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The study of geology, petrography and mineralography in Mesgaran

area, South of Sarbisheh(East of Iran)
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1- Department of Geology, Faculty of Science, University of Birjand, Birjand, Iran
2-- Department of mine , Faculty of engineering, University of Birjand
3- Department of Geology, Faculty of Science , Ferdwosi university of mashhad

Abstract

The Mesgaran prospect area is located in the Sistan suture zone, and in the central part of Sarbisheh County
(South Khorasan province). Field and petrographic studies on thin sections indicate the existence of a complete
ophiolitic sequence including ultramafic rocks such as (dunite, lherzolite, harzburgite, and pyroxenite), mafic
rocks including (gabbronorite and basalt), metamorphic units (amphibolite, sericite schist, slate, and phyllite), and
sedimentary units of shale, marl, and limestone. Olivine, pyroxene, serpentine, and turbidite minerals are the most
important ultramafic rocks, and plagioclase, pyroxene, amphibole, and to a lesser extent olivine are the most
important minerals in mafic rocks. Amphibole, plagioclase, muscovite and chlorite minerals are among the
minerals found in metamorphic rocks. Among the most important alterations in the area are serpentine, chlorite,
siliceous and carbonate alteration. Based on field investigations, copper mineralization is evident in the area, and
according to the study of polished sections, primary minerals include pyrite and chalcopyrite, and secondary
minerals include malachite, azurite, chalcocite, chrysocolla, and iron oxides.

Keywords: Mesgaran, Sistan, Ophiolite, Alteration, Mineralization, Copper
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Chemical composition of Asad Abad Plagiogranites, N Torbat-e-
Heydarieh ophiolite

Fatemeh Jabbari'; Ghasem Ghorbani *!; Hadi Shafaii Moghadam!
!'School of Earth Sciences, Damghan University, Damghan, Iran, ghorbani@du.ac.ir

Abstract

The studied area is situated in the northeast of Central Iran structural zone.There are nearly complete sequence
of ophiolitic unites in this area that includes: mantle peridotites (harzburgite, dunite, wehrlite, lherzolite), cumulate
rocks, sheeted dike complex, plagiogranites and volcanic unites. Our studies rocks are contain of plagiogranites
(Tonalites), and host rocks (microdiorites and quartzdiorites). Spider diagrams of plagiogranites have a spoon-
shaped pattern with positive anomalies of Eu and indicate boninitic nature. Plagiogranite host rocks have flat REE
patterns and negative Eu anomalies accompanied by depletion in HFSE and enriched in LILE, indicating the
nature of the island arc tholeiites. Subduction properties in all rock units of the ophiolite represents activities
associated with subduction zone and probably represents the subduction oceanic crust basin Sabzevar-Torbat-e-
Hydarieh.

Keywords: Diorite, Tonalite, Ophiolite, Subduction, Northeast Iran.
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Geothermobarometry of basaltic rocks from Soltan Maidan, N

Shahrood, NE Iran

Ghasem Ghorbani '; Mahmoud Sadeghian 2; Hadi Shafaii Moghadam'
!'School of Earth Sciences, Damghan University, Damghan, Iran, ghorbani@du.ac.ir
2 Faculty of Earth Sciences, Shahrood University of Technology, Shahrood, Iran

Abstract

The studied area is located about 70 km in north of Shahrood, NE Iran, and in the east of Alborz structural zone.
There are several outcrop of Silurian volcano-sedimentary rocks (Soltan Maidan Formation, SMF) in this area,
that provide a record of the history of the Paleo-Tethys ocean. The volcanic rocks consist of basalt to basaltic
andesite lavas and associated pyroclastic rocks. The main constituents of the rocks are olivine, plagioclase,
pyroxene, and opaque minerals. According to different geochemical evidence, basaltic rocks have alkaline-
subalkaline nature. The high Ti and Zr, and high Zr/Y (>4) values and Zr-Ti-Y elemental ratios are consistent
with a within-plate setting for Soltan maidan basalts. Silurian Soltan Maidan basalts occur within the
intracontinental rift, and on the basis of different tectonic discrimination diagrams, also they plot in within-plate
setting and generated from enriched sub-continental lithospheric mantle. Geothermobarometry of pyroxenes
suggest crystallization equilibrium temperatures at 1150-1200°C and pressures between 2 to 5 kbar (depths of 7 to
18 km of the crust).

Keywords: Basalt, Pyroxene, Geothermobarometry, Khosh Yeilagh, Paleo-Tethys, Nothern Iran.
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The Late Neoprotrozoic-Early Camberian Metamorphism and Magmatism

in Iran
Habibollah Ghasemi*!, Mahboubeh Arabzadeh Baniasadi®
1- Faculty of Earth Sciences, Shahrood University of Technology, Iran. Research Group of Magmatism
and Mineralization in Iran (RGMMI), h-ghasemi@shahroodut.ac.ir
2- Research Group of Magmatism and Mineralization in Iran (RGMMI)

Abstract

The Late Neoprotrozoic-Early Cambrian metamorphic and magmatic complexes in Iran composed of gneiss,
migmatite, amphibolite, amphibole schist, marble, micaschist, slate and phylite along with ophiolitic, gabbroic
and granitic bodies and meta-volcanics were metamorphosed in green schist to upper-middle amphibolite facies
in common barrovian metamorphic series. The lower parts of these metamorphic complexes are in upper-middle
amphibolite facies and have migmatitic structure (gneiss, amphibolite, migmatite, marble) and their upper parts
show lower metamorphic grade (green schist facies) (schist, phyllite, slate, marble) and hosts iron-apatite and Pb-
Zn deposits. Most of these complexes were metamorphosed in the later dynamic metamorphic events and show
mylonitic fabrics. The gneisses are both ortho and para types but amphibolites and amphibole schists are of ortho
type and their protoliths were basaltic lava flows, diabasic dykes and small gabbro/dioritic bodies.

Key words: Metamorphic and magmatic complexes, Neoprotrozoic-Early Camberian, Precambrian.
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Characteristics of primary and secondary geochemical halos in
Mississippi Valley—Type mineralization from Southern Faruj, NE Iran

Reza Arjmandzadeh
Department of Geology, Payame Noor University, Tehran, Iran; r.arjmandzadeh@pnu.ac.ir

Abstract

Mississippi Valley—Type (MVT) Pb—Zn mineralization in the southern Faruj area in North Khorasan province
(Kopedagh zone) is hosted by Mesozoic carbonate rocks and structurally controlled by faults and fracture zones.
Field observations, mineralization, and geochemical data indicate the presence of primary alteration halos
characterized by dolomitization, ankeritization, and enrichment in associated elements such as Mn, Cd, Ag, Sb,
Mo, Co, Ni, As around the ore zones. However, unlike many classical MVT deposits, no significant secondary
geochemical halo has developed in soils or stream sediments in the study area. The absence of typical supergene
minerals such as smithsonite and cerussite, together with the lack of extensive Pb and Zn surface anomalies,
suggests limited secondary geochemical halos. This condition is likely related to a combination of factors,
including the region’s semi-arid climate, low permeability of overlying units, the relative depth of the ore zones
with respect to the present erosion level, and the strong geochemical buffering capacity of the carbonate host
rocks. Under these circumstances, metal mobility in the supergene environment has been restricted, preventing
the formation of widespread secondary halos. Therefore, exploration strategies for MVT mineralization in
southern Faruj should prioritize primary alteration features, structural controls, and host-rock—related indicators
rather than relying mainly on surface geochemical anomalies.

Keywords: MVT, Faruj, Stream sediments, smithsonite, secondary halo
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Element Ag Al As Ba Be Ca Cd Pb S Sb Zn
Unit Ppm PPmMm PPM  pPpm  ppm  ppm  ppm ppm  ppm PpPm  ppm
DL 0.5 100 0.5 5 1 100 0.1 1 50 0.5 1
Method ME-02 ME-02 ME-02 ME-02 ME-02 ME-02 ME-02 ME-02 ME-02 ME-02 ME-02
B41 <0.5 5562 9.2 33 <1 >10% 0.32 10 178 <0.5 20
B42 <0.5 3455 5.6 16 <1 >10% 0.26 4 243 <05 15
B43 <0.5 5292 3.9 58 <1 >10% 0.26 13 127 053 18
B44 <0.5 9954 34 121 <1 >10% 0.37 17 506 <05 38
B45 <0.5 4394 19.2 25 <1 >10% 0.28 11 204 <0.5 30
B46 <0.5 4568 2.6 22 <1 >10% 0.3 3 368 <05 25
B47 <0.5 2627 17 19 <1 >10% 0.34 4 186 0.52 26
B48 <0.5 20625 7.9 131 <1 >10% 0.33 17 281 <05 43
B49 <0.5 6872 4.4 63 <1 >10% 0.29 16 236 <05 31
B50 <0.5 4401 3.1 22 <1 >10% 0.35 4 198 <05 25
B51 <0.5 17610 5.1 145 <1 >10% 0.3 8 432 <05 33
BW2 <0.5 3168 11.1 18 <1 >10% 032 5 245 0.52 18

BM12L 5044 100 50 2 >10% 155 1766 20333 16.41
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Shelton KL, Gregg JM, and Johnson AW., 2009. Replacement dolomites and ore sulfides as recorders
of multiple fluids and fluid sources in the southeast Missouri MVT district, USA: Halogen- 87St/
86Sr-d18 O-d34 S systematics in the Bonneterre Dolomite. Economic Geology 104: 733-748.
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Evidence for a Mississippi Valley—Type (MVT) Genetic Model for Pb—Zn
Mineralization in Southern North Khorasan, Northeastern Iran

Reza Arjmandzadeh
Department of Geology, Payame Noor University, Tehran, Iran; r.arjmandzadeh@pnu.ac.ir

Abstract

Th Lead-zinc and locally iron mineralization occurs over than 100-km-long belt in southern North Khorasan
Province, hosted by Jurassic—Early Cretaceous carbonate formations of the Kopeh-dagh Basin. Despite numerous
occurrences and small deposits, the genetic model of this mineralization has remained poorly constrained. Ore
bodies are mainly structurally controlled, occurring along fault systems and bedding contacts, and display vein—
veinlet and narrow lenticular geometries with thicknesses ranging from a few centimeters to several meters.
Primary hypogene sulfide mineralization is largely depleted and represented only by minor galena, sphalerite, and
pyrite, which are extensively replaced by supergene oxide, carbonate, and sulfate minerals including smithsonite,
hemimorphite, cerussite, anglesite, hydrozincite, limonite, and hematite. Metal grades are highly variable; in some
deposits only iron oxides are exploited, whereas in others such as Sarigol, Zn grades exceed 30% and Pb ranges
between 3—5%. Diagnostic features of the mineralization include low formation temperatures (around 200 °C),
moderate salinity of ore fluids (7—14 wt.% NaCl equiv.), absence of coeval magmatic activity, partial localization
along reverse faults, carbonate host rocks (dolostone and dolomitic limestone), and a general lack of significant
barite. The tectonic setting within a foreland basin and the geological and geochemical characteristics collectively
support a Mississippi Valley—Type (MVT) genetic model for Pb—Zn mineralization in southern North

