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Abstract 

The aim of this bachelor thesis is to compile basic characteristics of the so-called marine red beds 

(MRBs; <15 wt.% Fe), in particular their formation processes and paleoenvironmental significance, as well 

as their distribution in the sedimentary record. Furthermore, the practical part of this thesis focuses on 

Miocene marine sequences from the Adana Basin, Turkey, Eastern Mediterranean Sea. Using foraminifera 

as paleobiological markers, three samples from reddish colored marine deposits, stratigraphically ranging 

from the Burdigalian to the Serravallian, were analyzed to reconstruct the paleoenvironmental conditions. 

The interpretations are based on the presence of various foraminiferal ecological markers in the studied 

assemblages along with different statistical indices (e.g., Enhanced Benthic Foraminiferal Oxygen Index, 

Simpson and Shannon diversity indices). The results suggest an oligotrophic, warm water, open ocean 

environment with periods of water column instability, and a highly oxic benthic environment from the outer 

shelf to the bathyal zone (CAR 9 sample). 

 

 

  



Abstrakt 

Cílem této bakalářské práce je kompilace základních charakteristik tzv. pestrých vrstev mořského 

původu (charakteristických svým červeným zabarvením; MRB; <15 hm. % Fe), a to zejména procesů jejich 

vzniku, jejich paleoenvironmentální význam, a to včetně jejich výskytu v globálním sedimentárním 

záznamu. Dále se praktická část této práce zaměřuje na analýzu miocenních marinních sedimentů typu 

MRB z pánve Adana v Turecku, z východního Středomoří. Práce analyzuje tři vzorky z různých 

stratigrafických úrovní (Burdigalu až Serravalu) za účelem rekonstrukce paleoenvironmentálních 

podmínek pomocí analýzy společenstev foraminifer. Interpretace jsou založeny na přítomnosti různých 

ekologických markerů, foraminifer, ve studovaných společenstvech spolu s různými statistickými indexy 

(např. Enhanced Benthic Foraminiferal Oxygen Index, Simpsonův a Shannonův index diversity). Výsledky 

naznačují oligotrofní prostředí otevřeného moře s periodami eutrofizace vodního sloupce, a dále s vysoce 

oxickým bentickým prostředím vnějšího šelfu po bathyální zónu (vzorek CAR 9). 
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1. Introduction 

The aim of this thesis is to provide an overview of marine red beds sedimentary deposits, including 

their characteristic features, global distribution throughout geological history and the various hypotheses 

explaining the origin of the characteristic/distinctive red pigmentation in these deposits. In addition, this 

thesis briefly illustrates the application of paleontological methods, particularly paleobiological analysis 

based on foraminiferal assemblages, to reconstruct the paleoenvironmental settings of three selected 

samples belonging to marine red beds deposits from the Adana Basin, Turkey.  

2. Marine red beds 

2.1. Definition 

In general, red beds facies or deposits (characterised by <15 wt% Fe) are common in sedimentary 

successions, but most formed in terrestrial settings (hence termed continental red beds) where the main 

colouring agent (most commonly hematite) was developed under oxygenated atmospheric conditions (e.g., 

Turner, 1980). In contrast, marine red beds (abbreviated MRBs), otherwise also known as oceanic red beds 

(ORBs), are reddish to pinkish to brownish coloured sediments deposited in marine environments that have 

been coloured due to changes in seawater chemistry in response to fluctuations of climatic and 

oceanographic factors during their deposition and subsequent diagenesis (Kiipli et al., 2000). It is worth 

noting that these deposits should not be confused with iron formations (IFs; ≥15 wt % Fe), which were 

deposited mainly from the Neoarchean to the Paleo-Proterozoic (~2.8–1.8 Ga) and at ~ 0.8 Ga in the Neo-

Proterozoic (e.g., Bekker et al., 2010; Konhauser et al., 2017) 

2.2. General characteristics of MRBs 

MRBs have been reported from a wide range of depositional settings, from shallow marine, 

to continental slopes and rises, to oceanic ridges and deep basins below the CCD (carbonate compensation 

depth; Wang et al., 2011; Hu et al., 2005). In terms of lithology, these reddish coloured beds mainly include 

hemipelagic and pelagic limestones and marly limestones, marlstones and marly shales, calcareous shales, 

and less commonly radiolarian cherts that occur below the CCD (Luan et al., 2019; Widiatama et al., 2021). 

Different hypotheses explain the origin of red pigmentation of limestones and shales: i) iron of detrital 

origin that was derived from continental weathering (Franke & Paul, 1980), ii) iron-bacterial mediation 

during MRB sedimentation (Mamet & Préat, 2006), and iii) iron oxidation in an oligotrophic and highly 

oxic environment (Lyu et al., 2022).  
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The red coloration is usually attributed to the presence of crystalline ferric (Fe3+) oxides, goethite 

(FeO(OH)) and hematite (Fe2O3; Elorza et al., 2021; Giosan et al., 2002). However, the red colouration 

decreases as either the degree of crystallinity or the grain size of the hematite mineral increases (Zhang et 

al., 2014; He et al., 2023). In addition, Mn2+-bearing calcite contributes to the red colouration (Card & 

Montenari, 2023), while iron-bearing minerals, such as chlorite and illite give the layers a greenish colour 

(Zhang et al., 2014). Furthermore, the different red, pink and greenish-yellow colours of these deposits 

reflect a sedimentation rate and/or oxidation capacity of the water mass from which they originate (Table 

1; Elorza et al., 2021). This is helpful in terms of paleotemperature reconstructions as shown by e.g. Brett 

et al. 2012, who associates reddish lithologies with periods of relatively cooler conditions, mirroring the 

greenhouse-icehouse transitions.  

Table 1. Presumed paleoenvironmental conditions (temperature and oxidation capacity) of water masses at the 

seafloor explaining particular colouring in the marl-limestone couplets (modified from Elorza et al., 2021). 

