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Stage Formation Major lithology Thickness, m (NIOC Report, Afshar Harb, 1994)
Thickness m KD basin Wells (drilled for gas exploration)
max min Khangiran 1 Gonbadli 1 | Gonbadli 3
Pliocene ‘ Aghchegil A yellow limestone, yellow 19 19
9 sandstone lack of sedimentation
Upper Paleocene- ‘ Khangiran ¥h sandstone, calcarcous shale 850 145
Eocene
Paleocene | Chelkaman Chk limestone, dolomite 229 127 220 230 193
Lower Paleocene | Pesteligh Ps shale, mudstone, 424 126 55 110 140
Maastrichtian Kalat Kt limestone, calcareous shale 277 145 80 70 60
Maastrichtian Neizar Nz glauconitic sandstone and 318 184 230 220 200
shale
Santonian-Campanian | Abtalkh e calcarcous shale 813 140 200 140 118
Turonian-Coniacian Abderaz Abd white chalky limestone, 350 188 440 510 430
calcareous shale
Albian-Cenomanian Aitamir At glauconitic sandstone, 1000 73 420 480 ‘ 480
glauconitic shale
Albian Sanganeh sn shale 740 740 210 263 211
Aptian | Sarcheshmeh 5 marl, thin limestone and shale 310 110 220 200 187
Neocomian-Aptian Tirgan 2 limestone, marl 778 31 40 30 25
r
Neocomian Shurijih shale, mudstone, sandstone 1196 246 270 250 246
sh
Oxfordian-Kimmeridian Mozduran Mz micritic limestone, dolomite 1440 220
Bathonian-Callovian Chamanbid Ch micritic limestone, marl 1722 316 drilling stopped
Bajocian | Bashkalate Ba calcareous shale 460 140
Toarcian-Aalenian Kashafrud shale, sandstone 1800 1800
Ka Thickness (Tertiary & Upper 2411 983 1705 1760 1621
Cretaceous)
Thickness (Lower Cretaceons & 8446 3603
Jurassic)
SUM 10857 4586
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Sample No. RGl1 RS2 RS6 DDS1 DDS2 GV15
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SiO, (wt.%) 20/¥ ARVATA IATATY YV Y INVAS 7Y%
TiO, /A¥ -A¥ /NP «/AY Ve </AO
AlLO, \\ZAn1 VY \AYY \\Avd ARVARY WA
Fe O, (m)(“ /7N Y/VY 7/AY FINE \DA4 YAY
MnO AN AR Y Y V¥ Y
MgO 1A\ YV Y/YA Y Y/-A \atd
CaO +/0) WY /YA /A 4 </OA
Na,O \Vias Va1 \VAtd \VAtd \ARi \Vid1
K,0 AVARE AVAYA Y/f4 VYA Y Y/AA
P05 Y Y Y Y /oY ¥
LOI \ANE AVARA Y/VY Y70 oY A7AR
Total \eo/YA Veo/YY AR \eo/Y /A \eu/f
Be (ppm) Y/Q Y/eY Y/ A7AR /07 Y/Q
Sc YA \e/Y YV WY ARYZN \o/#
\\% \ \ \ \ 7 Y
Sn Y Y Y \ \ Y
Ga Yy \A7At YYA \# Y&y YYA
Rb \YY 1.4 B A4 \44 \YY
Sr WA/ \FY -4 \\E afA Y0
Y YVA ) AIVA Yv/f Ya/A YfA
Zr Yyy Y\A Y-y Yo YYO YY#
Nb VF/A O/ 1FA \\vid Y#N \F/F
Cs MAA YA Y/AD AV \rAVd \\vas
Ba Yo Y¥f. YA# Agh! ffv A
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Sample No. RGI RS2 RS6 DDSI1 DDS2 GV15
Host rock Hornfels Schist Schist Schist Schist Hornfels
La YA \aVid YAY 1A OVA \aVid
Ce AN AVY YV XY 7/7A WYY ANy
Pr U¥A VYA MY 4 \\Vas \e/#
Nd Yog YA ARYAY Y&/X i ARV
Sm /Y #/NY Z/\A Y RYald Y/¥f
Eu \VN AR VYWY \ VY VoY
Gd S AN AR /00 \A 2/v4
Tb /NP /YA i +/0A -4 +/A\Y
Dy AR ON¥ \An4 /Y idid AN
Ho \Vald AN /A /YA VY -AY
Er A\VAIN \VAl Y/00 Y/X¥O AN AN
Tm N DA </YY Avd DALY /YA
Yb Y/AY \viid YNV YA f/AY Y/NY
Lu /0 -/fa YA -/ DAL AR
Hf 4 A2 N oA \DA) Z/\
Ta WY VY A /A VY \a
Th \# P Y \O/+0 WYO YYN AY
U Y/Af Vi \Vidd /AN AR YoV
Eu/Eu*® /Y Vidd Vidd Yal AL Vidd
LaN/YbN® RVavd ¥y \-AY Ny NEY \\7AR4

