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1. Introduction

The Late Ediacaran period marks the emergence of complex
macroscopic life, known as the Ediacaran biota, alongside
significant environmental changes, including glacial and interglacial

conditions. These organisms have been reported worldwide,

ABSTRACT

This study examines the paleoenvironment of Ediacara in central Iran, drawing on absolute dating
data, geochemical, and paleontological evidence from tuffaceous shales in the Dargazin section of
the Koushk and Chahmir areas. The U-Pb method yielded an absolute age of 555 + 14 Ma for the
Dargazin section, 581 + 9 Ma for Silty-tuff rocks from the wedge section, while zircons in pyroclastic
sandstones from Chahmir reveal an age of 541 + 5 Ma. The identified Ediacaran fossils predominantly
thrived in shallow to moderate marine environments characterized by sulfide-reducing conditions
or a predominance of Fe?' ions in the water column. These environmental factors contributed to
the small size and limited diversity of the organisms present. Geochemical indices suggest that
sedimentation occurred under a spectrum of anoxic to semi-oxic conditions, reflecting fluctuations in
salinity, paleoproductivity levels, and hydrothermal influences. The integration of geochronological
and paleoenvironmental data establishes a comprehensive framework for the chronostratigraphy
and paleoenvironmental reconstruction of Iran’s Ediacaran ecosystems, enhancing our broader
understanding of biosphere evolution during the transition from the Ediacaran to the Cambrian period.
Additionally, the findings indicate that fault activity and rifting processes significantly influenced

sedimentation patterns, concentrated deposits, and facilitated fossil preservation.

including in Newfoundland, Canada, the White Sea and Siberia,
China, Namibia, the southeastern United States, and Australia.
In Central Iran, Late Ediacaran sequences host diverse Ediacaran

fossils, including: Persimedusites chahgazensis, Namalia-like
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forms, Kimberella persii, Cloudina, and Corumbella (key terminal
Ediacaran fossils). These fossils are found in black shales and
pyritized green shales of the Rizu Series, a sedimentary-volcanic
sequence. U-Pb zircon dating of tuffs from the Koushk and Chahmir
areas yielded ages of 577 + 16 Ma and 537 + 11 Ma, respectively,
confirming a Late Ediacaran age. The geological context of the
study area includes: The Rizu Series (Upper Neoproterozoic to
Lower Cambrian) contains diamictites, dropstones, and volcanic
rocks; Central Iran’s Ediacaran sequences are interbedded
with shallow to deep marine siliciclastic-carbonate rocks,
recording major environmental shifts; The boundary between the
Neoproterozoic and Cambrian remains unclear, but the Rizu Series
is a key stratigraphic unit.

This research highlights Iran’s significance in understanding
Ediacaran life and environmental changes during this critical
transition in Earth’s history. The innovative aspect(s) of current
research are Ediacaran fossils in Iran suggest connections to global
biota; Volcanic-sedimentary sequences in Koushk and Chahmir
provide insights into Late Ediacaran paleoenvironments; Zircon
geochronology helps constrain depositional ages and tectonic

evolution.

2. Research Methodology

Four stratigraphic sections—Dargazin, Wedge, Keel, and two
sections from Chahmir—were investigated through integrated
chemostratigraphic,  sedimentological, and paleontological
methods. Twenty-six samples were collected for U-Pb zircon
geochronology, of which six representative tuffaceous samples
were analyzed using LA-ICP-MS at Monash University (Australia)
and Senckenberg Dresden (Germany), following standard sample
preparation (e.g., Pupin, 1976; Rubatto, 2002). Elemental analysis
of 98 samples was conducted via ICP-OES using standard protocols
and certified reference materials (CRMs). Sixty-four thin sections
were examined for petrographic interpretation. Geochemical
proxies—such as Ce anomalies (Ce/Ce*), Fe/Al, Sr/Ba, Ba/Al, Cu/
Al, Y/Ho, Mn/Sr, and Ga/Rb—were used to infer redox conditions,

salinity, productivity, and paleoclimate.

3. Results

3.1. Geochronology

This study used U-Pb zircon and apatite dating to determine the
maximum depositional age of Late Ediacaran fossil-bearing
sequences in Koushk and Chahmir (central Iran). Key findings
include:

* Wedge section: 581 =9 Ma

 Dargazin: 555 + 14 Ma

e Chahmir: 541 + 5 Ma

These dates confirm a late Ediacaran depositional window. Some

inherited zircons from the Proterozoic (e.g., 1012-3321 Ma)
suggest derivation from peri-Gondwanan and possibly older crust
(Johnson and Woldehaimanot, 2003; Gehrels, 2014).

3.2. Fossil Assemblage

Macrofossils such as Corumbella, Cloudina, Persimedusites, and
possibly Kimberella and Pteridinium were discovered in pyritized
shales (Vickers-Rich et al., 2016, 2017; Vaziri et al., 2018). These
taxa are indicative of the late Ediacaran, possibly extending to the

Ediacaran—Cambrian boundary.

3.3. Geochemical Signatures

- Redox Conditions: High Fe/Al, enriched V, Zn, Co, and Ce/Ce*
> 1 imply euxinic to suboxic conditions (Tribovillard et al., 2006;
Lyons and Severmann, 2006).

- Salinity: Sr/Ba > 1 (Chahmir) indicates marine origin; lower
values in Wedge and Kil suggest freshwater/brackish influence
(Wang et al., 1979).

- Paleoproductivity: Elevated Ba/Al and P/Ti ratios imply moderate
to high productivity (Dean et al., 1997; Algeo and Maynard, 2004).
- Climate Proxies: High Sr/Cu (>5) and low Ga/Rb suggest a warm
and arid climate (Roy and Roser, 2013).

- REE Ratios: Y/Ho values in Koushk (>40) suggest seawater

influence; lower values in Chahmir imply terrestrial input.

3.4. Petrography

Thin section analysis reveals marine siliciclastic and volcaniclastic
rocks affected by multiple diagenetic and tectonic events. Common
minerals include dolomite, pyrite, feldspar, quartz, amphibole, and
mica. Pyrite oxidation and stylolitization suggest post-depositional

fluid interactions.

4. Discussion

The integration of geochronology and chemostratigraphy
demonstrates that the studied sequences represent a late Ediacaran
marine setting influenced by volcanism, hydrothermal activity, and
fluctuating redox states. The small size and low diversity of fossils
are interpreted as adaptations to iron- and sulfide-rich, oxygen-poor
waters (Raven et al., 2005; Butterfield, 2009).

Unlike other Ediacaran regions with evidence for oxygenated
conditions (e.g., Namibia, Newfoundland), the Iranian sites likely
remained predominantly anoxic, particularly during the peak of
fossil preservation. This supports global models in which ocean
redox heterogeneity controlled the distribution and preservation of
early macroscopic life (Tostevin et al., 2016).

Inherited zircon grains and trace element patterns suggest that the
regional crust includes both juvenile Neoproterozoic and reworked

Paleoproterozoic components, consistent with peri-Gondwanan
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geodynamics (Hassanzadeh et al., 2008). Stratigraphic context and
tuff intercalations indicate a rift-related setting, with implications
for Ediacaran basin evolution and hydrothermal influence on fossil

preservation (Rajabi et al., 2008; Lasemi, 2000).

5. Conclusion

This study provides the most precise age and environmental
constraints to date for Ediacaran biotas in Iran. Major conclusions
include:

- Fossil-bearing strata in Central Iran span 58 1-541 Ma, overlapping

with known global Ediacaran assemblages.
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- Anoxic to euxinic marine conditions with high Fe?>" and sulfide
activity likely limited biological complexity and facilitated fossil
preservation.

- Variations in redox, salinity, and productivity reflect dynamic
environmental gradients within rifted marine basins.

- Zircon data support a mixed crustal provenance, including
inherited Proterozoic sources and syn-sedimentary volcanic
activity.

These findings place central Iran among key regions globally
for understanding the late Neoproterozoic biosphere and its

environmental context.
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Figure 1. Geological map of the study area, central Iran (modified after geological map of
Iran, 1: 1,000,000, Sahandi and Soheili, 2014; Alavi, 1991).
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Table 1. The history of Ediacaran fossils found and reported from Iran (after Farjandi et al., 2022)

Author Rock facies Fossils Age Absolute dating Location
. Shales of the Rizu . o . Pb isotope age of 595 The Koushk area (central
Huckriede et al. (1962) Series Medusites and Spriggina Neoproterozoic 120 Ma Tran)
o A distinct shale unit Stromatolites, Permoria sp., Precambrian— The Central Elburz
Stocklin (1968) at the base of the D e . - R .
Beltanella gilesi Sprigg (?) Cambrian Mountains to Azerbaijan
sequence
Stocklin (19.68) (Rio Tinto The Rizu Series Dickinsonia SP" Sp riggIna Sp., late Precambrian - The east of Yazd
specimens ) and Medusites asteroides
The Chahgaz and Chahmir

Hahn and Pflug (1980)

The Esfordi Formation

Persimedusites chahgazensis

late Neoproterozoic

regions of central Iran

Glaessner (1984, the Rio Tinto
Zinc Corporation specimens)

The Rizu Series

Charnia sp.

late Neoproterozoic

central Iran

The lower Dolomite

Hyolithellus phosphatic tubes of
sp., Rugatotheca sp., fragments
of protoconodonts Protohertzina

Hamdi et al. (1989) Member of the sp., globomorphs similar to Pré::?blz;ni - The Elburz Mountains
Soltanieh Formation the Olivooides multisulcatus,
indeterminate casts of and
?monoplacophorans
Hamdi (1995) The Koushk Series Ediacaran fauna The Precambrian - The Koushk area (central

Iran)

Jafari et al. (2016)

Lower Shale Member
of the Soltanich
Formation,

Chuaria circularis, Vendotaenia
sp. and Tawuia fusiformis

late Neoproterozoic

central Iran and Elburz
Mountains

Vickers-Rich et al. (2017)

Volcanic material and
pyroclastic sandstones
of the Koushk Series

Corumbella, Persimedusites and
Namalia-like forms, algal traces

late Neoproterozoic
—early Cambrian

581 + 8.6 Ma (Wedge
locale),
540.7 = 4.8 Ma for the
Chahmir locale

The Koushk and Chahmir
areas (central Iran)

Vaziri et al. (2018)

Volcanic material and
tuffs of the Koushk
Series

Kimberella persii, Gibbavasis
kushkii, Chuaria, and classic
terminal-Ediacaran index fossils
Cloudina and Corumbella

Ediacaran—-Cambrian
boundary

The Koushk and Chahmir
areas (central Iran)
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Figure 3. Stratigraphic correlation of late Ediacaran—early Cambrian of Iran (after Ghorbani et al., 2019).
Calc.: Calcareous, Argill.: Argillaceous, Dol: Dolomite, Gyp: Gypsum, Lst: Limestone, Sst: Sandstone,
Shl: Shale, Slts: Siltston.
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Figure 4. Lithostratigraphic logs of the Wedge, Dargaz
position of the dated samples (Farjandi et al., 2022).
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Figure 5. Microscopic photographs of samples from Koushk and Chahmir sequences. Oxidized pyrite and opaque iron oxide minerals suggest a
late mineralization in the environment (K.Ke.51, 53, 55, 56, 60). Sample with silicified pelloids and trace fossils (K.Ke.65) indicating multiple
stages of diagenesis. Some stylolites are observed in carbonates collected from Keel area (K.Ke.53 and K.Ke.60) suggesting a high pressure as
a consequence of a deformation process. The photographs are paired plane polarized light (PPL) and cross polarized light (XPL) microscopic

images.
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Table 2. lithostratigraphy table of the studied samples (categorized descriptions).

filling cement( Cal.

and Dol)

