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Group)

Alam formation: sandstone,conglomerate, tuff, marl, limestone
Pre-Triassic - Ultramafic rocks (hornblende gabbro, serpentinite)
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Sys-| Seri- [ Stage | Rock| Sub-|  Stratigraphic Ore .
temi| ©8 unit | unit column body Lithology
Paleo{ Dan- | Kha- . .
s im?" fe‘d Red, thick-bedded basal conglomerate, sandstone and grey limestone
Z E :
< 3z Alternation of light-grey, very thick-bedded reefal limestones (with
= = abundant rudists) and light-grey, thick-bedded limestone with inter-
< calation of brown, thick-bedded sandstone
=
<
o
Alternation of light-grey, thick-bedded dolomitic limestone and sandy, dolomitic
limestone with intercalation of brown, thick-bedded calcareous sandstone
%]
~ | Z ,f Alternation of pink and brown, thick-bedded calcareous sandstone and
jom] % 3 light-grey and white, thick-bedded rudist-bearing limestones
5| =
= 8
e} <Zt &
(&) < . « -
n = 7 Alternation of brown to yellow, medium-to thick-bedded dolomitic sandstone
o) & (15mf and white, medium- to thick-bedded fossiliferous limestone with rudists
m = - - - Disconformity
6 Alternation of light-grey, thick-bedded cherty, sandy dolostone, sandy, cherty
2 {(11m) — limestone, and calcareous sandstone
&)
<
= E Light-grey to white, thin-and medium-bedded calcareous sandstone
< w| & with intercalation of brown conglomerate
-
& Z
" <
m Z f‘ Alternation of light-grey to white, thin- and medium-bedded calcarcous
< fa) sandstone, sandy limestone and sandy dolostone
<
=
= o
= Z E Alternation of grey, thin- and medium-bedded sandy dolostone and calcareous
m = sandstone with rare chert grains, algae, crinoids, and bivalve fragments
@] &) -
(=4
m
- - Alternation of creamy to light-green, thin-bedded sandy, cherty limestone
S ) and light-grey to green, thick-bedded argillaceous, shaly limestone with
= 2 algae, echinoid spines, gastropods and brachiopods
1 Basal conglomerate and alternation of light-grey, medium- to thick-bedded sandy limestone
(10m) and dark-grey, thick-bedded cherty limestone with algae, bivalves. and gastropods
[&) = % L s
K2 |lo, |EE| £ o Alternation of purple, thin- and medium-bedded tuffaceous sandstone and mostl
2|25 |38] % E OL puzp ! y
< |22(2%] £ = green and violet, very thin-bedded tuffaceous shale
= |Zo| 22| 2 -
= =3
Calcarcous Tuffaceous et Cherty, sandy = E
ridstone sandstone E Limestone limestone Sandy dolostone
o G Calcareous - haly, argillaceous Sandy. dolomitic == Cherty, sandy
Sandstone % shale imestone g limestone 7=~ dolostone

Conglomerate 0 Argillaceous limestone Cherty limestone

Tuffaccous L
shale 51 Sandy limestone
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7- Xenotopic
8- Idiotopic

03 3 SRl 21531 5 (gl pgd o 4y 0S5y iy 0SUs
GlaaS, 15 5 g gle dir n S S S, 3 &S
o 3| (IS D) ey o e i 4 5
;&;ﬁcbbf>ﬁob}:ﬁ&mw‘vgm5)
il 35,8 e 5L adsl c b e il
23,8 o Ssge g 33 4 4l ST K 55 e s
Ol Lel S 55 OT 5 4878 bl il ()
Db o K I ool b

S8 o s> il 4877 il il (0
S8 0ds e sdes BU Cou il a5 5,00 ol
& ,5

Salob U glacly 57 s eSlis HLilS Ol s K s
‘_guu,gﬁ)euouf;&_w@;@.x_uuu
ST Sire osle 0550 (o5 Slaland b Gutaeosle slos
L 5 L b il 55 oS T (ol e 51 K
K\ - TN PR V- S PPN W- SV PERPIP N e
0Lt oo 3393 50 Cowd 1S owd Silabad STl OT
gy SLay b 48 ol ol s el @ 815
b a st yels oSGl g3 Lo 5 el
4SS Wlos sad slgins (1987) Sibley & Gregg .Lles e
LB ol LB 553 A 4 Slen g sl S
b slaes 3 Ay 050 g sr oS Sl L
iles Bl o3 B Sy Sl s