1. Iron abundance is presented as total ferrous iron
2. Eu/Bu”= BuN/ ((Sm+GdIN)/2
3. Chondrite normalized values were calculated using data from McDonough and Sun (1995)
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Sample no. RG1 RG1 RG1 RGl1 RG1 GV15 GVI15 GV15 GV15 GVI15

Hostrock Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels
Position 1-1-R 1-2-M 1-3-C 1-4-M 1-5-R 1-1-R 1-2-M 1-3-C 1-4-M 1-5-R

Spot no. \ Y Y ¥ I \ Y Y ¥ N
SiO, e/ f7 A\RZAN Y#/2A Y7/f0 Y#/AY Y&AN YV/ee YV/NY YY/v ARZATN
TiO, </oY VA /o \> ¥ /N> o/ DA Va4 ¥ o/o¥
ALO, Yo/l Y/fA Yo/XY Y-/N\A AAR Ye/8e Yo/VY Y-/AAN Yo/20 Yo/NE
Cr,0, DAY /Y ¥ /) /N> AN /*Y /) /) /Y
FeO YY/ VYA Y¥/50 Y§/A# Y¥/0) Y¥/50 Yv/f4 YY/OY Y2y YY/AY Y'Y/
MnO Y/AY YAY vAY \Al \Vat MYY Y80 \VA AN 784
MgO VA VAY VAY VVAY VVAY \AE Y/oY \ /XY VAY
CaO -/ 0F /08 iNg NG NN «/AY +/Y4 DAL DAUN +/Y4
Na,O /) o/) /Y ¥ DAY AR /YA ARG DATN <\
K,0 o/*\ <+/*) <7\ <+/*\ <+/) /Y /) ¥ /oY o/*

Total RYIAYd vy av,ya YN avA¥ aNsyY aAfFa ARVAnd AANY 9+

Si Y/ ¥ Y7y \rAs Y-t \VA Y/ Y/ \VA Y/ ¥ Y/ ¥
Ti oo e . oo . oo oo . oo e
Alv Jee s ofer e e ofer e e for e
AlY Y7+ Y7o\ VA4 VA4 VA4 VA4 A2 A2 Yoo A7
Cr ofor e ofer e s ofer e e ofor e
Fe3 ofor e oo ofor e oo oo e oo oo
Fe* \AS Y50 Y/£0 Y/ Y/£Y \7Atd Y/vY YYY Y/Y. YT

qe
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Sample no. RGI1 RG1 RG1 RG1 RGI GV15 GV15 GV15 GV15 GV15
Hostrock Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels
Position 1-1-R 1-2-M 1-3-C 1-4-M 1-5-R 1-1-R 1-2-M 1-3-C 1-4-M 1-5-R

Spot no. \ Y Y ¥ I \ Y Y ¥ 0
Mn YV /YY AR /YY DAL ARG AN /Y AR /fY
Mg /Yy oYY AN /YY oYY Datd AR AR /YA oYY
Ca /o0 /o0 AN /0 AN DA /¥ A DA /¥

Total YAA YAA Y/AA YAA YAAN Y/AA YAA YAY Y/AA YAA
alm AVEA AYAA AY/YY AYAD AY/+e YENY YAFA Y/A# YA/ YooY
adr oo e oo oo o . ofer e oo oo
ars \Z\ ¢ VWYY VOO YA Vg /¥ AVANY Y/X- Y/NY \VAld
prp NN V&N MY Y/AA Y/V4 WVidd \o/fY \e/Ye Y VAN
sps UY N4 /AN A VNN Wb MOY A YereY YFAA
uv VAR o/+0 Y DA A Dals /oA o/ f oY A

Jse b amnloes (WET) 3529 allaie (glacun 13 352590 (o) 5(C) 1550 5 (R) acil> (LS5l i) 438 bl Y sor
Sample no. RS2 RS2 RS2 RS2 RS2 DDS2 DDS2 DDS2 DDS2 DDS2