Classification/
sedimentary
rocks
. . . . Tuffaceous .
Name Limestone Dolostone Silty T shale Rhyolithic tuff Tuff Volcaniclastic rock thyodacite Gabbro Monzogabbro Rhyodacite
c‘zg‘lzﬁf:i’::n Highly altered,
. . Very fine - . silicified, oxidized Highly altered
. oxides-hydroxides, M Vitric tuff with C i ey .
Recrystallized . . grained . . and brecciated pyroclastic rock
Highly brecciated, . . o acidic composition, TN N .
. B . immature Fluidal lithic N .| rhyolithic vitric tuff, (volcanic glass), . Micro .
recrystallized, and | Silty o , N Highly Tectonized,
. ; E lithic hale . cataclasite with veins; Altered tuffaceous monzogabbro
Description . altered ferruginous | full of opaque - and highly altered N I B altered I and altered
organic matter s B arcos full of | full of opaques, - L Highly epidotized rhyodacite diorite, .
silicified sandy minerals . : silty vitric tuff, # . . . gabbro rhyodacite
and opaque By opaque minerals brecciated . s crystalline basic tuff contains mainly porphyry
. . dolosparite , 5 highly silicified and N . . N
iron oxides . . and organic c o (metamorphosed in | iron oxide minerals,
highly brecciated, argillaceous vitric tuff . . e
N matters green schist to epidot | silica and carbonate
recrystallized, and = 5 .
5 schist facies)
altered dolosparite
P . P B Micro to <
Grain size <0.06 mm | Fine to coarse crystal| < 0.07 mm <0.8 mm <0.1 mm Silt sizeto coarse grain . <1.5 mm <Imm to
cryptocrystalline
. porphyroclastic in a Porphyritic in h);hly
. Porphyroclastic ) 5 altered vitroclastic . N
Sparitic, very poor . vitroclastic matrix, - . porphyritic Intersertal, Porphyritic
. ) Angular grains, texture in 5 matrix, tectonized, Clastic, B . . . N
Sparitic, recrystallized, maturity, . . clastic about clay | o N . texture in a micro- | . intergranular, | in spherulitic,
. o poor maturity, a fluidal 5 clastic recr , intergranular, .
Texture recrystallized, | discontinuous and | angular grains, . and silt in size, micro . P . cryptocrystalline poikiloblastic, snowflake
. . and medium glass matrix, N recrystallized, silicified, tectonized, intersertal .
tectonized irregular banded | medium to good . . L to cryptocrystalline, y . matrix, fluidal, Porphyritic in matrix,
s D! and N cataclastic; clastic altered
fabric, . tectonized , and . . altered intrelgranular tectonized
tectonized in an altered fluidal
brecciated
glass; porous
Plagioclases,
K-feldspars,
. hornblende.
Quartz,K. Plagioclase, >
Quartz, 3 pyroxene, Quartz,K-
A and plagi i >
K-feldspar and " biotite, sphene, felspar and
; Quartz, feldspar and muscovite, clay | Quartz,- K-feldspars N pyroxene, ! P
L plagioclase, . . . Quartz, K-feldspar N apatite, opaque | plagioclase,
o Dolomite, silica, ) . minerals and sericite, | and plagioclas ; chlorite, . A
Calcite, some A muscovite, Quartz, calcites, . h . and plagioclase, . minerals, amphibole,
. calcites,iron . . . tourmaline, silica, opaque iron oxide . serpentine, . .
organic matter, . . Clay minerals, clay minerals P . N . clay minerals and | . . malachite, | muscovite, clay
. | oxide- hydroxides, : a dolomite, silica, clay | dolomite, opaque minerals, mica, Y7 iron oxides, ; :
Minerals clay minerals opaque iron and opaque iron . . . . H . . sericites, opaque chlorite, minerals and
carbonate, gypsum, | ! ; opaque’ minerals, opaque iron | iron oxide minerals, | calcite, Oxidized ! cl ‘ ” neras &
and opaque fe- oxides, organic oxides, silica, . ; minerals, sphene, . calcite, delicate | sericite, silica,
o quartz, opaques ¢ 2 e pyrite, clay . : min ]
oxide minerals . . . matters and sericite h o zircon, chlorite, sheets of dolomite,
Jarosite- natrojurasite crypto to crals, minerals, Silica, silica serictte, hyllosilicate. opaque iron
_cnploto. muscovite chlorite mica) epidote, biotite, calcite biotite, | YIS > | opaque
microcrystalline . clay minerals, |oxide minerals,
" leucoxene, sphene, amphibole, " °
silica ! sericite, Tourmaline
chlorite, Sphene .
serpentin,dark
iron oxides,
silica
Euhedral crystals
of calcite , or with
Stylolites and | veins filled by coarse|  veins and
mpressional I of calcite, racks fill - f
compressiona cp/sta otcale te cracks efj .by Abundant veins filled ‘C?stso Plagioclase L
veinlets; void filling cement, | microsparitic Monocrystalline with euhedral quartz, by deformed calcite. The elass flowing is olivine filled twinning. cracks Spherulitic and
Narrower euhedral void filling by ( calcite, with YSWIINC | vein filled with | cracks and fractures | 16Q CACE, | Vein filled with Qz g WIS IS | ith chlorite, | ™0 © snowflakes
. crystals of . recrystallized silica, observed around the and fractures
Terms crystals, void | saddle) dolomite( | some euhedral Qz and cal filled by silica and g and cal serpentine | texture are seen
A quartz B and iron oxide; flow porphyroclasts . filled by quartz . .
filling cement, | high tempand coarse calcite " and iron ! in matrix
N N banding glass, . and calcite
with both Cal. |  pressute, zonned crystaline oxides
and Do dolomite; void dolomite

Vo4



TAE=101 :(IF) PO <1 FolF (o j pgle/l S g 530238 (ingi)8/.... 53S 30 Ul il 1)L slvoiiisgs o o> buzo (5 jbu jb

&S —F-Y

S JT slsn 5 Gos b Stae 3o olulid 5 KK Sllas gl
Lize b)) ) mmlis Leica DMLP Jue 015 5% (6,558 oSy Koo
5 S d55 5 ol a0l oSS g s o3zl jole K 228 3
S 5 ST i) G ki sed 53 3 ge Dl S gl pasis ¢l
(Dickson, 1966) L& oslaww! (Alizarin Red S/potassium ferricyanide stain)

oMbl g Losto—Y

o Dlwlwo——Y

3115 o Ol 53 LIS Lol o Jowd s STa i sy 0pl (i m B 4 5T
S 5l (Puetal, 2016) Ll O, Uslo)93 gl o O (sl Joud o 506
CalaS 5 LSl Lite oins 0L TH/U S (51 /0 51 5V slin o Ko
(5855 S ‘_g):f\;- (Hoskin and Black, 2000; Belousova et al., 2002)
5035 0T b o 5 G Sl oS Skt 1 a8 5 (owlii T 5
(Farjandi, 2022) 3,15 o,Lal glacs S Lics 4

& S Y-y
23T 5 s S SIS pbia £F (s, SIS 335 (sla o)
Jols Lo a5 plonsl alllnn 3 5 go b lin (sl b o 310kl 5 (5 50 (sla JSC2)
RPN WP PR P PE ST & (lanke BT Kw (ST Ko
Srte (Ko e (e g oyl o5
(o0 g ¢ (ST ol Jo/ 0 sl ol o/ 0 gl (55157557
— T e Sl s O laied G5 (b5 b ( ST Ol
(AT LS50S sla S5 (sl 95 cndST (S1)ls L g ol L g (55l 8T
Gla Sl (58T Jols b (laT 5 (5 5 ST S ST IS
Sz (I G gy odinsilis (clasts) s,lsT JTSE M NN =
S S 5 ST, 35 Sl lé)jr.f sbd s 55 Jleb (reworking)
K.Ke.51,53,55,) Gl Loms 53 (6,505 (65l SIS olinsOlis juS” oaT eS|
ol gl L (KD.7) ol in o 53 ians (lacks sby 31 U a5 31 (5 5lems (56, 60
Sl 5345 sdaze Joml e ediasolis o Wlods |5 s BT 5 (K.Ke.65)
(S5 Canls gy e (Sl 3T aeKan 5 S eonl 05510 JSE)
€ bk god ol S5 S 5 s Gleld 55 cCamls gy 5 5,8 5550 05,8
(ol 08 s (S 5 g 0 sipteT bl enley ST 5390 Jals o 50 5 5b
(O 5ld (o b Dlomies (oS (g IS SV S sla SIS (LT
LS S SIS 0y 5 5K ot o ¢G5y SIS
5y Sl LIS el basel (Sl Gl g s 0 T
bl (8 S «CCHM.20¢ K.OK.1¢ K.OK.5) dizus 0 S (gla S5 5
Loy By 83 by S e o das Ol Sl (Ses F1S e
Passchien) 5 48,8 i 3> rasiuts S5y 650 Ol & oLl 5 Hles 5
S5 s g Il edaasilis 3,5 Kby 5 opl » 03531 (and Trouw, 2005

.(Donaldson and Henderson, 1988) <ol T | ghil sl G sy ol

(Chemostratigarphy) s JEdius (souw — ¥V

s

Ll b s om0 58 50 S sl (ST Ll Ll
ISl LSl Slase Ga Ens 5 OT 26 5 dob Ol
(detrital influx) (g,l5T 0L Gl slajesle 51 eslizul jlil

Ay 4y s (Palacosalinity) (s,ss 4y 55 ((Palacoredox) ST, sl

Qigod g jlwosloT—Y—Y
ST i —
Syl llal gla Sy al  Glas Jas 4 e un Gl ealinal 550 (sladsal
Sl aised o (‘Jf)l.;? 'Y 544> (Pupin, 1976; Perri et al., 2008) i osleT
Sk /Y B s s s Al e s SlansT e sl s
a3 Ve Gl LBl 5 g old atd aie OT 5339 (LEe VIA 5 2 YOU)
Glelds gl 595 $Saluns pl oS s o 51 s oS o S sl
O Gla S s eslizl 0511 53 8 55 blike b I pmblite sla SIS
Fale 50 S JE 1) 01 ga5 215 K e jlaslizal b ucblita 2
Sleslizal b oS5 slaails cails &S5 (glabais JIUT | glate 4y 5 (g5luldr (CnSe
5@ S ) 5 SBES s (695 WS 5 A M et 55 O S g S
SEM CL (5 5 35 (51 (Jo15 Sl b [ dick o313 Jirs Ol s Cnnssi b
Gl plals 5 S 5 vy Sl sy Sl 258 Faiie
Sl e Sl s 355 oS 5 i) 5 (3n5) S5
4 e SEM s S O Sy Sen oz ;I (laser ablation) S ol
A& 03Lizl (SEM-CL) _uiluis of 55187 L0 IK5T

7 5ot S 5 clT 5 oS 5 skl UPb Lysnl ole LT &l
O s> mimn o o Lo3T 5 0y pube oltils omtn s ot la3T 55 53 4903
Sl ediir lewdly o eiwib — ()5 e oS I eslizal L
«(laserablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS ))
SIUT (61 LALICP-MS (sls 25, 3l e ko olKiils ot la3T 5 s 0T
ICP-MS o8> & Lo 5 (6)15T S S 15 3 s 5 pilasl Sl 552!
& 55U Excimer 193 ,;J (e ¢S glyls (Thermo ICAPTQ ks ,lg
== | Laurin Technic S155 55 Jsle 4 j¢>e 5 ASI RESOUTION
U Th o sypl cOduwys aiwim oli.':.;_u)'T 33 A sl pl g
5 6,Se e b s LA-SF ICP-MS (lacKiSs Lawy bS5 Pb s
(Thermo-Scientific Element 2 XR sector field [CP-MS (single—collector)
Gl G5 ) YU sl s 8 515 00T 5,50 20 56 AST 193 55 4055, b
Ol b eolie Ll S o WSt 1y S 5 00,3T Lace (TH/U) S
w30l 1y bS5 58 8 L Wig oo (/0V 1 28) THU S (gl 5
L 2S5 el » 053 (Hanchar and Hoskin, 2003; Rubatto, 2002)
Llodkd 5 shze ¢Sile slalde 51 Jlezl 4 o8 timen OT Kl ) 1 i THU
(Amelin, 1998)

S yas BT —Y-Y
deol Slea l eslizul b 5 ASTM DA698 5,16kl b sk (5 jluosleT (o yoi
S5 55k 5 den ol 5 S35 IV Y SIS S35l G550 S5 5 3 (oS )
Lo oS IS5 pum ol Sl eslinal b ol Slowil dlo o 53 aen ¢ 555/ 555 7F
:ljfg:jl.w a5 YOO B Y Lgb;,;j))\‘;u#@)r@(yu.\;@w%w
sslizl b gl s 8 515 T )50 ICP-OES 25, b 5 ek osls oyl =
oo 5 el sl bl 1 aslizal L LS 5,106kl CRM (slasi yos I
ol 1y U d (8O TN 5l 2 o 5 4y S 5 85 (61 ST Slad gos
o Sl IV 5 sl 5 @l O pe s SIS 1 70 (o o
Ce (oolmin g dmloms Sl p ki 55575 70 (ol Slacalad s .ol 035

14é oslensl (Nozaki, 2008) s 5 dslas 31 (Ce deviation) Ce ol il O s 4
Ce/Ce* = 3Ce,/ (Lag,+2Nd,)

Jei 53 REE Chle ods jloigs lkie SN

\Fe



TAE=101 :(F) PO <1 ol a0 pole/yl )Sas g 533235 Ugiyd/.... 53550 Ul il 51 JSLI loeciingy ol s huzo 6 jlw )b

Sl Wb slazel J6 Gl jasle & 5l cobys sl 53 g
Cl’u‘ )}.E..A “ LSJL.»J\’B,@.' Sl ol enlaiuwl W)JTAI b uu\.:ul:?a’..@. & s
(ol 0 Jlasl o b 5l ST S5 Slgony (5l S e
LS b s (SE3L3 s SIS S5l 5 5 b Ol 4 e T lze | 5
sl s TY J gl 53 Glawloes (a3 gl sleesls (Lézin et al., 2013)

15,5 5 @YU Coaeal Sl (palaeoclimate) 4 55 me  (palacoproductivity)
Sls g o (lidldm ) p (oo $5 B 0315 S lage)lpd3 395 Lo
s gn S S Glaejll &7 s o OLES by Slalllas LI o)
Raven et al.,) Aal o35 wsldl avdewl olie 51 56 Col s LS

3 5 Gly05eS T E 5 (&olsT UL o bl s 3557 5 6l el ol (2005

anlllan 35 g0 Gble 53 (5 et s 5 SlaS 5 ol jole ol 55 AT s ¥ Jsut
Table 3. Geochemical analysis of major and trace elements and elemental ratios in the studied areas.

