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Coastal Changes in the 21st century: Perspectives from a
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The majority of global coasts are projected to experience sea-level rise in the 21st century. Coasts and coastal
lowlands are of great societal, economical and agricultural value with nearly 40% of the World’s population
living within 100 km of the coast. Understanding the causes of coastal change is urgently needed to mitigate
risks, prepare, and adapt to acceleration of sea-level rise and more severe and frequent extreme weather events
in the 21st century.

Asreflected in the reports from the Intergovernmental Panel on Climate Change (IPCC), most research effort
in predicting global-scale coastal changes in this century is focused on global sea-level changes, including the
effects of melting ice-sheets and glaciers, the contribution from thermal expansion of oceanic waters, oceanic
and atmospheric circulation, glacioisostatic adjustments (GIA) and gravitational effects. Thus far, less emphasis
has been on fully integrating the impacts of global sea-level changes with the key natural and anthropogenic
forced processes of vertical land movements, sediment delivery and sediment distribution, factors which are
critical to understand and predict coastal changes.

In this talk I will review the key factors determining coastal change and the current status of coastal change
predictions for the 21st century. I will also address the relationship between coastal type and present and future
population density and inundation levels.
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Past climate changes - a view from the karst underground

Petra Bajo'

Croatian Geological Survey, Zagreb, Croatia.
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Climate change is one of the greatest challenges that the human society is facing nowadays. The 30-year long
history of addressing this issue by scientific community might imply that palaeoclimate research is losing its
relevance in the 21* century. Yet, an increasing number of high-quality research studies performed around
the world would argue against this and witnesses the importance of palaeoclimatology as a backbone in under-
standing not only the causes of the natural climate variability in the past but also in assisting more accurate
predictions of anthropogenically-driven climate changes in the future.

Speleothems, secondary cave deposits like stalagmites and flowstones, play an outstanding role in the field of
palaeoclimatology firstly due to their amenability to radiometric dating as well as due to the possession of a
remarkable number of climate-sensitive proxies. The majority of studies on past climate changes derived from
speleothems rely on U/Th disequilibrium dating method. In this talk I will demonstrate an example where
the less widely used U/Pb dating method for dating of speleothems has enabled deciphering one of the long-
est standing palaeoclimate debates centered around the causes of glacial-interglacial transitions, specifically
during the Middle Pleistocene transition.

Despite their indisputable strengths, speleothems are not free of weaknesses like any other palaeoclimate ar-
chive. One of their most significant weaknesses lies in the often complex and skewed link between their chem-
ical proxies (e.g. stable isotope ratios of oxygen and carbon, trace element composition) and climate variables
at the surface. It was long time ago understood that extensive cave monitoring studies might help in resolving
this conundrum by exploring the processes involved in transferring and modifying the climate signal from
the surface, through the soil zone, epikarst and bedrock to the cave interior and finally speleothems under
modern conditions. In the last part of this talk I will present results of a recently started project that includes
a monitoring program of a cave site in North Croatia and their implications for interpretation of speleothem
records from this site and beyond.
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Not all is lost. How we study mudstones on Mars without
thin sections and make a virtue of necessity.

Juergen Schieber’

"Indiana University, Earth and Atmospheric Sciences, Bloomington, IN, USA
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As on Earth, mudstones are likely the most abundant sedimentary rock on Mars and a key component in our
efforts to search for life on other planets. In the quest to understand a mudstone’s origins, the study of thin
sections traditionally represents the coin of the realm. Yet, whereas on Earth this may not always be easy, but
doable nonetheless, on Mars - it is not even an option. Mars rovers may return images at a range of resolutions
(20-200 microns per pixel), but even at best resolutions they are a poor substitute for something as simple as
a 10x hand lens.

Fortunately, mudstones have a live beyond the microscopic. Especially in the absence of bioturbation (a sen-
sation were we to find it on Mars), mudstones display textural, compositional, and bedding attributes that are
accessible to rover instrumentation. Whereas on Mars we do not have the benefit of saw-cut and polished slabs
to make these features optimally observable, we do have “lucky breaks” where the soft touch of millennia of
Aeolian abrasion brings out highly instructive details of texture and bedding that can be captured by on-board
cameras. Also, in the case of Mars Science Lab (MSL), allied instruments like APXS (bulk rock composition),
ChemCam (remote chemistry via Laser Breakdown Spectroscopy), and CheMin (mineralogy by XRD) provide
us with bulk chemical and mineral composition, and even grain by grain chemistry.

Through carefully considered integration, comparison to Earth analogs, and qualitative and numerical mod-
eling, these data sets provide a compositional and textural context that can provide insights into depositional
conditions and diagenetic history that are just as profound as those obtained through traditional petrographic
approaches. Though necessitated by limitations in resources, the way we study mudstones on Mars brings with
itnew and different perspectives that also provide untrodden pathways for their study on Earth. To paraphrase
T.S. Eliot; the limitations of rover geology shall not keep us from studying Martian mudstones, and at the end of
the journey we will conceptually arrive where we started, and know those we thought we knew for the first time.
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Agricultural irrigation systems in volcanic islands:
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Human perturbation in continental settings may drive not only modification of sedimentary regimes of con-
tinental carbonates, but also create new depositional environments for carbonate system. This is the case of
Lomo Morin tufa in Tenerife, where the use of irrigation water has modified the hydrogeological system. The
water is obtained from galleries excavated in the volcanic rocks. A 930 m long channel drives the water to the
slope causing it to splay over a wide area, including five waterfalls. The water is collected downslope and used
for irrigation of banana plantations. The tufa forms in the slope and cascades. It is about 200 m long and 50 m
wide, elongated in a S-N direction. The visible height of the carbonate deposit is about 90 m. Geo-biological
interactions occurring in the Lomo Morin tufa are similar to those of natural tufa systems, although they differ
in terms of the greater speed at which they occur in the anthropogenic tufa, the smaller variation in its facies
and microfacies, and its rapid diagenetic activity. At the macroscale, the existence of fresh water on the slope
allows for the presence of the green macroalga Blidingia. This generates an unusual damp, green environment
in which boundstones of green algae and coated stems, laminated clumped crusts and reworked tufa debris are
seen. The metabolism of algae and cyanobacteria, their organic matrices, and mechanical agitation exert an
influence over crystal morphologies. Rapid oversaturation led to disequilibrium and fast fibrous-radial calcite
growth, while lesser saturation levels favoured larger, more equidimensional crystals. Carbon and oxygen
isotope values (-0.56%o0 V-PDB and -6.11%o0 V-PDB respectively) indicate the meteoric origin of the water, with
some addition of deep sourced CO,. The ¥'Sr/*Sr ratios, 0.703010 to 0.703051 are similar to those of the nearby
volcanic rocks, indicating also the source of calcium. The Lomo Morin tufa provides a scale model of how water
use contributes to rapid landscape change through alteration in the hydrogeological system, and provides a
good example of a CO, sink in a continental setting. Although anthropogenic-related process are commonly
viewed negatively, here they caused changes in the geological and ecological conditions that have increased
both the geo- and bio-diversity of the island.
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The temporal variability of the Holocene calcium carbonate
deposition at four alkaline fens in the young glacial area of
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In the present study, we aim to determine the factors responsible for the temporal variability of CaCO; (tufa)
deposition at four alkaline fens located in north-eastern Poland and Latvia, within the extent of the Weichselian
glaciation: Turtul (Tu), Puszcza Romincka (PR), Maitiku (Mai), and Lustiizkalns (Lus). To complete the aim we
recognised the palaeoenvironmental history of the fens by applying plant macrofossil, mollusc, loss on igni-
tion, and 8§"C and §'®0, analyses in two sediment sequences, taken from the top and slope of the fen mound,
at each of the sites. The chronology of the sediments is based on radiocarbon dates from plant macrofossils.
The time frames of CaCO; accumulation varied between the fens. In north-eastern Poland, tufa was deposited
between ca. 11650 and 50 cal yr BP at PR and between ca. 9250 and 5400 cal yr BP at Tu. The early Holocene
onset of CaCO; accumulation was associated with the activation of groundwater circulation following perma-
frost degradation. The decline in tufa deposition ca. 5400 cal yr BP in Tu can be related to climate cooling in the
mid-Holocene. The cooling affected not only the conditions of tufa precipitation but also indirectly decreased
the rate of Ca?* supply controlled by chemical denudation of the scattered CaCO, from glacial sediments in
the aquifer. Also, after leaching during the early Holocene, this carbonate reservoir became a gradually less
efficient Ca® source. The Holocene-long tufa deposition at PR fen, exceptional in north-eastern Poland, likely
resulted from site-specific hydrogeological conditions assuring an efficient supply of Ca**-rich artesian waters.
At Mai and Lus, enhanced tufa accumulation has been observed only since ca. 3500-3200 cal yr BP, when the
increased climate humidity resulted in higher water levels at bogs and fens in Latvia. The Palaeozoic limestone
bedrock, an inexhaustible source of Ca*" ions, assures intensive tufa deposition at those sites. The high tem-
poral variability of tufa deposition at the four investigated alkaline fens can be attributed to the complexity of
factors controlling tufa deposition, with the largest influence of such factors being local climate fluctuations,
type and richness of Ca®* source, and hydrogeological conditions.

Financing source: Polish National Science Center, Grant No 2018/29/B/ST10/00120
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After the Boring Billion - a long period of apparent stability in Earth’s oceans and atmosphere spanning the
middle Proterozoic, the Earth experienced the most widespread and long-lasting glaciation. The Sturtian glaci-
ation began synchronously on all continents during the Cryogenian (~720 Ma). It is still debated whether Earth
was a totally ice-covered Snowball or a “Slushball” with ice-free regions in the equatorial oceans. Here we
provide the first report of syn-glacial, lacustrine sedimentary rocks radiometrically dated to 710 Ma, coeval to
the Sturtian glaciation. The dolostone-rich Lapichi Fm. from Belarus developed on older siliciclastic sediments
covering the Great Unconformity of the Baltica paleocontinent. Our goal was to constrain the paleoclimatic
conditions and the extent of ice cover on Baltica during this extreme period. The dolostones are dominated by
primary, stoichiometric dolomite associated with microcrystalline magnesite, artinite, pseudomorphs after
aragonite and possibly ikaite. Massive, brecciated, and laminated facies are distinguished, the latter linked
with coccoid cyanobacterial structures. Radiogenic Srisotope composition and lack of fabrics typical for Prote-
rozoic marine carbonates support our interpretation of a non-marine paleoenvironment. The strong §"*C-§"0
covariance suggests a closed basin. Dropstone-rich rhythmite facies, ikaite and clumped isotope data (dolomite
paleotemperature = 10-18°C; §'®0 of parent fluid = ca. -10%o) point to cold climate and meteoric water source.
We propose that the Lapichi dolostones formed by precipitation of Mg-rich carbonates in a closed, ice-covered,
cold-water, hypersaline, highly alkaline, Mg-rich lake, with cyanobacteria-dominated mats colonizing the lake
floor and mediating carbonate precipitation. Given the paleoclimatic conditions and sedimentological features
we think that the lake was located in a dry oasis, analogous to the modern lakes in the Antarctic Dry Valleys.
Our work shows that the continental part of the Earth was incompletely glaciated during the Sturtian glaciation.
Furthermore, the rocks, paleoenvironment, and microbial structures here reported might represent potential
analogs of early Martian lakes.

This work was supported by the Polish National Science Centre MAESTRO grant 2013/10/A/ST10/00050.
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In many modern and ancient lakes, ostracod shells constitute the only carbonates capable to record climatic
and environmental changes at high-resolution. Ostracods are small aquatic crustaceans (mostly 0.3-5 mm) with
a stable low-Mg calcite shell mineralogy, which makes them ideally suited for targeted geochemical analyses.
Therefore, ostracods represent the best candidate to develop a new carbonate clumped isotope (A4;) lacustrine
paleothermometer able to disentangle the effects of global climate changes at regional scale. The relation-
ship between A,; and the temperature at which ostracod shell crystallized, is determined by measuring A,; on
different species grown under controlled temperatures in both natural environments (4 + 2°C; 12 + 1°C) and
lab cultures (23 + 0.5°C). Clumped analyses were performed at the Vrije Universiteit Brussel (AMGC-VUB lab)
using a Nu Instruments Perspective-IS stable isotope ratio mass spectrometer in conjunction with a Nu-Carb
carbonate sample preparation system. The strong agreement between ostracod data and previous published
calibrations demonstrate that clumped-isotopes technique can be applied to ostracod shells. No consistent off-
set between the two species originating from the same environment and precipitated at the same temperature
is reported, suggesting the absence of a vital effect in ostracod A,;. A first application made on a record from
the shallow Lake Trasimeno (Italy), that cover the last ca. 50,000 years, allowed to identify warmer/colder and
humid/dryer conditions during Greenland Interstadial and Greenland Stadial, respectively. The ostracod-A,;
thermometer constitutes a reliable tool for continental palaeoclimate reconstructions. It can be applied to all
ostracod species, facilitating the recovery of the required carbonate amount, and can be widely used in fresh-
water systems in all climatic belts.
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Sneznajama (1556 m a.s.l., N Slovenia) is an alpine cave formed in Triassic limestone and dolostone. It contains
a variety of cave deposits including fluvial sediments, classical calcite speleothems, moonmilk and dolomite
speleothems. During the winter, fine cryogenic cave carbonates (CCCg,) are precipitating on the surface of
ice stalagmites, stalactites, and an ice lake near the cave entrance. These speleothems are loose mineral ac-
cumulations that form by the segregation of solutes during the freezing of calcium bicarbonate solutions, but
can also be affected by degassing and evaporation processes and by the melting of the ice in late spring. To
evaluate the relative influence of all these processes on the genesis and mineralogical evolution of CCCg,,. We
have monitored the cave environmental conditions and performed petrographic and geochemical analysis of
samples collected and examined under both cryogenic and room temperature conditions.

