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Fig 1. Distribution map of lead and zinc deposits ith their sedimentary hosts and metallogenic provines along with
the location of the Pirhajat deposit (modified fromRajabi et al., 2012a). Al: Alborz Zone, AP: Arabiax Plate, CIGS:
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Fig 2. Geological map 1:1000 of the Pirhajat depdsimodified from Asadi (1400). FM: main faults, Fn:northern faults
relative to FM main fault, Fs: southern faults reldive to FM main fault.
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Fig 3. The N_S profile in the geological map of thBirhajat deposit, Asadi (1400). FM: main faults, f: northern faults
relative to FM main fault, Fs: southern faults reldive to FM main fault.
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Fig 6. A and B: Microscopic picture of breccia hostrock (level 1205 m), C and D: Microscopic picturef breccia ore
with quartz and calcite cement (level 1225 m), Pidjat deposit. Dol: dolomite, Cal: calcite, Qz: quatz. PPL:
transmitedlight, XPL: cross-polarized light (abbreviations from Whitney and Evans, 2010).
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(Roser and Korsch, 1988), B: Rock classification ugy the diagram (Heron, 1988). Red circle= Sandstensample with
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Table 1. The analytical data of the main oxides (iwt%) on the sandstones of the Pirhajat deposit.
Element PS-109-A  PS-111-A PS-138
Sio2 86.4 79.56 85.34
Al203 7.57 6.91 8.33
BaO <0.05 <0.05 <0.05
CaO 0.35 0.42 0.38
Fe203 1.11 7.9 1.12
K20 141 1.4 1.58
MgO 0.3 0.45 0.32
MnO <0.05 <0.05 <0.05
Na20 0.24 0.11 0.28
P205 0.07 0.24 0.05
SO3 0.11 0.26 0.08
TiOo2 0.28 0.31 0.3
Sr <0.05 0.09 <0.05
LOI 2.15 2.37 2.21
Total 99.99 100.2 99.99

1 Litharenite
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Fig 11. The map of the extracted faults along witthe rose diagram, A: The rose diagram of mineral tend, B: The rose
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Fig 12. A: Photomicrographs (sample level 1235 m)formation of lamellar quartz around the cavity, B:
Photomicrographs (sample level 1230 m), first genation lamellar quartz. Pirhajat deposit. XPL: crosspolarized light.



% $% | " #

> |/ RK ' Y. o) % ?L 4 0 "@ ?1 F¥ H<=0
Y >1 @7 % & | FH 20" NO " 2/38$Y
@- el $>1 1 ) F9 Y 2 FK< @- 'el $
'>1 dw's6c *IH / FOYy => I E 4 ' N4
? FOY G " >1 "9H ,- "JK A )E PQEE I EhK " A#?
l@ " >1 T # % & " ' Foy => $L4
FS E * I H> R 6F1L 4 A )E <20 " "# # 20"
>St@[ " |)B 2/3$ 4 | E@- 'el ' v €K 't
20" >#@[ = d (. l@ " >@ 3 #BGA * | H>
" [ ?2# ' 6- 4 6 # , X )
Jc HCS&B9# ! 12 "0 , H B 2" '<=0 , H AS D+
< '<=0r>J HFEJ 08) '<= 0 ¢ H D'<=0 q*(>g3 #
B% %, , , e>f91S] H Cer '<=0 HPbS+ +* 3T SstJA* A~ ]

