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Gandy and Abolhassani districts, Semnan Province, Iran
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Abstract

Gandy and Abolhassani epithermal precious-and base-metal deposits occur in the Tertiary calc-alkaline volcanic belt of

northeast Iran. The exposed rock units consist of a volcaniclastic sequence of thin-bedded siltstones and sandstones, |apilli
tuffs, volcanic breccias and intermediate lava flows at Gandy, and mostly andesitic flows at Abolhassani.
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Mineralization in Gandy occurs as veins and breccias and can be divided into three main stages. Stage | is economically
important in terms of precious metal content.Stage Il consists of four substages and contains the majority of base-metal
mineralization. The final stage is dominated by quartz and calcite. Mineralization of the Abolhassani veins occurred in three
main stages. The first two stages contain similar mineral assemblages, including quartz, calcite, galena, sphalerite, pyrite and
chalcopyrite, which are economically important in terms of base-metal content, whereas the final stage is dominated by quartz
and cacite.

The average homogenization temperatures and salinities of fluid inclusion assemblages from Gandy range from 234° to 285
°C, and 4.2 to 5.4 wt% NaCl equiv. The homogenization temperatures are in a good agreement with isotopic temperatures
from two sphalerite and galena pairs (236° and 245 °C). The average temperature and salinity of fluid inclusion assemblages
from Abolhassani district range from 234° to 340 °C, and 6.7 to 18.7 wt% NaCl equiv. Sulfide pairs of sphalerite-galena do
not give reasonable equilibration fractionation temperatures at Abolhassani. Comparison of T, versus freezing (Tm;) values
for the two deposits indicates the presence of a moderate salinity fluid (5-6 wt% NaCl) of similar temperature (250 °C) in each
deposit, but with a higher salinity component also present at Abolhassani. The Abolhassani district shows higher average
Ag/Au (34.7) and Pb + Zn contents (up to 7.6 wt%) than Gandy (Ag/Au 2.1 and 3.9 wt%), consistent with the nearly 4x
higher maximum salinity at Abolhassani compared to Gandy.

Precious and base-metal mineralization within hydrothermal breccias of Gandy may have deposited under boiling conditions,
whereas base-metal mineralization in stage 1l most likely occurred due to dilution. Based on mixing trends, base-metal
sulfides in Abolhassani veins were deposited during periodic injection and dilution of brines. The minimum depth of

formation was at least 430 m and 600 m below the paleowater table for Gandy and Abolhassani, respectively.

Key Words: Gandy, Abolhassani, Precious- and base- minerals, Epithermal.
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Sample no. vein width Au Ag As Sb Cu Pb Zn Bi Mo Description
(cm) (ppm) _ (ppm)  (ppm) (ppm) (%) (%) (%) (ppm)  (ppm)
Gn-8081 20 24 NA 468 NA 0.1 2 0.4 7.34 NA  hydrothermal breccia
Gn-8082 30 3 NA 1980 NA 28 0.1 0.7 3.67 NA  hydrothermal breceia in tunnel No. 2
Gn-8083 40 388 594 87 NA 0.3 13.1 2.8 NA NA  hydrothermal broccia in mmel No. 3
Gn-8084 40 1.4 119 1420 NA 0.2 02 0.1 NA NA  hydrothermal breccia
Gn-8085 30 04 1 9.7 NA 0.1 0.4 02 NA NA  hydrothermal breccai
Gn-8086 20 49 24 113 NA 0.5 0.1 0.1 NA NA mineralized vein
Gn-8087 15 47 325 38 44 0.1 104 22 20 8 mineratized vein
Gn-8088 20 432 154 12200 1120 6.3 58 1.5 12 40 hydrothermal breccia
Gn-8089 30 68.3 161 64 12 04 117 37 123 32 mineralized vein
Gn-8090 30 0.1 <1 NA NA 0.002 0.002 0.004 NA NA quartz vein
Gn-8091 15 59 2.6 NA NA 0.4 0.004 0.01 NA NA  quartz vein with Py, Cop
Gn-8092 20 1.5 2 NA NA 0.1 0.004 0.02 NA NA  quartzvein
Gn-8093 15 4 1.8 NA NA 1.1 002 0.01 NA NA  quartz vein
Gn-8094 30 2.1 <1 NA NA 1.1 0.02 0.01 NA NA  quartz-carbomate vemn
Gn-8095 wallrock 0.1 NA 13.3 NA 0.03 0.02 0.02 0.27 25  altered tuff
Gn-8096 wallrock 0.1 NA 26 NA 0.02 0.01 0.1 05 15 altered ndf
Gn-8097 wallrock 0.1 <1 <20 <10 0.02 0.01 0.01 <10 4 altered andesite