No. Water mass Conditions Marl-limestone couplet 

1. Water mass with high oxidation capacity and 

sufficient thickness 

Pink marls and limestones, red marls 

and limestones 

2. Water mass with sufficient oxidation capacity, but 

without achieving material oxidation 

Purple marls and limestones 

3. Water mass with limited oxidation capacity, without 

achieving complete oxidation 

Purple marls, yellowish-grey limestones 

4. Rapid change in the oxidation capacity of the water 

mass towards more oxidising and cold waters 

Modification from grey couplets to 

greenish-yellow to red couplets 

5. No oxidation capacity of the water mass Grey marls and limestones 

 

2.3. Proterozoic MRBs 

The first prominent MRBs (<15 wt% Fe) occurred discontinuously during the Paleo- to Meso-

Proterozoic era and they are known from deposits in Northern Canada (∼1.9 Ga; Hodgskiss & Sperling, 

2019) and Northern China (∼1.5–1.4 Ga; Wang et al., 2017; Tang et al., 2020; Zou et al., 2020). The mid-
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Proterozoic era is generally characterised by a low-productivity biosphere (e.g., Anbar & Knoll, 2002; 

Reinhard et al., 2017; Crockford et al., 2018; Hodgskiss et al., 2019). Therefore, the formation of MRBs 

during this period was most likely due to purely geochemical processes. There are some studies that have 

investigated the environment and formation mechanism of Paleo- to Meso-Proterozoic MRBs. These 

studies, including those by Tang et al. (2020), Wang et al. (2017), and Zou et al. (2020), present several 

different views on their origin.  

i) Tang et al. (2020) observed that these red beds do not differ in Fe(II) content, but have elevated Fe(III) 

content compared to the adjacent non-beds. This study suggests that the studied Xiamaling MRBs were 

formed by intrusion of anoxic, Fe2+-rich deep waters into moderately oxygenated shallow waters.  

ii) On the other hand, the study by Zou et al. (2020) suggests that the formation of the MRBs in the 

Yangzhuang Formation (~1.5 Ga) required subaerial exposure in a supratidal environment during marine 

regression, mainly for the  Fe2+ oxidation. 

iii) In addition, Wang et al. (2017) proposed two complementary models for the origin of these studied 

MRBs. The first model is consistent with the findings of Zou et al. (2020) emphasising an enhanced vertical 

mixing of shallow oxygenated waters with deeper layers of Fe2+-rich waters. The second model considered 

the study by Lenton & Daines (2017). It was suggested that the iron concentration of subsurface water 

masses was much higher during the Meso-Proterozoic than that during the Phanerozoic (∼1 μM vs >4 nM). 

Therefore, it is proposed that the occurrence of mid-Proterozoic MRBs represents a rise in atmospheric 

oxygen levels, reaching over 4% of the current atmospheric levels, at about 1.4 Ga (Chen et al., 2022).  

A summary by Wang et al. (2022) concluded that Meso-Proterozoic MRBs were deposited in 

a redox-stratified ocean, where anoxic deep waters (rich in hydrothermal Fe2+) were overlain by more 

oxygenated surface waters. Additionally, there are well-documented Neo-Proterozoic marine red beds, 

mainly from the Cryogenian (720–635 Ma) and Ediacaran (635–539 Ma) periods. Cryogenian MRBs are 

commonly developed as oolitic carbonates in shallow-water settings (e.g., Chen et al., 2022). Furthermore, 

Bai et al. (2020) analysed geochemical indicators during the Marinoan Ice Age (654–632 Ma) in the Nantuo 

Formation and suggested that periods of warmer paleoclimate caused partial melting of glaciers, which had 

a positive impact on the supply of oxidised iron to the marine environments, preceding the formation of the 

MRBs (Ziegler & McKerrow, 1975). 

2.4. Phanerozoic MRBs 

The broadest range of MRBs is found in the Phanerozoic Eon, including five documented 

Phanerozoic MRB intervals that are spread globally: Cambrian, Late Devonian, Early Triassic, Jurassic 

and, undoubtedly, Cretaceous period (e.g., Franke & Paul, 1980; Li et al., 2019; Michalzik, 1991; Miki, 

https://www.sciencedirect.com/science/article/pii/S0301926822002595#b0565
https://www.sciencedirect.com/science/article/pii/S0301926822002595#b0565
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1992). The key feature that distinguishes the Phanerozoic MRBs depositional environments from 

Proterozoic ones is the presence of aerobic bacteria that oxidise Fe2+ near the sediment surface, contributing 

to the reddening of the upper layers of the sediments (Mamet & Préat, 2006). 

2.4.1. Cambrian MRBs 

The first globally widespread Phanerozoic MRBs occurred during the Cambrian period. The Stage 

3 of this period provided the most favourable conditions for the global formation of MRBs (Li et al., 2023). 

Numerous studies have documented the existence of these distinctive red sedimentary deposits in various 

regions of the globe, including Mongolia, Russia, Australia, USA, Spain, Ireland, and many parts of China 

(e.g., Cordie et al., 2019a; Kouchinsky et al., 2022; Alexander et al., 2001; Cordie et al., 2019b; Rushton 

et al., 2011). Jiang et al. (2009) suggested that the Cambrian MRBs correlate with periods of oceanic anoxia 

and also with periods of euxinia, which were periods of highly stratified waters with no oxygen and elevated 

levels of hydrogen sulphide (H2S; Gill et al., 2011). By studying the Stage 3 MRBs from the Hannan-

Micangshan area of southern China, Li et al. (2023) concluded that red beds were common in two different 

types of environments:  i) in oxygenated littoral zones, where there was dissolved iron availability and 

diagenetic alteration of iron hydroxides; and ii) in deeper suboxic neritic environments with much slower 

sedimentation rates due to fine-grained turbidity clouds, that favoured the absorption of hematite and 

goethite. 

2.4.2. Devonian MRBs  

One of the best examples of Devonian MRBs can be found in the Prague Basin in the Czech 

Republic. By analysing spectral reflectance data, Bábek et al. (2021) reported that the submicronic iron 

oxide in the studied MRBs is hematite - the main red colouring agent, while white and grey facies lack the 

hematite peak but exhibit distinct goethite peaks. Submicronic hematite has also been found within 

endoskeleton plates of echinoderms, providing a strong evidence for the authigenic origin of hematite. 