Row | Field No. | Altitude Petrography Field observation % ALO, Ba Be %Ca0 Cd Ce Co Cr Cu
1 CH-M-1 0.4 Thin bedded black shale 235 109.91 0.36 51.19 0.30 70.76 17.07 29.31 10.92
2 CH-M-2 0.6 Thin bedded black shale 2.30 11527 0.39 46.37 1.03 64.32 20.75 26.22 79.38
3 CH-M-3 0.75 Thin bedded black shale 0.78 82.47 0.19 56.06 0.35 63.17 17.98 14.77 5.24
4 CH-M-4 0.9 Thin bedded black shale 1.47 69.73 0.32 57.10 3.26 75.78 18.35 17.99 11.13
5 CH.M.5 1 Sparry limestone Black sparry limestone 0.86 17.21 0.11 51.44 0.33 22.61 17.72 75.99 3.86
6 CH-M-6 1.2 Thin bedded black shale 0.91 64.30 0.14 58.98 0.08 59.97 17.75 13.17 5.43
7 CH-M-7 1.4 Thin bedded black shale 0.72 34.15 0.10 62.72 0.08 64.49 16.97 10.30 4.19
8 CH-M-8 1.6 Dolomicrosparite Dolomicrosparite
9 CH-M-9 1.7 Dolomicrosparite Dolomicrosparite
10 CH-M-11 2.25 Black to grey shale 1.52 43.11 0.23 52.07 0.88 65.55 13.51 21.77 7.81
11 CH-M-12 2.5 Black to grey shale 4.34 77.62 0.66 48.88 0.08 73.32 17.85 43.63 12.34
12 | CH-M-13 2.75 Black to grey shale 5.12 172.53 0.66 2.82 0.29 30.58 10.17 87.97 48.01
13 CH.M.14 2.9 Carbonate Sandy limestone 1.12 7.46 0.11 49.58 2.69 7.67 19.11 159.59 7.70
14 CH.M.15 3
15 CH.M.16 3.1 Carbonate Sandy limestone 0.45 2.52 0.08 49.19 0.36 4.97 18.02 26.29 291
16 | CH-M-17 3.5 Sparry limestone Sparry limestone 0.69 27.97 0.09 59.92 0.25 63.73 18.19 25.23 3.79
17 | CH-M-19 39 Silty mudstone Calcareous black shale 11.72 120.09 2.32 1.48 3.02 54.45 19.31 100.24 | 50.36
18 CH.M.20 58.5 Tuffaceous rhyodacite Greyish tuff
19 | CH.M.21 59.5 Black to grey shale 12.87 38.89 2.13 3.17 0.43 41.56 24.62 166.17 | 63.08

20 CH.M.22 60.5 Vitric tuff Vitric tuff
21 CH-M-23 61.5 Mudstone Mudstone 8.34 631.37 2.94 9.08 0.99 144.32 144.13 84.45 123.60
22 CH-M-24 62.5 Black shale 9.45 179.35 1.56 1.25 1.01 56.31 29.33 134.16 38.72
23 CH-M-25 63.5 Sandstone Sandstone 14.46 86.91 1.44 9.36 0.08 67.44 23.49 114.98 19.89
24 | CH-M-26 64.5 mudstone 6.32 35.53 1.00 10.29 0.17 65.44 17.89 48.16 4.84
25 CH-M-27 65.5 Tuffaceous shale Mudstone 7.19 57.58 1.04 7.48 0.15 57.83 24.33 201.06 | 26.51
26 | CH-M-28 99 Dolomitic limestone Medium to thick bedded dolostone 1.23 51.61 0.38 60.50 0.65 66.26 18.03 157.03 | 10.62
27 CH-M-30 46 Black mudstone 8.01 149.32 2.07 0.22 0.25 56.91 10.95 61.53 36.00
28 CH-M-31 47.5 Black mudstone 5.52 205.19 1.76 0.17 0.40 43.77 13.16 53.74 39.21
29 CH-M-32 49 Black mudstone 4.97 304.87 1.23 0.12 0.27 40.55 12.49 41.37 16.94
30 | CH-M-33 51.5 Black mudstone 5.81 182.99 1.45 0.55 0.16 39.51 14.90 80.10 47.28
31 CH-M-34 52.5 Gabbro Gabbro
32 | CH-M-35 59 Dolosparite Dolomitic limestone 1.02 340.76 0.18 35.68 0.54 60.93 41.09 35.87 64.43
33 K-D-1 0.01 Monzogabbro 16.87 187.25 1.01 3.01 0.55 100.77 40.54 86.57 174.26
34 K-D-2 0.05 Tuffaceous shale 7.53 378.49 0.91 0.62 0.38 48.13 42.20 90.31 40.58
35 K-D-3 0.14 Tuffaceous shale 7.40 235.64 1.43 0.62 1.43 33.33 29.72 94.43 93.56
36 K-D-4 0.23 Dolomicrosparite Dolomicrosparite 1.03 81.60 0.91 27.82 3.91 87.19 34.97 72.18 13.12
37 K-D-5 0.32 Laminated black shale 8.02 564.97 1.42 1.64 29.57 43.81 14.14 67.15 7.18
38 K-D-6 0.41 Laminated black shale 4.66 152.74 0.70 0.87 100.49 39.32 13.74 61.71 14.00
39 K-D-7 0.5 Dolomicrosparite Dolomicrosparite 5.16 111.08 1.34 24.42 26.45 73.42 31.29 50.25 5.96
40 K-D-7a 0.75 Dolomicrosparite Dolomicrosparite
41 K-D-8 0.6 Laminated black shale 8.28 453.84 3.81 1.18 1.74 36.27 21.75 190.94 | 131.47
42 K-D-9 0.68 Laminated black shale 2.88 32.89 0.51 21.02 0.42 48.03 15.76 34.19 230
43 K-D-10 0.77 Laminated black shale 4.00 147.94 1.67 5.10 1.84 3242 57.37 67.95 | 132.14
44 K-D-13 1.2 Thin bedded black shale 3.18 48.98 1.36 27.02 1.59 80.62 31.41 41.59 9.04
45 K-D-14 1.25 Thin bedded black shale 8.14 372.50 2.99 2.66 1.14 88.52 64.54 202.99 44.58
46 K-D-15 1.3 Thin bedded black shale 4.79 672.58 2.08 1.04 1.09 23.74 41.80 375.82 64.33
47 K-D-19 1.55 Thin bedded black shale 1.31 70.92 0.51 24.33 10.85 67.59 28.65 165.10 19.90
48 K-D-20 1.6 Thin bedded black shale 9.41 687.53 3.37 1.61 11.62 46.02 7.67 186.04 7.96
49 K-D-22 1.65 Thin bedded black shale 8.51 587.05 3.39 2.74 7.83 57.84 1036 | 504.91 12.08
50 K-D-23 1.7 Thin bedded black shale 7.92 530.15 2.99 4.39 13.56 64.44 10.97 178.49 9.87
51 K-D-24 1.75 Thin bedded black shale 8.43 974.41 3.21 2.53 8.15 5221 9.40 100.32 6.99
52 K-D-25 1.8 Thin bedded black shale 6.11 339.84 1.85 12.21 1.30 65.59 22.34 90.45 7.97
53 K-D-26 1.85 Thin bedded black shale 5.46 391.18 2.58 2.17 3.15 37.49 48.29 114.83 46.33
54 K-D-28 1.95 Thin bedded black shale 5.50 666.24 2.98 1.36 1.36 39.18 56.24 66.88 | 120.81
55 | K-D-29-1 6.5 Medium to massive black shale 8.49 595.11 4.04 3.59 1.81 56.71 14.07 148.01 12.78
56 K-D-31 12 Altered light to dark grey shale(F) 0.51 33.68 0.26 3.43 0.78 27.55 26.05 27.26 15.99
57 K-D-33 17 Tuff Tuffaceous Shale(F)
58 K-D-34 27 Tuffaceous Shale(F) 3.36 300.01 0.80 2.16 0.11 30.51 7.85 61.19 19.52
59 K-D-35 37 Tuffaceous Shale(F) 3.53 403.04 1.04 0.40 0.08 27.48 6.64 26.50 22.28
60 K-D-36 47 Tuffaceous Shale(F) 5.72 256.44 1.94 3.75 4.18 4433 12.87 49.24 19.73
61 K-D-37 67.5 Tuff Tuffaceous mudstone/shale
62 K-D-38 69 Micro-monzogabbro porphyry Tuffaceous mudstone/shale

Tectonized, brecciated, and
63 | KD-39 76 | highly altered rhyolithic tuff Tuff
64 K-D-40 77.75 Gypsum 2731 53.68 2.04 0.40 0.29 98.54 3.74 153.97 8.45
65 | K-D-41 80.5 Dolomicrosparite with high | b, -\ ici bedded to massive dolostone | 9.14 | 560.63 | 0.95 6.98 027 | 3501 | 1647 | 9526 | 10.06

amount of iron

il
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Continued from Table 3. Geochemical analysis of major and trace elements and elemental ratios in the studied areas.

Row | Field No. | Altitude Petrography Field observation % ALO, Ba Be %Ca0 Cd Ce Co Cr Cu
66 K-W-2 8 Mudstone 5.02 305.82 1.01 13.47 0.15 58.11 19.68 55.31 50.43
67 K-W-4 18 Greyish shale(F) 12.92 242.64 4.52 0.44 0.24 57.75 10.97 28.68 16.37
68 K-W-5 31 Dolomicrosparite Dolostone
69 K-W-6 45 Grey to blackish shale+ Gypsum+ Sulfides 9.59 498.72 1.27 1.50 0.31 27.80 6.36 54.38 23.61
70 K-W-7 49 Grey to blackish shale+ Gypsum+ Sulfides 4.73 122.06 0.63 3.30 0.17 30.98 6.79 39.39 43.20
71 K-W-8 51 Grey to greenish shale 16.16 | 2153.98 1.38 1.94 0.08 80.73 38.83 118.25 | 13.26
72 K-W-10 81 Mudstone 10.15 552.34 4.37 2.95 0.08 107.30 12.30 26.65 22.10
73 K-W-12 88 Argillaceous shale 10.51 234.41 532 0.64 0.08 125.88 9.83 17.78 2.05
74 K-W-14 91 Argillaceous mudstone and shale 15.18 253.83 6.78 0.16 0.08 110.26 11.57 25.58 5.29
75 K-W-15 92.5 Argillaceous mudstone and shale 12.08 797.52 1.23 1.27 0.34 57.89 18.76 75.99 16.90
76 K-W-16 94.5 Argillaceous mudstone and shale 5.04 592.79 1.53 10.44 0.24 57.66 17.54 33.13 67.83
77 K-W-18 97.5 Dolostone 10.55 371.88 0.45 0.32 0.20 38.55 8.50 58.33 0.51
78 K-W-19 98 Greenish Argillaceous mudstone 11.99 653.64 1.45 1.83 0.08 74.11 7.96 37.87 1.37
79 K-W-20 100 Greenish Argillaceous mudstone 7.30 557.65 1.61 2.28 0.17 54.49 6.99 78.75 4.09
80 K-W-21 101 Greenish Argillaceous mudstone 3.87 241.57 0.68 532 0.08 40.92 7.49 83.32 5.19
81 K-W-22 103 Argillaceous mudstone 9.26 400.44 1.05 5.36 0.38 107.43 13.18 52.06 27.04
82 K-W-23 104 Argillaceous mudstone 13.43 504.32 2.60 3.41 0.39 151.09 13.29 29.95 2.19
83 K-W-24 105 Argillaceous mudstone 12.89 603.61 0.84 2.67 0.31 89.97 12.19 42.93 291
84 K-W-25 107 Argillaceous mudstone 10.25 519.26 1.03 0.68 0.08 36.55 9.77 48.97 3.78
85 K-W-29 112 tuffaceous shale (F) 10.17 390.84 0.56 4.41 0.15 21.90 7.98 31.92 291
86 K-W-30 114 tuffaceous shale (F) 10.34 343.45 0.48 1.66 0.08 70.36 7.16 41.79 1.32
87 K-W-31 116 tuffaceous shale (F) 9.78 709.56 0.99 11.11 0.17 55.67 16.56 54.42 12.22
88 K-W-33 120 tuffaceous shale (F) 18.45 708.69 4.51 0.85 0.24 68.77 13.48 53.14 11.74
89 K-W-35 122 tuffaceous shale (F) 12.58 510.60 1.58 5.60 0.26 55.74 22.96 39.88 3.21
90 K-W-37 127 tuffaceous shale (F) 17.36 862.53 2.46 1.33 0.49 94.90 34.40 41.09 14.04
91 K-W-39 130 tuffaceous shale (F) 16.16 347.32 6.08 0.68 0.35 85.94 9.21 27.62 5.56
92 K-W-40 132 tuffaceous shale (F) 1.20 93.11 2.00 31.26 0.08 73.53 24.54 25.95 32.29
93 K-W-41 136 tuffaceous shale (F) 15.20 824.03 1.92 597 0.18 78.05 17.14 54.60 168.55
94 K-W-42 138 tuffaceous shale (F) 18.81 1337.51 2.08 0.87 0.33 68.80 17.05 61.94 215.66
95 K-W-44 142 tuffaceous shale (F) 7.25 625.79 0.99 7.34 0.08 44.60 14.95 30.90 21.30
96 K-W-45 143 tuffaceous shale (F) 16.19 742.79 3.13 0.77 0.08 83.60 16.10 31.75 4.50
97 K-Ke-48 21 Dolomitic limestone Limestone 13.15 600.05 0.19 5.74 0.16 143.33 10.08 103.21 4.05
98 K-Ke-49 23.5 Calcareous tuff Limestone 8.10 878.90 4.13 3.07 0.30 48.01 20.35 70.76 34.51
99 K-Ke-50 90 Dolostone Dolostone
100 | K-Ke-50-1 98.5 Tuffaceous shale
101 K-Ke-55 107 Tuff Tuff
102 | K-Ke-57 110 Dolosparite Dolostone 0.26 45.50 1.30 18.93 0.15 35.78 23.77 3891 41.40
103 K-Ke-60 115 Sandy dolosparite Sandy dolostone