The samples were analyzed by Geological Survey of Iran; techmques used: fire assay or atomic absorption for Au, inductively coupled plasma spectroscopy for Ag, As, Sb, Cu, Zn, and Bi,
and atomic absorption for Pb and Mo, mostveins sampled across full width by 3-5 em wide channel, except for chip samples, as noted, NA = not analyzed, Py = pyrite,
Cep = chalcopyrite

sl gl diate 55 003 Kiw 5485 6l & ped plasd 4 5 (5o 0313 (Y Jgur

Sample no. vein width Au Ag As Sb Cu Pb Zn Bi Mo Description

(em) (ppm) (ppm) (ppm) (ppm) (%) (%) (%)  (ppm) (ppm)
Ab-7081 30 01 147 23 11 0.1 9.2 42 <30 4 quartz-galena vein in tunnel No. 1
Ab-7082 50 0.1 107 22 14 0.6 11.9 5.2 230 16 quartz-galena vein in tunnel No. 1
Ab-7083 20 0.6 <t 27 36 0.5 4.1 0.1 <10 8 quartz ven in tunnel No. |
Ab-7084 50 0.6 115 27 <i0 0.02 6.7 04 <10 2 quartz-galena vein in tunnel No. 2
Ab-7085 30 2 243 23 <10 0.1 15.1 1 <10 4 quartz-galena vein in tunnel No. 2
Ab-7086 30 0.5 21.6 20 <10 0.2 6.7 1.2 <10 4 quartz-galena vein in tunnel No_ 2
Ab-7087 30 0.2 5 <2 <i0 0.1 4.1 0.05 <10 4 quartz-galena vein in tunnel No. 2
Ab-7088 chip 0.4 65.1 64 23 1.7 2.1 0.1 53 2 ore with Gn, Cep, Py, Qtz in tunnel No. 2
Ab-T089 30 0.7 <10 20 <10 0.01 2 07 <10 4 quartz ven in tunnel No. 2
Ab-7090 30 1.1 7.4 20 <10 0.03 4.4 0.8 <10 4 quartz vem in tunnel No. 2
Ab-7091 20 01 1.5 42 90, 26 0.01 0.001 <10 4 quartz vem with some Py, Cep
Ab-7092 50 0.1 =1 <20 <10 0.01 0.003 0.004 <10 56 quartz vem
Ab-7093 30 6 NA 79 NA 1.2 0.001 0.01 375 NA  quartz vein
Ab-7094 50 0.7 27 NA NA 03 15.1 21 NA NA  quartz-galena vein in tunnel No. |
Ab-7095 30 0.8 11.1 NA NA 0.1 4.6 23 NA NA quartz-galena vein in tunnel No. 1
Ab-7096 i00 0.7 7] NA NA 12 6.8 04 NA NA  quariz-galena vein i tunnel No. 2
Ab-T097 100 0.2 54.7 NA NA 0.7 69 05 NA NA  quartz-galena vern m tunnel No. 2
Ab-7098 50 0.7 48.5 NA NA 0.1 16.5 1.1 NA NA  quartz-galena vein i tunnel No. 2
Ab-7099 S0 0.6 18.7 NA NA 0.1 6.2 22 NA NA  quartz-galena vein in tunnel No 2
Ab-70100 wallrock 0.003 <l 20 26 0.03 0.01 4.9 <10 2 altered andesite i tunnel No. 2
Ab-70101 wallrock 04 NA 68 NA 1.2 0.002 0.02 29 NA  altered andesite stamed by malachite
Ab-70102 wallrock 0.1 NA 14.1 NA 0.02 0.01 0.03 <10 NA  altered andesite