Khorasan.Keywords: lead and zinc, North Khorasan, smithsonite, carbonate host rocks, MVT type deposits

¥aa



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

doddo =)

aig Jlod ;o Eld aS ol wa LS (95 5 Ssh iz 5l lnl 30 Jled () - leSle argy (oulitiins; Sl
Arjmandzadeh et ) wloas laz v 51 jlg s 5,0 oy b a8 Cowl oals JSid Caiz 0 Sl Sob g o pe Jlads o 5,1
S5 xSl 23 35z 5 (] 65 JSS b (oleSle culled 05 s 4F angy (Lol glo (S 5l (al., 2022
e @ 057) 0L e G e nB0 (S B () S sl 0yl Sas 85 Sare 5 (S 55 Glave sz
saile Joli o 4y a8 5l ghas swlidais (o) Casloals £l 4 agy 0155 0 sy sl e ol
5 ol ez Gabimy Ml il Glhasl sl (S aiir ju (555 cazm 0 (Oly050 sz 09, lS
ediss Jold 1) 0395 B (p 5 Semslygl 5l (Fend g abl oo ]S

b slogss (lrl )3 69, 5w eSS sl @l slecdbl (n Feee Ghazanfari (1993) (bl
A8 oLyl Slalllas Lol s E0asS kLo g5 4Kl 0 il e el a5 oyl e iiins Aigy 55 50 ol
6;:[}0 QMT Cawd cbj/...}‘ g_;LxJUa.od.;d.}y L» M)@]Ja) L ol 0 u;).‘a:)é K9y L= 6)Lm @lSLS‘J" u.uo.lb‘
3ais ) 4 g b e gl ool sl1s 505 E0asS g bl g5 500 il 5 LadlS iz ¢ (BT Sy Lo wiile
(OB 55 g 4z 550 oyly90 50 slaasjlu yuba) Siwdwle § Sal glaaslg o35a ¢ 4wl S-Sl y35 o5y GloO>1g 00 1S
(V JS2) 018 0929 008 (l 55 (595 9 @ el 2133 (6 S SIS sl (pslhae Sl il

Gl )S Gliee b slo,lidls sloces (n it 5l (S Mississippi Valley—Type (MVT) ¢33 (55, 5 <y sl lusls
Slp e e (S ol 5 o el |y o 5 595 Sz 25351 stz g5 B ot 5 g0 sl le 59
el g9y Slaadg> o515 5 25855 Glaslag) (b )o lade> slaalpd 0058 (305wl e LS col JoSis
sl laaY 5 LS (sl s ;5 JUEDI 5 5 o0 A Stn gy by piibns gy glocSins 51 Sl Jae ol 4o
L3sl g pH B (led s s leandisSoed Lalpd 50 Sloaid S o Conniiial iy STy il clocSins
IR [T I SN SOV A Tl | DN

ol s Jlod plulz sl 0z )3 il Gl 9 695 9 2 3G Jenily pegat 50 9SG
SN o sl bl 5 (oo o amlis IS o coslis pne; (gloools 31 ooliul b o Lad allio 1o 5 sl 428,55 & g0
ol 9y 9 @ SlayLilS g bl 5 (S diged Teoslawi 5l el (o Sl ol Con 5l S8 95 Cnl 655
w505 3JU1 XRD, XRF, ICP-OES (sl b3, 4 5 ats s — 536 glaio ap>l

Siw (S g (owlids a0y =Y

30 a8l ygeis ) ogwy Sl Jlg Nideee g ViV ee e AVO e Gla ulide o pwlidywe) loanss Gulsl
sloSal Lol o Jlgs opl s i 4wl S5 Swlyg5 o llo [CRVNS St plulyd Caix (59, 9 @y LS
(a2 50 W53Le0) 30,8 gy S5y g il S locas b slocSimile 5 15aglSiS (5050 il (Snaglyd (slaSal 5 g,
ol (¥ JS8) wloas saiigy )8 15 aijls o Jumd ciaglgs oSl g (6 S slacSal 5l ow JIg SO L aS ooy
oS Slp bl b Ges (a5 Gl L a5 Gl 8505 (Jobe Laoe SO 50 (IS gy Sl g9y il
O g VYO ovo GAAJIHA}U—MQ) Alds 30 09) U"‘ ‘S"’“")ﬁ) 6[.@..\}‘5 aS ol ;é QL’L""‘ Ll 00y p.ml)s AJLu; 6[&4...“.@‘4
Aloads Brre oyl g050 disle pU L ojgimm ViV e e e e bl ey Al j0 g Y Wile Glgae

f00



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

0

o

o Glel B g 595 9 30 b 08

Afghanistan /

Oman Sea

|:] Sanandaj-Sirjan Zone
- Makran Zone
[:] Alborz Zone

- Eastern Iranian Suture Zone

- Kopet-Dagh Zone

- Neogene volcanism

l: Eocene magmatic rocks

- Mesozoic magmatic rocks

- Ophiolitic Suture Zone
Fault

Study area

ELAS (195 10 89y 9 e Silw (S aipeS Cadae ) S

I8 (Crople B VL Senlyol 50 (o pouS 1) azy 90

Sulyl asle (59 2 e 9 (o, O jygods (5 5 w55l

G5y 2 4S5 oad hSas Lot sl loe ol yor 4 il slacSal 5 Bues ¢y T B oo )by b ajles ] el a3 5
D9 o0 odigy Aoz Wil (slofed dliasgay 5 il 18 Az 0 (6l ks sloaiiys

loaiile Jelis a5 W ls gais, o 5000 VYO« e o e

4 0dgaza ;0 39llis (395 5| S (slais (cnl 2 odle

Lol g o9l (5 50 laazly cnl (5, le olflr aiis B 93 9 ol 98 Moo 09l (0555 ulai S50l

5 eolidang i Sl n wieils e slaJls b lag]

Smeglgd Sal laasly (yg,0 5 00ls &) (had Glaptans b bLs 1 o Baee 9 peS opl 10 55 5 oy 2jalS

SblB 5 (5 plydeis (JHS s 5 08,5 Joo ol (Sajelyid oatiS S plaisas alin)S (slao Lk sl 35 pate

(_ng..\.>|5 5 oJ.SS‘ﬁ: O ygods (59 § W) b..l)mlf

Jo ol b aiies 55l S5l sloase Lidu ljme YU Sl
gl oo odmlive 5 ALy S lep gl (Kwanle

o)



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

< =2, E e
L P gl o

Vo m—

Sypizm ViVO e el ey alds jo Jlod (luly> Gl Cgiz (69 5 e 0 oS CoxBge Y IS

L ) _v

— oS gla I8 ol Jlos (Ll > bl gz 45 (65, 8 oy 2Ll wty oS ool B sl5al8 Lol i
(S G (39,0 W yolii plaseilye 5l 550zl polie 92y Al Wil iy 5 55, 2] g SLyyS
o‘)o.{b Commnds 9 )0 g w)lij S0 gy ‘ud)jaogo.fb ‘wg)wo.w‘ )‘ ‘5&- )‘04.:‘.{ 6[.54?) 9 L"’uj) U"‘ as DS o0 UL‘”"
o 0] Jolin  Some eole aleads JuSis gaudlgu slacygy (S9jlgn ams o Yl (¥ JS8) cuslon g Cadgond b
oo ladiged (S0 )0 e 5l 52 b polie 5 s,

£5 5l sregts 1o 5 oS bl Joxo 050 (LS (glajlisls (15,0 Logas oS cal 10 s 5 (555 (254
(P JS8) Wil S 0aiiS 7S o S (y,0 odisds 1S5 & g0 45 a5 ol Sl (lo e 5 5145,

MVT s 233 L, alacaplin 5 03g 4l S=Selys5 G LIS w59y 5w Sl e 9w, sloJlss
75 i sSe S S ;5 Lhals slas, ( leSle slacudlis 5505 Jols MVT o5 sloLusls’ asls sl Fiug ol
3285 Wil ;98 0 5eS 10 (65058 5 (Siz molie ;0 Sl dgzg e (S slaanly lsiny reglys Sl g (ygiglss
.(Shelton, 2009) wuil o ovnlice LB g5 ol 5o

m.\.;.zfj.z~ ) <5|°°95 ‘(_g‘z\.?;f)—ctf) ;wb sbeast ‘A.Lg).af u;‘ (_ng)L.M.SlS 3O w989, Sels” slasl PP RFeE
a3 00 8 LeE sla il 55 00 0 Logas o oinile 5 (slosgd o oy slacdl sl o By 5 I slalis
(¥ S8 wls sl o laails o Logas 3 0aiSTyy ails b (glans a8, slacdls

£5 S LlS L1, 50 slaplin s o Glols sz 5o Sl Slime b o 5 53y LslS slaSis
EaS )Ll (395 10 w5 69y Sl caihaie (SEleiie) 5 (Seslusg ool 4 a4z b g was oo GLMVT
lal> o 93 JSi5 59) 9 w0 S SE F3L 5 95 w0)lms Siw la Sl S g9l (S slasly w5 g9
bissy g o of S ol bl (oo 003 o @ 5 69, 895 51 0k JLil L Gl oo 1 SLlS cnl e 21548
(235 Sk 50 (pgm) Gl

fey



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

(il S L plopen ComdS byl 45 (LV) Jlo 6layl oo Sldllas aly s VF+Y) o Kas 5 poio coysl
Qo3 VYIY BVVY 5 VEID B VIA (s 65 Sl e 5 0,5 il am ) s VIE LISV g YEO B VA yid San sloo
Galed Al cpdbize pl 30 ,g] Cass w cpliawl 50 Jled o by NS SlasS] adlhie slp 1) plab Sad S
lgd (pizeed 5 soed (e codbs oolid I gl (s 35S 5 b (Sl S g5 il SIS sl S5 05z
S0 B & ALl oS wlosls Cod (555 9w Jloi @l by LlS 4 ] ally ST LS edgacs Jlw sl Ll
)ls 6,555k 4 5L

o
Pb minerals
around fragment

03ld (La € St )3 B sl & Cajg e (il oy nlyiel G55 53 595 5 @ Sl SE slaeS e glgl Y IS
S :Gn IS0 :AIlg (a8 g0 g0 :He gy Sl Sm .ol onds

SySamis =¥
SaSKin gy bass Jlod Gl > O (53, 5 oy LA was e Gl ulid S 5 caliisine walyd
laaxly )3 (5lu S 55 el 03ls £ gana pohaw 5 (S slo)lisle J S o g 4l ST Sl Sl S
9550 slod 4y el ol ool slo F5g 5l pleSle o dlad b bLs )| 050 g ( S0 cwie U (51aT ) dain ¢ Joglgo

oy



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

g iiaenl Wile O3 pgw Sl S Lawgs 00,0 jebay aS 039 Cuym g CuJlinl (IE el adgl oubis SIS

3 Sl 45l olerdgsy SuiSTy (yingw Sl )50 0925 b aiload ile ol laasuST g S ciudyge con

5 93 (SigiST oSl il S s S Vb gt (6,95 ¢SS by B (slod al 3g05ms albais gl
s 55l Mississippi Valley-Type (MVT) gg5 sla )LilS sla S5g b (Son ( oleSle slo Sl 55 5405

: ERY 9 )?’A-a:" _b
FE PRV |°L‘>u‘ )9 r:L:.: oKsls GILA Colox b iogh LJ"‘

& -7
NS 8lasST dibaie [0 (59, — oy (G5l ST AT e caiad b g ool (50g,lad c0oly Sl ts po e GAsgl>
DYV :(¥) V0 golaidl cwlds ey i Jbow oyl loo 9 I sl () cg 5l S (sl oy o ol 45 agy wally

Arjmandzadeh, R., Alirezaei, S., Almasi, A., 2022. Tectonomagmatic reconstruction of the Upper
Mesozoic-Cenozoic Neotethyan arcs in the Lut block, East Iran: a review and synthesis. Turkish
Journal of Earth Sciences, 31:520-544.

