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The Upper Triassic shale of the Qadir Member of the Nayband Formation, East Central Iran has been analysed
geochemically to evaluate provenance and palaeogeography. The Qadir Member in the Parvadeh Coal Mine section is 450
metres thick, and includes sandstone, shale, coal, siltstone, and fossiliferous limestone. XRD analysis of shale samples from
the Qadir Member largely indicated the presence of illite and chlorite, with small amounts of kaolinite and montmorillonite. On
binary and triangular diagrams the data suggests an intermediate igneous source rock for these shales. Plotting the geo-
chemical data on binary diagrams also indicates the tectonic setting of an active continental margin, perhaps reflecting the
Early Cimmerian tectonic event with Neothetys subduction under the Iran Plate, and collision of the Iran Plate with Turan dur-
ing the Late Triassic. The Chemical Index of Alteration (CIA) and Plagioclase Index of Alteration (PIA) values for shale from
the Qadir Member of Nayband Formation vary from 74.04 to 80.54 (average 78.02) and 84.31 to 91.85 (average 87.81), re-
spectively, indicating moderate to high chemical alteration in the source area and suggesting a semi-humid climate during
deposition. The geochemical data and palaeogeographical models indicate that the Qadir Member shale was deposited on

an active margin in a shoreline to transitional-marine setting.
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INTRODUCTION

In sedimentary geology, the term “provenance” is used to
consider all the factors related to the production of sediments
from source to sink. Many researchers have investigated how
tectonics, and provenance relate to the composition of
siliciclastic rocks (Dickinson and Suczek, 1979; Dickinson,
1985; Bhatia and Crook, 1986; Rieser et al., 2005; Fleming et
al., 2016). Provenance analysis may be used to identify the
source area(s) and assemblages of parent-rocks from initial
erosion of the source rock to final burial of the sediments
(Weltje, 2002; Weltje and von Eynatten, 2004; Khanehbad et
al., 2012a). In general, the composition of siliciclastic rocks de-
pends on the types of source rocks, palaeoclimate and topogra-
phy (Jin et al., 2006; Armas et al., 2014; Mahavaraju, 2015). Itis
possible to interpret the provenance of siliciclastic rocks by us-
ing petrography and geochemical data via discriminant dia-
grams (Khanehbad et al., 2012b; Sabbagh Bajestani et al.,
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2018). Geochemical provenance studies are particularly appli-
cable to shales, because of their homogeneity before deposi-
tion, their post-depositional impermeability and their higher
abundance of trace elements relative to sandstones (Cullers,
2000; Hessler and Lower, 2006; DaPeng et al., 2012).

In this study, the provenance of siliciclastic rocks of the
Qadir Member of the Nayband Formation in East Central Iran
(Tabas Block) is interpreted and investigated through geo-
chemical analysis. Geochemical data from shale is used to de-
termine provenance (interpreting source rock, tectonic setting,
palaeoweathering, and determining palaeogeography). This
study allows for a better understanding of the palaeotectonic
setting and palaeogeography of period in East Central Iran in
the Triassic.

GEOLOGY OF THE STUDY AREA

During Permian times, the Central-East Iranian Micro-
continent (CEIM) became detached from Gondwana and
moved towards Eurasia. The ensuing collision caused the clo-
sure of the Palaeotethys Ocean and a series of events related
to tectonic uplift, magmatism, and metamorphism traditionally
termed the Early Cimmerian orogeny (Aghanabati, 2006;
Wilmsen et al., 2009a). Following this orogeny, there was sea
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Fig. 1A — structural map of the Central-East Iranian Microcontinent and its crustal blocks (modified from Malekzadeh Shafaroudi
et al., 2015); B — location of the section studied (yellow asterisk) to the south of Tabas

level rise and the Nayband Formation (Late Triassic), with a
thickness of 3000 m, was deposited in Central Iran’s sedimen-
tary structural zone. In the Late Triassic (Norian—Rhaetian), the
Nayband Formation was distributed over a large area of central
and eastern Iran (Seyed-Emami, 2003); its measured type sec-
tion is placed south of the Nayband Mountain to the west of
Nayband village (Aghanabati, 2006). As regards Iran’s struc-
tural divisions (Aghanabati, 2006; Malekzadeh Shafaroudi et
al., 2015), the study area is located in the central part of the
Central-East Iranian Microcontinent (CEIM). The Tabas Block
is an intra-continental depression and a part of the CEIM
(Aghanabati, 2006) with a volatile geological history making it
one of the most complex geological units in Iran.

