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Sagh mineral occurrence is located southeast of Torbat-e-Heydarieh,
Khorasan Razavi province, and in the eastern part of the Khaf-Kashmar-
Bardeskan magmatic belt. The rock units of area are divided into two
categories: intrusions (monzonite, monzodiorite, diorite, and syenite) in
the southern half, and conglomerate in the northern half. One square
kilometer of continuous mineralization may be observed as stockwork,
while there are other locations where it has a linear trend and is
supported by intrusive rocks. Primary minerals include specularite,
chalcopyrite, pyrite, galena, and sulfosalt, and secondary minerals
include malachite, goethite, hematite, chalcosite, caveolite, and
anglesite. The mineralization textures are vein-veinlet, disseminated,
replacement, and cloform, mainly with a strong chloritic-silicified
alteration. The average amount of copper is 0.8 with a maximum of more
than 3%, the average amount of silver is 24.4 with a maximum of more
than 113 ppm, and the average amount of gold is 44 with a maximum of
250 ppb. The average amount of lead is 761 ppm with a maximum of
0.4% and the average amount of zinc is 430 ppm with a maximum of
0.1%. The formation temperature of ore-forming fluid is between 159
and 328 °C and the salinity is between 7.2 and 16.7 wt.% equiv. NaCl.
The mixing of magmatic fluids with meteoric waters with low
temperatures and salinity was the most important mechanism of mineral
formation. Based on the evidence of tectonic setting, lithology, type of
alteration, shape, and state of mineralization, and the presence of
abundant specularity with copper, silver, and gold anomalies, probably
the Sagh area is iron oxide Cu-Ag+Au type.
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EXTENDED ABSTRACT

Introduction

The geological settings, hydrothermal alteration, and
mineralizing fluid compositions vary among the
deposits of “TOCG-type” (Hitzman et al., 1992;
Sillitoe, 2003). However, they belong to a family of
Cu zAu deposits that include substantial
hydrothermal alkali (Na/Ca/K) alteration and a lot of
low-Ti iron oxide (magnetite and/or hematite).
According to Williams et al. (2005), these deposits
likewise exhibit strong structural constraints and a
temporal but not a tight geographical relationship
with igneous rocks. They formed in rift or subduction
settings (Hitzman, 2002) from the Late Archean to
the Pliocene (Groves et al., 2010).

Sagh mineral occurrence is located the southeast of
Torbat-e-Heydarieh, Khorasan Razavi province, and
in the eastern part of the Khaf-Kashmar-Bardeskan
magmatic belt (Fig.1). This belt has a high potential
for iron oxide copper-gold type deposits and
sometimes skarn and porphyry copper (Karimpour,
2004).

The purpose of this research is geological studies and
determine the relationship of intrusions with
mineralization, examine the total paragenesis
sequence, geochemistry, fluid inclusions studies and
finally determine the mineralization model, and the
formation of mineral occurrences in the Sagh area,
for the first time is done.

Materials and methods

To investigate the lithology, alteration, and
mineralization of the Sagh area, 61 samples were
taken mainly from the intrusions. 32 samples for the
thin section and 10 samples for the polished thin
section and polished block were selected, prepared,
and studied. Then, the geological and alteration-
mineralization map with a scale of 1:5000 was
prepared in Arc GIS software. Furthermore, for
geochemical studies of mineralization zones and
veins, 24 samples were taken and sent to the Zarazma
laboratory for analysis. Analysis was done by the
ICP-OES method. Furthermore, 11 samples were
selected for gold analysis with Fire assay, and sent to
Zarazma laboratory. Using a cooling and heating
system made by Linkam Company, model THM 600,
microthermometric tests and salinity determination
were performed on 2 wafers of quartz minerals and
31 fluid inclusions at Ferdowsi University of

Mashhad.

