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Abstract: During the late Triassic period several global environmental changes took place, including climate 
instability, and the most distinctive one was the biotic extinction at the Norian – Rhaetian boundary (NRB). Large 
carbonate platforms were established along the Tethys ocean and periodically exported carbonate 
sediments to the adjacent ocean floor, and especially at the bathyal depth.  

Petrographic analysis of eleven samples from six density flow deposits in the Orbuklukeli-section in 
the Tavuscayiri-block, Mersin Mélange, southern Turkey, was carried out to interpret their local source area and 
transport mechanisms. The results of petrographic and carbonate microfacies analysis indicate that 
the recurrent density flow deposits were sourced from different environments. The lowermost 
(oldest) density flow (DF1) is interpreted to originate from a shallow water environment with indicators of the 
green algae order Dasycladales and early botryoidal cement. There is also an alternative interpretation 
for density flow 1 which interpret a hydrothermal seamount-collapse, which is supported by organic matter found in 
SEM-analysis. Density flows 2 – 6 are interpreted to mainly originate from slope to outer shelf environments where 
indicators like bivalve filaments, crinoids, calcispheres and tubiphytes support this interpretation.  
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Sammanfattning: Under sen Trias inträffade flera globala miljöförändrigar, inclusive klimatinstabilitet, och den 
mest markanta var det biotiska utdöendet vid Norian-Rhaetian-gränsen (NRB). Stora karbonatplattformar 
etablerades längs tethyshavet och exporterade periodvis karbonat-sediment till det angränsade havsbottnet, särskilt 
på bathyalt djup. 

Petrografisk analys av elva prover från sex density flow-avlagringar i Orbuklukeli-sektionen i Tavuscayiri-blocket, 
Mersin Mélanget, södra Turkiet, genomfördes för att tolka deras lokala källområde och transportmekanismer.  
Resultaten av den petrografiska och karbonat-mikrofacies-analysen indikerar att de återkommande density flow-
avsättningarna härstammar från miljöer. Det understa (äldsta) density flow 1 (DF1) tolkas ha sitt ursprung i en 
grundvattenmiljö med indikatorer som den gröna algen Dasycladales och tidigt botryoidal cement. Det finns även 
en alternativ tolkning för density flow 1 som föreslår en hydrotermal seamount-kollaps, vilket stöds av organiskt 
material identifierat i SEM-analysen. Density flow 2-6 tolkas huvudsakligen ha sitt ursprung i slope– till yttre 
hyllmiljöer, där indikatorer som bivalvfilament, crinoider, calcisfärer och Tubiphytes stöder denna tolkning.    
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1  Introduction  
This is the body text which uses the Style ”Body Text” 
(TNR10). The should be no identation at the first 
sentence of a new chapter, and no empty row between 
the title and the first sentence. 
 This is the second paragraph. It also uses the Style 
”Body Text” but you have to indent the first line with 
the TAB-key. 
 While adding text it should flow over to the text boxes 
on the following pages. As you continue to add more 
pages you may have to link the text boxes to make the 
text flow through the pages. 
 
Late Triassic was a period with several significant 
environmental changes, among them the Norian – 
Rhaetian boundary (NRB) extinction (Rigo et al., 
2020). The Tethys Ocean was an important 
sedimentary basin during this period through large 
carbonate platforms which produced large volume of 
carbonate sediments which periodically redeposited de
eper on the ocean floor (Preto et al., 2010; Reijmer et 
al., 2012). The NRB is dated to 
be around 208.5 Ma and is remarkable for 
its environmental disturbance 
and decline of biodiversity (Galbrun et al., 2020).    
                              This study uses samples from 
the Orbuklukeli section in the Tavuscayiri-
block of the Mersin Mélange in southern 
Türkiye (Tekin et al., 2020; Tekin et al., 
2018). The studied section mainly 
constitutes alternating chert and pelagic limestone. Thi
s succession is interrupted by 
recurrent density flow deposits, which are the focus for 
this study. The density flows of the Tavuscayiri-
block have not been studied in 
detail previously, and this study aims to 

investigate their petrography to determine their 
composition and source area. Indeed, the 
traditional depositional settings 
of density flow deposits are at odds with the general 
deep pelagic setting represented by the 
enclosing sediments. The Orbuklukeli is a promising 
section to further understand the little documented 
NRB extinction. To understand the significance 
of the density flow deposits may help to get a better un
derstanding of the environmental settings of the 
section and the environmental disturbances recorded 
there. 
                   A density flow is a type of sedimentary gravity 
flow where grain-to-grain interactions 
are the dominating mechanism for particle-support and 
where the sediments are transported with gravity 
downslope (Mulder & Alexander, 
2001). Mechanisms that can contribute to initiation 
of density flows include earthquakes, 
oversteepening of slopes and differential 
compaction (Flügel, 2010).   

