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1. Large-lon-Lithophile Elements (LILE)
2. Light Rare Earth Elements (LREE)

3. Heavy Rare Earth Elements (HREE)
4. High-Field-Strength-Elements (HFSE)
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1. Fire Assay
2. X-ray Flurescence (XRF)
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1. Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
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Fig. 1. A: Geological-structural map of Iran (modified from Richards et al., 2012), and B: Access roads to the Robaie
area
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Fig. 2. Geological map of the Robaie copper area (scale 1:1,000)
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Fig. 3. A and B: Outcrop and field photographs of volcanic rocks and diorite porphyry in the Robaie copper area (view

to the northeast)
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Fig. 4. A and B: Microscopic images of dioritic porphyry dykes from the Robaie copper area (XPL). Abbreviations
after Whitney and Evans (2010) (PI: Plagioclase, Hbl: Hornblende, Bt: Biotite).
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Fig. 5. Alteration and mineralization map of the Robaie copper area (scale 1:1000)
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Fig. 6. Field and microscopic image of alteration assemblages of volcanic rocke and dioritic dykes from the Robaie
copper area (XPL). A: Border between argillic and propylitic alterations (view to the north), B: sericitic alteration in
around of mineralization vein (view to the north), C: propylitic alteration with convert of biotite and hornblende to
chlorite in andesite, D: Sericitic alteration with covert of plagioclase to sericite and calcite, E: Sericitic alteration with
convert of plagioclase to sericite, F: Carbonate alteration in veins, and G: Carbonate alteration with convert of
plagioclase, biotite, and hornblende to carbonate and chlorite. Abbreviations after Whitney and Evans (2010) (Qtz:
quartz, Chl: chlorite, Ser: sericite, Cal: Calcite).
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Fig. 7. Macroscopic and microscopic images of ore minerals from the Robaie copper area .A and B: Outcrops of veins
mineralization (view to the northeast), C: Mineralization of malachite in vinlet, D: Substitution of malachite and
chalcocite at the margin of the bornite mineral, E: Formation of malachite and covellite in veinlet, F: Scattered
mineralization of chalcopyrite within dioritic dyke, G: Formation of hematite duo to pyrite replacment, and H: Goethite

cloformic texture formed by weathering of pyrite. Abbreviations after Whitney and Evans (2010) (Cpy: chalcopyrite,
Mal: Malachite, Cct: chalcocite, Cv: covellite, Bn: Bornite, Py: pyrite, Hem: hematite, Gth: goethite).
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Fig. 8. Paragenetic sequence of mineral assemblages in the Robaie copper area
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Table 1. Geochemical analyses data of the Robaie copper area (ppm)

No. CV.CH2 CV.CH4 CV.CH6 CV.CH7 CV.CH9 C.\.CH10 C.V.CH12 C.V.CH13

Long. 54°28'48" 54°28'55" 54°28'53" 54°28'58"

Lat. 35°22'52" 35°22'54" 35°22'55" 35°22'57"

54°29'02" 54°29'04"  54°29'03"  54°29'05"

35°22'57"  35°22'56"  35°22'59"  35°23'02"

Cu 6783 8035 3388 11238
Pb 1 12 14 39
Zn 121 58 63 69
Ag 3.8 15 0.64 7.2
As 1.9 2.4 2 21
Sb 1.01 0.81 0.96 1.02
Au <DL <DL <DL

3316 4857 13085 7262
14 11 8 149
142 84 58 55
0.49 0.58 0.63 1.9
2 2.9 2.8 2.4
0.94 1.07 0.9 0.84
<DL

<DL= Smaller than the detection limit

oy e 009950 11550 VL (5l 5 (5559 Se pslai 1B 5 A9 IS
Fig. 9. A and B Microscopic images and phases of fluid inclusions in the Robaie copper area
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Table 2. Microthermometric data of primary fluid inclusions within calcite of the Robaie copper area

Salinity (NaCl wt.%

Sample No. Number  Th(°C) Tmice (°C) Tm (°C) equiv.)
8 11 190-300 - -
18 15 200-230 - -
17 17 165-237 -5t0-10 -52.9t0-53.2 7-14
21 17 204-239 -10to -12 -53t0 -53.6 14-16

2325 glaessls (Sun and McDonough, 1989)
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Fig. 10. Histogram showing the thermodynamic data of primary fluid inclusions in the Robaie copper area. A:
Homogenization temperature histogram, B: First melting temperature histogram, C: Last ice melting temperature, and

D: Salinity (wt.% NaCl equivalent) histogram
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Table 3. Trace and rare earth element (ppm) analysis of dioritic dykes in the Robaie copper area

