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Young terraces and alluvial plains. Dashi
(N terraces and gravel fans, e —
Sandstone argillaceous, limestone and marl, ———
A Conglomerse. — aeaa
Limcstone and marly limestone ((Qom Formation).
- |

Marl, intercalstion of thin bedded limestone,

Limestone, dolomitic and nummulitie limestone, dolomite,
sllicified dolomite, (Ej) Jabrum Formation.
Marl, dark red intercalations of limestone, conglomerate,

Limestone, marl { Manstrichtian).
Girey limestone with orbitolina, (Barremian-Censmanian).

Marl, bituminous shale, Bmestone, Kazhdumi Formation.

Calc shale, marly limestone, sandstone,

Siltstone, calcarcous shale, with detritic limestone and tuff

(Upper Jurassic-Lower most of Crefaceons).

Cobloured melange (CM) in general (peridotite, serpentinite, Interite)
Radiolarites, red shale, red Cherts

Thrust fanlt

Major faule
Main road asphalt

Muotorable track

Village

Bl bl ey VYO ver aids ol 5) asdlas 050 4mb 5l oaliool cwlidpe) adss ¥ S

(&5 Sl L Hoshmandzade and Sohili, 1990 51 ,.Lz3l)
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Kp10: Olivine + pyroxene (diopsid) + Amphibole

Kp 18: Serpentine (lizardite, antigorite)

Intenaity

Kpl17: Serpentine (lizardite, antigorite) +
albite+ pyroxenc (enstatite)

inbansily

ObsS addllas 5,90 slo s XRD iomews slologes O JSo

(bl (oogilBlloe iy (bl oS (SSke)
Slyss obaw Jloged ;o 5 (Dana, 1985) w5 o 1,8
Ca0-ALO,-MgO (Coleman, 1977) Lol , _sle
S bl gl S gladiges S8 (gl a5
LN SBle sl £95 51 (LS sladiges 09,0
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«(Zhihong and Huafu, 1998) FeO /(FeO+MgO)
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(&-F JSe) wilas 5018

1. Mid-Atlantic Ridge (MAR)
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adlhas 550 GloSiw oloond (gi03; jolaieds

e 33 810, 0 piiegs (ga—u0) sayloges 51 ke
(Middlemost, 1994) QJliﬂ ol Sgamma Jig doyd
4% ool Wl R1-R, (De la Roche et al., 1980) 4
«(Na,0+K,0) —j5 2oy blas jo SiO, jlog—os jo
B SgdngplS 5 9nl5 4l 53 (o) 3)90 (sladiged
ooy ;3 RiR, jloged 1o 5 (A7 JS8) 93,5 o0
JS8) 8500 )18 3k B8 e Sow 5 Cuygimg )8
S slosigas o(o-F JS5) AFM Jagai 5 (-
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De la Roche) R,-R, 1503 (o «(Middlemost, 1994) JISI jolic £ gazme Sig duoyd Jslie 10 SI0, 6 pxiogs logei (il .5 S

eSSlee :MAR 5,5 o 518 oLl 65 398 slaciw 4l 10 4l 65, » (3bsS (sladiges a5 AFM Slages (o «(etal., 1980

saises a5 (Coleman, 1977) CaO-ALO,-MgO baw ,loges (& «Dana (1985) 31 Gulbol —wgildlylos &2y olboand oS5

Zhihong and) FeO'/(FeO'+MgO) |, ;5 TiO, &l s j1o505 (& i S 0 18 ouislil Sblo gl 4l 1o )] 555 1 ,bsS
(Huafu, 1998
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-V JS—& ,o .(Hugh et al., 1993) asils oo 25,3
oS o g a5 e S sl
robie 5l (Sab Gloges cnl 0 sS4l Jlaass]
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HRRE b MREE ol ;5 mh e 555 sl ccly

R PR W

Spider phat - REE Chondrite (Nakamura, 1974) I—'