 

2 Background 
The last stages of the supercontinent of 
Pangea persisted during Norian and Rhaetian stages of 
late Triassic (~201-227 Ma) (Ogg et al., 2020). The 
Tethys Ocean developed through large 
scale tectonic extension and was opening the 
supercontinent as an 
embayment from the east which divided the 
supercontinent into the landmasses 
in north (Laurasia) and south (Gondwana) which 
is depicted in the paleogeographic map on 
figure 1. (Preto et al., 2010). During the late 
Triassic, Turkey was located on the northern margin of 
Gondwana, i.e. southern margin of 

Figure 1. Map of Pangea during the Triassic period with the study area marked with a star. (figure modified from Preto et al 
(2010))  
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the Neotethys (Tekin et al., 2020).  
A global “mega-monsoon” dominated the 

weather during the Triassic with heavy seasonal 
rainfall that dominated the Eastern Pangea (Preto et 
al., 2010). The west of Tethys Ocean where modern-
day Turkey was situated, had strong alternating season
al climate with dry periods and wet periods dominated 
by monsoon (Preto et al., 2010). In contrast to the rest 
of the Triassic, the Norian 
and Rhaetian are considered as long periods of climati
c stability  (Ogg et al., 2020). At the end 
of the Rhaetian, the volcanic activity associated 
with the Central 
Atlantic Magmatic Province (CAMP) induced an 
increase of greenhouse gases, which increased the 
temperatures, the evaporation; the humidity 
intensified, which contributed 
to increased continental weathering rates (Rigo et al., 
2024; Rigo et al., 2020).  
 
2.1 Norian-Rhaetian boundary (NRB) 
The NRB is dated at 208.5 Ma and is known for 
its association 
with pronounced environmental changes and a decline 
in marine biodiversity (Maron et al., 2015; Rigo et al., 
2020). The biodiversity decline is recognized as 
the “NRB-extinction”, which preceded the end-
Triassic mass extinction (Rigo et al., 
2020). Some researchers argue that the 
NRB is identified geochemically by a negative 
carbon isotope excursion, which indicates a global 
interruption of the carbon cycle (Rigo et al., 2024; 
Rigo et al., 2020). Large changes in strontium-
, osmium-, and calcium isotopes in the 
ocean reflect that substantial environmental changes 
were at play, but these are still not well 
understood (Kovács et al., 2022; Kovács et al., 2020; 
Rigo et al., 2024).  

 
2.2 Geological setting 
The studied succession outcrops at the 
locality Orbuklukeli, southern Turkey (36°55’17”N, 

34°13’30”E). The section is part of the Tavuscayiri-
block, a block inside the larger-scale 
tectonostratigraphic Mersin Mélange (Parlak & 
Robertson, 2004; Tekin et al., 2020). The 
Mersin Mélange is a part of a bigger complex called 
Mersin Ophiolitic Complex. The Mersin 
Ophiolitic Complex outcrops in a 15 km wide and 40 
km long southwards area (Parlak & Robertson, 2004). 
The Mersin Mélange consists of Upper Triassic 
ophiolite intermingled with density flow units, pelagic 

Figure 2. The Orbukukeli hill with an arrow showing what 
is stratigraphic up and stratigraphic range of the succes-
sion exposing density flow deposits1 to 6. White lines dis-
play density flow 2.   

Figure 3. Field photograph 
of Density flow 1 (DF1). A: Overview photograph with an 
arrow depicting the thickness of DF1 with alternating pelag-
ic limestone and chert above and below. Close-up with an 
arrow depicting the thickness of DF1.  

Figure 4. Density flows (DF2-DF6) in field and arrows de-
picting the thickness of density flows. 
1: Density flow 2 is a conglomerate with no clear way up in 
structure. 2: Density flow 3 is a horizon-
tal orthoconglomerate bed with no internal bed-
ding. 3: Density flow 4 is a conglomeratic limestone with 
three internal horizontal beds. 4: Density flow 5 is a bed of 
beige-colored limestone. 5: Density flow 6 is 
an Orthoconglomerate (gravel sized, clasts supported) with 
limestone clasts in a calci-mudstone matrix.   
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carbonates, radiolarian chert and 
deformed olistolithe of different oceanic and 
continental origins (Parlak & Robertson, 2004). The 
studied section represents its bathyal part, which 
consists of alternating limestone-chert and 
intercalated density flows.  
The Tavuscayiri-block is the largest and best exposed 
block of the central Mersin Mélange and preserves a 
continuous sequence of pelagic sediments that range in 
age from the Norian to the Toarcian  (Tekin et al., 
2020). The studied section at 
the Orbuklukeli Hill consists of a 170 m thick 
section of alternating limestone-chert beds with 
intercalated density flow deposits. The depositional 
environment was the bathyal, with depths of around 
200 – 2000 meters (Gallet et al., 2007; Tekin et al., 
2020). The Norian-Rhaetian boundary was 
previously identified and constrained through 
conodont biostratigraphy (L. Krystyn, as cited in N. 
Gunnarsson, personal communication, March 25, 
2026).   
In the studied section, there are beds with sedimentary 
evidence of mass movement. The beds consist of 
brecciated limestone-bodies which can 
be several meters thick and which are enclosed 
within limestone-chert cycles representing the 
background sedimentation (Tekin et al., 
2020). Density flows generally occur when there is 
instability in the sea-floor slope which triggers the 
sediments to flow downwards (Reijmer et al., 2012; 
Tekin et al., 2020). Brecciated limestone indicates that 
there was a tectonically instability in the area which 
contributed to the density flows (Tekin et al., 
2020). NRB is also interpreted as having a higher yield 
of seismic activity (Tekin et al., 2020).  

