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Fig. 1. The location of Mehdiabad Pb-Zn deposit on the structural map of Iran and the distribution of carbonate-hosted
Pb-Zn deposits in the Yazd-Anarak metallogenic belt (Rajabi et al., 2012)
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Fig. 2. The geologic map of the Mehdiabad area and drill-hole locations. (Hosseini et al., 2017)
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deposit
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Table 1. Measurement of area ( um*) and surface filling degree (%) of different parts of the fluid inclusions in Fig. 8

Shape of fluid inclusion Total area Area of vapour Area of spot Degree of fill

°\ 43.85
48.72
L

QO? 44.05

Y
// / / /
// / /

\\L /

9.42

13.81 0.48 31.49
8.24 0.63 16.91
5.83 1.85 13.23
1.43 0 15.28
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Table 2. 3D volume modeling of the fluid inclusion ( yn’ ) and volume filling degree (%) based on the computational

approach

Shape of fluid inclusion 3" dimension Volume of vapour Total volume Degree of fill

°\ 1.93

(-]
1.32
N/
QO/w 0.67

1.93

35.49 84.53 41.98
14.52 64.45 22.53
5.22 29.57 17.65
1.46 7.19 20.31




Ges g (50 oy \$e

23 S Ay a3 abaly G5 1 iladde SRas ol o
Sl 435513 s 350 o 5 o 53 o (sla L0
L 058 e IS8 4 o slasboks Joe 51 SVl ol S
o (S gy w3 S e S o S
J=8 = J 5L0ke (cwkin ladie Sl eslinal b (dnan)
cod il )l Slawles 5,555 5l ol B LS Sl s

el 0 dsOl ¥ Jgda 534S 5405 Csllas

>

Zone 1 Zone 2

e

of

-

Zone3 B

Lo, Lol 5l 4 sad 95 (onlgiiny sdmaw sladue lal
g 33 5 (oo (oAb Jlw glasL0ke 05 8 55 b
a3 guls 48T s b 055 hn i 53 505
5 5 i J ki & s s s S
eu&ggwudbjsk;&ﬁ@):g&bﬁjﬁaj
@j@jﬁﬁ@)swaﬁchA—‘\Jﬁjs.w|

RGO P4 u:l:&u A g!'l";u:"‘:' L;w-\.'..h Lgl.&d-h 2y

Zone 1 Zone 2 Zone 3
100_ LAlALALJALlJAAlAA—A—

o)
o
3T
S
~
T

Tv—r

D
o
1

n
o

Area fraction of vapour (a,,p) / %

80 100

Volume fraction of vapour (¢, ) / %

o

Area fraction of vapour (a,,,) / %
PN
o
L, s
: "Q
J \\\

T

T
80 100

Volume fraction of vapour (¢, ) / %

08 ean By oo Ao i A wllsage Ll o cwaie slo Jos ulel 5 Jlew slo,bioylee Gioles & S5
Fig. 9. Display of the fluid inclusions based on geometric models at Mehdiabad deposit, A: hexagonal prism, and B:

ellipsoid

L Lasbobe JS8 el sLasbibe gk guny 2 all )3
S1s Jlw HLoke VY K s o305 Gkl cotiiasl ) sladte
ol gl Caanad a1 48 Cl ((J 3mS) (6l Jile
33 Cmalyls |y daan (lwdide S &ST ST 58
e dL 53 5 (SUST Jae ol Jlw SL0Le VY IS
Jue b aSJ 55 6lyls Jlw HL0Le ol ool o 53 4

5 043 ly 1 (e ol 53l (S AsST Gbman

Siladis Sl eslial Ly sz 5 b Sli am
TR PRI g O T PO | v PP ST
S e S5 (b U Sleles 5 (cwdis (GSled e
Lt bl e 4 b (S s o
L ol ian owdin 9 Slanlows Jue 5 ol o3> 551
3 ol gl a5 BB Sl e SOy oS ol HVY 5 0 /VO

RGO PRSI R BAR I Jﬁj.séfwlui))j;&l\



d o ilosiyy Sl s srargben ssbiess Sl sl locfen (gutih 55l Js A JL) ) ojlad ) ol

.(Roedder, 1984a) FERCENPNE N S EHPTPTIS] JEI I SRpETLy

wla%oTJS_ﬁJLgl_uUH)AMuUW

i 38095 bl p Jlew skl gman s3ludoe ¥ Jgux
Table 3. 3D modeling of the fluid inclusions based on the geometrical approach