Ghazanfari, F., 1993, Zn-Pb Mines and Deposits in Iran [M.Sc. thesis]: University of Tehran, 199 p.

Shelton KL, Gregg JM, and Johnson AW., 2009. Replacement dolomites and ore sulfides as recorders
of multiple fluids and fluid sources in the southeast Missouri MVT district, USA: Halogen- 87St/
86Sr-d18 O-d34 S systematics in the Bonneterre Dolomite. Economic Geology 104: 733-748.

f-F



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

(1D A0S D) S gy glS ol 12 e yg20-9 B (344 0085 (Sl b
(B slomy 3

¥ PV . . 4
Srtew plopd (padl (L) and poi
Al 0l s aly oL casle saSLEIlS (e pole 05,5
J.;.}.)J ‘bl:.go) Béme oKasls “n5ls: saSiisls ‘wu O 05; -y

mrezaeiaghdam@pnu.ac.ir
ohS

ol 08,5 3985 gl ogawy — Sl is] lacKiw J3ls 4 il 4eSlS giz e 09t —obl Gl 20,9003 05 (63485 0045
s JISI SIS 5 ST s Cagple L oo (slaSlo o, lodipas 31 5 Jortansl] disse S5 Sy (S o
BTGP L ST I TSI  PERPY L G DU R AIYD lade ]38l b Sloys puedS odlad o3l oin LSle &) 45
eS| YL At lFe8 by ame g (gl o )5 Jled il Slaa a5l (leS G 4y Blate (s 050 dblate oS .l S

Emplacement environment of a clinopyroxene-based gabbro-diorite
intrusive mass (south of Tikmeh Dash, East Azerbaijan)

#Marzieh Rezaei Aghdam, >’Ghahraman Sohrabi

Department of Geology, Faculty of Sciences Payame Noor University, Tehran, Iran
Department of Geology, Mohaghegh Ardabili University; Ardabil
mrezaeiaghdam@pnu.ac.ir

Abstract

The Bostan Abad-Hashrud gabbro-diorite intrusion south of Tikme Dash has intruded into Eocene volcanic-
sedimentary rocks. The pyroxene chemistry indicates the composition of aluminum-bearing diopside and the
samples belong to the host magma with a subalkaline and calc-alkaline nature and the product of magma
fractionation. The increase in calcium chermak activity with an increase in the amount of AIl(VI) in the mineral
structure indicates an increase in pressure during mineral crystallization. The rocks of the studied area belong to
an active continental margin volcanic arc and environment with high oxygen fugacity.

Keywords: Mineral chemistry, Clinopyroxene, Thermo-barometry, gabbro-diorite, Shirwandeh
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Rim-Cor Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb
R1-1 R1-2 Cl1-3 Cl-4 Cl-5 Cl-6 R1-7 R1-8
SiO2 50.79 50.94 50.97 50.97 50.66 50.67 50.67 50.69
TiO2 0.57 0.56 0.48 0.45 0.53 0.49 0.49 0.52
ALO; 3.25 3.28 3.48 3.55 2.98 32 35 3.27
Cr203 0.18 0.12 0.12 0.09 0.11 0.14 0.14 0.12
FeO 7.92 7.88 7.68 7.83 7.67 7.56 7.56 7.68
Fex0O3 2.07 2.06 1.98 1.95 2.03 1.99 1.99 2.02
MnO 0.29 0.22 0.19 0.18 0.2 0.18 0.18 0.21
MgO 13.7 13.54 13.36 13.42 13.74 13.4 13.32 13.29
CaO 20.56 20.64 21.21 20.76 20.49 20.79 20.83 20.96
NaxO 0.5 0.55 0.61 0.55 0.57 0.58 0.58 0.6
K0 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01
99.84 99.8 100.1 99.76 98.99 99.01 99.28 99.37
Si 1.9 1.9 1.9 1.9 1.91 1.91 1.9 1.9
Ti 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01
Al 0.14 0.14 0.15 0.16 0.13 0.14 0.15 0.14
Cr 0.01 0 0 0 0 0 0 0
Fe’* 0.06 0.06 0.06 0.05 0.06 0.06 0.06 0.06
Fe* 0.25 0.25 0.24 0.24 0.24 0.24 0.24 0.24
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 0.76 0.75 0.74 0.75 0.77 0.75 0.75 0.74
Ca 0.82 0.83 0.85 0.83 0.83 0.84 0.84 0.84
Na 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
K 0 0 0 0 0 0 0 0
Total 4 4 4 4 4 4 4 4
En 0.42 0.41 0.41 0.41 0.42 0.41 0.41 0.41
Fs 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13
Wo 0.45 0.45 0.46 0.46 0.45 0.46 0.46 0.46
Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb
R1-1 R1-2 C1-3 Cl-4 Cl1-5 Cl-6 R1-7 R1-8
Cr# 0.04 0.02 0.02 0.02 0.02 0.03 0.03 0.02
Ti+Cr+Na 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
AIV2Ti+Cr 0.09 0.09 0.09 0.1 0.08 0.09 0.1 0.09
Ti+Cr 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
TiO2+Cr203 0.75 0.68 0.6 0.54 0.64 0.63 0.63 0.64
100A1Y 10.21 9.6 10.24 9.58 9.41 9.29 9.81 9.79
AlV+Fe** 0.16 0.15 0.16 0.15 0.15 0.15 0.15 0.15
Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb
R2-1 R2-2 R2-3 C2-4 C2-5 C2-6 R2-7 R2-8 R2-9
SiOx 50.84 50.85 50.9 50.92 50.64 50.71 50.73 50.97 50.98
TiO2 0.48 0.48 0.47 0.45 0.47 0.41 0.42 0.4 0.4
ALOs 3.53 3.54 3.59 3.68 3.06 3.08 3.16 3.16 3.18
CnOs 0.2 0.2 0.17 0.17 0.12 0.09 0.07 0.04 0.07
FeO 7.56 7.53 7.45 7.45 8.3 8.32 8.18 8.17 8.16
Fe203 1.98 1.98 1.97 1.95 1.97 1.91 1.92 1.9 1.9
MnO 0.18 0.19 0.17 0.16 0.14 0.14 0.13 0.11 0.11
MgO 13.29 13.13 13.12 13.1 13.32 12.99 12.94 12.93 12.9
CaO 20.77 20.71 20.72 20.51 20.09 19.44 19.64 19.37 19.63
Na,O 0.56 0.56 0.57 0.58 0.57 0.58 0.6 0.6 0.6
K20 0.01 0.01 0.02 0.02 0.01 0.01 0 0.02 0.01
Total 99.4 99.18 99.15 98.99 98.69 97.68 97.79 97.67 97.94
Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb Px.gb
R2-1 R2-2 R2-3 C2-4 C2-5 C2-6 R2-7 R2-8 R2-9
En 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41
Fs 0.13 0.13 0.13 0.13 0.14 0.15 0.15 0.15 0.14
Wo 0.46 0.46 0.46 0.46 0.45 0.44 0.45 0.44 0.45
Mole fractions
Cr# 0.04 0.04 0.03 0.03 0.03 0.02 0.01 0.01 0.01
Ti+Cr+Na 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Na+AlY 0.13 0.13 0.13 0.12 0.13 0.1 0.11 0.1 0.1
AIV2Ti+Cr 0.11 0.11 0.12 0.12 0.09 0.12 0.12 0.13 0.12
Ti+Cr 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01
TiO2+Cr203 0.68 0.68 0.64 0.62 0.59 0.5 0.49 0.44 0.47
AIV+Fe?* 0.15 0.14 0.14 0.14 0.14 0.11 0.12 0.11 0.11
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F1 =-(0.012 * SiOy) - (0.0807 * TiO,) + (0.0026 * Al,03) - (0.0012 * FeO 1) -(0.0026 * MnO) + (0.0087 *
MgO) - (0.0128 * CaO) - (0.0419 * Na,O)
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Lasgs ool &3l TiHCr 4 o Ca Jloged [0y gy 9dS slrools Lulusl el e Lot Cpizcen
o, B Jled @il 5 G;L....:L....,T oleS WS o SIS G,L....a....ﬂ oS 5y suddsi 9 90 0,008 a5 (1982) al, Leterrier et

Jlade el ris Fe¥'=0 L3 ;| b diges alols 4> ,» Cameron and Papike, (1981) ,ob 4 (¥ JS&) o pues (4!
etal., (1979) ; Loludl NatAlY & cans AIVR2TIHCE jloges a0l p ol o LT iolaws ase 1o o5 awlSgs

(-F USCs) wil azd )8 13 5nST (oYL awlS 98 oogusme ,0 ol o,y sle aiges Schweitzer

54 0.25]
o ll
Sub-Alkaline 2
029 2
52 a s .=k
g = ._g Aluminian-ferrian diopside
« a
B s §
o 50 E
@ e &
[©)] 01
48 Aluminian diopside
Alkaline , e
Per- 0.04 [
46 Alkaline
0 4 g ¥
ALOs 0.00 0.20 040 0.60

Al (a.p.f)

Nisbe and Pearce, (1997) ;| oLSk (5 ouari-o Morimoto et al., (1988) 5l @.p.fuyFe** i, o @p.fu) Al jloges —call-¥ IS