3  Method 
The samples used for this project 

were previously collected in Turkey by the supervisor 
group. Each bed was measured and sampled with a 
geological hammer. The samples studied are 
from density flows and the names 
for each bed sample are OR25, OR26, OR27, OR28, 
OR29, OR35, OR36, OR50, OR59, OR72 and 
OR76. The samples were contained 
in plastics bags until the production of thin-sections at 
Lund University started.  
 
3.1 Thin-section preparation  
Rock samples were cut with a rock saw and polished 
with sandpaper.  First, we polished with either 
sandpaper 220 or 300; the process proceeded until the 
surface was even. After the 
surface was even, sandpaper 500 was used to get 
a smoother surface and after sandpaper 500 is done 
we proceeded to diamond-paper 500 and 1200. Next 
process is picking out thin-
section glass and polishing it with diamond-paper 500 
until the whole glass can stick epoxy to 
it. After polishing the glasses, these were cleaned with 
ethanol to erase fingerprints. The samples were 
stuck with epoxy to the glass 
and harden for two days. For samples with 
higher content of quartz, a second mixed solution of 
epoxy and acetone was added from the top to 

penetrate the porosity of the rock.  
              After the epoxy had hardened, the samples were 
cut as thin as possible before grinding them 
down until the sample was translucent.  
             The final process was to polish the sample until it 
was suitable for microscoping the bioclasts. This 
process starts with diamond-paper 500 until the 
bioclasts are clear enough, then we use diamond-
paper 1200 to get a more polished surface.  
 
3.2 Microscopy  
Polarization microscopy was used for microfacies 
classification according to the Dunham (1962) scheme, 
as revised by Embry & Klovan 1971. Depositional 
texture as a whole was classified and Dunham 
terminology was also used 
for lithoclasts. Thereafter, I identify the bioclasts and o
ther key features which are relevant for identifying the 
depositional environment. Any useful information is 
documented on an excel sheet.  
 
3.3 SEM-analysis  
The two samples OR26 and OR27 have 
been analyzed with Scanning Electron Microscopy 
(SEM). It uses electrons to depict a further 
enlarged (compared to microscopy using light which 
has 1000x as highest enlargement) picture up to 
1 000 000x of a sample to get a further analysis of the 
samples (Ali et al., 2023).  
               The SEM can provide chemical compound 
analysis, crystal structure, and electric functions. It is 
also a non-damaging tool for the sample (Ali et al., 
2023).  
 
The SEM have 3 different main electron canons 
which are used to emit an electron beam (Ali et al., 
2023):  

· The Tungsten Filament which 
emits electrons through heat of up to 2500 
Celsius.  

· The Lanthanum Hexaboride emits a brighter 
beam.  

· The Field Emission Gun (FEG) provides the 
brightest beam with the highest resolution but 
also requires an extremely high vacuum.  

 
Back-Scatter Electron (BSE) is one of the setting used 
in the SEM during this study which is used to 
differentiate electron reflections in the analyzed 
material to depict what mineral exist in the 
sample using the mean atomic number of the 
mineral, where heavier elements appear brighter in 
resulting image (Ali et al., 2023). Energy dispersive X-
ray (EDX) is the additional setting used in analyzing 
the chemical composition of marked areas within a 
sample (Ali et al., 2023).   
 

4 Results 
 
4.1 Result summary 
Eleven samples from inferred density flow deposits 
of the Orbuklukeli section were studied. Lithoclast is 
the dominant frame component in researching density 
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flows and is differently abundant in the samples, 
where DF1, DF3 and DF4 is clast supported and DF2, 
DF5 and DF6 is matrix supported. The thin-
sections studied show different classifications within 
the density flows which are grainstone, calci-
mudstone, floatstone and rudstone, 
while wackestone and packstone occur 
within lithoclasts. There are three different types of 
cement in the samples.  
               Botryoidal cement depicted in figure 5.1. is a 
radial fibrous structure of cement that is 
intergranular. It is irregular calcite crystals that fills the 
space between the grains which is depicted 