The studied CCCg;,,. consist of detached flakes similar to cave rafts, 50 to 200 um in diameter and around 20
um thick, composed of calcite, aragonite and lansfordite (MgCO, * 5H,0). They display a wide variety of crystal
habits, from different types of rhombohedral calcite, to needle-like aragonite and tabular or hexagonal lans-
fordite crystals with desiccation cracks. Observation of frozen CCCy;,,, samples on ice fragments using adapted
CryoSEM techniques revealed textures possibly corresponding to metastable carbonates such as amorphous
calcium carbonate (ACC), vaterite and ikaite. Coexistence of vaterite-like spheres with small rhombohedral
crystals in lab-melted samples suggests that CaCO; initially precipitates as metastable vaterite and then rapidly
transforms into calcite in the presence of liquid water. CCCg,, from Snezna jama show §'®0 values ranging from
-4.34%y to -6.24%0 VPDB and a wide range of §"°C values (from 0.34%o to 6.81%0 VPDB) which probably reflect
variable influence of freezing versus CO, degassing processes in mineral precipitation, or different extent of
diagenesis. These findings demonstrate the complexity of processes affecting the mineralogy and chemistry
of carbonates in cold cave environments, where the primary features can be strongly affected by very early
post-depositional mineral transformations.
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Inactive-growing speleothems of calcium carbonate in caves are often coated by superficial patinas which show
different characteristics and whose origin can be also diverse, related to a variety of physical, chemical, biolog-
ical, and anthropological causes. The characterization of those patinas and their relation to genetic processes
in present-day cave conditions can contribute to understand alteration processes affecting speleothems, and
to advance in topics that range from paleoenvironmental reconstructions (e.g., “fossil” patinas) to present-day
preservation tasks in caves. In this work we study different patinas found in Don Juan Cave (Valencia, Spain)
in order to infer their origin and possible relation to cave microclimate. Don Juan is a touristic cave located
75 km away from the Mediterranean Sea. The cave preserves remains of prehistoric occupations and an ex-
ceptional speleogenetic heritage. It is developed in a Neogene unit that consists of heterogenous carbonate
breccias. We defined four types of patinas according to their colour and aspect inside the cave. We named
them as black, reddish-black, grey and whitish patinas. Black patinas occur mostly in areas with current bat
activity, reddish-black patinas are dominant in areas without dripping and with limited external microclimatic
influence. Whitish patinas are not as frequent as the others and are also localized in the same area than the
reddish ones. Finally, grey patinas dominate in the humid zone, an area with permanent dripping and isolated
from the outer temperature. All these patinas appear covering speleothems, soils and some walls. However,
they do not occur on the ceilings. We studied these patinas under transmitted light microscopy, fluorescence
microscopy, scanning electron microscopy, X-ray diffraction and infrared spectroscopy. The obtained results
allow us to identify variable amounts of calcium phosphate, organic matter, gypsum, iron oxides, clays and
microorganisms. The presence of organic matter, phosphates and gypsum in most of the patinas suggests that
their origin can be related to bat guano. Final mineralogic proportions should depend on the distance to the
source area, the time passed and the specific microclimate of the area. This study adds new information about
the mineralogical richness and evolution in Don Juan Cave.
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We examine the paleoenvironmental significance of an iron-rich marlstone (M1) facies that disrupts the oth-
erwise monotonous, argillaceous, tuffaceous and organic-rich sedimentary infill of the continental Eger Rift
Basin (subsurface of the Karlovy Vary and Usti na Labem regions, NW Czech Republic). Between ~17.5 and 16.9
million years ago, a wetland was transitioning to a system of paleolakes. The M1 facies recorded details of this
transition, and upon it first appearance, at the base of the studied succession, it included pedogenic siderite
concretions associated with wood material. Later, during the mid-Miocene (16.9 to 14.7 Ma), a relatively less
organic-rich, fine-grained siliciclastic succession accumulated in two sub-basins, the Cheb-Sokolov and Most.
The rock record in these sub-basins consist predominantly of a claystone lithology containing low maturity,
mixed type I and IT kerogens. The claystone is punctuated by M1 which contains ferroan dolomite and/or siderite
abundances. These carbonates are nano- to micro-crystalline cements that mark the development of ephem-
eral, schizohaline, redox stratified, and sustained alkaline lake stages. Benthic microbial carbon respiration
at times when M1 occurred was governed by iron reducers and methanogens, whose metabolic pathways left
characteristic stable C isotope signatures in their carbonate by-products (§**C values range = [-10.2, +19.3 %o],
mean = +1.0 + 6.3, n = 102). Results from bulk-rock stable §°N values also show transient excursions of about 2
%o from the inferred water-column-buffered, base-line signal (~9 %o), pointing to anoxic periods that enhanced
ammonia release from sediments. Our results support a dynamic paleoecology in which the lake trophic bal-
ances were significantly impacted by recurrent climate forcings.
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Terrestrial carbonate systems have a very diverse range of deposit characteristics, from variable mineralogy
to variable microfabrics. Generally, it is presumed that the changes in fabric reflect changes in depositional
conditions. The extraordinary morphological diversity, from single crystal rhombohedral prisms, to spherulitic
to dendritic aggregates and the various driving forces behind crystallisation make linking process and product
a challenge. Despite many decades of thorough descriptive and interpretative work on these fabrics, we are
still only in a position to qualitatively link process and product, and subjective interpretation is still a key tool
in our science. Calcite morphogenesis results from the complex interaction between different driving forces,
(e.g., carbonate mineral supersaturation, Mg/Ca ratio of the parental fluid, organic and inorganic additives)
which can act simultaneously or competitively to influence product properties. Here, we show that we can ex-
perimentally address the sedimentological causes of calcite morphogenesis using an experimental approach.
This has produced a first calcite growth-form phase diagram, which can be used in the manner of bedform
diagrams in clastic sedimentology. Although the approach should be transferrable to any chemical or micro-
bial carbonate setting, the aim of this initial study was to account for the carbonate products experimentally
nucleated in alkaline, saline lakes. The key driving forces for these settings are the calcite supersaturation level
of the parental fluid, and the concentration of microbial-derived organic molecules (alginic acid). Together,
these influences dominate final calcite crystal morphology and thus sediment fabric. We find common natural-
ly-occurring calcite products such as calcite floating rafts, rhombohedral prismatic forms, di-pyramid calcite
crystals, spherulitic calcite grains, or vertically stacked spheroidal calcite aggregates, can be related to specific
hydrogeochemical contexts. We predict that exploring binary or ternary responses to forcing in morphological
phase-space will allow a wide range of microbial and chemical carbonate sediment fabrics to be objectively
related to environmental conditions in a quantitative and reproducible manner.
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Well-preserved lacustrine stromatolites in the Cretaceous Banyawol Formation (southeastern Korea) are char-
acterized by decimetre-scale mounds with micro- to millimetre-thick alternations of micritic and crystalline
layers. We applied combined Electron Backscatter Diffraction (EBSD) and Energy-dispersive X-ray spectroscopy
(EDS) to understand the formative processes of these stromatolites at ultra-high-resolution. There are two types
of micritic layers (100-500 pm thick), both of which are characterised by poorly co-oriented grains (1-20 um
wide). Both types of micritic layers contain tangled “thread-like” structures (~40 um wide) consisting of micritic
crystals (1-7 pm wide) that superficially resemble cyanobacterial filaments. These layers either show depletion
in Mg and enrichment in Siand Al (type 1), or enrichment in Mg and depletion in Si and Al (type 2). Crystalline
layers are 750-1000 pum thick and occur every 1.8-2 cm. They consist of calcite fan-like crystals up to 1 mm
in size that are co-oriented, with c-axes perpendicular to the stromatolite layers. These crystals show highly
misoriented internal structures similar to those observed in modern freshwater stromatolites, interpreted as
imprints of cyanobacterial fascicules. In addition, thin layers of detrital sediment within the crystalline layers
separate crystals below and above. The alternation of the two types of micritic layers is interpreted to represent
annual cycles of rainy and dry seasons. During rainy seasons, detrital sediment would have been transported
onto the stromatolites (type 1). In contrast, precipitation of either aragonite or high-Mg calcite would have been
dominant during dry seasons (type 2). Crystalline layers are interpreted to represent decadal climatic events
happening every 27-30 years that include sporadic storm events. This study demonstrates the possibility of
applying combined EBSD and EDS to stromatolite facies for understanding formative processes. By acquiring
quantitative information such as crystal size and morphology, the spatial distribution of elements, and crystal
orientation, the approach is helpful in reconstructing paleoclimate in ultra-high resolution.
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Carbonate units in the Paskhand salt diapir (Zagros Mts., Iran) exhibit field relationships and rock fabrics
similar to classical carbonate caprock (CCR) from around the world, but also have features that are in marked
contrast to such examples. The most noticeable difference is that its atypical CCR (aCCR) is mostly made up
of multigenerational dolostones with isotopically heavy stable carbon and oxygen signatures. Classical CCR
assemblages are composed of limestone and have an isotopic light C signature. This is thought to be the conse-
quence of microbial activity that oxidizes hydrocarbons and reduces sulfate, with reductive anhydrite disso-
lution providing a source of calcium for limestone formation. In the case of the aCCR from the Paskhand salt
diapir that genetic framework must be adjusted to integrate a mechanism that supplied magnesium to drive the
formation of dolomite (dolostone), while offering an explanation for the unexpected carbon and oxygen isotope
compositions of carbonate. Clumped isotope analysis indicates that the multiple stages of aCCR formation
produced dolostone recrystallization at temperatures between ~116 and ~271 °C, in a fluid with oxygen stable
isotope values between +31 and +39 %o (V-SMOW). The regular distribution of stable carbon isotope values
throughout all CCR phases shows that only a little amount of carbonate precipitated in later stages in association
with hydrocarbon oxidation. Instead of hydrocarbon oxidation linked to sulphate reduction, we hypothesise
that contemporaneous dissolved inorganic carbon (DIC) sourced from organic-rich, Infracambrian lithologies
during methanogenesis led to the formation of a first generation dolomitic aCCR. This residual, *C-enriched
DIC and magnesium derived from the dissolution of potash intervals provided the reactants consumed during
thermal aCCR alteration and dolomite recrystallization.Our results show that a correct interpretation of the
mechanism(s) of carbonate alteration in aCCR is critical for reconstructing the history of diapirism in the area,
which could in turn provide important information about the source, formation conditions, and quality of
hydrocarbon reservoirs in other areas affected by ancient salt tectonics.
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The Oligocene to Miocene Transition (OMT) was characterized by alternating warming and cooling conditions.
The OTM began with a warming interval in the latest Oligocene at ~ 24.8 Ma, followed by a short but large Ant-
arctic ice-sheet expansion (Mi-1 Glaciation). The latter marked the Oligocene-Miocene boundary (OMB), set at
23.03 Ma, causing diverse effects on oceans and continents, though a large-scale decrease in temperature and
precipitation is often proposed. The OMT climate has not been described in detail in the continental regions
mainly due to the lack of accurately dated records. The Ebro Basin (NE Iberia) contains a well-exposed lacus-
trine-palustrine carbonate succession, with a magnetostratigraphy encompassing the OMT. A 104 m-thick
interval spanning from 23.7 to 22.2 Ma was sampled and §°C and §'®0 analyses were performed on calcite of
marlstones and carbonate mudstones (N=38) and limestones (N=92). Sample ages were determined by inter-
polation within each magnetic polarity chron. The §®0 and §**C values are found to be typical of freshwater
environments with variable soil-CO, influence. The overall evolutions of the §"*C and §'®0 values decrease
through time, except for a slight increase displayed by the §'®0 trend of limestones. The Oligocene record shows
a significantly wide §"C and §'®0 variability that sharply decreases right after the OMB; the rather steady evo-
lution includes periods of some §'*C and §'0 variability. A change in the §"°C trend occurs at the OMB, from
increasing in the Oligocene to decreasing in the Miocene. In contrast, the §®0 values do not show a clear ten-
dency through the two studied periods, though the average §'®0 value is slightly higher in the Miocene than in
the Oligocene. A subtle decreasing-increasing inflection is recorded by the Miocene §'*0 values at = 22.5 Ma.
Together, this isotopic evolution across the OMT is interpreted to reflect changes in precipitation/evaporation
ratio and temperature in the Ebro Basin that might be the regional expression of the global climatic change
related to Mi-1 Glaciation.

Acknowledgements: Grants PID2019-106440GB-C21 and PID2019-106440GB-C22 funded by MCIN/
AEI/10.13039/501100011033. Research Group Geodynamics and Basin Analysis (2021-SGR00076), Universitat de
Barcelona.
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The Castillo de Aliaga section, 129 m thick, logged in the late Hauterivian-early Barremian lacustrine El Castel-
lar Formation, consists of two carbonated successions made up of stacked sequences of marls and limestones
separated by a 40 m thick interval of mudstones and marls. Three main facies associations associated with
expansion-retraction changes of the lake and shallowing sequences of the system have been distinguished:
low-energy shallow lake, mixed detritic-carbonated lake, and high-energy lake. The sedimentary sequences are
characterized by an evolution from marly or muddy sediments to limestones, which show sub-aerial exposure
features (bioturbation, oxidation or brecciation) towards the top of the sequences. The cyclicity study shows
three robust sedimentary cycles, with periodicities of 57.3 m, 13.23 m and 3.31 m, which have been attributed,
respectively, to the Earth orbital cycles of long (405 kyr) and short (95 kyr) eccentricity, and long precession
(22.4 kyr). These orbitally induced climatic cycles have been correlated with sedimentary sequences of lacus-
trine shallowing of different orders of magnitude observed in the studied sedimentary succession. The long
eccentricity cycle (~57.3 m) could be responsible of the largest interbedded clastic interval between the two
carbonate ones. The short eccentricity cycle of ~13.2 m corresponds to the main shallowing clastic-carbonate
packages recognized, which show, especially in the basal part of the succession, subaerial exposure features
in the upper part of the sequences. The ~3.3 m long precession cycle corresponds mainly to marl-limestone
bundles. In the sedimentary succession, ten complete and another two incomplete cycles of short eccentricity
(95 kyr) have been distinguished, representing a period of ca. 1 Ma for the studied El Castellar Formation (Upper
Hauterivian-Lower Barremian).
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Travertine deposits are influenced by physical, chemical and biological processes within the environment
where they develop. Fluids supersaturated in calcium carbonate, controlled by the interaction between water
circulating in carbonate-rocks aquifer and thermal activity, rising up along discontinuities or fractured bed-
rock, leads at springs where precipitation of travertines takes place. Bounded to the north and to the east by
the Apennines range, mainly composed by a Meso-Cenozoic carbonate succession, and to the south by the
Aniene River and by the Colli Albani volcanic complex, the Acque Albule Basin (Central Italy) is famous for
the deposition of the Lapis Tiburtinus travertine. These deposits developed during the Late Pleistocene (150-30
ka) and concurrently with the last activity of the Colli Albani volcanic complex. Carbon and Oxygen stable
isotope ratios analysed in two boreholes drilled from the Lapis Tiburtinus succession permit to identify the
sensitivity of travertine depositional system to glacial and interglacial cycles as well as to unravel the complex
carbon cycle dynamics recorded within such sedimentary succession. The results obtained, correlated with
pollen curves available of Mediterranean area, as well as regional and global oxygen isotope continental and
marine curves and calibrated with U/Th dating, allow to identify at least 3 phases of the last interglacial (MIS5
- Marine Isotope Stage 5), revealing that these deposits are sensitive to global climate changes. Moreover, the
carbon isotope record shows an influence of groundwater level changes. Positive shifts, occurred during arid
phases, associated to a lower groundwater level and an increase CO, degassing, inducing a major fractionation
effect on carbon isotopes. In contrast, negative shifts occurred in concomitance of humid periods supporting
the inhibition of CO, degassing and pressure increased, attesting of a rise in groundwater level. Travertine
deposits studied to define the tectonic setting and activity of the area where they develop thus potentially can
also be used as atool to understand climate changes and groundwater variations testified in their stable oxygen
and carbon isotope signature.
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We present a sedimentological analysis of the Late Miocene carbonate deposits that bear the Sierra de las Cabras
ichnofossil site (CBR). The CBR site is located near Jumilla (Murcia) in the Prebetic Zone (Betic Cordillera) and
is defined by an exceptional record of >375 footprints spread on three successive stratigraphic surfaces. The
ichnites correspond to a diverse vertebrate fauna that includes Hippipeda, Rhynoceripeda, Canipeda, Felipeda,
Ursipeda, Rodentipeda, Fuscinapeda, and possible Suipeda (Herrero et al., 2022, 2023). We assign to the CBR site
a latest Tortonian to earliest Messinian age based on stratigraphic and tectonic criteria including the finding
of a volcaniclastic bed overlying the ichnite levels. The sequence that includes the CBR is only ~10 m thick and
is bounded by unconformities. It mostly consists of thinly bedded marly limestones which show diverse facies,
including biopelmicrites with ostracods and gastropods; (dolo)micrites with gypsum pseudomorphs; planar
stromatolites; intraclastic breccias, and moss and stem boundstones. It is remarkable the presence of green
algae, plants, and diverse cyanobacteria. Pedogenic and subaerial exposure features superimposed to facies
include desiccation cracks, micro-nodulization, clotted fabric, pedogenic-ooids, root voids, and Microcodium.
The ichnites were imprinted on soft but partially consolidated sediment that in most cases had a plastic behav-
ior. We infer the paleoenvironment of the CBR site as a semi-arid wetland system, with shallow ponds, swamps
and marshes that provided habitats for diverse fauna. Carbonate-rich freshwater was provided to the wetland
by springs that formed at the foot of a primigenial Sierra de las Cabras. This reconstruction is compatible with
changes in paleogeography then experienced by that region, that were determined by the tectonic closure of
the Betic Strait (marine seaway that connected Atlantic and Mediterranean up to the early Tortonian) and the
subsequent generation of small intra-montane continental basins.

References
Herrero et al. (2022) J Iber Geol. https://doi.org/10.1007/s41513-022-00192-5; Herrero et al. (2023) J Iber Geol.
https://doi.org/10.1007/s41513-023-00205-x
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This study is focused in the Fortanete Fm, a lower Campanian carbonate succession deposited in the south-
eastern areas of the Iberian Basin (NE Spain). A detailed sedimentological and stratigraphic study in a 40x80
km area and 10 stratigraphic logs have been done. The Fortanete Fm mainly consists of massive brecciated
limestones with gastropods and intervals of whitish and grey charophyte rich marls, that have been classified
in two different facies associations (marl facies association - MFA; and limestone facies association - LFA).
However, northeastern areas of the basin are dominated by brown to yellow lutites and evaporites, also grouped
in a third facies association (evaporite and lutite facies association — ELFA). All these features are interpreted
as a palustrine-lacustrine complex environment with three different sedimentary domains associated with
the previous mentioned facies associations. A first domain located in the center of the basin with sedimenta-
tion of marls rich in charophytes and gastropods (MFA). These features suggest an interpretation of vegetated
marshes and low-energy shallow ephemeral lakes with dominant lacustric conditions. In the northwestern
and southeastern areas of the basin there are strongly brecciated and bioturbated breccias with abundant
continental gastropods and solid development of pseudomicrokarst (LFA). These are interpreted as formed in
a palustric setting at the margin of ephemeral lakes with water-level variability. Finally, evaporites and lutites
(ELFA) in the northeastern areas could be associated with alluvial mud-plains with higher siliciclastic input
and more arid conditions favoring precipitation of evaporites. Therefore, the Fortanete fm represents a great
opportunity to compare with similar modern environments such as the Florida everglades and support the
hypothesis of palustric-lacustric systems being related to complex mosaics of fresh-water (sometimes marine
influenced) environments.
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Industrial gas flows have been yielded in the lower Jurassic nonmarine shale in Sichuan Basin in recent years,
highlighting the potential of shale gas resources in the shale reservoir. The purpose of this study is to identify
the key factors that control the reservoir quality of nonmarine shale in the Lower Jurassic of the Sichuan Ba-
sin. A comprehensive approach that includes thin-section observation, whole-rock X-ray diffraction, helium
gas for pore permeability, elemental and organic geochemistry, and scanning electron microscopy was used.
The study reveals the type and composition of rocks, the structure, type, and storage capacity of the pores,
and the factors controlling pore growth. Results indicate that clay minerals, quartz, and carbonate minerals
are the main constituent minerals of the Lower Jurassic nonmarine shales, with clay minerals and quartz
being dominant and carbonate minerals being locally enriched. The lithology of the shale reservoir consists
of clay shales, quartz shales, shell shales, and silt shales. Clay shales and mesoscopic shales in the Da’anzhai
and Dongyuemiao member are high-quality shale reservoirs, with relatively high organic matter content and
high reservoir capacity, with an average porosity of about 3.9%. Pores in the shales are primarily intergran-
ular pores between clay minerals and other terrigenous debris, followed by organic-matter pores and some
local micro-cracks. The intergranular pores are strongly influenced by clay mineral and compaction intensity,
with compaction being the main factor controlling the quality of shale reservoir. Semi-deep lakes are favora-
ble depositional environments for the preservation of organic matter. Based on these findings, we propose a
new method for predicting high-quality shale reservoirs: by identifying undercompacted zones in semi-deep
lacustrine shale formations.
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Lacustrine laminated shales are often varves representing annual rhythmic deposition, potentially preserving
information about the tectonic setting, paleoaltimetry, paleoenvironments, variations in lake water conditi-
ons (evaporative concentration, source waters, temperature) and biological activity. Aragonite lamina, which
was found from the first member of Shahejie formation, Eocene strata in Bonan Sag, Bohai Bay Basin, provi-
de significant paleolake signatures. Mineralogical and geochemical analyses were conducted on alternating
yellowish and greyish aragonite lamina. The yellowish layers are mainly composed of aragonite crystals and
algae skeleton, while the greyish layers contain less aragonite and fewer organic remnants that accumulate
among debris with sporadic framboidal pyrite. The §"*C values of yellowish layers are remarkably positive,
while the §'%0 values are slightly negative. Consequently, in the warm season, due to the high salinity and eva-
poration effects, Mg/Ca ratios were elevated, and algal blooms caused a decrease in the CO, content, leading to
higher pH values, which were favourable for the precipitation of aragonite instead of other carbonate minerals.
Moreover, slightly negative §'®0 values in yellowish layers are interpreted as the result of intense inflow during
warm seasons, which leads to less precipitation of organic matter and debris. The greyish layers in cold seasons
are the opposite. The results from this study show that understanding the lacustrine lamina origin of Bonan
Sag is essential for paleoenvironmental and paleoclimate interpretations.
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Fine-grained clastic sediments with bright and dark laminae, informally called “Bright Cave Loam” (BCL) are
presentin caves of the Dachstein Massif below an altitude of about 1,700 m a.s.l. The Dachstein Massif, with an
areal extent of 580 km?, is one of the largest karst massifs in Austria. The BCL represents the topmost layer in
anumber of caves of the area and has a maximum thickness of 6 m. In the past, the mm- to cm-thick lamina-
tions of the BCL were assumed to be glacio-lacustrine varves caused by seasonal or longer climatic rhythms.
To investigate this theory, samples were taken from two different caves, Hirlatzhdhle (from c. 1,000 m a.s.l.)
and Dachstein-Mammuthdohle (c. 1,400 m a.s.l.).

