55 35 0 odalin cwlldas

S35 5 o slS Ol e K (Mahdavi et al. 1996) |,

e.a\_‘.f:oz\bﬁ,.t_..\da._}_}b L;a_ws\_wujﬁi.)o-b‘b);b

Ao dle
5 RS Lol an Yyams (55 5 o olis 5408
L ol S gledle 5l Jol= iliae glaylils s sl
I IS5 (S ol das oo 5 05 J5085 sl
S LS Ol e iy ol 5 L (oS
S 3,8 Gl (g3 date Slaes S 4 1) (S35 5 o
Sl glos 5 ded) pon sl LuslS 51 w5 le el s g
- s s, LSS (Volcanic Massive Sulfide, VMS)
(Sedimentary Exhalative Deposits, SEDEX) 3.5 »
(Mississippi Valley . o w0 5,3 ¢ sl
(Sangster et al. 2000) o, Kl sla LS 5 Type, MVT)
Ol 53 S35 3 oy Sdme BLES 5 LSS Tor 51 i
g3 el 2158l o 555 Jlaiml 45 ol o sl
JSis Sl sssa>e (Rajabi et al. 2013) Wb s
I Sass S 3 0=t 5s Sy 5 e slaslals
b e (s = e sSAA) 57 6 W A 5
Oliiee S L 01l S35 5 e (5585 Slanke oS 2
S35 Sl eplsl (phy = b Olgdal 2Ol ol g
S0 3 <« v Oxe (Rajabi et al. 2013) Lzea S,UI-55
SraskS 0 5 0a S G b s kST Aol s 5 b
08" 10" Ll Slatsies o b Sl oo s
S o, eMVTY BTN 5 B s dbost Y
ol ey o8 5 Odse ol () IS el o =l
SLle oo 5 e 238 S 300 g Ll o
ol 05 Sl bl cdy — b 2l558 A 68 55
(Alavi 1991; Rajabi et al. <ul ab S 1,5 ¢3S o Ol ]
Ll 5 LS (gl sluss eddandlas 4L 5 2013)
Ol s Ll A SN aS 3ls a s Sa) 5 e SHae
e Ol a5 WS S b e Dslee 4
(LT JUH s 5 058 28 (0 Sl canld oS (somi
033 Bias slisly Sdme slasilis 5 La,Lils 63 S oLl

I s ool i (ST s Sl G



[ IS 5 515, L,

e Ole S Obl Jla b (55 5 s Do (Sl i ol 55 5 b3 56

L3l 8aelB s 5 b pled 53 03 1S H5ba o5 555 o
U s aSts la ot 5 aSimanls 355 o0 odalie (g 22
Semlys3 =V ol ) S 05,8 4 by o K 5w
s GO s Kol 4l s ook oS (0pp
ol A58 e 5B 5 L3l Bl S laanigs 55,
el s S (e L Ddre s 53 Dlises
(Mahdavi etal. 4wl S o by o Sly S glaaiy o g
il Swaar gladsls podle (lilodd sdd 5 1996)
o Sl 5 e IS5 58 g 5l (5358 3T Glaes s
A e 3k 5 V= e S Slosiig
= Slbl glaaig 5o Gl S5 o a8 &S lasly
Sl il jo (6358 slaes 5 i ol v,.uf RN W
e b ) 5 ol ol 5 s 3 S
b 1 i 5 ot S ol alllas S 355 e
o g5 S s Y Qdee Ol bl s LS
Gae L}t_wcj_w Ll oYU s fise 4 aS Wyl 3 g
sASob sy e 5 b ge b Y ol taes
slaedalin Wbl a0l Al s ool o xS
Sl Gl sladlae) 55 5 ,b Odne ol e
Sl 4 315 il gl 5o SO SS sbayl
Slacoer 5 ala S 5 La oS 1S5 Sl &S
e NAOE 550 Ls o8 e 5 ks il
8355 Sy Oty =G adled Xy, b ol oS e
53 5 Ll glialy 53 (5 SLS 4 L o odalie Sias
o sl 0 il eV 51 55 s sla0s)
a5l aileis la oS e gazme uuaSd 5 (ol le
Rl BLESE )3 a8 550 00 O g ()50 Slaanllls