Ob w0 K (157950 90 Ol yukd
ST (lacKivanls b g oSaT K wils § gls SIS

53555 Slw S U coms oSy HLilS 0l K
48 wi8 Jis oo La oS ol 8 Gl sl

Sl akobs 5 adsl Kow Juim Sl i ol Caned 5 Sl

5- Fabric Selective
6- Non fabric selective



! I (65 m 0y Yol (53 S WigT 3 30 yS3 s 1 IO s 9 45Ky ol ao K Jliie G PY

Planar-E: dolomite crystals mostly euhedral;
crystal-supported with interxtall areas
tilled with another mineral or porous

Planar-S: subhedral to anhedral crystals,
low porosity and/or little interxtall matrix;
straight compromise boundaries common,
greater than 30% crystal-face junctions

(= hypidiotopic and some xenotopic of
Fried 1965)

S Planar-C: euhedral crystals lining pores or

surrounding patches of another mineral
(e.g., gypsum, caicite). May also be replacive

dolomite, where undolomitized interior of
allochem was later dissolved

‘| Planar-P: porphyrotopic, scattered crystals

" in matrix (matrix-supported)
¢

o

o3

(i

Nonplanar-A: anhedral crystals with mostly
irregular interxtall boundaries (less than 30%
crystal-face junctions); crystals commonly
with undulatory extinction, inclusions; also

includes replacement saddle dolomite

Nonplanar-C: pore lining saddle dolomite

cement crystals

= Nonplanar-P: porphyrotopic, single anhedral
¥ crystals or patches of anhedral crystals,

’| matrix-supported; crystais commonly with
3 “| undulatory extinction
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Dolomite type Petrographic features Size (um) | Description shape Deposition time Mineralization role
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12- Nonplanar
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(HW=hanging wall, FW=foot wall) ;e S o ol sloasT lsl,8:Y Jsux

Sample | Vein | Distance | Primary Major oxides (%)

No. No. | /location rock Si0, | TiO; | AlLOs; | TFe | MnO | MgO | CaO | Na,O | K;O | P,Os | SO; | LOI 3
NH 30 O/HW 3711 | 009 | 259 | 149 | 014 | 1354 | 1917 | 009 | 033 | 003 | 0 | 2515 | 99.73
NH 31 AW 56.93 | 011 | 293 | 129 | 007 | 67 | 12.74 | 102 | 02 | 003 | 062 | 1572 | 98.36
NH 32 AW 5229 | 010 | 351 | 101 | 004 | 136 | 2444 | 008 | 038 | 006 | O | 1653 | 99.89
NH33 | 6/HW Sandy 5031 | 008 | 392 | 079 | 004 | 129 | 2364 | 01 | 028 | 003 | O | 1941 | 99.89
NH 34 OFW limestone [ 5717 | 01 | 277 | 13 | 008 | 745 | 11.89 | 079 | 017 | 004 | 043 | 16.68 | 98.87
NH 35 3IFW 30.14 | 006 | 195 | 128 | 012 | 1282 | 2223 | 003 | 038 | 002 | O | 30.74 | 99.77
NH 36 5/FW 4253 | 009 | 255 | 149 | 013 | 10.94 | 17.72 | 023 | 034 | 004 | 018 | 232 | 99.44
NH 37 7IFW 4163 | 016 | 296 | 09 | 004 | 185 | 2815 | 011 | 033 | 006 | O | 2367 | 99.86
NH 40 (‘)’}"\:’;:; 33 | 005 1 117 | 011 | 943 | 4284 | 005 | 034 | 002 | 001 | 4151 | 99.83
NH 41 AW o 272 | 004 | 059 | 05 | 003 | 15 | 5153 | 006 | 025 | 002 | 014 | 4253 | 99.01
NH 42 12 2/AW fc;f:::gﬁ:'s 146 | 004 | 044 | 042 | 002 | 042 | 5472 | 006 | 016 | 001 | 0 | 4218 | 99.93
NH 43 3FW 173 | 004 | 066 | 05 | 002 | 149 | 5265 | 004 | 029 | 002 | 021 | 42.26 | 99.91
NH 44 UFW 22 | 004 | 069 | 05 | 002 | 22 | 515 | 005 | 033 | 002 | 02 | 4218 | 99.93
NH 45 2/FW 142 | 004 | 048 | 042 | 002 | 061 | 5443 | 005 | 02 | 002 | 012 | 42.13 | 99.94
NH 50 Z\f"\:::: 624 | 006 | 092 | 2690 | 019 | 16.84 | 2048 | 084 | 031 | 001 | 036 | 418 | 99.74
NH 51 O/HW o 191 | 004 | 054 | 066 | 005 | 203 | 5215 | 005 | 019 | 001 | O | 4215 | 99.78
NH52 | 34 AW f(ilszl'sfte;r?:s 373 | 006 | 088 | 07 | 003 | 08 |5L78 | 008 | 034 | 003 | 0 | 4L57 | 100
NH 53 2/AW 218 | 007 | 066 | 07 | 003 | 075 | 5234 | 01 | 026 | 003 | 063 | 41.95 | 99.7
NH 54 0/LW 2851 | 009 | 337 | 153 | 01l | 1383 | 21.11 | 018 | 071 | 002 | O | 30.13 | 99.59
NH 55 LW 2015 | 008 | 237 | 146 | 013 | 1643 | 2256 | 019 | 052 | 001 | O | 3591 | 99.81

