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Late Cretaceous Alkali Basalts of Talesh Area: Implication
for Tectonic Evolution of Continental Margin in Southern
Eurasia (Western Alborz)
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Amir Ali Tabbakh Shabani
Faculty of Earth Sciences, Geochemistry Department, Kharazmi University
Abstract

Talesh alkali basalts (TAB), accompanied by Upper Cretaceous sedimentary units, are exposed in
the western Alborz (North of Iran). Clinopyroxene, plagioclase, + alkali feldspar are the main
minerals in these rocks. The geochemical characters such as high contents of TiO, (1.68-2.96 wt.%),
K,O+Na,O (3.09-9.06 wt.%), and high ratios of (La/Yb)y (9.3-23.4), and Nb/Y>1(1.51-3.9), are
consistent with their alkaline composition. In the primitive mantle-normalized multi-elements
diagram, these rocks show enrichment of all incompatible elements that are similar to intraplate
basalts or oceanic island basalts (OIB). The trace element ratios such as Zr/Y (5.52-10.80), Ta/Yb
(1.12-2.65), Th/Yb (1.80-5.81), and Ti/Y (418-753) plot within the range of the alkali within plate
basalt. Therefore, the Talesh area in the western Alborz recorded an intra-continental volcanic activity

std_kh.amani@khu.ac.ir =~ Jgbouso ousums g5


https://gnf.khu.ac.ir/search.php?slc_lang=en&sid=1&auth=Amani
https://gnf.khu.ac.ir/search.php?slc_lang=en&sid=1&auth=Amani
https://gnf.khu.ac.ir/search.php?slc_lang=en&sid=1&auth=Amini
https://gnf.khu.ac.ir/search.php?slc_lang=en&sid=1&auth=Tabbakh+Shabani
https://gnf.khu.ac.ir/article-1-2783-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-28 ]

S35 e pele Vel g e ) 8)les Vol A&
(o3)ls> olRsils ple 4 25)
during the Late Cretaceous. This magmatism was generated by a low degree of partial melting (3-7%)
of an EMlII-enriched asthenospheric mantle source of garnet lherzolite facies. The presence of the
high-Ti alkali basalts in Talesh and other parts of western and central Alborz (such as southern
Lahijan and Marzanabad) to Georgia could be interpreted by the forming of a rift system along the
southern margin of Eurasia from the Lesser Caucasus to the central Alborz during the Late
Cretaceous.

Keywords: Alkali basalt, Late Cretaceous, Within plate, Talesh, Western Alborz, Eurasia
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Figure 1. Simplified geological map of study area (Clark et al., 1977)
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Figure 2. Field characters of Upper Cretaceous volcano-sedimentary rocks in the eastern flank of the
Talesh mountain range, a) The sequence of conglomerate, limestone, and lava flow, b) The fossiliferous
thin-layer limestone with Late Cretaceous age in western Talesh, ¢) The outcrop of lava flow and shale,

d) Dikes injected in the volcanoclastic deposit
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Figure 3. Microscopic features of basaltic samples from the Talesh area, a) An euhedral phenocryst of
clinopyroxene with plagioclase inclusion (XPL), b) Microphenocrysts of plagioclase forming a
glomeroporphyritic texture (XPL), c¢) Plagioclase phenocrysts set in an intergranular groundmass (XPL),
d) Microliths of plagioclase along with fine-grained interstitial clinopyroxene in the matrix of basaltic
samples (XPL), e) Fresh clinopyroxene aggregates in the matrix of basaltic rocks (XPL), f) spherulitic

growth of clinopyroxene as well as secondary amphiboles as the alteration product of clinopyroxene
(PPL).
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Mg#= MgO*100/(MgO+FeOr) [ilb ailate sladiges jo wlaS g Lol polic 35,05 Jgio
Table.1 Major and trace element concentrations of the Talesh samples.
Mg#= MgO*100/(MgO+FeO7)