No. 22 24 C17
Long. 54°29'01" 54°29'04" 54°28'52"
Lat. 35°22'56" 35°22'56" 35°22'58"

Ba 712 469 578
Be 1 1 2
Co 17.8 21.4 17.1
Cs 46 1.8 2.9
Ga 15.2 15 16.2
Hf 45 45 33
Nb 13.1 117 55
Rb 115.9 77.8 66.2
Sn 1 1 1
Sr 323.1 3475 1007
Ta 0.9 08 0.4
Th 7.9 8 5.9
U 3 17 1.9
89 82 180
w 0.9 05 0.6
zr 1835 1716 125.8
Y 14.2 15.3 17.5
La 36.9 315 27.8
Ce 67.1 58.4 52.3
Pr 76 6.71 6.27
Nd 28.6 25.2 25.9
Sm 5.14 4.9 4.7
Eu 1.31 1.25 1.4
Gd 4.35 4.1 4.06
Tb 0.56 0.56 0.59
Dy 2.79 3.26 33
Ho 0.58 0.59 0.64
Er 1.56 17 1.88
m 0.2 0.22 0.27
Yb 15 1.55 1.77
Lu 0.25 0.23 0.28
(La/Ybn 1659 13.7 10.59
(CelYbn 1157 9.75 7.64

Eu/Eu* 0.85 0.84 0.98
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Fig. 11. A: Chondrite-normalized rare earth elements diagram (Boynton, 1985), and B: Primitive Mantle-normalized
trace elements diagram (Sun and McDonough, 1989) dioritic dykes in Robaie copper area
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Fig. 12. Cathodoluminescence image of zircon characteristics from biotite-hornblende diorite porphyry (C.V.C.H) in

the Robaie copper area
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Table 4. U- Pb dating results of zircons from biotite-hornblende diorite porphyry of Robaie copper area

206Pb[207pb + 207P b/ZSSU

Analysis U (ppm)  2Pb/%Pb  U/Th Ratio (%) Ratio * (%)
C-1 564 78284 25 21.2108 1.0 0.0497 1.7
C-2 825 45289 0.9 21.4315 1.2 0.0493 1.8
C-3 379 145791 25 21.4727 1.8 0.0497 2.1
C-4 427 29076 2.7 21.0626 15 0.0511 2.1
C-5 532 18219 4.7 21.1888 1.3 0.0509 1.8
C-6 735 73392 2.3 21.8252 14 0.0496 2.0
C-7 229 13404 4.3 21.1000 2.0 0.0514 2.2
C-8 400 17813 2.0 21.6664 1.8 0.0501 2.2
C-9 623 15399 1.7 21.4384 15 0.0508 1.8
C-10 382 14243 4.8 21.7441 16 0.0501 2.0
C-11 334 12925 1.8 21.7962 2.0 0.0502 2.4
C-12 328 17305 2.1 21.2730 2.0 0.0515 2.4
C-13 567 8968 2.2 22.6936 14 0.0488 1.8
C-14 360 695796 2.1 21.0966 14 0.0610 1.7
C-15 460 64944 2.2 20.3359 11 0.0751 15
C-16 399 85926 7.8 19.9022 0.8 0.1783 16
C-17 368 15940 21.6 20.1807 0.9 0.1767 14
C-18 692 72792 22.5 18.4230 1.0 0.2485 1.7
C-19 316 127790 121 19.1584 1.0 0.2438 19
C-20 257 67576 34 17.6332 2.3 0.2888 4.6
C-21 371 77833 12.3 18.8190 0.9 0.2798 15
C-22 481 236624 1.7 16.8945 0.8 0.6302 19
C-23 52 15357 15 15.4602 1.3 1.1260 15

C-24 239 121032 1.6 14.0238 0.6 1.5770 1.0
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Table 4 (Continued). U- Pb dating results of zircons from biotite-hornblende diorite porphyry of Robaie copper area