The Qadir Member of the Nayband Formation in the
Parvadeh Coal Mine section (33°00'21"N and 56°48'40"E), lo-
cated about 80 km south of Tabas, has been measured and
studied in the Nayband sedimentary structural sub-block (sub-
divisions of the Tabas Block; Fig. 1). This formation is exposed
extensively across the Tabas Block; one of the best exposures
is located in the Parvadeh Coal Mine (PCM) zone, south of
Tabas. The Nayband Formation on the southern flank of the
central anticline of the PCM (termed the Sandwich anticline
among local geologists) is 450 m thick (Figs. 2 and 3) and
lithologically consists of shale and sandstone with intercalations
of fossiliferous limestone and coal layers. Its lower boundary is
unexposed in this section while the upper boundary is
disconformable against the coarse-grained strata of the Ab-Haji

Formation (white sandstones and red-brown conglomerates —
Early Jurassic; Fig. 4).

SAMPLES AND METHODS

In studying the siliciclastic rocks of the Qadir Member in
Parvadeh Coal Mine to the south of Tabas, following sampling
and field studies, 10 samples of shale were selected to be
analysed by XRF for determining major and trace elements and
3 samples of shale were selected for XRD analysis to identify
the clay minerals. The shale samples were analysed by East
Amethyst Analytical Geology Lab using an X-ray fluorescence
device (Philips PW 1480 X-ray spectrometer). Ten shale expo-
sure samples with minimal carbonate cement were cleaned and
crushed to powder in agate mortars for major and trace element
analysis. XRD analysis was also performed to identify clay min-
erals, by Geological Survey and Mineral Explorations, North-
west Branch (Tabriz center), using a Siemens D-5000 machine.
To investigate microstructures and to determine the semi-quan-
titative composition of clay minerals in the Qadir Member de-
posits, a Scanning Electron Microscope (SEM, LEO 1450VP)
was used, in the central laboratory of the Ferdowsi University of
Mashhad, equipped with an Energy Dispersive X-ray (EDX) de-
tector. Fresh surface samples were investigated using a scan-
ning electron microscope (SEM). For this purpose, small fresh
samples were broken and then were coated by Au-Pd sputter
prior to examination.
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Fig. 2. Simplified geological map of the area
(modified after Moussavi-Harami and Ghaemi, 2006; Saidi et al., 2004)

RESULTS

CLAY MINERALOGY

XRD was used to identify clay minerals within the
fine-grained deposits of the Qadir Member. Analysis of three
shale samples show presence of illite and chlorite with small
amounts of kaolinite and montmorillonite (Fig. 5). lllite and
chlorite were also identified in SEM studies (Fig. 6).

CHEMICAL COMPOSITION

The data of major and trace element analyses of shale from
the Qadir Member are outlined below and listed in Tables 1
and 2.

Results show that averages of oxides are SiO; 59.97%,
Al,O3 17.70%, Na,O 1.69%, MgO 2.35%, KO 2.84%, TiO,
0.87%, MnO 0.06%, CaO 0.35%, P,Os 0.11% and Fe,Os;
6.47%. The ratios of SiO,/Al,O; (average 3.23%), K;O/Na,O
(average 1.73%), K;O+Na,O (average 4.44%), Chemical Index
of Alteration (CIA: average 78.04), Plagioclase Index of Alter-
ation (PIA: average 87.81) and Index of Compositional Variabil-
ity (ICV: average 0.77) regarding the shales were calculated
and are shown in Table 1.

