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Introduction
A growing number of studies have been published in recent years 

on Cretaceous Oceanic Red Beds (CORB), most of them indicating 
a Late Cretaceous age, the maximum extend for this facies [1-13]. In 
palaeogeographic terms, CORBs are mostly deposited in the low to 
middle latitudes [6] but occur in some localities such as Greenland and 
New Zealand also in high palaeolatitude settings [7,13]. In some times 
and places, especially in the Tethyan mid-Cretaceous, they are reported 
to be strongly connected to, and a subsequent result of oceanic anoxic 
events, i.e. of OAE1a [4] and OAE2 [3,6]. Rabbani et al. [14] studied 
the paleoenvironment of this red beds based on palynomorphs and 
concluded that they are mostly outer neritic depositional settings. 
Our study is the first record of Oceanic Red Beds (ORBs) from the 
Paleogene of Iran. Integrating stratigraphic, sedimentologic and 
geochemistry data allow us to constrain the depositional environment 
of these Paleogene ORBs. These red beds occur during the time of 
climate instability in the Late Paleocene to Early Eocene transitional 
interval.  

Geological Setting and Lithostratigraphy
The Zagros Mountain belt, trending NW-SE, extends for over 1800 

km from southeastern Turkey and northern Iraq toward the west and 
south east of Iran up to the Makran area, where oceanic subduction 
is still active [15]. The Zagros Mountains are tectonically a part of the 
Alpine–Himalayan mountain belt, and formed after the long standing 
convergence between Eurasia and Gondwana, followed by collision 
of the Eurasian and Africo-Arabian plates and finally the closure of 
the Neo-Tethys Ocean in southwest Iran [16-18]. The timing of the 
collision ranged from the Late Cretaceous to the Miocene [19] or 
Late Pliocene [20]. There is also evidence in support of Late Eocene 
to Oligocene initial collision [16]. Dominate part of the Zagros fold-
thrust belt developed as an epicontinental, synorogenic pro-foreland 
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basin, which evolution is related to the tectonic and structural events 
of the associated Zagros orogen. The Zagros orogen is interpreted as 
the product of three major geotectonic events: 1) subduction of the 
Neo-Tethyan oceanic plate during Early to Late Cretaceous time, 2) 
obduction of Neo-Tethyan oceanic slivers (ophiolites) onto the Afro-
Arabian passive continental margin in Late Cretaceous (Turonian to 
Campanian) time, and (3) collision of the Afro-Arabian plate with the 
Iranian plates in Late Cretaceous and later times [18]. Following these 
Late Cretaceous movements that resulted in closure of Neo-Tethys 
Ocean, during the Paleogene, the sea-level rose and a pro-forland 
basin was formed. The Pabdeh Formation was deposited in the deeper 
parts of this foreland basin [21-23]. The basal member of the Pabdeh 
Formation, informally termed ‘purple shale unit’ (“purple shale 
member-PSM, is in fact calcareous marl and marly limestone however, 
they have long been known as "purple shales" of the base of the Pabdeh 
Formation and thus the name is traditionally coined and used for the 
unit.  To avoid any confusion we call the units with the same old name 
through this paper”) overlies the gray shale of the Gurpi Formation 
(Late Cretaceous-early Paleocene) in the three sections studied here. 
The Pabdeh Formation is known in outcrop and in subsurface sections 
in the provinces of Lurestan, Khuzestan, coastal and sub-coastal Fars 
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Abstract
Oceanic Red Beds studied are well known in the upper Cretaceous (CORBs, i.e. Cretaceous Oceanic Red Beds), 