Ls Ce Pr %4 Pm Sm Fu Gd T Dy He Er Tm Yb Lu
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.(Kamber et al., 2002) c—wl slo, B 4w L LSo
5l s s il U 5Ll ol 51 St
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Spider plat - Primitive Manthe (Sun and McDonsugh, 1989 w1

| B TR N A TN TR (N N N T [ R SO T M T T TN O I S |
Cy RhBaTh U 5b K Lo Ce P Pr S P Nd ZrSm Fu T Dy ¥ Vb La

adgl S (0 euyoiS () ol b oo g (ybsS andllas o0 (slocKins laS jolis sla logas .V IS5

slodises «Ca+Na (Leterrier et al., 1982) | ol
SIS 5 22155 sl o 075 3 e 3,5
GBS gy Oized (A JS2) wig b o0 @By
Gl ey g oai 2 Sijla e o)
S8 35,05 o 13 (SIS 5 2 2155) ST
P TIO, jlagas o 5 Ti oS (glyizes a5 azgs Lo g (-
JS5) aps e Lt |y JISIISUS 05 (ALO, i,
il 53 AIVFI00 6, o g olslyy (-3
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Llasie o) sleSle sloanleS b el i sy,
S0 Gyl 5l (@l ISl wims o s 1 (ilys
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S (o
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25b fge )3 slacSinn LSs byl yd g cuale el
(bt oS oSl gl «(Zhou et al., 1997)
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Sl S 53 39250 (puS g gdS S (cond oS5
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5 (G JS5) ot Sl 2555 5 25,05 013
§ S 00 50 iy WO-En-Fs sliss jloged jo
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Ll g (6,5 a5 o2

b8l oS laoe b o o banoe oy pogindS 1l
s oo Lz 1) (sl 3l8) Sledast LSl

Wollastonite
CaSi0,

Angiir subcakcic 1}
fe=, /'“.:,.":M :
L..-I“'fw—"f Hy pervibcas Frrrobyperithens Wiy
Fnstarite “ Ferrosilite
Mg, Sidly Fe S0,

o ey Larome S 50 adlllan g0 slo S g mgidS
F1 ,log05 40 g (o) JS0) 05,5, o 1,8 Sladasl LS
55 «(Nisbet & Pearce, 1977) (&-\e ) F, ply po
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Q102 waih
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L
= LOE B Q=2
+
4] QH=15
]
o 0s D Q=08
C
0.
0,5 I.ﬁ 0
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dio ylogei (o «(Morimoto et al., 1988) J plys 1o Q jloges (! 5l ooliswl b axlllas 3 50 (olo S g ym (givaids (A S
Alnd Cajgl-dnggs £ 3 dnlllas 8550 (slo 1Sy 0 22 oo yLiS «(Morimoto et al., 1988) Enstatite-Wollstonite-Ferrosilite

56 .16 -
(o) |_ AT
014
2
,g 012
Subalkaline@ ‘ 0.10
3 52 (Tholeiite & Calc-alkaline) 3 [
5 & .08
& 5 / = o.0sk
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ALy iwita) Ca+Na(apfu)
2.0 Tl
1.5¢ Alkali hasalt
g v
Z 10}
g Tholedite
0.sb ‘
- .Elt-d“ﬂ“t series
005 i 1 i s
ALDyiwi%)

«(Leterrieretal., 1982) Ca+Na Lo ;o Ti o gos (I 1S gy 5 oy olislys anlllas 550 slodigad sloSTlo (g pm ymss .4 SIS
rdisei 35 Blaie cnasylas «(Le Bass 1962) ALO, ,ly ,o TiO, jlages (o «(Le Bas, 1962) ALO, ,l, jo SiO, Jlsges (&

»w



o) bl (bl Cgin < boS an (o3b (398 s (SIS ond g (comd o)
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1. near Regression (LR)
2. Simple Linear Regression (SLR)
3. Multiple Linear Regression (MLR)
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1. Random forest