Row | Field No. [ Dy Er | Eu [%FeO,| Ga | Gd [ Ho | %K,0 | La Li Lu | %MgO Mn %Na,0 [ Nb Nd P Pb Pr Rb Sc Sm
1 CH-M-1 | 1.62 | 5.15 | 0.60 1.19 389 | 1.31 {038 | 1.13 | 8.63 | 6.71 | 0.08 3.20 834.96 0.11 1.00 | 12.08 | 914.66 386.20 | 2.27 | 3131 3.57 3.18
2 | CH-M-2 | 151 [498|137| 2.11 491 1193]050| 1.07 [844 | 6.75 | 0.0 2.87 815.02 0.17 342 | 1091 | 1097.87 | 335.04 | 3.45 | 47.34 3.03 2.88
3 [ CH-M-3 [ 075 ]521]1069| 044 | 182073038 | 037 [5.84] 2.65 | 0.0 2.89 982.96 0.12 0.75 | 9.17 391.19 82.86 1.26 | 2129 1.87 1.84
4 CH-M-4 | 2.16 | 546 [ 1.19 | 0.69 539 1 0.86 [ 0.54 | 0.76 |11.88]| 5.49 | 0.0 2.65 1508.83 0.11 2.13 | 12.93 | 3207.02 | 121.77 1.30 [ 34.99 2.74 2.29
5 CH.M.5 [ 0.75 10381053 | 0.34 1.17 1 0.38 [ 0.38 | 0.34 | 8.66 | 2.47 | 0.08 2.75 697.97 0.36 2.85 8.70 185.06 28.16 0.40 | 1431 0.86 1.72
6 CH-M-6 | 0.75 [5.20 [ 0.86 [ 0.45 1.61 | 0.19 [ 038 | 046 | 2.13 | 2.27 | 0.08 1.75 539.06 0.16 0.75 6.73 86.91 80.66 1.05 | 34.48 1.15 1.40
7 CH-M-7 | 0.75 [ 548 [ 0.75| 0.26 2.08 [-0.03]038 [ 032 [291 | 1.39 | 0.08 2.26 594.45 0.14 1.25 5.90 172.33 41.15 0.98 [ 20.99 1.43 1.12
8 CH-M-8
9 | CH-M-9

10 | CH-M-11] 0.75 | 5.09 [ 0.61 | 0.72 1.86 1 0.54 1 038 | 0.73 | 538 | 440 | 0.08 | 1.47 610.83 0.24 1.83 | 9.45 359.52 | 1076.05 | 1.54 | 32.77 2.35 2.37

11 | CH-M-12 | 1.93 [5.32]0.73 | 2.00 424 [ 147 1038 | 1.91 [7.20 | 13.96 | 0.08 2.35 795.01 0.21 0.75 | 10.88 856.99 [ 2439.31 | 3.23 | 60.01 5.16 1.72

12 | CH-M-13 | 1.74 [ 2.10 [ 0.21 4.75 9.86 | 277 1038 | 1.79 | 5.05| 8.01 | 0.24 0.46 209.83 1.70 10.27 | 5.15 209.85 208.34 | 5.86 | 81.53 5.80 1.60

13 | CHM.14 | 1.11 | 0.38 | 0.21 1.03 0.75 1 0.67 | 0.38 | 048 | 6.66 | 3.20 | 0.08 2.18 952.47 0.37 1.58 7.94 144.36 45.39 1.03 2.25 1.08 1.39

14 | CHM.15

15 | CHM.16 | 1.24 1038 [0.05]| 0.50 [2.29 |0.38 [038 | 020 [573] 0.75 | 0.08 | 383 | 1317.68 [ 0.14 4.05 | 8.03 43.09 1582 | 0.85 | 5.13 0.53 0.99

16 [CH-M-17] 0.75 | 544 [ 0.14| 0.70 | 0.51 | 0.52 ] 0.38 | 0.38 [3.71 | 1.50 | 0.08 | 2.92 | 1376.84 | 0.11 2.02 | 9.02 55.58 40.62 1.77 | 13.83 1.06 1.19

17 | CH-M-19 | 5.18 | 2.34 [ 1.06 | 7.75 |14.99] 6.05 | 0.67 | 3.84 [20.24] 16.08 [ 0.40 | 1.79 | 1249.30 | 0.60 9.54 | 22.30 | 1651.46 | 402.32 | 10.47 | 92.71 1449 | 5.54

18 | CH.M.20

19 | CHM.21 | 243 [2.40 | 042 | 10.03 [18.45] 6.83 | 0.56 | 4.23 |19.08] 14.71 | 0.54 3.19 1614.61 0.26 7.05 | 16.78 | 425.96 84.59 14.29 | 114.60 7.64 3.55

20 | CH.M.22

21 | CH-M-23 |30.10 | 3.92 | 1.23 350 |14.45]5.10 [ 1.04 | 3.17 |42.54] 12.05 | 0.20 1.51 [13333.00] 0.76 15.07 | 39.33 309.20 53.72 4.58 | 112.46 7.95 9.59

22 | CH-M-24 | 444 | 247 [0.75| 1331 [18.60]9.02 [ 0.74 | 2.38 [22.13]55.12 | 0.69 | 5.10 | 1822.71 [ 0.26 9.37 | 23.37 | 2416.94 | 204.24 | 18.17 | 58.27 10.90 | 5.52

23 | CH-M-25]5.62 |3.80 [ 1.05]| 6.43 [19.40| 5.08 [ 0.58 | 3.77 [15.43]19.02 | 0.33 | 394 | 1385.18 [ 2.96 7.01 | 19.08 | 1167.60 | 632.16 | 8.84 | 103.80 | 26.19 | 4.14

24 | CH-M-26 | 11.93|3.94 | 222 | 2.67 | 642 |4.81[093| 1.75 [33.23]22.74| 0.14 | 6.76 | 2078.77 | 0.87 341 | 2997 | 167.24 1.50 4.42 | 65.00 6.27 7.52

25 | CH-M-27 | 5.57 | 338 | 1.04| 8.13 12.32] 6.36 | 0.79 | 2.16 [19.50] 16.59 | 0.39 4.52 928.90 0.98 2.65 | 25.39 | 4093.39 47.80 11.30 | 54.96 8.82 5.34

26 | CH-M-28 | 0.75 | 5.44 | 0.28 1.40 4.03 092 (038 | 0.80 [6.13| 3.51 | 0.08 2.29 1516.40 0.10 2.70 9.19 128.91 23.09 2.51 16.95 1.72 242

27 | CH-M-30| 3.85 | 1.76 | 1.01 8.03 |14.63|5.79 [0.57 | 128 [24.58]| 5.42 | 0.38 0.27 133.52 2.39 10.25 | 21.60 | 6543.89 |13333.00| 10.52 | 38.62 14.56 4.86

28 | CH-M-31| 533 | 1.84 [ 1.32]| 12.09 [13.61]8.36 [0.69 | 0.92 [22.13]| 4.06 | 0.57 | 0.12 118.54 1.26 8.94 | 22.43 | 4940.52 [13333.00| 15.26 | 35.30 1247 | 5.58

29 | CH-M-32 | 244 | 1.62 [ 037 | 10.75 [12.74] 6.43 [ 0.38 | 2.17 [22.26] 4.95 | 0.51 0.26 11111 1.64 9.15 | 14.28 | 1499.72 | 3624.08 | 13.32 | 77.67 10.76 | 2.32

30 | CH-M-33 | 3.47 |2.02 | 095 | 12.16 |16.20| 7.66 | 0.57 | 1.07 [20.14] 444 | 0.58 | 0.27 152.41 1.86 7.74 | 16.41 | 2287.99 | 8067.32 | 15.49 | 40.07 10.91 4.02

31 | CH-M-34

32 | CH-M-35] 2.63 | 5.62 | 0.75 | 13.15 | 892 [ 9.61 | 0.71 [ 0.34 [ 6.60 | 1.86 | 0.75 | 10.98 | 3904.20 0.09 3.40 | 11.87 | 432.20 380.73 [ 20.80 | 2.25 1.61 4.54

33 K-D-1 6.72 [ 3.45(2.74 | 12.02 [25.10]10.27] 1.04 | 1.25 [48.29] 54.72 | 0.69 6.53 | 2623.72 5.31 62.46 | 32.25 | 1971.51 | 1121.34 | 18.40 | 68.42 22.53 8.19

34 K-D-2 3.54 [2.78 1 0.77 | 18.60 [20.48]12.97| 0.88 | 1.36 |18.51| 56.17 [ 1.06 7.45 860.15 0.38 236 | 24.13 | 1570.33 | 708.83 | 26.33 | 52.89 8.42 7.51

35 K-D-3 2.80 [2.64]0.26 | 1552 [19.26[10.02]| 0.53 | 1.27 | 8.20 | 56.02 | 0.83 | 6.83 819.95 0.52 6.02 | 1291 | 491.39 | 457.81 | 21.08 | 65.09 8.34 331

36 K-D-4 [18.24]7.05 | 1.18 | 12.02 | 11.46|11.11| 1.46 [ 0.28 |29.10| 6.67 | 0.78 | 10.92 [13333.00| 0.15 1.55 | 34.00 | 420.44 |2298.28 | 18.97 | 9.32 4.06 9.79

37 K-D-5 6.65 2271088 | 437 [10.74| 441 [0.58 | 2.04 [15.58 33.66 | 0.24 | 4.07 531.60 1.36 4.77 | 2493 | 3746.76 | 8189.20 | 6.11 | 43.39 6.59 6.17

38 K-D-6 4.35 | 1.88 | 0.41 5.06 9.38 | 4.14 | 0.38 | 0.52 |16.66] 30.90 | 0.22 3.72 345.53 0.54 3.10 | 20.55 | 2621.66 | 4515.78 | 6.47 | 18.05 4.60 4.38

39 K-D-7 9.47 | 5.38 [ 1.01 8.31 13.16] 7.34 | 0.82 | 1.84 [19.08] 32.41 | 0.46 | 11.28 | 9360.00 0.09 3.08 | 21.05 | 452.66 | 2829.09 | 12.57 | 45.23 10.45 5.79

40 K-D-7a

41 K-D-8 219 12261039 | 1145 |15.78| 7.15 [ 038 | 324 | 6.30 | 32.05 | 0.56 3.19 580.06 0.90 3.71 11.58 814.84 | 1951.03 | 14.46 | 81.13 9.55 2.55

42 K-D-9 0.75 1367 [0.14 | 3.83 | 7.17 | 2.35[038 | 024 |3.35[2652| 0.15 | 328 | 434.70 0.05 1.59 | 8.76 409.83 | 1099.19 | 5.66 | 25.72 3.46 0.46

43 | K-D-10 | 0.75 [4.04 | 0.17 [ 29.84 [28.23[23.11| 1.16 | 2.31 |3.21 | 16.02 | 2.11 1.44 ]1652.32 | 0.09 5.14 | 15.95 | 284.29 |5910.67 | 52.69 | 50.02 3.92 6.49

44 | K-D-13 | 899 [ 538 [1.14| 857 [10.31]7.45]|091 | 0.55 |3543]25.68 | 0.48 | 11.34 |13333.00| 0.12 0.75 | 21.63 | 29835 | 763.99 [ 13.22 | 2891 12.17 | 5.25

\FY
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Continued from Table 3. Geochemical analysis of major and trace elements and elemental ratios in the studied areas.