but their presence and genesis have hitherto not been intensively discussed for equivalent Paleogene deposits. We 
describe a red to purple shale interval from the Pabdeh Formation, Zagros basin, Iran, which can be assigned to Late 
Paleocene to Early Eocene age, nannofossil zones NP9-NP12. Parts of the purple marl interval within NP9/NP10 coincide 
with the PETM (Paleocene-Eocene Thermal Maximum) interval. Coccolithus pelagicus, Sphenolithus moriformis, 
Sphenolithus orphanknollensis, and Toweius ssp. are dominant in nannofossil assemblages in this interval, and PETM 
event taxa such as Discoaster araneus appear. Based on whole rock geochemistry and microfossil assemblages, the 
red to purple marls were deposited in an oligotrophic environment with low nutrient (Ba) values, and were accompanied 
by a shift to more oxic conditions and low amount of TOC in an oceanic basin. Low amount of major elements like Si, 
Al and Fe indicates low terrestrial input and relatively high amount of CaO (biogenic element) emphasizes the open 
sea and pelagic deposition of the shale. Warm deep water can be inferred by the presence of the dinoflagellate taxa 
Impagidinium and nannoplankton taxa, Discoaster. As a result, the purple shale can be considered as typical Paleogene 
ORBs in the Zagros basin deposited under very similar conditions as well studied Tethyan Cretaceous oceanic red beds.
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of Iran [24].  Our studied sections are: a) Tange-Abolhayat section that 
is located on Shiraz – Kazeron road along the Tang-e-abolhayat (N 29º 
42´ 17", E 51º 57´ 26") in Fars province (Southwest Shiraz, ), (b) Ilam 
section, south of Ilam, on the road to Ilam Dam (N 33 ° 31´ 32.3", E 
46° 24´ 46.5") and (c) Dehloran section, on Dehloran to Mehran road 
in Havian abandoned  village (N 32° 52´ 07.5" , E 46° 54´ 11.7"). Both 
of the two latter sections are located in Lorestan province (Figures 1 
and 2).

Methods
A total of 34 samples from three sections (14 samples from Tange-

Abolhayat; 10 samples from Ilam and 10 samples from Dehloran) were 
collected. Nine samples were analyzed for TOC and 10 samples for 
geochemistry contents.

Dinoflagellate processing
All of the samples were processed for palynology according to the 

standard palynological technique [25]. Fifteen gram of sediment were 
treated with HCL (10%) for 24 hours to dissolve carbonates, rest in 
40% HF for two days to dissolve silicates. Each step was followed by 
a neutralizing period to avoid formation of fluoride gel. Then samples 
were washed and sieved through a nylon filter with a mesh size of 10 
µm. The residue on the sieve was placed in an ultrasonic bath for 5 
minutes and transferred to a glass tube and centrifuged with zinc 
chloride (with a density of 2) for 5 minutes at 2500 rpm, sieved again 
and palynological slides were made. 

Nannoplankton preparation 

A modified smear-slide technique [26] was used. For this, the 
accurate preparation technique for light microscopy described by 
Donally [27] was followed: 0.5 g of sample was powdered and decanted 
in 50 ml distilled water, then placed for 30 s in an ultrasonic bath. Next, 
the materials were to be settled for 1 min. After pouring out the upper 
solution and settling for 1 hour, the supernatant was poured off and the 
residue was diluted with distilled water and used for slide. The slides 
were studied with a polarized light microscope at 1000x magnification, 
using a gypsum plate. 

Foraminiferal preparation

Samples were soaked in water and size sorted washing using sieves 
of 70, 120 and 230 μm.

TOC value

The TOC was measured by Rock Eval analysis by Chamran 
University of Ahvaz Lab. 

Chemical analysis

The chemical analysis was done by AcmeLabs (Acme Analytical 
Laboratories Ltd.) in Vancouver (Canada). ICP- emissions spectroscopy 
was used to detect oxides (SiO2, Al2O3, Fe2O3, MgO, CaO, Na2O, K2O, 
TiO2, P2O5, MnO and Cr2O3), some minor elements (Ni, Ba, Be, Co, Cs, 
Ga, Hf, Nb, Rb, Sn, Sr, Ta, Th, U, V, W and Zr) and the loss on ignition 
(LOI). For the analysis of trace elements ICP-mass spectroscopy was 
used (REE: Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb and Lu; Noble and Base metals: Mo, Cu, Pb, Zn, Ni, As, Cd, Sb, 
Bi, Ag, Au, Hg, Tl and Se). Applied ICP-ES and ICP-MS techniques 
show precisions of 0.01% for oxides and 0.1-0.2% for trace elements, 
respectively.

Isotope analysis

Samples for δ13C and δ18O analysis of the carbonate were taken 
from polished slabs with a handheld micro-drill. Sample powders 
were reacted with 100% phosphoric acid at 70°C in a Kiel II automated 
reaction system, and the evolved carbon dioxide gas was analysed 
with a Finnigan Delta Plus mass spectrometer at the University of 
Graz (analytical precision < 0.05% for δ13C, < 0.1% for δ18O). The 
δ13C and δ18O values are corrected according to the NBS19 standard 
and reported in per mill (%) relative to the Vienna-PeeDee Belemnite 
(V-PDB) standard. 