2. Gradient boosting regressor
3. Support vector regressor

4. Kernel

5. K neighbors regressor

6. MLP Regressor
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2. Mean squared error (MSE)
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Local Outlier Factor

Standard Deviation Filter
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1. Generalization
2. Overfitting
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1. Paleoclimatology

2. Sporomorph EcoGroups: SEGs
3. palacocommunity

4. Sporomorphs
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4. wetter

S. drier
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Spore/pollen genera Ecological type

Converrucosisporites

Dictyophyllidites

Kyrtomisporis

Lophotriletes

Podocarpidites

Punctatisporites

Quadraeculina

wetter/warmer

Classopollis

Cycadopites

Deltoidospora

Gleicheniidites

warmer/drier

Striatella

warmer/wetter

Cerebropollenites

Ovalipollis

drier/warmer

Aratrisporites

drier/cooler

Chasmatosporites

cooler/drier

Araucariacites

Callialasporites

cooler

Guttatisporites

wetter

Ricciisporites

warmer
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1. Warmer/Cooler
2. Drier/Wetterl.
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Couper, 1960; Dettmann, 1963,1986,1994;
Médler, 1964; Stanley et al., 1969; Pocock, 1970;
Harris, 1974; Filatoff, 1975; Filatoff and Price,
1988; de Jersey and Raine, 1990; Vakhrameev,
1991; Dettmann and Clifford, 1992; Boulter and
Windle, 1993; Balme, 1995; Batten and Dutta,
1997; Hubbard and Boulter, 1997; Abbink, 1998;
McKellar, 1998; Sajjadi and Playford, 2002.;
Roghi, 2004; Barrén et al., 2006; Larsson, 2009;
Mander et al., 2012.
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Spores Botanical affiliation

Annulispora Bryophyta (Sphagnaceae)
Apiculatisporis Pterophyta (Dipteridaceae)
Aratrisporites Lycophyta
Converrucosisporites Pterophyta (Dicksoniaceae)
Deltoidospora Pterophyta (Cyatheaceae, Dipteridaceae, Dicksoniaceae)
Densoisporites Lycophyta
Dictyophyilidites Pterophyta (Dipteridaceae, Dicksoniaceae, Cyatheaceae, Matoniaceae)
Foveogleicheniidites Pterophyta (Dipteridaceae, Dicksoniaceae, Cyatheaceae, Matoniaceae)
Foveosporites Lycophyta (Lycopodium)
Gleicheniidites Pterophyta (Gleicheniaceae)
Guttatisporites Lycophyta (Lycopodiaceae)
Kyrtomisporis Pterophyta (Gleicheniaceae)
Limbosporites Lycophyta
Lophotriletes Pterophyta?
Punctatisporites Pterophyta (Osmundaceae)
Retitriletes Lycophyta
Rugulatisporites Pterophyta (Osmundaceae)
Stereisporites Bryophyta (Sphagnaceae)
Striatella Pterophyta (Pteridaceae)
Toripustulatisporites Pterophyta
Verrucosisporites Pterophyta (Osmundaceae)

Pollen grains Botanical affinity

Alisporites Pteridospermophyta (Corystospermaceae)
Araucariacites Coniferophyta (Araucariaceae)
Callialasporites Coniferophyta (Araucariaceae)

Cerebropollenites Coniferophyta
Chasmatosporites Cycadophyta (Bennettitales)
Chordasporites Coniferophyta
Classopollis Coniferophyta (Cheirolepidiaceae)
Cycadopites Cycadophyta/ Pteridospermophyta (Peltaspermaceae)/Ginkgophyta
Falcisporites Ginkgophyta
Guthoerlisporites Lycophyta (Lycopodiaceae)
Indusisporites Coniferophyta (Podocarpaceae, pinaceae?)