S5 ai-¥

ST Sl gl b e (slaSle 4y lodigas 5las SSLES pauS gy (s S 55 yoliol 2 (LS (6 pos Cyad l3g
wils SndS (gl S gy £52 |, by ol cdl o Na<Al b SISl 45 45 ol 4y 4z g b il so SJISIT SIS (g oo
el jlad Sg38 5l ol g3 4T 04 o a8lSl Sl > S Codlad ¢ SIS ylaisls ;o AIVD Jlade al38IL g 5,5 san

F-q



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

3o gl Gielos base cpimen NSOy cs'l'“"“““] OleS So a Bl cwy g 090 athie oK ! SIS el
.l 4..3)5 )‘)5 u).....SI LSYL M‘faﬁ 09

= all
1.0 0.9 08 07 24
F1 ithin pl !’i Volcanic arc| ) 12
Within plat D ©
alkall!i ha; lte: é"gfc basalts gg
od 22 ©e o
8 €¢ 5
Oceanfloor basalts | 23 8 e s
=) ¥ rY
\ 24 =4 f y’
Ocean floor basaltsn & 4 (z: of
within plat tholoitic basalts
—\_ii_\__/ 25 4:“4
Within plal M-‘d_oc@‘
tholoitic basaltes F2
-26 0 o
0 2 3 4 5
TiO2 (w%)
0.04 - 10
MORB & Tholeiite 08 High oxygen fugacity
0.03+ '
5 5
2 0.02+- o 2
¥ U.UZ =
= g"nlruni? af o = 04
) @ e Low oxygen fugacity
@
0.01- 8 02
(=] @ 1)
oo @
0.00 ! L% 00
0.7 0.8 0.9 1.0 6o 02 y 04 08 1.0
Ca AI'+2Ti+Cr

¢«(Nisbet and Pearce, 1997) ,lSloggiSs jlogai—c i 58 oo )18 glo B ylaS ayline Wiy )0 aaigei (Ao et al., 2010) loges jo-al-F S
Leterrier et al, (1982) ;I L8l Ti+Cr & <o Ca ,logei-s Schweitzer et al., (1979) Jlogas ;o o puuSg s 92dS (YL atwlgs -

:&be
)5.»»5 ‘SwL.w L)""’) ULA)L»J ‘05).».“.@ ViYooowo 45)5 ‘5.»L..u U».A) asss AYYY go\)‘)).).\.c 3) ‘)QT LSM.Al
)5.\»5 stl.».w o) uLA)LuJ céu ul—\.MAJ VYileooon 45)5 kS“JL"“" O asd YYD ‘)\)—‘ L;u.ol o S92

-Zhu, Y. and Ogasawara, Y. (2004) Clinopyroxene phenocrysts (with green salite cores) in, trachybasalts:
implications for two magma chambers under the Kokchetav UHP massif, North Kazakhstan. Journal of Asian
Earth Sciences 22: 517-527.

-Molina, J., Scarrow, J., Montero, P.G. and Bea, F. (2009) High-Ti amphibole as a petrogenetic indicator of
magma chemistry: evidence for mildly alkalic-hybrid melts during evolution of Variscan basic-ultrabasic
magmatism of Central Iberia. Contribution to Mineralogy and Petrology 158: 69-98.

-Whitney, D.L., Evans, B.W. (2010) Abbreviations for names of rock-forming minerals, American
Mineralogist 95:185-187.

-Morimoto, N., Fabrise, J., Ferguson, A., Ginzburg, I.V., Ross, M., Seifert, F.A., Zussman, J., Akoi, K.I. and
Gottardi, G. (1988) Nomenclature of pyroxenes. Mineralogical Magazine 52: 535 — 555.

-Nisbet, E. G., Pearce, J. A. (1997) Clinopyroxene composition of mafic lavas from different tectonic settings.
Contributions to Mineralogy and Petrology 63: 161-173.

-Leterrier, J., Maury, R.C., Thonon, P., Girard, D. and Marchal, M. (1982) Clinopyroxene Composition as a
Method of Identification of the Magmatic Affinities of Paleo-Volcanic Series. Earth and Planetary Science Letters
59: 139-154.

- Ao, S. J., Xiao, W. J., Han, C. M., Mao, Q. G. and Zhang, J. E. (2010) Geochronology and geochemistry of
early Permian mafic-ultramafic complexes in the Beishan area, Xinjiang, NW China: implications for late
Paleozoic tectonic evolution of the southern Altaids. Gondwana Research 18: 466-478.

-Cameron, M. and Papike, J. J. (1981) Structural and chemical variations. American Mineralogist 66: 1-50.

-Schweitzer, E. L., Papike, J. J. and Bence, A. E. (1979) Statitical analysis of clinopyroxenes from deep- sea
basalts American Mineralogist 64: 501-513.



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

(ol @8 Jld) Es Cu)9298l,5 3985 0398 (2 leSlo WY gi

v _ . .y w ) “ . . -
Olabw 4595 (6 52y 40bl " (2l e lopd Cpudl (LS ) 4 ot
Ql).:l ‘u|)¢f Yy rsl.:; Kiils s'n5lc saSiisls (o) ﬁ}l.c 0515—\
T ) e aws )l 3aome olRKzsls cpgle oaSiails ¢ pulids pae; 09,5 =Y
Al el o ply oELls rsle saSLAlS (yee; pale og,5-Y
mrezaeiaghdam@pnu.ac.ir

oduS

Ol 5l 3 (osast lml)dl - (of 5yl (g5 50 soaaie (G35 slaedsi il crse Sdgisie b o LSl slac b
S a3 i eaies las i o b )5l sle paie s DS 0 Cuy939931 )5 (63585 0095 40 el 0l ailes - SL]
1 Sy o «sdghi 0395 ol o oS ol oddlive enlaKiw ol Lol 5 (AFC) LlaSle ¥ L ol jon ik
olie a5l sl Ghalaz anld LS s QLS LSy (2¥T 5 e glaanld olag, » (olsS Wl oo L sla sl
S 305 9 KO 5l Sals 26 4 dz g b iomes Gl S50 G & gy 10 oYL dlsgy pip LS 505 b dised 0 SM/YD
Vs gy S e 5 (AFC) (ghatgy sl Koo Lags LSl K221yl 3 b cslagad ool 2,85 Lass KaO/NasO (63

ol Al oo L5 Hole Sdle sleSle JolSS 0 cdilaie 3L G 4 dlwgy p0 Sel YU b

T« y5990,5 ( oleSle WY g e jlgands

Magmatic evolution of the Disaj granodiorite intrusive mass (northwest
Iran)

#Marzieh Rezaei Aghdam, >*Ghahraman Sohrabi " Fatimeh Ranjbari Gogjeh Sultan

Department of Geology, Faculty of Sciences Payame Noor University, Tehran, Iran
Department of Geology, Mohaghegh Ardabili University; Ardabil
Department of Geology, Faculty of Sciences Payame Noor University, Tehran, Iran
mrezaeiaghdam@pnu.ac.ir

Abstract

Magmatic activities during the Cenozoic have caused the emplacement of numerous intrusive masses in the
Western Alborz-Azerbaijan zone, especially in the Bostan Abad-Mianeh belt. In the Disaj granodiorite intrusive
mass, changes in the ratio of incompatible elements with a positive slope indicate the role of the partial
crystallization process with magmatic contamination (AFC) in the formation of these rocks. Field observation of
enclaves in this intrusive mass, the zoning state in plagioclase crystals can be evidence of the occurrence of
magmatic digestion, contamination, and mixing processes along with the crystalline segregation process. Sm/Yb
values in the samples also indicate the digestion of the upper crust in the relatively thin crust. Also, considering
the enrichment of K20 and the high K20/Na2O0 ratio by crystalline fractionation simultaneously with the magma
impregnation process by crustal rocks (AFC) and enrichment by fluids during uplift in the relatively thin crust of
the region, it has played an important role in the evolution of the parent mafic magma.

Keywords: Magmatic evolution, granodiorite, diseag
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Mineralogical Study and Environmental Assessment of the Sand Dunes

in Northern Aq Qala, Golestan Province
F.mastani !, H., Omrani 2, A. Amini?

! Master of Science, Department of Geology, Faculty of Science, Golestan University
2Associate Professor, Department of Geology, Faculty of Science, Golestan University

Abstract

Extensive climatic changes and consecutive droughts have intensified the process of desertification in certain
regions of the country, including Golestan Province, which experiences dust events throughout various seasons
of the year. To conduct a detailed mineralogical investigation and assess the environmental implications, 15
surface samples were collected from the sand dunes located north of Aq Qala city. The samples were prepared
using shaker and sieving methods, and thin sections were subsequently produced for examination under optical
microscopy. The results indicated that the studied sand dunes are primarily composed of quartz, calcite,
plagioclase, amphibole, pyroxene, chlorite, clay-minerals, muscovite, opaque minerals, and gypsum.
Environmental analysis shows that fine dust particles can have significant negative impacts on Golestan Province.
These effects include disruption of photosynthesis and growth of vegetation, deterioration of air quality, and
adverse consequences for economic activities and human ecosystems in both rural and urban areas.
The findings of this study clearly highlight the importance of soil resource management and the implementation
of measures to combat desertification and control dust pollution in Golestan Province.

Keywords: Dust storm, mineralogy, sand dunes, environmental assessment
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Horsetail: A Valuable Inclusion in Demantoid Garnet — From the Ural
Mountains of Russia to Kerman, Iran

Mostafa Rezaei Sistani'*, and Seyyede Farveh Mousavi Zare', Atefeh Razi '
! Department of Geology, Faculty of Science, Ferdowsi University of Mashhad
mostafa.rezaeisistani@mail.um.ac.ir

Abstract

Horsetail inclusions are among the most important diagnostic features of demantoid garnet. These inclusions,
primarily composed of chrysotile, are observed in demantoids extracted from serpentinite-hosted deposits such as
those in the Ural Mountains of Russia and Kerman Province, Iran. Utilizing case studies, this article compares the
inclusion characteristics, chemical composition, and gemological properties of demantoids from these two
regions. The results indicate that Kerman demantoids are comparable to their Russian counterparts in terms of
color quality, transparency, and the presence of characteristic inclusions, while also being distinguished by higher
concentrations of certain trace elements such as chromium (Cr), germanium (Ge), nickel (Ni), and cobalt (Co).
This paper emphasizes the importance of Kerman demantoid as a valuable gemological resource with high
commercial potential.

Keywords: Demantoid, Inclusion, Horsetail
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Geological Gems: Decoding the Language of Color and the Story of

Crystal in Garnets
Atefeh Razi*!, Banafsheh Asadi chaharborj!, Atefeh Chenarani!, Mostafa Rezaei Sistani'
! Department of Geology, Ferdowsi University of Mashhad
* (atirazi030708@gmail.com)

Abstract

The garnet group of minerals has always been of interest to gemologists and geologists due to its remarkable
color diversity and ability to form large, high-quality crystals. The color in garnets is mainly controlled by
intermediate metal ions (colorants) such as Fe?', Fe**, Cr**, V3', and Mn?' that are substituted in their crystal
structure. The fascinating phenomenon of color change is also caused by the absorption of light in certain regions
of the visible spectrum by these ions under different light sources. On the other hand, the formation and size of
garnet crystals are strongly influenced by genetic conditions (temperature, pressure, fluid composition), geological
environment (skarn, pegmatite, metamorphic rocks), and crystallization dynamics. This article explains the
fundamental mechanisms of color formation and crystallization in these valuable minerals by systematically
reviewing previous studies and analyzing new research on andradite garnets and their color change. The results
show that understanding these processes is important not only in identifying and evaluating gems, but also in
exploring new deposits and interpreting the geological conditions of their formation.