(HW=hanging wall, FW=foot wall) \l;e0 Sics ;5 (5 LudlS ClaS olie Jll,d ¥ Jgum
SEl Vein no Distance /location Primary rock Trace eleme:nts (Ppm)

no Ba Cr Cu Mo Ni Pb Sr \Y Zn
NH 30 O/HW 712 23 N 4 | 15 | 873 78 | 44 | 632
NH 31 AW 3479 | 25 90 11 | 36 | 6781 | 450 | 53 | 4368
NH 32 3AW 100 55 N 15 N | 224 | 172 | 49 | 118
NH 33 % 6/HW Sandy limestone 90 18 N 12 | 26 | 132 | 109 | 42 60
NH 34 OFW 2756 | 263 | 50 15 | 29 | 3833 | 271 | 50 | 3111
NH 35 3IFW 726 21 3% 12 | 29 | 668 | 114 | 42 | 315
NH 36 5/FW 1836 | 37 | 41 15 | 20 | 1402 | 239 | 44 | 423
NH 37 7IFW 116 13 10 12 | 21 | 181 | 208 | 48 65
NH 40 Within of vein 58 2 36 13 9 505 | 210 | 41 | 475
NH 41 AW 71 2 N 16 9 244 | 273 | 40 | 107
NH 42 " 2/AW ossiliferous limestone 41 N N 19 | 21 | 136 | 244 | 40 39
NH 43 3FW 3 1 N 14 7 153 | 238 | 40 52
NH 44 UFW 85 0 N 2 | 14 | 165 | 199 | 40 62
NH 45 2IFW nd N N 20 | 43 | 135 | 195 | 39 71
NH 50 Within of vein 4001 7 | 386 | 18 | 37 | 4753 | 210 | 45 | 5104
NH 51 O/HW %5 N N 18 | 20 | 1215 | 174 | 39 | 274
NH 52 AW . _ 22 N 13 @ | 25 | 158 | 193 | 40 | 41
NH 53 34 2AHW fossiliferous fimestone 277 | N N 6 | 25 | 188 | 276 | 42 | 93
NH 54 OFW 1509 | 21 13 17 | 28 | 1162 | 80 | 45 | 665
NH 55 TFW 626 17 68 1L | 27 | 698 | 114 | 42 | 1217

SlaanS ) 5 pom U g ods 6515 ptigoi 55 1 ) sloms
3 et linlis o A3l o ol 85 Dbl s oS0
QY JS8) Gl os g n il 8 (6415 pdigas o 45 OT
Sl o s gn Sk T 5 jrlie (51 (St