Ovalipollis Cycadophyta /Coniferophyta?
Podocarpidites Coniferophyta (Podocarpaceae)
Quadraeculina Coniferophyta (Podocarpaceae)
Ricciisporites Cycadophyta (Bennettitales)

Striatisaccus Coniferophyta

V9
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1. Schizaeceae

2. Osmundaceae
3. Dipteridaceae
4. Marattiaceae
5. Dicksoniaceae
6.Cyatheceae

7. Gleicheniaceae
8. Matoniaceae
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1. in situ

2. colpus

3. sexine

4. nexine

5. Pinatae

6. end-Permian extinction (EPE)
7. end-Triassic extinction (ETE)
8. Flore
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Plate 1

L

13
Plate 1: 1-Kyrtomisporis laevigatus Madler, 1964; proximal focus. 2- Gleicheniidites senonicus Ross emend. Skarby, 1964;
proximal focus. 3- Dictyophyllidites mortonii (de Jersey) Playford & Dettmann, 1965; proximal focus. 4- Foveogleicheniidites
atavus Raine in de Jersey & Raine 1990; proximal focus. 5- Foveosporites moretonensis de Jersey, 1964; proximal focus.
6- Converrucosisporites rewanensis de Jersey,1970; median focus. 7- Converrucosisporites cameronii (de Jersey) Playford
& Dettmann, 1965; proximal focus. 8- Lophotriletes bauhiniae de Jersey & Hamilton, 1967; proximal focus. 9- Striatella
seebergensis Madler, 1964; distal focus. 10- Rugulatisporites permixtus Playford in Playford, Rigby and Archibald ,1982;
proximal focus. 11- Annulispora sp. cf. A. folliculosa (Rogalska) de Jersey, 1959; proximal focus. 12- Limbosporites
antiquus (de Jersey) de Jersey and Raine, 1990; proximal focus. 13- Densoisporites velatus Weyland & Krieger emend.

Krasnova, 1961; proximal focus. 14- Toripustulatisporites hokonuiensis de Jersey 1990; proximal focus. 15- Apiculatisporis
cf. celematisi de Jersey, 1998; median focus.
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Plate 2

13

Plate 2: 1- Verrucosisporites sp. cf. V. carnarvonensis de Jersey & Hamilton, 1967; proximal focus. 2- Aratrisporites spp.;
proximal focus. 3- Ovalipollis ovalis Krutzsch, 1955; distal focus. 4- Alisporites grandis (Cookson) Dettmann, 1963;
distal focus. 5- Falcisporites nuthallensis (Clarke) Balme, 1970; distal focus. 6- Striatisaccus novimundi (Jansonius) de
Jersey, 1968; distal focus. 7- Araucariacites australis Cookson, 1947. 8- Callialasporites dampieri (Balme) Sukh Dev 1961.
9- Guthoerlisporites canceulus Playford and Dettmann, 1965. 10- Cycadopites crassimarginis (de Jersey) de Jersey, 1964;
distal focus. 11- Chasmatosporites apertus Nilsson, 1958; distal focus. 12- Ricciisporites tuberculatus Lundblad, 1954; in
tetrad. 13- Algal spores. 14- Fungal spores; 15- Plant tissue.
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- Abbink, O.A., 1998. Palynological inves-
tigations in the Jurassic of the North Sea region.
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Abstract

The studied area is located in the high Zagros zone and it is considered a part of
the Neyriz ophiolite. In this area, the ophiolitic complex is small colored melanges
including radiolarite cherts and serpentinized ultrabasic rocks. The main lithological
unit is serpentinized ultrabasic rocks, which have a variety of colors from dark to
light brown and dark to light green. These ultrabasic rocks are composed of olivine,
pyroxene, amphibole, opaque minerals, serpentine and spinel. Olivines are highly
altered to serpentine and pyroxenes to bastite. Based on whole rock chemistry, the
studied rocks are basic and ultrabasic cumulates type (lherzolite-harzburgite) with a
composition close to the average composition of the mid-ocean ridge basalt (MAR).
Based on mineral chemistry, pyroxenes are calcic type and in the range of diopside and
augite, and amphiboles are calcic and actinolite type. Pyroxenes were crystallized under
conditions of low oxygen fugacity, temperatures higher than 910 °C (1100-1200 °C)
and pressure more than 2 kbar (2 to 10 kbar). Amphiboles were crystallized at a
temperature below 700 °C and a pressure less than 1 kbar. Based on the geochemical
characteristics and mineral chemistry, the ultrabasic rocks in the Koopan area were
formed in a subduction zone.