The silica present may reflect the presence of quartz, chert,
feldspar and clay minerals. Values of Al,O3 and K;O might be as-
sociated with the presence of K-feldspar (microcline), mica, and
clay minerals. The Na,O is largely associated with K-feldspar (al-
bite). TiO, is extensively associated with rutile, opaque minerals,
and volcanic rocks. Fe;O3 may be associated with iron oxide,
heavy minerals, and hematite cement. MgO and CaO could be
associated with carbonate minerals (Khanehbad et al., 2012a),
with MgO reflecting the presence of dolomite cement and CaO
largely associated with calcite cement and skeletal fragments.
The major elements of Qadir Member shale may be compared
with the average chemical composition of the Upper Continental
Crust (UCC; Taylor and McLennan, 1985; Fig. 7). Here, CaO is
much lower than that of UCC while concentrations of most other
major elements in the shales are generally similar to the mean
composition of UCC. The low concentrations of CaO may either
indicate a lack of original carbonate minerals or depletion in Ca

during diagenesis (Salehi et al., 2014). As Al,O3 remains gener-
ally unchangeable during alteration, metamorphism, and
diagenesis, it can be applied as a factor for comparison with the
other major elements (Getaneh, 2002; Akarish and El-Gohary,
2008). In the samples studied, the amount of Al,O; was com-
pared with other major oxides (Fig. 8). The Fe,O3, KO, MgO,
Na,O and TiO, contents show a positive relationship with Al,Os.
This reflects the presence of clay minerals, especially alumino-
silicate (Pettijohn et al., 1987; Das et al., 2006; Khanehbad et al.,
2012b). The positive relationship of K,O with Al,O3; suggests the
presence of potassium-rich minerals (Jin et al., 2006). By con-
trast, values of CaO, SiO,, MnO and P,Os show a negative rela-
tionship with Al,O;. The negative correlation of SiO, with most
major elements (for example with Al,O3) is due to most silica be-
ing sequestered in quartz, as indicated by Osman (1996). This
could be because of the presence of more quartz phases and a
high textural and compositional maturity of the samples studied
(Bayat-Goll and Hosseini Barzi, 2011; Salehi et al., 2014). The
reverse relationship with CaO may be related to a calcite
diagenetic cement and secondary alteration (Das et al., 2006).
The K;O/Na,O binary diagrams against SiO./Al,O;
(Wronkiewicz and Condie, 1987) for the shale in the Qadir Mem-
ber suggest that it lies within the range of Phanerozoic shale
composition (Fig. 9). Trace elements determined in this study re-
veals a dominance of Rb, Ba, Sr, Th, Cr, Y, Zr, Nb, V, Co, Cu and
Ni (Table 2). In Figure 10, Ni, V, Rb and Y are positively corre-
lated with Al,Os. The results also show that trace element aver-
ages (ppm) are Rb 174, Ba 68, Sr 165.2, Th 13, Cr 86.1, Y 68.5,
Zr 288.4,Nb 17.2,V 112.1, Co 16.3, Cu 87.7, Ni 72.6.

DISCUSSION

SOURCE ROCK

Many researchers have studied the relationship between
the chemical composition of siliciclastic rocks and the source
area (Khanehbad et al., 2012b; Salehi et al., 2014; Valiani and
Rezaee, 2014; Zaid, 2015). The geochemistry of shale is more
applicable than the petrology of sandstone for interpretation of
the source rocks (Cullers, 2000). The ratio of Al,O3 to TiO; in
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Fig. 4. Field photograph of the Qadir Member section of the Nayband Formation (Upper Triassic) in the Parvadeh Coal Mine area

Table 1
Major element (oxide wt.%) composition of shale from the Qadir Member of Nayband Formation
Sample no.