Fig 13. A: Hand specimen of microcrystalline nativelead, B: Hand specimen of lead mineralization inikceous host, the
Pirhajat deposit. C: Open- space filling texture bynative lead mineral, D: Native lead mineral with eplacement texture with
cerussite, E and F: Special texture of native leagimilar to metamorphic textures affected by tectoit processes. Pb: Native

lead, Cer: cerussite. (Mineral abbreviations from Witney and Evans, 2010).
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Fig 15. A: Hand specimen of malachite, azurite andhrysocolla, B: Hand specimen of azurite mineralizéon with native lead
in silica context, C and D: The photomicrograph ofmalachite, native lead and goethite, the Pirhajat éposit. Pb: native lead,
Gth: Goethite, Mic: Malachite. PPL: natural light, XPL: polarized light. (Mineral abbreviations from W hitney and Evans,
2010).
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Table 2. Results of SEM analysis, sample PT.05.1Hirhajat deposit.
Sample PT.05.11(
Zone Zone ! Zone :
Point P.A P.B P.C P.A P.B P.C
Mineral Goethite Chrysocolla Goethite| Cuprite  Chrysocolla t
Element (Wt.%
Pb 0.13 0 0.28 0 0 2.59
Ag 0 0 0 0 0 0
Cu 2.44 26.83 0.74 70.86 37.93 33.14
Au 0.01 0 0 0 0 0
Al 0 0.15 0 0 0.44 0
Fe 57.68 24.1 67.42 1.47 1.51 21.8
Zn 1.44 0.44 0.26 0 0 0
Sk 0 0 0 0 0 0.2¢
As 0 0 0 0 0 0
Cd 0 0 0 0 0 0.31
C 0 0 0 0 3.6¢ 0
S 0 0 0 27.67 0.78 1.16
Si 1.66 13.94 1.28 0 1453 3.18
O 36.63 34.54 30.02 0 40.05 37.56
Total 99.99 100 100 100 98.92 100.02
Sample PT.05.116
Zone Zone 3 | zone 4
Point P. A P.B P.C P.A P.B P.C
Mineral Galena Covellite  Goethite Covellite Goethite  Tenorite
Element (Wt.%
Pb 79.88 0 1.35 1.47 0.14 0
Ag 0 0 0 0 0.0¢ 0
Cu 1.16 69.09 0.86 68.84 0.96 16.36
Au 0 0 0 0 0 0
Al 0 0 0 0 0 0
Fe 5.69 0.59 65.16 0.53 69.1 0.22
Zn 0 0 0 0 0 0
Sb 0 0.26 0.53 0 0.26 0
As 0 0 0 0 0 0
cd 0 0 0 0 0 0
c 0 0 0 0 0
IS 13.26 30.07 0 28.88 0 0.21
Si 0 0 1.45 0.28 1.77 0
fo) 0 0 30.65 0 27.68 83.21

Total 99.99 100.01 100 100 100 100
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Continued Table 2. Results of SEM analysis, sampRT.30.123, Pirhajat deposit.



$ $% | " #

! -, $20 " # A u#t E6 1 >#g)ER * 5]3U, *
X ! "I# 'l E €K CuAssSsH E6 1 >) E ®upShSisH
% "] %f4 J #'B &# < Y 4 % &). J " #BWX
2/3% 4 Y 4 #E O WX >HQgQE% # " 2/3%
A- ' Y. C ,- #= e3 '6- 20" #=> - )
14 )% " aR # = => # Fo9 Y |- |
# pH # 21 #./ "] GMH #4 PbCuOH -SQ) E6 1 ># @ (
| E? E#$ #4 14)% E " >@ [@ %M $ A#
@( % & 390H = ' W J"2/38Y 4
B :Gth1J*~ :Ccllu " :Qzl™, Zone 1WA PT.05.116 :BS1 +(, -+ + e*S D+
Zone B (Gn) (~ :Gth1J*” :Cv1lJ( Zone 3@ CprlJ # :Ccllu "™ :CvlJ( Zone 2
B®% %, , , e>f91S&89 # | TnrlJ * :Gthl1J*” :CvlJ( 4