Keywords: Ophiolite, Bavanat, High Zagros, Subduction, Ultrabasic rocks.
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Abstract

Machine learning methods are widely used today to estimate petrophysical data. In
this study, an attempt has been made to calculate shear sonic log (DTS) from other
petrophysical data using machine learning methods and compare it with the sonic data
obtained from the core. For this purpose, computational methods such as Standard
Deviation, Isolation Forest, Min. Covariance, and Outlier Factors were used to
normalize the data and were compared. Given the amount of missing data and box plots,
the Standard Deviation method was selected for normalization. The machine learning
methodsused include Random Forest, Multiple Regression, Boosted Regression, Support
Vector Regression, K-Nearest Neighbor, and MLP Regressor. Multiple regression had
the lowest evaluation index (R>=0.94), while Random Forest regression had the highest
correlation between the estimated shear sonic log and the original shear sonic log with
an evaluation index of 0.98. Therefore, Random Forest regression was used for the final
estimation, and to prevent data generalization or overfitting, the GridSearchCV function
was used to calculate optimal hyperparameters and final estimation. The estimated sonic
log showed a very high similarity with the core data.

Keywords: Python, Estimation, Shear sonic log, Machine learning.
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Abstract

Lakhshak deposit is located in the southwestern part of the Sistan Suture zone and 28 km
northwest of Zahedan. The exposed rock units include granitoid intrusion and dacite-
rhyolite dykes with Oligocene age and calc schist and quartz schist with Eocene age,
they were all metamorphosed to the green schist facies. This complex was deformed
under the influence of a shear zone with a northeast-southwest trend. The composition
of intrusive masses are determined in the range of granodiorite based on lithological
charts. Based on petrographic studies, the minerals that make up the intrusive masses
include quartz, alkali feldspar, plagioclase, biotite, sericite, muscovite, iron oxides
and calcite. Among the most important types of alteration, we can mention sericite,
sulfide, siliceous and carbonate alterations. Analysis of the distribution patterns of rare
earth elements in the shear zone samples shows the enrichment of REE in the central
parts of the shear zone (severe degrees of alteration and deformation) compared to
the foot wall and hanging wall units (weak degrees of alteration and deformation) of
the shear zone. The distribution pattern of these elements includes the enrichment of
LREE compared to HREE, which can be attributed to regional metamorphism at the
green schist facies and the circulation of CO, and SO,* bearing fluids in the Lakhshak
shear zone. In addition, the presence of positive and negative Eu anomalies in the shear
zone indicates two different stages of alteration. Weak to moderate alteration which led
to the creation of positive Eu anomaly and advanced alteration which caused severe

decomposition of plagioclase as the main source of Eu and negative Eu anomaly.

Keywords: Eu anomaly, Shear zone, Rare earth elements, Lakhshak.
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Abstract

