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(¥ Jgial) g0 £95 slagmrial aiiwa o wlS)L
s 0RO S5 LepoTgld g L)L ol e a5
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Tschermakite

Tschermakite PI:F_an.-.:.r
substitution sk .!:.I.II(HI
Cadl " = Ma5i

Mgsi = al" al’

P
Tremolite

Cabdg = Nanl” Glaucophane

Ladeite substitution

S5 Solas JBg e g ¥ Jgmeial (ol S5 Solis JBg5 gy - Jgeol (© cmSgpm (Gl (il (sloyloges .0 S5
Diopside=CaMgSi,0,; Ca-Tschermaks=CaAlAISiO,; Jadeite=NaAlSi,O, .ol o ) Jgmrtial oloosis
Tremolite=Ca,Mg,Si,0,,(OH),; Glaucophane=Na Mg Al,Si O, (OH),; Tschermakite=Ca,Mg AI'' A1V Si O, (OH),

J>ye i & Main g Barly (2L (5 sloyeye (Am) Jgeiol 5 (P) (S50 s S 909,800 4528 bs Y Jgoz
sl 433,5 olowl (Powell and Holland, 1999) allis Lulol 5 5515 g5 5 dmmslons id 55,55 Lol ¢ 4l

Point No. P1 P2 P3 P4 Aml Am2 Am3 Am4 Am5
Metamorpic Stages Early  Early  Early  Early Early Early Early Main  Main
SiO, 54.81 5532 56.12 5497 51.13 5136 51.14 5831 58.01
TiO, 0.21 0.13 0.16 0.28 0.2 0.12 0.13 0.1 0.15
AlLO, 3.01 2.85 2.64 2.7 8.19 9.11 10.23  0.35 0.32
FeO 2.18 3.06 2.51 1.79 5.17 3.03 3.96 43 4.12
MgO 13.7 1272 12.65 13.86 18.12  19.01 17.24 20.17 21.02
CaO 26.13 2581 26.05 25.86 12.73 1156 11.33  13.07 12.85
Na,0 1.02 0.98 1.12 0.94 1.31 1.21 1.08 0.16 0.18
Total 101.96 100.87 101.25 100.4 96.85 9556 9434 96.94 96.65
Atom Site 0=6 0=23

Si 1.975 2 2.01 1.988 Si 7.202  7.201 7.26 8.03 8.06

Al 0.025 - - 0.012 Al 0.798 0.799 0.74 - -
Ti,, 0.006 0.004 0.004 0.008 Ti,, 0.021 0.013 0.014 0.01 0.016
Al 0.103 0.121 0.112 0.103 Al, 0.562 0.707 0972 0.057 0.052

Fe* , 0.066 0.093 0.075 0.054 Fe*, - 0.168 - 0.49 -
Mg, 0.736 0.685 0.677 0.747 Fe™, ., 0.609 0.188  0.47 - 0.479
Ca,,, 1.009 1 1.002  1.002 Mg,, 1.417 1.112  1.014 1.448 1.93
Na,,, 0.071  0.069 0.078  0.066 MgM , 2387 286  2.634 2.692 2423
Total 3.991 3971 3964 3.98 Ca,, 1.921  1.737 1.723 1.93 1.913
Na,, 0.079 0.263 0.085 0.043  0.043

Na, 0.279  0.066 - - -
Total 15276 15.114 14913 1471 1492
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[=] Eeastonite Seaderophylite
2
Al
& .
FeO+MgO ALO, Phlogopite Fe/Fe+hg Annite

CnsSold (o oI5 (W ploods il slaloges 7 S5
(Clc=Clinochlore=Mg_Al,Si,0, (OH),; Ame=Amesite=-(Mg,Fe),Al,Si,0, (OH),;Sud-Sudoite=(Mg-Fe),Al,Si

O,, (OH),; Phlogopite = KMg Si,AlO

3710 10

(OH),; Annite = KFe Si,AlO

(OH),;Eastonite=KMg AlSi,ALO, (OH),;

10 2710

Seadrophylite =KFe AlSi, Al O, (OH),; TK=Tschermak substitutions DT=Di-trioctahedral substitution
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SF5 Sheol al>ye Silas Main . (£l (5 slopeye (Chl) co)lS 5 (PhI) 2o gSols (sla S5 99,500 4328 gl ¥ Jguor
5 aloul (Holland et al.. 1998) allis Lolol » lo55lS arjs5 ¢ dmmslone Zuns