in figure 5. 2. Microspar is a fine cement 
which originates from recrystallisation 
from micrite (Flügel, 2010). The microspar is an 
intergranular cement.  
                Glauconite with its chemical composition (K,Na)
(Fe3+,Al,Mg)2(Si,Al)4O10(OH)2 is the green to 
yellow grains within some of the samples that creates 
films and coatings on or around the grains. 
Glauconite forms under a slow sedimentation rate and 
slightly depleted oxygen because 
of high organic matter decomposition through pores in 
the host material. Glauconite replaces the substrate 
gradually which is normally mineral fragments such as 
feldspar and quartz, foraminifera or 
microfossil or biogenic carbonate debris (Odin & 
Matter, 1981). Glauconite is optimally created in the 
ocean between a depth of 60 – 500 m, but can also 

form at shallower depths (Odin & Matter, 
1981).  
               The samples have been organized 
in density flow sections from DF1 – DF6 as 
depicted in the log in figure 6. DF1 
includes OR25, OR26, OR27, OR28 and OR29. 
DF2 includes OR35 and OR36. DF3 includes 
OR50. DF4 includes OR59. DF5 
includes OR72. DF6 includes OR76.   
 
4.1.1 Density flow 1 (DF1) 
DF1 consists of several horizontal beds. The 
lowermost bed consists of a 9 cm thick red 
quartz-rich microconglomerate with associated 
spotted glauconite grains. There are both 
limestone clasts and microcrystalline quartz 
clasts within a sparitic and botryoidal cement. 
The base of the bed is beige and highly porous 
in contrast to the rest of the bed. Above, the 
second bed consists of a 20 cm thick brownish 
red quartz-rich microconglomerate. There are 
both limestone clasts and microcrystalline 
quartz clasts within a sparitic and botryoidal 
cement. This bed has a noticeably higher quartz 
content than the bed below. On top, the third 
bed consists of a 5 cm 
pinkish gray microconglomerate with associated 
spotted glauconite grains. The third bed has 
clearly less quartz content than the beds below. 
The fourth uppermost bed consists of a dark 
brown 3 cm thick microconglomerate with 

associated spotty glauconite grains. The samples 
OR25, OR26, OR27, OR28 and OR29 derives from 
these four amalgamated beds which is displayed in 
figure 3.  

Figure 5. 1. Botryoidal cement highlighted by the pink ar-
rows. 2. Irregular calcite crystals which fills the space be-
tween the grains, best represented in the red circle.  

Figure 6. A simplified sedimentary log of 
the Orbuklukeli section which depicts the density flows 
(DF1-DF6), the NRB zone, chert/ lime-
stone alteration and carbonate microfacies following Dun-
ham (1962) (Flügel, 2010).  
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OR25 is a rudstone with a microsparite as main 
cement (figure 7.1). Botryoidal cement occurs 
within the sample as shown in 
figure 7.2. Lithoclasts contains mainly microcrys
talline quartz but does also 
have carbonate lithoclasts. The 
carbonate lithoclasts are classified as calci-
mudstone. No bioclasts could 
be certainly identified in OR25, while there still 
is broken bioclasts in the sample. No glauconite 
is observed in this sample.  
 

OR26 is 
a grainstone with lithoclasts (figure 8.1). A micr
ocrystalline quartz lithoclast occurs 
within a lithoclast of calci-

mudstone (figure 8.2). Calci-
mudstone lithoclasts are dominating 
the sample. The bioclasts include disarticulated 
bivalves and gastropods. The green 
algae (Dasycladales) occur with a size of 0,3 
mm; the fossil is partly biodegraded and 
is identified for its rounded structure, radial 
lateral pores and a void at 
the centre (figure 8.3). Ostracods and 
brachiopods could exist but were too 
biodegraded to identify with 
certainty. Glauconite occurs as coatings 
and filaments between and within the clasts.  

SEM-analysis of 
OR26 shows microcrystalline quartz within the 
mudstone lithoclast (figure 9).   

Figure 7. Sample OR25 observed in microscope. 1: Broader view over sample. 2: View of botryoidal cement 
which is highlighted by the pink arrows.  

Figure 8. sample OR26 observed in microscope. 1: Broader view of the sample. 2: Lithoclast of microcrystal-
line quartz inside an lithoclast of calci-mudstone (Flügel, 2010). 3: Green algae (Dasycladales).  
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OR27 is a grainstone dominated 
by microcrystalline quartz lithoclasts and botryoidal 
cement (figure 10). Microspar cement occurs in a 
smaller amount. Disarticulated bivalves occur 

within the sample. Ostracods and brachiopods could 
occur but couldn’t be identified with 
certainty because of biodegradation. No 
glauconite was observed within the sample.  

Figure 9. Backscatter SEM image showing a quartz grain within the carbonate lithoclast, which is displayed in 
figure 8.2. Blue colour is the microcrystalline quartz and white is calcite.  

Figure 10. 1: Broader view of sample OR27. 2: Botryoidal cement between grains.  

Figure 11. SEM-analysis over spectrum 5 which is marked on the right picture and a chart of 
the elemental composition.  
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SEM-analysis of OR27 highlighted the presence of 
organic matter (figure 11).  