Sedimentological methods used were grain size analysis and X-ray diffraction (XRD) for the bulk- and clay
mineralogy. Wherever possible, individual laminae of the BCL were analysed separately. The results of the bulk
mineralogy show that darker laminae mainly consist of calcite (32-75 %) with secondary amounts of quartz (2-5
%), dolomite, ankerite, and traces of K-feldspar and goethite. In the dark laminae clay minerals are more abun-
dant (11-60 %) than in the bright laminae. Overall, the bright laminae have the same mineralogical constituents,
but show slightly higher amounts of calcite and quartz. Clay mineralogy shows a laminae dependent pattern
for all clay minerals except smectite. Illite is the most abundant clay mineral and is, together with kaolinite
and chlorite, slightly enriched in the darker laminae. The bright and dark laminae can also be distinguished
by grain size analysis. The dark laminae have a higher percentage of clay-sized particles. The maximum grain
size of both lamina types is coarse silt. Components up to medium silt are very well sorted.

In conclusion, the BCL was likely formed under conditions of slack-water facies and can be interpreted as

a result of glacial backflooding in the Pleistocene. This also explains the altitude control of the BCL. The
bright, carbonate-rich, and coarser-grained laminae originate from more energetic meltwater during spring
and summer; in winter there is lower discharge, the remaining clay minerals are sedimented and result in
the thin, darker laminae. The studied sediments can thus be interpreted as varves.
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Situated within the NE slopes of Mt. Crnopac (Dinaric karst, Republic of Croatia), the Lower Cerovacka Cave rep-
resents a subhorizontal hydrologically inactive cave in today’s vadose zone. During recent archaeological exca-
vations 120 m from the entrance, the test trench penetrated an undisturbed sequence of clastic cave sediments
with a thickness of 1.8 m. Considering that caves are efficient sediment traps, detailed geological investigations
were carried out to characterize the sediments, determine their origin, depositional environment, and degree
of environmental changes during their deposition in the main cave channel. Using the multiproxy approach,
a combination of several sedimentological, mineralogical, and paleontological analyses was performed. The
stratigraphic calibration was made using the luminescence dating of detrital sediments and the radiocarbon
dating of speleothems. The lithofacies analyses revealed several stages in the development of channel filling
on the investigated site, from collapse processes, through chaotic sediments with indications of redeposition,
followed by the deposition in stagnant water environments and finally, anthropogenic influence. Deposition
took place in various conditions, from a pronounced cold and dry climate during the Pleistocene stages recorded
at the base of the profile to humid periods with anthropogenic influence during the Holocene period recorded
at the very top of the profile. The allochthonous origin of a clastic detritus is related to the source rocks and
sediments found in the wider River Otuca catchment area. Although these deposits were previously considered
Pleistocene sediments (based on the fossil fauna findings), here, for the first time, a stratigraphic calibration
based on numerical methods has been performed. Luminescence dating indicates that deposition of the alloch-
thonous channel fill took place around or after 54,000 years BP in the initial turbulent phase. Deposition in the
calm water environment of the submerged cave channel followed and is related to the environmental change
around the period of 19,500 years ago. The end of deposition in the aquatic environment occurred before the
Late Bronze Age and is related to the permanent neotectonic uplift of a wider area along the main NW-SE faults.
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Cave carbonates, seemingly growing in defiance of gravity, have attracted the community’s interest for more
than a century. This contribution focuses on “helictites’, contorted vermiform speleothems with central capil-
laries. The crystals that build aragonitic helictites display uncommon board, platy, rod and lath-shaped mor-
phologies and flat or pseudo-prismatic terminations. These differ significantly from many aragonite crystal
fabrics in conventional stalactites and stalagmites forming from dripping or flowing water. Calcitic helictites,
in contrast, are best described as a composite crystal fabric consisting of fibrous mesocrystals. The mecha-
nisms controlling the complex and irregular growth forms of these speleothems remain poorly understood.
Particularly, the fact that helictites show both length and thickness growth has been debated in the context of
capillary physics. Here, we present evidence from calcitic and aragonitic helictites in several caves in Germany
and combine field monitoring with experimental work in the lab. The surfaces of actively growing helictites
in caves were treated with a colouring agent at the beginning of the monitoring period in fall 2022 to highlight
growth during the humid winter months. Moreover, helictites were attached to capillaries and a peristaltic
pump providing supersaturated water to the helictite base in a laboratory experiment to study growth modes
under controlled conditions. The results indicate that helictite mineralogy, fabric and morphology are likely
controlled by a parameter set characterised by tipping points that are highly sensitive to even minor envi-
ronmental and crystallographic changes. Monitoring and experimental work results are presented in a pro-
cess-oriented context.
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Unroofed caves and their sediments are ancient cave systems that underwent a transition from phreatic to
vadose conditions until they were surface-exposed due to denudation. The preservation of caves and their
deposits depends on the degree of denudation and it varies from barely to completely preserved passages.
Cave-fill sediments are predominantly allochtonous in origin and are mostly transported and deposited by ep-
isodic, high-energy flood flows. Therefore, understanding the sedimentological processes and the provenance
of these deposits is of vital importance in understanding the evolution of the paleo-hydrological network of
subterranean rivers. Here we present the depositional dynamics and provenance of clastic deposits from the
unroofed cave in Laski Ravnik (central Slovenia). Laski Ravnik is part of a low-relief corridor extremely rich
in karst surface forms, namely solution dolines. Investigated unroofed cave was formed in the Late Jurassic
carbonates of the Adriatic Carbonate Platform and was completely filled with clastic sediments during its active
phase. The cave deposits are mostly represented by bedded polymictic, clast-supported, well-sorted, granule
to pebble sized conglomerate (facies Gh), while lenctinular beds and lenses of polymictic, pebbly sandstone
(facies Ss) are rare. Imbrication is common, while normal grading is rare. The majority of the clasts consists of
Early Jurassic carbonate rocks, while Triassic chert and quartz clasts are less common. In the upper part, the
clastic deposits were intercalated by flowstone layer. Facies Gh represents channel lag deposit or small planar
or massive bedded bar developed by ephemeral high-energy dynamic events, while facies Ss was formed either
by rapid channel-fill or by lateral accretion of side bar in fluvial channel. The facies association, sedimentary
structures, and architectural elements of clastic deposits in the investigated unroofed cave indicate the ex-
istence of a subterranean fluvial environment characterised by high-energy, short-lived flood events under
epiphreatic or vadose conditions. Provenance analysis and paleoflow indicators (clast imbrication) points to
paleoflow predominantly from northwest to southeast during the active phase of the cave. Which is in contrast
to the current underground flow regime.
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The Southwest region of the United States has a long history of experiencing droughts and challenging climate
conditions, even prior to the widespread impact of human-induced climate change. This study aims to recon-
struct Mid-to-Late Holocene hydroclimate changes using oxygen and hydrogen isotopic composition of ice
cores recovered from three lava tube caves in the El Malpais National Monument (New Mexico, USA). The §¥0
and 8°H isotopic composition was measured in aliquots of ice-melted water from three cores using a Picarro
isotopic water analyzer. The chronology is based on radiocarbon dating of charcoal particles recovered from
two ice cores, as well as U-series ages determined on selected ice-melted water samples. A well-constrained
age-depth model exists only for the ice in Cave 29, which accumulated between 3600 and 1000 cal yr BP. The §'*0
values range between -4 and -13%o0 (VSMOW), meaning the source of moisture transported into the investigated
area is mainly from either the Gulf of Mexico and/or California (-2 to -6%o) or Pacific Ocean (-8 to -14%o). The
most remarkable feature in all three ice cores is a large shift (5 to 8%o) towards more negative values. These
pronounced negative excursions are interpreted to indicate accumulation of ice in lava tubes from snow-melted
water arriving predominantly from the Pacific during the winter. The frequency of precipitation in the South-
west is largely modulated by the El Nifio Southern Oscillation (ENSO), with a notable increase of winter moisture
during E1 Nifio years. In contrast, less negative isotopic values in ice suggest a strong North American Monsoon
(NAM) that carries '®0-enriched precipitation from the Gulf of Mexico during the summer. We speculate that
during some heavy summer NAM rainfalls, ice melting occurs in the upper few centimeters of the ice blocks,
allowing for waters that have different isotopic contents to mix. Therefore, we can relate §'°0 time series in ice
to climate indices describing the occurrence of ENSO or the NAM, which in turn, allows us to link prolonged
drought periods with different combinations of ENSO, NAM, and other large-scale modes of climate variability.

Acknowledgements: This research was funded by the NSF-AGS 2024248 (to B.P.0.), National Park Service
(P16AC01228), and Western National Park Association (Project 18-04).
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Special sedimentological archives allow the observation of cyclone frequency patterns several thousand years
back in time. Recently, numerous paleo-cyclone reconstructions have been obtained from sediment cores
collected in coastal sinkholes and marine blue holes in the tropical western Atlantic. These geomorphological
structures serve in the local sedimentation system as giant sediment traps for coarser allochthonous particles,
mobilized from adjacent areas by passing cyclones. Coarse particles are usually not transported to the caverns
floor during fair-weather conditions, but they are deposited as lobe-shaped event beds after suspensional car-
riage by storm waves and surges. The 320 m wide and 125 m deep Great Blue Hole offshore Belize is a cyclone
frequency archive worth exploring due to its anoxic bottom-water conditions and a high potential to recover
undisturbed and varved Holocene and Pleistocene deposits. In June 2022, a 30-m-long sediment core was ex-
tracted to develop one of the longest continuous and annually-resolved tropical cyclone archives of the Carib-
bean Basin. The core base was dated to 12.5 ka BP by applying the *C-AMS radiocarbon method on bulk marine
organic. Sedimentological and palynological analyses point to an initial cenote-like depositional setting that
experienced a rising marine influence starting around 7.2 ka BP, which led to brackish and restricted marine
conditions until 5.7 ka BP. After this time, full marine conditions similar as today have persisted in the Great
Blue Hole. An alternation of fine-grained and greenish fair-weather varves and coarser light-brown tempestites
occurs in both the restricted marine (28.6-24.6 m) and the fully marine core sections (24.6-0 m). These findings
result in a ~7000-year-long storm frequency reconstruction at annual resolution, continuously encompassing
the mid-to-late Holocene. Our reconstruction highlights an interval of elevated storm frequency in the expiring
Holocene Climate Optimum (6.8-5.8 ka BP). This mid-Holocene peak phase is followed by a period of generally
lower activity (5.8-3.0 ka BP), culminating in an outstanding high-frequency interval (3.4-3.2 ka BP). From 3.0
ka BP on, a persistent increase towards higher storm frequency occurs with two maxima during the Medieval
Warm Period and the present day climate stage.
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The Slavinski ravnik corrosional plain represents a contact karst area, located south of the Postojna basin in
the NW part of the Dinarides, formed at the transition between flysch and carbonate rocks. The area is strongly
affected by regional tectonic uplift, climatic changes, erosion, and sedimentation from impermeable rocks. The
main contribution of allogenic sedimentation of the Slavinski ravnik is possible through ponors. Continuous
development can be observed through the course of the river Rakulis¢ica and its ponor at the end of the Blind
valleys Biscevci and Sajevsko polje. With the help of uplifting and the lowering of the water table, the ponor
gradually adapted in time and created the Loza cave system, which appears in several active and relict horizon-
tal and vertical segments. It consists of an intermittent ponor Markov spodmol, an epiphreatic cave Vodna jama
v Lozi, an unroofed cave Brezstropa jama v Lozi, and several different bypass channels and shafts (e.g. Simdev
spodmol, Spodmol v Selski Lozi), representing side passages of the main unroofed cave. In the cave system,
various sedimentary sections of allogenic sediments, covered or intercalated with speleothems were studied
using a multi-proxy approach (for paleomagnetic, paleontological, U-Th, and mineralogical analyses), which
allowed us to decipher the main factors of morphogenesis, speleogenesis and changes in the underground karst
hydrological zones over time. The mineral composition of allogenic sediments is consistent with the transport
from flysch of the Postojna Basin. The paleomagnetic results of sampled sections reveal both normal and re-
verse polarities; some of them show an eastward counterclockwise rotation of more than 35° or even clockwise
rotation, which represents the oldest allogenic sedimentation in this region. The sedimentation phases observed
in the cave Simcev spodmol and Markov spodmol reveal a complex sedimentological and speleogenetic history,
while the formation of the longest unroofed cave in Slovenia - the Brezstropa jama v Lozi, is among the oldests.
In summary, the Loza cave system represents a unique, comprehensive study site with a complete speleogenetic
evolution in a relatively small contact karst area, in the long Mio-Quaternary timeframe, which is particularly
evidenced by the extensive studies of the sedimentological record.
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Sediments from different karst environments (cave and surface) represent an archive of past geological and
environmental records and are often the only deposits representing the terrestrial phase of landscape evolu-
tion. Cave sediments are well preserved in the underground because they are protected from weathering by
daily and seasonal variations in surface climate. Allogenic sediments, transported to the subsurface as a load
of a sinking river, reflect changes in river catchment(s) due to tectonic or climatic changes. They may contain
information on: the mechanics of sediment transport, the mode of deposition (sedimentary structures), sed-
imentary facies (cave-specific environments), the origin of clastic sediments, diagenesis, paleoclimate, and
timing of sedimentation (age). Due to their depositional mechanism, cave sediments represent the most com-
plex terrestrial depositional system (tube system): the law of superposition is frequently violated (shrinking,
slumping, burrowing, sandwiching, etc.); both heteropic and heterotopic facies occur (differ laterally in both
age and type); depositional rates can vary extremely in both vadose and phreatic karst hydrological zones, and
their calculation is problematic due to numerous hiatuses and subsequent erosion; reworking and redeposition
along the same cave passage/system are very common. Calcite speleothems, typically growing under epiphre-
atic or vadose conditions of karst hydrological zones, are suitable for dating by various methods and also for
studies of past climatic and environmental changes. In Slovenia (mainly NW part of the Dinaric Karst), we
have studied multi-proxy records from Plio-Quaternary cave sediments. Paleomagnetic (including thermal /
TD/ and alternating field /AF/ demagnetization, magnetic susceptibility) and magnetostratigraphic data were
calibrated, when possible, by U-series and radiocarbon dating, oxygen isotope stratigraphy, paleontological
and geomorphological results. The oldest sediments (>5 Ma) currently occur in near-surface and unroofed
caves that reached the surface through karst denudation and tectonic uplift. The cave sediments also reflect
spelogenetic and karst landscape evolution, i.e., tectonic regimes, catchment evolution and/or climatic changes
with flooding during the Cenozoic.
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The Lipiska jama Cave at the south edge of the Kras Plateau (Slovenia) is a 1,400 m long, inclined to the SSW. It
is recently functioning in epiphreatic and vadose regimes. Three allogenic sedimentary sections, each 2 to 3
m thick, deposited in three different levels of the same cave passage (i.e. Kozinski rov), were sampled (bottom,
middle, top). With the exception of the bottom level section, which was disturbed by slides and slumps, the other
two sections were sampled using high-resolution method. For magnetomineralogical characterization of the
sediments rock magnetic methods such as acquisition of isothermal remanent magnetization, S-ratio, anisotro-
py of magnetic susceptibility (AMS), etc., were used. Magnetic susceptibility shows a wide variation of values in
all three sections. A low coercivity mineral (e. g. magnetite) is identified as the main carrier of magnetization.
The AMS shows dominantly oblate fabric, which corresponds to fine-grain sedimentation. Alternating field
demagnetization was applied to determine characteristic remanent magnetization (ChRM). Primary magneti-
zation, and the presence of both normal (N) and reverse (R) polarity samples, were determined. The section in
the bottom level of the cave passage, which was extensively influenced by post-depositional features, displays
a chaotic distribution of the ChRM components. The section in the middle level of the cave passage reveals R
and N polarity zone within the allogenic sediment with a nearly antipodal position of their mean directions,
as well as basal flowstone with R polarity. The highest positioned section reveals mainly R polarity and occa-
sionally N polarity samples. Although the homogenous non-laminated clay forms this sedimentary sequence,
AMS parameters suggest some samples suspected of slumps behaviour. The presence of R polarity zones in
two studied sections in the LipiS§ka jama suggests an age at least within the Matuyama Chron. Correlation with
other sections in the area will help the understanding the evolution of the Classical Karst.