Other studies, including those made by Franke & Paul (1980) and Yuan et al. (2012), suggested that in situ 

mineralization of hematite is strong evidence for an oxygenated marine environment. Furthermore, Bábek, 

et al. (2021) proposed that the primary colouring agent of MRBs (hematite) was formed by the activity of 

iron-oxidising bacteria during the precipitation of detrital Fe-phyllosilicates, Fe-bearing aluminosilicates 

and goethite dehydration. An earlier study of Bábek et al. (2018) also revealed that during the period of the 

sedimentation of these Devonian MRBs, atmospheric CO2 concentrations, mean air temperature at 

the Earth's surface and silicate weathering rates decreased, while atmospheric oxygen levels increased 

significantly. 
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2.4.3. Triassic MRBs 

During the Early Triassic period, MRBs emerged following the Permian-Triassic boundary 

Oceanic Anoxic Events (OAE), as documented by Wignall & Twitchett (1996).  One of the examples 

can be found in the Nanpanjiang Basin in the South China, where MRBs are predominantly observed 

in continental slope environments, with only sporadic occurrences in shallow-water carbonate platforms 

(Chen et al., 2015). 

2.4.4. Jurassic MRBs 

The best known MRB facie of the Jurassic period are the so-called Ammonitico Rosso. These 

are widely distributed in the Tethys area, such as in Spain, Italy, Switzerland, Austria, Czech Republic, 

Poland, former Yugoslavia, Hungary, Bulgaria, Romania, Morocco, Algeria, Greece and Turkey. 

Two main studies have investigated the depositional environment and formation mechanisms of Jurassic 

MRBs.  

i) The study by Song et al. (2017) suggests that the primary driving factor behind the formation of global 

Jurassic MRBs are OAEs (oceanic anoxic events). In particular, the Triassic–Jurassic boundary OAE 

(Van De Schootbrugge et al., 2013) and the Toarcian OAE (Jenkyns, 1988). According to their findings, 

OAEs led to elevated dissolved ferrous iron (Fe2+) concentrations (>4 nM Fe), which is a strong precursor 

for the formation of MRBs.  

ii) In contrary, Mamet & Préat (2006) found that red pigmentation in the Ammonitico Rosso facies is not 

directly linked to elevated dissolved (Fe2+) iron concentrations. Surprisingly, they reported that samples 

from the red facies showed no significant difference in the iron content (350 ppm) compared to the 

adjacent grey facies. They further emphasise that the mineralogical expression of iron played a crucial 

role in determining the colour of these facies. Therefore, Mamet & Préat (2006) proposed an alternative 

explanation. According to their hypothesis the red colour results from the dispersion of submicrometric 

hematite in the case of the red facies, while in the case of the grey facies iron ions remain trapped in the 

calcite lattice. Their model further suggests that submicrometric hematite forms near the sediment 

interface due to the activity of Fe2+ oxidising bacteria. Additional insights come from studies by Gillan 

& De Ridder (2018) on modern sediments. This study highlighted the significance of steep dysoxic–

anoxic gradients at a millimetre to centimetre scales. When these interfaces or settings are available, they 

are rapidly colonised by iron-oxidising bacteria. 
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2.4.5. Cretaceous oceanic red beds or CORBs 

The Cretaceous period is notable for being one of the most thoroughly studied intervals in case of 

marine red beds. Known as CORBs or Cretaceous oceanic red beds, they occur e.g., in the Tethyan deposits 

in the Carpathians (e.g., Melinte-Dobrinescu et al., 2009, Skupien et al., 2009), in the Southern and Austrian 

Alps (Wagreich & Krenmayr, 2005), in the western Himalayas (Li et al., 2011), in the Northern Caucasus 

(Cumberpatch et al., 2021) and in England (Bailey, 2020). 

CORBs have been reported to occur first locally during the Berriasian–Barremian stages (145–121 

Ma; Neumann & Wagreich, 2009) and then globally in the Aptian–Albian stages (121–100 Ma) of the 

Lower Cretaceous (Xi et al., 2007) and in the Early Turonian (Wendler & Kuss, 2009). Nevertheless, the 

most extensive red bed time interval is the late Cretaceous, mainly, the Campanian–Maastrichtian stages 

(84–66 Ma). It is worth noting that most of the late-Cretaceous red deposits extend into the Palaeocene 

(Ahmed et al., 2017). While most of the Phanerozoic MRBs are predominantly of deeper marine origin, 

the Cretaceous ORBs occur in a range of bathymetric conditions from shallow platform sections to offshore 

slope to pelagic basin. For instance, red shales in the Tethyan Himalaya of the southern China were 

deposited in shallow marine environments, whereas red facies deposition in the same stage in the northern 

China were limited to continental slope environments (e.g., Li et al., 2009, Li et al., 2011). Using 

chronostratigraphic data, Hu et al. (2012) distinguished two groups of CORBs based on their durations: 

short-term CORBs and long-term CORBs.  

i) Short-term CORBs are commonly less than 1 Ma in their respective stratigraphic duration. They are 

deposited in deeper marine environments, where the influence of terrigenous runoff into a basin is assumed 

to be minimal (e.g., Hu et al., 2012). Thus, other factors come into effect, namely, the Milankovitch cycles. 

These cycles are generally associated with positive fluctuations in carbon production and decrease in 

argillaceous content within the deposit during the first half of the cycles. During the latter half, carbon 

production decreases, whilst the second parameter raises. According to Bailey (2020) the increased content 

of argillaceous minerals is thought to have a strong positive link to the red beds deposition.  

ii) The second group, long-term CORBs, are much longer in their respective stratigraphic durations 

(persisting for more than 4 Ma). Several studies attribute the deposition of long-term CORBs to an abrupt 

change in ocean oxygenation as a consequence of the OAEs (e.g., C. Wang et al., 2011; Wagreich et al., 

2011). The increased burial of organic carbon and pyrite associated with the OAEs probably led to 

a substantial reduction in atmospheric CO2 concentrations, which is thought to have caused a significant 

global climate cooling during and after the OAEs. As a result, the formation of cold deep ocean waters 

increased, enhancing their oxidising capacity due to an increase in dissolved oxygen content and thus, 

promoting the formation of oceanic red beds.  
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The other two main accepted conditions that favour the development of CORBs include low 

sedimentation rates and low concentrations of organic nutrients in seawater (Neuhuber et al., 2007). When 

oligotrophic conditions coincide with low sedimentation rates, this implies that only a limited amount of 

organic matter can precipitate, thus reducing the likelihood of formation of redox conditions and 

maximising the probability of ferric iron formation (Hu et al., 2012). 