Result

The rock units of the area are divided into two
categories: subvolcanic and plutonic intrusions in the
southern half and conglomerate units in the northern
half. Intrusive rocks are composed of monzonite,
monzodiorite, diorite and syenite. Mineralization can
be seen in the form of stockwork in a wide and
continuous zone with an area of about one square
kilometer, but in some places, it has a linear trend
(NE-SW and NW-SE trend) which is hosted by
intrusive  rocks. Primary minerals include
specularite, chalcopyrite, pyrite, galena, and
sulfosalt, and secondary minerals include malachite,
goethite, hematite, chalcosite, covellite, and
anglesite. Vein-veinlet, disseminated, replacement,
and cloform mineralization textures are seen, with a
dominant chloritic-silicified alteration. The average
concentration of copper is 0.8%, with a maximum
concentration of more than 3%, silver is 24.4 ppm,
with a maximum concentration of more than 113
ppm, and gold is 44 ppb, with a maximum
concentration of more than 250 ppb, according to
geochemical data. The average amount of lead is 761
ppm with a maximum of 0.4% and the average
amount of zinc is 430 ppm with a maximum of 0.1%.
Based on fluid inclusions studies, the formation
temperature of ore-forming fluid is between 159 and
328 °C, and the salinity is between 7.2 and 16.7 wt.%
equiv. NaCl.

Discussion and Conclusion

Comparing the characteristics of Sagh prospect area
with other copper-bearing deposits shows that this
area is very similar to iron oxide copper-gold
deposits. An empiric definition of IOCG deposits is
summarized as having the following five
characteristics (Williams et al., 2005): (1) copper,
with or without gold, as economic metals, (2)
hydrothermal ore styles and strong structural
controls, (3) abundant magnetite and/or hematite, (4)
Fe oxides with Fe/Ti ratios greater than those in most
igneous rocks and bulk crust, and (5) no clear spatial
associations with igneous intrusions as, for example,
displayed by porphyry and skarn ore deposits.
Sillitoe (2003) proposed a close genetic relationship
between 10CG deposits in northern Chile, and
dioritic plutons. Mineralization in the Sagh area has
a close relationship with monzonitic, monzodiorite,
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and diorite, which are similar to Kuh-e-Zar,
Bahariyeh, Namaqg, Fadiheh, Chenar, and other
KKBMB deposits (Table 3).

The main alteration related to mineralization in the
Sagh is propylitic-silicified, and its propylitic
alteration is characterized by chlorite mineral.
Extensive chlorite alteration in the Sagh area is
similar to Monteverde deposit in Peru (Vila et al.,
1998), Mont-del-Aigle in Canada (Simard et al.,
2006), Kuh-e-Zar Tarbat Heydarieh (Karimpour et
al.,, 2017), and other 10CG type deposits in the
KKBMB belt (Almasi et al., 2015; Taghadosi and
Malekzadeh Shafaroudi, 2018; Najmi et al., 2023;
Sahebi Khader et al., 2021; Behnamnia et al., 2023)
and Qala Zari (Karimpour, 2005) in the Lut block,
where the temperature and salinity of ore-fluid are
lower than some 10CG type deposits in the world.
Based on the available evidence, the mineral
occurrence of the Sagh includes 1) the presence of
oxidant intrusions formed in the subduction zone in
the KKBMB, 2) mineral paragenesis of specularity,
chalcopyrite, pyrite, and galena, 3) structural control
of mineralization, 4) copper, silver, gold, and lead
geochemical anomaly, 5) chloritic-silicified
alteration, which is very compatible with iron oxide
copper-silver-gold systems. The location of this area
in the KKBMB belt, which has great potential for

IOCG deposits, and near other I0CG deposits that
have many similarities (Almasi et al., 2015;
Karimpour et al., 2017; Sahebi Khader et al., 2021;
Najmi et al., 2023), is a confirmation of this claim.
Although monzonitic, monzodiorite, diorite, and
syenitic intrusions are the host rock of mineralization
and mineralization is controlled by structures and
faults, this magmatism can be represented of source
rock at deep. The mineral paragenesis of the Sagh
and the abundance of specularity with sulphide
minerals of copper, lead, and silver, which are
associated with quartz and chlorite, show that
mineralization generated from a high fO,, Fe-Si rich
ore fluid.