This research is supported by Mobility Plus Project (No. SAZU-22-08) and Research Plan of the Institute of Ge-
ology of the Czech Academy of Sciences (No. RVO67985831).
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The sedimentary sequence of the flowstone dome from the Raciska pecina represents an exceptional chronos-
tratigraphic record from the late Pliocene to the present. The studied sedimentary sequence was mainly char-
acterized by the deposition of layers of extensive speleothem domes interrupted by hiatuses of very different
duration. The domes began to grow as the cave became disconnected from the original hydrological system.
The deposition of speleothem layers was frequently interrupted by sedimentation of clay to silt infiltrated
from the surface above the cave. Pleistocene fauna was locally present in them, including specimens of the
subterranean gastropod species Zospeum sp. The studied section at the mouth of a narrow side passage into
the main cave passage is about 13 m long and 3 m high. The thickness of the composite sampled thickness was
6.34 m. The section is vertically composed of three main lithostratigraphic units: (1) the lower part: brown to
reddish-brown, massive but porous speleothems, with some interbeds of red clays, two angular unconform-
ities, and the remains of broken stalagmites; (2) the middle part: subhorizontally laminated, mostly porous
flowstones intercalated by calcite rimstones and thick layers of red clay with rare fauna remains, very poorly
preserved, fragile, and composed primarily of small enamel fragments; and (3) upper part: massive, mostly
laminated flowstones with two lens-like interbeds of yellow grey clay with large bone fragments and teeth (Ur-
sus ex gr. spelaeus; U-series dated to > 72 ka). Some of the top flowstone layers contain black laminae enriched
layers (radiocarbon dating to +11 ka, +9 ka, and +3 ka) that can be attributed to repeated Paleolithic and Neo-
lithic human settlements in the cave. A detailed chronology of the Raciska pecina section was established by
combining magnetostratigraphy and isotope-oxygen stratigraphy and correlated with paleontological, U-series,
and radiocarbon results. The sequence records geochronological and environmental data from the last 3.4 Ma,
including the Pliocene-Quaternary transition and the Matuyama/Brunhes boundary, which is characterized
by dramatic changes in stable isotope composition and trace elements.
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This research studies the uppermost unit of Kharus Formation (Cambrian) and the Autochthonous Akhdar
Group (Permian-Triassic). The aim is to explain the diagenetic history of the Palaeozoic-Mesozoic Tethys Ocean
carbonates from the Oman Mountains. Schematic paragenetic phases are determined for the different process-
es inferred from the petrographic and geochemical study. Petrographic, geochemical, and field observations
indicate that the sequences underwent different stages of dolomitization that produced rocks inheriting the
original host rock textures and structures and rocks with complete obliteration of the pre-existing textures. The
top part of the Kharus Formation consists of pervasively dolomitized units, whereas dolomites belonging to the
Autochthonous Akhdar Group display variable degrees of structural and textural preservation. The evidence
suggests very early dolomitization in a relatively short time interval for the Permian-Triassic carbonates. The
preserved depositional features in the Permian-Triassic carbonates indicate deposition in shallow marine en-
vironments with variable energy levels. Eight facies are inferred: stromatolites, mudstones, wackestones, intr-
aformational breccias, grainstones, packstones and grain/packstones. Five paragenetic phases are determined
to explain the type of dolomitization and to indicate the type and severity of diagenesis that affected the Palaeo-
zoic-Mesozoic carbonates. Method used to fulfil this research started by sampling of the Palaeozoic-Mesozoic
carbonates after careful examination of topographic and geologic maps, and aerial photographs. Sampling was
along Wadi Hijir a tributary of Wadi Bani Kharus at Jabal Nakhal, Jebel Akhdar, Wadi Al Bih, Wadi Hagil, and
Jebel Sumeini. Then, examination of uncovered thin sections which were stained with potassium ferricyanide
and Alizarin Red-S for classification of calcite and dolomite content of the rocks. Polished thin sections were
examined by polarizing microscope, scanning electron microscopy, cathodoluminescence microscope, and
electron microprobe. Some samples were chosen for X-ray diffraction and isotope analysis which are either
whole-rock samples or separated dolomite crystals displaying crystal size and texture variations.
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limestones, the Early Jurassic of India
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Formation of calcareous coated grains like ooids and oncoids have been extensively researched. In contrast,
the genesis of ferruginous ooids is less clear. Radically different processes like surficial weathering, hydro-
thermal exhalation and microbial-activity have been advocated for the source of iron and development of
the cortex. Modern examples are sparse and from marine environments affected by igneous activity. Based
on field, microscopic and mineralogical observations, we present the characteristics of ferruginous coatings
around the grains, occurring in freshwater, palustrine limestones of the Early Jurassic syn-rift strata belong-
ing to a continental rift basin of India. These grains occur in the basal limestone bed of an approx. 25 m thick
succession of alternating (meter-scale) palustrine limestones and shales (black-yellow-green). Shells of aquatic
bivalves, plant remains, chert nodules, as well as layers of barite and gypsum occur throughout the succession.
The limestones show features indicative of repeated desiccation, pedogenesis, and microbial mat formation.
A few, thin, wedge-shaped, flood-derived cross-bedded sandstones occur locally. This palustrine succession
overlies distal alluvial and lacustrine deposits (laminated red and green siliciclastic mudstones containing thin
gypsum layers). The basal limestone bed (1-3 m thick) is nodular in character. In it sand-size coated grains,
chert fragments and quartz clasts float in a micritic groundmass. Nucleus of the coated grains is made up of
dark and amorphous hematite-goethite with small, angular quartz grains, embedded in it. The cortex is mm-
thick. It is made up of numerous, thin, wavy laminae of goethite with very small quartz fragments trapped
between the lamina. For most grains, the outer part of the cortex has been replaced by calcite spars, to some
extent. Proximity of depo-centre to the basin margin faults of the rift valley and their association with evap-
orite minerals and sub-aerially weathered microbialites, makes these ferruginous coatings ideally poised for
a comparative assessment of various hypotheses of solute supply and precipitation. Our observations suggest
that the coatings formed due to microbially mediated precipitation of iron oxide-hydroxides in hydrothermally
(hot spring) influenced pools.
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Carbonate fracture-cave reservoir is an important reservoir type in the Tarim Basin, mainly concentrated in
the middle and upper Ordovician Yijianfang and Yingshan Formation. It is located in the caves and fissures
below an unconformity surface, and is the main reservoir space and percolation channel. Although some
scholars have started to focus on the karst system of the whole region in recent years, the karst features on a
complete fracture zone have not been subdivided yet. This study selects a typical strike-slip fracture zone in
the Tabei area, covering a variety of karst features.The Ordovician strata along the strike-slip fault zone have
a large difference in elevation from north to south, the scale of karst development and reservoir structure are
diverse. Using geochemical analysis, field outcrops, ground-penetrating radar, drilling data, and logging data,
combined with the interpretation of regional Ordovician strike-slip fractures, palaeo-landscape mapping of
karst exposures, hydrothermal channel mapping, static mapping of suture cavities and analysis of production
dynamic data results, a study on the palaeokarst development pattern controlled by various factors was carried
out.The results show that: (i) Atmospheric freshwater and hydrothermal karst jointly contributed to the for-
mation of the current karst reservoir space; (ii) multiple karst phases have a certain matching relationship in
time and space; (iii) the atmospheric freshwater karst system was likely formed for the most partin the middle
and late Garidonian-early Hessian period, then the formation of a large number of palaeo-river networks dur-
ing the exposure period played an important role in the development of karst; (iii) the palaeo-river networks,
stratigraphic acute-extinction line, stratigraphic carbonate content and the degree of fracture development
jointly controlled the degree of karst development and zoning characteristics; (iv) the development of carbonate
fracture-cave reservoirs gradually transitioned from multi-factor control to fracture control; (v) hydrothermal
karst channels are closely related to Permian volcanic channels, and their matching relationship controled, to
some extent, the karst development and hydrocarbon formation in some areas.
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Based on a new 3D seismic acquired in the Moroccan offshore and nearby well tops, we investigate the types
of karsts in the eastern-rimmed carbonate paleomargin of the young Atlantic Ocean during the Late Jurassic.
The aim of this study is to describe tectonic, eustatic and stratigraphic controls for the development of the
three observed type of karst (syngenetic, epigenic and hypogenic). The carbonate platform was developed
atop the footwall of a tilted block, associated with the necking fault of the Central Atlantic rifting. Abundant
truncation surfaces at the top of the carbonate platform affected both to the margin and the inner platform.
The reflector truncations and the thickness variations suggest coeval sedimentation in the half-graben, and
likely subaerial erosion in the margin. The high frequency cycles presenting subaerial erosion, and probably
syngenetic karst, were due to the sea level variations associated with 4th order eustatic cycles and differential
half-graben subsidence during the rifting. An incised valley towards the southwest was significantly devel-
oped probably through a prior inlet between the north and south shelf-edge reef complexes. The incision (100
m approx.) is interpreted due to 3rd order eustatic cycles originated during the Early Cretaceous regression.
During low sea level stage, a juvenile vadose-phreatic karst was developed. High amplitude reflectors with
vertical orientation suggest a locally well-developed vadose cave system. The vertical cave system is rooted in
two different subhorizontal cave trends, dipping with low angle respect the bedding. Locally, the underlain
aquitard on top of the tilted block acted as a hydraulic barrier and produced the low angle paleo-phreatic levels
dipping toward the basin. Concave-up reflector disruptions show high amplitudes, circular-like horizontal
sections and vertical stacking, being interpreted as hypogenic karst collapses. The deep-seated karst affected
mostly the back-reef carbonate platform. Dip attribute maps suggest that the collapses are in clusters next to
fault lineaments, independent of their strike. Three families of collapses are related to (1) compaction of the
near Lower Cretaceous clastic prograding complex unit, (2) the Late Cretaceous-Early Tertiary compression
(?), and (3) Miocene Betic-Rif compression.

34



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 1. Continental carbonates, karst and cave deposits
General Session

Oral presentation

Hypogenic void systems in Mississippian carbonates (UK)
and implications for geothermal heat production

Alessandro Mangione', Cathy Hollis', Corinna Abesser?, Vanessa Banks?, Andrew Farrant?,
Andres Gonzalez-Quiros?, John Gunn®, Alexander Klimchouk®, Richard Shaw®, Wenwen Wei®,
Fiona Whitaker®

1University of Manchester, Department of Earth and Environmental Science, Manchester, UK
*British Geological Survey, Nottingham, UK

3University of Birmingham, Earth and Environmental Sciences Department, Birmingham, UK
“National Academy of Science of Ukraine, Institute of Geological Sciences, Kyiv, Ukraine
5Independent Researcher

6University of Bristol, Department of Earth Sciences, Bristol, UK
alessandro.mangione@manchester.ac.uk

Hypogenic void-conduit systems may comprise both non-stratabound and stratabound components that display
morphological features of rising flow. They are formed by upward-flowing fluids, with dissolution attribut-
able to fluid cooling, fluid mixing, changes in redox and/or pH due to injection of CO, or H,S-rich water and
pressure. Despite an increasing number of studies of hypogenic void-conduit systems, they are still less well
characterised than epigenic systems that are formed by direct surface recharge.

Non-stratabound cavities of possible hypogenic origin intercepted by epigenic caves and mines, and sometimes
exhumed within outcrops, have been recognised in Mississippian carbonates on the Derbyshire Platform,
Northern England (UK). These carbonates are potential geothermal targets for low-medium enthalpy heat.
Such cavities include: 1) open vertical and sub-vertical cavities; 2) partly to completely mineralised cavities
with hydrothermal minerals; and 3) calcite-lined and calcite-filled cavities. Calcite in the latter is often very
coarsely crystalline, with well-formed crystals commonly >5 cm diameter, that represent the last cementation
event. Some of these cavities may contain a later sediment fill.

This study assesses relationships between hypogene cavity occurrence, fill, morphology, size, location and geo-
logical context and the timing of hypogene development, including association with faults, stratal architecture,
and diagenetic phases. It combines geological and geochemical analysis, which will be used as constraints for
numerical models that aim to better understand the genesis and evolution of hypogene cavities and assess their
potential role as fluid pathways. Preliminary analysis of the coarsely crystalline calcite show that they have low
§'80, probably reflecting precipitation at high temperature or from isotopically depleted groundwater. Some
crystals have low §"°C suggesting the influence of meteoric water, organic maturation, and/or magmatic CO,.
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by in-situ U-Pb dating of calcite cements
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Determining the onset age of karstification is challenging since this phenomenon implies the dissolution and,
thus, the removal and transport of a former solid material. One possible solution to better estimate the age
of karstification is to date the first calcite cements that precipitate in the dissolved cavities. However, this
solution is tricky to apply when the cements are too old for U-Th dating or too thin for U-Pb dilution dating.
This study highlights the in-situ U-Pb dating by LA-ICP-MS of calcite cements from an epigenic karst in the
early Oligocene lacustrine-palustrine carbonates of the Paris Basin (France). With this method, 160 pm-thin
calcite cement generations can be dated. Thirty-two ages were obtained on calcite rafts and eleven on calcite
cements along the karstic walls. These results show that lithification and dissolution of carbonates occurred
very early, close to the age of the host deposits between 32 and 28 Ma and that karstic development continued
until the early Miocene at 20 Ma. The presence of ostracods and intraclasts trapped between early Oligocene
calcite rafts suggests that the karst developed while lacustrine-palustrine sediments formed at the surface.
This early dissolution episode is related to the Western Europe geodynamic evolution and the uplift of the
basin, leading to a significant Chattian sedimentary hiatus in the basin. We demonstrate that U-Pb dating of
calcite cements allows to constrain the beginning of dissolution in continental carbonates and to reconstruct
dissolution, cementation, and filling steps of karstic cavities.
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The studied paleokarst corresponds to an uplifted peripheral foreland bulge. At the K-T boundary, Upper
Cretaceous diagenetically immature eogenetic carbonates of the northern sector of the Adriatic Carbonate
Platform were subaerially exposed, karstified, and subsequently covered by Upper Paleocene to Lower Eocene
palustrine limestone. The phreatic paleokarst caves/cavities are located in various positions with respect to
the paleokarst surface, the deepest being about 75 m below the surface. Three indistinct horizons with caves/
cavities and intermediate vugs were recognised. Subsequently, all voids were completely filled with detrital
sediments and speleothems in the phreatic and vadose zones. In general, the phreatic cavities of the lower
two horizons are geopetally filled with mudstone derived from incomplete dissolution of the host rock and
overlain by coarse-grained, blocky calcite. Shallower below the paleokarst surface, a large phreatic cave of the
third horizon is filled with flowstone overlain by reddish micritic carbonate sediment with intercalated calcite
rafts. In the upper part of the cave, the sediments derived from the paleokarst surface gradually become more
abundant. Besides the filled cavities and vugs, the second horizon is characterised by an abundant occurrence
of oxidised disseminated pyrite. Vadose channels, which may also cut through the cave sediments, are mainly
filled with “pedogenic” material derived from the paleokarst surface. Immediately prior to marine transgres-
sion over the paleokarst surface, some cavities were filled with marine-derived microturbidites. In general,
the diversity of cavity fillings and the amount of surface material decrease with depth from the paleokarst
surface. Below the paleokarst surface, the §"°C and §'0 values of the host rock and cave/cavity deposits show
good correlation with trends significant for meteoric diagenesis. Given the characteristics of the caves/cavities,
their distribution, the internal deposits, the location of the disseminated pyrite, and the distribution of the
vadose channels, it is hypothesised that the water table and associated freshwater lens with its mixing zone
fluctuated during the paleokarst period, as reflected by short-term subaerial exposure events in the adjacent
and overlying palustrine deposits.
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There have high uncertainties in paleokarst reservoir exploration due to the spatial complexity. Modern karsts
canbeideal analogs for paleokarst reservoir modelings. However, how to exactly translate karst hydrogeomor-
phology knowledge into practical applications is highly challenging. A combination of field, petrographic, CT,
electrical resistivity tomography, and LIDAR analyses can constrain different-scale karst features, and evolu-
tionary model of Guizhou modern karst. We described different degree of karstification, and size, distribution,
and geometry of karst features with millimeter-kilometer scales. Faults/fractures affect the flow pathways of
fluids and play primary controls on different scales of karst features and the extent of karstification. Thus, a
dynamic evolutionary model is established, including initial, youth, and mature stages, illustrating the crit-
ical controlling effects of fractures and sedimentary bedding (or stratigraphic slope) at all scales. However,
modern karst experiences multi-stage histories beyond a single evolutionary cycle. Shunbei region located in
the low part of Tabei slope extensively developed strike-slip faults, having similar favorable conditions with
modern karst. Therefore, the basic development laws and model of modern karst can be used as key analogs
to interpret the formation mechanism of “fault-controlled paleokarst” reservoirs. The new interpretation that
paleokarst reservoirs at 0~450 m are the results of the collapse-coalesce of phreatic passages is more persuasive
than previous views of breccia voids. The finding that large-scale paleocave passages expand toward fractures
and stratigraphic slopes guides the future designs of vertical and lateral trajectories. This study offers a good
template for “fault-controlled paleokarst” reservoirs exploration using modern karst analogs worldwide.
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The Pre-Caspian basin is one of the largest oil and gas bearing basins in the world, and the Carboniferous
Carbonate reservoirs of KT-I formation in the eastern margin are the main reservoirs. The most favorable
reservoir are dissolved dolomite, and distributed on the top of the KT-I layer. In recent years, many drillings
and 3D seismic acquisition have been carried out in M block located at the eastern margin of the Pre-Caspian
basin. Paleo-karst systems have been identified in the Carboniferous carbonate rocks of the KT-I formation
in M block. This study is mainly based on 3D seismic data, imaging logging data and core data. Firstly, the
karst paleogeomorphology features in Carboniferous KT-I formation are mapped by layers interpretation of
3D seismic data, and then the characteristics of paleo-karst cave system are studied by using core, microscopic
and logging data, and the distribution of karst cave system is described by RMS amplitude and variance
attributions of seismic data. Finally, combined with the regional geological background, the controlling
factors of karst system development in KT-I formation are discussed. The research shows that karst highlands,
karst slopes, karst valleys and sinkholes are developed in carbonate rocks of Carboniferous KT-I formation,
and different paleogeomorphology have different distribution characteristics. There are three factors that
control the development of karst system in this area: First, the tectonic activities at the end of Carboniferous
forming a local tectonic uplift in the eastern margin of the basin, which is high in the west and low in the east.
Itis good to develop the karst system for long-term exposure of carbonates in the study areas. Second, the long-
term regressive cycle deposition of KT-I caused the groundwater level in the study area to drop continuously,
and the dissolution above the groundwater level was strong, eventually forming a "beads-like" underground
cave system in the study area. Third, the study area is an open platform deposit, and thick microcrystals and
bright limestone developed, which is conducive to the formation of dissolution.
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The Prolosko Blato is a seasonal karst wetland in the NW part of the Imotsko polje (karst polje) in the Dalmatian
hinterland. Ongoing paleolimnological research revealed the existence of Holocene paleolake sediments made
of pale brown lacustrine carbonate, rich in gastropods and ostracods, that started to form at ca. 8000 cal yr BP.
Multiproxy core analysis, including geochemical, sedimentological, and micropaleontological (ostracods), sug-
gests a relatively shallow, oligotrophic lacustrine environment with continuous carbonate sedimentation until
ca. 800 cal BP. Specific to this karstic paleolake is the occurrence of enigmatic botryoidal carbonates initially
detected in coarser sieved fractions (>250 um) during the ostracod analysis, and confirmed via SEM analysis.
In micropaleontological slides, botryoidal grains occur as plate-like forms, flat on one side and botryoidal
(spherical) on the other, implying their growth on a fixed substrate. SEM analysis revealed that botryoidal
grains are made of acicular crystals, similar to the needle-like aragonite, exhibiting two distinctive spherulitic
forms: a) spherules made of needles radially spreading from the central point outwards, and b) spherules made
of needles radially arranged around a circular void. This potentially implies the same formation process, but
different stages of development of needle-like crystals. Botryoidal carbonates are numerous in specific samples
throughout the paleolake record, which could possibly be used as a proxy for paleoenvironmental interpre-
tation. However, their origin (organic vs. inorganic, diagenetic) and environmental conditions necessary for
their formation remain to be investigated.
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Palustrine-lacustrine carbonates are common features in the upper Eocene to Miocene continental series
from the SW Pyrenees. They occur as sequences of cyclical limestone-marl alternations with minor coal and
evaporites, infilling several piggy-back basins. Laterally, they interfinger with basin-margin alluvial clastics
(conglomerates and sandstones) recording the active denudation of the surrounding Cretaceous-Paleogene
uplands. A humid (sub)tropical to temperate climate prevailed in the area during the Paleogene and Neogene,
punctuated by semiarid phases. This work focusses on the paleoenvironmental analysis of the upper Miocene
lacustrine deposits from Pefia Adrian (Miranda-Trebifio basin). This succession represents the last filling stage
of the basin, previously to enhanced river incision since the Miocene-Pliocene onwards.