Row | FieldNo. | Dy | Er | Eu [%FeO, Ga | Gd | Ho | %K,0 | La | Li Lu |%MgO| Mn [%NaO| Nb Nd P Pb Pr Rb Sc Sm
45 | K-D-14 | 9.41 [4.31[2.21 | 2829 [27.50[24.55[2.04 [ 4.15 [60.05[ 52.12 [ 1.91 | 3.87 [ 497.61 | 020 | 5.28 | 61.10 | 6987.90 | 786.44 | 48.76 | 98.68 | 9.84 | 14.86
46 | K-D-15 | 0.75 [2.67 | 0.31 | 24.83 [24.12[17.59]0.83 [ 3.24 | 5.09 [ 1531 [ 1.55 [ 1.16 | 593.66 | 0.27 | 5.92 | 14.16 | 552.46 | 651.99 [ 38.84 [ 60.94 | 538 | 4.56
47 | K-D-19 [17.16[5.84 | 1.82 | 6.00 | 5.29 | 6.40 [ 1.04 [ 0.54 [23.53[ 9.17 [ 0.33 [ 10.87 [ 6017.30 [ 0.12 | 3.82 | 24.09 | 942.59 [13333.00[ 9.58 [ 13.90 | 3.29 [ 7.23
48 | K-D-20 [ 3.84 [1.85]0.90 | 249 [11.53]241[038] 492 [17.77][31.95[ 0.13 | 2.21 [ 27693 | 0.97 | 337 | 14.81 | 3434.04 [ 3380.05 [ 3.56 | 70.62 | 1043 [ 3.64
49 [ K-D-22 | 4.89 [2.39[1.07] 3.14 [9.10 [3.24 [0.53 [ 4.09 [25.06]30.77 [ 0.13 [ 222 [ 297.21 [ 0.54 | 4.65 | 21.57 | 6794.53 [ 7902.09 [ 4.17 [ 83.84 | 10.98 [ 5.50
50 | K-D-23 | 7.11 [2.63 [ 128 [ 3.12 [ 9.43 [3.94 [0.77 | 3.70 [32.07] 34.40 [ 0.16 | 2.99 | 524.03 [ 0.55 [ 2.86 | 31.65 | 9306.37 [13333.00] 4.85 | 70.35 [ 9.91 [ 6.34
51 | K-D-24 | 484 [2.12[1.05[ 3.49 [12.24[3.40 [ 0.55 | 4.04 [21.62]35.94 [ 0.16 | 2.62 | 386.53 | 0.56 | 2.83 | 21.44 | 6768.11 | 8023.66 | 4.81 | 7592 [ 8.59 [ 4.56
52 | K-D-25 | 8.16 [3.90[ 124 [ 551 [10.76]5.38 [0.77 | 2.45 [33.21] 38.82 [ 0.33 | 7.74 | 2729.88 [ 0.14 [ 1.17 | 26.94 | 2400.60 | 3452.25 | 8.12 | 50.94 [ 10.70 [ 5.43
53 | K-D-26 | 2.77 [ 3.06 [ 0.53 [ 22.07 [22.67[15.22]0.90 | 2.75 [8.85 | 24.74 | 129 | 2.36 | 1105.65 | 0.13 | 4.66 | 16.72 | 2270.51 | 6138.19 [ 32.39 | 75.16 | 7.02 [ 5.52
54 | K-D-28 | 2.68 [3.17[0.79 [ 28.26 [27.81[21.58] 1.16 | 3.22 [10.98] 20.11 | 1.86 | 0.90 | 1528.02 [ 0.39 [ 8.91 | 23.13 | 4252.52 | 1645.10 [ 45.36 | 70.65 | 637 | 6.74
55 [ K-D-29-1[ 484 [2.52[1.02] 411 [10.82]3.62[0.54 [ 3.57 [23.50]37.58 | 0.20 | 3.86 | 799.95 | 0.08 | 5.41 [ 22.01 [ 4090.01 | 2816.07 | 5.91 | 74.78 | 10.74 | 4.21
56 | K-D-31 | 0.75 [2.88 [ 0.15[ 18.72 [12.69[11.10] 0.56 | 3.40 [3.33 | 2.66 | 0.99 | 0.73 | 65333 | 049 [ 4.77 | 9.06 | 3540.26 | 2209.44 | 25.01 | 5232 | 874 [2.93
57 | K-D-33

58 | K-D-34 | 1.06 [ 1.77 [0.19 [ 577 | 874 [3.22 (038 1.79 [5.48 | 6.24 [ 027 [ 033 | 99.20 115 [ 523 | 552 [ 46738 [2907.22 | 6.74 | 68.04 | 470 | 1.31
59 | K-D-35 | 1.77 [1.45[030 [ 3.70 [ 7.04 [1.92 038 | 233 [9.05]| 7.04 [ 0.16 | 035 | 77.24 | 0.64 | 6.50 | 6.44 | 471.13 | 847.98 | 4.18 | 5272 [ 532 [ 1.56
60 | K-D-36 | 2.59 [2.19[0.57 [ 5.60 [10.01[3.65[0.38 | 2.65 [21.38] 19.15 [ 0.28 | 2.90 | 1516.63 | 0.84 | 7.24 | 13.95 | 875.97 | 2115.18 | 7.32 | 8049 [ 9.57 [ 3.36
61 | K-D-37

62 | K-D-38

63 | K-D-39

64 | K-D-40 | 0.75 [0.89 [ 1.16 [ 0.62 [11.23[ 0.64 [0.38 | 8.41 [4.79 | 4.04 [ 0.08 [ 0.13 | 94.38 377 | 075 | 2638 | 9877.69 | 335.07 [ 1.14 [ 27.82 | 10.95 | 4.42
65 | K-D-41 | 462 [273[0.43 [ 452 [11.41[3.75 [038] 1.62 [7.24 | 6.01 | 024 | 4.05 | 3588.11 | 3.42 [ 273 | 1034 | 59247 | 49.47 | 6.42 | 54.26 | 8.06 | 2.57
66 | K-W-2 | 640 [3.51[0.87 [ 539 [11.10[5.46 [ 0.80 | 2.26 [23.29] 22.82 [ 0.30 | 6.60 | 5949.98 [ 0.24 [ 7.57 | 26.44 | 530.11 | 24.85 | 8.17 | 45.50 | 6.60 | 6.85
67 | K-W-4 | 9.66 [239]0.65[ 594 [17.01[ 531 [0.84 | 547 [32.87] 55.50 [ 0.35 | 4.00 | 874.84 | 0.00 [ 17.64 | 32.11 | 546.77 | 287.65 | 8.42 | 183.12 [ 1145 | 6.44
68 | K-W-5

69 | K-W-6 [4.19 [1.58]070] 087 [932 [ 148038 324 [577 1376 0.08 [ 072 [ 51582 [ 228 [ 9.10 [ 570 [ 13320 | 96.22 | 1.10 [ 93.12 | 1139 [ 2.00
70 | K-W-7 [ 1.98 [2.17[0.16 [ 3.80 | 524 [2.21 [038] 1.64 [432] 587 [ 0.17 | 036 | 18221 157 [10.13] 474 [ 189.60 | 168.97 | 4.71 | 58.80 | 5.86 | 0.62
71 | K-W-8 [ 823 [3.01[230[ 12.15 [26.99[10.83]1.02 | 6.54 [18.19] 72.58 | 0.71 | 7.20 | 4749.14 [ 0.06 | 8.58 [ 32.22 | 1705.58 | 68.15 | 17.81 | 109.23 [ 37.72 [ 9.61
72 | K-W-10 [14.20[3.13 [222 [ 4.12 [21.52]7.54 [2.03 | 6.78 [76.95]36.20 [ 0.25 [ 2.74 [ 1950.91 [ 0.04 |27.51| 85.61 | 97.23 1725 | 839 [161.03| 3.09 [18.71
73 | K-W-12 [17.49[2.93 [3.49 [ 4.28 [24.29[9.15 [ 2.47 | 733 [95.65| 43.19 [ 0.25 | 3.68 | 443.62 [ -0.01 [33.28 [10822| 152.51 | 20.80 | 9.37 [239.14 [ 4.51 [24.35
74 | K-W-14 [20.69[3.24 [333 [ 443 [35.08[9.28 [2.11 | 9.19 [79.17] 61.43 [ 029 | 4.42 | 147.80 [ 0.00 [48.76 | 91.09 | 177.61 | 12.74 | 8.93 [ 27581 | 7.38 [21.30
75 | K-W-15 [ 527 [215 [ 121 7.37 [1631[628 [0.79 | 5.45 [27.84]39.98 [ 0.39 | 4.97 | 55093 [ 0.03 [ 4.83 [ 31.68 | 707.20 | 19.81 [ 10.19| 81.79 [ 10.98 [ 7.69
76 | K-W-16 | 894 [3.68 [ 1.02| 540 [12.07]5.90 [0.72 [ 411 [19.95] 1026 | 027 [ 2.74 [ 584884 | 0.06 | 7.47 | 26.08 [ 777.09 | 2723 | 7.52 [ 61.17 | 4.66 | 7.00
77 | K-W-18 | 7.38 [ 1.55[0.99 [ 4.08 [23.35[3.99 [0.68 | 9.47 [27.36] 24.11 [ 022 | 3.75 | 30838 [ 0.07 [18.87 [ 28.61 | 51546 | 16.64 | 6.29 | 87.77 | 3.79 [ 6.31
78 | K-W-19 [16.86[3.31 [2.03 [ 3.55 [2557[6.68 [ 1.39 | 9.57 [50.77] 25.50 [ 0.21 | 2.68 | 55636 | 0.05 [32.00 [ 55.59 | 113.39 9.59 [ 639 [108.90 [ 1.62 [12.86
79 | K-W-20 [12.53[2.48 [ 1.66 [ 1.94 [13.18 [ 4.66 [ 0.97 | 7.79 [38.32] 11.02 [ 0.08 | 1.39 | 708.01 [ 0.06 [23.34 | 43.41 | 130.18 | 106.87 | 3.69 | 84.42 [ 1.19 [10.29
80 | K-W-21 [13.49[2.70 [2.42| 0.66 [ 2.07 [ 4.43 [0.74 | 4.73 [22.48] 2.16 | 0.08 | 0.16 | 760.12 | 0.03 [ 8.16 | 30.80 [ 194.79 | 41.57 | 1.89 | 51.02 | 3.63 | 8.90
81 | K-W-22 [12.90[3.03 [3.22| 3.49 [10.83]7.43 | 1.87 | 838 [75.89[22.99 | 0.18 | 2.98 [ 1457.32 | 0.04 [ 1330 [ 82.83 [ 1168.48 | 36.62 | 7.32 | 10112 11.00 [18.20
82 | K-W-23 [15.41[3.27 [4.05| 5.17 [34.55]9.00 [2.49 | 6.32 [95.99]68.19 | 030 | 4.69 | 1007.50 | 0.03 [25.94 [ 102.24 [ 796.03 | 30.53 | 10.58 | 97.90 [ 12.16 [21.56
3 | K-W-24 [14.95[2.64 [340 ] 3.71 [15.05]7.61 | 1.67 | 11.68 [62.45] 20.77 [ 0.21 | 2.63 | 760.88 | 0.07 [21.79 [ 69.26 | 953.01 | 24.11 | 7.17 [ 11645[ 576 [16.42
4 | K-W-25 [15.36[2.77 [ 1.50 [ 4.67 [19.05]5.90 [0.69 [ 7.70 [18.39]23.29 [ 0.27 [ 3.55 [ 410.57 [ 0.04 | 24.79 | 2427 | 74552 [ 26.96 [ 6.36 | 81.92 | 5.82 | 6.06
5 | K-W-29 [ 869 [2.16[1.04 | 1.85 [14.99]3.26 | 038 10.52 [ 832 12.36 | 0.10 | 1.73 | 81332 | 0.07 [ 11.74 [ 13.00 | 638.99 | 39.72 | 2.83 | 101.71 [ 4.07 [ 4.13
86 | K-W-30 [ 9.93 [2.03 [2.39 | 2.61 [20.76] 4.86 | 1.27 | 10.24 [53.11] 1629 | 0.12 | 2.49 | 42842 | 0.06 [ 1820 [ 55.99 [ 632.00 | 25.13 | 4.90 | 98.48 | 323 [11.42
87 | K-W-31 [ 802 [3.73[0.95| 4.65 [13.83]4.77 [ 0.67 | 7.90 [17.94] 13.47 | 0.24 | 2.58 [ 6627.98 | 0.12 | 8.85 [ 23.64 | 141581 | 54.46 | 6.69 | 91.54 | 12.07 | 6.35
88 | K-W-33 [11.24[3.03 [ 1.35| 4.97 [23.87]557 093 | 8.01 [3898]81.62| 031 | 531 | 43599 | 0.05 [30.35[ 37.20 [ 1265.63 | 13.74 | 7.47 | 182.00 | 17.08 | 7.50
89 | K-W-35 [13.89[4.22 [ 141 7.06 [15.60] 7.07 [0.98 | 8.16 [25.46] 56.48 [ 0.45 | 6.54 | 3037.67 | 0.04 [ 13.83 [ 29.04 | 1277.61 | 10.94 [10.84 [ 16326 [ 11.93 [ 6.34
90 | K-W-37 [9.26 [2.94[221 [ 7.42 [26.08[8.05[1.02] 800 [30.92]89.20 [ 0.45 | 5.13 | 537.86 | 0.09 [16.34 [ 40.23 | 3562.54 | 70.84 | 11.30 | 164.54 [ 31.30 [11.01
91 | K-W-39 [17.64[3.09 [2.45[ 3.44 [29.96]6.32 [ 1.59 | 12.73 [68.82]102.60] 0.24 | 3.92 | 18832 [ 0.06 [34.23 [ 66.66 | 714.56 | 22.72 | 7.18 [ 306.03 [ 14.80 [13.27
92 | K-W-40 [35.45]6.66 525 1.68 | 2.43 [10.03] 1.55 [ 0.94 [28.19] 3.14 [ 0.11 [ 11.52 [ 9394.82 [ 0.06 | 0.75 | 47.13 | 22.50 1039 [ 425 [ 18.17 | 13.01 [17.14
93 | K-W-41 | 637 [2.94[0.89 [ 4.63 [1637[4.62[0.95 | 1037 [53.62] 51.70 [ 0.26 | 4.12 | 4470.41 [ 0.10 [ 9.73 [ 37.47 | 59027 | 91.90 | 7.41 [ 166.02 [ 9.84 [ 7.20
94 | K-W-42 | 6.66 | 1.89 [ 1.06 [ 4.91 [23.18[4.85 [0.90 | 9.82 [42.58] 50.69 | 0.26 | 2.71 | 496.61 | 0.15 [13.02] 35.84 | 919.78 | 37.46 | 7.53 | 11858 [ 9.26 | 7.17
95 | K-W-44 | 832 [2.80[0.75[ 4.40 | 7.38 [4.00 [0.56 | 7.72 [15.68] 10.12 [ 0.24 | 1.46 | 924737 [ 0.08 [ 1025 [ 17.83 | 1304.42 | 64.21 | 6.26 | 87.90 [ 9.85 [ 4.70
96 | K-W-45 [13.10[2.94 [2.10 [ 5.50 [25.49[6.78 [ 1.36 | 8.54 [60.13]100.14] 035 | 5.34 | 492.15 [ 0.07 [23.45| 5434 | 2089.88 | 11.21 | 9.15 [ 132.50 [ 14.13 [11.56
97 | K-Ke-48 [11.26[3.76 [2.68 [ 1.46 | 8.93 [ 5.77 [ 1.65 | 13.36 [65.73] 0.75 [ 0.11 | 1.99 [2580.89 [ 5.26 [ 11.64 [ 75.70 | 671.66 150 [12.60 [130.27 | 8.08 [14.73
98 | K-Ke-49 [11.20[2.55 [ 1.52 [ 6.57 1633 [ 6.81 [0.58 | 524 [11.04] 54.16 | 035 | 3.46 | 1146.49 [ 0.17 [ 3.10 | 17.07 | 805.67 | 13533 | 9.43 | 89.94 [ 898 [ 6.53
99 | K-Ke-30