Results
Lithology

In all three investigated sections the Purple Shale (PSM) overlie 

 

Figure 1: Subdivisions of the Zagros in Iran.

 

Figure 2: Location map of the studied sections.
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the Gurpi Formation and are overlain by marls and limestones of the 
upper Pabdeh Formation. The PSM thickness in the Tang-e- Abolhayat 
section is about 18 meters.  It consists of red to purple calcareous marl, 
purple marl with interbedded gray shale. In the Ilam section, 34.86 
meters in thickness, the studied interval is mostly purple colored 
calcareous marl with a layer of gray shale near the top of the member. 
In the third investigated section, at Dehloran, the interval comprises 
mostly marl with purple, green and gray colors, and its thickness is 
about 35.5 meters (Figure 3). Microfacies contents of the samples 
shows micritic matrix with common to abundant pelagic microfossils 
(wackestone and wackstone-packstone with planktonic foraminifers) 
(Figure 4).

Biostratigraphy

Biostratigraphy is based on calcareous nannoplankton, 
dinoflagellate cysts and planktonic foraminifers. The first nannofossil 
biozone recorded is NP9. Its base is marked by the FO (first occurrence) 
of Discoaster multiradiatus and the top is determined by the FO 
of Discoaster diastypus [28]. This zone includes also the following 
nannofossil species: Fasciculithus tympaniformis, Fasciculithus 
aubertae, Discoaster multiradiatus, Neochiastozygus  distentus, Toweius 
eminens and  Biantholithus sparsus. Discoaster araneus (a taxon typical 
for the carbon isotope excursion around the PETM interval, e.g. Kahn 
and Aubry [29]) falls in this zone. This zone is distinguished in the 
Tange-abolhayat and Dehloran sections (Figure 5).  The next biozone 
differentiated is NP 10-11. The top marker of NP10, Tribrachiatus 
contortus is absent in the studied sections, so these zones are combined  
and defined by the FO of Discoaster diastypus to the FO of Discoaster 
lodoensis. Discoster araneus is common in this interval and the other 
associated nanofossil species are: Sphenolithus radians, Sphenolithus 
editus, Sphenolithus moriformus, Coccolithus pelagicus, Coccolithus 
foraminis, Coccolithus minimus, Coronocyclus sp, Campylosphaera 
sp., Chiasmolithus solitus, Discoaster barbadiensis, Discoaster robustus,  
Discoaster deflandrei, , Discoaster salisburgensis, Girgisia gammation, 
Helicosphaera seminulum, Helicosphaera lophota, Ellipsolithus  sp., 
Zygrhablithus bijugatus, Discoaster multiradiatus, Nechiastozygus 
junctus, Toweius eminens, Toweius magnicrassus, Biantholithus 
sparsus,  The last biozone is NP12, with the FO of Discoaster lodoensis 
at the base and the top of the zone characterized by the last occurrence 

(LO) of Tribrachiatus orthostylus which occurs in the Dehloran section. 
But in the Tange-Abolhayat and Ilam sections, the top of this zone is 
marked by the FO of Reticulofenestra dictyoda [28]. This zone includes: 
Toweius callosus, Toweius sp., Zygrhablithus bijugatus, Coccolithus 
pelagicus, Coccolithus minimus, Coccolithus formosus, Sphenolithus 
moriformis, Sphenolithus radians, Discoaster kuepperi, Discoaster 
lodoensis, Discoaster deflandrie, Discoaster barbadiensis, Coronocyclus 
bramlettei, Pontosphaera sp,. Chiasmolithus bidens. Based on the NP 
nannofossil standard biozonation of Martini applied here, the age of 
the PSM in the studied sections is Late Paleocene (Thanetian) to Early 
Eocene (Ypresian). The base of the Eocene is commonly defined within 
NP9 (e.g. Luterbacher et al. in Gradstein et al. [30]).

