Journal of Economic Geology sobaidl wlcd o

Vol. 12, No. 3 (2020) (1399 o) 3 ol 12 uls
ISSN 2008-7306 397 1 377 clis
9 dl

«w 3b- o yeld (Sl U (e SIS AT 5o Jlw SO (i p
WOLLE O £ ol 38 (Gilw SISl Wyl oh wygp 9 S50 09)
S92 Sl B Sl

4 S B (6L el 91 anow dnows P 399 03 7 Cym>dozme ¢ Tod) Sl g ) Ao

Ol LS LS Jlo o maies i sle 0tSCils ¢ ol n 05,57 (1
‘_’J/J:th.q,.i.a (gl L{“’j‘)f’. aliﬁg'/) ‘f}k oS> ‘v‘“’L"‘:'«JZ"‘J ojj((z
Ol dgln ibgin o 338 082015 gl 0lSCils (Ol 58 Gotan b3 LEST s 3r05(3

Q/Jf/c‘;lb{.;éjy"ﬂég olf.fg’/) ‘L;“'L:“f"):"‘j°jj((4

1398/10/18 : : ., 1396/12/02 s 30 55

23 (S Sladorl 13 58 0 O semn D3OS S 5 ol i 155U L dled (g5 Olul g Ol 3 gy g 35 50 adate
sty GBS 5 g (ol S 5 L Goestes slaos 5 5 eSSl ¢ LadasT (slacSin ¢ 555 s slaeKan Jals ailate
3355 Il L5 L0 L (s oSl a8 2y &S 55T 5 S 5LT €Ktk 5 ok Joli st Lot Sl 85 (slads; ol
S 8305553 5 (s 35 5m dlaie B30 ) JE=Cylm )y b iS5 5 (G on 1S5 (S5La SIS (S5l aiate
03 miles Aploul (Ad 5 5 ol p b J LS 5 535S o) S5 035w 53 5 ) &Sk 50T 5 S o 55155
ailate 55 Jw slasb0ke (553 5 O SKon Glos St olal o plowit 518 ST (655 p 4N e (53 SIS 03 510
Olje 5 31,8 5l 455 3005 260 0 Kan slos b Jlw slasL0be ol Jglog 5t oSS Lol og 5 93 4 54 s
w53 280 B 193 s S (sles L Il slasbioles 33 05,5 ool plab &S slae 355 o3 323 615 o ()52
2 L) o (g5l LS a3 dmes 55 Jlw (gl sLb0ke (Gl oy sl Uslae S35 o3 5/86 G AL o (o558 ol F Sle
533 T 51 ;28 655 5 31,8 Bl 4253326 5186 1y 0s (Ko (slos sl (gl 5 Lyy s S5 (55 1 ol
23 b 05,5 53 0 S o 5158 S S5 055 53 50158 S (55 5+l SLa L0 (1 bl plabs oSS
40,3 10/98 5 10/86 (o5 5o e31 & lo 4 55354 5289 1o Kan sles L b Jolis o8 s ot Sle 5 03 6,8 SIS
035 Ll plab &S 555 053 13107 G LT (65 051 & 5l 053337 5266 o ks (Ko slos b Sl 5 plab S5 G55
Lo bt L3l SIS ol 5o Cowsay ()l b 3l 31,8 5o 453 326 5 186 o 0s San (slos &KL 5,57

Ll Jbe 5 gl

S Sl bl el o il 55 il IS il (cla ybOks l SAMST (SW0319

s.zirjanizadeh@gonabad.ac.ir :=lslKe Jgius™ DOI: https://doi.org/10.22067/econg.v12i3.71129


http://www.SId.ir

oladl owlidpae

OHSes g oolj Sl 5 378

=L sl Jlecs LIS Oliw g o, e dlecs 53 ) 2
sLadsb 58740 658°30 o Slaze alols 55 5 Ol
38 e )5 s sl s 234730 534725 5 s
ST sk Jlad 55 (kb Sl i 51 gy 2 35 30 03 guloms
(Berberian, 1981; Alavi, 1991) c_. sl ly o 5]

D)

4ok
Sl Gl e Ol Bl e Jw slasLOLe Dlallas
5 Sl B g Gl Bl plas 055 Ll 8
e S Ve oS5 5 (S5 G S s il o 5els
Il sl Lol iz o) 5 KK ) 51 S
S5 5 S (Gas 1) Sl s Juls T o sy
5530 0334 .(JONN et al., 2010) dzs Lol slad shous

