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Fig. 1. Location of study area at A: Access roads to the northwest of Gonabad and B: Tectonic map of Iran

(Aghanabati, 2004)

e Jold W)l geid) atlaie ;0 &5 (o slaaaly
5 il sloSiw (Gl Semlyg) Cuj)lsSy colul
S oo ly ol (gt (53585 (3T (slmosss
B A-3 JS i 92 IS i) as,ls adipe 5 jenleas ygeis,

s lsbirme
a5 1/250000 aiis oy & 30 () p Oy9—0 4dlais
i oyt Jls 5 (BRGM , ORLEANS, 1983)
5,5 —= 3 (Ghaemi, 2005) sLts 1/100000



Ls\)La...a‘ Lsu:Lu.:u:.A) e ublSAJb 9 ob‘)@bﬁ) 268

e S5, b 1elST 619131 sloSw (2 JSia) o s ddkate ey S50 dibaie j3 a4 S A sly 5 e s (D4 C
|ras ST oaians oSt lalsd ] G5 o yads 503 b 0,5 ile g o) ol E s 5 Carll 0818 5eis)
lsd 03,51y 45 sl a3 g sl S5 el iy ooy Sl g anlgl 5 Kads wijls (slgSim

St bawlgas oS 5 b Slaass] o co ISl 5 culul 4 sl 58 5o pbbess

ot oy |y ol s S wile Sl oals

3°200"N 3°300"N

34°280"N

3HO2TO"N

58°34°0"F 58°35°0"E
E E LITHOLIGY AﬁL
22| [Ja
[ Granodiorite porphyry
[ 1.ittic tuff.andesite basalt;monzodiorite porphyry
Littic tuff
[ Andesite, tuff, diorite porphyry dyke o
Violet to red acidic tuff, rhyolite, dacite Dicite paphiyy
b [ ] Andesite tuff trachyandesite.andesite i Gram-te porphyry
~ Violet to green tuff, aglomerate —Qtz dhiomite: porphiyry
ﬂ Ruyolite mff =— Qtz monzodiorite porphyry
E BBl Tuff trachyte,andesite
E L Dacite ———— Dirt road
B Andesite —— Major road
ET7] Rhyodacite Fault
F°.] Rhyolite Cultivation
Trachandesite,diabaz and andesite
E== Trachyte
(=2 =] Trachyandesite
= [ ] Meta sediment, aglomerate and Tuff
E % E==1 slate and quartzite
=

Fig. 2. Geological map of northwest of Gonabad
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Fig. 3. A: View of andesitic unit outcrops, northwest of Gonabad, look toward northeast,B: View of rhyolite outcrops,
look toward southeast, C:Lithic tuff, D:Rhyolite with band shape.
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Fig 4. Petrographic images from extrusive exposed at northwest of Gonabad.A and B: Crystal tuff unites (Ain XPL
light and B in PPL light), C: Trachyandesite, in XPL light, D:Andesite, in XPL light, E: Andesite-latite, in XPL light, F:
Rhyolite and embayded texture in quartz, in XPL light, G: Trachyte in XPL light, H: Rhyodacite in XPL light.
Abbreviations: Qtz: quartz, Hbl: Hornblende, Plg: plagioclase, Hem: hematite, (Kretz, 1983).
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Table 1. Mineralogical compositionof clay samples from northwest of Gonabad,(*data from Gharibnavaz et al., 2008)

Sample Major Phase
R33* Quartz- Alunite
e
E R22* Quartz- Alunite
e
5 A22 Quartz
14
BK51-2 Quartz
.g BK53-3 Quartz
ey
(=)
& Yassl Quartz
Yasmina Geol Quartz
Kalateno AES Quartz

Minor Phase
Kaolinite- hematite

Kaolinite- hematite

Hematite, Kaolinite-montmorillonite,alunite

Clinochlore,Dickite
Kaolinite-montmorillonite
Montmorillonite-kaolinite

Kaolinite-Pyrophylite-montmorillonite

Illite, muscovite
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Table 2. Major element compositions of clay samples from northwest of Gonabad