sample AT- AT- AT- AT- AT- AT- AT- AT- AT - AT- AT- AT-
45 8 53 6 47 54 25 52 162 157 11 156
rock ba ba ba ba ba ba ba ba ba ba ba ba
Type dike lava dike lava lava lava dike lava lava dike lava dike
Labs. ETH Nagoya
Major oxides (wt.%)
SiO, feIv YN fy Y/ Yo/ o-/4 Yy YA fy \tZAi f7IY To/A
TiO, Y/va YIFY YIFY Y0 A4 \lizd YIVY YIVY Yo YIAY A\IR¥4 AIANd
Al,O4 AAAY 210 \o/F \2IY \o/F Yo \idid \YIY \o/f VFIA \YIY \VYIA
Fe,03 \/FY VoY \/£Y V/of \Vig VYN \/FO /0 \IFY /00 \IYY \IFE
FeO /Ay AR ARYIN \RAS A\RA A& Uy /3A U/fA \o/f RYAV4 a/7y
MnO -N\Y RAtd A AR <IYY <\Y <IV¥ <IV¥ QAR <IV¥ <I\YA <IYY
MgO INi2d f/0 NI #INY FIFA Y o/t [Niad (NI [ARs Y/ay YIvY
Ca0 YN ARIA \Rlid AAF VV/A OIAD /ff AUAF AR YIN® OIAY YIvY
Na,O YIvY Y/a0 Yy Y/a8 Y7y Y0 Y/IVE YIAF YIVY YIAN \1ds Y/
K,0 <IAY AN Y/ YIYD ATANS OIAY Y- YIY V/QY V/f4 YIve YAy
P,0s <IYY < IVA - Iva < IOA <104 <IVY i <IV <IV <100 <IA$ NG
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Lol vIta \ilzd YYS O FIYY YIVa AR ONE oY | FAY  fNA \IAd \lzd
Total Ve a4 ANV aay (R a9/ A V.Y aAf aa/f a9 aary
Mg# OAN \RAS Yoy YAIF fa/¢ \2dh) \idld \aZAs fVIv TFIA Y/ YYIY
Trace elements (ppm)

Zn af/ \YY VoA W\ F BB VoA V0 VYA Vo7 VYA BB V7
Cu 4 Ve Ad Y\ yy/f Yo ARTA YAIA by YAIY YY/¥ VY
Sc fria \YIY YY/IO V4/0 YY/¥ Y a/f \RIAY VI \# A o/fY
Ga Y-y Y#If Y-y v/ AR Y/ YYIY YYIY Y\Y Y\Y YV ARYA
Ni a4/ Yany Yo/ VA INZ7A YIA AA7AN Yy fYIA YA/D Y VY
Co feIv Aa7Al \aZAs 0 YA YAIY f-IA fYIA YA va Yo YY
Cr \ia1 n.d. Y- \IY \YIY n.d. n.d. n.d. vy Y Y ¥
\% Y- v\ Y- Y.y ¥4 4 Yvy YA YvY YOA MId /Y
Ba Yve Yoo & \idd Yy VOAF \ALd YYA YA YAD \Fafg Al
Pb INVAY oo INTAY OAID £f/0 [N4AS oV fYIf Y/AQ AYAYd Yo f/fa
Rb VEN Yo/ \avid [\ YAIY \Y. f2IY \a7A1 v/t AR7AY YYIY #YIf
Sr Yy Ny AYAQ 14 Oy - 7a¥ YA¥ Ya. OAY YA - YEA
Y Va/f Yo/A Yy Yf Y¥I# AR7AY Yo/b AR YY/f Yol Y&IR YAID
Zr V¥ AR ¥ VAP \4y A4 YO Yy Y YY# Yy Y Yfa Y#a
Nb Ya/r v/ [RYAY a5 YN Y AY INZA Yol YA v/ \R¥4
La \AVid 70 INVA fYIA \idAs Y- /b [N BO/A 69/4 fy \A1 \al
Ce EIY A a0/4 avy ) \YY Vo7 VoA Ve9q AY/¥ \YY g
Pr [VAS \Y/A \o/f ARIIN RIS Y ARTAY Y ARIA /%y Y0 VEIY
Nd YY/IVY fA Ya/f AEYAS Yan fv £f/f eIy \avAl YVIo fay oYY
Sm A AND Yiog YIAY YIAY YIAY YIVA AT \lAtd \AR AIYO INied
Eu VYO Y/fY AR Y/SA YIYY \Ai4 YoV Y/O) YIvY YIYO YIve YIv
Gd \Ald YIvY FIVY 44 AR FIAA FINY YTy FIVA 2IfY 7IFY YIOA
Th <IV¥ - /aY AR < INY AN <IA¥ AN <IN <IN AN /Ay QA4
Dy ¥ [WAtd fIvY ol-F VR fIvo OIfY VAR o/ ong VAN OIAY
Ho AN - /aY QN < IO VY QN LIAVN V% -/¥ /34 \ VA
Er V/A¥ Y064 YIYO Y/fY YIFY YIXYY A4 Y/#N Y/f\ Y/fY Y/ YNY
™ <IYY < IYY <IYA Any <Yy Avd - IYY <IYA LAY AN AN -/f¥
Yb AV YIYY /A V/AA YIvE YIXYY YNY YIvE Y Y/-0 AAR Y/#Y
Lu <IYY -IvY <IV¥ <IYY .Y <IvF - IYY QAN <IYY <IYA Any </fY
Hf APARY vy Y/aN f/va fIAY OIFA f/04 fIA OIYA OIfY [NRN ZIVA
Ta V/AY VAR YIvy YIAY ArAtd AR VAN INATN fIAD YIfY OINE FIVA
Th Y AR A1 YIfY YIva VV/A A\ ARIAS RYN4 #IVA \Y/A \-17
U - 10% Y/Y V/FY V/AA /A Y70 MAR \Aid \Ald VO Y/ay AARS
Nb/Y V0N Y64 Y/Fa \1A YIVY Y/a \vAR APARY AVAR Y/Y YIfo YIv
zZrY NI\ AOR H/AaY YIVE Yiva Ve/q N¥Y AIYA ARIA AT UYL a/ff
TilY YA 70 voy 7OV Y7 A ZAD 441 ZAA 79 fAA OVY
ZrTi </ LYER o[\ o[\ LA RN [+ [+ [+ [+ o[-y o[-y
(La/Sm) y Y04 VAT 0¥ YAt YIAY BIYA A\t /vy ONA YIv [Nias IWARY
(Sm/Yb) n Y/aa Y/aa \iled A7AR Y/IAQ YIVA f/-0 ARAYA A7AM A4 1o Yigv
(La/Yb) n \RAS Y-/ \AIA! Y/ VF/4 YV/Q YAIY WA Y/ VO YY/f Va/f

