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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. 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).

Minerals

Mineralization

Weathering

Quartz

Feand Mnoxides
Malachite

o ooy
Pyrite - — =&

SLLS 2l 13 g o (55l S &5, 5o (55l S5 Sl g 9 Jscd
Fig. 9. Paragenetic sequence of mineralization at Copper vein in Kalateno deposit in the northwest of Gonabad

éﬁﬁlgj)-l'@b}fé
3 n adibate O g 55 Bl 5 Jled 5 S e 5 Sl S
5 i o tmls Gladsly CLEl 5 ol salie LB s
(11 Ja) culeslsyl 55U 1) Lacs g 5 s gy
i) S 53 S 8 s e 0L gl e a2
5SS O g5 9580 Gla oy olwl o Slatdls 25 05
ous [ S L8le slad goms Sl oS 5LT Sl S5

S8
odb g Lalis b 53 (ol Sl 85 65 sler dilate a5
— 5155 =3 S 5,T-2 oSk s -1 11 sl oS ol
S e )b A 5 e G e
Llodss SSE O35 ) L @ alol= o S5 il el

(11 510 J2)



olatdl alidiras

oo g 0ol Sl 5 386

3 n o> (S 5T

ik 93 S0
5T oy csline (clasds b osSaly s Sl 55
e 05 A L 53y elsl 5 glaca 1 6515737
(Dl el I s 055 onl (ol Gl SIS Tl 3 g e
ol s oo (6 30 5 (C-10 ) 5158 oS
Ll g o) $STile (sla SIS s il Sl 4 oy IS
SLa g 558 e odus e 53 o dSTT Oy sed (S g
Sogdg  CadS (IS 4 s 55 8051 2 62051 eSSl
Glds Salu sy Gl S Sa b sble 5o Lledd s
P P TG SRS SYTE SYC P INC NS

(D-10 52)

e 95
ot Il LasLoke miales 1) 5 K (sla
PG Combse ol g wls S8 Gl w ) et I
10 sl 5k oml sl el b Lsls” eSaL s
L S 5105,56 20005 150 cule o b Jio 55 ol
126 5 g s g 2 opl (b b Susb s 1S Sy Sl
sl laaS ) ol SIS S Jlw Loks 36) HLOLe
FolsS S 3 Jlw sL0ke 44 (78 (s5Ln G-yl
I 5L0Le 22 s 5L S Lol pon 55,158 a5 )
5 (638 3l STl a5 s alS) sl SIS s
3550 (Sl B3 6Lats)) 5,155 S 53 Jiw 5Lokas 24
L Il Lasbobe oy 28 813 (minles 5oy iale3T
Sl 5 posall (6558 555 01350 3K Soo Sl o3linal
0 J 28 L THMB00 Joe pLSCS iule $= iule
sl 3l sliiad U LNP o8's o s TMS94 5,1 ~
o ils bt e 05,8 > (Roedder, 1984, 1992)
oBas l 53 gles Sl i 0 28 Aiplowil dgia s b
by oins 5ol 31,8 sl 4531600 L -190

grav czljfsﬁb a3 -56/6 labes s old i sba Lol

b ipais ) ol & GlacSTls d glows ol Liie &8
o=!(Zirjanizadeh, 2015) ¢l ¢S tad b3 053
AL Ll by 5 03155 5 gk SN 5 s Ll S
ASS Cdls o s Ko bl Ll BB o5 5 i
03 gdoms 5 Sl ol on elas OT ooy &l oS
2555 A 5 kin Ky a0 S O pon Sl S
Q.\_.ia\_:éla\_:ﬁﬁ.:)_jaé_ﬂa.\.l:\.a.\tﬁy O grtl eS| des
o> ety Sl Ll 5 SIS o 3 51 (U L S