Sample Y X Si0, AlLO; Fe0; TiO, CaO MgO K,O0 NaO L.OlI
% R33 3810324 645130 63.03 1841 032 016 011 0.05 215 031 5.46
E R22 3810366 645118 94 3.5 145  0.09 0.1 0 0 015 071
A22 3810185 645193 61.37 29.12 0.46 0.1 016 005 01 0.0 8.25
g BK51-2 3810433 649609 61.86 28.31 0.69 0.1 041 007 001 03 7.71
<
§ BK53-3 3810331 649693 59.01 28.79 0.71 0.1 015 006 001 06 9.94
Yasmina  Yassl 3808237 648925 70.85 2021 0.62 015 1.79 001 031 6
Kalateno  Geol 3813139 643882 61.66 2392 196 056 0.05 6.14 011 4.09
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Table 3. Whole-rock major (wt. %) and trace element (ppm) compositions of the rocks from northwest of Gonabad.

Sample KN-149 KN-207
o I~ ©
© ™ © ™
Petrography  Trachyandesite Latite
SiO, 61.79 70.65
TiO, 0.8 0.37
Al,O;, 14.05 10.8
TFeO 6.18 38
MnO 0.09 0.08
MgO 2.65 1.79
CaO 5.21 4.74
Na,O 3.14 2.34
K,O 2.16 2.6
P,Os 0.19 0.1
LOI 3.56 2.57
Total 98.82 98.84

A/CNK 0.8276 0.7067

KN-210 kn351 At2 At2-1
g 8 & 83 8 5y 8 3
Andesit -latite Trachyte Rhyolite Rhyolite
61.33 57.76 76.33
0.72 1.17 0.07
15.26 12.98 10.98
5.6 8.18 1.11
0.1 0.15 0.02
2.64 5.13 0.03
3.57 7.09 0.93
4.75 2.47 0.47
2.39 1.71 5.18
0.2 0.34 0.04
2.88 2.81 3.38
99.44 99.79 98.54
0.9034 0.6902 1.3605
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Table 3 (Continued). Whole-rock major (wt. %) and trace element (ppm) compositions of the rocks from northwest of
Gonabad.

Sample KN-149 KN-207 KN-210 kn351 At2 At2-1
Petrography Trachyandesite Latite Andesit -latite  Trachyte Rhyolite Rhyolite
Ba 400 590 973 327 180 174
Be <1 2 4 2 <1 3
Co 14.6 6.3 8.8 26.9 0.5 <0.2
Cs 3.4 55 5.8 5.8 19.8 19.4
Ga 175 9.8 18.8 16.9 14.5 17
Hf 6.4 33 5.6 3.7 1.8 1.8
Nb 13.8 8.8 17.6 14.6 9.5 11.3
Rb 81.5 111.2 64.5 56.5 333.2 3285
Sn 4 3 4 2 8 10
Sr 298.6 271.3 542.4 502.1 39.3 28.1
Ta 0.9 0.6 11 0.9 15 1.3
Th 11.1 10.1 17.1 7.1 12.6 12.4
u 25 2.3 3.7 1.4 3.8 3
\% 91 57 62 140 13 21
W 11 1 1.4 <0.5 2.2 2.5
Zr 286.9 116.7 214.8 188 485 47.8
Y 34.9 15.3 33.8 23.7 16.5 16.4
La 329 28 46.5 28.3 9.8 8.2
Ce 74.7 54.3 101.7 60.8 18.9 18
Pr 7.94 5.47 10.26 6.66 1.93 1.8
Nd 28.3 21.7 38.2 23.5 6.7 5.7
Sm 6.31 3.74 7.65 5.06 1.74 1.4
Eu 1.32 0.78 1.46 1.38 0.14 0.2
Gd 6.09 3.49 6.99 4.88 1.94 2.1
Dy 5.84 3.08 5.64 4.58 2.87 2.6
Er 3.72 1.53 3.46 2.59 1.95 0.5
™™ 0.55 0.23 0.51 0.42 0.30 1.9
Yb 3.25 1.22 2.93 2.55 1.95 0.2
Lu 0.56 0.26 0.5 0.4 1.08 1.8
Eu/Eu* 0.65 0.66 0.61 0.85 0.23 0.3
Lan/Yby 6.75 15.3 10.58 7.4 3.49 0.3
Lan/Smy 321 4.61 3.74 3.44 3.46 3
Cen/Yby 5.85 11.32 8.83 6.06 2.57 2.5
Cen/Smy 2.78 3.41 3.12 2.82 2.55 2.92
Eun/Yhby 1.16 1.83 1.42 1.55 0.21 3.5