The metal originated from an oxidan magmatism
from deep, and moved up through faults, joints, and
fractures. The mixing of magmatic ore solution with
higher temperature and salinity with meteoric water
with lower temperature and salinity has finally led to
the deposition of sulfides, and the formation of
mineralization. Temperature-salinity and alteration
evidence show that we are currently in the upper
parts of the system, and we need more information.
The relevance of this magmatic belt in eastern Iran
as a significant metallogenic zone for deposits of
copper, gold, and silver is growing as more and more
IOCG mineral occurrences are found there.
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Fig. 2. Geological map of Sagh prospect area
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Fig. 3. A view of different rock types of Sagh prospect area. A: Hornblende feldspar monzonite porphyry (pink and
coarse-grained) (view to the SW), B: Hornblende feldspar monzonite porphyry (view to the S), C: Hornblende monzonite
porphyry (view to the W), D: Hornblende microdiorite-monzodiorite porphyry (view to the NW), E: Hornblende biotite

micromonzonite (view to the NE), F: Hornblende syenite porphyry (view to the E), G: Conglomerate (view to the NE),
and H: intrusion fragments within conglomerate.
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Fig. 5. A view of different alteration types of Sagh prospect area. A: Pyrophyllite-silicified zone in field (view to the NE),
B: Chlorite, calcite and quartz in strong propylitic-silicified zone (XPL), C: Plagioclase altered to chlorite and calcite in
strong propylitic-silicified zone (XPL), D: Chlorite and calcite in propylitic-weak sericitic zone (XPL), E: Chlorite and
calcite in moderate propylitic (XPL), and F: Chlorite in weak propylitic zone (XPL). Abbreviations after Whitney and
Evans (2010) (Chl: chlorite, Qz: quartz, Cal: calcite, Ser: sericite).

DOI: 10.22067/econg.2023.83949.1084 Fopled V0o 93 NP Y (ool oulii )

av


https://doi.org/10.22067/econg.2023.83949.1084

e B e 3 (gl gty S 5 A s (Bl aT LS o e S Fo & — s ke Sl

Ql)@}é\»

(F JS0) 555 0 0> 3 o s
456 il oS S -85 O o 4 L (L SIS
)Y Sl Jold gl glo SIS 3 b ga oen 0387
45 GG o2y Il gl s 5 JE 0y 2y o SIS
5 EdssS e SIS (slen (e S (S VL ful s

035 S5l SIS Lol o Gl B oy g Ll 2y JST

CLAF ) Sl ks ki~

S & sy 5 g 035 &S5 bl it > (5L SIS
0,5 0 25365558 gl JKh w1y i kS K 350
S =S Glals) 5 amsls ot Ligy LU S 55 s
Yor B0 Jsb o oS 5568 gl (idu 55 (g5l S5 .48
oy O g =3, bdld il b e Fr U Cules g e
Sy oo o 53 S 5 Y0 B iom ol 53 a5 (ST 5 55 o
b Clns 5 2000 dsb b g5l S5 61485 sla jtdu 53 Ll

o gl 5 oo s 3 adld Gk, b e d sl

B g;J\;,q}sU‘&aTwlpa\ﬂgﬁ)\(ﬁ@Ucﬁf\lbzA.du&wfla&;»,::ﬁydusju@lfjldesu.‘kdf_&
;l,\,@g,jtu_;ls‘s,ws|r:>&;.;J\;}gﬂﬂxg_m{o\ﬁg:ﬂu:cjgwyxg_,a@‘f,w;u&ﬂ.g_;lwﬁg;&u
(eSYL MIC ceslen (Hem 55,157 :Q7 oy ;Y 1Sl :Spec) (Whitney and Evans, 2010) &l sds L