Point No. Phll Phl2 Phl3 Phl4 Chll Chl2 Chl3 Chl4
Metamorpic Stages Main  Main  Main ~ Main Main Main Main  Main
SiO, 41.61 4231 42.53 41.87 31.85 3341 32.76 33.54
TiO, 0.11 0.12 0.21 0.1 0.21 0.31 0.12 0.13
ALO, 17.06 17.85 17.37 17.51 17.12  18.01 17.64 18.61
FeO 2.39 2.65 3.5 3.65 8.12 8.04 7.51 7.86
MgO 23.1 2231 21.81 21.42 28.15  27.09 2681 25.73
KO 9.12 9.01 8.93 9 - - - -
Total 93.44 9456 9436 93.56 85.48 86.89 84.87 859
Atom Site 0O=11 0=14
Si 2935 2952 2976 296 Si 3.117  3.198 3.203 3.235
Al 1.065 1.048 1.024 1.04 Al 0.883 0.802 0.797 0.765
Ti,,, 0.006 0.006 0.011 0.005 Ti,, 0.021  0.022 0.009 0.009
Al 0.354 042 0409 0.42 Al , 0.979 0978 0.991 0.991
Fe* 0.021  0.019 - - Al 0.113 0252 0.242 0.36
Fe* 0.12 0.186 0205 0.216 Fe* 0.664 0.644 0.614 0.634
Mg, 1.505 1375 1375 1.359 Mg,,., 4.109 3.868 3911 3.702
Total 7.75 7.696  7.696 7.711 Total 9.881 9.764 9.771  9.697
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Sl biled Conlinny ol guiae Cow 45 (Fe*=Al)
St oloord (amailaie ghls Mo slacadl,
5 eSS Cag iioo Naglls bagy] 55,0 cdls ol o a8
(¥ Jg92) adl oo 4l
il e aSaes oo lid CondS olead o ol

ALt o35 Main g Early . 2L o glayere (PD) PS030 5 (EP) Sgonl sl Sl wongySs 4328 b ¥ Jouo

Point No. Epl Ep2 Ep3 Pl P12 PI3 Pl4
Metamorphic stage Early Early Early Early Early Main Main
SiO, 42.56 43.12 41.58 64.13 64.82 65.71 65.12
TiO, 0.31 0.12 0.24 - - - -
ALO, 30.12 30.91 30.01 21.33 21.45 20.76 20.64
FeO 0.03 0.05 0.04 - - - -
CaO 22.01 21.11 22.86 10.13 9.85 12.42 12.55
Na,O - - 3.14 4.01 1.85 1.77
Total 95.06 95.34 94.75 98.73 100.14 100.74 100.08
Atom site 0=12.5 0=8
Si 3.274 3.291 3.225 2.852 2.849 2.869 2.864
Ti 0.018 0.007 0.014 - - - -
Al 2.732 2.781 2.744 1.118 1.111 1.069 1.07
Fe* 0.002 0.003 0.003 - - - -
Ca 1.816 1.728 1.902 0.483 0.464 0.581 0.591
Na - - 0.271 0.342 0.157 0.151
Total 7.841 7.81 7.888 4.724 4.766 4.675 4.677

Cosl a23,5 alxil (Powell et al., 1998) ulul s

055 @595 g dmlne s (S65 50 Lol g adgl

Point No. Cal Ca2 Ca3 Ca4 Doll Dol2
Metamorphic stage Early Early Main Main Early Main
FeO 0.1 0.12 0.23 0.22 0.43 0.28
MnO 0.08 0.11 0.31 0.24 0.1 0.1
MgO 0.87 0.76 0.92 1.21 21.51 21.66
CaO 52 51.6 54.3 53.81 30.17 29.96
Co, 42.05 43.01 42.31 42.6 45.34 44.76
Total 95.15 97.65 98.11 98.13 97.58 96.79
Fe* 0.003 0.004 0.006 0.006 0.011 0.007
Mn* 0.002 0.003 0.009 0.007 0.003 0.003
Mg 0.045 0.04 0.046 0.06 0.988 0.977
Ca 1.949 1.953 1.939 1.927 0.988 0.993
Total 2 2 2 2 2 2
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Class: Pteridopsida Ritgen, 1828 (Syn. Filicopsida,
Pfefferkorn 1976)
Order: Polypodiales Tryon and Tryon, 1982 (Syn.
Filicales)
Family Osmundaceae Berchtold and Presl, 1820
Genus: Todites Seward, 1900
Todites williamsonii Brongniart, 1828
Age: Raetian-Lowermost Middle Jurassic
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Class: Cycadopsida