Keywords: Garnet, coloration, chromophore, Rezaei Blue, crystal size.
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Investigation of diagenetic processes of carbonate rocks of Khoshyeilagh
Formation, based on cathodoluminescence and scanning electron
microscopy studies
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1- Department of Geology, Faculty of Science, Ferdowsi University of Mashhad, Iran
2- Department of Geology, Faculty of Sciences, University of Hormozgan, Bandar Abbas, Iran
*mkhanehbad@ferdowsi.um.ac.ir

Abstract

In this study, diagenetic processes with emphasis on the cementation and the stylolite processes in the
crystallographic evolution of carbonate rocks of the Khoshyeilagh Formation have been investigated. In order to
achieve this goal, a combination of cathodoluminescence (CL) and scanning electron microscopy (SEM) studies
was used. The results of petrographic studies indicate that this formation has experienced a multi-stage diagenetic
history including early marine, meteoric, and burial diagenesis. This study demonstrates the key role of CL and
SEM methods in interpreting the crystallographic and mineralogical processes of carbonate rock diagenesis.

Keywords: Khoshyeilagh Formation, cathodoluminescence, diagenesis, scanning electron microscopy.
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Field gemological identification report and field survey of the demantoid
deposit of Mount Belqeys (Takht -e- Soleyman)

Pouria Sirouspour'”, Zahra Mokhtari?, Bahareh Shirdam?

1. Master's student in Applied Gemology and Industrial Minerals, Department of Natural Products and Mineral
Processing Technology, Faculty of Novel Interdisciplinary Technologies, University of Neyshabour, Neyshabour,
Iran.

2. Assistant Professor, Department of Natural Products and Mineral Processing Technology, Faculty of Novel
Interdisciplinary Technologies, University of Neyshabour, Neyshabour, Iran.

3. Gemmological Institute, China University of Geosciences, Wuhan, 430074, China.

Abstract: This study examines the geological and mineralogical characteristics of a demantoid (green andradite
variety) occurrence on the southwestern slope of Mount Belqays, situated within the Takab metamorphic complex
of northwestern Iran. During a systematic field survey in Autumn 2025, mineralization was investigated at two
primary stations at an elevation of 3,000 meters, where 30 samples of demantoid and its dark variety (melanite)
were collected. Field observations indicate that the occurrence is a massive skarn system formed at the contact
between carbonate units (marble) and silicate rocks (micaschist and gneiss), structurally controlled by the
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Chahartaq master fault. Macroscopic and 10x loupe examination of the crystals confirms a well-developed
euhedral geometry, characterized by rhombic dodecahedron and trapezohedron habits. The color ranges from light
to dark green, with certain zones grading into dark brown and black (melanite), reflecting chemical fluctuations
in the hydrothermal fluids during crystal growth. Although post-crystallization tectonic stress associated with the
Chahartaq fault has resulted in extensive internal fracturing and diminished gem-quality transparency in surface
samples, the striking visual contrast of green crystals against a white marble matrix identifies this site as a
significant new source for the mineral specimen, educational, and collector markets.

Keywords: Demantoid of Mount Belgeys, collectible demantoid, field gemology, skarn demantoid, Iranian
demantoid
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Partial Melting of Amphibolites in Sanidinite Facies in Contact Areole of

Abshour Gabbro, Sikhoran Complex, Baft, Kerman

Habibollah Ghasemi*!, Mahboubeh Arabzadeh Baniasadi?
3- Research Group of Magmatism and Mineralization in Iran (RGMMI)
4- Faculty of Earth Sciences, Shahrood University of Technology, Iran. Research Group of Magmatism
and Mineralization in Iran (RGMMI), h-ghasemi@shahroodut.ac.ir

Abstract

The Lower Jurassic Abshour gabbro, intruding into the Paleozoic-Triassic amphibolites of the
Sargaz-Abshour metamorphic complexes, has caused contact metamorphism in the sanidinite
facies, partial melting of the amphibolites, and generation of quartz dioritic-tonalitic
migmatites with a pegmatoid structure. Chemical composition of feldspar and amphibole in
the gabbros, host amphibolites, and pegmatoids range from bytonite-anhortite in the gabbros,
labradorite in the host amphibolites and andesine in the pegmatoid migmatites. Also, the
amphiboles are of calcic-type and include magnesio-hornblende and tschermakite in the
gabbros, tschermakite in the host amphibolites, and magnesio-hornblende and tschermakite in
the pegmatoid migmatites. Field evidence, petrography, along with thermobarometric
estimates indicate the occurrence of partial melting in the host amphibolites of the gabbroic
mass at temperatures of 650 to 990 °C consistent with the metamorphic conditions of the
sanidinite facies for contact metamorphism and partial melting of amphibolites and generation
of intermediate quartz dioritic melt forming the pegmatoids.

Keywords: Amphibolite, Contact Metamorphism, Partial Melting, Abshour, Sikhoran.
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Abstract

Phosphate is considered one of the most valuable minerals in the world, and its multiple uses in the agricultural,
health, food, pharmaceutical, and military industries have led to its being studied from various perspectives. Iran
is located on one of the main phosphate belts, which is called the Middle East Phosphate Belt, which has received
less attention due to the low phosphate grade in Iran. The Lariasuj Mountain phosphate deposit is located in the
southwestern part of the Zagros Mountains, and the total reserve of this deposit is estimated to be about 81 million
tons of phosphate with an average grade of 9%. It is the largest known phosphate deposit in the country, and in
its composition, in addition to P205 calcite, there is a small amount of chlorine, uranium, and other compounds.
From a mineralogy point of view, the presence of crystalline phosphate compounds in the host rock is very
insignificant, and phosphate is seen in the form of elongated crystals of fluorapatite and amorphous phosphate
compounds in the form of glaucophane in the form of spherical and elliptical grains or as replacements in sections,
which are accompanied by the minerals calcite, quartz, feldspar, magnetite, limonite, and kaolinite.

Keywords: Phosphate, geology, mineralogy, Lar Mountains, Cheram
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Mineralogy and petrography of Taftan volcanic rocks

Javad Ghanei Ardakan®! and Khaled Hashemzehi >
1. Assistant Professor, Department of Geology, Faculty of Basic Sciences, Payam Noor University, Tehran, Iran
Corresponding author's email: ghaneijavad@pnu.ac.ir
2. Master's student in Environmental Geology, Department of Geology, Faculty of Basic Sciences,
Payam Noor University, Taft Center

Abstract

Taftan volcano is a semi-active volcano whose first eruptions are attributed to the late Miocene and has a
compositional spectrum of basalt to dacite, but its dominant composition is andesite. The study of thin sections of
Taftan volcanic rocks shows that their mineralogical and petrological composition is in the andesitic range in the
form of lava, agglomerate, ignimbrite, pumice, shard, lapilli, pozzolan, lahar and volcanic and tuff fragments as
well as pahuho lavas can be clearly seen in the desert. Taftan andesites contain coarse crystals of plagioclase,
amphibole, feldspar, augite and biotite, which show porphyry, serial porphyry and porphyrovitrophic textures in
a context of plagioclase, quartz and silica glass. In the Taftan volcanic complex, 5 eruption generations along with
several ignimbrite and lahar units are visible and have diverse volcanic facies.

Keywords: Taftan, Volcano, Geology, Mineralogy, Zahedan, Petrography

F5¥


mailto:ghaneijavad@pnu.ac.ir

Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

doddio —)

SV e eSilee i)l ol @8lg A poed Jlad (5 egleS 00 5 lanly 5 gz (5 yelS ) ¢ o b laass]
O (slee UWT Ol GBS 5 dy oo byo a5 YL eF e 0e L ald glasl g 0 ls GBIl sl 5 YL
OV JSE)0 55 sy 5o @y JoshSVFe - 5l

T RHPT ] “:__ L S : Y #-"aa'E M E oAt E v E
-~
1

P o
I =T el e
= '
— M i 1
j— il '.:l_'\_%
L

wrdleds (6 eglS Cny o ‘@MT Cudled dglcanlongs slajlas [ ol 5 5, lail Goee laylyg8 lal yo
OS5 T ol LaniasT S5 (s lodges ()]98 4 9, calas pl 35 )3 (6,500 35T p0 a9 diaogy E9B9 4 ab al3
! 095).: 9 055)$Lo Jj):.a a8 9& 6‘)‘\) 9 el
30 G plsS 6MOMT 5 ol adhie Wbl Gl Cod |y dalate pl jo 1) 995 Olllae) VY Jlo s il
5,5 el Sledde &g dpim, S35 g lojy ki) Al ol
elolis BB laaly ol laacs] seges dilaie )0 g5edgidanly mu ol meons by cwlid yae) sloaiss aslllae b
sl B @Vl 4y o a0l (Bt 5055y o5l 5 (sdl slaassorme 4 by (S slaosly -
sl G s Ol B (dedd 35 4 by pe (i gloaxls Y
ol 2 B usgee gl a5 laassT coasl g b yasl il 5l JSese SlaassT glacKw -
S8 GLek5T b o o 55 k5T 5 (6 T,51 sloeiig ¥
9 el (gD S pead [ Siw slaaxly alise glgil 69y p a5 pol> a5 655188 (e Slga g LS -0
Ailas 518 (slaass
g_f!.:.'a (5‘)“) 9 W‘OM 03l Caad 5 Oy g ).’>‘5‘ Le Lj ‘_ngJ”s U’Jﬁ‘ as w‘ Jla.@é.o.u (st . —‘ ‘ul...o.a ULMM W 1
iz ol ot 4y )ly98 i O (s SlaaisT degeme 50 .l Sujail T Qe oS 5 Jg aib oo conlo B el oS
oo bz B ojlas slayl > 5l 4 ws P @W] Sleo,lz ;) gl g 5l sezg LY 5 o el axlg

(g4



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

w5 Sdedl slaasly 0gd co oanlice byl sd pl 5l Jus 50 axlllas 3,50 00ga0me ;0 09d oo Jol 1) i3,
OF Vo Song GEaHILEL so(aalllan 3,90 4255 3 5 Jlob) ailate ;5 aibly (g0, slasls 530 sl 2l