Sum REE 173.91 124.93 228.23 142.93 49.46 45
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Fig. 5. Study area samples, northwest of Gonabad, in A: Zr/TiO, versus Nb/Y diagram (Winchester, and Floyd, 1977),
B: Th versus Co diagram (Hastie et al. 2007).HK and SHO = High potassium and Shoshsonitic; CA = alkaline; IAT =
Tholeiitic island arc; B = Basalt; BA / A = Andesite basalt / andesite; D / R * = Dacite- rhyolite- latite- trachyte.
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Fig. 6. A: Chondrite normalized REE diagram (Sun and McDonough, 1989) and B: Primitive mantle-normalized trace
elements spider diagram (Taylor and McLennan, 1985), for volcanic rocks in northwest of Gonabad.
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Table 4. Rb-Sr isotopic analyses of volcanic samples from northwest of Gonabad

Sample  Petrography Sr Rb *Rb/*°Sr  Error ¥Sr/®Sr - Error  °'Sr/*Sr
(ppm) (ppm) Measered (2s) Measered (2s) Initial

KN- Andesite -latite  542.4 64.5 0.344 0.01 0.710138  0.000023 0.709855
210
KN- Trachy andesite ~ 298.6 84.5 0.790 0.022 0.707453  0.000017 0.706802
149

AT2-1 Rhyolite 28.9 328.7 32.95 0.93 0.736873  0.000034 0.710658
KN- trachyte 502.1 56.5 0.326 0.009 0.706987  0.000021 0.706700

351
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Table 5. Sm-Nd isotopic analyses of volcanic samples from northwest of Gonabad

Petro Nd Sm ¥Sm/M*Nd Error

Error

Sample N/ M*Nd NN, eNd;

P graphy  (ppm)  (ppm) (2s) (2s) ¢
KN- trachyte 235  5.06 0.130 0.007014 0512539  0.000016 0.5125 -1.4
351
KN- Andesite  38.2  7.65 0.121 0.006523 0.512144  0.000014 0.5121 9.1
210 -latite
KN- Trachy 283  6.31 0.135 0.007263 0.512495  0.000016 0.5124 2.3
149 andesite
AT2-1  Rhyolite 5.7 1.43 0.152 0.011 0.512359  0.000011 0.5123 5.1
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Fig. 7. eNd;-(®"Sr/%Sr); diagram for the extrusive rocks exposed in northwest of Gonabad. (®'Sr/%Sr); values were
calculated using 60 Ma age. The data for adakitic rocks directly derived from a thick lower crust are after Atherton and
Petford, 1993; Muir et al., 1995; Petford and Atherton,1996). MORB mid-ocean ridge basalts, DM depleted mantle,
OIB ocean island basalts and 1AB island-arc basalts. Initial ratios calculated for 57-58+1 Ma.
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Introduction

The study area is located in NW Gonabad, Razavi
Khorasan Province, northern Lut block and
eastern Iran north of the Lut Block. Magmatism
in NW Gonabad produced plutonic and volcanic
rock associations with varying geochemical
compositions. These rocks are related to the
Cenozoic magmatic rocks in Iran and belong to
the Lut Block volcanic—plutonic belt. In this
study, petrogenesis of volcanic units in northwest
Gonabad was investigated.

The volcanic rocks are andesites/trachyandesites,
rhyolites, dacites/ rhyodacites and
pyroclastics.These  rocks  show  porphyritic,
trachytic and embayed textures in phenocrysts
with plagioclase, sanidine and quartz (most
notably in dacite and rhyolite), hornblende and
rare biotite. The most important alteration zones
are propylitic, silicification and argillic.Four
kaolinite- bearing clay deposits have been located
in areas affectedby hydrothermal alteration of
Eocene rhyolite, dacite and rhyodacite.