Two bio-zones based on dinoflagellate cysts have also been 
differentiated (see North Hemisphere mid-latitude (NML) dinocyst 
zonation: Homotryblium tenuispinosum Zone (Late Paleocene- Early 
Eocene) and Cordosphaeridium funiculatum, Zone (Early Eocene). 
The associated species are: Apectodinium summisum, Spiniferites sp., 
Thalassiphora pelagic, Barssidinium evangelineae, Achomosphaera 
cf. multifurcata, Apectodinium ?quincuelatum, Operculodinium 
echigoense, Impgidinium sp., Apectodinium  parvum, Achomosphaera 
alcicornu, Spiniferites ramosus, Hystrichokolpoma cinctum, Enneado
cysta sp., Spiniferella cornuta?, Homotryblium tenuispinosum, 
Polysphaeridium sp. The dinoflagellate marker species for the PETM 
event, Apectodinium augustum augustum (e.g. Speijer et al. [31]), was 
not found in the present study, maybe as a consequence of unsuitable 
environmental condition. This age interpretation is supported by 
planktonic foraminifers. The zones identified include the Morozovella  
formosa Zone (E4),  base defined by LO of Morozovella  formosa, and its 
top by the FO of Morozovella aragonensis (early Ypresian). The follows 

Figure 3: Purple shale (PSM) in different sections studied: A. Tange-
Abolhayat; B. Ilam; C. Dehloran.

 

Figure 4: Photomicrograph of the purple shale (PSM). 1. Wackstone 
with planktonic foraminifers. 2. Wackstone- Packstone with planktonic 
foraminifers. 3. Packstone with planktonic foraminifers.
0.1 mm = 

 

Figure 5: Stratigraphic sections of purple shale (PSM) in different sections 
of the Padbeh Formation studied in the Zagros basin.
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the Morozovella aragonensis/Morozovella subbotinae  Zone (E5) defined 
by LO of Morozovella aragonensis and the HO (Highest occurrence) 
of Morozovella subbotinae (Ypresian). Acarinina pentacamerata Zone 
(E6) bracketed by the HO Morozovella subbotinae and the LO Acarinina 
cuneicamerata (late Ypresian). The uppermost zone comprises the 
Acarinina cuneicamerata Lowest-occurrence Zone (E7) marked by 
LO Acarinina cuneicamerata and the LO of Guembilitrioides nuttalli 
(latest Ypresian). The planktonic foraminifer’s assemblage in the PSM 
therefore represents the E4-E7 planktonic foraminifer zones of the 
Early Eocene [32]. 

Isotope stratigraphy

An overview testing for stable isotopes of carbon and oxygen in 
the Tang-e-Ablhayat section showed no clear trend concerning a 
distinct (negative) carbon isotope excursion (CIE). However, a minor 
trend from 0.2% VPDB to -0.2  at section meter 3 could be recognized, 
followed by a significant increase up section to values around 0.7%  
starting at section meter 6.5 (Figure 5). This may correspond to a 
negative CIE, although only 1% fluctuations are recorded. A tentative 
correlation of this interval to the normally much more marked negative 
CIE at the Paleocene Eocene Thermal Maximum can be made [33,34], 
corroborated by using the biostratigraphic framework of NP9 to NP12. 
However, a high resolution study of carbon isotopes is needed to really 
identify the supposed PETM interval in detail (Figure 6). Oxygen 
isotopes show no comparable trend but stay for the most part of the 
section between -3.5 and -4.0% without significant changes.

CaCO3 and TOC content

As above mentioned, the studied PSM, traditionally known as 
purple shale of the base of the Pabdeh Formation, are marly limestone 
with high carbonate content measured in the analyzed 2 sections. Our 
carbonate contents range between 51.4 and 77.2 percent in the SE and 
between 80.6 and 83.6% in the NW of the study area (Tables 1 and 
2). The high carbon content shows a decrease in terrestrial input and 
indicates a pelagic environment far from inshore [35], above the calcite 

compensation depth. The high percentage of carbonate is accompanied 
by low amounts of organic carbon (Figure 6). Generally, in oceanic 
red beds, TOC is less than 0.1% [1] and in our study, the measured 
amount of TOC is between 0.05 to 0.13% with a low average of 0.085% 
in samples. On the other hand, high amounts of the RockEval oxygen 
index (OI > 150) indicate a predominantly oxidant marine environment 
for the depositional period of the PSM (Table 2).