Fig 16. Back-scatered image (BS) of sample PT.056L1A: Zone 1 picture, Quartz minerals (Qz), Chrysoolla (Ccl), Goethite
(Gth), B: Zone 2 picture, Covelite minerals (Cv), @rysocolla ( Ccl), Cuprite (Cpr), C: picture of Zone 3, Minerals Covelite
(Cv), Goethite (Gth), Galena (Gn), D: picture of Zme 4, Minerals Covelite (Cv), Goethite (Gth), Tenate (Tnr), Pirhajat

deposit. (Mineral abbreviations from Whitney and Evans, 2010)
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Fig 17. Back scattered image (BS) of sample PT.3@3, A: Zone 1 picture, Tetrahedrit (Ttr) and Plattnerite (PIt) minerals and
Native lead (Pb) which is the background, B: Zone icture, Plattnerite minerals (PIt) and Anglesite(Ang) and Native lead
(Pb), C: Zone 3 picture, Linarite (Lin), Plattnerite (Plt) and Native lead (Pb) minerals, D: Zone 4 piure, Plattnerite (PlIt)
minerals, Chalcopyrite (Ccp)) and Native lead (Pb)Pirhajat deposit. (Mineral abbreviations from Whitney and Evans, 2010)
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Table 3. Results of chemical analysis by ICP-OES ritmd (in ppm) on ore samples, Pirhajaideposit
Element PT. PT. PT. PT-05- PD. PR. PR. PT. PT. PT. PT. PT- PS.
05.113 05.101 05.112 116 1215  25.118 25120 30.121  32.135 35.125 35127 38.134 141.139
Ag 5.37 <0.5 412 8.97 <0.5 27.12 12.52 7.27 0.55 3.35 <0.5 5.08 <0.5
Al 2849 718 2609 6014 2181 2294 2076 7091 1956 1596 07 11 26723 1333
As 46.6 9.9 77.4 >100 2.3 34.9 2.3 >100 2.2 29.9 2.3 37 4
Ba >1% 48 4746 139 2551 198 33 1742 214 215 219 2623 24
Be <1 <1 <1 1.6 <1 <1 <1 <1 <1 <1 <1 <1 <1
Ca 3174 >10% 3327 14699 27816 3358 66450 25570 73113 99375 >10% 1255 >10%
Cd 0.46 35 0.8 1.7 0.27 0.8 0.49 2.3 0.34 1.2 0.3 0.38 0.25
Ce 2 1 3 4 2 1 3 12 2 3 3 47 2
Co 2.6 <1 <1 4.8 <1 <1 <1 2.7 <1 <1 <1 2.6 <1
Cr 81 15 103 44 59 28 15 39 32 13 6 84 4
Cu 1984 14 399 >5% 103 4357 123 531 59 93 13 2753 34
Fe 9714 3701 7276 64013 7225 9133 4038 19257 4131 3658 1630 23359 1568
K 654 187 384 2527 364 307 590 1119 267 388 410 14089 355
La 1 1 1 2 1 1 2 10 1 2 2 38 2
Li 78 15 38 37 75 72 69 68 66 39 4 99 4
Mg 1637 >2% 2007 8233 14143 1916 >2% 13004 >2% >2% >2% 2310 >2%
Mn 72 120 32 26 65 38 59 56 74 91 44 28 35
Mo 35.9 0.57 116 270 0.64 55 1.6 224 0.67 19.2 058 8 3 0.67
Na 216 383 421 539 272 230 255 252 204 268 206 793 327
Ni 4 4 5 9 2 8 5 6 3 5 3 15 5
P 24 39 52 <10 41 <10 44 104 34 54 45 237 43
Pb >3% 482 >3% >3% 721 >3% >3% >3% 4164 4529 260 25849 749
S 3685 418 1997 2187 816 7968 9478 941 601 581 346 1040 488
Sb 95.09 9.84 8459 >0.01% 1.15 >0.01% 21.27 >0.01% 1.02 15 0.96 36.87 0.86
Sc <0.5 <0.5 <0.5 1 <0.5 <0.5 <0.5 1.2 <0.5 0.5 <0.5 3.6 <0.5
Sr 124 69 76 83 48 122 65 436 38 63 46 99 75
Th <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Ti 154 26 203 242 86 65 87 469 32 82 48 1728 74
u <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
\% 9 6 11 14 3 3 6 13 3 5 5 44 11
Y 0.5 0.8 0.6 1.1 0.6 <0.5 0.6 1.6 0.6 1.2 0.8 4.7 0.6
Yb 0.2 0.2 0.2 0.4 0.2 <0.2 0.2 0.3 0.2 0.2 0.2 0.9 0.2
Zn 125 1701 102 1202 59 94 57 480 139 599 163 115 1
zr 6 <5 6 15 <5 <5 <5 14 <5 <5 <5 54 <5
PearsonL Y/RI< 0,ES $738