Fig. 6. A view of mineralization in Sagh prospect area. A: Malachite and specularite associated with secondary iron oxide
and quartz, B: Malachite associated with secondary iron oxide and minor specularite, and C: Malachite associated with
specularite and quartz. Abbreviations after Whitney and Evans (2010) (Spec: specularite; Qz: quartz, Hem: hematite, Mlc:
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Fig. 8. Different ores of Sagh prospect area. A: Specularite, B: Convert of chalcopyrite to goethite, C: Convert of
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galena, Cv: covellite, Cct; chalcosite, Py: pyrite, Mlc: malachite, Qz: quartz).
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Fig. 9. Paragenesis sequence of metallic and non-metalic minerals of Sagh prospect area
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Table 1. Results of Cu, Ag, Au, Pb and Zn from Sagh chip composite samples (Au is ppb and other elements are ppm)

X Y Ag Cu Pb Zn Au

1 59.905161  35.0396 176 7731 150 226

2 59.907341 35.039566 48.33 8679 3865 595 5
3 59.908803  35.03908 68.8 33026 167 348 5
4 59.909449 35.038758 32.77 9566 722 310 5
5 59.910276 35.037972 80.08 27357 28 420 9
6 59.910617 35.038297 22.79 8436 2872 361 5
7 59.910782 35.038005  0.79 393 454 147

8 59.911002 35.037116  2.28 5472 4338 1170

9 59.904694 35.036778  0.54 624 55 179
10 59.906167 35.038833 <0.5 45 18 9
11 59.906361 35.038833  6.66 1450 115 528 7
12 59.906528  35.0385 59.26 10116 144 586 55
13 59.905028 35.037722 <05 116 10 7

14 59.90675  35.03875 1357 7334 2231 747

15 59.906694 35.038389 55.22 7803 1916 511 55
16 59.90675 35.037889  0.91 1762 270 287

17 59.906694 35.037222 26.3 14885 27 338 84
18 59.903918 35.028931  1.27 2400 54 249

19 59.910000 35.037639 113.34 27790 204 566 250
20 59.912611 35.038222 446 10613 504 1083
21 59.904038 35.034796  3.11 2633 21 444
22 59.894594  35.03641 128 2659 14 186
23 59.898368 35.035905 39.68 8886 24 907 5
24 59.909806  35.0375 0.74 217 58 136
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Fig. 10. Geochemical-alteration map of Sagh prospect area. A: Cu element, B: Ag element, C: Au element, and D: Pb

element
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Fig. 12. Relation of Cu and Au in the Sagh prospect area
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Fig. 14. Images of fluid inclusions in ore-bearing veinlets of Sagh prospect area. A, B and C: Two phases liquid-rich (LV)
and liquid mono-phase (L), and D: Secondary fluid inclusions (S)
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Table 2. Simplified results of microthermometry and determination of salinity of LV-type fluid inclusions within quartz mineral
in ore-bearing veinlets of Sagh prospect area

o o e Salinity
Sample No.  number Th (°C) Tim (°C) Tmice (°C) (W% NaCl equiv)
SG28 18 159-205 -48.6 to -46 -6.3t0-45 9.6t07.2
SG7 13 294-328 -49.6 t0 -49 -12.810-11.3 16.7t0 15.3
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Fig. 16. Homogenization temperature versus salinity of fluid inclusions in the Sagh prospect area. Several possible trends
of fluid evolution in a temperature-salinity diagram from Shepherd et al. (1985). Trend 1 represents primitive fluid A
mixed with cold and low salinity fluid B, trends 2 and 3 represent the result of fluid A isothermally mixing with different
salinity fluid B, trend 4 represents the salinity of residual phase increased, caused by boiling of fluid A, trend 5 represents
cooling of fluid A, trend 6 represents necking of the fluid inclusion, trend 7 represents leakage of fluid inclusions during
heating
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Fig. 17. Homogenization temperature versus salinity diagram for fluid inclusions in the Sagh prospect area. Fields for
various fluid types after Beane (1983)
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Fig. 18. Pressure-Temperature diagram showing phase relationships in the NaCl-H,O system at lithostatic and hydrostatic
pressures (Fournier, 1999). L= liquid, V= vapor, H= halite. Thin dashed lines are contours of constant wt percent NaCl
dissolved in brine. Filled gray line indicates granite minimum melting curve. Filled dark line shows the three-phase

boundary, L+V+H, for the system NaCl-KCI-H,O with Na/K in solution fixed by equilibration with albite and K-feldspar
at the indicated temperatures. Location of Sagh fluid inclusions data plotted on it.
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Table 3. Comparison of Sagh prospect area with important IOCG deposits of world and some I0CG deposits of east of Iran