Order: Cycadales Coulter & Chamberlain, 1910

Family Dicksoniaceae Bower, 1908

Genus:Anthrophyopsis Nathorst, 1878

Anthrophyopsis crassinervis Nathorst, 1878

Age: Rhaetian

5 oS Ly syell sl 5 S5l sl
D9 se e 5 (S-F) Jend ol Gyl 5 (6550 2
sl ol Silo 523 (6,500 (2L sloJud slras gz
Order: Cycadales Coulter & Chamberlain, 1910
Family: Cycadeoidaceae

Genus: Nilssonia Brongniart, 1825

Nilssonia feriziensis Fakhr, 1977

Age: Middle Jurassic (uppermost Early-Middle
Jurassic)

SSyel ()55 9 055 50 (W10 JSl) i
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G g Sl 30 Ligudss )00 952 Lol 35
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.(Vaez-Javadi and Allahmeh, 2015) ol ool
Class: Ginkoopsida Engler, 1892
Order: Czekanowskiales Pant 1957
Family: Czekanowskiaceae Samylina, 1970
Genus: Czekanowskia (Heer, 1876) Harris and
Miller 1974

Czekanowskia sp.
Age: Early-Middle Jurassic
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Genus:Cladophlebis Brongniart, 1849
Cladophlebis  nebbensis  (Brongniart,  1828)

Nathorst, 1876
Age: Norian-Rhaetian
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D9 o0 (651055 ad
Family Schizaeaceae Berchtold and Presl, 1820
Genus:Klukia Raciborski, 1890
Klukia exilis (Phillips 1829) Raciborski, 1890
emend. Harris, 1961

Age: Middle Jurasic

Seg o A 1S 10 ogix 0,5 o Filicales al,
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Popa et al.,) cewl (&)les 5 ,—w oy2l 10) Jlor ;]!

Sl 00ld G 4355 pl 4 Fg0 (2012
Class: Leptosporangiopsida
Order: Gleicheniales Jud, 2011
Family Dicksoniaceaec Bower, 1908
Genus:Coniopteris Brongniart. in d’Orbigny, 1849
Coniopteris hymenophylloides (Brongniart, 1829)
Seward 1900
Age: Aalenian-Bajocian
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«Coniopteris hymenophylloides (= Klukia exilis(_ .Cladophlebis nebbensis (- Todites williamsonii (caJI .¥ S
Anthrophyopsis crassinervis (<
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Class: Pinopsida Burnett 1833 (Syn. Coniferopsida)
Order: Pinales Dumortier, 1829 (Syn. Coniferales)
Family:Podocarpaceae Endlicher 1847
Genus:Podozamites Braun 1843

Podozamites lanceolatus (Lindley & Hutton, 1836)
Braun, 1843

Age: Rhaetian-Middle Jurassic
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X 268320 268391 268052 268527 268249 267956
Y 3815048 3815035 3816269 3816083 3815575 3816041
Rock Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite Granodiorite
$i0, 65.72 63.02 64.97 65.21 64.68 63.77
TiO, 0.42 0.46 0.61 0.43 0.51 0.57
AlLO; 15.98 17.66 16.32 16.65 16.53 16.73
FeOt 3.37 3.04 3.65 3.39 3.37 3.92
Ca0 2.15 2.18 1.92 1.99 1.69 227
MgO 0.97 1.44 1.48 1.51 1.39 1.32
K,0 0.37 5 4.57 3.69 4.53 422
Na,0 §.46 3.92 3.52 4.02 4.17 3.69
P,0; 0.29 0.19 0.25 0.24 0.22 0.47
LOI 2.19 28 25 24 26 27
Total 99.92 99.71 99.79 99 53 99 69 99 66
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Abstract

A metamorphic rock complex consists of slate, phyllite, micaschist and marble with
NE-SW shistosity has cropped out in Neybaghi area in the NE of Myaneh. Impure
marbles occur as thick and thin layers or massive bodies within the centeral area of
this complex. Textural and mineralogical evidences, revealed two metamorphic stages.
The early stage is testified by the minerals such as pyroxene (diopside), epidote
(clinozoisite), amphibole 1 (edenite-pargasite) and plagioclase 1. The main stage have
chlorite (clinochlore), phlogopite, amphibole 2 (tremolite) and plagioclase 2. P-T-X .,
have been estimated for the early and main stage of metamorphism by computing
nonideal and asymmetrical fugacity and activity and programing in THERMOCALC
software for fluid and solid phases. The estimations give pressure, temperature and
X, Of 9.5Kbar, 660°C and 0.35, whereas the main stage has been constrained at
P=4.2Kbar, T=510°C, X,,=0.4. The obtained P-T path shows that the Neybaghi
marbles were formed under medium pressure condition and overprinted by a low
pressure metamorphism. This type of P-T trend can be formed in collisional tectonic
regime.