OR28 is a grainstone with blocky/mosaic cement and a 
small amount of botryoidal cement which fills the 
intergranular space (figure 12.1). 
The lithoclasts composition is 
carbonate. The lithoclasts have a high chance of 
including bivalves but could not be identified with 
certainty. Glauconite creates coatings and 
filament between and on the grains which is depicted 
in figure 12.2.  

OR29 is a grainstone with 
rounded microcrystalline lithoclasts (figure 13.1). The 
lithoclasts are more rounded compared to the 
other grainstone samples in DF1. Micritized bioclasts 
occur within the sample. The 

bioclasts identified was bivalves 
and gastropods. Glauconite was identified and creates 
coatings and filaments in and between the 
grains (figure 13.2).  

4.1.2 Density flow 2 (DF2) 
DF2 is a Orthoconglomerate (gravel sized, clasts 
supported) with limestone clasts in 
a calcimudstone matrix. Gray in colour. No bedding, 
and without any clear way-up structure. Clast size 
varies from granule to cobble. 2m thick.   

At the base of density flow 
2, sample OR35 represents the calci-mudstone matrix 
from the 
deposit which contains both disarticulted bivalves and 
gastropods (figure 14.2). Micritized bioclasts occurs 
within the sample (figure 14.1). Calci-spheres are 

Figure 12. Microscope view of sample OR28. 1: Broader view over the sample. 2: glauconite observed creating coatings and 
filaments around a grain.  

Figure 13. Microscope view of sample OR29. 1: Broader view of the sample. 2: Glauconite within the matrix.  

Figure 14. Microscope view of sample OR35. 1: micritized bioclast. 2: broader view 
of calcite veins and calcispheres within the sample.  
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frequent. Ostracods and brachiopods could exist within 
the sample but could not be identified with certainty. No 
glauconite was observed in the sample.  

At the top of density flow 2, 
sample OR36 represent a floatstone with calci-
mudstone matrix and lithoclasts classified 
as packstone (figure 15.1). The intraclasts are filled with 
bioclasts and their margins are not 
sharped but are identified for their density of 
bioclasts (figure 15.1). Borders can 
also be surrounded with stylolite. Lithoclastic packstone 
are filled with bivalve filament (figure 15.1). The 
bioclasts include disarticulated bivalves and 
gastropods within both the matrix and packstone. 
Micritized bioclasts occur within the sample. Ostracods 
and brachiopods could 
occur, but identification couldn’t be made with 
certainty. Glauconite creates coatings and filaments in 
and between the grains.  

4.1.3 Density flow 3 (DF3) 
DF3 is a Orthoconglomerate (gravel sized, clasts 
supported) with limestone clasts in a calci-mudstone 
matrix. Gray in colour. In one horizontal bed without 
internal bedding. Clast size mostly pebbles and varies 

less than in DF2. Roughly 30 cm thick.   
              At the top of Density flow 3, 
sample OR50 represent a rudstone dominated 
by lithoclasts with a calci-
mudstone matrix (figure 16.1 – 
16.2). Microspar cements occur as intergranular fills. 
The bioclasts within the sample are disarticulated 
bivalves, some micritized, and gastropods (figure 
16.2). Calci-spheres occurs (figure 16.2). 
Ostracods and brachiopods could exist but couldn’t be 
identified with certainty. The occurrence of oxidized 
iron could suggest the possibility of glauconite existing 
within DF3.  

4.1.4 Density flow 4 (DF4) 
DF4 is a 30 cm conglomeratic limestone with three 
internal horizontal beds. Bottom bed consists of a 9 cm 
beige microconglomerate. On top is a beige 11 cm 
microconglomerate with a conglomerate base. The 
conglomerate base has pebble and cobble sized clasts 
going up into the microconglomerate. The uppermost 
internal bed is a beige and gray 10 
cm orthoconglomerate of cobble and pebble sized 
clasts.   

At the middle of density flow 4, 

Figure 15. Micropscope view of sample OR36. 1: lithoclast filled with bivalve filaments. 2: glauconite and stylolites.  

Figure 16. Microscope view of sample OR50. 1: broader view of the sample. 2: bivalve bioclast, calcispheres and a micritized 
bioclast.    
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sample OR59 represent a grainstone with microspar ce
ment that occur intergranular (figure 17.1). Bioclasts 
include disarticulated bivalves, micritized bioclasts 
and gastropods. Crinoidea is also identified and is 
characterized for its light extinction pattern with 
rotating polarized light. Tubiphytes is identified in the 
sample with a size of between 0.1 – 0.5 mm and 
creates the dominant group of grains within 
the grainstone (figure 17.1 – 17.2). Ostracods and 
brachiopods could exist within the sample but 
could not be identified with certainty. No glauconite 
was observed.  

4.1.5 Density flow 5 (DF5) 
DF5ௗconsist of a 50 cm thick bed of beige-colored 

limestone. Due to lacking field observation no further 
detailed description can be made.   