Deposit Olympic Dam Candelaria Mont-de-l Aigle  Qale Zari (Lut Baharieh
P (Australia) (Chile) (Canada) block, Iran) (KKBMB, Iran)
Intracontinental Subduction- Subduction-
Tectonic setting Anorogenic Back-arc basins . related arc related arc
orogenic collapse . X
magmatism magmatism
Intrusive rocks Granite Diorite Mafic to felsic Felstlc |ntr_uS|ons Monzc_)dl_orlte to
in region diorite
Albitic, potassic, Potassic,
Alteration propylitic, silicified, Potassic, Sodic, Propylitic, Chloritic,
sericitic, argillic, Carbonate, chloritic, Silicified silicified silicified
silicified actinolite
Breccias,
. . stockwork, Breccias, . . .
Deposit style Breccias veins, stackwork, veins Vein, veinlet vein
replacement
Chalcopyrite, . .
magnetite, Chalcopy_rlte, Chalcopyrite, Chalcopy_rlte, Chalcopyrite,
. . specularite, . specularite, ;
Ore minerals specularite, . specularite, ) . specularite,
. ; magnetite, - . pyrite, shalerite, -
pyrite, bornite, rite magnetite, pyrite alena. sulfosalt pyrite
pitchbelende pyrite, g '
. Ag, U, Cu, Au, Mo, LREE, Cu, Pb, Ag, Zn, Au,
Geochemistry REE AuZn As Cu, Au Cu CuxAu
Fluid inclusions T=100-300°C T=220-310°C T=280-347°C T=240-360°C T=271-500°C
study S=7-42 wt.% S=12-24 wt.% S=0-26 wt.% S=1-6 wt.% S=7.9-26.3 wt.%
Marschik and
. Fontbote, 2001; . .
Hitzman, 2002; SN B Simard et al., . Najmi et al.,
Ref. Pollard, 2000 S|II|toe_, 2003; 2006 Karimpour, 2005 2023
Marschik et al.,
2003
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Table 3 (Continued). Comparison of Sagh prospect area with important IOCG deposits of world and some IOCG deposits of

east of Iran

Deposit

Kuh-e-Zar
(KKBMB, Iran)

Chenar
(KKBMB, Iran)

Nameq (KKBMB,
Iran)

Sagh
(KKBMB, Iran)

Tectonic setting

Subduction-related
arc magmatism

Subduction-related
arc magmatism

Subduction-related
arc magmatism

Subduction-related
arc magmatism

Monzonite to Monzonite,
Intrusive rocks svenoaranite Diorite - monzodiorite,
Yenog diorite, syenite
Silicified, chloritic,
Alteration minor sericitic, Chloritic, silicified  Chloritic, silicified  Chloritic, silicified
albitic
. Breccias, . . . .
Deposit style stockwork, veins Breccias, veins vein stockwork, veins
. . . Chalcopyrite,
Oremineals chaloopyrte, | Crelooovie, RPN specuare yri
vcopyrite, specularite, pyrite P L shalerite, galena,
pyrite, galena magnetite sulfosalt
. Ag, W, Au, Cu,
Geochemistry L REE Cu Cu Cu, Ag, Au, Pb
Fluid inclusions T=248-491°C T=307-400°C T=300-496°C T=159-328°C
study S=4-19.2 wt.% $=13.4-15.5wt.% S=11-22 wt.% S=7.2-16.7 wt.%
. . Taghadosi and
Ref. Karimpour et al., Behnamnia et al., Malekzadeh This study

2017

2023

Shafaroudi, 2018
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Almasi et al., 2015; Taghadosi and ) KKBMB ., .5
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