Lao Lty dnllas ¢ gl es Al gd o)y 0 0ls g2 5L
30500 b3 Ol Sow laig Sl 5 28 5
Aty s 5 b SLlllS sl Jlaxsl 4y das o 0L (Olea S
FS Gl S e S Al sl (SO
wlea Gla Ko s s al e slaasdllas sl s
s e 5 Pl o b Ddme S o
534S sboles () K8) cd sl S sl
Ol K glaai iy 5 o oalin Y B sla IS5
Sl gy o oms Glmes s 5 [0 S5 5 < LSS
(Grrs ) e A5l K503 (Simanle - Lo
T e 3 S Sl ol il S8
(s o) sals sle Svasls laazig (Odas
Slbl s deS (65,0 Las s s gy Sl 303 K5
Lledd w31y SLuils Ol e I Ji e 5
slaaig oapd e sdalia ¥ 5 Y s IS5 5 &5 sboles)
33y eebdair Oyt Sl Shaley by D3 g8l
Bl S glaaig hug byl 5o sals Wjla sl (U510
o 534S 20 - Sl elS e (A Sl 2
€55 g0 Aol e 513 sals Wile &sbee 3 5 O
4 5o (Huckriede et al. 1962) O1,Kan 5 oy S sa 4S5, sbas
SISy s sUizel acilie il 53 sals di5la 34
Gla Sns o mhe 5 S slacd by 2l
(Zand-Moghadam et al. 2015) oL = =l dc >,
lacip sl 2V - Sl elS e S S
S Gl Odme oy 3 (Ola S W5l Yl l) by S
52l A5, 5 Olaa s Ol bl s (6 St S
Sl S glaaip 4 Jodg w5l 51,08 Odee Jlas
] i 50 L Lol o e i s bay (g 2 5l
aia S 555 Cma s 3 alIS B L e, sba



\Y"J\J’.ﬁ\% L(i).«l bJL&n:' ‘V‘f‘;’lﬁ e)ucra;uwdb ‘wtﬁig)m‘)jkg‘)&&ﬂ- 6“&}":},

56°30'0"E S7°0'0"E

/

31°0'0"N

—

arand

— J

30°30°0"N

4= Rafsanjan

30°30'0"N

56°30'0"E 57°00"E

0510 20 30 40
e Kilometers

56°27'0"E

56°27'30"E

56°28l'0"E

31°22'15"N

31°22'15"N

56°27'30"E

0 100200 400 0
Meters

Lol y
e [ ] s e sl cdy
- 3t JallS Gl s shgan ST S
V777 (s 3 ssashsie Sl i
B (58) sk s nag

EEIT

Woets 777 il silag fiash slb Sl

0225 el

31°22"0"N

=7

F_'_‘_'_q(d,\& E o A ) s 2288 () o gl8S L Klis dsla (Jui
g0t [T ciaglgs

SSAT sl AN e L o) ab K e Uy Jads

56°28'0"E

— SIS adl
— ) sl
— it

@ Akt
EEE2] ) ol 4 5 ol sl Gaaiy Lol o3d G fa g pom X S0

oAk sl

b Bdae Ol bl 6 wlid K pulidgon sl ¢ 2Ll o Sl g —) JSS

Samily 51 b




v O 5 3155l Lo,

e Ol S Okl dled Gk (g5 5 e Odre el s i el 8 5 elS SE

Description

s |z
EAE Lithol
z | S| E |2 ithology
Al? £ |E

&

.g E
IR
[ (5]
wh%
K- R
~|o|=2|E
===

e | <

SR |

— a

&

- p—

e | 4

W | ®
R
rni-;.E
@ =S
S Sle
c|2|S|®
=2 &

=
& | 2 | o
w|l 2=
Z|£|&|E

23 Bl IO
HHEE
=32

o~

=
‘:.'c!::E
S|E[s|=
!-..ngs
2| g5
E&_:
SR | =8
Ol =[M]|E

Ak

= &)

=)

Red shale with sandstone interbeds

Fine crystal dolomite with ore deposits

Fault

(Hosted-rock of lead and zinc)

