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1. Flow Zone Indicator
2. Multi- resolution Graph- based Clustering
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1. Modular Formation Dynamic Tester or MDT
2. Stoneley-Flow Zone Index

3. Fossil Moldic

4. Matrix Moldic

5. Microfracture
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Sample No. SiOZ(Wt%) TiOz(wt%) A1203(Wt%) FeZO3(wt%) FeOwt) MnO(wt}) MgO(wty) CaO(wty) Na,Owty) K,O(wt)
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Sample No. P205(wt%,) LOI(wty) SUMwt%) Cr(ppm) Co(ppm) Zn(ppm) Rb(ppm) Sr(ppm) Y (ppm) Zr(ppm)
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SG-61-bas ¥ Y/ Y VA Yy YWY \ \\4 fY¥ VW q.
SG-82-bas +/+Q Y hSYd YYs® YVA 7\ \\4 Y-f WA g
SG-52-bas /2N \rQ ¢ eereq 0 D7 A+ \E A4 YWy Y&
SG-43-bas N Y/ RAVZS Yo \WV/¥ AY 4 AN Yo/A A
SG-47-rhy /*A ¥/ A9/AA Y M A Yy \INg ARVA OA
SG-19-thy ¥ Y/A VAV a YA & i % Yy \0)
SG-26-cgb /0 Y/0A VA Yyy YorA gl \F 7Y \e/A Y-
SG-28-cgb /¥ \VAl VA ova Yeor¥ AN M yax \2 Yy
SG-32-cgb /0 AN VA Yy YA# f 0 YYA VA Ya
SG-37-cgb ¥ \Vat a9/A4 q. v fy \f Yo \ v
SG-40-cgb Y Y AVAA \e e \rd \f Y.t AAVAY Yy
SG-67-cgb ¥ Yy VA oY ff \d Yy \INg VoY 4
SG-24-gbd </OA VAR VA Y\ AN ya 0 Yy F Yy
SG-63-gbd ¥ \VA i 9/AF \# \%1 Yy Y\ YYy \W¥ Yy
SG-77-gbd ¥ A Ve a Vb \¥F v YYv AY/Y \f
SG-81-gbd /9 Yo VA9 \¥F an A \f \Ff Yot )
SG-21-fgb A YAQ AVAY ¥va /A 44 Y \rd! VoY f.
SG-30-fgb /0 Y-y VA \eYY oY \d Y \\id WYY YA
SG-65-fgb Y A VA NG \Y/# 144 1 Yov VA YA
SG-69-fgb ¥ Y/AQ A 04 Y&/A v \F Yo- o v
SG-73-fgb AY Y LVVins \e Y& I\ Y VN \INA INg
Sample No. Nb(ppm) Ba(ppm) Hf(ppm)  Ta(ppm) Pb(ppm) Th(ppm) U(ppm) La(ppm) Ce(ppm)  Pr(ppm)
SG-57-bas Y/X- Yae- VY- DA AN AR /). Y/ee Aree VEY
SG-05-bas AA7AR AN/« Y/X- /A 2 /oo o/fe \F/ee YA+ Y/ff
SG-54-bas VA- #se \& AR 2 AR /X A\ Asee V4l
SG-17-bas Y/&e AY /oo VY- o/ YO V. AR Ao A2 Y/
SG-44-bas /5. lAVAS VA DA Ve /P DAL Free \Y/ee YA
SG-08-bas VY- AV/ee Vo /e Ve Voo /e F/ee \Y/ee \And
SG-15-bas O/ee Q97+ /oo AC AN Y/ /e \Vee Yo A\
SG-61-bas Y. AVsee /oo AR A\ . DA Asee \A/e Yo
SG-82-bas Y/ \Aesee V. AR DA AR AG Qe \$/ee Y/VY
SG-52-bas YY/N- WYY/ /Y- V. YO b Voo Y. AY/-- /5
SG-43-bas Y/Ae A\ a2 Y/N- DA A2 Vs /e Asee \Yyee YAY
SG-47-thy VY. ay/e- VA /e bree VY. AC Free A2 Y70
SG-19-rhy YA N7 AR DA Y/ AR DA Yoo YY/ee \VAAS
SG-26-cgb VY- o AR /N DA /Y- /\e A28 /e At
SG-28-cgb \AR Yeseo (AR AR A2 </\ /e A2 Oyee /7
SG-32-cgb AL Ao+ VY- s\ Y/ DAK /e £/ Free /N
SG-37-cgb \AE Y&/ee Voo /e AT DAL /e A2 Oyee </fA

Al
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Sample No. Nb(ppm) Ba(ppm) Hf(ppm) Ta(ppm) Pb(ppm) Th(ppm) U(ppm) La(ppm) Ce(ppm)  Pr(ppm)