100 [K-Ke-50-1

101 [ K-Ke-55

102 [ K-Ke-57 | 1.44 [3.34 [ 027 4.40 | 4.69 [ 3.1 [0.38 [ 0.09 |6.03 [ 9.80 [ 021 [ 7.26 [3962.60 [ 0.07 | 3.13 | 847 | 22.50 [ 2802 [ 6.59 [ 16.63 | 039 | 1.75
103 | K-Ke-60 |
Row/| Field No. [ Sn Sr Ta Tb | Te | Th Ti %Ti0, | Tm A% Y |FeT/Al| Fe/Ti | Cu/Al(10%) | Ti/AL(107) | Zr/Al(10?) | Th/AI(10?) | Ba/Al(10?)
1 | CH-M-1 [ 053 [829.41 [ 074 [ 0.19 | 020 | 347 | 654.19 | 0.1 [0.21 | 6438 | 1157 | 0.67 | 1275 0.88 52.52 1.17 0.28 8.83

2 | cH-M-2 [ 089 [722.80 [ 129 [ 0.68 | 042 | 721 | 64842 | 0.11 026 | 6420 | 10.14 [ 1.22 | 2278 6.53 53.38 1.30 0.59 9.49

3 | cH-M-3 [ 038 [ 784.97 [ 042 [ 0.08 | 0.65 | 2.01 | 233.09 | 0.04 [0.15 ] 3484 | 579 [ 075 | 13.30 1.27 56.39 3.12 0.49 19.95
4 | cH-M-4 [ 038 [789.37 [ 071 [ 022 | 037 | 333 | 42146 | 007 [0.15 ] 57.69 | 12.65 [ 0.62 | 11.39 1.43 54.23 1.64 0.43 8.97
5 | cHMS5 | 038 [707.11 | 038 | 0.08 [ 0.17 [ 11.92 | 239.79 | 0.04 [o0.15] 19.19 | 2.14 | 0.51 9.79 0.84 52.40 5.52 2.61 3.76
6 | cH-M-6 [ 038 [782.91 [ 124 [ 0.08 | 029 | 1.45 | 203.82 | 0.03 [0.15 ] 19.60 | 246 [ 0.65 | 1537 1.13 42.33 2.87 0.30 13.35
7 | CH-M-7 | 038 [571.99 | 0.76 | 0.08 | 0.09 [ 131 [ 17945 [ 0.03 [0.15] 2589 [ 2.78 | 049 | 1027 1.11 47.30 3.52 0.35 9.00
8 | CH-M-8

9 | CH-M-9

10 | CH-M-11 | 0.38 | 690.00 [ 1.34 | 0.08 | 0.47 | 327 | 471.51 | 0.08 [o0.15] 3728 [ 6.00 | 063 | 10.67 0.97 58.80 1.85 0.41 5.38
11 | CH-M-12 | 0.85 | 715.68 [ 0.69 | 0.08 | 0.76 | 7.10 | 1220.86 | 0.20 [ 0.15 | 93.86 | 12.23 | 0.61 | 11.48 0.54 53.11 1.03 0.31 3.38
12 | CH-M-13 [ 2.15 | 81.00 [ 0.96 | 0.69 | 0.48 | 18.54 | 4420.81 | 0.74 | 0.50 | 47.85 | 11.65 [ 123 | 7.52 1.77 163.26 0.87 0.68 6.37
13 | CHM.14 | 050 [399.19 | 038 [ 0.08 | 0.13 | 1826 | 33221 | 006 [o0.15 ] 1572 | 252 | 1.22 | 21.78 1.30 56.16 4.75 3.09 1.26
14 | CHM.15

15 | CHM.16 | 038 [262.53 | 1.11 [ 0.06 | 024 | 1513 | 131.07 | 002 [o0.15 | 1115 | 1.93 [ 1.47 | 2653 1.23 55.29 9.60 6.38 1.06
16 | CH-M-17 [ 038 [319.11 [ 2.07 | 0.08 | 028 | 2.57 | 184.54 | 0.03 [0.15] 17.69 | 467 [ 1.33 | 2651 1.03 50.31 3.87 0.70 7.63
17 | CH-M-19 | 3.53 | 61.15 | 2.67 | 1.05 | 1.29 | 30.37 | 4633.07 | 0.77 | 0.73 | 107.67 | 28.98 | 0.87 | 11.69 0.81 74.68 0.56 0.49 1.94
18 | CH.M.20

19 | CHM.21 | 495 | 6244 | 323 [ 021 | 1.48 | 42.16 | 1802.16 | 030 | 1.00 | 37.90 | 16.19 | 1.03 | 38.92 0.93 26.45 0.33 0.62 0.57
20 | CH.M.22

21 | CH-M-23 | 1.53 [ 169.43 [ 68.23 | 0.70 | 039 | 12.12 [ 155523 [ 0.26 | 0.49 | 2829 [ 38.29 | 0.55 | 15.74 2.80 35.22 0.91 0.27 14.30
22 | CH-M-24 | 6.43 | 32.56 | 5.66 | 0.86 | 1.53 | 52.52 [ 3567.39 | 0.60 [ 1.33 [ 12552 [ 27.26 | 1.86 | 26.10 0.77 71.31 0.39 1.05 3.59
23 | CH-M-25 | 2.86 | 165.24 [ 2.96 | 1.26 | 1.04 | 23.66 | 5434.75 | 091 | 0.67 | 146.95 | 30.23 | 0.59 | 8.28 0.26 71.02 0.48 0.31 1.14
24 | CH-M-26 | 1.18 | 2594 | 2.92 | 0.70 | 0.46 | 997 | 762.94 | 0.13 [ 033 ] 22.65 [ 56.75 | 0.56 | 24.46 0.14 22.81 0.55 0.30 1.06
25 | CH-M-27 [ 3.76 | 153.17 [ 2.04 | 0.26 | 1.20 | 30.94 | 152246 | 025 [0.79 | 60.32 [ 29.29 | 1.49 | 37.33 0.70 40.00 0.46 0.81 1.51

26 | CH-M-28 | 0.59 [354.58 | 2.51 | 059 | 025 | 527 | 27717 | 0.05 [o0.15] 2531 [ 544 | 150 | 3527 1.63 42.51 2.40 0.81 7.92
27 | CH-M-30 | 3.71 [557.99 | 2.64 | 0.85 | 6.42 | 31.04 [ 4041.77 | 0.67 [ 0.72 [ 169.30 [ 19.05 | 1.33 | 13.89 0.85 95.37 0.52 0.73 3.52
28 | CH-M-31 | 5.66 | 707.97 | 3.65 | 1.15 | 4.75 | 47.60 | 3686.11 | 0.61 [ 1.09 | 87.58 [ 22.31 | 290 | 22.94 1.34 126.24 0.77 1.63 7.03
29 | CH-M-32 | 5.04 [ 461.66 | 2.35 | 0.53 | 2.01 | 42.50 [ 3730.94 | 0.62 [ 0.97 | 78.04 [ 13.59 | 2.86 | 20.14 0.64 141.93 0.88 1.62 11.60
30 | CH-M-33 | 5.76 [ 570.09 | 2.26 | 0.92 | 3.13 | 48.10 | 3536.22 | 0.59 [ 1.04 | 72.66 | 17.21 | 2.77 | 24.06 1.54 115.03 0.84 1.56 5.95
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Continued from Table 3. Geochemical analysis of major and trace elements and elemental ratios in the studied areas.