At the middle of density flow 5, 
sample OR72 represent a floatstone with calci-
mudstone matrix 
and with lithoclasts of wackestone. The intraclasts is 
filled with bioclasts and the border 
between lithoclasts and the surrounding calci-
mudstone is not 
sharp but highlighted by the amount of bioclasts in an 
area (figure 18.1 – 18.2). Stylolites occur and create a 
border between lithoclasts and the surrounding calci-
mudstone. Bioclasts that 
occur within both the wackestone and calci-mudstone 

Figure 17. Microscope view of sample OR59. 1: broader view of the sample. 2: Tubiphytes shown within the matrix.  

Figure 18. Microscope view of sample OR72. 1: Broader view of sample and the border between matrix and intraclast. 2: 
broader view of sample and the border between intraclast and matrix.  

Figure 19. Microscope view of sample OR76. 1: broader view of the sample. 2: a green Crinoidea within the matrix.  
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matrix are disarticulated bivalves, micritized 
bioclasts and gastropods. Calci-spheres occur within 
the sample. Ostracods and brachiopods could occur but 
could not be identified with certainty. No glauconite 
was observed.   

4.1.6 Density flow 6 (DF6) 
DF6 is a Orthoconglomerate (gravel sized, clasts 
supported) with limestone clasts in a calci-mudstone 
matrix. Gray in colour. No bedding, and without any 
clear way-up structure. Clast size varies from granule 
to cobble. Roughly 2 m thick.  

At the top of density flow 6, 
sample OR76 represent a floatstone consisting 
of wackestone lithoclasts in a calci-mudstone 
matrix (figure 19.1). The lithoclasts is filled with 
bioclasts and the border between lithoclast and 
surrounding calci-mudstone is hard to depict but 
is identified by its density of bioclast in an area as well 
as stylolite’s which creates borders between the calci-
mudstone 
and wackestone (figure 19.1). Bioclast include 
disarticulated bivalves, micritized bioclasts and 
crinoids in both the lithoclasts and matrix (figure 
19.2). Calci-spheres occur within the 
sample. Ostracods and brachiopods could occur within 
the sample but couldn’t be identified with certainty. No 
glauconite was observed.   

5 Discussion 
 
5.1 Density flow 1 
Four out of the five samples from DF1 are classified 
as grainstone, indicating a depositional environment 
with high energy. OR25 which is the lower 
most sample of DF1 is classified 
as rudstone. Rudstone indicates formation through 
erosion and transport which could be an indicator for 
slope environment. DF1 indicates mostly a high 
energy source environment which is different from the 
other density flow sections which has calci-
mudstone lithoclasts.  

While the lithoclasts have a lot of microcrystalline 
quartz, they predominantly consist of calci-
mudstone and differ in 
structure and roundness between the samples in 
DF1. OR29 has rounded lithoclasts which indicate a 
longer transport compared to the other samples.  

OR26 has a lithoclast within 
a lithoclast which indicate two 
different depositional episodes. While the 
inner lithoclast is microcrystalline quartz, the 
surrounding lithoclast has a carbonate 

composition, which indicates that the source region 
was different. Almost all other lithoclasts except for 
OR27 where approximately half lithoclasts consist 
of microcrystalline quartz, are made of calci-
mudstone which indicate a low 
energy source region but cannot be specified with 
only lithoclast composition. With indicators 
like dasycladales and botryoidal 
cement, the source environment could be shallow to 
intermediate platform origin (Flügel, 2010).                     
 There is large size difference between the grains 
in all DF1 which indicate a fast deposition with poor 
sorting.                                                                                                                                                         
 Following interpretations based 
on Flügel (2010), Dasycladales in OR26 is an 
indication for a photic zone as 
the Dasycladales rarely exist outside the lagoon 
or carbonate barrier area. The disarticulated 
bivalve shells indicate transport that separate the 
shell halves.                                                                                               
 The micritization of 
bioclasts indicates exposure on the sea floor where m
icroorganisms bored into the grain surface before the 
final deposition of the density flow.   

The botryoidal cement that is found in OR25, OR27 
and OR28, indicates early marine cement that forms 
at slopes in a marine phreatic 
environment (cf. Flügel 2010). While the botryoidal 
cement occurs as a second-generation cement filling 
the centre part of the void between the grains, post-
dating an earlier cement generation on the 
grain surface (figure 5.1), it is still interpreted 
as an early marine cement. Botryoidal 
cements are known during the Triassic in reef slope 
deposits.   

Glauconite occurs in OR26, OR28 and 
OR29. Glauconite normally forms at a depth of 60-
500 m in the outer portions of the continental shelf, 
where sedimentation rate is slow. This suggests that 
the sediment accumulated in this environment before 
it was re-deposited (Odin & Matter, 1981).  