Fault

Red shale with gypsum, dolomite
and gabbro interbeds

Fault

Fine crystal dolomite with stromatolite bedded

Gabbro
Fine crystal dolomite
Gabbro

Fine crystal dolomite
Shale to marl beds
Fine crystal dolomite

Shale to marl beds

Fine crystal dolomite with stromatolite bedded

S BLasst Bs 555 25 5 ol oS Sl S asd a5 b Al 55 505 5 2 S Ol Ko 5 lidane O Y ISS

| f""” Jl’)}j\f}) LS| ‘_;|ﬁ th}..f ‘_;l:...-b): ‘_;J‘Aﬁn\l.bl.z Q,:SH..A .JS‘A.\J:UA:';.:.»}JE $I) 8 P



\Y’i/\}ﬁlﬁ%yAJL«ﬁ:‘V?&lﬁAJu¢mjwdu¢wmgy)jé)l§34:>ﬂ- L;L&&A)}i A

Frosgd S Jels a sl gla SIS oA () Jsdx)
S sS85 o o Yol 2eS o Ul s o
e SLS 1 0015 LS Ol ol Sl 6 A
sla fsa ;o Saol Sl 3 L ag 96 sl S8 558 e
e JT gla SLS Lol 5 s e stalie il
R\ RV RO JPVINDVANCICS RN BV G PRe
S CadS 5 Ca gl eldol s G e e s
S 3 (Ol K) albly sl IS ol iy Ol o
g g Bme 5 b

clie 52 5 5 O b s Dgad 52 JE A&
e slazs 5 i @ lae 353 Sy b g5y e
s g I Sty (1 ISE) s5d e e0ls asids
Sl SuSs aS 558 0 Chshams Olas Jlod gla o
slacsl js iy JE S cal oS 1 aikie Lol
sdaline JUs slalas 5 Lo im 50 5 5 o s oslaS
A slags 558 Sl sla Shas opl ol 0555 0
S FSS gyl s Shee shae ool (Sn Als 3
Adib et al. 2017; Jazi et al. 2017; & 503 gl ) L3L adles >
.(Zhang et al. 2017; Parsa and Maghsoudi 2018

st s Glaa sl 5o o Il iy il
o555 Sen slaaalllan 53 Lol 35 ol 0313 ails
SLS ol (¥ JS5) 555 e s wlSil 5 0150
slassh JSha 2 5 0 sl SIS L SHU ablie o
bl 8 S L 0T laysh a5 558 e edalie Jls K2
a3l (55 il Lo LS & Ygema 2y Jlinl Ll
(Hitzman et al. 535 0 JAS Cod)se op 5 Cud ) o]
g e e daline sl daalllae glaassel 53 4.5 2003)
o il i 1 ol i 86 sl SLS 0ol g 54
S 5 dpas] Jole a a (Sgbhsnpop 5 Coiss Coa)
S Glistlas 5 led Kon) ol e 5 a5l SolS

(Reichert and Borg 2008) 3,15 _Stw OL 5

adlae )

e DL ] e i b SIS glaaallas ) sltens
Slee sl ladS 3l € sel 00 sldes b Odms (S35
Sheas Jame o3l a4 5 Sy Ol Ko 5 dbas
Sk 65050 5 Mo S3U alade 4503 Y0 5lutsS Ol ]
Jie Sl 5 Ol Db Sy S L 5 g i
b dgs oKl alidmes 05 S s OLYMPUS BH-2
e 5 eSS laaallas ks s aalllas ObL S
Sl il B s s 4 pad A sl i SIS
LA w2 Ol syl o Kiulesl L3 5 Sl (XRD)
Sl agai V0 slias ( —ulis SLS glaaslae 3]y
T i) o s ol ole s o
i 5 ol (ICP-MS) Ll sdcisr land o >
B s O s & i Jll Ol sleslys ol s
leds a1 Y Jsds s olel Cic o g sla asls
Slaar Lt dwbs Gl ala 3 555 Sla Jdoei gay 3o
M} Sad g gl ole pluls 5 S e
S U a.)u.l'_m"jj_b B A_.Jj_w)t_wa.kS)J &L:Q.;-J:}j)
(e SLaa S s sole Dl L) e oskien
BA s 5 258 5 ol ol S aSe sla s gas
Ao Hloeadas 55lhlel Sal 4 o Lassls o