Analytical techniques

Five samples were analyzed for major elements
by wavelength dispersive X-ray fluorescence
(XRF) and six samples were analyzed for trace
elements using inductively coupled plasma-mass
spectrometry (ICP-MS) in the Acme Laboratories,
Vancouver (Canada).Sr and Nd isotopic
compositions were determined for four whole-
rock samples at the Laboratério de
Geologialsotopica da Universidade de Aveiro,
Portugal.

*Corresponding authors Email: karimpur@um.ac.ir

Results

Petrography. The rocks in this area are consist of
trachyte,  andesite/  trachyandesite,  dacite/
rhyodacite, principally as ignimbrites and soft
tuff. The textures of phenocrysts are mainly
porphyritic, glomerophyric, trachytic and
embayed textures in plagioclase, hornblende and
biotite. The groundmasses consist of plagioclase
and fine-grainedcrystals of hornblende.
Plagioclase phenocrysts and microlitesare by far
the most abundant textures in andesite -
trachyandesites (>25% and in size from 0.01 to
0.1mm). Euhedral to subhedral hornblende
phenocrysts areabundant (3-5%)and 0.1 to
0.6mmin size.

Trachyte is characterized by trachytic texture.
Ninety percent of the rock consists of sanidine. In
trachytes, 3 to 5% hornblende ( 0.3 mm) is
replaced by carbonates. Rhyolites contain quartz,
plagioclase, sanidine, and biotite phenocrysts in a
microcrystalline to glassy groundmass.
Rhyodacitehas phenocrysts, some glomerophyric,
consisting of quartz, 2 to 3% (0.1-0.5 mm),
plagioclase 7 to 10% (0.2- 0.8 mm), hornblende
5% and biotite 1%. Up to 15% of sanidineis
altered to clay minerals. Crystal tuff and lithic-
crystal tuff are distributed overa large area.

Using the Zr/TiO, and Nb/Y diagram of
Winchester and Fold (1977), samples are
designated as rhyolite, dacite and sub-alkaline
basalt. In the Co vs. Th diagram of Hastie et al.
(2007), samples plot in the shoshonitic and high
calc-alkaline, rhyolite, dacite and andesite-basalt
fields.

The REE patterns and trace element contents of
the volcanic samples show: (1) LREE/HREE
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enrichment ((La/Yb) y = 0.3 to 15.27), (2) Low
negative Eu anomaly (ave.Eu*/Eu=0.2-0.85), (3)
depletion in Ba, Sr, KO, Zr and Ti (Lower
continental crust-normalized spider diagram from
Taylor and McLennan, 1985 and Chondrite-
normalized diagram from Nakamura, 1974.
Rhyolites show the most extreme negative Eu
anomaly (Eu/Eu* = 0.2-0.3) compared with 0.65—
0.85 for volcanic elsewhere and also show
considerably differences in the contents of
Rb,Sr,K,Ti,Zr,Hf,Ce. These differences are
related to greater magmatic differentiation or
derivation from the other sources. The Sr and Nd
isotopic ratios of these volcanic rocks are:
¥'Sr/**Sr = 0.70699 to 0.71014 and **Nd/**Nd
=0.512144 to 0.512539. Assuming an age of 60
Ma, the initial ¥Sr/*°Sr ratios vary from 0.70671
to 0.71066 and initial “**Nd/*Nd values vary
from 0.512098 0.51249 (eNd; = -9.1) to 0.51249
(eNd; = -1.4).In the eNdi versus (¥Sr/®Sr)i
diagram, the samples plot in the field typical of
magmas that are of crustal origin or, at least, that
underwent important processes of  crustal
assimilation/contamination.

Andesitic  rocks  displays  lightly  lower
rangesof®’Sr/*°Sr (0.7067-0.7068) and eNd; values
from -1.44 to -2.34, than rhyolite. Distinct Sr and
Nd isotopic compositions are seen between
rhyolitic rocks and andesitic rocks. The
geochemical data suggest that the rhyolitic
magmas probably represent the final differentiates

of parental magmas, resulting from partial melting
of mafic lower crust. Generally, the magmas from
this area have low Sr (less than 400 ppm), high
K,O/Na,O and negative Eu anomalies.
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