n. d: not detected
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Figure 4. a) The Zr/Ti versus Nb/Y diagram for the classification of Talesh volcanic rocks (Pearce,
1996). Primitive-mantle, b) and Chondrite, ¢) -normalized multi-element diagrams for Talesh volcanic
rocks. Primitive mantle, chondrite, OIB, and N-MORB values are from (Sun and McDonough, 1989).
Data of Mariana arc basalts are from (Pearce et al., 2005).

Pearce, ) s 5Ll 5L sloclie Lol slo SIS o HFSE 4 LILE slaog 3 joblic iSTaSl> o 5
SB ol olie 565l g g paicaiz slajlogas 15 sul sdaline slo Sab 8 5l s a5 Col aads (1996
28,5y g BT Ly isks sl e dlsiee ) (05 o F S sadbuina,
oaile Bl e 53 JIS5Lal olic 35505 wslatgy (VT (I3l Uy (i i jsks wald S s b a5 &y
D adgl sleSlo sloardsss sla Sig 5l (6 ke slits] el ailys o o8 i ol slaail .ol o Lol
8 5L 568 Wl alis [, a5 6 5Ll polic slacans g5, banl,s opl 4> 31 .(Pfander et al., 2012)
laohie alive 355 5 saals Hlgicds wad lunay SB ol jolic Gl cuds Slaes ( Yaiul pren b g cul
shls b dilie sladiges «o F JSs 4o (RoOIlINSON, 2014) 05s oo olaeds &5 jols anl,d Il
el el (5 5k a8 (6138 1 5 laiges S5 bl e o wis poline 5 (5550 Lo slagS
leordsls Slaogas p lanld ool p3b cl 0¥ (ciduosd 5 Olie mie Sla Sy 3y50 0 Con 5l J3
g o)y Bdiges
Slaiwgy YT g (45 el )

ools Ligled MO# 1l 50 85l polic slacans § oleS pobie o Lol slaanST 5 ol pwis & JS5 o
Ni b dasly o508 polie ol Sab 45 Lol Ca0 5 FE05 Lol slharsST _ials aig, .ol ool


https://gnf.khu.ac.ir/article-1-2783-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-28 ]

F4 (2 5D gl i (sl s il S5 N sy G Bl g a8 ST Sl

S s easilS 5 rselsl ohgr o seiem (pal Sl j5l 4 by o (MG# 22lS) (32,85 (il L Cr 5 CoO
e 51 ALO3 e0isS 5,5 56 o 5 ol M5 SIS (L slaledle 1o (7 o« o ] B JSE) col
o9k o9 SIS 31 BB (o B USe) B e GIL%_;T 395 ,LS 5o () Jguz) wwnST cpl (oYL (slgiome ol
Dlie 38T IS5 3k b el 900 (ol 0aiiSanli 5 oleaS polic Coms ) ol D (55
Xy, Sdyi b SILA als Wy, Jdo crepds 003 oo dalsl 055 Fal s 4 LA a5 Jl> j0 wed 0 75
oz o9 (Marske et al., 2011) oS o bl ) M5 jobs 2 lya (MO# zals) Clde Jgou
C9d 50 sl ()8, molily 5 il ol oadoly PYarul b )55k (2 O JSD) 0ol () sladiged ;o (50,
Oles WSl )3 CutiSegilid 5 Cualil 32585 (polo Glis gl pare g cpl 51l (B LSl yols g
(Sig, bl 08,5 S 1h g, b cyiesd aile lajs ples CotiSegilis glrds paie g0 ol 51 0,5 solitl