S dg doo3laS s ;0 (SO2 o 565 51 e slasl5 jLacsl) Jgye98 slacadlad 51 o ooyliay olaacs] ailas ooy 50
sl oS Sle Fo &y ;o .ailoass I Las 5, 0,5 ;09 4 0)lge (B )0 4S5 jskay c00ld STy i g 00l L S0
1) 5999700 0,28 (g 3,1 (ygais b Sl il gtz ;0 aly (nl g oad Jeeos Wil Sligw lagssl 5l
223 o plais 855 4

ol SLaaisT sl jI oo s pglai ¥ S5

A o lled 4l o JuF (nl e bolyen o K0y adlie L (Glsle — ploly o) ailaie S5 sl S
b Loy SoigiS5 (slaciodlad aalsl 3 Canlon,S wald e i 4 S 00ijler slale bt (sl |, (mmlin Lol
gl degorme 5 1l 350 Ald ol 4 9iST a8 Glodg Bl ot sl jgite o) 4 Gl Gogil 3l (gildl 48 (1l 58
Ceslodds Jlocl adlaie 4 (sl (S5 Sla i g oo 0ol (635 50 Ol pl )8 03,5 3,8

oS ool il 5 (g Al S 4y Glais a5 48,5 )18 0 )30 5 gy slaSins slaarly 59y L liais]
(Sad5ed) So3Lsl slockiws 5ol a3l arly 5 005 Cadsasi 5 Gelgigll yime glaSal 5 laculag o5 Jolds )T (g
logd = 5w (il 5 Sy s (S auslo = (o SISl 0525 5 il ol o salsd &) az gl Cuslonds JSis
Sl olaaasT ol wigd go el obas laassT sowls g b (63050 o g 30sT slacKiw fyg,0 5o w@lasde LB Jlake 4 4
pelie slacalad g cusl 00 )51 v pugtlly Sk anli S (bl oS (izmen 5 gl slaSal 5 aSianls oy
el osilas ) ploil 4y 1y 095

¥55



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

Ssd eayy il s (ks il 5 ISaze i lsS

B b9y 9 9lge ¥

Slr ceslio Sl yae 5 23,5 18 Jelow 5 4525 890 adlaie slojlgale pglas 9 (SS9 5 (bl Lot

5 e Shles il oLwb 5 g Slasde w33l 5l g oS SBl lmeo Laly, c Bl g (61 paiged
Sleazly 5l aiged VO« 5l o aoome j0 4T CA T pladl dslate (0 55,) Do al> o a0 Oldes (618 pdises
ol g Cpumnd GPS olKiwsd b dadiges cild p Jome oLl a Slaitie g cilop 595,50 9 op ] slacKiw calises
@l ()1 9 uSe 5 0005 ()2 0355 (o e (e S (lidainz 5 l e Ly izres w0 8
L aatd (sis—y 5 355,59 (ol sl 5l Sk daite s Fo 5l oy shaad (1,55 2 Slalllas jslaie 4y

iyt Jo aalll ol a3 S 15 aalllae 5 50 ol 5385 S ot 59 BXAT ugancl] 532 S osSs Sas
pb d(Jloge) b SIS 45 g somm dus )0 (wlasl a5 Casslosgs Lo (gamail 5 bo SIS Hld ol «adl o ol SIS
i (69995 U oleSle LYS| g glaiwg (¥l o ide gl slaan] s g sl SoeSs ol § b
o LT 6l aigei) Yolows « Sliass] Ko alises glaasly S50 abolie 81,550 JolS 5 380 anlllas b .ys 5
Slousai plol g osls Bl 0 51w .28,5 plxsl 4A4B jog, L 8Ll 925 ACMEoEK _ile;l ,o 3 wlsesl ICP-MS
oS 5 qgandad Jglae sl ,loges « GCDKit 4 Igpet « Minpet ,la5 g56dg 5 0 Joloce (sla 1580 o 53 5l oolawl b oo 3Y

3 "_‘ﬂ

e ;5 oaaliie BB walyt plow 5 (Sl 5 ok o 8L Laly) (it S sla Sy e cnl o
O30 aalllan 350 Sl (sl (50 L (5)3Kel Bsbo ol 5l 00 (g 5 48518 s 2 390 € 5135mvg S

13 1T ol Kt 5 sl SIS S 5 a5 wmd o s s SLaisT glacKiw 51 S5 abolio 31,55 2 anlllas
5 3980 Jolts QL LT sleSos 5l (oot 250 (30T S 5L GloSins 3525 oo )18 Co il g Sl 03905
Cwlosalice BB oo ;o Sliais! glo by g )Y (uros «u eSSl peglST 03l08 & jg0 4

U 525 51 (lain 55 oS it S 5 Sl lwild Jgeaal IS5 slo sl it yo (sl (L slocy juil
i3 oo LS Ty 6589 9950853 5 (Sl o5 S iz 8L s by S8L g0 a4 (sl 4l g FISS

Sy Sy St oo ot Glowgi 5 sole sanailate Ll 5 oS e b oS 15T IS 5350 (slasly
ol diilate o5l G 0 Tl a0 BB Y G gl e b G cnl alioe lad 1) sl LSS (e Lyl
PRl oS 5 5 050 0n 025 53 oSl G 53 5k Sdyd &g WL 5 03 oS i b Sl S5 &) 50es
5 oS gatadlaie (alE 5 oS e~ JSLo (sl ol e st (23l L SN Sl ddlaie slacudl o
S aidlse JSlo glaais (Sadgme o (Soy05 T (oiSTy 4l gl baysly 5l (S 5 i C19S0 d gals
LeSle pglae 3255 51,0 deSle oS 5 et S0k sl cnl )3 (o 5 Goaiilaie .ol (Jolss e Ll soims (Lt

el W3 sbayoh Ggelim Lulpd ss 5 leSle (35 &

5V



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

1y L5351 s 99 Slsion Wil g2 el § Dosl Glien (izead § S 0l sl sl olail o cd a5l
ol el

e g 9idlige (Jbye b (Il cll g oalss 5 il glyls wid o sl sl & jsoas : Jgl Juus (sl DS 5250 (Al
Wl 515 Sl Ss 8t cos

Wloads Gl T3 eS g aitans ;i8S o3Il a3 51 ol Jus b dnglite ;5 a5 1090 o slo WS 9233 (<

BY o Ll Glgl8 ole ok (SoSls 5 (290 Ghgals lilo (B 5 il Sgons § S el s lsS
S5 lsS S5 g 00,8 1y (LB slojsly e JB (6Lad ks 51 22 o (UL Al o 50 0Bl oo il 00y0 N ¥
e o 1y glails oy

039 &l 3B SIS Sy Ygare g o0 oy 0 IS dags b USa o S ygods O B e a3 e b oLl JISUT
(VSb)Eemlond JoSis ailsjgo 9 M9 Db 5elai ola S o sl o

(XPL)g 331 5 ks 198 <5305 550 (5l Sy 3 5150y o6 b 00 b b il (6o (522305 (5oSamg Ko yrsbia ¥ IS

O Slslp b G cnl 0sdse 0asd oy (8 5 Edyo slaysly & jgody o5 sl bl gla IS (2 55lgl8 51 Jgmdel
hilo sloged 55 sl 052 555 50 5 55 05 Sloged U s () 2z slyls (gole 55 )0 aS 005y wilisjse 58 5l woyo
ol as s o S U o JShdens baaids oo el . ajlo a0 VO LD (o sbgels &igly 5 dtivn Je 0,56 50,8 4
Srpiie Oygo a wibijen glayeh ot ys ablie I (B 53 e o OLiS ek utess Jolie 5o |, Ll Jsas alles
S 5 il g 55,18 JBo 5l (6,61 laailyo 1151 50 aid Coj50 &) (5 90 9 Slnd 5 ISLo b (35 s
g gn 0333 Syl

Wz b dacasn 99 o0 omd loSiw (ol )3 JSB0 b s JSiaes slaaind g0t so )5 99 3500 Jlgl S L S
Sab o bigai 5l (S 50 5005 il 5 (210nST (5 Gla I 5l pla ol azly (s, oy (slosed (K,
Leslosalice B8 sl b olyem o IS 4y Codgn

4 o) oy Al g oSS b JSh0g3 slajsl g0t a5 Coul (550 suke ol SIS (p edes oSy ym
Wloads (gl (B g e Hlo S B SO0 Cadsl g5 5 oS g 35800 03 S )3 (M2 sl ok

b g go bl JSb o g0t a0 T (slajsl 5o g din o JSaesd b o S (S sl jsls iy
el il gl lacsl o Yoane a5 i el JSLo g 3105 055, 45 ez jo O0F b FF oy Lbgels apsly s dgs
idlbioe Cadsl 98 5l oSy gl

F5A



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

31l j52 g S gy S 9D Gl 50 Jol> sla S5 alex 5l e § CondSe aul o IS cgapnl laSiw ool 5o

9 pee Eay% 9 Seism 51K 25 b Glo o (b yo jlal aVlas jaam 1 )0 050 0 003 00 S j5b 4y 45 skt
S5 e U ol sttt & g0 15T g ot oSy SIS il g o, slaiel 55 b 1S om0 5 93l 90 51 pndS
@ il o0 has Jol> g 0og 5,155 Lolren 5 IS 0 sl 15T 4l slacudse wload Sle sla SIS (il
SLaaisT slossly (69) » Givde SO O jg0 4 (e 00 aiz b yiesiile aiz ) jakie Cwlbs b (b yeniSl JIg SO

500l o cmold b 20081 1EST aslg ) ladad o9 o edaline 8,5 6 0,5 S5, 4 Ys.o.&a lyeo 0 gaid,s 13 L3
B eJlods o @8ly 5o axly cnl il co 1) 55 b (gmogy (oS50 oL (Kiw 92ly (0l 9150 (gl )0 ot
@lbroadesy S5l g 0)l0 geid; 595 5 Sealy (olh 5« Sogd )5S (i lalivg, (Jls> )3 GBE g g
croslllie Coalo 611 yad 53 5 9ilco YU malty b Lrssite pasliy JSITsSIS nlo (gl o s Slaizs] sloKin

&S azmis - ¥
owips i o5 wiile Sl sladis (Sudsme 5 (S0, T o2STy 4l lyls LS5 3 baysls 51 5y
O LeSle polae 3,55 1 5o doSle oS 5 et JS0ko ool (nl 55 (S gamadlaie ol (ol é Ll b
sloSin b b (laassl Slad 5 ulid G oS5 ol 0D gloysly galiy bl i o oleSLo

5l JTT SIS oS 5 g o j9 g Cudign ) € 1y oyl callas iilyg 8 3blis SIS

&l -0

.\ M Y—AYQ[?L&.»& ‘\Y?‘S’L’?HfO)lM 653 9 ™ O)?Q&C).:A} r:}l& 601; MLLL»aé cdli?—O‘JSA LS{LJLO

Gansser, A., 1971. The Taftan volcano (SE Iran). Eclogae Geologicae Helvetiae. 64 (2), 319-334.