The succession, up to 60 m thick, consists of alluvial detrital deposits grading to well-stratified limestone-
marlstones. Gastropods, charophytes and ostracods abound in these carbonate facies. Three distinct units
are differentiated in the carbonate sequence. Unit 1 (12 m) consists of wackestone-mudstones with sparse
gastropods and charophytes, forming m-thick cycles capped by pedogenic features (rhizoliths). They represent
broad shallow vegetated areas affected by episodic subaerial exposure during the initial lake development.
Unit 2 (20 m) is made of bioclastic wackestone-packstones very rich in small and large gastropods, eventually
forming grainstone coquinas. They exhibit persistent internal lamination and, less commonly, cross bedding.
They represent the stage of maximum lake expansion and full open conditions. Finally, Unit 3 (8 m) consists
of massive mudstone-wackestones with sparse gastropods and charophytes (usually preserved as molds), with
abundant root traces and pedogenesis. The vertical facies succession draws a complete cycle of lake expansion
and retreat, culminating with overfilling and final emersion. Variations in the preservation potential of bio-
clastic components (i.e. gastropod shells) likely evidence significant changes in lake water chemistry during
lake development and/or in diagenetic conditions during early burial stages.
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We provide a first integrated study of Don Juan Cave (Jalance, Valencia) based on speleothem characterization,
cave mapping as well as environmental, hydrochemical and climatic monitorization. Don Juan is an excep-
tional karstic site due to its particular speleogenesis and its speleothem record. Although it is a touristic cave,
it shows low antropogenic disturbance. The cave is located in the Iberian Ranges, in an area characterized by
Mediterranean climate. It is hosted by a thick carbonate breccia unit that corresponds to a Neogene alluvial fan.
It was formed by carbonate dissolution along active fractures together with piping of unconsolidated materials
and collapse of blocks. The combination of these processes generated a large dome-shaped room (more than
65 m long and 20 m high) that, on its floor, accumulates large fallen blocks covered by speleothems. Around
this main room, several subhorizontal and vertical passages occur and show different environmental condi-
tions. Don Juan is being intensively monitored. Temperature averages 15°C, although different sectors can be
differentiated based on their thermal behaviour and microclimatic characteristics. Relative humidity is always
high but variable in space and time. Permanent dripping (i.e., through the year) is limited to inner galleries
with RH close to 100%. The cave shows diverse and abundant calcite speleothems such as flowstones, columns,
stalagmites, stalactites, coralloids or helictites. The concentration of coralloids and helictites along the west-
ernmost walls of the cave is probably related with significant cave ventilation. Besides calcite speleothems,
other features such as moonmilk and boxwork are also present. Although the speleothems are well preserved,
we recognize speleothem alteration/corrosion in some sites. Interestingly, different types of patinas related to
bat guano stain widespread areas of the cave. Speleothem growth is very scarce in the cave at the present time
and probably limited to soda straws and incipient stalagmites of some recondite small galleries. Absolute ages
obtained for Don Juan stalagmites indicate high speleothem growth during glacial intervals of the Pleistocene,
but very limited during the Holocene and previous interglacial periods.

Contribution to project PID2021-1228540B-100 (AEI, Spain).
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Below the Vrh Sv. Treh Kraljev hill in central Slovenia there are three caves ranging from 300 to 1000 m in length
that show a ramiform and/or maze-like pattern and other evidence indicating their possible hypogene origin.
The wall rock of the Mravljetovo brezno v Gosarjevih rupah cave consists mostly of a yellowish to reddish-brown
calcareous deposit in an otherwise grey dolomite formation of Middle Triassic age. Mineralogical character-
istics show that the yellowish to reddish-brown material consists mainly of calcite, while the colour comes
from small amounts of iron hydroxides. Petrographically, several textural groups of calcite crystals can be
distinguished, indicating replacement of dolomite, but also precipitation/resedimentation in open fissures and
cavities formed by dissolution of dolomite. Calcite is thought to have been formed by dedolomitization (dolomite
calcitization or recalcitization) of the host dolostone as a result of interaction between limestone, dolomite, and
Ca-sulphate rocks via fluids in the phreatic zone. Based on oxygen and carbon isotope values, it is hypothesised
that dedolomite precipitated from low-temperature aerobic meteoric water, which was recharging from areas
covered with C3 plants. Whether dedolomitization predates or postdates the major speleogenesis is still not
completely clear but the cave was altered and possibly significantly enlarged in the epiphreatic zone (perched
conduits with clastic sediments) and in the vadose zone (shafts with active dripping water, ceiling channels
formed by condensation corrosion, secondary cave minerals, e.g., gypsum, hydromagnesite, aragonite, dolo-
mite, and phosphates such as cattiite). There are three boreholes in the area, several hundred metres deep,
which intersect, among other rocks, the Upper Permian and the Lower Triassic evaporite horizon and, unlike
the normal meteoric waters from some karst springs, discharging sulphate water. Chemical analyses of the
water emerging from the boreholes indicate that dedolomitization is still on-going process below the surface.

The research was supported by the Polish and Slovenian research agencies (NCN and ARRS) through the bi-
lateral Polish-Slovenian research project CEUS (project code in Poland: 2020/39/1/ST10/02357; project code in
Slovenia: N1-0226).
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The Arc Basin is an E-W oriented depression, located in southeastern France, in which marine, lagoon, lacus-
trine, fluvial, palustrine and pedogenic sedimentary deposits were formed from the Upper Cretaceous (Santo-
nian) to the Middle Eocene (Lutetian). This research covers the sedimentological and stratigraphical analyses
of the outcrops of “La Barre du Cengle” cliff in which Thanetian/Ypresian limestones (Saint-Marc limestone)
are exposed with thicknesses ranging from 20 to 35 m. The Cengle plateau is located south of the Sainte-Victoire
Mountain, about 15 km east of the city of Aix-en-Provence. It is elliptical in shape and is 7 km long, east to west,
and 3 km transversely. Its average altitude is around 500 m. With the aim of lithofaciological characterization of
the studied area, samples were collected in four vertical stratigraphic logs measured at 1:40 scale. “La Barre du
Cengle” consists of greyish, beige, and pinkish limestones which have been deposited in a lacustrine/palustrine
environment. Deposits from this sedimentary interval were repeatedly subjected to subaerial exposure and
are organized into decimeter to meter-scale parasequences. The facies comprise densely packed dark micrite
mudstone and bioclastic wackestone/packstone with massive, brecciated, nodular or granular textures. The
main bioclast observed correspond to reworked fragments of prismatic calcitic crystals from microcodium
aggregates. Well-preserved rosettes and lamellar aggregates of microcodium have been identified in fractures/
cracks. Fragments of charophytes and shells of ostracods, gastropods and bivalves complete the fossil assem-
blage seen in the thin sections. Subaerial exposure features like cracking, brecciation, root traces, nodulation,
coated grains, pseudomicrokarst and grainification are present at different intensities. These features indicate
different stages in the pedogenetic evolution and allowed the elaboration of an exposure index. The exposure in-
dex allowed the understanding of vertical and horizontal lithofaciological variation in the studied sedimentary
succession. The main exposure surfaces as well as the lateral changes in lithofacies could be traced on the cliff
in virtual models of outcrops generated by aerial photogrammetry acquired by UAV (unmanned aerial vehicle).
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In NW Croatia Middle Triassic volcano-sedimentary successions were deposited on the passive continental
margin during a period of extensional tectonic related to the Neotethyan rifting. The studied succession in
Ocura Quarry on Ivanscica Mt is 34 m thick section, divided into three parts. The lower part is composed of
dominantly basaltic rocks. In the basal part glomeroporpyric basalt is overlaid by basaltic autoclastite and
peperite. The middle part is composed of cm-dm thick irregularly and wavy bedded calcarenites, in places
coarsening upward. Carbonate lithoclasts are mostly micritic limestones with bioclasts. Basaltic lithoclasts are
less common, one with the porphyric to glomeroporphiric texture, similar to basalt from the lower part; and the
other type completely hyaline. There are also thin layers of biomicrites with filaments and radiolarians, thin
layers of volcaniclastics, and a thick breccia interval. The upper partis composed of extremely unsorted breccia
with slump-texture. Clasts of limestones, calcarenites, and subordinary basalts are supported by fine grained
matrix of carbonate and basaltic particles. Within breccia there are abundant framestone clasts containing
complex reef community, dominating of sponge Celyphia zoldana, with other microorganisms of uncertain
taxonomy Plexoramea cerebriformis and Olangocoelia otti, and others. The investigated section represents sedi-
mentation in the deeper marine environment near the steep edge of the carbonate platform that prograde over
it. Basalts found at the base of the section represent submarine effusions, and their fragmentation and rework-
ing. A thick interval of calcarenites with basaltic lithoclasts is formed by shedding of the carbonate material
from the nearby platform to the pelagic/basinal areas, indicated by the pelagic limestone interlayers. Chaotic
breccia with meter sized fragments of reefal limestones indicates a more proximal position regarding to the
shallow marine area from which these clasts were derived. Slump texture emphasizes gravitational processes.
The general trend of coarsening upward, as well as the predominance of the framestone clasts in the breccias
imply the progradation of the platform over the basinal areas. Similar successions have been described from
the neighbouring area.

45



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 2. Shallow-marine carbonate depositional systems and carbonate platforms
Special Session 2.1. Biogeodynamics of Mesozoic marine carbonate depositional systems

Oral presentation

Astronomical pacing of flint beds in the European chalk sea
(type-Maastrichtian, Upper Cretaceous)

Jarno Huygh'?, Matthias Sinnesael®, Pim Kaskes?, Johan Vellekoop*®, John W.M. Jagt®,
Philippe Claeys?

1University of Liege, Sedimentary Petrology, Liege, Belgium

\/rije Universiteit Brussel, Analytical and Geo-Chemistry, Brussels, Belgium

3Observatoire de Paris, PSL University, Sorbonne Université, IMCCE, CNRS, Paris, France
“Katholieke Universiteit Leuven, Department of Earth and Environmental Sciences, Leuven, Belgium
°Royal Belgian Institute for Natural Sciences, OD Earth and History of Life, Brussels, Belgium
®Natuurhistorisch Museum Maastricht, Maastricht, The Netherlands

jarno.huygh@uliege.be

Upper Cretaceous chalk deposits, commonly containing flint nodules and bands, are found all over north-west
Europe. The question still stands, however, how these flints are formed and whether the pacing of these often
rhythmically distributed flint beds can be astronomically controlled. To address this question, we investigated a
Maastrichtian chalk succession near Hallembaye (BE) in the type-area around Maastricht (NL). The Hallembaye
section is characterized by a gradual change in lithology varying from greyish chalk with rare occurrences of
flint nodules towards more pure, whitish chalk with clearly expressed flint bands. Micro X-Ray Fluorescence
measurements were carried out on powdered chalk samples to determine their elemental composition. ‘Flint
Scores (FS) were attributed to quantify the distribution of flints in function of the stratigraphic height. Using an
integrated stratigraphic approach, we performed a cyclostratigraphic study to evaluate a potential astronomical
imprint. The Ti/Al signal, a diagenesis-resistant proxy reflecting changes in the composition of detrital influx
or the provenance thereof, reveals short-scale fluctuations superimposed on a gradually decreasing trend.
Time-series and spectral analyses of the Ti/Al signal reveal a dominant 40 kyr obliquity component with its
173 kyr modulation, as well as a weaker precession—-eccentricity signal. Analysis of the FS equally suggests an
astronomical pacing of the flint layers. We tune the FS record to the stable 173 kyr and 405 kyr astronomical
cycles to construct a high-resolution age model in absolute time, complementary to a floating 40 kyr obliquity
time scale. The exact mechanisms of the flint formation and its astronomical pacing remains subject of further
research but seem most likely to be linked to changes in clay content. Possibly, variations in the influx of detrital
material could have influenced local redox conditions as well as the paleoproductivity in the water column.
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The Aptian greenhouse Earth underwent profound climatic and environmental changes from the early Aptian
(super)greenhouse with the deposition of organic-rich sediments corresponding to the OAE 1a (Selli Event, ~120
Ma), followed by the late Aptian cooling trend, to gradual warming in the latest Aptian. These extreme changes,
driven by the perturbations in the global carbon cycle, also included fluctuations in ocean fertility, carbonate
platform inception/drowning, and biotic shifts/crises. To track §"C fluctuations and environmental and bi-
otic response to the OAEla along the NE Arabian Plate, we logged bed-by-bed two continuous mountain-side
sections of the Kazhdumi Intrashelf Basin, Zagros Mts., near Pir Sabz and Dareh Sefid (67 m and 265 m thick,
respectively). Both sections are characterized by hemipelagic to shallow-marine deposition without hiatuses
and limited influence of meteoric diagenesis. The onset of the OAEla is marked by an abrupt increase in the
planktic foraminiferal and radiolarian abundance, and a lithological change from ostreid-dominated shal-
low-marine carbonates with benthic foraminifera (Palorbitolina lenticularis, Choffatella decipiens) to deeper-wa-
ter limestone and organic-rich shale. The bulk of the OAEla-corresponding deposits includes the Radiolarian
Flood Zone, which is the genuine intrashelf basin and regional equivalent of the OAEla. The early post-OAEla
deposits are represented by clayey limestone with chert bands alternating with shales and marls, which are
conformably overlain by the upper Aptian Mesorbitolina-rich shallow open-marine to lagoonal limestone, and
capped by a well-developed, regional unconformity due to a major sea-level fall. The comparison of the §*C
stratigraphy between the Kazhdumi Intrashelf Basin and the selected Tethyan locations shows similar trends
and excursions across the different settings (pelagic, hemipelagic, shallow marine). This suggests that the
fluctuations were driven by the changes in the global carbon cycle, albeit modified by regional environmental
changes and diagenesis. Results of this study stress the importance of shallow carbonate-dominant intrashelf
basin successions as faithful recorders of carbon-isotope, biotic, and sea-level oscillations during global oceanic
perturbations.
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Currently, the Middle Jurassic is not considered favourable for coral reef growth. During this time, most reef
builders were still expected to recover from mass extinction events of the Late Triassic and Early Jurassic, as
well as from subsequent global perturbations of the carbon cycle and increased continental weathering. Here
we present a recently discovered coral reef platform in subsurface of northern Switzerland, informally called
the “Herrenwis Unit”. Data comes from the Biilach-1 and Stadel-3 boreholes in the Nordlich Ligern region,
displaying well-preserved corals. The reef consists of a variety of species, but five coral genera account for over
ninety percent of the total number of identified coral specimens. The assessment of the growth features and
orientation of the corals, the presence of a microbialite crust around some corals and the paucity of transport
features indicate that most corals are in growth position. Growth bands found in some specimens indicate
a growth rate comparable to that of coeval corals (2 mm/year). This reef is typical of the Bajocian, based on
coral diversity and abundance. Due to local current mechanics, a small palaeohigh had likely formed out in
the underlying formation. This palaeohigh, perhaps coupled with favourable palaeoclimate, allowed corals to
start growing in patch reefs and later coalesced to form a small reefal platform. The characterisation of this
newly identified reef, dated to the Bajocian by means of palynology, is the starting point to explore further
coral reef growth at regional and global scales. Similar coral reefs across the Burgundy Platform in eastern
France were also dated using palynology. The results confirmed that coral reefs in the Burgundy Platform were
coeval with their counterparts in Switzerland. By updating previous literature reviews and re-evaluating the
coral assemblages of known and recently reported Middle Jurassic reefs, we hypothesise a global coral reef
event in the Early Bajocian. An additional outcome of the compilation is that most of these Bajocian reef sites
are distributed along a hypothetical palaeogeographic belt on the northern margin of the Tethys. The rarity
of low-latitude reefs is not yet fully elucidated but seems to support the hypothesis of high temperatures in low
latitudes during the Middle Jurassic.
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We have compiled stratigraphic ranges of genera of the main planktonic and benthic carbonate producers of the
Cretaceous, such as calcareous nannofossils, calcispheres, planktonic foraminifers, larger benthic foramini-
fers, corals and rudists bivalves, and species of dasycladalean green algae. The observed diversity patterns are
compared with independently raised proxy data of Cretaceous climate and seawater chemistry to elucidate the
effect of environmental change on carbonate production and sedimentation. Diversity patterns of calcareous
nannofossils, calcispheres, planktonic foraminifers and corals trace the evolution of Cretaceous sea-level,
while those of dasycladalean algae, larger benthic foraminifers, corals and rudist bivalves document signifi-
cant reductions at the level of oceanic anoxic events (OAEs). These general patterns appear to be unrelated to
the autecology of the taxa investigated. Aragonitic or aragonite-dominated benthic carbonate producers are
most affected during extinction events related to OAEs, and a general trend of decreasing aragonite dominance
throughout the Cretaceous has been observed. The demise of aragonitic or aragonite-dominated carbonate
producers at OAEla (early Aptian) and OAE2 (Cenomanian-Turonian boundary interval) may be related to
short episodes of reduced seawater carbonate-saturation caused by short-lived injections of CO, from large
igneous provinces that initiated OAEs. The expansion of suitable habitats during episodes of high sea level
and high temperatures is thought to have controlled diversity patterns of calcareous nannofossils, planktonic
foraminifers, and corals rather than changes in seawater chemistry. An increase in the relative number of
azooxanthellate coral genera following OAEla and OAE2 suggests a disruption of photosymbiosis due to high
temperatures, although the relative numbers of azooxanthellate genera continued to increase during the Late
Cretaceous, when global temperatures declined. Due to the short residence time of major nutrients in seawa-
ter, these may have affected carbonate-producing ecosystems regionally, but not on a global scale. The recent
pattern of benthic carbonate production being highest in oligotrophic environments cannot confidently be
extrapolated to the Cretaceous.
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In this study, we are highlighting the importance of creating sequence stratigraphic frameworks and their in-
tegration with predictive Forward Stratigraphic Modeling. The reservoir represents a classical Reefal buildup
along with its platform. A geological model was prepared by integrating Seismic Inversion which helped in
capturing some of the reservoir quality trends of the Reefal Buildup facies and the platform facies however,
the Seismic Inversion results could not give a valuable insight into the smaller parasequences and higher res-
olution details on the architecture and morphology of the Reefal buildup as observed on the well data and the
indications of discontinuous facies across the field between the multiple carbonate buildups in the vicinity as
indicated from the dynamic data. To solve this challenge a forward stratigraphic modeling approach was used
where in Step 1 a detailed sequence stratigraphic framework was constructed using the available well data and
seismic data along with the results of the seismic inversion. In Step 2 Integration of the Sequence Stratigraphic
Framework with the predictive forward stratigraphic modeling approach was used to build a more represent-
ative forward model. The forward stratigraphic model predicted the distribution of the Carbonate facies, the
best Reefal facies were distributed near the main Reefal buildup which represented the core and where the
core wells are drilled and currently producing. The forward stratigraphic model also predicted another smaller
Southern Reefal buildup within the acreage which pointed toward the presence of another possible area for
future appraisal and concentration of upcoming wells. The forward stratigraphic model showed two remark-
able differences to the previous geological model. The first difference was that the forward model simulation
predicted a higher connected volume around the Frontal producing part of the Reefal buildup and the second
difference was it showed the presence of good quality facies mainly the core Reefal part around the producing
wells compared to high reservoir quality (RQ) variation from the seismic inversion results.
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Sabkha, which means salt flat in Arabic, is a term used to describe the evaporitic environments associated with
the landward portion of low angle, homoclinal ramps. Al Qantur Lagoon is an intertidal zone seaward of the
supratidal sabkha where shallow carbonate hardgrounds are observed alongside burrowing organisms, micro-
bial mat communities and microfauna. The physico-chemical constraints on hardground formation are poorly
understood, with current research encouraging further geochemical and biologic analyses. The objective of
this study is to identify the role infauna may have on early diagenesis and subsequent hardground formation.
Four study sites along a 600 m transect perpendicular to the shoreline were selected based upon sedimentary
textures and changes in bioturbation. Each location was cored and sampled at cm-scale intervals for pore wa-
ters. Sediment cores were imaged using an x-ray and a CT scanner to identify biogenic structures. Cores were
also sampled for geochemical analyses. The transect from a microbial bindstone in the upper intertidal zone
to a bioturbated peloidal grainstone in the lower intertidal zone revealed that crustacean burrowers are more
abundant in seaward portions of the lagoon and polychaete burrowers are concentrated in the middle-intertidal
zone. Pore waters within invertebrate burrows are less saline than sediment pore waters (~70 g/L TDS within
burrows versus 90-210 g/L TDS within pore water). This suggests the burrows provide means of altering solute
distribution and transport by producing and irrigating permeability pathways. Firmgrounds correlate to a
decrease in burrowing along the transect, suggesting that bioturbation inhibits early diagenetic processes.
Furthermore, stable isotopes from sampled sediment cores become lighter from a seaward to landward position
(6"*C(VPDB): 5.6-3.5; §'*0(VPDB): 4.0-0.7, respectively), indicating a landward increase in diagenesis, where far
less bioturbation is observed. Sub-sampled hardgrounds are isotopically lighter on the upper and lower edges of
the hardground than the center. This is best ascribed to hardground formation occurring from the outside-in.
The range in stable isotope data observed in both the hardgrounds and the sediment cores represent variations
in microbial activity, evaporation, and diagenesis.
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The informal group of larger benthic foraminifera (LBF) generally exhibits a high potential for biostratigraphy,
palaeoenvironmental interpretations, and palaeobiogeographic comparisons in Tethys, especially during the
Cretaceous greenhouse period.

