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The Joftrud prospect area is located in the central Lut Block and 60 Km
of Birjand city. The area comprises outcrops of pyroclastic (andesitic
tuff), wvolcanic (hornblende andesite, pyroxene andesite, basaltic
andesite), intrusive (diorite porphyry, monzodiorite, gabbro) rocks.
Mineralization as vein-type with mostly northeast-southwest trend has
formed in andesitic units. Main alterations are consist of silicified,
argillic, carbonate and propylitic. Primary minerals include
chalcopyrite, pyrite, and secondary minerals are consist of chrysocolla,
chalcocite, covellite, azurite, malachite, goethite, and hematite.
Maximum of geochemical anomalies in veins are for copper 6000 ppm,
lead 2934 ppm, zinc 6904 ppm, and Au 144 ppb. Quartz-sulfide veins
are formed of fluids with temperature of 265 to 408°C and salinity of
11.1 to 19 NaCl wt.% equivalent. Decreasing temperature and fluid
mixing by high-salinity fluid can cause metal deposition. According to
the available evidence of structural control of mineralization, alterations
and their narrow expansions, mineralogy, texture, fluid inclusion data
and depth of formation, prospect area is similar to intermediate
sulfidation deposit.
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EXTENDED ABSTRACT

Introduction

The Joftrud prospect area is located at 60 Km Birjand
city, and belongs to the central Lut Block, Eastern
Iran. Extensive magmatic activity in the Lut Block,
is accompanied with numerous mineralization events
such as porphyry copper, IOCG, vein and skarn
(Karimpour et al., 2012).

The central Lut Block is significant part of this Block
due to widespread Tertiary volcano—plutonic rocks
(Lotfi, 1982; Salim, 2012; Javidi Moghaddam et al.,
2019; Javidi Moghaddam et al., 2021) and many
cases of Cu (e.g., Mire-e-Khash, Shikasteh Sabz,
Rashidi, Ghar-eKaftar, Shurk, and Howz-e-Dagh),
Pb-Zn (e.g., Chah Noghreh, Hows-e-Raise and
Sechangi veins), Pb-Zn-Cu-Sb veins (e.g., Ghale-
Chah, Shurab, Chupan and Kuh Shuru) in the
neighboring areas (Malekzadeh Shafaroudi and
Karimpour, 2013; Malekzadeh Shafaroudi and
Karimpour, 2015; Javidi Moghaddam et al., 2013;
Javidi Moghaddam et al., 2014; Javidi Moghaddam
et al., 2018; Mehrabi et al., 2019).

Recently, Karjo (2021) has studied geochemistry of
ore-veins in the area. For the first time, detailed
studies of base metal mineralization and genesis of
veins have been conducted. The purpose of this
research is the geology, examine the geochemical
and fluid inclusion data, and finally discus
mineralization model of occurrence of ore veins in
the Joftrud prospect area.

Materials and methods

In the field work, a total of 80 samples were taken
mainly from igneous units and ores. 40 thin sections
and polished slabs were examined by an optical
microscope. The geological map of the prospect area
(scale of 1:5000) was produced in Arc GIS software.
Geochemical analysis were done at Zarazma
laboratory of Iran (ICP-OES technique) on 15
samples selected from veins by the Kavoshgaran of
Eastern Birjand Company (Karjo, 2021). Also, 9
samples were selected for Au analysis with Fire
assay in the same laboratory.

Microthermometric tests and salinity determination
of fluid inclusions were performed on 3 wafers of
quartz minerals using a heating-freezing system,
model THM 600 at Ferdowsi University of Mashhad,
Iran. The precision of this device during the heating
and refrigeration stages is C & 1°C and the thermal

range is — 190 to 600 °C.

Result

The rock units of the prospect area are divided into
three categories: pyroclastic (andesitic tuff), volcanic
(hornblende andesite, pyroxene andesite, basaltic
andesite), intrusive (diorite porphyry, monzodiorite,
and gabbro) rocks. The ore-veins are mostly formed
in andesite rocks, in fault zones with trending NE—
SW and subordinate NW-SE. The wveins are
associated with wall rock alterations of silicified,
argillic, carbonate and propylitic. Petrography
studies represent that the ore-veins include pyrite,
chalcopyrite as hypogene minerals and malachite,
azurite, chrysocolla, chalcocite, covellite, goethite,
and hematite as secondary minerals. Quartz is
significant gangue mineral accompanied with the
ore-veins. Based on geochemical data of the ore-
veins, maximum anomalies are for copper (6000
ppm), lead (2934 ppm), and zinc (6904 ppm). Based
on the criteria of Roedder (1984), three types of
primary fluid inclusions (two-phase liquid-rich
(L+V), single-phase aqueous (L) and single-phase
vapor (V) inclusions) were distinguished in the ore-
veins, without evidence of daughter minerals.