Table 4. Correlation coefficients of ore-forming eéments by Pearson method.

Element Ag Pb Cd Cu Zn Sb
Ag 1

Pb 0.653 1

Cd 0.014 0.012 1

Cu 0.200 0.332 0.204 1

Zn 0.133 -0.130 0.896 0.457 1

Sb 0.670 0.577 0.352 0.569 0.229 1
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leg 21(%)).2£D)i.agram of mineralization horizons (Horizori, Horizon2, Horizon3, Horizon4) in Pirhajat deposi (Yousefi et
GM )@H 2 = A& WA
SEM-EDX,# .#) D g RO ' 8 Y ?21d 4 A#2/3 % 4
#J""E }@> # 4 "X$A# "%. g " J
N ESEMEDX?@ . Y %f4 O =" 11 '>@ ) @ 3
2 ># E\$ W' A#? # & 63 " 2/3% 4 F #E WX
/ N@O 4 1 gRO' ] J""WE = Y 2?1 _B)
| H #QE2/3 $ 4 ] ot & #& H#H) 8
"I E% 1 4 " ""E =@ Y ?1 / 14 E 8 J %
% EhK " A#? ' "' N4 IR Y n 8 ? &'
A#? 09E 2/3 $L4 | E" >[ A& ' L " Lt
L4 103 " % #1 2 "2/3% 4 = C)
L4 <") = "@ |[@ "> 4 YE ' #.1 PQE >RE
L4 " RK % 4 a# "@ [@ Fn3H { ' 14 :JEIR "
I E 4 ' [#9E 4 | EGFmH )- - 014 G Fn4, Fn5
" %. I#9E [@ L4 '= 4 # "IE 3" # &=
# ' Y. PGREC]&F4 L4 '>1 " "E => 0O 14 )
F) '14 /" [ Y. dw "X$ e " $ " %1
Y. N a# R w3 R JE 1
'Po= W' 1 # RK N9 R ' 14 6F1LA )E /| =
2 VA '@ [@ L4 ' >#$ / RK2] y[ F) ' #
1) & A% " " > | E %.69 " " RK # 2] " %.0\)-
) @ '3 "4 pE # N jui 6 '" >4 "E 6 % 4
"A#J 2/3$ 4 HGIH "3 & N9 " A#t = )Y
= " CcO9#JE Y d 4 ) % ¥ & 6F114

1Gossan



I $% ! " #

% EY d 4 2/3% 4 4 e H 4 ' ?VY d 4
Y [@ O #-y / 1'% " "0 " > | E? G ># E\$
A B >$ 89 g?1 & 1@ = 4 # % "#1>@F1
= D .C | E % "#.1 " "E
S&89# | &+ H B:Q (1&+ , > H A B+

Fig 20. A: Outcrop from Massicot mineralization (Litarge), B: Hand specimen of Massicot mineralizationthe Pirhajat
deposit.
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Fig 21. Schematic model of supergene mineralizatipRirhajat deposit.
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Fig 22. A: Core from a core box, B: Lead mineraliztion in cores from drilling, borehole UDH204, the Frhajat deposit,
Tabas.
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Abstract