(Berberian, 1981; Alavi, 1991) i1 locyee; aids ,0 oblS e Jlos ablaie LS| am Condge ] S
Fig. 1. Location map of the northwest of Gonabad in the tectonic map of Iran (Berberian, 1981 and Alavi, 1991
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Fig. 2. Location of study areas on proccessed landsat7 image in the nortwest of Gonabad
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Fig. 3. A: View of andesitic unit outcrops in the northwest of Gonabad, look toward northeast. Petrographic images
from extrusive exposed, BCoarse grains of biotite and plagioclase within groundmass of andesite unite, C: Sanidine
crystals and trachytic texture in trachyite, D: Quartz and feldspar crystals in rhyolite, and E: Crystals of quartz and
plagioclase, and glomerophyric texture in rhyodacite. All pictures in XPL, Abbreviations after Whitney and Evans
(2010) (PI: Plagioclase, Qtz: Quartz).
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Fig. 4. Geological map of the northwest of Gonabad (The rectangle shows the position of the fluorite mineralization)
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Fig. 5. Geological map of the Jumand fluorite mine in the northwest of Gonabad
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Fig. 6. A: Vein contains fluorite — barite; B: Vein contains copper mineralization and iron oxides; C: Dissiminated
mineralization of pyrite in rhyolite unite in the northwest of Gonabad. Abbreviations after Whitney and Evans (2010)
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Fig. 7. Paragenetic sequence of mineralization at Jumand fluorite ore deposit in the northest Gonabad
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Fig. 8. A: Pyrite mineralization at quartz + pyrite + goethite vein and B: pyrite altered to goethite in the northwest of
Gonabad. Abbreviations are after Whitney and Evans (2010) (Gt: goethite; Py: pyrite).
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Fig. 9. Paragenetic sequence of mineralization at Copper vein in Kalateno deposit in the northwest of Gonabad
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Fig. 10. A: Alkali feldspar altered to clays in granite unite, B: quartz-serecite- pyrite alteration in monzodiorite
porphyry, C: plagioclase crystals were broken and filled by calcite and quartz, and D: Epidote vein in trachyte unite in
the northwest of Gonabad. All pictures were taken under XPL light Abbreviations after Whitney and Evans (2010)

(Qtz: quartz, Afs: alkali feldspar, Bt: biotite).
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Fig. 11. Alteration and mineralization map of the northwest of Gonabad
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Fig. 12. Petrographic photomicrographs of the primary fluid inclusions in the northwest of Gonabad area, A and B:
liquid-rich (L+V type) primary fluid inclusion in fluorite, C: liquid-rich (L+V type) fluid inclusions in quartz (quartz-
sericite-pyrite alteration), and D: liquid-rich (L+V type) fluid inclusions in barite
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Fig. 13. Histograms showing frequency distribution of homogenization temperature (Th) in the northwest of Gonabad
A: flourite mineralization area, B: Kalatehno copper deposit, and C: Quartz-sericite-pyrite alteration area (B and C:

Microthermometric has done on quartz mineral).
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and C: Microthermometric has done on quartz mineral).

Lloks S5 a5l (6555 5 0k SKen slos 4 e g
s, Ll s Jlew slaLola s (Wilkinson, 2001)
ol ) YU )b 5 Las b SV (6,8 5 e

I8 ey 7060 6Jﬁjﬁ‘féb a=,5 700 1 200 ;!
S 0,8 o 3y B g e 4 6055 Lie (NaC
D5 53 3 W Sty SV S b Y (6505 Y gams

DU 1wy dle i) i 0 (S035 5 58054 s )

ool sy ol b il o el (al:Ja s Aoy

b sLasbOle (6555 Sl et Sl sl BB Je 5 gl b
23 Jlw lasbolee OoL81 alia (LYst s 55 Ll 5 o0

i OLaj 93 ;8 s Jlw 03Ul 4y Gas ad sl
SV (6 5m Oa Kn 5o = G as ls i 1 015 00
e bl ol a5 S eslinwl(Haas, 1971) ,.5 s
ol = (16 ) ol 2o 800 6200 550 (g5l SIS
(17 JS8) oyt ol 53 Oudo 5 gan (SLnd Hls 5 s
oS 55 51,8 o 3 b 5 gl esdos 53 (g5l SIS
Sl T Oio 555 g0 los 57 el OT Jb 5 gl L;LAM
52 T 5Ls o T 515 ol DL 0SS ploay (slas & <S03 5
3MS el 4o 5L el Dl O3L3 el
L Calses gla,Lails” 17 JSs 55 (Wilkinson, 2001)


http://www.SId.ir

goladl i) OHSan g 00l; Sl 394

£5 s (5L LS wlin o 55 515 Sl w55 205 Hall etal., ) b o i S 55le Law g 0Ll lsas )
el Js 5 g 1974; Shepherd et al., 1985; Frantz et al., 1992;

- ool slaaig g ses(Hall et al., 1996

Wilkinson , ) ¥l JulSs calize slaanlp (b ,0 5558 plp 50 OVl g3lorKed slod By, soimsylis Siiled jloges 1A 15 S
- 55198 9 Sebs,T Sl So K sample) oblS e Jlais 10 (om0 390 Sldgas 10 (559 ply ,o SVl aioKes sles B (2001
(a5l (s5lo S5 :F sample GadMS o (o3l S5 :Q saMPle o o=

Fig. 15. A: Schematic diagram showing the trend of fluids homogenization temperature versus salinity during various
processes of fluids evolution (Wilkinson, 2001), and B: Homogenization temperature -salinity plot for fluid inclusions
in studied samples from the northwest of Gonabad. (K sample: Argillic and quartz-sercite-pyrite alteration, Q sample:
Kalateno copper mineralization, F sample: Fluorite mineralization)
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Fig. 16. The variations trend in temperature and the estimated minimum depth of the fluid inclusions formation in the
northwest of Gonabad (Haas, 1971)
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Introduction