P42 P82 | P158.5|P190.5| P 218 P 281 P 308 P393 | P413.2 | P 434 | Average ucc
SiO, 61.50 57.05 56.55 55.56 60.74 56.01 57.02 67.01 65.77 62.53 59.97 66
AlLO; 18.00 17.85 17.13 21.38 16.95 19.93 18.74 15.29 15.68 16.10 17.7 15.2
Na,O 2.58 1.86 1.98 1.44 1.50 1.97 1.43 1.45 1.33 1.39 1.69 3.9
MgO 1.17 3.26 3.44 2.41 2.80 2.50 2.77 1.87 1.60 1.76 2.35 2.2
K20 2.83 2.77 2.96 3.89 2.70 3.56 3.36 2.00 2.16 2.26 2.84 3.4
TiO; 1.02 0.81 0.90 0.91 0.85 0.92 0.98 0.75 0.87 0.76 0.87 0.5
CaO 0.10 0.16 0.47 0.11 1.15 0.01 0.18 0.86 0.30 0.24 0.35 4.2
Fe,0; 4.36 6.08 7.16 7.14 6.29 5.10 6.70 5.37 7.34 9.19 6.47 5.04
MnO 0.04 0.07 0.07 0.05 0.07 0.03 0.08 0.07 0.09 0.10 0.06 -
P,0s 0.11 0.13 0.11 0.08 0.12 0.07 0.14 0.14 0.12 0.12 0.11 -
SO; 0.14 0.06 0.22 0.02 0.00 0.12 0.04 0.06 0.00 0.03 0.6 -
LOI 6.50 9.11 8.03 6.66 6.41 8.79 8.22 4.79 4.52 5.25 6.82 -
PIA 84.98 88.18 85.25 91.85 84.31 89.2 90.52 85.19 89.24 89.46 87.81 -
CIA 75.56 78.84 74.02 79.71 76 78.24 79.03 78.01 80.53 80.54 78.04 -
ICV 0.61 0.79 0.93 0.7 0.85 0.65 0.77 0.75 0.81 0.92 0.77 -

LOI — loss of ignition; PIA — Plagioclase Index Alteration; CIA — Chemical Index of Alteration; ICV — Index of Compositional Variability
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Fig. 5. X-ray diffraction pattern of samples of Qadir Member shale

A —sample P 1; B —sample P 42; C — P 308; k — the graph was taken at 550°C by potassium chloride; kt — peak distinction of kaolinite
from chlorite; mg and mge — peak distinction of chlorite from montmorillonite
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A — illite with sheet structure; B — EDX analysis of A; C — chlorite (asterisk) with needle structure; D — EDX analysis of C

Table 2
Trace element (ppm) composition of shale from the Qadir Member
Sample no.

P42 | P82 | P158.5 | P 190.5 P 218 P 281 P 308 P 393 P 413.2 P 434 Average
Rb 180 157 186 259 153 245 200 117 123 120 174
Ba 4 95 62 77 98 63 47 88 49 97 68
Sr 216 139 141 139 148 261 159 144 168 137 165.2
Th 11 11 14 16 11 13 21 13 9 11 13
Cr 95 85 93 107 84 103 88 65 75 66 86.1
Y 77 67 73 78 64 83 79 49 67 48 68.5
Zr 342 289 269 251 297 259 254 295 323 305 288.4
Nb 9 9 17 17 13 15 18 12 46 16 17.2
Vv 113 110 119 146 102 133 128 83 98 89 1121
Co 13 17 18 19 14 13 19 12 17 21 16.3
Cu 114 N 99 74 54 107 89 150 82 108 87.7
Ni 66 80 75 93 70 77 94 58 46 67 72.6
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shales is a very good indicator of shale source rock compared
to the other major elements (Paikaray et al., 2008). Plotting data
regarding Al,O3 versus TiO, on the Scheiber (1992) diagram
shows that these shales are situated in the range of
granodiorite igneous source rock (Fig. 11A). Using the Paikaray
et al. (2008) diagram, of Zr against TiO,, our data show that the
shale of the Qadir Member plots as an intermediate igneous
source rock (Fig. 11B). Plotting the data on the Hayeshi et al.
(1997) ternary diagram, these shales are mainly located in the
range of andesite to dacite, which suggests an intermediate ig-
neous source rock (Fig. 11C). In the Hayeshi et al. (1997) dia-
grams, of (FeO+MgO), (CaO+Na,0+K;0), and (Al,O3), the dis-
persion of the shale data from the Qadir Member is in the range
of illite and chlorite (Fig. 11D). The inference of illite and chlorite
from the major elements oxide data also corresponds with the
data obtained from XRD analysis (Fig. 5). On the Na,O-K;0 di-
agram (Fig. 12A), the Qadir Member shale data plots in the
quartz-rich field. Floyd and Leveridge (1987) plotted K,O versus
Rb to distinguish sediments derived from acidic to intermediate
rocks from those derived from basic rocks. Most of the shale of
the Qadir Member studied lies in the field of acid and intermedi-
ate compositions (Fig. 12B).