Bulk geochemistry

Based on elemental analysis two factors were identified according to 
the factor analysis by Neuhuber and Wagreich [10]: Factor 1. Elements 
in factor 1 include trace metal (Ni, Cu, Pb, Co), Ba and phosphate and 
represent nutrients [10]. Low values of nutrient-related elements in 
studied areas are showing oligotrophic conditions and are correlated 
with warm-water nannofossil taxa. Factor 1 show a decreasing trend 
and indicates that primary productivity was low. This is emphasized 
by corresponding low TOC values (Figure 7 and Table 3). Ba amount 
is linked to higher nutrient availability in seawater. Decrease in Ba 
corresponds to low primary productivity at the surface of the ocean 
[36-38]. The lowest value of Barium in the different sections is recorded 
from the top of PSM in Ilam section and corresponds to maximum 
oligotrophic conditions. Factor 2 includes elements like Al, Rb, Mg and 
V are mainly related to terrestrial input [39]. This factor has a positive 
correlation with TOC components and negative with carbonate 
values, i.e. the more terrigenous input the less (autochthonous) pelagic 
carbonate. Al2O3 compared with Rb and Co, and MgO compared with 
V show a positive correlation, that indicates low terrigenous input. The 
triangle classification of CaO, SiO2 and Al2O3 for ORBs [11,13] used 
for our purple shale chemistry results in a classification in the deep 
sea carbonate field. This suggests low detrital input, and deep-water 
deposition above the carbonate compensation depth (Figure 8).

Major and minor elements

Major elements chemistry of the shales is dominated by SiO2 (13.52-
34.93 weight percent), Al2O3 (1.69-5.90 weight percent) and Fe2O3 
(1.15-4.00 weight percent) with lowest values of major elements in 
Tange-Abolhayat section and highest values in Ilam section (Table 3). 
Low amount of major elements indicates low terrestrial input. The silica 
concentration in these sediments ranges from 13 to 35% which is lower 
than CaO (a biogenic element) which has a negative correlation to the 
other elements. As it is shown in Figure 5, the chemical composition 
of sediments have similar trends except for CaO and MnO in Tange-
Abolhayt; MgO, CaO, Na2O and MnO in Dehloran; CaO and MnO in 
Ilam that show a negative correlation to others (Tables 4 and 5). The 
REE decreased to the top of purple shale in three sections without any 
Ce anomaly that classified this sediment as typical offshore deposits 
[40] (Figures 9 and 10). 

 

Figure 6: Upper Paleocene to Lower Eocene purple shales (PSM) of the 
Padbeh Formation at the Tang-e-Ablhayat section, and overall trend of 
carbon isotopes.

SAMPLE
NO.

Carbonate
%

SAMPLE NO. Carbonate
%

TA1 83.3 I1 71.2
TA3 81.3 I3 57.4
TA5 81.3 I4 62.6
TA6 80.5 I5 51.4
TA7 81.0 I6 66.4
TA9 83.3 I7 58.2
TA11 85.2 I8 55.3
TA12 83.5 I9 62.6

Table 1: Carbonate percentages in Tang-e-Abolhayat (TA, SE basin) and Ilam 
(I, NW basin) sections.
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Discussion
The microfacies of the investigated sections can be classified mostly 

as wackestone and wackstone-packstone with planktonic foraminifers 
that were deposited in an open deep shelf to basin setting [41]. This 
indicates that the pelagic purple shale unit was deposited in deep 
marine condition above calcite compensation depths. The unit is also 
rich in chorate dinoflagellate cysts, and calcareous nannoplankton 
confirming a deep-water pelagic depositional environment. Very low 
amount of TOC in the purple shale could be either as a result of low 
biogenic productivity or highly oxygenated bottom waters which in 
combination with a low sedimentation rate would allow deposited 
organic matter to be oxidized [5]. TOC is generally less than 0.1% in red 
beds [1] and in this study TOC is between 0.05-0.13 percent. Relatively, 
high amounts of oxygen index OI > 150 and presence of planktonic 
faunas and floras, indicate however a fully marine environment. The 
results of analysis of major elements show that the Ba/Al ratio, as 
an indicator of marine primary productivity [42], is low. Generally 
the purple shale was deposited in oligotrophic conditions in a deep 
marine environment. Coccolithus pelagicus, Sphenolithus moriformis, 
Sphenolithus orphanknollensis, Tribrachiatus orthostylus and Toweius 
are dominant in nannofossil assemblages in Late Paleocene-Early 
Eocene. First occurrence of excursion taxa such as Discoaster araneus 
occurs in this interval and has a global distribution during the PETM in 
the world’s oceans [43,44]. However relation of this sediment (PCM) to 