/:L:_c l(

L 4

<

Sl Ol s ¢ 05,3 Pb 5 Zn Ba (Mn (Mg (Fe

(&3

By

o Jolse 3 U150 PD g S i ol sla oSS
2B F B Ul ol gl 5k 8 8 L s ey
T P I Zn Ylaz=1Zn 5 Pb sla, LS

GIs Sdms 455 44 i LS Jlie 5 ool STl




4% 699, 00l Sho colﬂ QRS ez (3 e oo

s sla s s Guaee adyl 8,5 VLY
s Glales 5 (59,5 (S

Sl 5o b 5 85 g 4t sl ;S 53 SYKL Y
P POy P 5 STRC [P E PR S
QOF JSK8) 555 o otalie b SanSls sl

Vol sese i ij\@b&jlﬁ)bﬁfjj YL F
Llos S5 638 56 ds s ¥ b

Salss b 558 51 e OV 55 el 560

)J.H;ﬁaawuuﬁ;\&@b@,;pﬁ
G S 30l glads sas sl Lils 5 (slags S o300

LA Qj}uﬁ GLA B1t 4ol

omidie (a0 (Al ole S (slacus sl gu 59 5850 oYl AY Ka
035 23 (LV) 6513 59 60850 Y (5585158 5 e sl go (SLS o
b e o S 480 By 0S50 SV (0 4SS wd B Jeals

WANud Gaddie Sus ol g 90

12
=——s—= . -~ N0
- = MgO

~ MnO

Fe203

K
\\
\V
)
l/
/
/)
bt
oo] (@
i) &
o

= - Pb
e -— Sr
7“—0—%,_,_—4—0
— — Zn
//4\\\\
‘_/i/: = \\
==
—s
ﬁ*
34
- Na20
= MgO
- MnO
- CaO
-~ Fe203
- Ba
- Pb
= — C — St
Zn

AY slads Sare glad, bl 5o sualic Slgls8 AS Hlogai VY S
Wloli 5o 5 48, oo Base yuolic Huulie 8 s lad 45, 5 Y0 o las
a5 el ys ool (slaaaeS) Hlaie Hlo gl (ol Hu) el SYL Koo
D50 9 835 Guabie 59 e Gubal s (oLuilS sualie HlBe 5 (S5
5035 o3 g &S Hlugad fpl el K3 oY el o, 50 8 g

(el swss S a3 45, 5l dhials @ s jealie 4unlis gl g

Kl 6 dias e 0l e Sren 0S5 L S
oml OLSG Lo 51 56 5 03 juolie cpl alie Cb

O Lo g ya4ils” Jluw Sl gas

Conlps S 53 2850 DY 3185 5 Dlasia
Sl ,le gl S

b VL o dss SIS s sl S 55 SV
V o Sile b5 05, K 1O 50 o LOT 6310 5 axils ade

il e 09 S



o (S (085) = 0y Sl (53l 15 2T )3 30 3Ky y2 SN Sl 9 4508 sl S Jiliia 5T PA

s <

N ‘Ja.u}';.o Cadia M/" . ++ Vb cuds M"' o+ + ) S UL\)...A S 6&4.4“5“ lS pais Lo o M"' . ¥ Js_\?

(S

(Ko pae NC 5 YU e Siarod = = = changle hie  Saod = = hnd (hio (Sinrod

SiO; Al2Os Fe203 MnO MgO CaO Na.O Ba Mo Pb Sr Zn
SiO2 1 +++ + + + ++ + ++ n.c +
Al2Os3 923 1 + + + + n.c -- + - n.c
Fe203 .335 .368 1 +++ +++ ++ +++ n.c ++ n.c +++
MnO .233 .280 934 1 +++ ++ ++ n.c ++ - ++
MgO .220 .303 .875 .962 1 -- + ++ n.c ++ n.c ++
CaO -.893 -871 -676 -623 -.632 1 -- - ++ n.c
Na.O 432 253 .606 404 .367 -.540 1 +++ n.c +++ ++ +++
Ba .319 .188 17 546 495 -.508 .884 1 n.c +++ ++ +++
Mo -.445 -.463 -074 -.100 -176 439 -071 .047 1 n.c n.c n.c
Pb 401 217 .604 442 403 -526 971 .859 -.073 1 ++ +++
Sr .040 -228 -144 -.287 -.330 .099 .564 443 -011 .563 1 ++
Zn .296 .156 721 544 .500 -491 963 .874 -.028 .949 436 1