The material of DF1 has an origin from different 
depths which indicates that DF1 have relocated and 
transported material from different environment at 
different sections of the continental slope. Seismic 
activity could be the trigger for 
this density flow considering the seismic 
activity already regionally known during the late 
Norian  (Tekin et al., 2020). The lithoclasts of 
microcrystalline quartz with rounded grains and 
associated glauconite indicates transport through a 
river and river delta. The transported material 
was probably deposited in a high 
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energy environment that is 
shallow considering occurrence of Dasycladales and 
the botryoidal cement. The presence 
of transported glauconite and of lower energy calci-
mudstone as lithoclast indicate an intermediate 
redeposition at a depth of between 60 – 500 m (Odin & 
Matter, 1981), with low sedimentation rate 
before continuing the transport. Density flow has then 
transported this lithified part down the slope, (Odin & 
Matter, 1981) until it got deposited at bathyal depth.
(Tekin et al., 2020).   

An alternate interpretation is that the density flows are 
the reminiscence of seamount with a hydrothermal 
system which collapsed. Botryoidal cement, organic 
matter identified in the SEM-analysis of OR26 (which 
in this case could be hydrocarbons) and 
glauconite are all consistent with a hydrocarbon 
seep environment. The seamount was shallow enough 
to bear dasycladacean. This elevated seep 
then collapsed creating the density flow seen 
here. While this alternative interpretation is an event 
that could likely have happened, we would need further 
geochemical analysis to confirm or give it more room 
for discussion.    

5.2 Density flow 2 
DF2 samples was classified as floatstone with a calci-
mudstone matrix which is an indicator for low 
energy environment. DF2 lithoclasts were both classifi
cations as packstone and wackestone which indicates th
at the lithoclasts source area were of a higher energy 
environment.    

The lithoclasts in DF2 has filaments 
of disarticulated bivalves which indicates that it has 
been a high energy environment which then deposited 
in a place where the bivalves could gather to 
create a packstone lithoclasts. There exists stylolite bet
ween the lithoclasts and the matrix 
which indicates pressure solution after the deposition 
which means the lithoclasts is older than the 
surrounding calci-mudstone (Flügel, 2010).   

The bivalves in both 
samples were disarticulated which indicate that they 
have been transported as halves. The filament bivalves 
depict a pelagic to hemipelagic environment 
which indicates a deeper environment instead of 
shallow and is typical for the Triassic period (Flügel, 
2010). Calcispheres which was found in DF2 indicate 
slope environment during the late Triassic (Flügel, 
2010). Micritized bioclasts indicate that the 
bioclasts was exposed on the ocean 
floor where microboring organisms could “attack” the 
grain surfaces before it was later buried (Flügel, 2010).   

Glauconite only occur in OR36 which indicates that 
the lithoclasts in OR36 could 
have incorporated glauconite-bearing material with it 
before depositing in the bathyal zone. It 
also indicate that the lithoclasts could come from a 
depth of 60 – 500m (Odin & Matter, 1981).   

Compared to DF1 the environment was probably 
not as shallow because of the low energy 
indicators. The calcispheres and bivalve 
filament lithoclasts allow the interpretation of a 
slope environment at the outer 
shelf. Stylolites confirm that there was burial and 
diagenesis. The trigger for the density flow could still 
be seismic activity but is not as likely compared to 
DF1 which was closer to the late Norian shown in 
figure 6. which seismic activity is already 
known (Tekin et al., 2020).   

5.3 Density flow 3 
OR50 is classified as a rudstone with calci-mudstone 
matrix which is a combination where finer matrix and 
clasts occur 
together. The rudstone component means it has been 
through erosion and 
transport. The wackestone matrix together with the 
bigger lithoclasts indicate a deposition typical 
for density flows. The lithoclasts is the 
main component in DF3.   

The lithoclasts dominate the sample compared 
to DF1 and DF2. The lithoclasts are composed of 
mainly calci-mudstone. Lithoclast size varies a lot 
and indicate poor sorting and indicates fast 
deposition.    

With the help of Flügel (2010),the interpretation of 
the disarticulated bivalves indicate transportation 
which seperated the halves of the bivalve. There were 
also micritized bioclasts which indicate 
exposure for microboring organismns to “bore” the 
bioclasts on the ocean floor. Calcispheres was also 
identified which indicate a slope enviornment during 
the late Triassic.    

OR50 have microspar cement 
which indicated diagenetic alteration after 
burial (Flügel, 2010). Compared to DF1 which had 
botryoidal 
cement, the microspar cement characterizes a 
different diagenetic situation.   

There is a possibility that glauconite occurs because 
of “rust” holes in OR50 which indicates that 
the depth of 60-500m is possible for the depth of the 
origin source rock of the lithoclasts (Odin & Matter, 
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1981).    

The environment which the calcispheres and glauconite 
indicate that DF3 probably come from the 
outer shelf on the slope. The high amount 
of lithoclasts depict a high-
intensity density flow event.    

5.4 Density flow 4 
OR59 is a grainstone which indicated high energy 
environment. DF4 resemble DF1 in how high the 
energy was because of the lack of mud.  

