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Fig. 1. A: location map of the Dalli deposit (modified after Stocklin and Setudinia, 1972), B: regional geological map of

the Dalli deposit (modified after Emami, 1991).
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Fig. 2. A: volcanic rocks of the Dalli deposit, B: photograph showing sedimentary successions, C: hosted porphyritic
diorite with ore-bearing quartz vien, D: photomicrographs of diorite porphyry, E: host-rock of quartz diorite porphyry,
F: photomicrographs of quartz diorite porphyry, G: wall-rock of andesite porphyry, H: photomicrographs of andesite

porphyry. (LRF= lower Red conglomerate formation, QMF= gom limestone, Plag= plagioclase, Bi= biotite, Hbl=
hornblende, Epi= epidote) (Rusk and Reed, 2008).
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Fig. 3. Profile map and drill holes location (modified after Asadi Haroni et al., 2009) and samples that used for
microthermometry and associated fluid inclusions in these holes in the Dalli deposit.
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Fig. 4. Field photographs and photomicrographs of alterations types in the Dalli deposit, A: andesite rocks with
propylitic alteration, B: photomicrographs of andesite rock, C: argillic alteration, D: sample of argillic alteration, E:
quartz-sericite-pyrite alteration, F: photomicrographs of quartz-sericite-pyrite alteration, G: potassic alteration, H:
photomicrographs of potassic alteration. (Chl= chlorite, Ser= sericite, Qz= quartz, Bi= biotite, Hbl= hornblende) (Rusk
and Reed, 2008).
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Fig. 5. Photographs and photomicrographs of different veins in the Dalli deposit, A: barren quartz vein (vein type I), B:
photomicrographs of vein type I, C: quartz vein with chalcopyrite (vein type 1), D: photomicrographs of vein type Il, E:
quartz vein with chalcopyrite and magnetite (vein type I11), F: photomicrographs of vein type Ill, G: k-feldespar vein
with chalcopyrite (vein type I1V), H: photomicrographs of vein type IV, I. chlorite vein (vein type V), J:

photomicrographs of vein type V. (Qz= quartz, Cp= chalcopyrite, Cv= covellite, Bn= bornite, Mt= magnetite, Kf= k-
feldspar, Chl= chlorite, Bi= biotite) (Rusk and Reed, 2008).
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Table 1. Paragenetic sequence of mineralization in the Dalli deposit.

Alterations

Minerals
Potassic Phyllic Argillic Propylitic
Plagioclast s —
Hornblende  —em—
Quarz e ——
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K-feldespar e —
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Chalcopyrit s —
e
Pyrite =~ ———ee N —
Bornite e ————
Chalcocite ~— e ——
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Fig. 6. Photomicrographs of fluid inclusions in the Dalli deposit, A: liquid-rich mono-phase (I1A), B: vapor-rich mono-
phase (IB), C: liquid-rich two-phase (I11A), D: vapor-rich two-phase (11B), E: high saline simple fluid inclusions (I11A),
F: high saline opaque mineral-bearing fluid inclusions (111B), G: multi-phase fluid inclusions (I11AB). (L= liquid, V=
vapor, H= halite, Hm= hematite, Esi= eritrosiderite, Mag= Magnetite, Py= pyrite, Cp= chalcopyrite) (Zarasvandi et al.,
2013).
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Table 2. Range of microthermometric analysis and calculated salinity for fluid inclusions in the Dalli deposit. (N=
number of fluid inclusions, Th= homogenization temperature, Tm ice= melting temperature of ice, Tm KCI= melting
temperature of sylvite, Tm NaCl= melting temperature of halite, Tfm= freezing temperature, Te= first melting
temperature (eutectic), L= liquid (liquid phase), V= vapor (vapor phase), S= solid (solid phase), H= halite, P= primary
(primary fluid inclusions), Ps= pseudo-secondary (pseudo-secondary fluid inclusions).