In the ore-veins, quartz-hosted LV inclusions have
homogenization temperatures (Tn) between 270°—
408°C for stage-1 and 265 °-385°C for stage-2.
These LV inclusions show salinities between 11.1—
13.4 wt.% NaCl equivalent in quartz of stagel and
15.9-19 wt.% NaCl equivalent in quartz of satage-2.

Discussion

The fluid inclusion data illustrate that the ore-
forming fluids had a magmatic signature and were
diluted by meteoric water. Quartz of ore-veins
dominated by non-boiling textures such as massive
and comb textures of quartz (without coexisting
liquid-rich and vapor-rich inclusions). So, boiling is
not the depositional mechanism in the ore-veins.
Decreasing temperature and fluid mixing by high-
salinity fluid can cause metal deposition.

In the pressure—temperature diagram (Fournier,
1999), the trapping pressures for the ore-forming
fluids of the veins were determined to be within the
range of 10-30 MPa which can be equivalent to a
depth of approximately 1.2 km assuming lithostatic
pressure. So, the ore-veins formed in shallow
environment (e.g., Hedenquist and Henley, 1985).
Based on the evidence of geology, alteration,
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mineralization, texture, and fluid evolution processes
probably the Joftrud district is interpreted as an
intermediate sulfidation deposit. Numerous ore-
veins are present in the central Lut Block (e.g., Mir-
e-Khash, Rashidi, Shikasteh Sabz, Howz-e-Dagh,
Chah Khareh, Chah Noghreh, Hows-e-Raise,
Sechangi, Shurab, Chupan and Kuh Shuru) (e.g.,
Malekzadeh Shafaroudi and Karimpour, 2013;
Malekzadeh Shafaroudi and Karimpour, 2015; Javidi
Moghaddam et al., 2018; Mehrabi et al., 2019).
These veins mostly have NW-SE and subordinate
NE-SW trends and are hosted by andesitic to dacitic
composition (andesitic tuff breccia, andesite and

dacite). These ore-veins entail copper, lead, zinc and
antimony without significant gold anomaly. The
similarities in structural control of mineralization,
ore mineralogy, geochemistry and fluid inclusion
data suggest that ore-veins can be related to part of a
large-scale magmatic-hydrothermal system with
economic potential.
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Fig. 3. Photomicrographs of A: hornblende andesite unit, B: gabbro unit, C: replacement of plagioclase by clay minerals
from the center in gabbro unit, D: coarse-grained carbonate in groundmass of monzodiorite unit, E: chalcopyrite replaced
by chalcocite and covellite along grain boundaries and fractures, and F: chalcocite and covellite in supergene zone, the
Joftrud prospect area. Abbreviations after Whitney and Evans (2010) (Pl: plagioclase, Hbl: hornblende, Cpx:
clinopyroxene, Ch: Carbonate, Clay: clay minerals, Ccp: Chalcopyrite, Cv: Covellite, Cct: Chalcocite).
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Fig. 4. Field photographs of A and B: argillic alteration, C and D: Fe oxides (hematite, goethite and limonite) at the trench,
the Joftrud prospect area
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Fig. 5. The paragenetic sequence in the Joftrud prospect area
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Table 1. Results of Cu, Ag, Au, Sh, As, Mn, Pb and Zn from chip composite samples of the Joftrud prospect area (Au is

ppb and other elements are ppm)

st‘mﬁ'; X Y Cu Pb zn Sb Ag  As Au  Mn
J-M-01  32°4426.85"'N  58°30'57.29"E 256 6904 2934 834 397 >100 95 1367
J-M-03  32°44'34.60"N  58°30'42.29" 70 868 404 257 105 >100 117 559
J-M-04  32°44'30.05"N  58°3042.02"E 39 2056 649 707 18 >100 31 110
J-M-05  32°4426.73'N  58°3042.61"E - - - - - -9 -