Cow g @L"J
8355 Sl g ol sl ol e s Clual aas gL
)k_mals SA— “_555) L}_,wl.\.wdu c‘\_A‘.}‘ ))) g,_’>u; s L}"JM

s oy 2l G LT Ll edianlas

b S8
35 (K Gl 3y s s s San) ki IS slaanllan
=30l sl sladS ) dis o OLLS sdiaslllas AU
Ol 5 Al loslw Ly 5 b S (535 5 o

35S Gl 450 5 adsl o5 8 52 a1y 2550 g SIS



O 5 35, Lo e Ol S Ol Sl b (655 5 e O el g i g 35 5 gl S

.Mbw oS JL@J" 41?/0 QIJ} b :‘J.}) d\.o.?"éa}}-«b_,h" ‘)'l.b R ‘5.).:.3_,« ui;'t.'v): euun;'u:.a 6\.&‘;\5 &j‘)lﬂ J'_,S—\ d‘;-\?

s =213 3 b > e 213 4 > =215 47 31 o alo
(&3529=)
[£33333333333 33

I
I
o239

o Fla

S 39 5

— [£33333333333 33

e
b g0 B IEEEEERRRRRAEF e
——

sy 9 IEEEEERRRRRAEF
E——

T sl awsTt
(cwitod 3 cwiss”)

bl Lol alal 2 0dd gy (S 505 oo 9 525 gl Ao —Y J st

Jobs oKke &l Sl Ol ol Sl Slas Y oy Ko o gia Sl Sal
(mg/Kg)
Al(%) 0.08 0.04 0.14 0.005 0.5 8.1 0.34 0.42
Ca(%) 54 2.7 6.8 0.06 215 3.6 28.1 304
Fe(%) 6.8 0.3 135 0.08 334 5 0.44 0.37
K (%) 0.03 0.01 0.06 0.005 0.2 25 0.14 0.27
Mg (%) 2.7 0.3 0.4 0.01 12.5 2 7.8 4.7
Na 398 420 84 276 512 28300 735 371
P 104 87 80 43 325 1050 110 175
Si(%) 0.14 0.06 0.22 0.01 0.8 27.7 0.7 2.4
Ag 212 143 302 0.8 1030 0.07 1.72 1
As 2230 138 5283 15 16740 1.8 6.18 25
Ba 4.4 3 5.25 0.5 18 425 16.4 100
Be 0.32 0.3 0.04 0.3 0.4 2.8 0.4 1
Bi 0.99 0.65 1.16 0.2 4.2 0.17 0.32 0.2
Cd 2640 1436 3807 6.9 11800 2650 8.46 0.1
Co 3.68 0.50 6.08 0.5 16.3 25 0.96 4
Cr 10.2 5 17.92 2 61 100 8.2 10
Cu 4470 791 12038 30 38700 55 26.8 15
Mn 416 4745 242.59 19 774 950 290.2 850
Mo 23.4 1.05 69.41 0.05 220.9 15 2.04 1
Nb 25 3 1.09 0.5 3.3 20 2.66 0.3
Ni 2.8 2.5 0.92 2 4 75 34 12
Pb(%) 19.1 17.3 25.3 0.02 83.7 0.0013 0.04 .0008
Rb 5.7 5 2 4 11 90 8.8 5
S(%) 19.3 16.9 121 0.08 38.3 0.02 0.1 .02
Sb 420 90 792 2.6 2530 0.2 1.53 0.2
Se 12.8 9.9 11.08 0.25 38.15 0.05 1.952 0.08
Sn 1.2 1.05 1.08 0.1 3.9 2 0.38 4
Sr 265.4 62.8 423.5 11.7 1330 375 186 500
Ta 0.13 0.12 0.04 0.11 0.21 2 0.19 1
Te 0.27 0.28 0.14 0.05 0.53 0.001 0.558 1
Th 1.7 1.59 0.61 0.88 3.3 10 1.564 2
TI 2.8 15 3.19 0.11 10.08 0.45 0.114 0.2
U 5.9 3.9 6.45 0.75 21.6 2.7 1.92 2
\Y% 19.6 125 19.17 10 73 135 30.4 15
Y 2.26 1.9 0.82 1.6 3.8 30 3.84 15
Zn(%) 24.6 25.8 18.7 0.27 50.9 .007 0.17 .0025

a: Levinson, 1974.
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