Keywords: Neybaghi, Myaneh, Marble, Thermocalc, Mineral chemistry.
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Abstract

Late Triassic deposits of Shemshak Group in Emarat section at about 30 km south of
Amol and Emamzadeh Hashem section and about 50km north east of Tehran in Central
Alborz have been studied for some paleoclimatic and paleogeographic indicators. The
data used in this study include: 10 point counting of sandstones, 13 main oxide analyses,
8 species of plant fossils and 4 genuses of palinomorphs. Lithological and geochemical
data were restricted to the Late Triassic deposits. Important events of the Late Triassic
such as: Late Norian and Middle Rhaetian droughts were revealed by the presence of
gypsum beds. This study indicates that lithological signatures are clearly consistent with
the mentioned global event and this tracer can be a good basis for controlling other
age-related paleontological data. Comparison of the Alborz and Siberian plant fossils
indicated that the study area did not have significant differences compared to more
northern regions such as Siberia. The investigated palinomorphs indicated that most of
them are hygrophytic and mesophytic and some of them had more well-known origin
which belonged to some ferns. The point counting data revealed that the source area of
the sediments experienced dry to semi-humid climates. This study also confirms that the
Alborz region was part of Eurasia, due to the Eo-Cimmerian orogenic event based on
recognized plant fossils.

Keywords: Modal analysis, Alborz, Late Triassic, Eurasian plants, Hygrophytic.
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Abstract

Baghalbid iron mineralization is one of the eastern anomalies of Sangan iron mines.
This area is geologically located in the north-eastern part of Lut block. In this area,
Paleozoic and Mesozoic units such as schist, phyllite and sandstone are in contact
with Tertiary igneous units and Neogene sedimentary rocks. The iron mineralization
occurs as hematite in the upper part of a brecciated volcanic layer with a length of
more than 1 km. The footwall rocks contain breccia, tuff and sandstone and hanging
wall rocks contain subvolcanic granodioritic dikes. The hematite occurs as open space
filling in breccia, indicating that the iron mineralization is classified as epigenetic
type. Barite, calcite, and quartz were also formed in fractures and open spaces of
iron-bearing horizon. In addition to the iron, copper mineralization occurs as quartz
veins containing chalcopyrite and malachite in footwall rocks. The iron oxide contents
vary from 8 to 55 wt. % in the iron-bearing horizon. In mineralized rocks, the amount
of chromium, vanadium and phosphorus is relatively low, while those of barium,
arsenic, silver and antimony are relatively high, and LREE and LILE show enrichment
relative to HREE and HFSE, respectively. According to geological, mineralogical and
geochemical characteristics, ore texture and structure, REE pattern, the Baghalbid
iron mineralization is classified as hydrothermal type. The iron was probably leached
from pyroclastic rocks by hydrothermal fluids and was re-concentrated in the upper
permeable breccia and conglomerates.

Keywords: Pyroclastic rocks, Granodioritic dikes, Iron mineralization, Hydrothermal,
Baghalbid, Khaf.
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Abstract

Rivers are the key resources for drinking and agricultural purposes and the assessment
of water quality is very important. In this study, a detailed investigation has been made
for identifying the natural and anthropogenic processes that offected the quality of
Gorganrood and its tributaries water in the Gonbad-e-Kavoos district. The Gorganrood
is the longest river in the Golestan province (NE of Iran). During previous years, various
wastewaters (i.e. domestic, agricultural and industrial) produced in Gonbad-e-Kavoos
district have been discharged into the Gorganrood. To evaluate the chemical quality
of water in the study area, 37 water and 6 wastewater samples were collected. The
physicochemical parameters including pH and EC were determined in situ by an EC/
pH meters. The concentration of major ions was measured using the standard methods.
The piper and Wilcox diagrams were used to assess the water type and water quality
for irrigation, respectively. Scatter diagrams were used to assess the hydrochemical
processes influencing the chemistry of the water samples. Results of this study indicate
that the pH and EC values of the water samples decrease in the city district. This is
due to the discharge of urban wastewaters with lower EC and pH values which leads
to the dilution of the river water. The lower concentration of nitrate in water samples
collected in the city district is probably due to the denitrification process. Results show
that the prevailing water types of Gorganrood and its tributaries are Na-SO,* and Na-
HCO;,, respectively. The entrance of tributaries enhances the Gorganrood water quality
for drinking and agricultural puposes. Along the river course, the natural processes
of halite- gypsum- anhydrite dissolution and ion exchange, as well as anthropogenic
factors (discharge of agricultural and urban wastewaters) deteriorate the water quality.