Late Cretaceous Global Community Maturation Cycle (GCMC) encompasses the Turonian-Maastrichtian in-
terval representing a special period of increasing diversity of LBF in shallow water settings. The LBF suf-
fered from the palaeoenvironmental distributions associated with the Cenomanian-Turonian boundary OAE2
event leading to the almost complete extinction. During the Coniacian-Santonian, LBF already underwent a
remarkable diversification in a wider area of Tethys associated with widely distributed extensive platform
carbonate evolution. From Campanian inner platform facies, numerous taxa of LBF have been reported from
Spain, Greece and Croatian island of Brac. Shallow-marine carbonate platform deposition on Brac represents
an essential contribution to understanding Late Cretaceous evolution of one of the best preserved Mesozoic
Perimediterranean carbonate platforms with especially favourable conditions for the development of LFB in
Campanian (Gornji Humac and Pucis¢a fms) as a consequence of gradual progradation of platform environ-
ments over hemipelagic Dol fm resulted in diachronous upper boundary. Platform progradation resulted in
establishment of shallow-marine environments progressively covering larger areas until the final covering of
the Brac¢ Marbles mb: Rasotica and Lovrec¢ina mbrs of Puciséa fm that merged with the Gornji Humac fm. Such
complexity of very different lithofacies enabled Campanian assemblages to be most diversified.

Ongoing studies have revealed additional four new taxa (one new genus) of LBF described from lower-middle
Campanian carbonates of the island of Braé, Croatia, two of them are also reported from time-equivalent
strata of the Gavrovo-Tripolitza Platform (SW Greece), while providing further evidence for the pronounced
Campanian diversification within the Late Cretaceous GCMC of AdCP.
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A total of 752 surface sediment samples collected on carbonate platforms in the western Atlantic, the central
and eastern Indian Ocean, and the south and west Pacific Ocean, as well as the Persian Gulf have been re-
visited. Grain composition, texture, mineralogy, and geochemistry have been analyzed in a quantitative and
statistical manner. Fragments of coral skeletons, calcareous algae (Halimeda, corallines), mollusk shells, and
non-skeletal grains (predominantly peloids) are the most abundant constituent grains. Coralgal, grain-sup-
ported textures are common at platform margins whereas mud- and grain-supported textures with mollusks
and non-skeletal grains are ubiquitous in platform interiors. Multivariate statistics have been used to discern
up to ten facies. There is a statistically significant correlation between the amount of fines (‘mud’) and water
depth, i.e., depositional energy, however, different facies may be found virtually at all depths thereby challeng-
ing intuitive and long-standing concepts of sediment distribution. Aragonite and high-magnesium calcite are
the most common carbonate phases. Stable isotopes of oxygen and carbon (§'®0, §"°C) of bulk samples exhibit
wide ranges and appear to be rather controlled by general location than by depositonal environment within
carbonate platforms. Western Atlantic platform samples show the highest §**C and those from the Persian Gulf
and the eastern Indian Ocean the highest §'®0 values. This might be a consequence of the observation that the
former usually contain higher amounts of non-skeletal grains and Halimeda; the latter are likely influenced by
elevated salinity in surface waters. Coral fragments appear to be more abundant in Indo-Pacific as compared to
Atlantic platform sediments. With regard to the so-called ‘oolite problem’, it seems that non-skeletal grains are
found prefentially where carbonate supersaturation is high and skeletal production and sedimentation rate low;
these preconditions are fulfilled not only in the classical western Atlantic locations, but also in certain areas
of the south Pacific. The ‘mud problem’ is still controversially discussed, but it appears that biogenic (detrital)
origins predominate over abiogenic origins from a global perspective.
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The layer-cake carbonates of the epeiric Lower Muschelkalk (Anisian) are devoid of large-scale stratal pattern
architectures, e. g. steep clinoforms of a progradational platform slope. This resulted in a simplified approach
in facies analysis, in which results of microfacies analysis (microscale) are used directly to conclude on dep-
ositional models (macroscale). In the geology of fluvial deposits, architectural elements are routinely used to
describe the geometries of sedimentary bodies (mesoscale) in their genetic context. A conceptual implemen-
tation of architectural-element analysis as a consistent intermediate step in carbonate facies analysis is still
missing. The intra-basin shoal system of the Anisian Riidersdorf Formation shows a complex pattern of fore- to
backshoal facies interfingering with offshore facies of an epeiric Inland Sea. Thus, it represents an ideal case
study on depositional architectures of epeiric carbonates. Our data are based on a detailed bed-by-bed outcrop
and core study in greater Berlin including the Riidersdorf open-pit mine to the East of Berlin. The vertical suc-
cession exposed in both outcrop and well cores shows gradual transitions from bioturbated marly limestone
to thick cross-bedded oolitic grainstone lithofacies. Hardgrounds and proximal tempestites are frequently
intercalated, and represent important marker beds for correlation. Local and regional correlation schemes
reveal complex pattern of vertical and lateral facies shifts associated to the repeated formation, migration and
drowning of an intra-basin shoal system. Vertically stacked carbonate sand bars and carbonate sand waves
represent the shoal top and shoal fringe, respectively. Multi-storey sheet-like channels and individual sheet-
like channels characterize gravity flow deposits of the medium- to low-energy offshore transition zone, with
decreasing internal complexity of individual beds in down-current direction. Simple sheets and simple channels
are associated with redeposition in the mud-dominated offshore zone. Vertical trends from simple to complex
architectural elements are in line with the progradational pattern of the Riidersdorf Formation derived from
classical microfacies analysis, but enable more detailed reconstructions of the physical bedding processes.
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Revision of the Upper Cretaceous to Danian stratigraphy of
the upper Chalk Group of South Limburg, the Netherlands
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The Upper Cretaceous to Danian Chalk Group of South Limburg constitutes an important aquifer. Groundwater
quality in this aquifer has declined in recent years due to a high concentration of nitrate. Current geological
models, required to manage the aquifer appropriately, cannot accurately simulate groundwater flow. This
inability is partially due to inadequate facies characterization and lithostratigraphic subdivision and corre-
lation of the reservoir unit. Existing stratigraphic subdivisions are essentially biostratigraphic, rather than
lithostratigraphic, and correlations are unlikely to be representative of the subsurface architecture of the
aquifer. Additionally, current ‘litho’stratigraphic subdivisions are based on scarce outcrops and are hard to
identify in boreholes and track in the subsurface. The upshot of these problems is poor understanding of the
architecture of the aquifer, its subsurface distribution, and its properties, such as porosity and permeability.
For this project, we revisited nine outcrops in South Limburg and studied a new borehole in South Limburg
(Eys 01) and an existing borehole in northeast Flanders (Molenbeersel); we carried out a litho- and microfacies
analysis of the upper Chalk Group. Despite the name of the group, the Upper Cretaceous to Danian of South
Limburg consists of rather coarse mixed carbonate-siliciclastic sedimentary rocks. Lithological heterogene-
ity is present on several scales and is due to both primary facies variability and diagenesis. Here, we present
a revision of the lithostratigraphy of the upper Chalk Group. Our results are expected to improve correlation
between boreholes and outcrops and eventually improve groundwater flow simulations required to appropri-
ately manage the aquifer.
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Deciphering the drivers of suspended sediment atop the
Great Bahama Bank
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Wind, tides, and waves dictate facies heterogeneity by lofting, transporting, and depositing sediment. Hence,
carbonate platforms are often partitioned according to these drivers and terms such as ‘storm-dominated’
platforms and ‘wave-dominated’ margins are part of the common vernacular. Daily satellite observations of
the Great Bahama Bank (GBB) allow us to investigate these drivers and their sedimentological responses in real
time. We compare daily observations of total suspended sediment acquired by MODIS to contemporaneous
measurements of waves, tides, and wind using a machine learning framework. Despite the GBB experiencing
extreme storms, we show that 5-10x more sediment is set in motion annually during fair-weather conditions,
which occur for 98% of the days in any given year. Unlike storm-induced transport, which is induced by high
wind, our data emphasize the importance of tidal flow and waves in moving sediment on fair-weather days,
though the importance of these drivers varies according to location on the platform and the season. Contrary
to expectation, tides are the dominant driver of sediment movement across the windward side of GBB because
aeolianite islands mantle this margin, serving to focus tidal energy. By contrast, for the leeward margin, which
generally lacks islands, wind and waves exert dominant control over sediment resuspension and deposition.
Meanwhile, sediment movement in GBB’s interior is predominantly controlled by wind, since the influence of
waves and tides dissipates with distance from the platform margin. All these controls vary by season too and
winter trade winds, which blow for six months of the year, suppress the importance of tides and waves as drivers
of sediment movement across the platform margin and in the platform interior. This finding emphasizes that
the facies heterogeneity atop platforms situated in the subtropical trade-wind belt is controlled by a different
suite of drivers, which themselves vary seasonally, than equivalent platforms in the tropics. Such differences
are likely to manifest in the facies anatomy of ancient platforms as they do in the modern.
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Fossil coral reef terraces in Southeast Asia as recorder of
sea-level changes since the Pleistocene
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Coral reef terraces (CRTs), which are planar geomorphological features formed through repeated bioconstruc-
tional and erosional processes, are useful indicators of previous positions of sea level. The Last Interglacial
(LIG) is often considered to be a process analog for predicted future changes for a warmer world. Analysis of
sea-level indicators during this period can give us important insights about the rates of sea-level change and
potential drivers of regional and global sea-level changes in the past. We previously produced a standardized
database of LIG sea-level indicators in Southeast Asia. Following this work, we revisited a site in the Philippines
where inferred Late Pleistocene CRTs were previously reported. In this paper, we present new geomorphic
and stratigraphic data on the fossil CRTs observed in western Pangasinan, in Luzon Island, Philippines. The
low-lying areas of western Pangasinan are underlain by sequences of calcareous sandstone-mudstone with
minor pebbly conglomerate and tuffaceous sandstone units belonging to the Late Miocene to Early Pliocene Sta.
Cruz Formation. Unconformably overlying the sandstone unit of Sta. Cruz Formation is the Plio-Pleistocene
Bolinao Limestone, and a sequence of CRTs is cut onto it. Based on our surveys and analysis of digital elevation
models, we identified distinct levels of coral reef terraces which may correspond to several episodes of RSL
change since the Pleistocene. We designated the lowest elevation terrace (at 3-4 m amsl) to be Holocene based
on radiocarbon ages (~6.2-5.3 ka cal BP) of fossil corals. Two Tridacna spp. shells collected at 3-8 m amsl eleva-
tion yielded ages of ~45.5-42.8 ka cal BP. We were not able to find pristine fossil coral samples at elevations of
5to 160 m amsl. Based on these ages, we have provided evidence of older than Holocene terraces in the region
although the age of the highest terrace (at 160 m amsl) is yet to be constrained. While analysis of coral reef
terraces is important in understanding RSL changes in a region, the difficulty of finding dateable materials
makes our work more challenging. Despite this, we hope that our data will be useful in further understanding
the different drivers of past sea-level changes in SE Asia providing necessary geologic baseline data for projec-
tions of sea-level change in the future.
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Miocene shallow-water tropical transitional carbonate
systems in the Caribbean affected by adverse photic zone
conditions: characteristics and how they formed
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Tropical shallow-water transitional carbonate systems (TTCS) form when the photic zone is perturbed, com-
monly due to excess nutrients, turbidity, and cool water, which affects biotic composition. Although these
systems are found throughout the rock record, they remain poorly understood. During the Miocene, regional
upwelling in the Caribbean adversely affected the photic zone and TTCS formed throughout the Caribbean,
providing an opportunity to further understand these systems. The facies in the TTCS are characterized by
heterozoans and some photozoans, mostly large benthic foraminifera (LBF), corals and red algae that can
tolerate adverse photic-zone conditions. A representative example comes from a well-exposed Miocene (Lang-
hian-Tortonian, ca. 15-10 Ma) TTCS ramp developed in Puerto Rico. Overall, facies were deposited in seagrass
environments with varying low- to high-energy conditions and local development of shoals and patchy coral
reefs. Sea-level fluctuations resulted in formation of three sequences, each characterized by heterozoans, LBF,
and red algae in basal portions deposited during sea-level rises, with photozoan coral facies only occurring
in upper portions deposited during late highstands and falls. Two sequence boundaries (dated at 12.3 Ma and
11.1 Ma) reflect sea level falls that correlate to time-equivalent unconformities in other well-dated Caribbean
areas and to sea-level lows on eustatic curves, thereby suggesting a global signature. Sea-level fluctuations and
regional tectonism resulted in opening and closing of the Caribbean and Pacific connection (Central American
Seaway) at various times, which may be reflected in the stratigraphy. Times of restricted connection during
sea-level falls and lows resulted in reduced nutrients and upwelling, which may have been more conducive
to coral development. Combining different scales of data, ranging from sequence stratigraphic frameworks
and geometries, construction of quantitative relative sea-level curves, determining ages, and identifying bi-
otic components to genus and species levels, can aid in recognition and understanding of environments and
developmental controls for TTCS.
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Origin of low-frequency sedimentary cycles in the Middle
Magdalena Valley Basin of Colombia: a 30 Ma sedimentary
archive of the Upper Cretaceous orbital beat

Manuel Paez-Reyes'?, Alejandro Beltran-Trivifio', German Bonilla'®, Javier Luque®, Osman Varol®°,
Jason Curtis®, Cristian Valencia', Laura Redondo'

TEAFIT University, School of Applied Sciences and Engineering, Medellin, Colombia
%Servicio Geoldégico Colombiano, Direccién de hidrocarburos, Bogota, Colombia
3INCLAY Geologia Especializada, Bogotd, Colombia

*Museum of Zoology, Cambridge University, Cambridge, UK

SVarol Research, North Wales, UK

6University of Florida, Department of Geological Sciences, Gainesville, USA
manuel.paez@gmail.com

The Cretaceous of the Middle Magdalena Valley Basin (MMVB) of Colombia is one of the most complete sedi-
mentary sequences in the world. The sequences in this basin are characterized by sedimentary cycles that show
different hierarchical ranks, ranging in thickness from multimetric to centimetric, and in age from million to
thousands of years. Unlike other epicontinental seas that existed during the Cretaceous, the MM VB sequence
was deposited adjacent to a passive-like margin and thus contains a sedimentary archive that was mainly driv-
en by sea-level fluctuations. The lowest-frequency sedimentary cycles (multi-million year) are represented by
the upper Cenomanian—-middle Turonian Salada-Pujamana supersequence, and the upper Turonian-middle
Campanian Galembo-La Renta supersequence. For the former, organic-rich mudstones and wackstones of
foraminifera and fish remains are present at the base of the Salada Formation, and represent a high sea level
on a carbonate-dominated anoxic ramp. This formation gives way to a siliciclastic unit known as the Pujamana
Formation, which evidences the progradation of the proximal facies onto the basinal area and a reoxygenation
of the anoxic substrate. This unit, with thickness of 150-200 meters, was deposited in about 1.5 Ma, suggesting
that mudstones in this formation were laid down by hyperpycnal flows associated to a deltaic environment,
rather than by decantation in a low-energy environment. The second sequence is characterized at the base by a
new flooding of the ramp with pelagic allochems and low-detrital input, leading to the deposition of mudstones
and wackstones of foraminifera (i.e., Galembo Formation). This unit passes upwards into a phosphate-domi-
nated unit (the La Renta Formation) that consists of grainstones and packstones of pellets, fish remains, and
benthic foraminifera. The transition from the Galembo to the La Renta Formation is consistent with a fall of
the sea level, high marine productivity, and a basin-scale amelioration of anoxic conditions driven by storm
activity. In the absence of local tectonism and given the stacking pattern of the units in the MM VB, we argue
that these supersequences record sea-level variations forced by long-period astronomical cycles and track the
orbital beat of the tropical ocean during a hothouse world.