206pp 238y 208ppy,238Y Best age

Analysis Ratio + (%) Ratio + (Ma) (Ma) + (Ma)
C-1 0.0076 14 49.1 0.7 49.1 0.7
C-2 0.0077 14 49.2 0.7 49.2 0.7
C-3 0.0077 11 49.7 0.5 49.7 0.5
C-4 0.0078 15 50.2 0.7 50.2 0.7
C-5 0.0078 1.2 50.3 0.6 50.3 0.6
C-6 0.0078 14 50.4 0.7 50.4 0.7
C-7 0.0079 0.9 50.5 0.5 50.5 0.5
C-8 0.0079 13 50.5 0.6 50.5 0.6
C-9 0.0079 1.0 50.7 0.5 50.7 0.5
C-10 0.0079 13 50.8 0.6 50.8 0.6
C-11 0.0079 13 51.0 0.7 51.0 0.7
C-12 0.0080 13 51.1 0.7 51.1 0.7
C-13 0.0080 1.2 51.6 0.6 51.6 0.6
C-14 0.0093 11 59.9 0.6 59.9 0.6
C-15 0.0111 1.0 71.0 0.7 71.0 0.7
C-16 0.0258 14 163.9 2.2 163.9 2.2
C-17 0.0259 1.0 164.7 1.7 164.7 1.7
C-18 0.0332 14 210.7 2.8 210.7 2.8
C-19 0.0339 1.6 214.8 3.4 214.8 3.4
C-20 0.0369 4.0 233.9 9.1 233.9 9.1
Cc-21 0.0382 1.2 241.7 2.8 241.7 2.8
C-22 0.0773 1.7 479.7 7.6 479.7 7.6
C-23 0.1263 0.8 766.8 5.9 766.8 5.9

C-24 0.1605 0.9 959.3 7.6 965.4 11.9
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Fig. 13. Zircon U-Pb dating from the biotite-hornblende diorite porphyry (dyke) unit (sample C.V.C.H) in the Robaie
copper area. A: Concordia diagram, and B: Best age plot diagram obtained from zircon dating
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Table 5. Rb-Sr and Sm-Nd isotopic data from dioritic dyke in the Robaie copper area. Errors are in 2

Sr Rb SRbASSr g7, g6 873r/%6Sr 875r/%6Sr Erro
Sample ppm  ppm initial Rb/"Sr Erro (2s) initial Measured (2s)
Diorite 553 115 0.967 1.04 0.029 0.7057 07064  0:00002
porphyry 3
Sm Nd  147e 144 WNdANd M Nd/**N .
Sample ppm  ppm Sm/**Nd  Erro (2s) Measured dinitial Erro (25) eNdi
Diorite 5, 986 0.109 0.006 051252 0512486  0.000016  -1.7
porphyry
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Fig. 14. eNd(i) vs. initial 87Sr/®Sr values diagram dioritic dyke in the Robaie area. The field of adakites related to slab
melting is defined after (Defant et al., 1992; Kay and Kay, 1993; Sajona et al., 2000; Aguillon-Robles et al., 2001); The
data for underplated thick lower crust adakites are after (Atherton and Petford, 1993; Muir et al., 1995; Petford and
Atherton, 1996). MORB: mid-ocean ridge basalts; DM: depleted mantle; OIB: ocean—island basalts; IAB: island-arc
basalts after (Zindler and Hart, 1986); EMI and EMII represent two types of mantle end-members, respectively (Hou et
al., 2011). Initial ratios calculated for 50 Ma.
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Fig. 15. A and B: Plot of dioritic dykes of Robaie copper area on the tectono-magmatic diagram (Pearce et al., 1984).
WPG: within plate granitoid; Syn-COLG: syn-collisional granitoid; ORG: ocean ridge granitoid; VAG: volcanic arc

granitoid; Post-COLG: post-collisional granitoid.
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Fig. 16. Plot of dioritic dykes from Robaie copper area in the Ybn vs. (La/Yb)n diagram (Defant and Drummond,

1990)
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Fig. 17. Dy/Yb vs. Dy diagram of diorite dykes in the Robaie copper area (Shaw, 1970)

6dgise b, slaSls (Shaw, IR a ,l0ses earce, IR loges A %
5 S280 & Shaw, 1970) Th/Nd !, ,s Ba/La ,lsees:B 4 (P 1983) Ta/Yb ,lp ,o ThIYD Jloges 'A 18 Ui

NEBSNETEY
Fig. 18. A: Th/Yb vs. Ta/Yb diagram (Pearce, 1983), and B: Ba/La vs. Th/Nd diagram (Shaw, 1970) dioritic dykes in
the Robaie copper area
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Fig. 19. Temperature versus salinity diagram for determine the possible transport complexe of metals in the Robaie
copper area (Large et al, 1988)
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Fig. 20. Pressure-temperature diagram showing phase relationships in the NaCl-H,O system at lithostatic and
hydrostatic pressures in the Robaie copper area (Fournier, 1999). L= liquid, V= vapor, H= halite
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Fig. 21. Homogenization temperature versus salinity of fluid inclusions in the Robaie area. Trends of fluid evolution in
a temperature-salinity diagram from Shepherd et al. (1985)
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Fig. 22. Homogenization temperature versus salinity diagram for fluid inclusions in the Robaie area (Beane, 1983)
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Introduction