ol Sogl S5 aS el T 51 SV g TiO; slp aliee slansy, o525 .(Green, 1980) wims o ylis <glie
J0 o) cul sais V5 TIO, Fes05 sl caals &g,y coge ] Hols a5 conl cuitfasilis g4 5l oK
a5 Ji> 50 0ad 7,5 LSl 5l La ceusbl ok b g o cusll aSlts o)l Th 5l 5 el La a1 5l (7 oo
,» (Plank, 2005) cool La/Th cas glp caalS g0y, (Jol> 5 ams oo aslsl 093 Sai e 4 Th
bl atile o8 slajle i yis 55ls (S 5T cnlply o(F O JS2) 05 sad 0yd (533, iz dilate sloSin

20 15 4
al | b oD cy
;\? - 0] o O
5 o b °@ z & )
£ o @ 80 3 Co £ o o)
% o 2 © |d =
= ] =
5 1 1 1 1 0 1 1 1 1 0 1 1 1 1
150 60 500 O
de e "O - fe
P 9) T
g ° g @ ° g
E 4 o0 5
z % o S o
> ° ' o
0 —O0: 0 T o L ORY Qo
350 25 10 -
a h id
Y o M
o o 00
_— I O O
=] ]
3 2 | L | £ & ©
- 7] -]
> Qo O%) |
Mg# Mgt Mgi#
0 L 1 L L 0 1 1 1 1 2 1 1 1 1
70 60 50 40 30 20 70 60 50 40 30 20 70 60 S50 40 30 20

SISIT slacdlib o MO# blie oleS polie lacus g claS polic o ol laas] cdale &l s foges O JSui
ol
Figure 5. Variations of major element oxides, trace elements and trace element ratios versus Mg# for the
Talesh alkali basalts
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Figure 6. a) The effect of fractional crystallization (FC) and assimilation and fractional crystallization
(AFC) on the variation of Zr/Nb ratio versus Zr. The variation of Th/Nb, b) and Ba/Nb ratio, ¢) versus
Nb/Ta ratio indicates that the effect of crustal contamination on the studied samples is negligible. The
Upper crust data is from (Rudnick and Gao, 2003). N-MORB and OIB data are from (Sun and
McDonough, 1989)
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Figure 7. a) The Th/Yb against Ta/Yb diagram (Pearce, 1982), b) DF1-DF2 diagram discriminating
oceanic island basalt (OIB) from island arc basalt (IAB) and continental rift basalt (CRB) (Agrawal et al.,
2008) showing CRB affinity for the studied volcanic.
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Figure 8. The mantle source characteristics of TAB, a) Nb/La-La/Yb diagram to discriminate lithospheric
and asthenospheric mantle (Abdel-Rahman, 2002)

, b) Sm/Yb versus Sm diagram to determine the degree of partial melting and source mineralogy .
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Table 2. The incompatible trace element ratios of TAB compared with other basaltic melt and magmatic
reservoirs. The data references are as: Primary mantle and N-MORB (Sun and McDonough, 1989),
continental crust (Rudnick and Gao, 2003), and OIB component (Lanyon et al., 1993; Weaver, 1991a)
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Introduction