Host rock  Schist Schist Schist Schist Schist Schist Schist Schist Schist Schist
Position 1-1-R 1-2-M 1-3-C 1-4-M 1-5-R 1-1-R 1-2-M 1-3-C 1-4-M 1-5-R

Spot no. \ Y Y ¥ I \ Y Y ¥ N
SiO, Y#Ar YYAY Y'Y/ Y#AY Yoty Yoy e/ Y7/ Y#/YY Yoy
TiO, a4 /Y o/oF /Y /N oY ¥ o/ \> oY 2N
ALO, Y2¥ Yo/NY Y-/08 Y0f \VAY \VOY 94 ARVANY YerQ ARVAR
Cr,0, A Ay of o o8 SYE s JYY SYY of
FeO AR7AN Yy YY/NVE YY/fa YVAQ YY/fY YY/ea AR7ARE AR7ANE AR
MnO A7AR Y Y/$) A7AR AR AN Vo) VNN \Vidd A\VARS
MgO YA\ Y/Y- YAf Y/va Ve Y/00 \a%4 Y/0A Y/0\ Y0
CaO +/A) A4 /AN /A0 WYY Y'Y \Vald AVINA A7AM YAY
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1.Eu/Eu®= EuN/([Sm+GdIN)/2; 2. Chondrite normalized values calculated using data from McDonough and Sun (1995); b.d. = below
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Dy FUYYY FANY 2N YO FAPYR YOYYO AZYAY  AY/ADA  YYAYYA DO/YAD
Ho YO0 WYYA T AUFYE AEAYY YA YYAY  YVAYS YVEYE AUTEY ATV
Er AATAYS BEENA 2 NS VAT YA & VIR ¢ A 0V NN ¢ 72 A AT < VAT & W VA o A SNAY. VA L AR VAR V4
Tm AR Yy WYE-A UIAY £/AY4 YE/YYY WA-- WY AT a7+YA
Yb YE/AOY  FoAYY  YAUYYY O £YFR YEVYY O NAYEY YESYE VYA SYADY FYAYD
Lu f/OVA ANEY V08 SNG4 /A7 YYAYY VY. AR Y/AAY UYIA
SREE* VEE/AAY Y-2AY YV PYA Ye0F2 \SVAYE S FAZ Y YAEYY O YIVYAY O YVHAYY  YYV/ATS
Eu/Eu*® /YY oY /A oeeY oYY oYY YF /Y o FY </+OA

YON/SmN @ Y\YY-  09FAY  2Y.F7 YAARPR YA4AY AFVALS AYOY \WYeYR VFATY 0F0-0
Trace element (ppm) by LA-ICP-MS

Sc FYYAYe o Yagsey Y fA YYV YA YeVA YFUNY RYATY WUAY VPOYAL YeR/VEY
Ti 2429 AFAYY  VAAe YOYEY VEAYA AV FYY00Y YEVEYY QAAYSY AARY
A% YVNXE O YYEAYY VAUVES Yeos2e YAV YV AYAAYY VASYY APUYYA L FYYeF.
Cr YIVVOY  YOZAAA  YOT/AVE  YoF 008 YeaVPY ATV YYL2FE YIOFYY A FOVYY aavooY
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1. Ew/Eu*- EuN/(Sm+GdIN)/2; 2. Chondrite normalized values calculated using data from McDonough and Sun (1995); b.d. = below
detection limit
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Cr,0, of A e oY o oY oo e oo oY oo
FeO \A/EA \AYY \Y/e Y \ONA \F/£7 \\7ARs \YWAY \ONY \E/20 \\vatd \O/+)
MnO Dald DAld AN Y AR AR \F </ Y¥ <YY DAL
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1i¢0.50 | Tiy050 Alkall
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0ok == — A A | _A 0 i 1 1 L i 1 & om afe
7L 5 7,‘] T Qn x 5 i‘o JJ‘ o 5 Wi 0 2
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Abstract

Touyeh-Darvar granitoid pluton is situated in the south of eastern Alborz zone
(45Km SW of Damghan in Semnan province). This pluton has intruded into the late
Paleozoic formations (including Barut and Lalun). Based on the field observations
and petrographic studies, the pluton is composed of monzonites, quartz monzonite
and monzodiorite. In terms of mineralogy, the Touyeh-Darvar granitoid consists of
plagioclase, orthoclase, quartz, = hornblende and +biotite. Accessory minerals consists
of ilmenite, magnetite, zircon, apatite, titanite and pyrite. Sericite, epidote, calcite,
and chlorite are considered as secondary phases. The iron-rich biotite is the most
significant mafic mineral which are situated in the alkaline and anorogenic biotite
fields. The total Al content of biotite in granitic rocks can be a useful indicator for
distinguishing between mineralized and non-mineralized granitic rocks. The presence
of mineral veins from oxides and hydroxides of iron and manganese, fluorite, barite,
lead and zinc in the host rock of this pluton also confirms that the biotite composition
is useful for mineralization potential study of this pluton. Applying the thermometry
based on the Ti content of biotite and barometery based on total Al content of biotite
resulted in calculating temperature ranges of 650-730°C and pressures lower than 1Kb
for stopping the exchange and final equilibrium of this mineral in the pluton.