shls u.fbjf Juw g_,\.:f; ny 3 g0 g0 Sl (al., 1985
g 456 MgClr Ylaz>1 5 CaCly (NaCl 51 slaeSas
Slateen (O s gdgsog ) ubﬁ&@uf,
SN Sl s Hlaas (Tm ice) G o9 el sles oyl
SLS 5 (Fr slaw 5 =)+ /¥ 5 Lwe) - VWA L5 —F/F
Hsasls” JUe (Wt% NaCl eq.) (s s il oo Cosglgs
Hall etal.,) g,ss s TM o abasly olal 5 odd acnls

el o..\.l.sjf dewl>ee (1988

0 e 0 3 048 (6,8 o310 8 53 J FO p sazma 3
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Shephered et ) ¢Sos 5 T S s Calibue DS 5

Sl LslS Conglss slatiges 58 SVl Siale,S - Ligle pos lalllae slaosls gl b Jga

= 5
Sample no. Vein no. Host mineral Number Th(°C) Tmice (°C) Sall\;g'é)llé\g;m Density
N 25 5 Dolomite 14 190-235 -10.9t0 -12.5 14.8-16.4 0.96-0.97
N 29 17 Dolomite 15 138-206 -4.31t0-6.7 6.8-10.1 0.96-0.98
N 44 22 Dolomite 15 158-215 -7.310-13.2 10.8-17.0 0.96-1.01
N 108 33 Dolomite 21 120-173 -8.1t0-13.8 11.8-17.5 1.00-1.04

Leach & ) wilass § Lice gVUu iz 31 g o sm o0
odS 4 bl ol S Sl S5 .(Sangster, 1993
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VEAND W/ LV G s 53 (65 Lldie Sl i
plab ¢S 355 ey (Sl plab & 55 o)
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395 S LS Hlsasls” JUw « (Kesler, 2005)
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Introduction

Nakhlak Pb-(Ag) deposit, one of the oldest and largest Iranian lead deposits, is located at the Nakhlak
Mountain about 55 km NE of Anarak, a town in Isfahan Province, Iran. Lead ores are mainly hosted by open
space of fractures and normal faults in the Upper Cretaceous carbonate (Sadr unit). The style of mineralization
is stratabound and epigenetic, as shown by steeply east-west veins. Ore deposition in the Nakhlak deposit was
controlled by three main factors: 1) lithology, 2) stratigraphy, and 3) structure. These can be viewed as
fundamental controls of fluid transmissivity, either at the district or mine scale, that allowed the focusing of
fluid flow and created opportunities for depositional processes to occur (Leach et al., 2005).

Materials and methods

The Nakhlak Pb-(Ag) deposit is situated in the northwest corner of the Central Iran Structural Zone, which
contains the Anarak region. The Nakhlak deposit is on the eastern fringe of Nakhlak Mountain. This mountain
consists of pre-Triassic? ophiolites (Holzer and Ghasemipour, 1973; Alavi et al., 1997) and a Triassic
sedimentary succession (Nakhlak Group, which comprises the Alam, Bagorog, and Ashin formations), Upper
Cretaceous (Sadr unit), and Paleocene (Khaaled unit) sedimentary cover. The Upper Cretaceous carbonate
rocks (Cenomanian to Campanian), crop out across a large area of Nakhlak and reach a thickness of 258 m
(Khosrow-Tehrani, 1977; Vaziri et al., 2005; Vaziri et al., 2012). The Sadr unit consists of conglomerates,
sandy limestones, calcareous sandstones, sandy dolostones, sandy-argillaceous limestones, sandy dolomitic
limestones, and reefal limestones that have been subdivided into five subunits based on their facies
characteristics (Rasa, 1987). The Sadr unit rocks exposed on Nakhlak Mountain represent marginal-marine,
shallow-shelf, and moderately deep marine environments (Vaziri et al., 2012).