The samples were analyzed by Geological Survey of Iran, techniques used fire assay of atemic absorption for Au, mductively coupled plasma spectroscopy for Ag, As, Sb, Cu, Zn, and Bi,
and atomic absorption for Phand Mo, mast vens sampled across full width by 3-5 cm wide channel, except for chip samples, as noted, NA = not analyzed, Gn =~ galena; Py = pynte
Cep ~ chalcopyrite, (tz = quartz
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Sample no. Minerals %S () A™Sgpon  Tswon 0)  A"Spige 881 o) Towan (°C) Th(°C)
low/mean/high
Gandy district
80/HG20 Barite +16.0 £0.1
Sphalerite 43 t0l 28 1 0.1 236 + 9 231+01 51401 293 +2 243/249/258
Galena =71 x0.1
BO/HG21 Barite +15.9 +0.1
Sphaltite 33 01 2.7 £0.1 245 & 9 216 +0.1 42 £0.1 313 52 233/262/287
Galena 60 *01

Abolhassani distriet

Teh/6 Sphalerite 38 t01 0.5 x0.1 G 233/275/337
Galena =33 101

Tch/19 Sphalerite <44 +01 { B i 381 £20 236/280/354
Galena 61 £01

TALN4 Sphalerite -28  £01 13 £0.1 472 £ 30 234/270/322
Galena 41 £0.1

Sphalerite, galena and barite were separated by hand picking from the sample under binocular microscope. The separated minerals
were observed under the binocular carefully to check their purity, which is > 98% in general. These minerals were ground thoroughly
in an agate mortar (less than 200 pm particle size) and then each powdered sample weighied (0.3 - 0.7 mg) and mixed with 2 mg V305
in tin capsules. Sulfate and sulfide minerals were combusted to SO, in a stream of helium by continuous flow. The SO, was analyzed
by an OPTIMA Micromass 1110 CE Instrument spectrometer. IAEA-ST (Ag;S), IAEA-S2 (Ag;S) and SILVANA (PbS) are standard
samples which were used for S-isotope measurements with isotopic ratios —0.3, 21.7, and -7 8, respectively.
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DEPTH (m)
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Au x1000

Mexican Ag-Au
(<7.5 wi% NaCl equiv)

Gandy
(4.2-5.4 wi% NaCl equiv.)
L]

Abolhassani

Ag x100
RRE Mexican Zn-Pb-Ag
(7.5-23 wt¥% NaCl equiv.)

bl 53 sl 8 5wl slaslh (o y3lia 1 o aw Jlapas (V JSC
() oo 51 &85 Kl bl ) sl ol 5 A5
Sl o 0315 OLES aslie (gl ¢S5 S sl Ll
(After Albinson et al.,2001)
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Tmy rang (°C)  Salinity (mean) Th range (°C)

Sample no.  type  low/mean/high  wt% NaCl equiv low/mean/high  comments
GA-M-3 195/216/225 (12) S in clear zone (core)
231/237/243 (3) P inclear zone (core)
248/251/252 (14)  PS in yellow zone (border)
236/242/245 (5) P in yellow zone (border)

274 (1) P in yellow zone (border)