(A-10 JSK8) Wlodss 3l B3 ) la S 4 &5 355 oo

g = o i 3591957 (Sl 570

S 003 (S S Opaist 5 L el pm S pom 5,18 055
j&JVSHU.\:.é_M&J 45 (20200 3505 03 5utoes
56l s Gl S8 s su ST o) (losgd Q.al_f
S maspae Aoty Gle B3l ph e i (S 0S]
cla_.»ﬁojjo_l\.g,_w\a:\:jré:)_s-;;sl:g;ﬁ 1y S,
S8BT Gor 5l 5358 00k gy 05 g &S 5,T Loy
GolsS 055 ml pat i SLaSLS 5 5 e DL LS A
P G Ll (s LG 5 Ly 5 s
o8 Oy oty e 5 K e 53 (Gl B3 ol SIS
il 405330 520 s OT e 5355 s ool iie
SLaSLS 5 Sy o a0 LS 5250 5 pely S Lwdls
(B-10 Jo) wloks o s o)

ke (Gl T
[5- TSP UREIVAPIRE PR} N N PUS PV WS Pt
@UHJ:QTng;}‘M:@Mﬁ‘)MfM
c;}ﬁ;_wéud}‘)cg)})w‘w‘%w)jsjy
63 58 (Llmos 55 (bl slacsls (s gy cCnls
Wl oslsyl 5 5lacas 1y (aikie o o dled 2y ) doly)
(i e 0 0T JSi 5 Sud o O ki
GLMJ?:@YLJ@)M&A%jWJ):QJS‘JL



387 oyl ol (Gl G e (55l S laaS ) 5o Sl slo sk (o) 2

(1399 JLw) 3 o )leis 12 al>

5 ealdl r\:«.}c;‘)ll:_.» (S~ .3 5 pale 4233 )3 "Jfgs:';\‘“
s(Tmrice) s w55 ole sles wlal b sla)boks
I sl . Liaclns (Bodanar, 1993) Ls s alsles
(Brown and Lamb, 1989) ,, s N335 5 eslizal L

Al

Cbs dgo, I 51 F sle ax 3 4374/ 551 8 sle 4 s
a3 E02 550> 55 il e Slles b (oS5l
350 5 032+ °Copus b S Slhes b 55l 5 slo
51,8 Sl az s 350 VL y5 51, 8 slwas ot
3302 po Sl e Slles S w5, 8051

@):885&5ﬁbf¢lﬁl«;cﬁcﬂ}@:ﬁ:\;éb

Smly 59 = s o 3,155 Sl S0 B eSS asly jo ) sla S @ e lawals JSIT Jous oS3, T Sle Ss A 10 Ui
SLLS g Jlend )3 ST aly po SganlanS ) D g )l g endS b g s DRI Hsk (adanSs 1€ s by Saymosise
SLITATS 5,155 : Qtz) el oais wladl (Whitney and Evans , 2010) 5ils) g sous 5 sylass! podle (XPL ) ,55 50 pglas ples
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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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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.

References

Bodnar, R.J., 1993. Revised equation and table for
determining the freezing point depression of
H.O-NaCl  solutions.  Geochimica et
Cosmochimica Acta, 57(3): 683-684.

Brown, P.E. and Lamb W.M., 1989. P-V-T
properties of fluids in the system
H,O+CO,+NaCl: New graphical presentations
and implications for fluid inclusion studies.
Geochimica et Cosmochimica Acta, 53(6):
1209-1221.

Roedder, E., 1984. Fluid inclusions. In: P.A.
Ribbe (Editor), Reviews in Mineralogy.
Mineralogical Society of America, Virginia,
646 pp.

Roedder, E., 1992. Fluid inclusion evidence for
immiscibility in magmatic differentiation.
Geochimica et Cosmochimica Acta, 56(1):5—
20.

Karimpour, M.H., Malekzadeh Shafaroudi, A.,
Stern, C.R. and Farmer, L., 2012. Petrogenesis
of Granitoids, U-Pb zircon geochronology, Sr—
Nd isotopic characteristic, and important
occurrence of Tertiary mineralization within
the Lut Block, eastern Iran. Journal of
Economic Geology, 4(1): 1-27. (in Persian
with English abstract)



	6- 71129- Zirjanizadeh- F   NO BLANK
	6- 71129- Zirjanizadeh- E