SG-40-cgb VY- Y&/ g o/*A AN AR /N A\ Aree Vg
SG-67-cgb \AE \\eyeo Voo /e AT DAL DAL X/ee O/ee /2y
SG-24-gbd YA A2 AR AR YO At DA \eser At 720 /YA
SG-63-gbd AL WY/ee VY. </*A Y/ DAg AR £/ Asee W
SG-77-gbd M+ Of/-- AL DAL Ve AR AR YY/er Y/ MYA
SG-81-gbd P/ Ya/e- Voo /e A VA DAL \e/oe A2 \7A41
SG-21-fgb AR Ve A /0 DA AL AR A4 oo+ \7AMs
SG-30-fgb YO l4 720 VY- /N AN AR AR A2 A -AY
SG-65-fgb VY. A2 A /N = ALK AR F/ee oo+ Y08
SG-69-fgb /oo YV/ee \/ee DAL Voo </\ s\ Yoo Oyee Datd
SG-73-fgb VY- A2 VY- o/*A Ve AR DAS & \Y/ee AN
Sample No. Nd(ppm) Sm(ppm) Eu(ppm) Gd(ppm) Tb(ppm) Dy(ppm) Er(ppm) Tm(ppm) Yb(ppm) Lu(ppm)
SG-57-bas AY- Y/ 2| Y/YY </ Y/A- v/f. </ YAYY AL
SG-05-bas N+ /Y- WYY Y/AY </ A2 VA AR VAY AR
SG-54-bas /0- \AR DAt Y/fY /5 £/0¢ Y/0¢ </ Y0¥ AG
SG-17-bas W A\VAR «/N# Y/£Y </ YA Y/ee AR VYY AG
SG-44-bas VesA /Y. VY \7AA# </ Yo /oo AR VAA AR
SG-08-bas AAVAR £/0¢ VoY Y/VY DAR AR /v /8 Y/A? /0.
SG-15-bas A t/0¢ /A% Y/eY </ \ZAE \AE AR /oo VAR
SG-61-bas Y0, \7AR V¥ Y/£% /0 £/ /v DAL YAY /5
SG-82-bas \WY- \AR /Y AN DA AR Ve AR \\d AR
SG-52-bas VY. a/f- v/f- [\Ald VY. VA YA /Y- YAY o/Fe
SG-43-bas /- AL «/AY \Vidd </ £ /Y. </ Y/0- /0
SG-47-rhy \W¥- YA /2 Y/fY /8 A28 \Ag DAL VAY /0
SG-19-rhy \Asee £ree VeV \Vai A \ZX Y/Y- AR A\VAIN Vi
SG-26-cgb N A& Dard /e DA \& VY- DAL Yo DAK
SG-28-cgb AR VA oYY Vb AR V& <A DA AN /oA
SG-32-cgb OA- AR /50 AN DA A2 VY- DA A8 /e
SG-37-cgb AR VY- XY V. AR VY- DAL DA Voo /N
SG-40-cgb g Y/A- V¥ Y0¥ AR AR Y/X- Vi Y/A¥ /e
SG-67-cgb VAR Y/¥. XY VAY DA Y/0- V. DA YD /Y-
SG-24-gbd Yoye- MY \Z4 f/f4 AR VoY 2SS Ve ¥/A) Voo
SG-63-gbd £/ Y/0- /A0 Va4 DA Y/A- \& /X AN DA
SG-77-gbd Y5 YA \Vidd £/ v/f. \PAR \WY- \& MA VA
SG-81-gbd YY/A AR Y /04 At Y/A- AR /A Y- /A
SG-21-fgb v \VAR /P Y/5) DAR X/ee Vg AR o DAL
SG-30-fgb £/ YA -/ 0F VAD AR A AR AR VY. DA
SG-65-fgb Wb A\ V. Y/VY /8 A\ Y/0- </ Y/VE AR
SG-69-fgb AR VY- ids VYA N\ AR /8 AK /7Y /*A
SG-73-fgb Y. \VAR /P Y/NY </ \AR VA /5 \7ARE AR

(bas: basalt; rhy: rhyolite; cgb: coarse grained gabbros; fgb: fine grained gabbro-micro-gabbro; gbd: gabbro-
diorite)