The Pirhajat deposit is 5 km northeast of Pirhdja@ km northwest of Tabas in the Pirhajat mountain
range. This deposit is in the Central Iranian sabinent and the Tabas-Poshtbadam metallogenical
province in Uzbakkoh-Eshghabad section. The gecédginits of the region include two carbonate rock
units (dolostone and dolomitic limestone) belondgioghe Middle Triassic Shotori Formation and the
sandstone of the Lower Jurassic Shemshak Formd&iorihe basis of ¥O/N&O versus SigAl 03
diagram, the sandstone unit with lith-arenite litlgy is plotted in the passive continental margigaa
The mineralization in this deposit is strongly gofled by tectonic processes in which the maintfaul
named FM is the most important, with an east-weitesslip extension and a slope of 70-80 degrees
to the south. The mineralization occurred in twpdgene stages including native lead, galena, pyrite
tetrahedrite, chalcopyrite, and sphalerite, angbaigene stage includes lead oxide minerals (jlatitn
massicot-minium), linarite, anglesite, cuprite, achlite, azurite, chrysocolla, covellite, tenorite,
goethite, cerusite and gangue minerals consistritetyquartz, calcite and dolomite. The main nmirea
metal that can be extracted in this deposit is Esadative lead, plattnerite (lead oxide) and lesaer
extent lead sulfide (galena). On the basis of dsalts of ICP-OES analysis (13 samples), lead has a
average grade of 3% and the maximum silver indbfsosit is 27 ppm, which shows the relatively high
grade of lead and the presence of silver, that sh@romising economic outlook. Also, zinc has an
average grade of 372 ppm (in 13 samples). Coppehas a grade of more than 5% in some samples.
On the basis of these studies and analyses, thmdotmineralization phase in this deposit is thiel®
phase, which is important to know for processirgall as the existence of zoning in mineralization
(formation of copper-bearing minerals at the lowesgel, then lead-bearing minerals and to the serfa
the barite mineral) in depth and laterally. Exiegdof mineralization in depth and margins will be
significant

Keywords: Native lead, Lead oxide, Zoning, Polymetal, Pjghalabas block, Central Iran zone

Introduction (Khormayu). The geology of the mining area

The Pirhajat deposit is 5 km northeast of
Pirhajat, 120 km northwest of the Tabas city at
56°31'26"E longitude and 34°13'08"N latitude

in the Pirhajat mountain range in the Central
Iran zone and in the Tabas-Pushtbadam
metallogenical belt. The most important mines
and occurrences of lead and zinc in this region
include Kohmari, Ushk, Gardo, Uzbakkuh,

Shore, Qale, Raqqge, Sibzar, Qochkuhi, Pirhajat
(Kalar), Chahsorb, Talkhab, Deq Sarajiv Pusht
kale, Gushkamar, Nignan, Bidu, Koiro,

Qavastu, Govehsiah (Qarshir Ali) and Kuhsiah

includes the Middle Triassic Shotori Formation
(TR«") and the Early Jurassic Shemshak
Formation (Js). The most recently identified
units include alluvial sediments
alluviums and fluvial terrace of the present era
(Q*) (Figure 3). The Shotori Formation
includes yellowish dolostones, and the upper
part includes the Spehak limestone member.
The Shemshak Formation in the area includes
highly weathered sandstones and siltstones that
are associated with coal layers in some places.
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The Pirhajat mine is an underground mine
consisting of 4 main tunnels at 1205, 1225,
1232 and 1238 m elevations above sea level,
that was extracted by Russian miners about 70
years ago (about 1945-1950). The main
mineralization in this deposit is native lead,
lead oxides and galena. This area in 2013 was
subjected to detailed exploration by the Rasam
Mining Company. So far, there is no
information about the Pirhajat deposit in
geologic literature, so the objective of this
research is to investigate the mineralization,
paragenetic sequence and lithogeochemistry of
the deposit.