£54



Ulpl gwlub U g Jwliiygls
VS o Buiuila - 1ol olo o PlgPo

Jbd oy Sl 3 (GuuSU b Aoy yuw (o (yimo 30 oy Elg] (o y

Y B Y . Y B . \ & #).Y 1 é&:. . s
30 (BLD phao o005 ol damo (SOl et (gl (o olae ¢ 250 Dlw T gobT (K5 (ald) piee
Olnleale,S cyle,S yimly agds oRiils cpole 0aSliils ( cwlids ey Lidu !
Qlﬁl ‘olzc;m.é) ‘Ql).il - é.:L...@ GLQ VS).M; Aodaz s yd éao.a.?LAv
Rezayi meysam@nicico.com Jgtus odims g*

TR

—stleSle dsgazme S o8 ol ouds Wfly Bomaes | (5, Slaa i an oS pgir (o ) deiz e 5 dys e LS
Solo 5B iz g (S ypogl S Sl Ko 8y Jeel SSbmd 507038 (nl B3 oo ST ] 00,95 (e 9 0ddlS (o9
Sl 039y ol o e 03,105 (LA L &5 Cossl awghl (90 = SLbb ST GloSin (950 4 6)ld 5 0)90 Fgl IS 50 L s
BB O35m 5 (s 095 90 2 50 45 Al Saaly § SGbd Skl ST elgil ol dilate )0 95250 sl Slas S0
15 o 4 — dei pas s (e 0 L SIS 5 laog,0 (godisS yy olge 45 dms o olis XRD U1 4 sl> lalllas ilosnlioe
o il (I bl wiudsn coaaglyd )lsS (ol (o Sla SIS Jold = 03l 929 s Sl g o0 9 jle L sl
zlpeal YT aislo Jawgs (655 ,b 5l B 0aisS  Slge ol Gu8s olwlid ool CamwgSIS g o o ¢S o jgalis o g wiga
oy el I cnl 5 (B p9eam Inj ol (59 8 Lalis a5 (SO 4 3l90 JLoojl 5 G399 J ol
S oy At Lans el |y Jomame o ke 5 00,5 Jiske |y e (5918 anT B Wilgi o CopassSIS 5 LIS SIS
L o lgad daciiz oo (yme 55 cxbly CaraagSIS 31 LT e 5 (Jlab o) Wl 0iligy opawsSIS Langs a5 S5 jolias (003150
2580 355 (5,515 5 lil Jolpe 53 99 (nl 380 S5 pg3l 1 5 022 ol sed (5 50

oty e JLlS 03,8 ¢ Jlad S (0893 g SIS ol Sy oy 0 flgud

Investigation of pyrite varieties in the Sarcheshmeh copper mine with emphasis on the
significance of active pyrite

Meysam Rezayi Zangiabadi '**, Sara Dargahi !, Abbas Baniasadi Shahrbabaki?, Majid Aminzadeh 2,
Moslem Shahimoridi >
"Department of Geology, Faculty of Sciences, Shahid Bahonar University of Kerman, Kerman, Iran
2Sarcheshmeh Copper Complex, National Iranian Copper Industries Company, Rafsanjan, Iran
*Corresponding author: Rezayi_meysam@nicico.com

Abstract

The Sarcheshmeh porphyry copper deposit is situated in the southern segment of the Urumieh—Dokhtar Volcanic
Belt (UDVB), which constitutes a faulted and folded magmatic—sedimentary assemblage. This elliptical ore body
was formed by the emplacement of a granodioritic stock and multiple associated dike phases during the late
Tertiary period into Eocene volcanic—sedimentary rocks, accompanied by extensive copper mineralization.
Alteration types in the area include argillic, propylitic, phyllic, and potassic assemblages, observable in both
supergene and hypogene zones. The present study, along with XRD analyses, indicates that fracture and vein
fillings within the Sarcheshmeh copper mine—occurring in both mineralized and barren rocks—comprise
minerals such as pyrite, calcite, quartz, dolomite, biotite, illite, galena, sphalerite, muscovite, chamosite,
chalcopyrite, and chalcocite. Accurate identification of these infill materials is essential prior to loading by
excavators, shovels, and loaders, and subsequent transportation to crushers and the concentration plant. This is
due to the fact that the presence of certain minerals, including pyrite, pseudochalcocite, and chalcocite, can disrupt
copper processing and reduce the final grade. Distinguishing between blackish, weathered pyrite grains coated by
chalcocite (active pyrite) and genuine chalcocite has persistently been challenging in the Sarcheshmeh mine,
underscoring the necessity for their precise differentiation during both extraction and processing stages.

Keywords: Black pyrite, pseudochalcocite, active pyrite, joints, Sarcheshmeh ore deposit.
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Compositional and Orientational Patterns of Ore Veins in the
Sarcheshmeh Porphyry Copper Deposit: An Interpretation Based on
Geochemical and Structural Data

Meysam Rezayi Zangiabadi "**, Sara Dargahi ', Majid Aminzadeh %, Moslem Shahimoridi 2
"Department of Geology, Faculty of Sciences, Shahid Bahonar University of Kerman, Kerman, Iran
2Sarcheshmeh Copper Complex, National Iranian Copper Industries Company, Rafsanjan, Iran
*Corresponding author: Rezayi meysam@nicico.com

Abstract

The Sarcheshmeh porphyry copper deposit is situated within a major dextral shear zone bounded by the Rafsanjan
and Shahr-e-Babak fault systems. Structural investigations reveal that the predominant mineralized veins, striking
20° to 40°, have developed along Riedel shears associated with the principal north-south fault system. These veins
are primarily observed within the supergene zone and upper mining levels; however, recent drill core data from
deeper levels confirm their persistence at greater depths. The mineralogical composition of these veins is highly
variable. In the supergene zone, they may consist of black oxidized pyrite, active pyrite, carbonate veins, and Fe-
Mn oxide veins. In contrast, the hypogene zone is characterized by silicic-argillic veins containing chalcopyrite
or chalcocite. Accurate identification and discrimination of these mineral phases are of critical importance for ore
grade estimation and economic modeling of the orebody.

Keywords: Structural control, Mineral veins, Supergene zone, Hypogene zone, Sarcheshmeh porphyry copper
deposit.
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Element Unit R1 R2 R3 R4 R5
As % 0.03 0.03 0.02 0.04 0.03
Cu % 0.09 0.04 0.45 0.1 1.82
Fe % 13.18 7.07 38.64 9.28 37
Mn % 1.67 0.43 0.06 0.67 <0.01
Mo % 35 14 24 10 151
Pd % 3.18 0.24 0.01 0.15 0.02
Zn % 8.01 0.64 0.01 0.32 <0.01

axlllas 0,40 slo 43903 ICP-OES ;0T s (Y) o,lets Jgo
Element / Unit Sample  Sample Sample
Compound 2650 2650 2375
Bench- Bench- Bench
west | southwest

Zn % 0.02 0.37 0.14
A" ppm 34 160 200
Sr Ppm 540 80 60
Pb % 0.01 0.05 0.05
Ni ppm 28 62 38
Mn % 1.58 0.48 0.07
Mg % 1.82 1.86 0.78
Fe % 5.9 14.04 5.6
Cu % 0.02 0.8 0.6
Cr ppm 46 54 58
Co ppm 180 40 20
Cd ppm 1 6 6
Ca % 25.78 4.48 0.99
Bi ppm 100 280 80
Ba % 0.03 0.01 0.05
As % 0.05 0.02 0.03
Al % 1.7 5.5 7.41

L

Lfb:\f) (_g)tbl.w J)_...S 9 L"’u;"ls @)9.' B |) ) ‘_;L‘b?i” ‘@L.o.,..» cb):;u G’L"’ 9 Lg)t;_'}l..» ‘_gl.boé‘.) ‘LS{‘)M Sloalive
GL“’}‘)S 6&: Agod O &3) (3% 019.4 695 Lglm d.f) GQS| ol 6‘*“’}7?‘“‘.1 CJL.» \ Jg..&? .JJ)'L.:(SQ )Lin Aoz yw (ydmo 4O

s RS igai ol ogptn g5 a1 Jgozr (al 50 45 jshailon ams oo (i | ez s (e (3 psm 095 ke 4 L YL

fyy



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

c\aa.o_v)é‘)JLan).u uMbMﬁSjKLOMOM?UJ).».’)WGPM‘YL&]L’O‘MWQ‘}MJ)JYIJLRB
Sl ol s as a3 oo Hlis b diged ) 50 b e e 0Bl b a5 10 005l98 b oaldbanST Co yu yue WlgS
O ,SLESs Yleas! 45 09 o 0030 e g (521 lade 'y 2eS R2 wgai 1o il 009 1ol b sgamme sl 10 oIS L
aisle) ool slaons 'y oe/laons] ;| Boes dged (pl el Sow g 0,105 0929 diged ;o Il sudlgn B AT ol
5 e Y)Y L 5550 5929 8l ol 5025 albol slge b ol yan anles o ol ol 5, a5 (CoslonlcassS
b i ablic aile) puitans cwlid SIS Sl pikive lis opl ol ol adl wil geose nl Ggo Wl oo
el (S9SN D98 Se

Sl (6720 YYVO 515) (3smle 5 (e YO 515) (3 ngm (095 S5, ol (slo a5 ) oS 5 anslio ¥ Jgor
il sl g e cuendST (YL Sl (Oingm 9) 2F Cp (i diged ;0 45 05 pndl Bl Gl e ol
).4.) U 9 U’Q] WS )LMLA | df) OA.HS)J 0‘9.0 u‘g,..c L (nggb la w.u..lf MLA) chu; 6“%5‘15 CLJ.C LSOMQUL.MJ
byl g 45, ol 50 522 e 0 b 05 S92 b (CamsSIS 1) e 5 (0 sloasilgns a5 ol T 51 Sl
o gas ) il b digod 10 Ko gloannST jgiam 5l 280 ol Kow sl 5, 250 e 5L Lo liee 4 dx s
03 (s Py Wiged &) Comd poaelS 0l (2l L olyes azgi b (e g o8] (YL Sl LS (s 095 50>
s sodiadylis ol (Vb Cus .ol a5l laoidlgu I S ()5 g Slge Jglaie slo daasein ) ¢Sl ) 05l o
S IS8 & a iy onl 5l eiu JBlas aS s s o 5l el Lgd (- ALY e (65 03lasl BB e ol Cu i ol