Sh‘a pe Of. fluid Geometrical model  Projection Area fraction (%) Volume fraction (%)
inclusion
//“:
°\ Hexagonal c 31.49 41.17
(-]
M Hexagonal c 16.91 21.75
@ Ellipsoid ¢ 13.23 16.42
0
Ellipsoid ¢ 15.28 19.38
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Fig. 10. Comparison of the results of 3D filling degree in the geometric and the computational approaches at
Mehdiabad deposit
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Fig. 11. Microscopic thin section image (right), and drawing layer of fluid inclusions with cylinder model
(magnification x400) at Mehdiabad deposit
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Fig. 12. Microscopic thin section image (right), and drawing layer of necking fluid inclusions with cylinder model
(magnification x400) at Mehdiabad deposit

4.&‘}6}.340‘):5&»@&&@‘)6\.&)\:}«5}:.(611 al., 2017 ‘)@r.b_wj.k.&ﬂ a4 Q‘j}'uﬁ &,Jg"bﬁ:‘ Sldlas s
Oy soin Jpgome adlfo 5 )l pad Sl e Sy oty p s by s S anloun | (sbmtr (S 453 (A8l5 Oljoe 5 s
cb@“k‘db»ﬁg—).} J},&@ eblbﬁujl-&»vﬁ.b}aﬁ- Q)bjbb‘)uééb\sfw.b:’u!)b Q‘,:.w‘)f‘) r.«l))‘ oalaia!

b (S e Sy g Cdoan Gt Lo yls 5ad ) Yuan):ﬁwwﬁsﬁqubﬁﬁ%f&ﬁ



£y

ket Sl S (sumiin Hsbieds S o bole (pwaie (55leJas

WAA JL) ) ojless )Y al>

o 5l e (slajls ged Jols OT (sladisal o 5 yors
.(Aplin et al., 1999; Teinturier et al., 2002) cwles 5

Density (g/cm®) 2000

Lo pae .ol 4l il 51 YL C__;.aj()bjr.a oy s

\;—‘“U;\—’;LS"\—*‘A—“G\—&)‘-‘}NJJW)J{-’))—‘

T, (0)

T, (0)
00 250 300
B
B
v 3
18 AL RE
N = 2
. | DEK ) s
] 2 600 % | DAR ) 7
o £ L
= )
800 T,2350°C I
% @ Pil{][ibars
1000 % 8 8 | ‘
ot
oL T 00 150 200 260 300 35 i
|8 QO

SewdlS 4 by e (cwy 9550 sladasged Glaosgase g ,Lid 5 JB> (Jlw Lol K& (Sl 4z )0 4 azgi b Lo alal, N SO

(Roedder, 1984a) s sage

Fig. 13. Relation of temperature with the filling degree of the fluid inclusion, density, and pressure and the range of

studied samples at Mehdiabad deposit (Roedder, 1984a)
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Fig. 14. 3D modeling of the fluid inclusions at Mehdiabad deposit, A: P-T-DOF, B: T¢-P-Ty, C: Salinity-Density-DOF,
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Introduction

Fluid inclusions are small, usually microscopic,
volumes of pore fluid, which are
crystallographically trapped in rocks during
diagenesis or fracture healing processes.
Nowadays, various techniques are used for
resource exploration. Application of a fluid
inclusion is one of these methods that has been
developed for mineral, geothermal, and petroleum
reservoir exploration. The study of fluid
inclusions represents our most reliable source of
information on the temperature, pressure, and
fluid composition data of the ore fluid, and it is
one of the most important tools for research into
the economic geology and genesis of ore deposits
(Moon, 1991). To achieve these goals, transparent
and polished slabs of rock material are prepared
and optically studied with a petrographic
microscope. Samples are viewed under
transmitted plane-polarized white light as well as
under reflected ultraviolet or  blue-violet
illumination.  During the fluid inclusion
petrography, the volume fractions of phases are
routinely estimated at room temperature to deduce
whether assemblages of cogenetic inclusions were
originally trapped from a one-phase or a multi-
phase pore fluid. In the present research study, the
microthermometric  properties of the fluid
inclusion data through pressure, temperature, and
salinity diagrams were computed by geometrical
modeling of fluid inclusion (Bakker and Larryn,
2006). The proposed method provides a quick and
low cost technique to preliminarily investigate the
microthermometric parameters of the fluid
inclusion.