qe
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Abstract

A foreland basin is an elongated depression situated between a mountain belt and
a stable craton, formed alongside the deformation from plate convergence. The
Dezful Embayment, as a part of the Neogene foreland basin related to the Zagros
orogen, illustrates this interaction. The compressional tectonic regime resulted from
the convergence of the Arabian and Iranian plates, and significantly affected the
sedimentary facies developed in the basin. This study investigates the migration trend
of the foreland basin’s depocenter during the deposition of the Aghajari Formation,
utilizing integrated well data and 3D seismic cube to analyze thickness variations
in the stratigraphic units. In the Balarud area, north of the Dezful Embayment, three
sedimentary units were identified: the lower Aghajari Formation, characterized by
more coarse-grained deposits; the upper Aghajari Formation (Lahbari Member), which
is primarily composed of fine-grained sediments; and the Bakhtiari Conglomerate,
consisting of gravel to cobble-sized clasts. The results indicate that the thickness of the
lower Aghajari Formation decreases from northeast to southwest, while the thickness
of the upper Aghajari Formation increases in the same direction.Since the deposition of
the Aghajari Formation around 14 million years ago, the depocenter of fluvial sediment
accumulation has shifted approximately 20 kilometers to the southwest, driven by
the ongoing shortening of the Zagros belt. This process of shortening has intensified
folding and erosion within the anticlines of the folded belt, ultimately giving rise to
the significant deposition of the post-orogen Bakhtiari Conglomerate Formation. This
dynamic geological evolution underscores the intricate interplay between tectonic

forces and sedimentary processes in shaping the landscape.

Keywords: Foreland basin fluvial facies, Zagros foreland system, foreland basin

migration, depocenter migration rate
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Abstract

The Seif Abad mine is located between Ardabil and Namin, 25 km northeast of Ardabil,
near the village of Seif Abad. The study area is located in the Alborz-Azerbaijan zone
on the Cenozoic volcanic belt. The rock is composed of thick to massive, milky white
to light cream crystallized limestone of Paleocene age and is underlain by Quaternary
sediments and alluvium. The 613C values range from +1.07 to -0.76%o with an average
of +0.09%o and the 8180 values range from -3.65 to -4.98%. with an average of -4.2%eo.
Being the values of Mn/Sr < 10, the weak correlation between carbon and oxygen
isotopes, and the values of oxygen isotope < -5%o indicate the reliability of the isotopic
values in the samples. The isotopic values are consistent with the distribution pattern of
carbon and oxygen isotopes in marine carbonate rocks. Also, the calculated Z values
for all samples from Seif Abad were > 120, indicating a marine origin. Using isotopic
relationships, the average salinity of the formation environment was 30.55%o and the
average formation temperature was 33°C for the samples from the Seif Abad area.
The lower salinity and lower 6180 values in the study area could indicate a closed
marine environment without connection to the ocean that was fed by a large volume of

continental freshwater.

Keywords: Limestone, Stable Isotope, Seif Abad

Vo¥



Iranian Journal of Geology, Vol. 20, No. 77, Spring 2026

Optimization, modeling and reserve evaluation
studies of the Oshvand polymetallic deposit
(copper-gold and iron)

Heydarian Dehkordi, N.", Niroomand, S.2, Mirzaei, S.* and Adib, Sh.*

1. Assistant Professor of Academic Center for Education, Culture and Research, Institute of Applied
Science, ACECR

2. Associate Professor, School of Geology, College of Science, University, Tehran

3. Professor of Academic Center for Education, Culture and Research, Institute of Applied Science,
ACECR

4. Iran Mineral Production and Supply company

Received: 2025/10/20
Accepted: 2025/12/20

Abstract

Hamedan, in the Sanandaj-Sirjan metallogenic belt. The oldest rock units in the area
are Permian carbonate units. The felsic granitoid with granite, granodiorite to quartz
monzonite are the major rock units of the area. The ore minerals include gold, magnetite,
pyrite, pyrrhotite, chalcopyrite, bornite, chalcocite, covellite, hematite, goethite,
malachite and azurite. The results showed that mineralization in the ore-bearing zones
of the Oshvand deposit accompanied by oxide phase and malachite mineral. The
Oshvand area divided into 6 priorities in total, and studies were conducted on priorities
1, 2 and 6. The mineralization area modeled based on copper, gold, and iron grades,
and considering a cut-off grade of 0.15 percent copper, 300 ppb gold, and 15 percent
iron. The definitive copper ore reserve was 90,221 tons with an average grade of 0.48
percent copper, the definitive gold ore reserve was 43 tons with an average grade of 850
ppb, and the definitive iron ore reserve was 38,415 tons with an average grade of 25
percent iron. Also, the total definitive, probable, and possible reserves were estimated
to be 751,839 tons with an average grade of 0.29 percent copper ore. According to the
conducted technical and economic studies, the first priority is economic, the extractable
reserve with an average grade of 0.35 percent and a cut-off grade of 0.15 percent will
be 630,614 tons of copper ore, and the waste removal ratio will be 4.66 to one. Based
on the results, the Oshvand deposit is in the economic and mineable range in terms of