LT DI Aiged & Sl (2] (Lol 5 S piSaitz (12lS Goe (G YIVO 515) Gt 0 sed (s
4 Oinsm baezme 350 5 e ke Sblogs al el portiogll GVl CAlE 5 Vb B s e b olyen (6
YU Glaazas ol Lol yen (+ F7) o e 08 o 0l | wily S sloaS ) oiicimd S 2ol Bl oo (g
S gydye ol Sl Gl (b ol b sl 4l cengSIS sl & adgl o gSUS 5> (ool Wl e
ool S ol 55l (S 1S eall 0ile) ooy (slo SIS (5l 5 oo LS (4 piny Sl TSLLd) L3 )T
ComgSIS jga> aas oo lid bl I Sldlas 1,5 ail 4,90 o sSIS jga> 2 b g ails g ) sloaalgw 51 00
Sul |y e (parsets Jlly ol (nl g Sl G5 ngm 5l S0ome B9k g (Sadarnid | LAU (emd 095 5o asl
S e

Sl )iSle 558 J 7S 5l (Sl (B IS lo)loged pu) 5 (Slaee slacetls  p (Sie g 3L la el
Sy o fogir—,b Jled) 4,0 Fr B Y Sgansl jo oaS, LI (5,5 ol doiiz juo oo e 0 1045
JS) o)l ogir— Jles 8,5l (LS abel S5 L s o (Riedel fractures) Jos, sla SeeSs Jow b (g,
O

fYA



Ulpl gwlub U g Jwliiygls
OliwdS oBuisile - 1EolEolo pog s Mg Po

Aol po e 3l oad Sl 6la 05,0 Wigy (B IS leged (V) ojleds S

s o (Lt 1) ee b Seilatans 1odi S oloord slogUT 5l ol mli S g (oo IS gt gox S0 0
lo o5 unglys 5 CondS 5l (8 slo a5 5l (S 5 £95 I (I sSIE 03B ()5 p5m (195 K ol sl 85
Sas wily,S 6o 45, (y3mle Lidu yo 45 I )0 okt 3:5ie § ol cladenST ool sl o5, b 5 Jleb ey gl
WS35 (oo sy CawgSIE Yl b g adsl slaneilsn sl Sebj - purkon sl a5, T Gl @ g 0ad Bio
sl R 50 ke caals Jule S plsie a4 )] GRE 4 4z b a5 Cusladiged 0 Sy (Sie jpi> oenl il
SloaS ) joebo ol (S el 1095 2 (YL (Slbes Conal jl el o gSIB jlonnligy 4z 5 0nban ST O j50 4 ax
Joline Sgls 085 e (35 g (35 S5 ol laaS ) L aaS ) (pl el call 5 Gome Sl laddy o SSjelw
Jloyl 5 555k el 5 oad Jle S8 Sllos jo (mesits sllas 4 jomie Wilgiee dil 50 e Jle 5 (ool SIS
Sy ) S pae sl el e 2l bk (Rl o i sl 45T 00,5 (5550,8 5 B o 4 olge S yals
obi5el 5 5 agez 50 (L6 XRF 0iile) g po olalid sloig; (665 )50 ¢ 5eSilotianas (6,19 pigas (sladali 2 (51 2|
29,5 oo Seiday e 7S QLulid )8 canss

P g gk

ool Crany i Ciglae g dun; sedlone (e 50 GBI Cliz Ao jar (yane ygal e o e 3l gl bl
ivgas mal B 1) Guiod onl plonil S 457 (Sl gl (o ol puatpe QBT Dl dniiz jos e (ane (L2505 5
&l

o ols (o) gl S 53l JlodieSTl o —detir jas 0 1S )3 wgan 995 2 5l g paeSleS Lo NYAZ e 215 )0 -
(o gl W annsgi 5 (ST eniloSle (8 5 samsl T sl o058 (Sealinags (55 5 (S el !
(PN ol ey i psle 0aSails (oo ol oKl s3gl 2 s 50 Al

Ole)S el otz pus oo e Jlods ST 55T o509 0 (SLe )50 (sl 155 oy 2 AT AT g6 NS 0l3s (Ggmge -
Olpl golaidl gwlis s crezsl Gioles (prenids

Fva



Ulpl gwlub U g Jwliiygls
VS o Buiuila - 1ol olo o PlgPo

Sk oogi) (950 9 S92 55998990 ()
(29 olwl s lew! 168 90 axdliag )

Yo Y N \ . R \ U -
Slroe 6ol T glogoso 0,8 im0y Alaan | oy 3e T (6, A0S0
ULWJS § olKisls “a9l.c saSlzsls bngL..u O os)f -
wsgs J.u.f aLi.iJ‘é sg" ww 09; -Y
*Email: shokerimokarrameh@gmail.com

oS
Dgd g0 olol glasis | SlaSn § bojlas slao o> )0 a4 wiid (608 4 yamie wlidpw) sl Lsle Slaass | sleogss

$93° 9 S92 S5099 90 axlllas gl o aiSLd Coial 5 S9audS )5S slaysls 5l (Sl Liad g s gy agy b g
Gl oley Jsb jo Yl asdn B g olbend (s 6La>..\;i'|).é Ol Ko olhondisfs 58 Loyl 1 51 gy )l Oledbl daogss )]
Juds ¢ Slawe Gl S ooy p b 5 dios Sl (69,90 adlllas lgicds oz Lol 3 SlaassT slaogs  ipgh cpl 10 a8 o
9 325 SWyob S yallazite sy (3o g (Lo Sz 3 Tl Si8)9,8 g gy Caaliiad rhaus CL (JSB) (950 SO 5905890
iy oo loani oSG 58 Lyl ¢l il g oS3 cadgl 0,05 o5lusl g JSU AT olo lis gl Laue 5l ) (codlis ¢ SO, wcds yo
alflaz 5B lee a4 laigdss; wile ol s slo SIS g aiid ogi) (555098, 50 00isS ;S ol Julse 31 la ol o) cgz o
Sliais | g5 5l aelr (g pgmal (s OYlae ¢ yime ede il jlosliiul b Giegh cpl i oluliod bogy & 50 5

&S e

@ olelF ¢ (5950 9 o Si909tee (SlaaasT slaagss e [ olguads

External and Internal Morphology of Volcanic Geodes (Case Study:
South Khorasan Province)

Mokarrameh Shokri*!, Aziz Rahimi', Mostafa Raghimi', Mojtaba Ghara Mahmoudlou?, Hadi Omrani'
"Department of Geology, Faculty of Science, Golestan University, Iran
2 Department of Water Engineering, Gonbad Kavous University, Iran

Abstract

Volcanic geodes are unique geological structures that form within cavities of lava flows and volcanic rocks,
characterized by a hard outer shell and an interior filled with quartz, chalcedony, and amethyst crystals. Studying
the external and internal morphology of these geodes provides valuable information about the physicochemical
conditions of the host rock, geochemical processes, and the history of fluids over time. In this research, volcanic
geodes from South Khorasan were selected as a case study. Field photographs were analyzed to investigate
external morphology (shape, surface texture, shell thickness, and indentations/protrusions) and internal
morphology (concentric layers, micro- and macro-crystals, color, and transparency). Results indicate that the
primary cavity size and shape, fluid composition and concentration, physicochemical conditions, and growth rate
and direction of crystals are the main factors controlling geode morphology. Associated minerals such as zeolites
were identified as separate phases in some geodes. By integrating scientific sources (Arduin-Rode et al., 2024; Lu
& Sunagawa, 1999; Witzke, 1989; Finkelman, 1972) and domestic studies, this research provides a comprehensive
overview of volcanic geodes in the region, highlighting their applications in economic geology, environmental
interpretation and geoconservation.

Keywords: geode, volcanic geodes, external and internal morphology, South Khorasan
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How geodes and agates form

(1a~c) Geodes and agates usually begin as void spaces in sediment or
as dissolved organic remains. Evaporite minerals such as anhyerite fil
the void and expand in sediment to form a nodule.

Sj ; 6a ; ; 7a% ;
< = < = < =
— (% — e — L
: AN | S| |5
4h( 5b 6b 7b
Changes in chemistry
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precipitate aleng the Ly - % - I
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silica itates, it 4c ( 5 5¢ 6c 7e
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space is completely  can fill the void at
filled with quartz, a different times to form
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Because quartz is a hard t mineral, the agate, geode, or concretion
can be eroded from the bedrock to be found In a stream or sediment
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Introduction of the Iron-Skarn in the Dozain Region, Golestan Province

Faezeh Najmabadi'!, Hadi Omrani*?, Gholam Hossein Shamanian?

! Master of Science, Department of Geology, Faculty of Science, Golestan University
2 Associate Professor, Department of Geology, Faculty of Science, Golestan University

Abstract

Within the Dozain area, located approximately 40 km southeast of Minudasht in Golestan Province, an igneous
dike with a thickness of about two meters crops out adjacent to carbonate/sandstone units. Mineralization has
developed at the contact between the dike and the carbonate/sandstone host rocks. Microscopic studies indicate
that the dike is basaltic in composition and consists of plagioclase, pyroxene, iddingsitized olivine, and
titanomagnetite. Petrographic investigations further reveal that the basaltic dike has undergone alteration. The
alteration assemblage includes chlorite, sericite, pumpellyite, and hematite. In the mineralized zone (ore bodies),
magnetite is the principal ore mineral, while calcite and quartz constitute the gangue minerals. Other accessory
minerals such as pyrite and barite are also observed within the mineralized section. The combined field
observations and laboratory studies indicate the formation of a skarn system in this area.

Due to the dense vegetation cover, an accurate evaluation of the extent of magnetite mineralization is challenging.
Nevertheless, given the limited and dike-like nature of the magmatic intrusion, it is probable that the magnetite
mineralization in this region is confined in scope.

Keywords: Basaltic dike, Mineralogy, Magnetite Mineralization, Skarn
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Introduction of the Shahkuh lamprophyric/carbonatitic units, Golestan
Province

Hadi Omrani*!, Martin Timmerman?, Masafumi Sudo?, Christina Giinter?, Aziz Rahimi!, Mehrdad Maghsudlu!

! Department of Geology, Faculty of Science, Golestan University
2 Institute of Geosciences, Golm, University of Potsdam, Germany

Abstract

The Shahkuh lamprophyric - carbonatitic sills in Golestan Province are emplaced within the marly
and carbonate strata of the Jurassic Shemshak Formation. Petrographically, these sills consist of olivine,
biotite, alkali feldspar, carbonate minerals, £pyroxene, spinel, pyrite, analcime, and chlorite. Biotite
crystals commonly exhibit rimward zoning, reflecting magmatic or late-stage compositional evolution.
Field relationships suggest that the parental magma was most likely of sannaitic (alkaline lamprophyre)
affinity. Interaction between this magma and the surrounding marly, shaly, and carbonate host rocks
likely promoted carbonatitic enrichment and the formation of carbonatitic bodies in the study area.
Considering that these intrusions cut Jurassic strata, their emplacement is plausibly related to
Cretaceous or younger magmatic activity. Cretaceous magmatism has been widely documented along
the Alborz Mountain belt from west to east.

Keywords: lamprophyric/carbonatitic sills, Mineralogy, Shahkuh
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