2.5. Cenozoic MRBs 

In general, MRBs in the Cenozoic Era are not as prominent as in the Phanerozoic. There are no globally 

widespread deposits that can be associated with MRBs, but there are a number of isolated deposits or facies 

in different regions that can be considered as MRBs. These are often associated with specific environmental 

conditions that led to their formation. To illustrate, this study further analyses Miocene sequences from the 

Adana Basin, Turkey, Eastern Mediterranean, which are known for their reddish colour and they are 

associated with marine origin (Nazik, 2004). 

3. A case study from the Cenozoic – Miocene sequences of the Adana Basin, Turkey, Eastern 

Mediterranean 

As part of my bachelor's thesis, I analysed three samples from the Miocene deposits of the Adana Basin, 

Turkey, which is located in the Eastern Mediterranean area, using foraminiferal markers, and 

palaeobiological indices based on the composition of foraminiferal assemblages. 

3.1. Time frame and geological setting 

3.1.1. Miocene 

The Miocene epoch spans from 23 to 5.33 Ma and is divided into 6 stages.  Listed in order from 

oldest to youngest: Aquitanian, Burdigalian, Langhian, Serravallian, Tortonian and Messinian (Table 2). 

In terms of global climate, during the Miocene the Earth was generally in an icehouse state, one of 

the two main climatic states of the Earth, characterised by the existence of large ice sheets at both poles 

(Thomas, 2008). However, during the Middle Miocene, the climate rapidly switched to a warm 

“greenhouse” setting (a state with a severe reduction of polar ice sheets; Gasson et al., 2016), known as the 

Miocene Climate Optimum (MMCO or MCO) with a greatly reduced East Antarctic Ice Sheet (EAIS; e.g., 

Gasson et al., 2016; Zachos et al., 2001). For example, during the MCO, the global mean annual temperature 

(MAT) was about ~18.4°C, which is about 1.4°C higher than reported for the Early Miocene ( 

Steinthorsdottir et al., 2021; You et al., 2009; Super et al., 2018). The MCO was followed by the Middle 

Miocene Climate Transition (MMCT, ∼15–13.7 Ma; e.g., Mourik et al., 2011; Flower & Kennett, 1995), 
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characterised by global cooling during the upper Langhian to the Serravallian stages, which shifted the 

Earth back to an “icehouse” setting (Zachos et al., 2008). One of the key events was the expansion of the 

Antarctic ice sheet, which marked the beginning of the second period of the Miocene icehouse climate 

(Zachos et al., 2001; Westerhold et al., 2020). For example, during the Middle Miocene Climatic Transition 

(MMCT) in Eskihisar, northern Turkey, the MAT decreased to ~15.2–18 °C (Bouchal et al., 2018; Tzanova 

et al., 2015). 

Table 2. Neogene stratigraphic table (modified from https://stratigraphy.org). 

Period Epoch Stage Numerical age (Ma) Analysed samples 

  

 

N 

E 

O 

G 

E 

N 

E 

 Pliocene Piacenzian 3.6 – 2.6 X 

Zanclean 5.3 – 3.6 X 

  

 Miocene 

(studied epoch) 

Messinian 7.2 – 5.3 X 

Tortonian 11.6 – 7.2 X 

Serravallian 13.8 – 11.6 CAR 9 

Langhian 16 – 13.8 
  

CAR B2, CAR 10 

Burdigalian 20.4 – 16 

Aquitanian 23 – 20.4 X 

 

The Miocene represents a crucial period regarding the evolution of the Mediterranean marine 

realm. During this period, many global and regional factors, such as geodynamic evolution, the closure of 

the Indian-Mediterranean gateway and associated palaeoceanographic overturns, affected the 

paleoceanography of the Mediterranean, which in turn affected carbonate production (Gueguen et al., 1998; 

Roca et al., 1999; Bialik et al., 2019; Rogerson et al., 2012). This triggered, for example, the biocalcification 

crisis and the Early Miocene Carbon Maximum (EMCM) in the central Mediterranean carbonate platforms 

during the Aquitanian (23–20.4 Ma), when facies dominated by LBF (Larger Benthic Foraminifera) 

assemblages were replaced by facies dominated by planktonic foraminifera assemblages (Brandano et al., 

2015). From the late Burdigalian, the onset of the closure of the Indian-Mediterranean gateway resulted in 

https://stratigraphy.org/
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a progressively restricted connection with the Indian Ocean, causing the transition of the entire region to a 

semi-enclosed setting, associated with major paleoceanographic overturns in terms of circulation and water 

mass distribution (Meijer et al., 2004; Abrantes et al., 2010; Cornacchia et al., 2018). This, together with 

intense geodynamic activity marked by local volcanism, led to the demise of the LBF assemblages and the 

onset of carbonate ramps dominated by red algae and bryozoans during the middle Miocene to the Tortonian 

(Cornacchia et al., 2021). 

3.1.2. Adana Basin, Turkey 

 

Figure 1. Map of the Adana Basin (modified from Gündem, 2019 and Rutishauser et al., 2017). 



10 
 

The tectonic evolution of the Anatolian micro-plate (south-eastern Turkey) has been largely 

controlled by a strike-slip deformation accompanied by extensional and compressional components during 

the Neogene (Kelling et al., 1987; Karig & Kozlu, 1990). The study area - the Adana Basin (Figure 1) is 

one of three parts of the Anatolian micro-plate that lie directly to the southwest of the Maras triple junction 

(Anatolian, African and Arabian plates). The Adana Basin covers an area of approximately 10 000 km2 

(Burton, 2002), and is bounded by the Taurus Mountains in the north and west, by the Misis Mountains in 

the east, by the Mediterranean Sea in the south and in the southwest it merges with the marine Inner Cilicia 

Basin (Burton-Ferguson et al., 2005). The Adana basin is thought to have formed as an effect of intra-plate 

extension in response to the initiation and evolution of the Maras triple junction (Aksu et al., 1992). 