Discussion and Conclusion

The Sadr unit displays suitable characteristics for mineralization such as the presence of reef and dolostone
facies and limestone to dolostone transition. The alteration of wall rock in the Nakhlak deposit is represented by
the dissolution of carbonate and hydrothermal carbonates deposition that widespread close to ore-body and
occurred from pre to syn- mineralization. There are three types of dolomite concerning mineralization, which
saddle dolomite is the most important type of them. MgO, Fe203(Fe total), MnO as well as Pb, Ba, and Zn are
enriched in altered wall rock and contrast with CaO is depleted. The positive relationship observed between the
intensity of the dolomitization process, concentration of ore- metals, and sulfide mineralization in carbonate
host rocks; suggesting that the migration of metal-bearing fluids was linked to hydrothermal processes. The
estimate of hydrothermal fluid nature of the Nakhlak Pb-(Ag) deposits hydrothermal dolomite indicate a
basinal brines (average 14.11 wt% NacCl eq.) and low temperatures (average 174 C), relatively equivalent with
ore-forming fluid. In the Nakhlak deposit, interaction of carbonate host rock with the ore-forming fluid of
mineralization process performed by feedback mechanisms. The suitable carbonate host rock (chemically and
physically) is main factor entering of hydrothermal fluid into the host rocks and mineralization causing the
dissolution of carbonate host rocks and increased formation of hydrothermal dolomite in the host rock, and
consequently, that dissolution and dolomitization increased permeability of the host rock for ore fluids and
allowed the deposition of additional ore minerals.



! I (65) m 0y Yol (53 S WigT 53 30 yS3 s 1 IO s 9 5L )S ol oo K Jliie il VP

Acknowledgment
The Research Foundation of Ferdowsi University of Mashhad, Iran, supported this study (Project No.
22734.3) and it has been done with the support of Nakhlak Lead Mining Complex.

Keywords: Dolomite; petrography; geochemistry; fluid inclusion; basinal brine; Nakhlak.

References

Alavi, M., Vaziri, S.H., Seyed-Emami, K., & Lasemi, V., 1997. The Triassic and associated rocks of the
Nakhlak and Aghdarband areas in central and northeastern Iran as remnants of the southern Turanian
continental margin. Geological Society of America Bulletin, 109: 1563-1575 .

Holzer, H.F., & Ghasemipour, R., 1973. Geology of the Nakhlak lead mine area (Anarak district, Central
Iran). Geological Survey of Iran, Report No. 21, 44 p .

Khosrow-Tehrani, K., 1977. Etude stratigraphique du Créat supérieur et du Paléocéne de I'lran Central.

Ph.D. thesis, Université Pierre et Marie Curie, Paris, 468 p. (In French).

Leach, D.L., & Sangster, D.F., 1993. Mississippi Valley-type lead-zinc deposits. In: Kirkham, R.V.,
Sinclair, W.D., Thorp, R.l., & Duke, J.M. (eds.), Mineral Deposit Modeling. Geological Association of
Canada Special Paper, 40: 289-314.

Rasa, ., 1987. Geologisch-petrographische Untersuchungen in der Blei-Lagerstatte Nakhlak, Zentraliran.
Mineralogisch-Petrographisches Institut, Universitdt Heidelberg, Ph.D thesis, 190 p. (in German with
English abstract)

Vaziri, S.H., Fursich, F.T., & Kohansal-Ghadimvand, N., 2012. Facies analysis and depositional
environments of the Upper Cretaceous Sadr unit in the Nakhlak area, Central Iran. Revista Mexicana de
Ciencias Geoldgicas, 29: 384-397.

Vaziri, S.H., Senowbari-Daryan, B., & Kohansal-Ghadimvand, N., 2005, Lithofacies and microbiofacies of
the Upper Cretaceous rocks (Sadr unit) of Nakhlak area in Northeastern Nain, Central Iran. Journal of
Geosciences, Osaka City University, 48: 71-80.