59



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 2. Shallow-marine carbonate depositional systems and carbonate platforms
General Session

Oral presentation

Low scleractinian coral diversity in the incipient Red Sea
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In the Cenozoic, temperatures and pCO, dropped from high levels of the late Mesozoic to present-day levels,
with a plateau in the Burdigalian to Langhian (Early to Middle Miocene). It was only afterwards, during the Late
Miocene, that scleractinian coral reefs developed into the euphotic ecosystems known from the present-day
tropical and subtropical shallow-waters. Coral diversity peaked in the Burdigalian and declined afterwards. In
contrast, scleractinian coral diversity in the Lower to Middle Miocene was low in the Red Sea that had started
to open in the Oligocene and experienced its first marine incursion in the Burdigalian. Here, we report on
coral diversity of Miocene reefs assigned to the Burdigalian to Langhian Wadi Wagb Member (Jabal Kibrit For-
mation) from outcrops exposed in the foothills behind the Red Sea coastline near Umluj, Saudi Arabia. Coral
specimens found here and the records in the literature and the PaleoBiology database suggest a similarity in
coral composition between Saudi Arabia, the Mediterranean, and the Arabian Gulf, but not with the Indian
Ocean during the Lower to Middle Miocene. These faunistic differences are consistent with the hypothesis that
there was no connection between the Red Sea and the Indian Ocean from the Early Oligocene to the Pliocene,
as the south of the Red Sea area was uplifted by the Afar mantle plume, while the Red Sea was connected to
the Mediterranean through the Gulf of Suez. Thus, direct exchange of marine biota with the Indian Ocean was
blocked. While the coral taxa (genus level) identified in the Wadi Wagb Member of Umluyj are still extant in the
Red Sea, the type of buildups differs significantly. In contrast to the modern fringing reef and lagoon systems,
the Burdigalian reefs are preserved as stacked mounds. This conforms with previous work on the Burdigalian
in the Mediterranean that points to a mesophotic affinity of coral buildups during that time.
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Studies on carbonate platform margins of Lower Jurassic age are rare, due to the scarcity of good outcrops. The
Early Jurassic Trento Carbonate Platform represents with the Calcari Grigi Group one of the major paleogeo-
graphic units of the Mesozoic Tethys, bounded by the Belluno and the Lombardian basins. While the western
margin, facing the Lombardian Basin, has been already described, little is known about the eastern one, mainly
due to poor stratigraphic definition and problematic accessibility of outcrops. The characteristics of the eastern
platform margin are strictly controlled by tectonics and type of carbonate factory. The increase in subsidence
since Late Triassic, coupled with extensional tectonics, started to define shallow water areas, dominated by
subtidal and peritidal muddy carbonates, and deeper basins, such as the Belluno Basin. A mud-dominated
carbonate factory developed about 500 m of carbonate cycles, until lower Sinemurian, when major environ-
mental changes occurred. The Hettangian-Lower Sinemurian margin is not well exposed and is strongly dolo-
mitized; tectonically controlled escarpments are present. A major switch of the carbonate factory led to a huge
production of peloids and ooids, promptly shed in the surrounding basin: in the Eastern Trento Platform we
recognize a 400/500 m thick wedge of Sinemurian to Pliensbachian ooidal calcarenites pinching-out towards
the basin, with scattered bioconstructions made of calcareous sponges across the margin. This wedge pinches
out also towards the platform interior, showing that the ooids were poorly preserved on the platform top. The
preserved slope shows an angle of about 20-25°. In the Upper Pliensbachian, probably in the Margaritatus zone,
the carbonate platform experienced a drowning phase, switching to encrinitic calcarenites. These encrinites
are extremely thin on the platform top, but a resedimented wedge in the proximal basin highlights the posi-
tion of the topographic margin. The Eastern Margin of the Trento Platform is a rare example of Lower Jurassic
carbonate platform margin that can be used as a reference for coeval carbonate platform depositional systems.
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the megalodontid bivalves and solution voids in Julian Alps
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At a nature-preserve protected locality in the Julian Alps (NW Slovenia), in the Pod Peski Valley, red fillings of
megalodontid bivalves occur within the Upper Triassic Dachstein Limestone. Based on an optical and cathodo-
luminescent microscopy, and X-ray fluorescence analysis (XRF), four generations of shell infillings were recog-
nized, some of them containing both, cement and sediment infilling sub-generations. Logging and sampling of
the limestone sequence a few meters below and above the “main” layer with the above-mentioned megalodon-
tids revealed that the limestone is characterized by solution voids similar to megalodontids. Namely, these voids
are also filled with reddish multi-generation sediment with alternation of calcite cement. Adjacent neptunian
dykes were studied to elucidate their impact on fillings of the last generation. Two of them, located directly on
the “main” layer with red-filled megalodontids, contain planktonic foraminifera, which indicates the Middle
Jurassic or younger age. The next two neptunian dykes are located just above the “main” layer, and one contains
clasts with calpionellids, characteristic of the Late Jurassic / Early Cretaceous. The last dyke explored is located
a few tens of meters away from the “main” layer and it is hundreds of meters long. In a few samples from this
dyke Early Cretaceous planktonic foraminifera were identified. Based on microscopic analysis, the reddish
sedimentary fillings are part of the complex paleokarst system that produced first three infill generations and
in the last (fourth) generation we noted similarities between megalodontid fillings and neptunian dykes on the
“main” bedding plane. In additionally, a Santonian-Maastrichtian sedimentary filling with globotruncanid
foraminifers were discovered in the upper part of the succession in one of the solution voids.
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During the Devonian period, reef development reached an acme in terms of carbonate production and latitu-
dinal distribution. Here, we present stratigraphic, sedimentological and palaeoecological data from a Givetian
coral-stromatoporoid biostrome exposed in three dimensions in the Klutert Cave in the northern Rhenish
Slate Mountains, Germany. The short-lived (auto- to autopara-)biostrome formed during a mixed carbonate-
clastic interval and is overlain by clastic units. The interval represents a regional transitional phase from
predominantly argillaceous sedimentation to an actual reef-building phase. Acid digestion data indicate a high
sediment influence throughout reef development, a feature that is of interest with regard to sediment-stressed
reefal environments. The ca 6-km-long net of cave tunnels formed in a middle Devonian (Givetian) carbonate
unit that is only about 12 m thick and that hosts the biostrome. Recently cleaned cave walls provide access to
ca 26.000 sqm of rock surface. The lack of wall decorations (speleothems, flowstones) offers access to a unique
level of exposed detail of the three-dimensional architecture of the reefal phase from its onset to its demise.
We present evidence on the internal structure, the lateral variability and the interrelation between the main
reef builders (stromatoporoids, tabulate and rugose corals).

63



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 2. Shallow-marine carbonate depositional systems and carbonate platforms
General Session

Oral presentation

Role of Metamorphic Core Complex (MCC) topography
dynamic evolution during the Paleocene-Eocene Thermal
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A collisional margin with an associated foreland basin complex typically records a lateral change from the
thrust to the flexural forebulge. This convergent event has a strong impact on the response of dynamic to-
pography and basin fluid circulations. If numerous papers have discussed the flexural response of the litho-
sphere during this convergent event, very few articles have discussed the importance of rift inheritance. The
Totalenergies’s blocs (PPL589 and PPL576), localized in the northern part of the Coral Sea (PNG) system, are
a nice example, where the presence of metamorphic core complex (MCC), during the rift period, have been
detected through several offshore 2D lines. Based on a solid regional sequence stratigraphy picking and struc-
tural restoration sketches, we can also demonstrate the presence of remarkable Paleocene-Eocene carbonates
geometries above these MMC. According to the calibration datasets from IODP-DSDP wells and other coeval
analogs, seismic-scale geometries were interpreted as carbonates systems recording the Paleocene-Eocene
transition. This so-called warm Paleocene-Eocene Thermal Event (PETM) allows the presence of photo-T-fac-
tory carbonates even in unusual latitudes (35° South). In addition to the climate-driven response of carbonate
factory and resulting carbonate accumulation geometries, the presence of carbonates is also favored by the
structural context. Interpreted carbonate systems are localized on the topmost of the MCC, favoring: (1) a pro-
tection against clastic influx, and (2) a favorable topography dynamic evolution, where carbonate production
seems compensated by a specific thermal support. In this context, two main marine carbonate sequences have
been described from the bottom to the top: sequence 1 is an isolated platform, with very sharp shelf break, po-
tentially associated to lithothamnium builders (red algae), and sequence 2 is a prograding ramp, dominated by
large benthic foraminifera. The switch of carbonate factories during this climatic optimum, well described in
literature, have been poorly documented from seismic data. Thus, the Coral Sea area provide a unique opportu-
nity to demonstrate the impact of the PETM on the evolution of carbonate factories and resulting architectures.
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50,000 years: new evidence from the northwest shelf of
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Our understanding of global sea-level changes and coral reef development are poorly constrained during Ma-
rine Isotope Stage 3 (MIS3) (60-30 ka). Australia’s North West Shelf (NWS), at depths ~50-120 m, represents an
ideal natural laboratory to address these knowledge gaps. In this study we investigate a unique suite of cores
recovered as part of a geotechnical survey using a sea-bed rock drill from the top of a drowned platform on the
NWS. Twenty cores penetrating 28 m were collected from the platform in water depths (74.8-81.6 m) forming
two transects 17 km apart. High-resolution bathymetry from 3D seismic data reveals numerous distinct fos-
sil reef and shoreline features on these platforms. We have completed detailed logging, petrologic analysis,
hyperspectral scanning, sedimentary facies analysis of these cores, including a precise paleoenvironmental
reconstruction based on reef assemblages, and extensive radiometric dating. We observed a complex suite of
lithologies including in situ coraglal reef frameworks, well lithified to friable grainstones, packstones, and
coralline algal floatstone facies separated by at least two major palaeo-soil horizons. Together with thirty C**-
AMS and closed-system U/Th ages spanning 10.7 to >50 ka, we define a complex but consistent record of at least
four distinct chrono-stratigraphic units representing a succession of shallow-deep reef and platform settings.
We can now place firm chronological constraints on a significant phase of shallow water reef development
(and the position of relative sea level) towards the end of MIS3 before exposure led to reef demise as sea level
fell to LGM. Deeper reef slope facies define the tops of the cores dated at ~13.2-10.7 ka, representing a major
hiatus in reef growth, as deglacial sea-level rise was either too fast and/or other environmental conditions
were inadequate (i.e. high terrigenous sediment flux) to allow re-establishment of active shallow water coral
reef development at these locations and likely across the entire region. This study is part of a wider program
to understand Quaternary carbonate platform development, sea level and environmental changes across the
entire NWS in comparison with ongoing work on the north-eastern Australian margin associated with IODP
Expedition 325 (Great Barrier Reef Environmental Changes).
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Carbonate ramps are prominent features of continental margins and intrashelf basins throughout much of
Earth’s history. Among the limited number of recent analogues of the coastal portions of ancient carbonate
ramps, the Abu Dhabi area of the (Persian/Arabian) Gulf stands out due to its morphologically complex array
of open marine to sabkha environments. This study presents the outcome of detailed field and laboratory
analyses, with the aim to provide a facies distribution model of the shallow coastal portions of the Abu Dhabi
coastline and shed light on the complex interplay between coastal morphology, hydrodynamic controls and sed-
iment biostabilisation. Unconsolidated sediment samples (n=105) were collected and analysed to quantitatively
characterise grain composition (bioclasts, lithic clasts, ooids, peloids, micritic, and non-carbonate particles),
grain size and sorting. The studied area is subdivided into four first-order sedimentary domains characterised
by nine second-order facies types. These facies types are characterised by variable compositions of sediment
grains with different size and sorting. Prevailing hydrodynamic regimes, controlled by waves and tidal current
energy, are the dominant factor controlling facies distribution. Coarse-grained and well-sorted sediments accu-
mulate under high hydrodynamic levels, while significant volumes of fine-grained and poorly sorted sediments
are observed in low-energy, more restricted environments. Winnowing by waves is a key control with regard
to sediment sorting while tidal currents are more important in controlling spatial size distribution. Punctuat-
ed hydrodynamic events (storms) and seafloor biostabilisation (seagrass and biofilms) superimpose first and
second-order facies distribution patterns. This is relevant, as in the absence of preserved evidence for seafloor
biostabilisation, misinterpretations of the palaeo-hydrodynamic level seem likely.

66



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 2. Shallow-marine carbonate depositional systems and carbonate platforms
General Session

Poster presentation

Updated facies models for the Middle Jurassic Bathonian-
Callovian Upper Dhruma, and Tuwaiq Mountain Formations
of Central Arabian Plate

Sayed Hassan Alsaihati', Jihede Haj Messaoud', Najeh Ben Chaabanea’, Philippe Razin?,
Frans Van Buchem'

'King Abdullah University of science and Technology
’ENSEGID-Bordeaux INP, EA4592, Pessac, France
Hassan.alsaihati@kaust.edu.sa

The Middle Jurassic, Bathonian-Callovian succession is exposed in Central Saudi Arabia along a 1000 km long
escarpment, which offers the unique opportunity to study lateral facies change, key stratigraphic surfaces, and
depositional patterns in laterally continuous outcrops. The focus of this study is the upper part of the Dhruma
Formation (Atash and Hisyan members) and the Tuwaiq Mountain Formation, which have been reported to
form one large-scale transgressive-regressive sequence. Our findings show that there is a large variety of sedi-
mentary facies, including shallow water carbonates and marls, fluvial and marine sandstones, and iron-ooliths,
which are organized in two medium-scale depositional sequences. This study presents preliminary results
obtained along a 600 km segment of the escarpment. Based on five outcrop sections, each about 170 m thick
and measured between Riyadh and Wadi Ad Dawasir, a sedimentary facies interpretation has been made,
illustrated with microfacies. Four main classes are described: (a) carbonate facies consisting of cross-bed-
ded oolitic intertidal limestone, bioclastic bioturbated wacke-packstone, argillaceous marls, biostromal stro-
matoporoid floatstone, and oncoidal packstone; (b) iron-oolitic facies consisting of iron-coated superficial ooids
and spherical quartz grains in a matrix of very fine to medium grained sandstone, bioclastic sandstone or
mudstone; (c) siliciclastic facies consisting of fine to coarse-grained deltaic to fluvial sandstones, with ripple
cross-lamination, dm-scale bidirectional crossbedding, multi-m-scale crossbedding, and locally abundant tree
trunks and plant roots and leaves. The correlations between the sections are constrained by new nannofossil
age dating and marker beds that can be physically followed in the outcrops. These allow for documenting the
significant lateral facies changes in this depositional system and form the basis for an interpretation in terms
of depositional sequences. These preliminary results provide new insights into the facies associations of this
mixed carbonate-iron oolitic-siliciclastic system, with consequences for the interpretation of the depositional
environments and the evolution of the controlling factors such as climate and relative sea level.
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Since their occurrence in the late Cretaceous, seagrasses played a major role in carbonate deposition in shal-
low-water settings, sustaining a prolific carbonate factory and contributing to accumulation through baf-
fling-trapping effects. Most Paleogene occurrences developed in oligo-mesotrophic, warm-water habitats
dominated by small and larger benthic foraminifera (i.e. soritids, alveolinids, miliolids). Here we describe the
characteristics of several seagrass episodes in Bartonian (middle Eocene) deposits from the western Pyrenees
(Navarra, North Spain), within a nearshore to inner ramp mixed carbonate-siliciclastic succession deposit-
ed under moderate-high terrigenous supply. Seagrass beds occur interbedded with high-energy nearshore
siliciclastics (gravel bars, rippled and cross bedded sandstones) and inner-ramp bioclastic carbonates with
mesophotic-oligophotic foraminifera (nummulitids, orthophragminids) and associated heterozoan biota (red
algae, echinoderms, bryozoans). The seagrass deposits exhibit typical unsorted textures, abundant biotur-
bation and moderate-high terrigenous content. They comprise a skeletal association composed of epiphytic
foraminifers (Peneroplis, Lobatula, Planorbulina), red algae and, distinctly, high amounts of encrusting acer-
vulinids, most with hooked and tubular growths. The abundance of suspension-feeders relative to autotrophs
and mixotrophs points to temperate waters, although the foraminiferal assemblage supports shallow and warm
water conditions. Our results reveal that high siliciclastic supply and elevated nutrients levels may determine
the occurrence of “temperate-like” seagrass deposits in warm water settings, similarly to enhanced hetero-
zoan carbonate production in modern shallow tropical environments. The studied examples show a patchy
distribution and comprise skeletal assemblages dominated by heterotrophs such as acervulinids, regardless
the water temperature. The case study documents how the identification and correct interpretation of seagrass
deposits are crucial for reconstructing palaeoecological conditions and sea level trends in ancient shallow
marine environments.