Sample Inclusion type Phase Vein type Host
mineral
DHLMAGF5 1A, IIB, IlIA, NIB, NIAB  (L+V), (V+L), (L+V+S) Y; Quartz
DH1-GMFS4 I1IA, B, IIIA, 1IB, IAB  (L+V), (V+L), (L+V+S) I, v Quartz
DH2-AF5 HA, 1B, A, IIB, INAB  (L+V), (V+L), (L+V+S) I Quartz
DH2-MFS8 1A, 1IB, IIIA, B, IIAB  (L+V), (V+L), (L+V+S) I, IV Quartz
DH4-GA3  1IA, IIB, HIA, 1B, IIAB  (L+V), (V+L), (L+V+S) I, v Quartz
DH6-MA4  1IA, 1IB, IIIA, 1B, INAB  (L+V), (V+L), (L+V+S) I, IV Quartz
DH6-MA5  1IA, 1IB, IIIA, 1B, INAB  (L+V), (V+L), (L+V+S) I, 1 Quartz
DH7-AMF3 A, 1B, IHIA, LB, IHAB  (L+V), (V+L), (L+V+S) I, 1l Quartz
S-11 HA, 1B, A, IIB, INAB  (L+V), (V+L), (L+V+S) \Y; Quartz
S-16 HA, 1B, A, IIB, INAB  (L+V), (V+L), (L+V+S) | Quartz
S-15 A, 11B, I1IA, I1IB, I1AB (L+V), (V+L) I Quartz
Sample Alteration Depth (m) Te (°C)
DH1.MAGF5 Potassic-Phyllic 177.5 (-40) -(-56)
DH1-GMFS4 Potassic-Phyllic 56 (-41) -(-59)
DH2-AF5 Potassic-Phyllic 90 (-39) -(-b1)
DH2-MFS8 Potassic-Phyllic 189 (-39) -(-57)
DH4-GA3 Propylitic 330 (-38)-(-46)
DH6-MA4 Potassic-Phyllic 224 (-46) -(-58)
DH6-MAS5 Potassic-Phyllic 267 (-44) -(-57)
DH7-AMF3 Potassic 199 (-44) -(-54)
S-11 Limonite-Jarosite 0 (-40) -(-46)
S-16 Phyllic 0 (-24) -(-32)
S-15 Oxide 0 (-30) -(-37)
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Continue of table 2. Range of microthermometric analysis and calculated salinity for fluid inclusions in the Dalli
deposit. (N= number of fluid inclusions, Th= homogenization temperature, Tm ice= melting temperature of ice, Tm
KCI= melting temperature of sylvite, Tm NaCl= melting temperature of halite, Tfm= freezing temperature, Te= first
melting temperature (eutectic), L= liquid (liquid phase), V= vapor (vapor phase), S= solid (solid phase), H= halite, P=
primary (primary fluid inclusions), Ps= pseudo-secondary (pseudo-secondary fluid inclusions).

Inclusion type Nature N Size (um) Density (g/cm®) Th (°C) Tmice (°C)
1A P, Ps 70 5-34 um 0.602-1.02 140-460 (-2) -(-22)
11B P 13 6-13 um 0.7-0.9 180-300 0-(-22)
1A P 35 7-18 um 1.1-1.3 300-540 -
1B P, Ps 25 9-30 um 1.1-1.4 340-620 -
111AB P 30 10-44um 1.1-1.4 340-620 -
Inclusion type Tm KCI (°C) Tm NacCl Salinity (wt% Homo-BY Tfm (°C)
(°O) NaCl)
1A - - 0-25 L (-39) -(-79)
11B - - 0-25 \ (-50)-(-61)
1A - 240-600 30-75 H -
1B - 280-600 35-75 \% -
111AB 140-280 320-600 40-75 H, VvV -
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Fig. 7. Histogram of homogenization temperature to halite dissolution for fluid inclusions (I1IA, 111B, I1IAB) in the
Dalli deposit. A: multi-phase fluid inclusions, B: high saline opaque mineral-bearing fluid inclusions, C: high saline

simple fluid inclusions.
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Fig. 8. Histogram of microthermometric for fluid inclusions (I1A, 1B, 1A, 1B, 11IAB) in the Dalli deposit. A:
histogram of homogenization temperature of fluid inclusions, B: histogram of salinity of fluid inclusions, C: histogram
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mineral-bearing fluids, D: histogram of melting temperature of ice for liquid-rich two-phase and vapor-rich two-phase
of fluid inclusions, E: histogram of melting temperature of sylvite for multi-phase fluid inclusions, F: histogram of first
melting temperature (eutectic) for liquid-rich two-phase of fluid inclusions
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Fig. 10. Diagram of homogenization temperature to salinity for different types of fluid inclusions data from Dalli

deposit relative to the NaCl saturation curve and critical curve (Ahmad and Rose, 1980).
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Fig 13. A: diagram of homogenization temperature-salinity for fluid inclusions in the Dalli deposit (Wilkinson, 2001),
B: diagram of type of trends in the Dalli deposit (Wilkinson, 2001).
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Introduction