Exploratory drilling in the Adana Basin has revealed a Miocene to Recent succession with  maximum 

thicknesses exceeding 4–6 km, unconformably overlying a deformed, partially eroded pre-Miocene 

basement (Burton-Ferguson et al., 2005). The terrestrial exposure of the Adana Basin has allowed surface 

sampling and mapping of the basement and overlying successions. Yetiş et al. (1995) divide the Miocene 

sedimentary succession in the Adana Basin into three groups of sedimentary deposits: i) pre-transgressive 

deposits, ii) transgressive deposits and iii) regressive deposits, which are further divided into seven 

lithostratigraphic formations based on a number of unique spatial, temporal and lithologic attributes.  Listed 

from oldest to youngest the Gildirli, Kaplankaya, Karaisali, Cingöz, Güvenç, Kuzgun and Handere 

formations form the Miocene to Pliocene succession of the Adana Basin (Figure 2). The Gildirli Formation, 

which occurs only in the north, is the oldest Neogene rock unit in the Adana Basin and was formed prior to 

the regionally extensive Early Miocene marine transgression (Derman & Gürbüz, 2007). The general 

lithological characteristics of the Gildirli Formation indicate deposition in a predominantly terrestrial 

environment (Williams et al., 1995). The middle succession within the Adana Basin consists of lower to 

middle Miocene transgressive siliciclastic deposits, including the Kaplankaya, Karaisali, Cingöz and 

Güvenç formations (Yetiş et al., 1995). The shallow marine Kaplankaya Formation was interpreted to have 

formed during the first transgression in the Early Miocene. The reefal benthic foraminiferal-algal and 

globigerinid-algal packstone (limestone) of the Karaisali Formation was formed during the upper 

Burdigalian (Görür, 1979; Görür, 1994). The Cingöz formation has been interpreted as a thick submarine 

turbidite fan complex (Silva et al., 2020). Its age was determined to be Langhian–Serravallian based on 

foraminifera contents (Naziklmaz & Gürbüzlmaz; 1992). The Cingöz Formation is followed by a thick 

succession of Burdigalian–lower Tortonian basinal shales of the Güvenç Formation, which represent 

a continental slope to deep marine environment. During the Middle to Late Miocene transition, the Adana 

Basin recorded a regressive event with the deposition of lower Tortonian fluvio-deltaic terrestrial red beds 

of the Kuzgun Formation (Faranda et al., 2013). The Late Miocene shallow marine lagoonal-continental 
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deposits of the Handere Formation, succeed the Kuzgun Formation (Nazik, 2004). Evaporites of the 

Handere Formation are sterile and their thickness is ~3.5 m (Darbaş & Nazik, 2010).   

 

Figure 2. A simplified stratigraphic scheme of the Adana Basin (modified from Ilgar et al., 2013). 
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Regarding the biostratigraphy, the planktonic foraminiferal biozones identified within the Neogene 

sequence of the Adana Basin are: Globigerinoides (Trilobatus) trilobus and Praeorbulina glomerosa curva 

(Burdigalian), Orbulina suturalis (Langhian), and Globorotalia mayeri (Serravallian). The Late Tortonian 

is characterised by the first occurrence of Globorotalia suterae. There are no planktonic foraminiferal zones 

in the Messinian. The Pliocene is represented by the Sphaeroidinellopsis Acme Zone (Nazik, 2004). 

The practical part of this thesis focuses on 3 samples of marine origin characterised by reddish 

colour and containing abundant foraminifera: i) CAR B2 falls stratigraphically into the Trilobatus trilobus 

biozone, which corresponds to the shallow marine Kaplankaya formation of the Adana Basin. It consists of 

interbedded sandstones and siltstones, fossiliferous marls and sandy limestones of the Burdigalian to the 

lower Langhian age (Yetiş, 1988); ii) CAR 9 stratigraphically falls within the Globorotalia mayeri biozone, 

which corresponds to the Seravallian age of the Cingöz formation. It consists of different flysch facies 

composed of conglomerates and thick-bedded sandstones (Uchman & Demircan, 1999); iii) finally, sample 

CAR 10 that stratigraphically falls into the Praeorbulina glomerosa curva and the Trilobatus trilobus 

biozone. It corresponds to the same formation as the CAR B2 – the Kaplankaya formation. 

3.2. Foraminifera as palaeoindicators 

As such, MRB deposits often comprise a group of facies where saline or brackish waters intrude 

into various marginal environments and extensive oxidation tends to remove much of the skeletal biotic 

record. One of the primary groups of organisms that can help to reconstruct these types of 

palaeoenvironments and can also be used for biochronostratigraphy and paleobiology even in 

marine/continental transition zones are foraminifera (e.g., Saraswat, 2015). 

Foraminifera are widespread unicellular protist organisms, which are commonly used in 

paleontological reconstructions. They make their shells called “tests”, from various types of materials, 

including calcite, agglutinated sediment particles, aragonite, silica or chitin (Boltovskoy & Wright, 2013). 

There are also groups of foraminifera that do not produce or create any test, but these have no 

paleontological significance since none of their parts can be fossilised under standard conditions (Bernhard 

et al., 2013; Pawlowski et al., 2003). Overall, foraminiferal abundance, rapid diversification, relatively 

small biological niches and excellent preservation in the sedimentological record make them one of the 

most important fossil organisms used for biostratigraphy and paleoecology (Serra‐Kiel et al., 1998; King 

et al., 2020). For example, foraminiferal morphology, growth and distribution are strongly affected by 

temperature, food and light availability in the environment (Figure 3; Fairbanks et al., 1982; Caron et al., 

1987; Bijma et al., 1990). Moreover, planktonic foraminiferal tests (from suborder Globigerinina; Figure 

3) are one the most commonly used paleoceanographic proxies by terms of morphology of their tests (e.g., 

https://www.sciencedirect.com/science/article/pii/S0025322705000952?casa_token=5laYrlAHZAcAAAAA:Gd9hR8SNh1oA72VSBmy8ZJRDe0CCD8L-bhqwSxeOnNRjG-uLCI-3m9pe_O-5FU77WhmHGbn3#bib38
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the Globorotalia truncatulinoides stratification index is used for reconstruction of upper ocean stratification 

and fluctuations in the depth of the permanent thermocline; Steph et al., 2009; Feldmeijer et al., 2015) or 

as a substrate for extraction of various geochemical signals (Kučera, 2007).  In addition, the chemical 

composition of foraminiferal calcite is an important proxy that allows reconstructions of past seawater 

chemistry, biogeochemical cycles, temperature, salinity, ice volume, circulation patterns and 

paleoproductivity and many others (e.g., Henderson, 2002).  A specific example could include: i) 

reconstruction of the vertical structure of the ocean by using the difference in a geochemical proxy for 

temperature (δ18O or Mg/Ca, Sr/Ca) between near-surface and deep-dwelling species (e.g., Cléroux et al., 

2008; Evans et al., 2016; Sagawa et al., 2012); or ii) δ11B, which serves as a robust proxy for seawater pH 

(e.g., Ni et al., 2007; Foster & Rae, 2016) and hence assessing past changes in CO2 concentrations (e.g., 

Hönisch and Hemming, 2005). 