To evaluate the proposed geometrical model, the
Mehdiabad Pb-Zn deposit is selected as the case
study. The Mehdiabad Pb-Zn deposit is located at
the Yazd-Anarak metallogenic belt, 110 km
southeast of Yazd, in the Central Iran structural
zone. The host rocks of the deposit consist of
lower Cretaceous silty limestone and dolomite.
The main occurrences are the Calamine mine
(CM), the Black-Hill ore (BHO), the East Ridge
(ER) and the Central Valley Orebody (CVOB).
The ore body consists of a primary sulfide ore and
a supergene non-sulfide ore, the latter one having
been mined at CM (Ghasemi, 2007; Rajabi et al.,
2012).

Materials and methods

The shape and geometry of fluid inclusion are one
of the most important parameters, which were
applied to estimate 3D degree of filling and find
the wuseful information about temperature,
pressure, salinity and depth of trapping without
using time-consuming and costly heating-cooling
operation. Inclusions in normal thick-sections are
rotated stepwise and their projected areas and
area-fractions are plotted against rotation angle.
The outputs are systematically related to inclusion
orientation, inclusion shape, and filling degree.
The dependency on orientation is minimized when
area fractions are measured at the position where
the inclusions project their largest total areas. The
shape factor is employed to present a new
objective classification of inclusion projections,
based on the extracted parameters from digital
image processing (Bakker and Larryn, 2006).
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In this research, Mehdiabad Pb-Zn deposit has
been chosen to evaluate the proposed method.
Based on the fluid inclusion petrography, four
fluid inclusion types are observed: 1) L+V; 2)
L+L; 3) L; and 4) V; L+V phase is the most
popular. After preparing 2D image of sections, 2D
and 3D degree of fills were calculated by
measuring the areas of total, bubble, and spot of
fluid inclusion and computing the third dimension
(Z) of fluid inclusion. Four geometrical models of
volume fractions are defined, including cylinder,
tetragonal prism, truncated cone, hexagon, and
ellipsoid (Bakker and Larryn, 2006; Hossein
Morshedy et al., 2008). In this case study, 3D
proper models of the fluid inclusions are selected,
depending on its geometry (hexagonal or
ellipsoid). Then 2D degrees of filling (area
fraction) is converted to 3D degrees of filling
(volume fraction). The geometrical modeling
results are well matched with computational
outputs.

Results and discussion

In this research, the ratios of area to volume
fractions in geometrical and computational
modelling were calculated 0.75 and 0.77,
respectively. In the Mehdiabad Pb-Zn deposit, the
main geometrical shapes of fluid inclusions were
followed up the hexagonal prism with hexagonal
pyramids and ellipsoid models. 3D geometrical
modeling of fluid inclusion showed vapor
fraction, 25% and density, 0.7 g/cm’, which the
microthermometric and other parameters were
obtained homogenization temperature nearly 100-
200 °C (average of 150 °C), pressure between
400-500 ATM, formation temperature about 250-

350 °C, salinity within a range of 10 to 15 wt.%
NacCl equiv. and depth of mineralization 150-200
m. This finally achieved results have a high
similarity with the typical carbonate-hosted Pb-Zn
deposit.

References

Bakker, R.J. and Larryn, W.D., 2006. Estimation
of volume fractions of liquid and vapor phases
in fluid inclusions, and definition of inclusion
shapes. American Mineralogist, 91(1): 635—
657.

Ghasemi, M., 2007. Genesis of Mehdiabad Pb—Zn
deposit and comparing with other Pb—Zn
deposits. M.Sc. Thesis, Research Institute for
Earth Science, Geological Survey of Iran,
Tehran, Iran, 238 pp. (in Persian with English
abstract)

Hossein Morshedy, A., Mojtahedzadeh, H. and
Kohsary, A.H., 2008. Measuring microthermic
parameters of fluid inclusion with studying
their geometries and models, case study:
Mehdiabad Pb—Zn deposit. 15" Symposium of
Crystallography and Mineralogy of Iran,
Ferdowsi University of Mashhad, Mashhad,
Iran. (in Persian with English abstract)

Moon, K.J., 1991. Application of fluid inclusions
in mineral exploration. Journal of Geochemical
Exploration, 42(1): 205-221.

Rajabi, A., Rastad, E. and Canet, C., 2012.
Metallogeny of Cretaceous carbonate-hosted
Zn—Pb deposits of Iran: geotectonic setting and
data integration for future mineral exploration.
International Geology Review, 54(14): 1649—
1672.



	7- 66558- Hossein Morshedy- F   wb
	7- 66558- Hossein Morshedy- E