Sample S1 S2 S3 Tmax HI OI PI TOC RC Minc
TA-1 0 0 0.17 262 0 340 0 0.05 0.05 9.79
TA-3 0 0.01 0.12 428 20 240 0 0.05 0.05 9.3
TA-6 0 0.02 0.21 352 22 233 0 0.09 0.07 9.2

TA-10 0.04 0.05 0.4 346 38 308 0.46 0.13 0.11 10.14
Ta-14 0 0.01 0.26 352 9 236 0 0.11 0.1 9.62

I-2 0 0 0.25 425 0 278 0 0.09 0.08 5.65
I-4 0 0 0.15 263 0 300 0 0.05 0.05 7.44
I-5 0 0 0.21 262 0 300 0 0.07 0.06 6.38
I-7 0 0 0.21 262 0 162 0 0.13 0.12 6.83

Table 2: Result of Rock Eval analysis in Tang-e-Abolhayat and Ilam sections.

D-1 D-3 D-5 I-2 1-4 I-5 Sh-1 Sh-3 Sh-10 Sh-12
Ni 102 92 89 214 159 274 72 67 69 48
Co 6.8 6.4 4.2 16.1 10.7 19.5 4.3 4.2 3.1 2.1
Cu 11.9 19.4 12.3 22.5 15.1 24.1 6.7 5.8 11.9 6.5
Pb 2.1 2.3 1.6 3.3 2.3 2.4 1.1 1.6 1.4 1.3

Table 3: The amount of Ni, Co, Cu and Pb in various sections.

Figure 7: Trend of TOC, carbonate % and elements in factor 1 in Tang-e-Abolhayat.

 

Figure 8: Triangle classification Cao, SiO2 and Al2O3 of purple shale 
(black points) in comparison with classification of CORBS Neuhuber 
and Wagreich, 2011). AC=average carbonate; DC= deep sea carbonate; 
DSC=deep sea clay; AS= average shale; Austria: Bra= Brandenberg; Reh= 
Rehkogelgraben; Bu= Buchberg; Greece: BP=Plaka; Bk= Karpeneion; New 
Zealand: MAN= Manganotone; Flysch Carpathians: TRZ= Trzemesnia, 
MAZ= Mazak; Italy: V= Vispi.
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Figure 9: Comparison of clastic elements (Al2O3 and SiO2) with biogenic 
element (CaO) in studied sections with anti-correlation muster. The axis X 
represent samples numbers and Y is the value of Al2O3 and CaO in different 
samples.

 

Figure 10: Distribution of REE (Lanthanids) in studied sections/REE abundance 
patterns in the Dehloran, Ilam and Tange-Abolhayat sections (Purple shale) in 
comparison to average shales.

D-1 D-2 D-3 I-2 1-4 I-5 Sh-1 Sh-3 Sh-10 Sh-12
SiO2 18.72 18.68 17.96 34.93 25.24 33.45 13.52 16.81 14.28 15.03
Al2O3 3.88 3.81 2.60 5.90 4.59 5.16 2.56 3.09 2.16 1.69
Fe2O3 2.35 2.59 2.05 4.00 3.45 4.40 1.69 2.01 1.32 1.15
MgO 2.66 2.65 2.81 4.76 4.52 6.03 1.30 1.69 1.21 1.06
CaO 36.87 36.79 38.61 23.59 30.87 24.01 42.89 40.09 42.98 43.37
Na2O 0.08 0.06 0.07 0.10 0.07 0.10 0.06 0.11 0.05 0.08
K2O 0.62 0.62 0.43 0.95 0.74 0.78 0.48 0.59 0.35 0.25
TiO2 0.26 0.23 0.16 0.47 0.36 0.43 0.14 0.18 0.11 0.09
P2O5 0.18 0.19 0.12 0.16 0.14 0.14 0.25 0.26 0.12 0.12
MnO 0.05 0.04 0.05 0.06 0.07 0.06 0.05 0.04 0.04 0.04
Cr2O3 0.020 0.025 0.018 0.036 0.030 0.102 0.022 0.013 0.031 0.014

Table 4: Major element composition of the Purple Shale.