Elevated values of Cr >150 ppm and Ni >100 ppm are sug-
gestive of ultramafic rocks in the source region (Garver et al.,
1996). By comparison, Cr in these shales varies from 65 to

<
<

Fig. 12A - analysis of shales according to the richness of quartz
of the Qadir Member (after Crook, 1974); B — K,0 versus Rb dia-
gram of the shale of the Qadir Member (fields after Floyd and
Leveridge, 1987)
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Fig. 13A - SiO; versus K;0/Na,O discrimination plot of Roser and Korsch (1988); B — A-CN-K ternary diagram for shales of the Qadir
member (Paikaray et al., 2008; A - Al,03;, CN — CaO+Na,0, K - K,0); C — A-K-C-N ternary diagram of molecular proportions of A-K -
Al,05-K;0, C — Ca0, N — Na,O (An - anorthite, By — bytownite, La — labradorite, Ad — andesine, Og — oligoclase, Ab — albite; Fedo et
al., 1995); D — ICV against ICA dual diagram (Cox et al., 1995; Potter et al., 2005) suggesting an intermediate igneous rock source

107 ppm (average 86.1 ppm) and Ni concentration varies from
46 to 94 ppm (average 72.6 ppm). This makes the presence of
significant mafic and ultramafic rocks in the source area most
unlikely. Also, these shales show enriched values of Zr, Sr and
Rb and depletion in Nb, Y, Cr and Ni. Felsic rocks commonly
have lower Y and Nb than mafic rocks (Humphreys et al., 1995).
This suggests that almost all of these samples were derived
from plutonic and intermediate igneous rocks. In general, based
on the available data, an intermediate igneous source rock is
suggested as a source for the shale of the Qadir Member.

TECTONIC SETTING

The chemical composition of sedimentary rocks can give
clues not only about reworking, recycling and weathering condi-
tions, but also on the tectonic setting of their depositional basin.
For this purpose, geochemical discrimination diagrams have
been developed and used (e.g., Bhatia 1983; Bhatia and Crook
1986; Roser and Korsch, 1986, 1988; Verma and
Armstrong-Altrin, 2013), including in Iran (Moosavirad et al,,
2011; Khanehbad et al., 2012b; Jafarzadeh et al., 2014; Salehi
etal.,, 2014, 2018).

Plotting SiO, against K,O/Na,O is commonly used to iden-
tify the tectonic setting of shales (Bhatia, 1983; Roser and
Korsch, 1988). According to the binary diagrams of Roser and
Korsch (1988), the samples of shale in Qadir Member have
been largely deposited on an active continental margin

(Fig. 13A). This inferred tectonic activity may correspond to the
Early Cimmerian Orogeny at the boundary of Middle and Late
Triassic time (the boundary between Shotori Formation and the
Nayband Formation), concurrent with the orogenic phase of the
Early Cimmerian in Central-East Iranian Microcontinent (CEIM;
for example, Stocklin, 1974; Stampfli and Borel, 2002; Firsich
et al., 2005; Fursich et al., 2009; Wilmsen et al., 2009a, b). The
results of our study can be correlated with palaeotectonic maps
of the Triassic period of the world (Golonka, 2004).

