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

Lat.  35°22'52" 35°22'54" 35°22'55" 35°22'57" 35°22'57"  35°22'56"  35°22'59"  35°23'02"

Cu 6783 8035 3388 11238 3316 4857 13085 7262
Pb 11 12 14 39 14 11 8 149
Zn 121 58 63 69 142 84 58 55
Ag 3.8 1.5 0.64 7.2 0.49 0.58 0.63 1.9
As 1.9 2.4 2 2.1 2 2.9 2.8 2.4
Sb 1.01 0.81 0.96 1.02 0.94 1.07 0.9 0.84
Au <DL <DL <DL <DL

<DL= Smaller than the detection limit

=y e 00990 1550 VL Sl 5 (y55s Se st B g AL UK
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
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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 0.9 058 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
(Ce/lYbn 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 206ppy,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
C-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 NdANd 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

M:&QL’&;bé‘eJGMﬁ&YTLJA‘J}JﬁL’&méﬁ.ejﬁ
s eNdi 2als™ 50/705 51 351 ¥'Sr/®Sr jluie il 5!
Oy s My Cd s o35 Gl e RS
S S5 w5l pladn b a5 Sl S ST (b 553
(Menzies et al., 1993; Arjmandzadeh et al., 2013)
s & jledirie a8 L U latw y sladlw 2S5 5

>0 54 8,1 5 slicss (Nabatian et al., 2014)
i 8 03 gdmn (Gl 2 )5) Cnly S 3 adigod 35,13
s eimmen 501708 5 4351 ¥'SI/POST jloiae s 4a
Gla S5y 5l oS 5 dliypr (g sLa LS
Chappell and ) ceul (cxKa) [ 05,5 slaas gl §
23 CLESIS ek e 5 s SIS (White, 2001
05,5 sladss il § Coale siasplis 55 RO/SISL lnis
NI GV 4 Y PEPHS PPN RAH) FPERCN
5 Gl gy Ol b S5 5 otiasgolis i eN 555
ol glars & Sliie gl S5 5 ediasolis e N
Kemp et al., 2007; Yang et al., 2007; Li et al., )
o523 CLaeSls (L) Cund s o 61 (2011
STatYDh oy ;s RD s 51 by e (BLESTT 05 guloes

53ken 50 e 6l a5 450 NN 5 B7ST/%0ST
codal Cmmnay |8 23w 55 oS 55 U-PD laesls 148 Jla
&l I NN 5 B7SIPOST e s 4l
(o Cmoms iy pam Cis) (055 ST ses
Ol . o10/518426 50/705664 L 1, 5 54
Sl =HT U ol ouiinl 45505 53 eNdi adyl slas 553!
JSs) I ¥SIST ot 55 eNdi s ya 43 .6 Jsax)
oy S 53 (6 by 31 Tty 23 iy 9= S5 g 4503 o(14
ol 4 8515 gloyL5 aim gy dibate 45 5 4t d S 03 gdos
o 53545 8 gl i S 05 S IS L Sl

ol ol a.\:’b}}

oy

Sxdrg o9 SBEDIS 3335 3 Wl s
lresls 5 (ot e e SB0 2 l
eS¢l = o LSl glac s SI-Nd slas 555
ol aS s 0L olay s (SLasST o5 gudme 2y 903
TSIO8I Jlaie s STt oas o a s & 51 LSl
Ol 5 51 (0/518426) “SNd/*Nd (0/705664)

S s g Es e CLT) eNA adyl glacs y5 551



421 o S OVl sy oy ¢85l S e Gl 5 ¢ il e (1399 JL) 3 o )leis 12 ul>

oSl (cxBa) L og, & 5 psindTlos sla S5 o .s eslirwl(Pearce et al, 1984) Yb i, ,»Ta
Syl ales ddlate 2y g gﬂ,éy,@\_&a:ToLJ‘_;u.\__s}:gbfu,w); os ¢
LasS .BsA-15 S o) am Syl 5,5 55l s

15
[l Diorite porphyry
Slab-derived
L~ adakites
IAB
Bulk Earth
‘\\ % m EM II
_ \\\ =2 '\\
=ra \ g}% \ T~ Upper
(‘z‘J \| %N crust
= N \\ Adakites derived from
N © \ thickened lower crust
Continental crust
EMI
-15 —
= Lower
S crust
¥
=
m \
-25 1 1 | |
0.701 0.705 0.710 0.715
(*'Sr/*Sr)i

amio wgd )l oabgiin slacaSTol imlio . el o (BLEST 00gamme (900 Solo ENA(T) 2l 50 4l SIEEST Jloges 14 i
odb i slacaSlsl «(Defant et al., 1992; Kay and Kay, 1993; Sajona et al., 2000; Aguillén-Robles et al., 2001) w9 ,5
slacdlsl: : :MORB .(Atherton and Petford, 1993; Muir et al., 1995; Petford and Atherton, 1996) «,, ;5 eess diwsy |
{Zindler and Hart, 1986) LS ,li> sl IAB ( cwsildl pl> slacdll (OB was 45 4iis5 DM ( cwsildl oyl sloaii,
o Sapwle Jlus oygudie 50 (6l 4l slacs (Hou et al., 2011) aiss SLL slacl 5l g4 g0 sainsylis cus o [EEMIL 4 EMI

]

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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1990)
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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 8’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.

Acknowledgment

The financial support provided by grant no.
42842.3, date: 3 Jan 2017 is greatly appreciated.
We would like to thank Mr. Ehsan Azizian of the
Zamin Pouyan Fraz Assia Company for the
generous support and the access to mine data.

References

Fard, M., Rastad, E., Rashidnejad-Omran, N. and
Ghaderi, M., 2001. Mineralization and
potential of gold in Torud- Chahshirin
volcano-plutonic complex (south Damghan).
5th Symposium of Geological Society of Iran,
Tehran University, Tehran, Iran.

Houshmandzadeh, A.R., Alavi Naini, M. and
Haghipour, A.A., 1978. Evolution of
geological phenomenon in Torud area.
Geological Survey of Iran, Tehran, Report 5H,
138 pp.

Imamjome, A., Rastad, E., Bouzari, F. and
Rashidnezhad, N., 2009. An introduction to
individual disseminated wveinlet and vein
mineralization system of Cu (Pb-Zn) in the
Chah Messi and Ghole Kaftaran mining
district, eastern part of the TroudChah Shirin
magmatic arc. Scientific Quarterly Journal,
Geosciences, 18(70): 112-125.

Pearce, J.A., Harris, N.B.W. and Tindle, A.G.,
1984. Trace element discrimination diagrams
for the tectonic interpretation of granitic rocks.
Journal of Petrology, 25(4): 956-983.

Rohbakhsh, P., Karimpour, M.H. and Malekzadeh
Shafaroudi, A., 2018. Geology, mineralization,
geochemistry and petrology of intrusive bodies
In Kuh-Zar CU-Au deposit, Damghan. Journal
of Economic Geology, 10(1): 1-23. (in Persian
with English abstract)

Shaw, D.M., 1970. Trace element fractionation
during anataxis. Geochimica et Cosmochimica
Acta, 34(2): 237-243.



	7- 83898- Malekzadeh- F   NO BLANK
	7- 83898- Malekzadeh Shafaroudi- E