284 (1) P in yellow zone (border)
222/222/224 (13) S in clear zone (core)
230/234/243 (14) P in clear zone (core)
240/241/241 (4)  PS in yellow zone (border)
201/202/202 (6) S in clear zone (core)
224/225/226 (12) S in clear zone (core)
257/258/258 (3) P in clear zone (core)
259/261/262 (13) P in clear zone (core)
234/235/239 (10) P in yellow zone (border)
258/259/260 (10) P in clear zone (core)

[72]
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208 (6) S in clear zone (core)
253(2) P in yellow zone (border)
2.7 4.5 232/234/240(9) P in yellow zone (border)}
290 (1) P in yellow zone (border)
258 (1) P in clear zone (core)
254 (1) P in yellow zone (border)
243 (2) PS in yellow zone {(border)
180/186/198 (8) S in yellow zone (border)
PS 239(3) PS in yellow zone (border)

S 150/151/152 (9) S in yellow zone (border)

P 244/245/248 (9) P in yellow zone (border)

P 277-(1) P in yellow zone (border)
PS 250/251/252 (8)  Ps in clear zone (core)
PS 250/252/254 (6)  Psin clear zone (core)
PS 267 (2) P in clear zone (core)}

P 320 (1) P in clear zone,necked?
PS 252/253/254 (11)  Ps in clear zone (core)
PS 254/255/255 (8)  Ps in clear zone (core)
PS 253 (2) Ps in clear zone (core)
PS 253 (2) PS in clear zone (core)

P 356 (1) P in clear zone, necked
PS 252/253/253 (3)  Ps in clear zone (core)

P 246/247/247 (7) P in yellow zone (border)

S 208/206/220 (13) S in yellow zone (border)

p 2291 4.8 253 (2) P in yellow zone (border)

S 227 (5) S in yellow zone (border)

p 241/242/244 (6) P in yellow zone (border)

P 2.6 (3) 4.3 244/246/247 (6) P in yellow zone (border)

P 250/251/252 (2) P in clear zone (core)

P 254 (2) P in yellow zone (border)
P 254 (1) P in yellow zone (border)
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Tm, rang (°C) Salinity Th range (°C)
Sample no.  type  low/mean/high wit% NaCl equiv low/mean/high  comments

P 255(1) P in clear zone (core)

P 256 (2) P in clear zone (core)

P 252 (1) P in yellow zone (border)

P 248 (1) P in yellow zone (border)

P 242 (1) P in yellow zone (border)

P 265/266/266 (9) P in clear zone (core)

P 238 (1) P in clear zone, necked?

P 244/245/246 (5) P in clear zone (core)

P 250/251/252 (2) P in clear zone (core)

PS 2.7(2) 4.5 251/253/257 (10)  Ps in clear zone (core)
PS 251/253/258 (3)  Ps in clear zone (core)

P 248 (3) P in clear zone (core)

P 255(2) P in yellow zone (border)
PS 253 (4) PS in yellow zone (border)
PS 253/259/264 (7)  PS in yellow zone (border)
PS 253/254/257 (8)  PS in yellow zone (border)
PS -33/-3.2/-3.2(4) 5.3 258/260/263 (5)  Ps in clear zone (core)

PS 251/252/252 (6)  PS in yellow zone (border)

S 222/225/230 (10) S in clear zone (core)

P -2.5(2) 42 251/253/257 (3) P in clear zone (core)

P 29D 4.3 253/254/255 (13) P in clear zone (core)

79/H51 PS 246 (3) Ps in clear zone (core)

P -2.5(1) 4.2 243 (2) P in yellow zone (border)

P -3.1(1) 5.1 256/256/257 (10) P in clear zone (core)

P 244 (1) P in clear zone (core)

P -3.1(3) 5.1 253/254/255(12) P in clear zone (core)

P 256/257/258 (6) P in clear zone (core)

S 216 (6) S in clear zone (core)

S 194 (5) S in clear zone (core)

PS 243 (7) P in clear zone {core)