Keywords: Biotite chemistry, Geothermobarometry, Touyeh- Darvar granitoid,
Damghan, Eastern Alborz.
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Abstract

Morphotectonic analysis with the help of geomorphic indices is considered as a tool for
the identification of new and active structures affected by tectonic movements in special
areas. For this purpose, indicators such as Mountain Front Sinuosity index (Smf), (V{),
(A1), (S), (S, (T), form factor basin, basin shape, slenderness ratio and stretch ratio index
of basin (Bs) associated with alluvial fans, including fan of bending 3, fanning coefficient
and longitudinal profile were calculated. The tools in this study include: the topographic
maps, field geology invesigations, satellite imagery, digital elevation model (DEM),
IRS satellite images of the region, GIS and Global mapper softwares. The results of the
analysis of topographic data, evidences from field observations and data obtained from
geomorphic indicators, all suggested that the area is active from neotectonics viewpoint.
Based on the classification of LAT, the study area is classified in class 1, which indicates
intense tectonic activity. Based on the results, the northern part of the Dorud fault is more

active than the southern section in terms of neotectonic movements.

Keywords: Geomorphology, Neotectonic, Fan, Doroud fault,Recent fault Zagros.
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Abstract

Separation of alteration units has an important role in exploration of ore deposits. In the
past, classical methods were used for this purpose. Recently, the support vector machine
(SVM), one of the most important data driven models, has been applied for geological
purpose. This algorithm is a useful learning system based on constrained optimization
theory. In this study, the SVM algorithm with various kernels and maximum likelihood
method were used to separate the alteration units of the Takht-e-Gonbad district situated
in Chahar Gonbad sheet by using satellite images of the ASTER sensor. The results
were analyzed and evaluated according to the field studies. Based on the achieved
results and field studies, the SVM method with the RBF kernel function compared to
other kernels and the maximum likelihood method had the highest accuracy (89.17%)
and kappa coefficient (0.83). Thus, the SVM method for classification of alteration is
more accurate compared to other discussed methods.

Keywords: Alteration, Support vector machine, Maximum likelihood, Remote sensing,
ASTER.
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Abstract

The kopet-Dagh zone undergone subsidence and deposition of sediments after middle
Cimmerian orogeny in middle Jurassic to Eocene. Its shortening resulted from the Zagros
orogeny in Paleogene. In order to identify the minerals at the detachments, XRD analysis
was carried on the samples of Shemshak and Chamanbid Formations. On the other hand,
the estimated shortening in the west and central Kopet-Dagh in two north-south cross-
sections, were calculated in the 3D software of Move-Midland Valley, using previous
data, field observation, geological maps and satellite images. The study of the three-
dimensional cross sections, which is considered to be the innovations of this research, in
the Move software has shown that most of the anticlines of the region are asymmetric
due to the operation of detachment horizons. The results of the analyses indicate that
the Shamshak Formation has more potential for developing detachment surfaces than
the Chamanbide Formation. The reason for this detachment surface is due to thickness
and mineralogy of the Shemshak Formation. On the other hand, by using geometric
relationships, the depth of detachments was calculated for the main folds. In most of the
detachments, this depth was calculated at lower levels of the Shemshak Formation.

Keywords: West Kopet-Dagh, Decollement, Shemshak and Chamanbid formations,
shortening, 3D Move, Midland Valley.
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Abstract

In this study, the concentration-number fractal method was used for regional exploration
studies, and determining the anomalies of copper, lead and zinc elements. For this
purpose, 800 samples of stream sediments were selected from the rivers in the area
(i.e. from Kahak and Aran geological maps, 1: 100,000 sheets) and then the anomalies
of these elements were mapped. The results show that strong copper anomalies are
observed in the northern, central, southern and western parts of the area and the
highest lead anomalies are located in the western part of the area. Strong anomalies
of the zinc element are located in the central, southern and western parts of the region.
These anomalies coincide with the lithological units of andesitic- basalt lava, volcanic
breccia, tuffs, dacites, small scale masses of quartz -diorite, and small-scale masses
of quartz-monzonite. The obtained map from combining anomalies and faults map
reveals that the anomalies are mostly concentrated in fault zones and fault intersection
points in the area and faults play a fundamental role in ore mineralization.