 

Figure 3. Silhouettes illustrating the range of shapes in three Indo-Pacific species of Amphistegina: (1) A. lobifera, 

high-energy, high-light environment; (2) A. lessonii, moderate-energy, high-light environment; (3) A. lessonii, low-

energy, moderate-light environment; (4) A. lessonii, low-energy, low-light environment; and (5) A. papillosa, low-

energy, very low light environment (Created with BioRender.com; modified from Hallock & Glenn, 1986). 

3.3. Materials and methods 

This study analyses three samples – CAR B2, CAR 9 and CAR 10, which come from the reddish 

coloured marine deposits with the abundant presence of foraminifera (see chapter 3.1.2.).  

 The selected samples were repeatedly washed with tap water and wet sieved to a fraction of 0.063–

2.0 mm. After washing, the samples were dried at a low temperature. To quantify foraminiferal abundance, 
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approximately 110–160 foraminifera were handpicked from a fraction of 0.063–2.0 mm under binocular 

microscope. They were further examined under the scanning electron microscope (SEM; JEOL JSM-

6380LV housed at the Institute of Geology and Paleontology, CUNI; Figure 4) to assess their preservation 

state and to observe small morphologic structures to allow precise taxonomic determination. The taxonomic 

identification of the foraminifera was done according to the following taxonomic references: 

https://www.microtax.org, https://marinespecies.org and foraminiferal plates made by prof. Atike Nazik 

(personal communication).  

Furthermore, based on the quantitative foraminiferal data this study applies several selected statistical 

methods. The Enhanced Benthic Foraminifera Oxygen Index (EBFOI; Kranner et al., 2022) is an improved 

version of the BFOI index (Kaiho, 1994), which has been widely used to reconstruct the amount of 

dissolved oxygen (DO) on the seafloor and to detect changes in biodiversity. Unlike the original BFOI 

index, which uses only calcareous foraminifera, EBFOI uses all types of benthic foraminifera tests and 

divides them into dysoxic (D in the formulas), suboxic (S) and oxic (O) indicators. The detailed 

classification of the foraminiferal species as the indicators can be found in the supplementary materials 

in Kranner et al. (2022). Depending on the abundance of the indicators (D vs S vs O), the EBFOI can be 

calculated using three different formulas: i) formula 1 is used when oxic indicators are abundant; ii) if oxic 

indicators are few or they are absent, formula 2 is used; iii) finally, if both, oxic and dysoxic indicators are 

abundant in the sample, but oxic indicators are less abundant than dysoxic indicators, formula 3 is used. 

Finally, formula 4 is used to calculate the dissolved oxygen (DO) based on the EBFOI index. EBFOI and 

the DO were calculated for the sample CAR 9 using the benthic foraminiferal assemblage data. Metrics that 

were calculated using the PAST software (Natural History Museum of Oslo; Hammer et al., 2001) 

to identify paleoenvironmental-bound patterns within the planktonic foraminifera assemblages in all 

analyzed samples are: i) species richness (total number of species identified), ii) relative abundance of 

different taxa and genera (percentage, showing species representation in an assemblage), iii) the Shapiro-

Wilk test for normal distribution (the p-value greater than 0.05 shows that the data are normally distributed; 

González-Estrada & Cosmes, 2019), iv) the Simpson diversity index (varies from 0 to 1; account both the 

number of species present and the relative abundance of each species; diversity increases as species richness 

and evenness increase; Fallaw, 1979) and v) the Shanon index (entropy index, which varies from 0 for 

communities with only one taxon to high values for communities with many taxa, each with few 

individuals; Hammer et al., 2001). 
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𝑙
] = 5.28475 ∗ 𝑒0.00616 ∗ 𝐸𝐵𝐹𝑂𝐼 − 3.78475 

3.4. Results 

The results are presented for the individual samples sorted based on their age from the 

Middle Burdigalian to the Serravallian. 

i) In sample CAR B2, 161 foraminifera specimens were identified (Table 3; Figure 5). No benthic 

foraminifera were present, the assemblage consisted only of planktonic foraminifera. The most abundant 

planktonic foraminifera species are Trilobatus trilobus (33 specimens), Trilobatus quadrilobatus 

(27 specimens) and Globigerinoides ruber (20 specimens). The p-value of the Shapiro-Wilk test for normal 

distribution is 0.00025 (Figure 8). The Simpson Index is 0.896 and the Shannon index is 2.57.  

Table 3. The species representation in the sample CAR B2. 

CAR B2 

Species 
Trilobatus 

trilobus 
Trilobatus 

Quadrilobatus 
Trilobatus 
Immaturus 

Trilobatus 
sacculifer 

Globigerina 
bulloides 

Quantity 33 27 5 3 8 

Species 
Globigerina 
Falconensis 

Globigerinoides 
bulloideus 

Globigerinoides 
ruber 

Globigerinoides 
sp. 

Dentoglobigerina  
altispira 

Quantity 1 4 20 1 7 

Species 
Dentoglobigerina 

globosa 
Dentoglobigerina 

venezuelana 
Globoquadrina 

dehiscens 
Orbulina 
universa 

Praeorbulina 
glomerosa 

Quantity 1 8 14 1 3 

Species 
Praeorbulina 

curva 
Praeorbulina 

transitoria 
Globorotalia 

hirsuta 
Globorotalia 

sp. 
Globigerinella 

obesa 

Quantity 7 3 1 4 10 

 

ii) In sample CAR 9, 116 foraminifera specimens were identified in the assemblage, of which 95 specimens 

are planktonic and 21 are benthic (Table 4; Figure 6). The most abundant planktonic foraminifera species 



16 
 

are Globorotalia sp. (14 specimens), Turborotalita sp. (13 specimens), Fohsella sp. (10 specimens) and 

Trilobatus trilobus (10 specimens). The most abundant benthic foraminifera species are Heterolepa 

dutemplei (12 specimens) and Martinotiella communis (5 specimens). The p-value of the Shapiro-Wilk test 

for normal distribution is 0.081 (Figure 8). The Simpson index is 0.932 and the Shannon index is 2.792.  