The Robaie copper area is located 95 kilometers
South of Damghan in the Semnan province. The
study area has coordinates between 54°30°37"to
54°30'42.71" latitude and 35°22°29.41" to
35°23747.54" longitude. Geotectonically, the study
area is located in the central Iran and in the
northern part of the Torud-Chahshirin volcanic-
plutonic belt (Houshmandzadeh et al., 1978). The
Torud-Chahshirin  volcanic-plutonic belt is a
Tertiary magmatism in central Iran which is
composed of volcanic rocks with dominant
andesite composition and granodiorite intrusive
with dominant diorite composition (Fard et al.,
2001). Torud-Chahshirin volcanic-plutonic belt
has created a favorable geological situation for
base metals such as copper, lead, zinc, gold, silver
and other precious and base metals, such as the
Robaie copper area, Chah Messi (CuzPb-Zn;
Imamjome et al, 2009), Kuh-Zar (Cu-Au;
Rohbakhsh et al., 2018) and other instances. The
main objective of this study is geology,
petrography, U-Pb zircon dating and Sr-Nd
isotope and also alteration, mineralization,
geochemistry and fluid inclusion in the study area.

Materials and methods
60 samples were collected from the study area.
Petrographic studies were done on 40 thin

sections. Mineralization and paragnesis of the
system were studied based on 10 polished-thin
sections and 6 polished sections. The
measurements were conducted on a Linkam
THMSG 600 at the Ferdowsi University of
Mashhad. REE (ICP-MS  method-ACME
Laboratory in Vancouver, Canada) elements were
analyzed for 3 samples of diorite dykes. Eight
sampels for geochemistry and four samples for
fire assay were analyzed at the Zar Azma
Company. U-Pb dating in zircon of diorite dyke
was conducted by the ICP-MS method in the
Arizona LaserChron Center. Sr and Nd isotopic
compositions were determined at the Laboratério
de Geologia Isotépica da Universidade de Aveiro,
Portugal.

Results

The geology of the area is dominated by volcanic
rocks (andesite and trachyandesite), which were
intruded by diorite dykes. Alteration zones are
propylitic, argillic, sericitic and carbonate. The
Copper deposit in the study area occurs as ore
veins situated along fault zone with NS-SW
trending. Vein thickness varies from 1-5m. Vein
thickness varies from 1-5m. The primary minerals
are chalcopyrite, pyrite and chalcocite, covellite,
bornite, malachite, azurite, hematite, goethite and
limonite are secondary minerals. The amount of
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Cu is between 0.01 to 5.6 % and amount of Ag,
Sb, Pb, Zn, As elements is low. The
homogenization temperature (Tn) values ranged
from 165 to 300 °C. Salinities of ore-forming
fluids ranged from 7 to 16 wt. % NaCl
equivalents. Diorite dykes in the Robaie area have
characteristics of enrichment in LREE versus
HREE, enrichment of LILE and depletion in
HFSE. The initial ®’Sr/*®Sr and ***Nd/***Nd ratios
of biotite-hornblende diorite are 0.705664 and
0.512486, respectively. The eNdl value is -1.7. In
the eNdl versus initial ®Sr/%Sr diagram diorite
dykes of the Robaie area plot to the right part of
the mantle array. The mean age of diorite dyke is
50.49+0.49 Ma. Therefore, the U-Th-Pb zircon
dating indicates that diorite dyke formed in the
early Eocene (Ypresian) era.

Discussion

Diorite dykes originated from mantle-derived
magmas. The parental melt would have originated
in a non-depleted mantle source. Isotopic data
from diorite dykes show that subduction source
with contamination to continental crust. In
tectonic setting diagrams (Pearce et al., 1984)
diorite dykes plot on the fields of the volcanic arc
granites (VAG). In the Dy/Yb vs. Dy system
(Shaw, 1970) diorite dykes of Robaie area were
formed by 15-20% partial melting of spinel-
phlogopite Iherzolite. According to Yh/Yb vs.
Ta/Yb (Pearce et al., 1984) and Ba/La vs. Th/Nd
diagrams (Shaw, 1970) diorite dykes were formed
from slab-drive fluid in the active continental
margins.

Fluid inclusions data of the Robaie area manifest
that the ore-forming fluids were medium to low
temperature and medium to low salinity. The
pressure determined for the Robaie area was
approximately < 10 MPa, which is equivalent to a
depth of approximately < 1 km assuming
lithostatic pressure. Fluid inclusion studies
indicate that there is a positive correlation
between homogenization temperature and fluid
salinity, similar to the process of fluid mixing.
The decrease in salinity has been the most
important factor in the precipitation of copper in

the area. All of evidence shows that
mineralization in the Robaie area is of epithermal
type deposit.
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