Keywords: Gorganrood river, Water quality, Gonbad -e- Kavoos, Hydrogeochemistry..
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Abstract

Ahmadabad calamine deposit is located in Posht-e Badam block, 80 km of northeast
of Bafgh. The dolomitic unit of Shotori Formation is Middle Triassic age and is ore
deposit host rock. Primary non-sulfide mineralization belongs to the Upper Triassic to
Jurassic and includes galena, sphalerite and pyrite since being affected by subsequent
tectonic phases- are crushed, uplifted, weathered and oxidized and produced non-
sulfide minerals. Calamine, Cerussite, wulfenite, iron oxide and hydroxide are the
most abundant non-sulfide minerals in the region. Mineralogical and field observations
revealed that calamine is formed in two ways, i.e. direct replacement and wall- rock
replacement. Direct replacement calamine is formed at the site of primary sulfide
mineralization and has more mineralogical variability compared with the wall-rock
replacement type. Mineralogical characteristics of the minerals revealed, metal-rich
solutions perform non-sulfur mineralization in the unsaturated zone, within the porous
host rock and the type of mineral is affected by changes in carbon dioxide pressure
and ambient pH. The average values of the oxygen stable isotope data of hydrozincite
is 25.5%o; therefore, the average temperature for the formation of this mineral is 29
°C. Chemical analysis showed that the direct replacement calamine has more lead
and the other type has more zinc, and due to the high concentration of arsenic and
cadmium in the mineral composition of the area, more attention should be paid to the
environmental issues.

Keywords: Calamine, Zn and Pb nonsulfides, Ahmadabad deposit, Bafgh.
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Abstract

Torud - Chah Shirin volcanic-plutonic complex, related to Eocene series, is located about
130 kilometers south of Shahrood, in the south and north of Torud village. This zone
is located in 54°20” to 55°20° east longitude and 35°10° to 35°40° north latitude. The
presence of several mineral occurrences, especially base metal veins of epithermal origin
and the intrusion of igneous acidic to intermediate bodies in volcanic rocks of the area
caused different alternation and mineralization in some parts of the area and increased
the economic importance of the magmatic complex for geological studies. False color
composites (FCC), band ratios (BR) and spectral angle mapping (SAM) which were
performed on ASTER dataset for discrimination of alteration of argillic, advanced
argillic, phyllic and prophyllitic zones and evaluation of results by XRD analysis, are
the fundamental information for this research. The field studies and XRD analyses of
different zones resulted in adaptation with logical operator algorithms and revealed
unremarkable volcanic alteration zone in the south of Torud, in comparison with volcanic
zone in the north of Torud. In addition, altering in threshold of algorithm band ratio can
be used to find better results in discrimination of argillic and phyllic alterations.

Then based on the presence of indicator minerals of advanced argillic alteration in the
north of Torud, like alonite and prophillite, the optimal threshold for discrimination of
this zone from argillic zone by logical band ratio algorithm was determined. The results
were evaluated as acceptable, compared to field study. On the other hand, spectral
character of remarkable minerals of this zone, like chlorite and epidotite, in band ratio
of Aster 8(9+7) with threshold of 2.3, is reported appropriate for land surveying of
proplitic zone in the north and south of Torud village.

Keywords: Torud-Chah Shirin volcanic-plutonic complex, Color composites,
Logical algorithms of band ratios, Alteration.
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Abstract

Extensive outcrops of Eocene flysch deposits are available in the Khash area, south-
east Iran. These flysches comprise sedimentary cycles of marl, shale, siltstone, and
sandstone with erosional structures such as groove and flute casts. The studied sediments
are deposited as a result of event-sedimentation. Diverse graphoglytids have been
collected from an outcrop of these sediments, located 15 Km west of Khash. Seventeen
ichnogenera have been determined among the studied deposits. Most of these trace
fossils were formed in the pre-event sedimentation phase on the muddy substrates,
and they include Desmograpton, Helminthorhaphe, Paleodytion, Protopaleodictyon,
Scolicia, Spirophycus, Spirorhaphe, Squamodictyon, Urohelminthoida. Post-event
trace fossils are low in ichnodiversity and form in the sandy or silty substrates, they
consists of Halopoa, Helicodromites, Helminthopsis, Nereites, Paleomeandron,
Phycosiphon, and Planolites. Some of the trace fossils such as Paleodictyon are aligned
with respect to the paleocurrent directions, and were affected by the currents. It seems
that fine-grained pre-event sediment surfaces was favorite for K-strategist, while post-
event sediments were occupied by R-strategist trace-makers.

Keywords: Trace fossil, Paleoecology, Event sedimentation, Flysch, Khash.
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