SOURCE AREA WEATHERING

Factors such as source rock composition, duration of alter-
ation, climatic and tectonic conditions affect the chemical alter-
ation of the source rock (Moosavirad et al., 2011). The mineral-
ogy and chemical composition of terrigenous sediments are
controlled be many factors including source area composition
and may be affected by alteration in the source area and by the
tectonic setting (Bauluz et al., 2000).

Geochemical indices using the major element composition
of silicilastic deposits is furthermore used to infer weathering
and consequently palaeoclimate conditions. Among the most
commonly employed indices are the Chemical Index of Alter-
ation (CIA) after Nesbitt and Young (1982) and the Plagioclase
Index of Alteration (PIA) after Fedo et al. (1995).

The Chemical Index of Alteration (CIA) may be obtained by
the following equation.



614 Ehsan Zamaniyan, Mohammad Khanehbad, Reza Moussavi-Harami and Asadollah Mahboubi

CIA = [Al,03/(AL,03+Ca0+Na,0+K,0)] x 100

Nesbitt and Young (1982, 1984, 1989) suggested a CIA
value of nearly 100 for kaolinite and chlorite, and 70-75 for av-
erage shale. For example, for fresh granite the CIA value is
around 50 (Visser and Young, 1990). High values indicate in-
tense chemical weathering in the source area while low rates
(i.e., 50 or less) indicate unweathered source areas. The
Chemical Index of Alteration values for the shale from the Qadir
Member vary from 74.02 to 80.54 with an average of 78.04 (Ta-
ble 1), indicating moderate to high chemical alteration in the
source area. During the Triassic, the Iranian plate was probably
located at 25-30°N. In this palaeo-subtropical succession, a
semi-humid climate prevailed during the deposition of these
shales. The alteration process, in a A-CN-K diagram, may be
obtained by the alteration profile method and also by thermody-
namic estimations (Nesbitt and Young, 1984). In this diagram,
the initial stages of alteration form a parallel with the A-CN side
because sodium and potassium ions are removed by destroy-
ing feldspars (plagioclase) in the initial stages of alteration; with
the continuation of K-feldspar alteration, potassium ions de-
crease and the alteration process is shifted to the Al,O3; compo-
sition (Paikaray et al., 2008). However, all shale samples plot
near the Al,O3-K,0 join, indicating a high rate of alteration in the
source area (Fig. 13B).

The Plagioclase Index of Alteration (PIA; Fedo et al., 1995)
was calculated based on the following equation:

PIA = (AL,03-K,0)/(Al,05-K,0) + CaO+K,0 x 100

The PIA value for the shales in the Qadir Member varies be-
tween 84.31 to 91.85 with an average of 78.81 (Table 1). These
high values indicate high plagioclase alteration in the source
area (Alvarez and Roser, 2007; Ogala et al., 2014). On the
Fedo et al. (1995) diagram, samples are mostly located on the
right or in the middle of the diagram and the plagioclase compo-
sition encompasses albite, oligoclase and andesine (Fig. 13C),
which have turned into clay minerals such as illite and chlorite
during the chemical alteration.

Also, the relation between alteration and the source rock
composition can be evaluated based on the index of
compositional variability (ICV) and CIA (Cox et al., 1995; Potter
et al., 2005). These indices can be used for identification of
types of source rock (Valiani and Rezaee, 2014). The equation
is the following:

ICV = (Fe;03+K;0+Na,0+Ca0+MgO+TiO,)/Al,04

The ICV index indicates the degree of maturity of fine
aluminosilicatic materials delivered to the depositional basin.
An ICV of >1 indicates immature shales with a high percentage
of silicate minerals (without clay minerals), while, more mature
clayey rocks with abundant clay minerals proper have lower
ICV values (Cox et al., 1995; Moosavirad et al., 2011). The av-
erage ICV value obtained for shale of the Qadir memberis 0.77,
which shows all these shales are mature rocks associated with
abundant clay minerals such as chlorite and illite. Considering
the ICV vs. CIA diagrams (Lee, 2002) suggests that the shale of
Qadir Member, with this rate of alteration, has originated from
intermediate igneous rocks (Fig. 13D).