Keywords: Fractal method, Geochemical, Concentration-Number, Mineralization,
Faults.
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Abstract

Since an annual share of 70 to 90 percent of the water resources are allocated to the
agricultural sector, by using appropriate irrigation methods, it is possible to prevent
hydrologic unbalance in addition to optimizing water consumption. The main aims
of this study is to investigate the effect of two different irrigation methods on water
table fluctuation. For this purpose, two laboratory models with a height of two meters
and a cross sectional area of 4000 were established. After selecting the plant (Lettuce),
flooding method was applied in the first model and a smart drip method was used for
irrigation in the second. Smart drip irrigation was applied using a solenoid and a humidity
gauge so that when the soil was in less than 30% saturation irrigation was started and
automatically disconnected in more than 80% saturation. The water infiltration was
monitored in the models by a humidity sensor and simulated using HYDRUS/2D. In
a period of four-months, the level of groundwater in the dripping irrigation system
model was 10 centimeter higher and water consumption was 68% lower. These results
indicated that by replacing smart drip irrigation instead of flooding, products with the
same quality could be gained by using less water, which would prevent lowering of the
water table in the aquifer.

Keywords: Flooding irrigation, Smart drip irrigation, Groundwater level, Physical
model.
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Abstract

Garnet—mica schist and hornfels rock units are exposed in the east and southeast of
Boroujerd. These rocks consist primarily of quartz, K-feldspar, plagioclase, garnet
(almandine—spessartine), chlorite, cordierite, andalusite, sillimanite, biotite, muscovite,
and minor amounts of apatite, iron oxides (ilmenite and magnetite), and zircon. Whole-
rock geochemical analyses reveal that the dominant protoliths are pelitic rocks. Major
and trace element compositions suggest that the Boroujerd pelites were deposited
along an active continental margin. Garnet porphryblasts in some hornfels samples
are compositionally homogeneous with respect to major, trace and rare earth elements;
this is attributed to the diffusional re-equilibration at high temperatures (>600 °C).
Garnet in schists and some hornfels samples show reverse compositional zoning with
increasing Mn and decreasing Fe and Mg from core to rim. Higher concentrations of
Mn in garnet rims are attributed to resorption during retrogression. The presence of
chlorite around garnet porphryblasts in these schists also supports resorption during
retrogression. In schists, concentrations of HREE and Y in garnet decrease from
core to rim. These zoning patterns are interpreted to record garnet growth in a closed
system (i.e., Rayleigh fractionation of compatible elements). Core-rim variations in
the concentrations of trace elements and rare earth elements in garnet in the hornfels
samples is negligible. The lack of prominent zoning of these elements in garnet from
hornfels is interpreted as minimal fractionation due to rapid garnet growth.

Keywords: Diffusion, Boroujerd, Sanandaj-Sirjan zone, Metamorphic rocks, Mineral
chemistry, Rare Earth Elements, Garnet.
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Abstract

The study area is geologically located in the northern area of the Sanandaj-Sirjan
metamorphic zone. Based on petrographic study, the main minerals consists of
plagioclase, pyroxene, amphibole and biotite and the accessory minerals are chlorite,
muscovite, ilmenite and zircon. The obtained results from the mineral chemistry in
this study indicate that the amphiboles are calcic amphiboles, and in terms of chemical
composition they can be called pargasit, tschermakite and magnesiohomblende.
Plagioclases are also andesian. Due to the low Na O content, it can be concluded, that
tectonically these amphiboles are of S-Amph type and are related to the subduction
zones. Based on the high levels of ALO,, the origin of amphiboles is mantle-type.
Therefore, due to the ratio of Fe (Fe* + Mg*™) to AlY, which is less than 0.6, the
oxygen fugacity was high. On the other hand, the water levels vary from 2 to 2.3 for
hornblende crystallization. Different methods were used to perform thermobarometry,
the best of which showed that the formation temperature of gabbroic mass has been
in the range of 700°C (in average) and a pressure of 4.45- 7.52 Kb. According to the
estimated pressures, the magma was originated at a depth of 25-30 Km, which is near
the Moho discontinuity.

Keywords: Mineral chemistry, Amphibole, Geothermobarometry, Tectonic seeting,
Gabbro, Hamedan.
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