coppetr.
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Abstract

Investigation of the reservoir and mechanical properties of formations-including
permeability calculation, reservoir zonation, and construction of geomechanical models-
is among the essential requirements of petroleum engineering studies in all disciplines.
Given the significance of geological sciences, well logging, and reservoir geomechanics in
petroleum engineering investigations, the present study aims to conduct a comprehensive
analysis of formation zonation through the integration of geology and petrophysics,
permeability estimation using dipole shear sonic logs, and ultimately the construction of
a one-dimensional geomechanical model for the Ilam Formation in the studied well. To
this end, in the first stage, using a complete suite of well logs integrated with geological
data, the studied reservoir was divided into four zones and sections. In the second stage,
considering the very high accuracy of the Stoneley wave in permeability estimation, the
Flow Zone Indicator-Stoneley (FZI-Stoneley) method was employed to calculate this
sensitive parameter. The correlation coefficient between the estimated permeability and
core permeability using the FZI-Stoneley method was obtained as R2= 0.90. In the third
stage, a one-dimensional geomechanical model was constructed for the main reservoir
interval under investigation. Accordingly, the directions of the minimum and maximum
horizontal stresses in the studied well were determined as S34E and N56E, respectively.
Based on the constructed model, the intervals exhibiting breakouts are consistent with
the model results, and the applied mud weight in this well is slightly lower than the safe
mud window and is consistent with the pore pressure. The safe mud window for the
vertical well condition in the studied zone ranges from 12.2 to 15.5 Ib/gal. The optimal
deviation azimuth from the vertical direction is N120°, with an inclination of 80-90°.
The minimum optimal weight in this direction, based on pressure and its equivalent mud
weight, was calculated as 5996.7 psi and 11.8 1b/gal, respectively. Moreover, the faulting
regime in the studied well, considering the magnitudes of the horizontal and vertical
stresses, is identified as a normal-strike-slip regime.

Keywords: Reservoir Zonation, Permeability, Stoneley Wave, Geomechanical Model
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Abstract

The volcanic rocks of the Saraijugh area, located in the Sanandaj-Sirjan Zone (SSZ),
were investigated to constrain their geochemical characteristics, crystallization
conditions, and petrogenesis. These rocks are geochemically classified as alkaline
basalts to trachybasalts. Low LOI values (1.08-1.50 wt%) indicate minimal post-
magmatic alteration. Rare earth element (REE) patterns exhibit significant enrichment
in light REEs (LREE) relative to heavy REEs (HREE) with (La/Yb) ratios ranging
from 17 to 42. The lack of a pronounced negative Eu anomaly suggests that plagioclase
fractionation played a negligible role during magmatic evolution. Furthermore, relative
depletion to weak negative Nb-Ta anomalies, together with LILE-LREE enrichment
and low Y and YD contents, points to a metasomatized lithospheric mantle source
affected by a subduction-related geochemical legacy. Clinopyroxe ne phenocrysts,
ranging in composition from diopside to augite, are Mg-rich. Sin gle-clinopyroxene
thermobarometry yields crystallization temperatures of 1020-1190 °C and pressures
of 4-10 kbar. These data reflect a multi-stage magmatic plumbing system involving
magma storage and crystallization at middle-to-lower crustal dep ths. Overall, the
Saraijugh alkaline basalts were derived from low-degree melting of a metasomatized
mantle source and underwent limited fractional crystallization and poly-baric storage

during their ascent.

Keywords: Alkaline basalt, Clinopyroxene thermobarometry, Post-collisional,
Metasomatized lithospheric mantle, Saraijugh
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Abstract

The Tal Bargah-Sargdar area is located in southern Iran, east of Darab in Fars province
and on the border of the Sanandaj-Sirjan and Zagros-over thrust zones. The major rock
units in the studied area include basic and rarely acidic volcanic rocks, intruded by
gabbroic and gabbrodiorite dykes. This complex is ultimately covered by the Tarbour
detrital-carbonate formation (Meistrichtian-Cenomanian). The presence of numerous
microscopic textures such as hyalo-microlitic, porphyric, intersertal, fluidal, variolitic,
spherulitic and mesh texture in volcanic rocks indicates fast cooling under submarine
conditions and water pressure imbalance during crystallization. The intrusive rocks
in the area include gabbroic, micro-gabbroic, and gabbro-diorite dikes, and show rare
signs of prehnite-pumpellyite metamorphic facies due to burial. The rock units in this
area have sodic nature (poor in potassium). The majority of volcanic units in this area
have calc-alkaline and the majority of intrusive rocks have a tholeiitic nature, and yet
they are often located at the border of these two natures. The trace element pattern in the
rock samples of the area indicates their placement in a regime related to a magmatic arc.
It seems that the overlap of tholeiitic-calc-alkaline series and the placement between
MORB and island arcs can confirm two different geodynamic regimes of magmatism in
the area; One in the north of the Neotethys and probably coincided with the subduction
of oceanic plate under the oceanic crust that led to the development of island arc
magmatism, and the second in the south of the Neotethys and related to mid-ocean
ridges.

Keywords: Basalt, gabbro, magmatism, subduction, Tal Bargah-Sargodar
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