PALAEOGEOGRAPHY

From the Precambrian to the Permian, Central Iran was part
of northwestern Gondwana (Alavi 1991; Stampfli et al., 1991;
Stampfli and Borel, 2002). The Iranian Plate is made up of Cen-
tral-East Iranian Microcontinent (CEIM), northwestern Moun-
tains and Alborz. It separated from the northeastern margin of
Gondwana during the Early Permian (Stampfli and Borel, 2002;
Wilmsen et al., 2009a). It led to the closure of Paleotethys by
moving northwards during the Triassic and collided with
Laurasia and Turan plates (Berberian and King, 1981;
Davoudzadeh and Schmit, 1983; Stampfli and Borel, 2002), al-
though the precise age of collision is still under discussion
(Sengor et al., 1988; Alavi et al., 1997; Seyed-Emami, 2003;
Golonka, 2004). The sedimentary cycle of the Late Triassic to
the Middle Jurassic happened between two tectonic events:
Early Cimmerian and Middle Cimmerian (Fursich et al., 2009).

Extensional tectonics is documented in Central and
East-Central Iran during the Late Triassic to Late Jurassic fol-
lowing the Early Cimmerian tectonic event and Late Triassic
Neotethyan subduction (Fursich et al., 2003; Fursich et al.,
2005a; Seyed-Emami et al.,, 2004; Wilmsen et al., 2010;
Sheikholeslami, 2016). During the Norian (Nayband Formation
as the first formation in the Shemshak Group of Central Iran),
there were coastal and marine conditions with the accumulation
of 1000 m of strata, while in the Rhaetian, the Qadir Member
was deposited in transitional-marine conditions (Shahrabi,
1999). During the Late Triassic (Norian—Rhaetian) there was
the beginning of subduction of the Neotethys oceanic crust be-
neath the Iran Plate at the southern margin of Iran Plate; this
event reduced compression of the Iran Plate with subsequent
formation (Nayband Basin) of the extensional basins and trans-
gression of the sea onto the Iran Plate (Wilmsen et al., 2009b;
Fursich et al., 2005). In that period, Iran was located between
latitude 25-30° North (Fig. 14A; Barrier and Vrielynck, 2008).
This supports our interpreting of a semi-humid climate as dis-
cussed above. Also, the onset of Neotethys oceanic crust
subduction at the southwestern margin of the Iran Plate in
Norian—Rhaetian times is well established (Arvin et al., 2007;
Sheikholeslami, 2016), in agreement with the active continental
margin setting for the shale of the Qadir Member suggested by
the Roser and Korsch (1988) diagrams. Neotethys subduction
under the Iran Plate and also collision of Iran with Eurasia and
the Turan Plate at the end of Triassic Period is consistent with
this inferred history (Fig. 14); possibly, shallow angle of
Neotethys subduction beneath SW Iran (Ghasemi and Talbot,
2006) caused the limited volcanic activity in the extensional ba-
sin (such as the Tabas Block in CEIM).

CONCLUSIONS

Shales of the Qadir Member in the Nayband Formation in
East Central Iran are composed of quartz, illite and chlorite.
Analyses of the data obtained from geochemical investigations
indicates that the source rocks of siliciclastic deposits in the
Qadir Member are intermediate igneous rocks. In different
chemical weathering indices such as the CIA and PIA, and in a
A-CN-K ternary diagram, all shale samples of the Qadir Mem-
ber plot parallel to the A-K line, indicating moderate to high
chemical weathering in the source region. The geochemical re-
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sults also suggest the tectonic setting of an active continental
margin for these deposits, which corresponds to the Early Cim-
merian tectonic event, Neothetys subduction beneath the Iran
Plate, and collision of the Iran Plate with the Turan Plate.
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