Row| FieldNo. [ Sn Sr Ta Tb | Te Th Ti %TiO0, | Tm A Y | FeT/Al| Fe/Ti | Cu/Al(10?) | Ti/Al(10%) | Zr/Al(10?) | Th/AI(10%) | Ba/Al(10)
31 | CH-M-34
32 | CH-M-35 | 6.33 | 156.57 | 7.04 1.04 | 2.05 | 53.92 | 171.52 0.03 1.59 | 44.73 13.17 | 17.01 | 536.33 11.91 31.71 2.03 9.97 63.00
33 K-D-1 5.78 | 108.78 | 5.09 | 1.67 | 2.03 | 51.55 [13333.33| 2.22 | 1.33 | 278.53 | 31.21 | 0.94 6.31 1.95 149.30 0.56 0.58 2.10
34 K-D-2 9.43 | 32.97 6.03 1.43 | 2.60 | 78.13 | 1817.81 0.30 1.95 | 61.56 | 21.59 3.26 71.57 1.02 45.62 0.60 1.96 9.50
35 K-D-3 7.71 | 12,02 | 3.73 | 0.76 | 2.08 | 64.91 | 1721.01 | 029 | 1.58 | 67.06 | 20.70 | 2.77 63.08 239 43.96 0.74 1.66 6.02
36 K-D-4 5.73 | 140.15 | 12.81 1.75 | 1.73 | 49.52 | 234.71 0.04 1.67 | 18.41 | 93.01 15.42 | 358.31 2.41 43.03 2.21 9.08 14.96
37 K-D-5 2.04 | 3942 | 0.59 | 0.94 | 1.93 | 17.48 | 1577.82 | 0.26 | 0.36 | 86.60 | 35.68 | 0.72 19.36 0.17 37.16 0.55 0.41 13.31
38 K-D-6 2.26 | 21.05 1.06 0.90 | 1.57 | 18.65 | 1306.28 0.22 0.38 | 60.61 | 22.31 1.44 27.10 0.57 52.97 0.70 0.76 6.19
39 K-D-7 3.89 | 64.52 | 9.22 | 1.05 | 1.81 [ 32.80 | 855.56 0.14 |0.88 | 38.98 | 4593 | 2.13 67.94 0.22 31.31 0.83 1.20 4.06
40 K-D-7a
41 K-D-8 531 | 3450 | 3.14 | 0.64 | 1.98 | 46.25 | 2304.86 | 0.38 | 1.13 [ 105.76 | 16.18 | 1.83 34.74 3.00 52.61 0.55 1.06 10.36
42 K-D-9 1.72 | 22.32 0.78 0.08 | 0.74 | 14.51 | 350.12 0.06 0.40 | 59.13 5.51 1.76 76.60 0.15 22.94 0.71 0.95 2.16
43 K-D-10 [ 17.89 | 19.41 | 7.98 | 2.73 | 5.59 |148.97| 935.19 0.16 | 4.09 | 49.58 | 10.18 | 9.86 | 223.20 6.25 44.20 0.94 7.04 6.99
44 K-D-13 4.07 | 68.45 | 1238 | 0.75 | 1.44 | 34.72 | 930.73 0.16 1.07 | 37.57 | 44.21 3.56 64.38 0.54 55.34 0.92 2.06 291
45 K-D-14 [16.30 | 36.29 | 6.11 | 3.43 | 4.10 [139.84| 3208.19 | 0.54 | 3.77 [ 11541 | 4824 | 4.59 61.68 1.03 74.44 0.70 3.24 8.64
46 K-D-15 14.06 | 4291 7.25 2.07 | 3.66 | 123.68 | 1554.19 0.26 3.02 | 71.34 9.93 6.85 111.73 2.54 61.31 0.58 4.88 26.53
47 K-D-19 2.77 | 28.03 | 535 | 0.72 | 7.46 | 22.21 | 815.02 0.14 |0.75 | 20.66 | 100.37 | 6.04 | 51.53 2.86 117.21 2.08 3.19 10.20
48 K-D-20 1.10 | 38.10 1.16 0.64 | 0.82 | 8.78 | 2171.99 0.36 0.27 | 115.24 | 24.68 0.35 8.03 0.16 43.60 0.54 0.18 13.80
49 K-D-22 1.35 | 41.02 [ 1.49 | 0.89 [ 1.73 [ 11.62 | 1019.72 | 0.17 | 0.29 | 121.45 | 30.01 | 0.49 21.55 0.27 22.65 0.46 0.26 13.04
50 K-D-23 1.38 | 44.20 0.01 0.23 | 2.56 | 11.01 | 772.70 0.13 0.32 | 115.29 | 40.74 0.52 28.20 0.24 18.43 0.40 0.26 12.65
51 K-D-24 1.51 | 4454 | 037 | 0.08 [ 1.98 | 12.41 | 1703.94 | 0.28 | 0.28 | 112.84 | 28.12 | 0.55 14.34 0.16 38.18 0.46 0.28 21.83
52 K-D-25 2.57 | 30.74 3.77 0.51 1.25 | 22.90 | 1492.21 0.25 0.60 | 70.45 | 50.81 1.19 25.81 0.25 46.16 0.48 0.71 10.51
53 K-D-26 | 11.64 | 25.69 | 6.58 | 1.37 | 441 [102.03]| 1559.24 | 0.26 [ 2.49 | 91.24 | 17.67 | 534 | 99.00 1.60 53.94 0.54 3.53 13.53
54 K-D-28 16.33 | 35.20 8.81 2.63 | 4.60 | 138.99 | 1625.87 0.27 3.76 | 85.56 | 17.78 6.78 121.56 4.15 55.81 0.56 4.77 22.87
55 | K-D-29-1 | 1.77 | 31.31 1.93 [ 0.08 | 1.01 | 15.62 | 2396.33 | 0.40 | 0.41 | 122.88 | 27.74 | 0.64 11.99 0.28 53.32 0.48 0.35 13.24
56 K-D-31 9.13 | 15575 | 5.13 0.59 | 2.82 | 80.20 | 1731.51 0.29 1.90 | 13.66 8.02 48.79 | 75.63 5.96 645.04 6.78 29.88 12.55
57 K-D-33
58 K-D-34 2.56 | 7291 1.04 0.08 | 1.41 | 22.64 | 2883.07 0.48 0.49 | 82.45 9.45 2.27 13.99 1.10 161.95 1.26 1.27 16.85
59 K-D-35 1.54 | 54.13 | 0.62 | 0.55 | 0.66 | 13.37 | 2478.52 | 0.41 [ 0.27 | 41.68 | 9.89 1.38 10.43 1.19 132.53 0.91 0.71 21.55
60 K-D-36 2.60 | 70.02 2.92 0.75 | 1.15 | 20.89 | 1581.33 0.26 0.51 | 73.54 | 14.48 1.29 24.75 0.65 52.25 0.55 0.69 8.47
61 K-D-37
62 K-D-38
63 K-D-39
64 K-D-40 0.38 | 481.85 | 0.16 0.08 | 0.36 | 2.22 76.45 0.01 0.15 | 65591 | 0.67 0.03 56.45 0.06 0.53 0.01 0.02 0.37
65 K-D-41 2.11 | 80.08 | 4.15 | 1.00 | 0.79 | 17.70 | 1557.00 | 0.26 | 0.48 | 46.58 | 24.66 | 0.65 20.31 0.21 32.17 0.69 0.37 11.58
66 K-W-2 2.54 | 223.06 | 5.04 0.22 | 0.95 | 21.01 | 1387.89 0.23 0.55 | 47.67 | 31.76 1.42 27.17 1.90 52.23 0.54 0.79 11.51
67 K-W-4 2.69 | 23.12 | 1.83 | 1.34 | 0.68 [ 22.94 | 2905.78 | 0.48 | 0.77 | 24.61 | 5542 | 0.61 14.30 0.24 42.48 1.28 0.34 3.55
68 K-W-5
69 K-W-6 0.38 | 87.40 | 1.82 | 0.96 | 0.24 | 324 | 4130.03 | 0.69 | 0.15 | 102.92 | 15.84 | 0.12 1.48 0.46 81.34 0.46 0.06 9.82
70 K-W-7 1.62 | 80.04 0.85 041 | 0.68 | 12.72 | 4533.43 0.76 0.38 | 46.87 | 12.29 1.06 5.87 1.72 180.94 1.01 0.51 4.87
71 K-W-8 5.67 | 60.83 | 831 1.85 | 1.62 | 49.47 |13333.33| 2.22 | 1.40 [ 331.25 | 28.90 | 0.99 6.37 0.16 155.90 0.22 0.58 25.19
72 K-W-10 1.78 | 57.50 3.12 1.38 | 0.45 | 16.02 | 1925.56 0.32 0.58 | 233 65.21 0.54 14.95 0.41 35.85 0.98 0.30 10.28
73 K-W-12 1.90 | 2535 | 091 1.66 | 0.40 | 15.30 | 2770.01 | 046 [ 0.57 | 6.59 | 83.18 | 0.54 10.82 0.04 49.80 1.32 0.27 4.21
74 K-W-14 2.00 | 14.77 1.52 2.00 | 0.60 | 18.26 | 4550.97 0.76 0.67 | 6.58 106.22 | 0.39 6.81 0.07 56.65 1.39 0.23 3.16
75 K-W-15 | 3.27 | 41.06 | 2.53 | 0.98 [ 0.94 | 29.53 | 3392.68 | 0.57 | 0.69 | 127.63 | 27.11 0.81 15.20 0.26 53.06 0.37 0.46 12.47
76 K-W-16 240 | 15045 | 691 0.45 | 0.82 | 20.26 | 1282.71 0.21 0.58 | 33.70 | 45.64 1.42 29.46 2.54 48.11 1.05 0.76 22.23
77 K-W-18 1.85 | 2223 | 276 | 0.92 | 0.88 | 14.97 | 2311.99 | 0.39 [ 0.36 | 1531 | 36.95 | 0.51 12.33 0.01 41.39 0.55 0.27 6.66
78 K-W-19 1.49 | 31.83 1.80 2.03 | 0.74 | 13.47 | 2305.64 0.38 0.54 | 295 75.32 0.39 10.76 0.02 36.33 0.93 0.21 10.30
79 K-W-20 | 0.81 [ 72.38 | 1.62 | 0.94 | 0.02 | 6.81 | 1685.56 | 0.28 | 0.26 | 590 | 53.20 [ 0.35 8.04 0.11 43.60 0.99 0.18 14.42
80 K-W-21 0.38 | 35.71 0.56 1.25 | 0.02 | 2.48 | 1214.93 0.20 0.15 | 3.67 46.68 0.23 3.81 0.25 59.25 1.32 0.12 11.78
81 K-W-22 1.58 | 9046 [ 1.17 | 1.64 | 0.47 | 12.88 | 5107.75 | 0.85 | 0.37 | 55.71 | 46.36 | 0.50 4.78 0.55 104.27 0.56 0.26 8.17
82 K-W-23 2.39 | 49.63 2.54 1.65 | 0.90 | 19.49 | 4986.36 0.83 0.57 | 33.91 | 65.05 0.51 7.25 0.03 70.13 0.57 0.27 7.09
83 K-W-24 1.68 | 47.09 | 1.20 | 1.47 | 0.54 | 14.29 | 4487.31 | 0.75 | 0.46 | 28.08 | 53.17 | 0.38 5.78 0.04 65.78 0.43 0.21 8.85
84 K-W-25 2.08 | 28.04 2.17 1.55 | 0.64 | 17.86 | 4620.48 0.77 0.67 | 24.03 | 73.79 0.60 7.07 0.07 85.17 1.29 0.33 9.57
85 K-W-29 [ 0.83 [102.98 | 0.86 | 0.98 | 0.66 | 6.64 | 2170.36 | 0.36 | 0.15 | 13.84 | 38.53 | 0.24 5.97 0.05 40.31 0.42 0.12 7.26
86 K-W-30 1.13 | 63.09 1.28 0.99 | 0.37 | 9.15 | 2186.75 0.36 0.15 ] 9.95 40.51 0.33 8.36 0.02 39.96 0.47 0.17 6.28
87 K-W-31 2.02 | 236.84 | 6.76 | 1.02 | 0.84 | 18.56 | 4246.63 | 0.71 | 0.52 | 60.44 | 38.00 | 0.63 7.66 0.24 82.05 0.77 0.36 13.71
88 K-W-33 2.19 | 29.85 2.15 1.03 | 0.86 | 19.23 | 6433.46 1.07 0.69 | 88.88 | 71.86 0.36 5.40 0.12 65.90 1.27 0.20 7.26
89 K-W-35 | 330 | 77.65 | 533 | 1.44 | 1.28 | 29.40 | 3414.69 | 0.57 | 1.08 | 49.77 | 8541 | 0.74 14.45 0.05 51.31 1.54 0.44 7.67
90 K-W-37 3.42 | 34.57 2.61 2.09 | 0.96 | 29.43 [13333.33| 2.22 0.84 | 361.55 | 43.82 0.56 3.89 0.15 145.16 0.78 0.32 9.39
91 K-W-39 1.54 | 29.81 | 0.87 | 1.52 | 0.76 [ 12.07 | 6745.00 | 1.13 | 0.55 | 19.63 | 96.31 | 0.28 3.57 0.07 78.88 1.58 0.14 4.06
92 K-W-40 0.80 | 40.84 | 10.31 | 2.79 | 0.39 | 6.15 123.29 0.02 045 | 504 | 14739 | 1.84 95.21 5.07 19.38 2.12 0.97 14.63
93 K-W-41 2.11 | 137.74 | 6.85 | 0.77 | 0.62 | 17.70 | 2467.33 | 0.41 | 0.47 | 45.76 | 34.90 | 0.40 13.11 2.10 30.67 0.57 0.22 10.24
94 K-W-42 2.25 | 32.32 2.98 1.07 | 0.73 | 18.88 | 4321.32 0.72 0.40 | 92.11 37.24 0.34 7.94 2.17 43.41 0.50 0.19 13.44
95 K-W-44 | 2.00 | 185.80 | 10.68 | 1.07 | 0.78 | 16.78 | 3364.15 | 0.56 | 0.51 | 37.30 | 33.66 | 0.80 9.14 0.56 87.65 0.90 0.44 16.30
96 K-W-45 2.53 18.94 1.86 1.78 | 1.11 | 20.84 | 9029.62 1.51 0.85 | 60.48 | 70.92 0.45 4.26 0.05 105.36 1.23 0.24 8.67
97 | K-Ke-48 | 0.73 | 88.82 | 2.97 | 2.03 | 0.18 | 18.98 | 3474.45 | 0.58 | 0.17 | 832 | 45.19 | 0.15 2.93 0.06 49.92 1.36 0.27 8.62
98 K-Ke-49 3.06 | 40.97 3.28 1.01 | 0.90 | 25.87 | 1768.21 0.29 0.76 | 198.92 | 40.96 1.07 25.98 0.81 41.25 0.48 0.60 20.51
99 | K-Ke-50
100 | K-Ke-50-1
101 | K-Ke-55
102 | K-Ke-57 2.10 | 19.82 4.87 0.08 | 0.75 | 15.96 37.24 0.01 0.49 | 12.03 7.50 22.40 | 825.78 30.15 27.12 5.77 11.62 33.14
103 | K-Ke-60
Row Field.No V/AI(10-2) V/Cr Sr/Al(10-3) Y/Ho Sr/Ba P/Ti Mn/Sr Sr/Cu Srxs/Caco3 Ce/Ce* Ga/Rb
1 CH-M-1 0.52 2.20 66.59 30.44 7.55 1.40 1.01 75.96 8.61 2.86 0.12
2 CH-M-2 0.53 2.45 59.50 20.27 6.27 1.69 1.13 9.11 8.23 2.83 0.10
3 CH-M-3 0.84 2.36 189.91 15.24 9.52 1.68 1.25 149.84 7.70 3.45 0.09
4 CH-M-4 0.74 3.21 101.57 23.41 11.32 7.61 1.91 70.93 7.48 2.68 0.15
5 CH.M.5 0.42 0.25 154.53 5.64 41.09 0.77 0.99 183.15 7.53 1.16 0.08
6 CH-M-6 0.41 1.49 162.59 6.47 12.18 0.43 0.69 144.20 7.28 4.99 0.05
7 CH-M-7 0.68 2.51 150.78 7.32 16.75 0.96 1.04 136.37 4.99 5.75 0.10
8 CH-M-8
9 CH-M-9
10 CH-M-11 0.46 1.71 86.05 15.79 16.01 0.76 0.89 88.40 7.13 3.55 0.06
11 CH-M-12 0.41 2.15 31.13 32.18 9.22 0.70 1.11 58.02 7.30 3.35 0.07
12 CH-M-13 0.18 0.54 2.99 30.65 0.47 0.05 2.59 1.69 -2.14 2.67 0.12
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Continued from Table 3. Geochemical analysis of major and trace elements and elemental ratios in the studied areas.