D-1 D-2 D-3 I-2 1-4 I-5 Sh-1 Sh-3 Sh-10 Sh-12
La 14.6 15.4 11.3 16.8 14.4 14.1 16.7 18.2 15.2 11.0
Ce 17.4 16.2 12.6 24.1 18.6 20.9 14.2 17.0 12.2 10.0
Pr 2.61 2.69 1.99 3.25 2.68 2.83 2.82 3.18 3.22 1.73
Nd 10.0 10.0 8.6 13.3 11.0 11.7 11.1 11.8 9.4 6.4
Sm 2.15 2.22 1.52 2.61 2.05 2.31 2.31 2.54 1.61 1.28
Eu 0.53 0.51 0.37 0.69 0.52 0.57 0.56 0.63 0.40 0.33
Gd 2.42 2.30 1.62 2.72 2.21 2.46 2.62 3.04 1.95 1.46
Tb 0.38 15.4 0.28 0.45 0.37 0.43 0.43 0.50 0.31 0.26
Dy 2.18 16.8 1.91 2.86 2.22 2.13 2.62 2.96 2.03 1.63
Ho 0.51 2.69 0.42 0.56 0.48 0.48 0.60 0.66 0.46 0.38
Er 1.51 10.0 1.12 1.70 1.33 1.54 1.76 2.09 1.26 1.12
Tm 0.22 2.22 0.17 0.25 0.18 0.24 0.27 0.30 0.20 0.20
Yb 1.32 0.51 1.10 1.36 1.31 1.41 1.91 1.94 1.20 1.04

Table 5:  REE concentrations in the Purple Shale.

PETM needs more study. The association with nannofossil Discoaster, 
Fasciculithus and Sphenolithus indicate warm and oligotrophic 
environments. In the studied area their increases in abundance suggest 
increased oligotrophic conditions in the surface water at that time. 
Deep sea carbonates are generally richer in minor elements such as Sr 
with an average of 2000 ppm. However, this value is only 500 ppm in 
CORBs carbonate [9,11,39]. The Purple marls presented here contain 
high amount of carbonate (more than 50%) and Sr value (486 to 652 
ppm) alike carbonate CORBs. The deposition of the purple shale can 
be interpreted as a result of an oligotrophic and oxic environment 
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[9] in the sedimentary basin. The chemistry of the Paleogene purple 
shale interval in the Zagros Mountains is very similar to Cretaceous 
ORBs of the Alps, especially the Ultrahelvetic successions [11,39] 
which were interpreted as oligotrophic and oxic deposits. Oligotrophic 
condition are also emphasized by nannofossil assemblages, with an 
increase in relative abundance of Discoaster, Sphenolithus in 3 sections, 
and Fasciculithus genera in Tange Abolhayat and Dehloranbut which 
coincides with radiation of oligotrophic planktonic foraminifers 
such as Morozovella [45] in studied area. In addition, the presence 
of the dinoflagellate genus Impagidinium, which even in small 
number indicates oceanic environments (e.g., Dale [46]; Marret and 
Zonneveld [47]), implies an offshore, rather oligotrophic depositional 
environment (Appendix).

Conclusions
The Late Paleocene-Early Eocene time interval in the Zagros basin 

was a time period of oligotrophic conditions with low nutrient (Ba) 
and warm-water taxa (Discoasters, Sphenolithus) in studied areas. 
This time accompanies the global oceanic deep water warming of 
the PETM [31], and oligotrophic condition increased in the surface 
water [43], resulting in a significant increase in relative abundance 
of mentioned genera. The presence of Impagidinium spp. emphasizes 
an offshore environment for studied sediments. The composition of 
these sediments is predominantly reddish colored to purple shale and 
marl. They are interpreted to be of deep water, pelagic to hemipelagic 
deposition, and their TOC value is very low. The high carbonate content 
of the sediments and the anti-correlation of Al2O3 and SiO2 to MgO 
and MnO, indicate a low input of clastic material, and thus a position 
distal from the shoreline. In conclusion, our study demonstrates the 
existence of oceanic red beds (ORBs) in the Paleogene sediment (Iran), 
especially within the Paleocene-Eocene interval, and concludes, based 
on geochemistry and microfossil assemblages, similar oligotrophic 
and oxic depositional conditions as put forward for Cretaceous ORBs 
- CORBs in the sense of Hu et al. [2] However, no significant carbon 
burial event and no anoxic events can be related to the formation of 
these oceanic red beds as, in contrast, was demonstrated for some of 
the Cretaceous oceanic red beds [6]; the relation of these Paleogene 
ORBs to the hyper thermal events still needs further elaboration.
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