P 308 (1) P in clear zone, necked?
PS . 247/252/254 (3)  PS in yellow zone (border)

P -3.0(1) 5.0 257(1) P in clear zone (core)

P 242/242/243 (3) P in yellow zone (border)

T9/H59 S 168 (5) S in clear zone (core)

S 217 (6) S in clear zone (core)

P -301(2) 5.1 262/263/264 (3) P in yellow zone (border)
p -3.2(1D) 53 267 (4) P in yellow zone (border)
PS 259/259/260 (8) P in clear zone (core)

Ps 233/235/236 (4)  PS in yellow zone (border)
S 248/248/249 (8)  PS in yellow zone (border)

P 332 54 283/285/287 (2) P in clear zone (core)

3 217 (6) S in clear zone (core)

PS 273/273/274 (7) P in clear zone (core)

PS 266 (7) P in clear zone (core)

P >350 (1) P in clear zone, necked

Notes: bold numbers are mean values; first and last values in each column are the low and high values
obtained in each fluid inclusion assemblages; number of measured inclusions in parentheses; all samples
are sphalerite.

Abbreviations: P = primary inclusions; PS = pseudosecondary inclusions; § = secondary inclusions
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Tm, (°C) Salinity Th range (°C) comments
low/mean/high wt% NaCl equiv Low/mean/high
-12.6/-12.5/-12.4 (2) 16.4 331/336/337 (5)
-4.2 (1) 6.7 241/242/243 (2)
301/302/303 (10)
256 (1)
240/241/243 (6)
-14.5(1) 18.2 336/340/345 (4)
-6.2(1) 9.5 249/250/252 (9)
284/300/322 (3)
181/183/185 (8)
156/157/158 (7)
206/208/209 (9)
111/112/115(11)
111/112/115 (16)
136/137/140 (11)
203 (3)
243/244/244 (6)
233/234/235 (9)
154 (7)
121 (3)
284 (2)
-6.6 (1) 10.0 269 (1)
42 (1) 6.7 243 (2)
290 (3)
275/286/321 (4)
111/115/120 (10) Qtz
142/143/144 (8)
148/152/154 (11)
247/248/249 (5)
236/236/237 (5)
273 (3)
257/257/258 (6)
-14.9(2) 18.5 286/301/327 (9)
-15.6/-15.1/-14.1 (4) 18.7 282/338/354 (6)
233 (5)
291/292/298 (9)
126/127/128 (6)
296 (3)
117/118/118 (10)
188/189/190 (4)
-10.2 (1) 14.1 288 (1) - necked
268 (3)
303/304/304 (5)
244 (1)
21172117212 (7)
-9.6 (2) 13.5 268/273/274 (7)
266 (2)

Sample no.
Tch-6

Tch-12

TAl1-14

g g o
;’,am"::'r:-a'-vmmwmwmmw*—uaw'-ucomm-u'-umwmmmwwmmmmmmmvmwwvwww%

1o OJLOJO j@j@ B 65l (a3l Jl AT Sl




e 3 50T G 33 Lol 7 3 &l Slo 3 Jlo i il (5l duslio >

Tm, (°C) Salinity Th range (°C) comments
Sample no. type low/mean/high wt% NaCl equiv Low/mean/high

P -9.6 (1) 13.5 234/236/238 (2)
PS 273 (4)

PS 271/272/273 (5)

P 276/276/277 (8)

P 243 (2)

P >350 (1) necked
PS 243/244/244 (5)

P 294 (2)

S 143 (2) 18.0 215/216/216 (9)

P 305/316/322 (3)

S 141 (5) Qtz

Notes: bold numbers are mean values; first and last values in each column are the low and high values
obtained in each fluid inclusion assemblages; number of measured inclusions in parentheses; all samples

are sphalerite, except as noted.
Abbreviations: P = primary inclusions; PS = pseudosecondary inclusions; Qtz = quartz; S = secondary
inclusions
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