J-M-06  32°4426.90"N  58°30°26.29"E 83 305 81 93 069 >100 - 383
J-M-07  32°44'26.94"N  58°3023.06"E 1529 141 416 >0.01% 169 >100 - 1210
J-M-10  32°444137°N  58°29'38.70"E - - - - - - 6 -

J-M-14  32°4442.05"N  58°3214.12"E 155 32 105 091 03 66 - 1069
J-M-15  32°44'53.77°N  58°3227.70"E 160 14 125 098 033 26 - 1387
J-M-16  32°44'35.27"N  58°3329.70"E 154 14 106 1 027 21 - 1230
J-M-19  32°4420.08"N  58°33'36.96"E 141 12 120 094 039 19 - 1446
J-M-20  32°4426.89"N  58°3056.79"E 29 1332 464 737 374 >100 44 1728
J-M-21  32°4429.96"N  58°30'58.08"E 24 2405 146  49.2 224 >100 - 1215
J-M-23  32°4426.70'N  58°3042.69"E 24 1284 187 97 043 >100 7 297
J-M-24  32°44'16.39"N  58°3022.77"E 3713 3122 573 >0.01% 162 >100 141 546
J-M-25  32°44650"N  58°3021.68"E 44 65 23 179 04 25 5 50

J-M-26  32°444588"N  58°324573"E 6651 5 36 095 51 612 5 5529
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Fig. 6. A and B: the microscopic images of two—phase liquid-vapor (LV), single-phase liquid (L) and single-phase vapor

(V) fluid inclusions in quartz, the Joftrud prospect area

DOI: 10.22067/econg.2024.1130

VY

¥ oslad OF 055 VFF (oslaml ulis e


https://doi.org/10.22067/econg.2024.1130

e 3y iz SLEST 03 gdomn 55 8 55 SVl 5 b e (s, Kals (Sl 3 sl )y 5

Ser 5 5 s

5> (Tinvice) g daksd o 5T 53 (glos Hluie (g5l SIS 55
Sosd ol pl 5 S Sl AY BN/ g e SVl
Wl e 535 Aoy VA BNOA IS, ol S s VL
a3 YAD L YPO a5, ) 53 0ub Kan sl )l > aels

(B s A-Y ) ol sl

ol Y JJJ?):Q‘YQ_»J‘LSJJJ:WLA:@E}MW
'@ubﬁOaj'-T_'),sL;Ln‘djL__..usL(J,\A_b.f);.g;_wl
op) a8 el VOG-0 o s iz YL 55 (Tineice)
Qo3 WG SIS, ol 18 s SV v )55 oLl
do o o 53 00 K (slos ol atals .l ke S
do o 55 (B 3 AV ) Cl 55 Bl a3 ALYV

gy BLaST 03 guous 53 1S5 L1348 L ol e 5,18 SIS 55 (P) adsl 8 55 SVl sla o =Y Jeur
Table 2. Microthermometric data of primary fluid inclusions (P) of quartz mineral associated with mineralization in the

Joftrud prospect area

Sample Dimension Fluid Salinity
NF’ Stage (um) Number T (C) Tim (°C) Trmice (°C) (Wt.%)
JR-18 2 11-24 9 385-285 48.3 -t0 49.4- 12 -to 15.5- 17.7-15.9
JR-24 2 10-21 12 360-265 46.5-t0 47- 13 -to 15.5- 19-16.8
JR-3 1 8-16 19 408-270 45.9 -to 48.2- 7.5-t0 9.5- 13.4-11.1
[ stage 1 [l stage 1
A Mean = 325.81 B Mean = 17.4882
] Std. Dev, = 34.9551 € Std. Dev. = 8931
N=21 N=11
[ stage 2 .slagf 2
10— Mean = 355.316 5 e

Std. Dev. = 40.4558
N=19

Frequency

N=11

Frequency

I
350 400 450

Homogenization temperature (C°)

300

18

20

12 14

wt-%NaCl

10 16

39 0 (SLiSTT 63 gues 5> Q3|;): SVl (6, 58 :B;Qv\.&&{a& s A slayls pai Y ICH
Fig. 7. Histogram showing the A: homogenization temperature, and B: salinity (wt.% NaCl equivalent) data of primary

fluid inclusions in veins from the Joftrud prospect area
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Fig. 9. Homogenization temperature versus salinity of fluid inclusions in the Joftrud 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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