Table 4. The species representation in the sample CAR 9. 

CAR 9 

Species 
Turborotalita 

sp. 
Fohsella 

sp. 
Globorotalia 

mayeri 

Orbulina 
bilobata/ 
universa 

Praeorbulina 
curva 

Quantity 13 10 5 6 4 

Species 
Globorotalia 

sp. 
Globorotalia 

suterae 

Dentoglobigerina 
Venezuelana/ 

altispira 

Globigerinoides 
ruber 

Globigerina 
bulloides 

Quantity 14 5 8 9 1 

Species 
Globoquadrina 

dehiscens 
Trilobatus 

trilobus 
Trilobatus 
sacculifer 

Trilobatus 
quadrilobatus 

Neogloboquadrina 
humerosa 

Quantity 5 10 1 2 2 

Species 
Uvigerina 

sp. 
Martinotiella 
communis 

Bolivina 
sp. 

Heterolepa 
sp. 

Quantity 2 5 2 12 

 

iii) In sample CAR 10, 107 foraminifera specimens were identified in the assemblage, of which 101 

specimens were planktonic and 6 benthic (Table 5; Figure 7). The most abundant planktonic foraminifera 

species are Trilobatus trilobus (27 specimens), Globoquadrina dehiscens (20 specimens) and Praeorbulina 

glomerosa (20 specimens). The most abundant benthic foraminifera species is Uvigerina sp. (4 specimens). 

The p-value of the Shapiro-Wilk test for normal distribution is 0.0005659 (Figure 8). The Simpson index 

is 0.863 and the Shannon index is 2.3.  

Table 5. The species representation in the sample CAR 10. 

CAR 10 

Species 
Praeorbulina 
glomerosa 

Praeorbulina 
curva 

Praeorbulina 
transitoria 

Trilobatus 
trilobus 

Trilobatus 
quadrilobatus 

Quantity 18 5 1 27 4 

Species 
Globoquadrina 

dehiscens 

Dentoglobigerina 
venezuelana/ 

altispira 

Orbulina 
suturalis 

Globorotalia 
sp. 

Globigerina 
bulloides 

Quantity 20 3 4 2 9 

Species 
Globigerinoides 

ruber 
Globigerinoides 

sacculifer 
Fohsella 

sp. 
Uvigerina 

sp. 
Heterolepa 
dutemplei 

Quantity 5 2 1 4 2 
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Figure 4. Selected foraminifera identified in the analysed samples from the Adana Basin (SEM images): (1) 

Globigerina venezuelana (Hedberg); (2) Globigerina falconensis (Blow) (3) Globorotalia (Globoconella) praescitula 

(Bandy); (4) Orbulina suturalis (Brönnimann); (5) Praeorbulina transitoria (Blow) (6) Trilobatus trilobus (Reuss). 
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Figure 5. Identified foraminiferal species and their abundance in the CAR B2 sample. 

 

 

Figure 6. Identified foraminiferal species and their abundance in the CAR 9 sample. 

* EBFOI = 85 
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Figure 7. Identified foraminiferal species and their abundance in the CAR 10 sample. 

 

Figure 8. Histograms of species distribution in the analyzed samples. 
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3.5. Discussion 

The sample CAR B2 is represented only by planktonic foraminifera without a normal distribution 

of the taxa, see Fig. 6. The most abundant genus is the genus Trilobatus (Globigerinoides) (68 species, 42% 

of the total sample, see Table 3), mainly represented by T. trilobus, T. immaturus, T. sacculifer and the 

T. quadrilobatus species. Each of these species has a comparable ecology, in fact, T. quadrilobatus, 

T. immaturus, and T. trilobus can be considered as evolutionary morphotypes of T. sacculifer (André et al., 

2013). According to the literature, T. trilobus and T. sacculifer are surface dwellers, that are very abundant 

in the tropical to subtropical open ocean waters (Tolderlund & Bé, 1971; Pearson et al., 1997; Aze et al., 

2011). Hemleben et al. (1989) reported a temperature tolerance of 14–31°C for T. trilobus and described T. 

immaturus and T. quadrilobatus as cosmopolitan species. Nikolaev et al. (1998) reported a surface habitat 

range for these two species between ~25 and 100 m. All four species of the genus Trilobatus mentioned are 

known to be rather oligotrophic environmental indicators (Schiebel & Hemleben, 2017). A similar habitat 

has been proposed for Globigerinoides ruber and Dentoglobigerina. G. ruber lives mainly in the upper 

50 m of the water column (Peeters, 2002). It is a salinity-tolerant species that can be found in different 

ecological habitats (most commonly in subtropical to tropical habitats; Scott, 2020). Similar to Trilobatus 

genera, G. ruber prefers rather oligotrophic conditions (Toledo, 2008). It is a symbiont-bearing species like 

T. sacculifer and O. universa (Schiebel & Hemleben, 2017). Both, Dentoglobigerina altispira and 

Dentoglobigerina venezuelana, are also symbiont-bearing, surface-dwelling species with a preference for 

a tropical to subtropical climate (Aze et al., 2011). Furthermore, the presence of Orbulina and Praeorbulina 

supports the presumed oligotrophic conditions, as these genera are also considered as oligotrophic markers, 

and O. universa is reported to be found at depths of up to 100 m (Bemis et al., 2000; Lekieffre et al., 2020). 

Both, Orbulina and Praeorbulina are reported as cosmopolitan genera with symbionts and they are known 

to tolerate a wide range of temperature and salinity fluctuations, thriving mainly in tropical and temperate 

waters (Drinia et al., 2007; Schiebel & Hemleben, 2017). In total, there are 11 taxa that are indicative of 

warm and oligotrophic water conditions (comprising 117 specimens, 73% of the total assemblage). On the 

contrary, there are two taxa (18 specimens, 11%), that are indicative of rather nutrient-rich surface waters. 