The geochemistry of within plate alkaline basalts is important to constrain the mantle
source characteristics e.g. depth and degrees of partial melting, homogeneity and/or
heterogeneity of the mantle, and also the geochemical interaction between enriched and the
depleted mantle sources (Fitton, 2007). The generation of alkaline basalts could be related to
local hotspot/plume activity or regional scale rift-related extensional tectonic regime.
Therefore, these rocks bear significant information about the paleotectonic evolution of their
region (Mattsson and Oskarsson, 2005). In this contribution, we examine the Late
Cretaceous alkaline basalts in the Talesh area. This study provides new whole-rock
geochemical data for investigating the magma genesis and geodynamic evolution of
western Alborz as a part of southern Eurasian continental margins during Late
Cretaceous.
Material and methods
After petrography, 12 representative samples were selected for whole rocks analyses. The
geochemical analyses were performed in two labs: the geological institute of ETH Zurich, and
the Geochemistry Department of the Nagoya University (NU), Japan. At the ETH Lab., major
and some trace element abundances were measured by XRF on fused glass beads using a
Panalytical Axios wavelength-dispersive spectrometer (WDXRF, 2. 4KV). In addition, the rare
earth elements (REEs) and some of the other trace elements analyses were carried out by Laser
Ablation Inductively Coupled Plasma-Mass Spectrometry (LA-ICP-MS) on XRF fused discs.
For each disc (sample), three spots (90 um diameter) were analyzed. At Nagoya University,
major element oxides and trace elements were measured by X-ray fluorescence WD-XRF
(Rigaku ZSX Primus 11) and ICP-MS Agilent 7700 X, respectively.
Results and discussion
The study area is located in the west of Talesh, western Alborz. The studied volcanic rocks
mainly expose as limited lava interlayers associated with the Late-Cretaceous volcanogenic
sedimentary units as well as crosscutting dykes at the eastern flank of the Talesh Mountains.
The sediments were deposited in a shallow coastal-deltaic environment.
Petrographically, the basaltic rocks display aphanitic to porphyritic textures in which the
phenocrysts are generally <4 mm in size. Clinopyroxene and plagioclase are commonly
observed in the samples. Olivine, when present, is extensively altered. Fe-Ti oxides (opaque
minerals) are also common micro-phenocrystic phases. In addition, alkali feldspar rarely occurs
as interstitial phases in the matrix of some samples. The matrix is often characterized by
intersertal to intergranular textures in which clinopyroxene and plagioclase laths are the major
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constituents. In some samples, amphibole is also found, which is of secondary origin produced
from clinopyroxene alteration. Sericite, chlorite, and zeolite are the other secondary phases.

On the LOI-free basis, the samples represent SiO, ranges of 44.7 to 51.97 wt.%. The Nb/Y and
Zr/Ti ratios vary between 1.51 to 3.9 and 0.01 to 0.03, respectively, which in this regard, the
rocks show alkaline basalt signatures. The amount of MgO displays a wide range of 3.06 to 8.79
wt.%, indicating that the samples had undergone different degrees of fractionation. Accordingly,
the low concentration of Ni (<99 ppm) and Cr (<464 ppm) suggests fractional crystallization of
ferromagnesian phases such as olivine and clinopyroxene. In the normalized multi-element
diagrams, the rocks are enriched in incompatible elements (LILE and HFSE) and display
oceanic island basalt (OIB)- like geochemical features. Furthermore, the chondrite-normalized
rare earth elements (REE) are characterized by negatively sloped patterns and the (La/Yb)y and
(Sm/Yb)y ratios of 10.3 to 23.4 and 3.67 to 4.66, respectively. The samples lack marked Eu
negative anomaly that along with the absence of decreasing trend of Sr/La ratio suggests that
plagioclase fractionation was not so effective on magma chemical evolution. The Th/Yb vs.
Ta/Yb plot (Pearce, 1982), which is a useful diagram to discriminate within-plate and
subduction zone magmas, shows that the Talesh basalts fall within mantle array around OIB
composition. In addition, incompatible element contents of Yb, La, Th, and Sm (the DF1-DF2
diagram; Agrawal et al., 2008) are indicative of continental rift setting for the Talesh basalts.
Thus, it is clear that the studied volcanic is related to within plate magmatism of probably
continental rift setting. Trace element modeling based on REE values (Sm/Yb vs. Sm variation)
shows that the primitive magma of Talesh volcanics was generated from a low degree of partial
melting (<7%) of a garnet-spinel Iherzolitic mantle source. Also, the high value of Nb/La ratio
(1.11 to 1.57) is indicative of asthenospheric mantle source. Using incompatible element ratios
like Zr/Nb, Nb/Th, Th/Nb, K/Nb, Ba/Nb and La/Nb suggest that the mantle source is more
comparable to EMII-type enriched mantle. Late Cretaceous alkaline basalts are also common in
the central Alborz e.g. in the Lahijan and Marzanabad areas showing that the alkaline basaltic
magmatism was probably accompanied by a rift-related extensional tectonic regime on a
regional scale from the western to central Alborz.

Keywords: Alkali basalt, Late Cretaceous, Within plate, Talesh, Western Alborz, Eurasia

“Corresponding Author: std_kh.amani@khu.ac.ir


https://gnf.khu.ac.ir/article-1-2783-en.html
http://www.tcpdf.org