The subduction and closure of the vast Neo-Tethys ocean between the Arabian and
Eurasian plates has left numerous ophiolitic traces and the unique position of Iran in its
central part is noticeable. The lack of information, right on the border of Iran with Iraq
and Turkey, due to security considerations, has so far prevented the overview of this
suture zone in the northwestern border of Iran. Adding Gysian ophiolite in southern
Urmia as a missing link in this stretch can partially cover this lack of information. A
comparative study of whole rock chemistry of serpentinites in the central part of the
Neo-Tethys ophiolites, considering several sectors from Iran (Kamyaran, Marivan and
Gysian), Iraq (Penjwin and Mawat) and Turkey (Guleman and Osmanie) in this article,
indicates that they belong to subducted serpentinites, whether they were originally
formed in the fore-arc environment or the at abyssal oceanic environment. Composition
of the serpentinites of the central part of the suture zone is similar to the average global
serpentinites which have mostly lizardite/chrysotile. All of them show depletion of Mg
resulted from sea floor alteration during serpentinization. The mentioned point may
be caused to data deviation from abyssal peridotites field. Considering the latter point,
the transition metals contents confirmed the above setting. Almost all of the studied
serpentinites are from subducted type which indicates refertilization of LILE evidences
as a result of rock/fluid interaction through serpentinization.

Keywords: Ophiolite, Peridotite, Subduction, Serpentinite, Neo-Tethys.
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Abstract

Andesitic-dacitic subvolcanic domes of Nudeh Enghelab and Kuh Kamartang are
located in the northern domains of the Sabzevar ophiolitic belt, and in the northeastern
part of the Central Iran structural zone. Geochemically, the studied rocks exhibit a
metaluminous, calc-alkaline to high k-calc-alkaline nature, and are enriched in LILE
and LREE and depleted in HFSE, HREE and negative anomaly in TNT elements, and
have formed in an environment related to subduction zone. With attention to their other
geochemical characteristics, such as silica content (SiO>61wt%), Al,O,>15wt%,
MgO<2.2wt%, Na,0>3.3wt%, Sr/Y>24, La/Yb>8, we can classify these rocks as high
silica adakites. The petrographical, geochemical and isotopic ((*’Sr/**Sr) i=0.7047-
0.7045, ENdi=6.02-6.10) characteristics represent that the studied high silica adakites
were originated from partial melting of subducted oceanic slab of Neo-Tethys (Sabzevar
sea/ocean sub-branch) under the Turan plate in amphibolite to garnet amphibolite
facies. The rsulted adakitic magma shows very little assimilation and contamination
with continental crust during the ascending to high levels.

Keywords: Andesite, Dacite, High-silica adakites, Sr-Nd isotopes, Subduction.
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Abstract

To reconstruct paleoclimate and paleoenvironmental condition of Nayband Formation,
Sporomorph EcoGroups data and the relevant plant communities are considered as a
possible routine to draw palacoecological inferences for their host strata. Occurrence of
highly abundant and diverse miospores in the Qadir Member (Nayband Formation), from
the exploratory well no. 954 (Exploratory Area of Parvadeh 4), south of Tabas, central
Iran allows for this method to be used to obtain certain palaecoecological implications.
By classifying spores and pollens (sporomorphs) in Sporomorph EcoGroups (SEGs),
all six plant ecogroups (including plants adapted to highlands, lowlands, rivers, pioneer,
coastal areas, and tidally-influenced areas) were identified in examined material. The
high ratio of warmer/cooler sporomorphs and the low ratio of drier/wetter sporomorphs
suggests deposition under a warm and humid climate during the Late Triassic in the
south of Tabas. From the investigation of miospore parent plants, it was approved
that, in descending order, pteridophyta (44%), cycadophyta (34%), coniferophyta
(9%), lycophyta (8%), pteridospermophytes (2%), ginkgophytes (2%) and bryophyta
(1%) comprised the vegetation of the studied formation. Notable abundance of fern
spores (Kyrtomisporis and Foveogleicheniidites) and cycads pollen (Ovalipollis and
Ricciisporites) in the studied palynofloras indicate the predominance of warm to semi-
warm climate with high humidity. Paleogeographic position of Iran during the Late
Triassic in the southern active margin of Eurasia (Turan Plate) tends to support this
palaeoclimate generalization.

Keywords: Palacoclimate, Sporomorph EcoGroups: SEGs, Late Triassic, Nayband
Formation (Qadir Member), Tabas.
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