These are Globigerinella obesa and Globigerina bulloides. G. obesa is mainly reported from tropical to 

temperate climates, and assemblages dominated by G. obesa represent high nutrient surface waters 

(Öğretmen, 2022; Di Stefano et al., 2010). G. bulloides is a symbiont-barren species, which is characteristic 

for eutrophic (high nutrient) surface waters and it is tolerant to a wide range of temperatures (Schiebel & 

Hemleben, 2017; Öğretmen, 2022). Schiebel et al. (2017) associate G. bulloides with a preference for 

cooler waters (temperate to subpolar). Finally, the assemblage contains also Globoquadrina dehiscens (14 

specimens), which is a cosmopolitan species with a variable life-strategy and is therefore not significant as 
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an environmental marker (Fabbrini & Foresi, 2020). Overall, the composition of the assemblage suggests 

that the environment of the CAR B2 sample reflects oligotrophic, warm water, open ocean conditions, but 

with periods of the water column instability (rainfall periods, freshwater and high nutrient inputs) based on 

the presence of G. bulloides and G. obesa. 

In sample CAR 9, the data are normally distributed, according to the normality test, see Fig. 8. The 

planktonic species in the analyzed assemblage are predominantly represented by T. trilobatus, 

T. quadrilobatus, T. sacculifer, G. ruber, D. venezuelana, D. altispira species and the genera Orbulina, 

Praeorbulina (see Table 4), all of which represents warm water species that prefer tropical to subtropical 

climates (e.g., Schiebel & Hemleben, 2017; Aze et al., 2011). There is also the presence of Globorotalia 

mayeri (5 specimens; 5.3% of the total plankton assemblage), a mixed-layer to upper thermocline dwelling 

species (Leckie et al., 2018). In the assemblage it is accompanied also by Turborotalita sp. 

(a quinqueloba species), which inhabits the same environments as the G. mayeri (Simstich et al., 2003). 

Bé, (1977) reported, that T. quinqueloba prefers rather cold unstratified waters, but can also occur in the 

tropics under favourable conditions. In the analyzed assemblage there are 18% of benthic specimens, which 

allowed to apply the EBFOI index (EBFOI = 85) to calculate the average dissolved oxygen levels at the 

seafloor. Based on the result of this calculation, the DO (dissolved oxygen) value of 5.14[ml/l] indicates 

highly oxic conditions at the seafloor (Kranner et al., 2022). The presence of Heterolepa dutemplei 

(12 specimens, 57% of the total benthic assemblage) and the Martinotiella communis (5 specimens, 24% 

of the total benthic assemblage) supports the dissolved oxygen value (DO) value given by the EBFOI 

calculation (Kranner et al., 2022). H. dutemplei is considered as an oxic epifaunal species, inhabiting the 

top 1 cm of the sediment and preferring outer shelf environments (depths >60 m; Kovacova et al., 2009; 

Russo et al., 2022). M. communis is considered as an infaunal oxic species (preferring DO values between 

4.7ml/l and 5.7ml/l; Harloff & Mackensen, 1997; Goubert et al., 2001) and it can be found up to the bathyal 

zone (depths >200 m; Hanagata, 2006). In contrast, Uvigerina sp. and Bolivina sp. (2 specimens each in the 

analyzed assemblage) are both considered to be bathyal species, indicating rather lower DO levels but high 

organic matter contents (e.g., De Mello E Sousa et al., 2006; Murray, 2006; Goubert et al., 2001; Pippèrr 

& Reichenbacher, 2010).  Therefore, based on the assemblage composition and the calculation of the 

EBFOI index, a warm oligotrophic environment between the outer shelf and the bathyal zone can be 

suggested. The EBFOI calculation also suggests a rather high oxic environment at the seafloor, supported 

by the abundance and dominance of Heterolepa dutemplei and Martinotiella communis in the benthic 

assemblage. 

Sample CAR 10 is dominated by planktonic foraminifera, with benthic foraminifera comprising 

only 5.6% of the assemblage. The Shapiro-Wilk test shows that the data do not have a normal distribution 

(see Fig. 10). The most abundant species are the representatives of oligotrophic, warm water species  

https://www.sciencedirect.com/science/article/pii/S0031018221005071#bb0625
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(e.g., T. trilobatus, T. quadrilobatus, G. ruber, Praeorbulina glomerosa, P. curva and P.suturalis; Schiebel 

& Hemleben, 2017; Bemis et al., 2000; see Table 5), which account for 69 out of the total 101 planktonic  

specimens (68.3%). Globigerina bulloides is the only significantly represented planktonic species (9 

specimens in the total assemblage), indicating rather eutrophic cooler waters (Öğretmen, 2022). From the 

benthics  the presence of Uvigerina sp. (4 specimens), which is considered as a shallow to intermediate 

infaunal suboxic species, indicates rather eutrophic cold conditions at the seafloor (Székely et al., 2017). In 

contrast, Heterolepa sp. (2 specimens), which is an epifaunal species, indicates rather oligotrophic and oxic 

bottom water conditions (Murray, 2006; Russo et al., 2022). Overall, the assemblage composition suggests 

rather oligotrophic warm water environment with periods of the water column instability based on the 

presence of the species G. bulloides. The benthic assemblage consists of only two species with different 

ecological preferences, making it impossible to draw any conclusions. 

4. Conclusions 

In all analyzed samples there is a dominance of planktonic species. In sample CAR B2 the benthic 

assemblage is completely absent, in sample CAR 9 it represents 18%, while in sample CAR 10 it represents 

only 5.6%. The planktonic species in all three samples are dominated by oligotrophic indicators, such as 

representatives of the genus Trilobatus or Praeorbulina/Orbulina. The assemblages also contain markers 

of eutrophic, nutrient-rich surface waters such as Globigerina bulloides (all three samples), Globigerinella 

obesa (CAR B2), Globorotalia mayeri and Turborotalita quinqueloba (CAR 9). Overall, this suggests a 

primarily oligotrophic, warm-water, open-ocean environment with periods of water column instability (e.g. 

freshwater input). In the case of sample CAR 9, using the EBFOI calculation and the composition of the 

benthic assemblage with the dominance of Heterolepa dutemplei and Martinotiella communis suggests 

a rather highly oxic environment from the outer shelf to the bathyal zone. 
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