A wide variety of world-class porphyry Cu
deposits occur in the Urumieh-Dohktar magmatic
arc (UDMA) of Iran.The arc is composed of calc-
alkaline granitoid rocks, and the ore-hosting
porphyry intrusions are dominantly granodiorite
to quartz-monzonite (Zarasvandi et al., 2015). It is
believed that faults played an important role in the
emplacement of intrusions and
subsequentporphyry-copper type mineralization
(Shahabpour, 1999). Three main centers host the
porphyry copper mineralization in the UDMA: (1)
Ardestan-SarCheshmeh-Kharestan ~ zone,  (2)
Saveh-Ardestan district; in the central parts of the
UDMA, hosting the Dalli porphyry Cu-Au
deposit, and (3) Takab-Mianeh-Qharahdagh-
Sabalan zZone. Mineralized porphyry
coppersystems in the UDMA are restricted to
Oligocene to  Mioceneintrusions and show
potassic, sericitic, argillic, propylitic and locally
skarn alteration (Zarasvandi et al., 2005;
Zarasvandi et al., 2015). In the Dalli porphyry
deposit, four hydrothermal alteration zones,
includingpotassic,  sericitic, propylitic, and
argillic types have been described in the two
discrete mineralized areas, namely, northern and
southern stocks. Hypogenemineralization includes
chalcopyrite, pyrite, and magnetite, with minor
occurrences of bornite.Supergene activity has
produced gossan, oxidized minerals and
enrichment zones. The supergene enrichment
zone contains chalcocite and covellite with a 10-
20 m thickness. Mineralization in the northern
stock is mainly composed of pyrite and
chalcopyrite. The aim of this study is the
investigation and classification of hydrothermal
veins and the constraining of physicochemical

*Corresponding authors Email: Fateme_asadi@ymail.com

compositions of ore-forming  fluids using
systematic investigation of fluid inclusions.

Materials and methods

Twenty samples were collected from drill holes.
Thin and polished sections were prepared from
hydrothermal veins of thepotassic, sericitic and
propylitic alteration zones. Samples used for fluid
inclusion measurements were collected from drill
cores DHO1, DHO02, DHO06, and DHO7, and
outcrop samples. Microthermometric data were
obtained by freezing and heating of fluid
inclusions on a Linkam THMSG600 mounted on
an Olympus microscope at Lorestan University.

Results

1) Five main veintypes were identified,
belonging to three stages of mineralization:type
(D: barren quartz, type (Il): quartz + pyrite +
chalcopyrite + bornite *+ chalcocite * covelite,
type (111): quartz + magnetite £ chalcopyrite, type
(IV): K-feldsparx quartz + chalcopyrite, type (V):
chlorite + biotite.

2) Seven groups of fluid inclusionswere
observed: (IA) liquid-rich mono-phase, (IB)
vapor-rich  mono-phase, (llA) liquid-rich two-
phase (liquid + vapor), (11B) vapor-rich two-phase
(vapor + liquid), (11A) high salinity simple fluids
(liquid + wvapor + halite), (I1IB) high salinity
opaque mineral-bearing fluids (liquid + vapor +
halite + pyrite + chalcopyrite + hematite), (111AB)
multi-phase fluids (liquid + vapor + halite +
sylvite + hematite + magnetite + pyrite +
chalcopyrite + erythrosiderite)

3) Multiphase fluid inclusions with predominant
homogenization temperatures 420 to 620°C and
predominant salinities 70 to 75 wt.%NaCl, are
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thought to be the early fluids involved in
mineralization.

4) The coexistence of high saline liquid and
vapor rich fluid inclusions (IIIAB, 111B, I1IA and
1A types) resulted either from fluid entrapment
during the boiling process or the co-presence of
two immiscible fluids generated from the magma.
5) Dalliporphyry Cu-Au deposit was formed in a
magmatic-meteoric system.

Discussion

Two conventional thermometric  procedures,
freezing and heating, were employed for the
measurement of temperature of homogenization
and approximate salinity. Freezing was conducted
mainly for halite-under saturated inclusions (types
1A and I1IB), to measure the initial melting
temperature (Te) and the last melting point
(Tmie), whereas heating was carried out on the
halite-bearing inclusions (types IlIA, 11IB and
I1IAB). Based on the microthermometric results,
the Dalli fluid inclusions can be divided into two
distinct groups: (1) medium-high temperature,
hypersaline (Types 1A, 11IB and I1IAB) and (2)
low-medium temperature, low salinity group
(Types 1A and 11B). Type IIB inclusions, which
homogenize to the vapor phase and have a
relatively low cooling rate, provide a fairly good
estimate of entrapment pressure (Roedder and
Bodnar, 1980). Based on the pressure estimated
for the Dalli deposit, mineralization likely
occurred at depth of 0.6-1.1 km. The calculated
depth is coincident with the estimated
mineralization depths of the porphyry deposits in
the world (Pirajno, 2009). Fluid inclusions with a
wide range of vapor and liquid ratios are abundant
in all of the Dalli samples. This represents
heterogeneous trapping of liquid and vapor. The
coexistence of inclusions with different volumes
of vapor contents, which homogenize either to
liquid (Th(L-V)) or wvapor (Th(V-L)), are
interpreted as an evidence for the prevailing wide

range of physico-chemical conditions during the
cooling history of ore-forming fluid at the
Dalliporphyry Cu-Au deposit. The boiling process
is documented by the abundance of
heterogeneously trapped fluid inclusions with
extremely variable liquid to vapor ratios (Ahmad
and Rose, 1980).
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