Following Flügel (2010), the 
interpretation of OR59 suggests the presence 
of tubiphytes that may 
reflect different depositional environments. Some tubip
hytes are indicative of mid-
ramp settings, whereas others are associated with low-
energy, low-oxygen conditions. This 
suggests that the tubiphytes in OR59 likely 
represent either a mid-ramp or an outer-
ramp environment. Crinoids were also found in DF4 
which indicates slope environments during the late 
Triassic. There are also disarticulated bivalves which 
gives indications of transport and micritized bivalves 
which indicates exposure to microboring organisms on 
the ocean floor in a low energy environment.    

Microspar cement which indicate diagenetic 
alteration after burial (Flügel, 2010).  

Tubiphytes and crinoids are indicators for a slope 
environment (Flügel, 2010). DF4 could originate 
from the upper slope instead of shallow 
water. The grainstone texture indicates a high energy 
deposition.    

5.5 Density flow 5 
OR72 a floatstone, with a calci-
mudstone matrix and wackestone lithoclasts. Wackesto
ne lithoclasts are less than 10% grains which indicates 
a lower energy environment than in the 
preceding density flows.   

The lithoclasts is a wackestone filled with bioclasts 
with borders to the calci-mudsone that are hard to 
depict. Stylolites creates borders 
between lithoclasts and matrix which depict diagenetic 
alteration after burial (Flügel, 2010).   

Following Flügel (2010) interpretations of 
bioclasts, the disarticulated bivalves indicate transport. 
The bivalve shells have been micritized which means 
they have been exposed to microboring organisms at 
the sea floor before burial. Crinoids was found which 
indicate slope environment during the late Triassic. 

Calcispheres in OR72 indicate that slope/deeper 
shelf environments and is a bathymetric indicator for 
shelf ledge and slope environments.      

The stylolites that were found at the boundary of 
the lithoclasts indicate that the lithoclasts is older 
than the calci-mudstone and indicate that 
there was diagenesis after the burial of 
the density flow.    

The conjunction of crinoids, calcispheres and calci-
mudstone matrix indicate that it was a deeper 
environment with less energy and can be interpreted 
as slope or outer shelf 
environment. The wackestone lithoclasts incorporate
d in the calci-mudstone matrix indicates mixing of 
material at deep sea levels along the slope. Stylolite 
confirm that burial with diagenesis occurred after the 
events mentioned before.   

5.6 Density flow 6 
OR76 is classified as a floatstone with peloidal 
wackestone lithoclasts in a calci-mudstone matrix, 
indicates that it has been a low energy 
environment. The peloids is indicators for low energy 
environments with platform 
carbonates as shallow tidal or subtidal, 
peloids could also occur at slope 
environments. The wackestone could also 
indicate a low-energy depositional phase.    

The lithoclasts observed in OR76 is similar in 
situation as DF5, as the borders 
of lithoclasts and calci-mudstone is hard to depict but 
is depicted by the amount of bioclasts. 
This could indicate the same origin material as 
DF5. Stylolites are dissolution horizons that develop 
during late diagenesis after lithification.    

Following Flügel (2010) interpretations of bioclasts, 
the disarticulated bivalves indicates transport. The 
micritized bivalves indicates that there were exposed 
at the ocean floor to microborring organisms 
before burial. Crinoids in OR76 indicate slope 
environments during the late Triassic 
period. Calcispheres occur within the sample 
which indicate deeper shelf to slope 
environments during the Mesozoic peroid.    

Following the crinoids 
and calcispheres interpretations it 
strongly indicates that the origin of DF6 is from outer 
shelf to slope environment while the peloids indicate 
that there has been either mixing of more shallow 
material or diagenetic alteration.    
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6 Conclusion 
In this study, eleven 
rock samples were petrographically analysed with the 
purpose of interpreting the source and 
depositional environment for 
six density flow deposits from the Orbuklukeli section 
in southern Turkey.    

Density flow 1 include carbonate constituents of 
a shallow water environment (Dasycladales, botryoidal 
cement), with inclusions of glauconite, which could 
either indicate an inner- to outer shelf environment 
or transport of glauconite through deltas.    

Density flow 2 shows indicators of slope to outer shelf 
environment which is interpreted from the bivalve 
filaments and calcispheres within the lithoclasts. The 
floatstone with calci-mudstone matrix indicate low-
energy depositional environment.    

Density flow 3 is interpreted to have its origin from 
outer shelf to slope environment because of 
the calcispheres and possible glauconite. The high 
amount of lithoclasts indicate an 
intensive density flow event.   

Density flow 4 depicts indicators of 
upper slope environment which tubiphytes and 
Crinoidea indicates. The grainstone indicate a high 
energy deposition.   

Density flow 5 and 6 have 
similar features indicating a floatstone 
classification with wackestone-lithoclasts, crinoids 
and calcispheres. This is consistent with Triassic slope 
to outer shelf environment. These similar indicators 
give the interpretation that they originate from similar 
environments.   

Conclusively, the density flows follow a trend 
of initially being transported from shallow-
marine environments (DF1) and later from deeper 
environments (DF2-DF6). Further geochemical 
analysis would be needed for 
the competing interpretation of DF1 about the 
hydrothermal seamount-collapse to better understand 
what really took place.   
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