Row Field.No V/AI(10-2) VI/Cr Sr/Al(10-3) Y/Ho Sr/Ba P/Ti Mn/Sr Sr/Cu Srxs/Caco3 Ce/Ce* Ga/Rb
13 CH.M.14 0.27 0.10 67.48 6.62 53.52 0.43 2.39 51.83 4.28 0.45 0.33
14 CH.M.15
15 CH.M.16 0.47 0.42 110.75 5.08 104.33 0.33 5.02 90.13 2.90 0.30 0.45
16 CH-M-17 0.48 0.70 86.99 12.28 11.41 0.30 4.31 84.12 2.86 3.82 0.04
17 CH-M-19 0.17 1.07 0.99 43.02 0.51 0.36 20.43 1.21 -56.43 1.12 0.16
18 CH.M.20
19 CH.M.21 0.06 0.23 0.92 29.12 1.61 0.24 25.86 0.99 -29.78 1.06 0.16
20 CH.M.22
21 CH-M-23 0.06 0.34 3.84 36.65 0.27 0.20 78.69 1.37 1.22 1.60 0.13
22 CH-M-24 0.25 0.94 0.65 37.04 0.18 0.68 55.99 0.84 -61.59 1.09 0.32
23 CH-M-25 0.19 1.28 2.16 5239 1.90 0.21 8.38 8.31 -5.63 1.67 0.19
24 CH-M-26 0.07 0.47 0.78 61.24 0.73 0.22 80.15 5.36 -4.76 0.95 0.10
25 CH-M-27 0.16 0.30 4.02 36.88 2.66 2.69 6.06 5.78 1.81 1.09 0.22
26 CH-M-28 0.39 0.16 54.38 14.32 6.87 0.47 4.28 33.40 3.08 3.57 0.24
27 CH-M-30 0.40 2.75 13.17 33.19 3.74 1.62 0.24 15.50 1039.06 1.13 0.38
28 CH-M-31 0.30 1.63 24.25 32.55 3.45 1.34 0.17 18.06 1983.01 0.88 0.39
29 CH-M-32 0.30 1.89 17.56 35.76 1.51 0.40 0.24 27.25 1747.96 1.09 0.16
30 CH-M-33 0.24 0.91 18.54 30.27 3.12 0.65 0.27 12.06 477.08 1.01 0.40
31 CH-M-34
32 CH-M-35 0.83 1.25 28.95 18.52 0.46 2.52 24.94 243 2.17 2.64 3.97
33 K-D-1 0.31 3.22 1.22 30.07 0.58 0.15 24.12 0.62 -36.03 1.22 0.37
34 K-D-2 0.15 0.68 0.83 24.43 0.09 0.86 26.08 0.81 -92.94 0.96 0.39
35 K-D-3 0.17 0.71 0.31 39.18 0.05 0.29 68.19 0.13 -109.48 1.29 0.30
36 K-D-4 0.34 0.26 25.69 63.70 1.72 1.79 95.13 10.68 2.45 1.20 1.23
37 K-D-5 0.20 1.29 0.93 62.04 0.07 2.37 13.49 5.49 -35.66 0.88 0.25
38 K-D-6 0.25 0.98 0.85 58.72 0.14 2.01 16.42 1.50 -40.45 0.91 0.52
39 K-D-7 0.14 0.78 2.36 55.77 0.58 0.53 145.07 10.83 -0.64 1.60 0.29
40 K-D-7a
41 K-D-8 0.24 0.55 0.79 42.57 0.08 0.35 16.81 0.26 -54.09 1.62 0.19
42 K-D-9 0.39 1.73 1.46 14.49 0.68 1.17 19.47 9.69 -0.78 3.00 0.28
43 K-D-10 0.23 0.73 0.92 8.81 0.13 0.30 85.15 0.15 -5.74 1.19 0.56
44 K-D-13 0.22 0.90 4.07 48.64 1.40 0.32 194.78 7.57 0.24 1.40 0.36
45 K-D-14 0.27 0.57 0.84 23.62 0.10 2.18 13.71 0.81 -23.13 0.65 0.28
46 K-D-15 0.28 0.19 1.69 11.99 0.06 0.36 13.83 0.67 -23.12 0.92 0.40
47 K-D-19 0.30 0.13 4.03 96.38 0.40 1.16 214.65 1.41 0.10 1.26 0.38
48 K-D-20 0.23 0.62 0.76 64.94 0.06 1.58 7.27 4.79 -45.41 1.31 0.16
49 K-D-22 0.27 0.24 0.91 56.40 0.07 6.66 7.25 3.40 -22.78 1.14 0.11
50 K-D-23 0.28 0.65 1.05 52.97 0.08 12.04 11.86 4.48 -12.48 0.91 0.13
51 K-D-24 0.25 1.12 1.00 50.94 0.05 3.97 8.68 6.37 -23.62 1.09 0.16
52 K-D-25 0.22 0.78 0.95 66.37 0.09 1.61 88.81 3.86 -3.62 1.02 0.21
53 K-D-26 0.32 0.79 0.89 19.68 0.07 1.46 43.04 0.55 -18.65 1.16 0.30
54 K-D-28 0.29 1.28 1.21 15.36 0.05 2.62 43.41 0.29 -26.24 0.90 0.39
55 K-D-29-1 0.27 0.83 0.70 5133 0.05 1.71 25.55 2.45 -18.87 1.13 0.14
56 K-D-31 0.51 0.50 58.02 14.22 4.62 2.04 4.19 9.74 23.93 1.67 0.24
57 K-D-33
58 K-D-34 0.46 1.35 4.10 24.87 0.24 0.16 1.36 3.73 3.25 248 0.13
59 K-D-35 0.22 1.57 2.89 26.01 0.13 0.19 1.43 2.43 -12.91 1.70 0.13
60 K-D-36 0.24 1.49 231 38.10 0.27 0.55 21.66 3.55 -4.86 1.23 0.12
61 K-D-37
62 K-D-38
63 K-D-39
64 K-D-40 0.45 4.26 3.33 1.75 8.98 129.20 0.20 57.03 -11.33 2.20 0.40
65 K-D-41 0.10 0.49 1.65 64.90 0.14 0.38 44.81 7.96 -6.74 1.66 0.21
66 K-W-2 0.18 0.86 8.39 39.59 0.73 0.38 26.67 4.42 5.52 1.02 0.24
67 K-W-4 0.04 0.86 0.34 66.00 0.10 0.19 37.84 1.41 -262.65 0.80 0.09
68 K-W-5
69 K-W-6 0.20 1.89 1.72 41.69 0.18 0.03 5.90 3.70 -31.64 2.17 0.10
70 K-W-7 0.19 1.19 3.19 32.34 0.66 0.04 2.28 1.85 -0.83 3.00 0.09
71 K-W-8 0.39 2.80 0.71 28.46 0.03 0.13 78.07 4.59 -66.00 1.29 0.25
72 K-W-10 0.00 0.09 1.07 32.08 0.10 0.05 33.93 2.60 -23.61 0.58 0.13
73 K-W-12 0.01 0.37 0.46 33.65 0.11 0.06 17.50 12.36 -141.92 0.54 0.10
74 K-W-14 0.01 0.26 0.18 50.24 0.06 0.04 10.01 2.79 -888.87 0.56 0.13
75 K-W-15 0.20 1.68 0.64 34.28 0.05 0.21 13.42 243 -77.72 0.85 0.20
76 K-W-16 0.13 1.02 5.64 63.54 0.25 0.61 38.87 222 322 1.06 0.20
77 K-W-18 0.03 0.26 0.40 54.16 0.06 0.22 13.87 43.92 -294.74 0.61 0.27
78 K-W-19 0.00 0.08 0.50 54.07 0.05 0.05 17.48 23.23 -56.09 0.61 0.23
79 K-W-20 0.02 0.07 1.87 55.09 0.13 0.08 9.78 17.72 -14.39 0.58 0.16
80 K-W-21 0.02 0.04 1.74 63.46 0.15 0.16 21.29 6.87 -3.55 0.65 0.04
81 K-W-22 0.11 1.07 1.85 24.86 0.23 0.23 16.11 3.34 -7.90 0.59 0.11
82 K-W-23 0.05 1.13 0.70 26.09 0.10 0.16 20.30 22.63 -31.44 0.67 0.35
83 K-W-24 0.04 0.65 0.69 31.91 0.08 0.21 16.16 16.17 -38.63 0.60 0.13
84 K-W-25 0.04 0.49 0.52 107.20 0.05 0.16 14.64 7.41 -127.54 0.73 0.23
85 K-W-29 0.03 0.43 1.91 101.39 0.26 0.29 7.90 3543 -10.08 0.84 0.15
86 K-W-30 0.02 0.24 1.15 31.97 0.18 0.29 6.79 47.89 -41.19 0.57 0.21
87 K-W-31 0.12 1.11 4.58 56.93 0.33 0.33 27.99 19.38 3.09 1.13 0.15
88 K-W-33 0.09 1.67 0.31 77.14 0.04 0.20 14.61 2.54 -198.60 0.82 0.13
89 K-W-35 0.07 1.25 1.17 87.03 0.15 0.37 39.12 24.17 -14.79 0.89 0.10
90 K-W-37 0.39 8.80 0.38 42.95 0.04 0.27 15.56 2.46 -116.73 1.13 0.16
91 K-W-39 0.02 0.71 0.35 60.55 0.09 0.11 6.32 5.36 -215.17 0.57 0.10
92 K-W-40 0.08 0.19 6.42 95.16 0.44 0.18 230.07 1.26 0.34 0.79 0.13
93 K-W-41 0.06 0.84 1.71 36.64 0.17 0.24 32.46 0.82 -12.66 0.83 0.10
94 K-W-42 0.09 1.49 0.32 41.58 0.02 0.21 15.36 0.15 -195.51 0.81 0.20
95 K-W-44 0.10 1.21 4.84 60.23 0.30 0.39 49.77 8.72 4.24 1.16 0.08
96 K-W-45 0.07 1.90 0.22 52.16 0.03 0.23 25.98 4.21 -198.45 0.67 0.19
97 K-Ke-48 0.01 0.08 1.28 27.36 0.15 0.19 29.06 21.95 -14.35 0.88 0.07
98 K-Ke-49 0.46 2.81 0.96 70.98 0.05 0.46 27.98 1.19 -19.05 1.40 0.18
99 K-Ke-50

100 K-Ke-50-1
101 K-Ke-55
102 K-Ke-57 0.88 0.31 14.44 19.73 0.44 0.60 199.93 0.48 0.45 2.06 0.28
103 K-Ke-60
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Figure 6. Microscopic photographs of samples from Koushk and Chahmir sequences. Quartz with wave extinction infer that it grew before

a deformation event and is considered a diagnostic property (Passchier and Trouw, 2005). Round embayments suggest partial dissolution in

superheated, water-saturated rhyolite melt (Donaldson and Henderson, 1988; CH.M.20, K.OK.1, K.OK.5). Some stylolites are observed in

carbonates collected from Chahmir area (CH.M.5, 8, 9and 17), suggesting a high pressure as a consequence of a deformation process. The

photographs are paired plane polarized light (PPL) and cross-polarized light (XPL) microscopic images.
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Figure 7. Stratigraphic distribution of geochemical indices versus proxies including: detrital influx (Ti/Al, Zr/Al, Th/Al); redox-sensitive

(Fe, /Al, V/Al, V/Cr, Ce/Ce*, Y/Ho, Co); palacosalinity (Sr/Ba, St/Al, Srxs/CaCO,); palacoproductivity (Ba/Al, P/Ti, Cu/Al, Zn, P, Cd,
Mn/Sr); palacoclimate (Sr/Cu, Ga/Rb, Fe/Ti). a) Koushk- Dargazin; b) Koushk- Wedge;
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Continued from Figure 7. Stratigraphic distribution of geochemical indices versus proxies including: detrital influx (Ti/Al, Zr/Al, Th/Al);
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Figure 9. Palaeogeographic reconstructions of Gondwana ca. 550 Ma (modified after Warren et al.,
2017). The Ediacaran fossil-bearing localities Cloudina, Corumbella and Namacalathus occurrences
are highlighted. Yellow star: our study area location, 1: Australia, 2: India, 3: Antarctica, 4: West Africa,
5: Congo-Sao Francisco, 6: Kalahari, 7: Parangga, 8: Rio de la Plata, 9: Amazonia, 10: Rio Apa, 11: Laurentia,
12: Madagascar, 13: Arabia-Nubia, 14: Siberia, 15: Baltica. The palacogeographic reconstruction is based
on Germs (1972), Yochelson and Stump (1977), Hagadorn and Waggoner (2000), Grotzinger et al. (2000),
Hofmann and Mountjoy (2001), Amthor et al. (2003), Gaucher et al. (2003), Trindade et al. (2006), Li et al.
(2008), Kontorovich et al. (2008), Warren et al. (2011), and Tohver et al. (2012).
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Figure 10. Distribution of Iranian Ediacaran biota of the upper Ediacaran System. After Huckriede et al. (1962a,b), Stocklin
(1968), Hahn and Pflug (1980), Glaessner (1984b), Hamdi (1995), Jafari et al. (2007), Vickers-Rich et al. (2017, 2018), Vaziri
etal. (2018), Bowyer et al., (2017) and this study. The age constraints updated after Xiao and Narbonne (2020), Schmitz (2012),
Pu et al. (2016), and Linnemann et al. (2019). The black dots show the location of reported fossils. The yellow dots represent

questionable identifications (taxa with little reality and no real discussion). The

determined yet.
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Figure 11. Stratigraphic ranges of Ediacaran taxa versus ages from new geochronological

data (this study) in a time interval ranging from 541 to 581 Ma, incorporating the

Ediacaran—Cambrian boundary in the Koushk and Chahmir sections (Farjandi et al.,
2022) and ChronostratChart2024-12 (IUGS, 2024; Xiao and Narbonne, 2020a,b).
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