Research methodology

Several field visits and surveys were done to
identify lithology units in the area. Forty
samples from different levels were collected in
the tunnels of the Pirhajat deposit, among them
19 thin sections, 15 thin-polished sections, and
5 polished sections were made. Mineralogical
and petrological studies of thin and thin-
polished sections were done in the geological
laboratory of the Payamenoor University of
Isfahan using an Olympus microscope model
BX41. Two samples were studied for mineral
chemistry in the Razi Karaj Metallurgical
Research Center by SEM-EDX analysis, which
were examined by VEGA//TESCAN scanning
electron microscope with 20 kv voltage.
Sixteen samples of ore were analyzed in the
Zarazma laboratory in Tehran by ICP-OES
method. Preparation method for 13 powdered
ore samples was four acid digestions and for
that of 3 powdered sandstone samples was
lithium metaborate fusion.

Result

Ore minerals identified in the Pirhajat deposit

include native lead, galena, anglesite,

plattnerite, massicot, linarite, tetrahedrite,

sphalerite, chalcopyrite, goethite, tenorite,

cuprite, cerussite, barite, malachite, azurite,
chrysocolla. Silver is present in the crystal

network of galena along with sulfosalt minerals

such as tetrahedrite. Small amount of gold also
occurred associated with chalcopyrite. One

important point in this deposit is the presence
of lead oxide mineralization as well as native

lead. The area has been affected by tectonic
processes and so the mineralization has
occurred in many places at the intersection of
accessory faults with the main fault. On the

basis of the field surveys, mineralization in this

deposit has a zoning that indicates the
continuation of mineralization laterally and in
depth. Drilling of the UDH204 borehole
(Figure 16) and the observation of
mineralization in the cores confirms this.
Based on the results of chemical analysis, the
average grade of lead is 3%, and copper has a
grade of more than 5%; the average grade of
zinc is 372 ppm, and the highest grade of silver
is 27 ppm (Table 4). According to the results of
the analysis of the main oxides of the sandstone
samples of the Shemshak Formation and on the
basis of the diagram of JK/N&O versus
SiOJ/Al ;05 this sandstone unit is placed in the
passive margin, and also on the basis of the
diagram of Log (F#s + K:O) versus Log
(SiO; + AlO;) they are plotted in the
litharenite area.

Discussion

If the elemental contents in different parts are
considered, the main mineralized horizons
were identified (Figure 15) and on the basis of
the important elements of lead deposits,
correlation coefficients were also calculated
for this deposit (Table 5). Lead, silver, copper,
and antimony elements have high enrichments
and zinc, cadmium, and arsenic have medium
enrichments (Table 4). The presence of lead,
silver, copper and antimony indicate the
presence of sulfosalt mineral (tetrahedrite). On
the basis of statistical analysis, the highest
correlation coefficient is between the pairs of
lead-silver, silver-copper and lead-copper,
which indicate the genetic relationship of these
three elements in the mineralizing fluids. The
strong correlation  between lead-silver
elements indicates the presence of silver in the
crystal lattice of galena, and the strong
correlation between the pairs of silver-copper
and lead-copper elements indicate the presence
of sulfosalt. The pair of silver-antimony also
shows a significant correlation. Very active
tectonic movements have created numerous
conduits for the penetration of surface and
atmospheric fluids and their mixing with
subsurface fluids, which is followed by the
oxidation of the fluid and the forming of
minerals from the fluid in the pores and
fractures.

Conclusion

One of the most important achievements of this
research is the identification of native lead and
the identification of the dominant oxide phase
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in mineralization in this deposit. The presence
of natural lead in the Pirhajat deposit is the
distinguishing feature of this deposit from
other lead deposits, as well as the Chah Sorb
deposit and the Talkhab deposit near the
Pirhajat deposit.

Mineralization in the Pirhahajat deposit was
strongly influenced by tectonic and faulting
processes and included hypogene minerals that

occurred during two stages and then supergene
mineralization.
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