The study area is located in the Khorasan Razavi
Province, NW of Gonabad between 58° 33”- 58 °
38" to the east and 25° 34" - 25° 38" to the north.
Geotectonically, the area is located in the northern
part of the Lut Block. The Lut Block is the main
metallogenic province in the east of Iran
(Karimpour et al., 2012). There is a significant
outcrop of Tertiary intermediate volcanic and
pyroclastic rocks in the northwest of Gonabad.
This region is rich in clay (kaolin) mineralization.
The source of these kaolin deposits (argillic
alteration) is related to a granitic dyke that
intruded into the Shemshak Formation.

Geology

According to studies most of the rocks in this
region are volcanic rocks which mainly consist of
trachyte,  andesite, trachyandesite, dacite,
rhyodacite, pyroclastics rocks of agglomerate and
tuff and some subvolcanic masses and dykes of
acidic to intermediate compositions. Sedimentary
rocks in the study area are slightly
metamorphosed. The oldest metamorphic rock is
exposed in the south- east of the study area which
consists of Jurassic slates and quartzite. At this
area green schist facies have led to the formation
of slate and quartzite. The intrusive bodies,
composition are monzogranite porphyry to diorite

porphyry. The main fault zones which make
specific types of structure are strike-slip.

Alteration and mineralization

The volcanic and subvolcanic rocks have been
affected by hydrothermal fluids via the
phenomenon which has caused alteration in the
rocks. The alteration zones are propylitic,
silicification, argillic, and quartz-sericite-pyrite.
The silicification has occurred with higher
intensity in the northern and central parts of the
investigated area. Propylitic alteration has spread
all over the area with higher intensity in the
northwest and southern parts of the study area.
The clay mineral deposits (argillic zones) have
been mined. The mineralogical compositions of
this clay deposits are quartz, kaolinite, dickite,
montmorillonite and hematite.

Materials and Methods

Ten doubly polished wafers (0.3mm thick) of
fluorite, barite and quartz crystals were prepared
for fluid inclusion studies, and examined
petrographically. They were studied using
standard techniques (Roedder, 1984, 1992) and
Linkam THM 600 heating—freezing stage (from -
190 to 600 °C) mounted on an Olympus TH4-200
microscope stage at the Ferdowsi University of
Mashhad, Iran.
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The accuracy is estimated to be 0.2 °C on
freezing, £2 °C below 350 °C and about +4 above
350 °C on heating. The salinity of the fluids
trapped in fluid inclusions is calculated based on
the temperature of final ice melting (Tm) and the
equation of Bodnar (1993). Densities are
calculated using the Flincor software according to
microthermometric data (Brown and Lamb,
1989).

Discussion

Microthermometeric investigations were
conducted on 126 fluid inclusions in two types of
liquid-rich (L+V) fluids in silicified cap of
Rokhsefid and  Baghsia  kaolin  mines.
Homogenization  experiments  revealed a
temperature range of 186-326 °C for the studied
inclusion. Salinity variations could not be
determined because of the small amount of fluids.
The homogenization temperature and depth of
formation from the first type of inclusions are
186- 256°C and 250 meters, respectively. The
second type of inclusions have Th between 275 to
326°C and are 500 meter in depth.
Microthermometric study of fluid inclusions on
quartz-sericite-pyrite  and  sulfide- silicified
mineralization in Kalatehno indicates that two
types of hydrothermal fluids were important in the
formation of mineralization. These two types are
involved. First, Th between 289- 354 °C, salinity
range from 10.86 to 10.98 wt.% NaCl equivalent,
and the average depth of about 600 meters.
Second, Th between 266- 377°C, salinity ranges
from 11.7 to 13.07 wt.% NaCl equivalent, and
average depth of about 600 meters.
Microthermometric study of the fluid inclusions
in fluorite veins were conducted on fluorite, barite
and quartz minerals. The results obtained from the
fluorites indicate Th between 184- 360°C, and
Salinity ranges from 0 to 3.2 wt% NaCl
equivalent. Fluid inclusion studies consisting of
quartz veins and quartz- sulfide- copper carbonate
in Kalatehno copper mineralization involve two
types of fluids with homogenization temperatures
and salinity range from 260- 300 °C and 1.5- 3.23

wt.% NaCl equivalent and 193- 240 °C and 4.1-
5.86 wt.% NaCl equivalent.

Conclusion

Fluid inclusion studies on fluorite samples have
shown a temperature homogenizations (Th)
between 186-326 °C. These studies indicate the
average formation temperature of 280°C for
argillic alteration. Fluid inclusion studies on
Kalateno Cu mineralization show two types of
mineralization fluids with the temperatures of 193
to 240 and 260 to 300°C with salinity between
1.5-3.23 wt. % 4.1- 5.86 wt.% NaCl equivalent,
respectively. The temperature ranges obtained are
similar to those of epithermal systems.
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