This is a contribution to the Consolidated Research Group IT-1602-22 of the Basque University System.
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In the SE part of Romania, within the Southern Dobrogea region, the sedimentation spans the Cretaceous to
Tertiary interval. Tectonically, the Southern Dobrogea belongs to the eastern part of the Moesian Platform
and lies towards south the Capidava-Ovidiu Fault that separates it from the central Dobrogea. In the Southern
Dobrogea, mainly a shallow to brackish sedimentation was identified with repeated transgressive and regres-
sive events. The exposed Cretaceous deposits unveil a complete development for all the stages. Within the
Lower Cretaceous, the Berriasian to lower Aptian interval is represented by marine shallow water carbonates.
A depositional change is marked by a transgressive late Valanginian event, expressed by the occurrence of
marls, clays and limestones, containing calcareous nannofossils of Tethyan and Boreal origin and planktonic
foraminifers. In the Hauterivian-early Aptian interval, the deposition is again that of a carbonate platform.
Upwards, in the middle-late Aptian interval, a fluvial-lacustrine sedimentation took place followed by Upper
Cretaceous marine glauconitic sandstones and chalk. The Eocene sediments show also a shallow marine depo-
sition, i.e., limestones with nummulites. The Miocene deposits consist of oolitic limestones, clays, sands, marls,
and diatomites, sedimented mainly in the Sarmatian, an Eastern Paratethyan stage. The Sarmatian shallow
carbonate platform transgressively overlies the Lower Cretaceous (Barremian to Albian), Upper Cretaceous
and Paleogene (Eocene) sediments. Lithologically, the Sarmatian of the South Dobrogea is mainly character-
ized by sands, rudites, organogenic limestones, oolitic limestones, clays and marls. Within the lower-middle
Sarmatian boundary interval, i.e., between the Volhynian and Bessarabian substages, the paleoenvironment
has changed; a semi-enclosed sea with brackish faunas covered the area of Dobrogea. Based on the faunas,
temporarily connections with open marine basins were pointed out. Upwards the Upper Miocene there is a
shift from a shallow marine setting environment to brackish and fresh water ones.
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The Central High Atlas of Morocco is a double-verging major diapiric province encompassing SW-NE trending
salt-related ridges and Lower to Middle Jurassic sediments over wide synclines (minibasins) in between them.
Typically, the Pliensbachian and Bajocian carbonate platforms flanking diapirs appear partially dolomitized
next to the diapir wall. The interpretation of the diagenetic evolution of these dolomitized carbonates may be
complex due to different fracturing patterns/brecciation, fluid pathways, localised uplift related with salt tec-
tonics, among others. The present work aims to study the dolomitization affecting the platform carbonates in
the vicinity of the Tazoult salt wall. Specifically, the objectives are: (i) to estimate the distribution and extension
of the dolomitization (ii) to ascertain the diagenetic source, type and pathway of the fluids that induced such di-
agenetic alteration, and (iii) to assess the role of salt diapirs on fluid circulation. Remote sensing mapping using
high-resolution orthorectified satellite images is used to delimit the extension and geometry of the dolomitized
area. Petrological work includes standard microscopy and cathodoluminescence petrography to distinguish
diagenetic dolomite and carbonate phases. C and O stable isotope analyses are conducted to interpret the origin
of the diagenetic fluids. The results highlight the major influence of diapirism on fluid circulation, and thus in
the diagenetic alterations, in salt-related basins.

This research was funded by DGICYT Spanish Project PID2021-122467NB-C22 and the Grups de Recerca “Geo-
logia Sedimentaria” (2021 SGR-Cat 00349).
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With the development of well-logging technology, more and more special well-logging methods were used in
formation detection. However, a large number of well-logging data increases the difficulty of data screening
and utilization, and it is hard to guarantee the characterization of formation characteristics of the well-logging
parameters adopted. Therefore, the lithology and sedimentary facies identified are not accurate, which is easy
to misjudge the depositional model. To solve this problem, this paper takes the strata of the Callovian-Oxfordian
stage in the Amu Darya Basin in Abu Dhabi as an example. Based on the core description, thin section, and
paleontological identification, we use statistical multiple regression analysis and cluster analysis to process the
well-logging data, calculate the influence factors of various well-logging curves on the results, construct Euclid-
ean space to judge their correlation, and conduct screening. It is preferred to analyze data with the high char-
acterization of stratigraphic characteristics. The lithology was identified, the sedimentary facies and sequence
were divided by the high characteristic factors, and a reliable depositional model was established. Finally, it
was determined that the strata belonged to the sedimentary system of the carbonate platform. Six sedimentary
facies types were identified and SQ1, SQ2, and SQ3 third-order sequences could be divided. It is revealed that
the Callovian-Oxfordian stage in this area has experienced the platform edge ramp, platform-edge reef-shoal,
open platform, and restricted platform into the evaporative platform in turn, which constituted the multi-phase
transgressive-regressive cycles. Finally, the depositional model of the “marginal gentle slope platform” has
been established. This paper provides a new method for well-logging data processing and carbonate reservoir
research and has a certain reference value for carbonate reservoir exploration.
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The Upper Cretaceous (uppermost Albian-Turonian) Ajlun Group in Jordan consists of shallow-water car-
bonates, marls and sandstones deposited along a passive continental margin of the Neo-Tethys Ocean. Ex-
cellent outcrops along the Dead Sea Transform in Jordan allow for thorough sedimentological analysis and
sequence stratigraphic correlations from microfacies- to basin-scale. The objective of this study is to establish a
significantly improved regional-scale high-resolution sequence stratigraphic framework, utilizing outcrop and
subsurface data, which forms the basis for further detailed paleontological and geochemical studies. Here we
present preliminary results of the initial field study, covering a 150 km transect with five sections with a N-S
orientation and thickness variations from 200 to 400 m, comprising the Naur, Fuheis, Hummar, Shueib, Wadi
As Sir and Khureij formations (Ajlun Group). Lateral correlations, constrained by new nannofossil biostratigra-
phy, confirm previous lithostratigraphic frameworks and highlight the regional-scale architecture with a dis-
tinct proximal (S) to distal (N) trend, with increased carbonate accumulation towards the north and increased
terrestrial input from the south. In addition, the results of a detailed >350 m outcrop section complemented
by microfacies analysis of 152 thin sections are presented, spanning the entire Ajlun succession. The section
records the initial transgression of the Naur deposits and the subsequent deposition of mostly sub- & supratidal
carbonates. The overlying Fuheis, Hummar and Shueib formations are characterized by thick marl deposits
with subordinate carbonate units, reflecting a significant reduction in shallow water carbonate production. A
marked relative sea level drop exposing the platform at the top of the Shueib formation (Middle Turonian) is
evident from sabkha/salina and fluvial deposits. At the top of the section, the overlying Upper Turonian Wadi
As Sir/Khureij carbonates are composed of sub- to supratidal carbonates, likely deposited on a ramp setting.
These initial results highlight the pronounced environmental changes which occurred during the evolution of
the depositional systems of the Ajlun Group and provide the basis for future high-resolution sequence stratig-
raphy on a regional scale.
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Coral reef habitats are changing due to anthropogenic influences. To better understand this process, it is
important to reconstruct the natural variability in reef communities from geological archives. In this study,
Holocene sediments of three drill cores from the lagoon of Rasdhoo Atoll, Maldives, were examined. Sediment
analysis included quantification of different groups of organismal residues (e.g., corals, echinoids, ichthyoliths).
In addition, growth forms and the degree of encrustation of coral fragments, as well as changes in grain size
distributions were detailed. The aim was to identify fluctuations of these parameters over time in response to
changes in the environment. The sediment composition in the three cores was substantially different. Frag-
ments of reef corals (e.g., Acropora sp., Seriatopora hystrix) were found preferentially in two cores. They were
likely transported into the lagoon from a nearby large patch reef and the outer reef by enhanced water circula-
tion due to channels in the reef margin. Corals show a diverse faunal community over the entire period studied
backto ca. 4000 years BP. Fragments of echinoids were identified as Echinometra sp., Diadema sp. and Cidaridae.
The proportion of all organismal remains exhibit different trends in the three cores. Reasons for this include
independent site-specific ecological changes, the ongoing growth of the patch reef in the central lagoon, as well
as the formation of a sand spit in the northwestern lagoon and resultant changes in the hydrodynamic condi-
tions. The latter is evident from fluctuations in grain size distribution. There is also evidence in the sediment
composition for two tsunami events, e.g., distinctive, short-term increases in reef coral and mollusc fragments.
This study highlights that atoll lagoons have great potential as archives of ecological and environmental change,
as they store information on faunal composition, geomorphological changes, and short-term events.
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Microbialites from the Eemian/MIS 5e fossil reef exposed at Cockburn Town quarry (western San Salvador
Island) are a key feature distinguishing two stages of reef development within the uppermost reef interval
of the Cockburn Town Member (Grotto Beach Fm). Detailed examination of a 34 m core drilled through the
fossil reefs near the southern island/platform margin in 2019, as well as recent re-examination of a 15 m core
collected in 1997 a few meters landward of the quarry exposures, provide additional insights into the areal
extent and distribution of microbialites, the nature of the Devil’s Point Discontinuity (DPD) separating reef
Stages I (lower) and II (upper), and the response of nearshore shallow subtidal carbonate platform settings to
climate-driven sea-level change.

Microbialites are only recognized within Stage I boundstones. Stage I deposits also reveal that: 1) reef bound-
stones formed primarily around branches of Acropora cervicornis; 2) corals were directly coated with a diverse
array of skeletal encrusters (coralline red algae, serpulids, and 3+ genera of foraminifera - including Homo-
trema), and then overlapped by micritic microbialite coatings with some foraminifera (notably Carpenteria);
3) microbialite coatings within reef boundstones become progressively thicker and more extensive upward
toward the DPD; 4) both outcrop and cores largely comprise crudely stratified boundstone layers separated by
thin carbonate sand (grainstone) drapes; 5) these couplets laterally flank rare unstratified boundstone masses
but display limited vertical aggradation; 6) grainstone drapes thicken toward the lower flanks of each couplet
in outcrop; and 7) grainstone drapes are generally thicker in the core sections, likely reflecting more landward
proximity to shoreface sands.

Presence of identical boundstone-grainstone couplets in both western and southern platform cores suggest
that these facies are not just a local response to environmental change. Patterns of boundstone development
favor a short-term sea-level drop for the origin of Stage I microbialites and the DPD. Under such conditions, reef
boundstone development was likely facilitated by episodic storm coral fragmentation and transport, nearshore
nutrification during post-storm run-off, and subsequent beach shoreface progradation.
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The Lithothamnion Limestone constitutes the uppermost, shallow-water unit of the Bolognano Fm. The latter
represents the northern sector of Apulian Carbonate Platform developing in the central Mediterranean domain
(Paleoadriatic domain), cropping out in the Majella Mountain (Palena, Central Italy). The profile is consistent
with a homoclinal carbonate ramp, with a wide middle ramp in which coralline algae, mainly forming the
marl facies, dominated the carbonate production. The outer ramp, in the aphotic zone, was characterized by
bioturbated hemipelagic marls with planktonic foraminifera and pectinids. The inner ramp was widely colo-
nized by seagrass meadows interfingering with the marl facies of the middle ramp. The main biota producing
carbonate sediments of this vegetated area were benthic foraminifers (mainly porcelaneous foraminifers) and
red algae, together with abundant serpulids. The shallowest facies of the inner ramp are represented by oolitic
shoals and coral buildups generally encrusted by serpulids and red algae. This ramp developed during the late
Tortonian to early Messinian interval, when coral reef complexes abundantly developed in Mediterranean.
In this work, we analyse and evaluate the environmental conditions that prevented the development of coral
reefs in the Paleoadriatic domain. Geochemical and compositional analyses point towards the deterioration
of trophic and, more in general, environmental conditions, coinciding with a strong increase of terrigenous
input, organic matter and reducing trace elements. This change coincides with climatic changes induced by
precessional forcing starting at 7.1 Ma due to the progressive closure of the connection with the Atlantic Ocean
in the Rifian corridors. In this context, the terrigenous sedimentation in the Adriatic foredeeps, related to the
Apennine evolution during the early Messinian, could have contributed to amplify the progressive deterioration
of environmental conditions in the basin.
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Upper Cretaceous to Lower Palaeogene shallow marine carbonates are the youngest deposits on the Brac Is-
land and contain numerous subaerial exposure surfaces marked by karstification and soil formation. The
most prominent emersion surface marks regional unconformity and occurs at the top of the shallow marine
Sumartin fm.

Four correlative sections on different parts of the island reveal temporally and spatially differential exhumation
of parts of the former shallow Adriatic Carbonate Platform (AdCP). From west to east the locations are: Cape
Gomilica, Likva Cove, Babin Loz Cove and Cape Debelo Celo. Irregular unconformity in the Cape Gomilica
section cuts the upper Maastrichtian part of the Sumartin fm. and is marked with up to 1 m thick transgressive
breccia. Overlaying palustrine carbonates (micrites with gastropods including Stomatopsis sp., charophyta
remains and dasyclad algae) are followed by upper Palaeocene limestones rich in miliolid foraminifera (in-
cluding Haymanella sp.). At Likva Cove unconformity truncates lower Danian part of the Sumartin fm., shows
irregular relief and up to 2.5 m thick breccia bed composed of terrestrial carbonate clasts (black pebbles, cal-
cretes, clasts with rhizoliths, Microcodium aggregates, alveolar septal fabric) imbedded in clayey calcareous and
reddish matrix. The overlaying palustrine carbonates with rare Kayseriella decastroi are of late Danian age. At
Babin Loz Cove palaeokarst surface is developed in mid-upper Maastrichtian Sumartin fm. and characterized
by circular dissolution potholes several metres deep filled with reddish bauxitic material and lithoclasts of
terrestrial carbonates. The overlying foraminiferal limestones are of Eocene age. At Cape Debelo Celo uncon-
formity truncates the Maastrichtian part of the Sumartin fm. and is overlain with 10 m thick carbonate breccia
(reworked terrestrial carbonates) followed by palustrine limestones, and finally by shallow marine carbonates.

Terrestrial periods recorded in the Upper Cretaceous to Lower Palaeogene Brac carbonates are the result of a
gradual development of a forebulge in front of the emerging Dinaridic orogen. They record a regional change
from the Mesozoic semi-isolated AdCP to complex Palaeogene carbonate ramp system as well as change from
the warm humid climate to semi-arid conditions.
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The studied deposits are located in the eastern part of the Getic Carbonate Platform. Approximately 3000
carbonate samples were collected from 44 sections located in the Piatra Craiului Massif and the surroundings
of Brasov city (Postavaru and Piatra Mare Massifs). Facies analysis indicates the presence of slope, platform
margin and inner platform deposits. The isotope chemostratigraphic analysis was performed on samples ex-
tracted from black pebble bearing horizons and layers pigmented with iron oxides. The micropaleontological
assemblage consists of dasycladalean algae [Aloisalthella sulcata (Alth), Clypeina parasolkani Farinacci and Ra-
doicié, Salpingoporella pygmaea (Glimbel), Seliporella neocomiensis RadoiCié, Steinmanniporella kapelensis (Sokac
& Nikler), Petrascula bursiformis Etallon, Neoteutloporella socialis (Praturlon)], foraminifera [Anchispirocyclina
lusitanica Egger, Coscinoconus alpinus (Leupold), Coscinoconus cherchiae (Arnaud-Vanneau et al.), Coscinoconus
delphinensis (Arnaud-Vanneau et al.), Coscinoconus sagittarius (Arnaud-Vanneau et al.), Coscinoconus campanellus
(Arnaud-Vanneau et al.), Haplophragmoides joukowskyi Charollais et al., Labyrinthina mirabilis Weynschenk, Me-
androspira favrei (Charollais et al.), Montsalevia salevensis (Charollais et al.), Mouladella jourdanensis (Foury and
Moullade), Neokilianina rahonensis Foury & Vincent, Nautiloculina bronimanni Arnaud-Vanneau & Peybernes,
Parurgonina caelinensis Cuvillier et al., Protopeneroplis ultragranulata Gorbatchik, Pseudotextulariella courtionensis
Bronnimann] and pelagic microorganisms [Calpionella alpina Lorenz, Calpionella eliptica Cadish, Crassicollaria
brevis Remane, Crassicollaria intermedia Durand-Delga, Crassicollaria massutiniana Colom, Crassicollaria parvula
Remane, Saccoccoma sp.]. This microfossil assemblage documents the Upper Jurassic-lowermost Cretaceous
transition in the studied areas, indicating that carbonate deposition was continuous accross the Kimmeridgian-
lower Valanginian or Kimmeridgian-Berriasian intervals. The isotope chemostratigraphic analysis indicates
that subaerial exposure occured at certain intervals within the studied sections.

77



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 2. Shallow-marine carbonate depositional systems and carbonate platforms
General Session

Poster presentation

Brecciated carbonate rocks within Late Cretaceous
Bagh Group, Central India: Implications on genesis and
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Two types of carbonate breccias are recorded from the uppermost part of the Late Cretaceous Bryozoan Lime-
stone Formation, exposed within the Narmada Rift Basin, Central India. The origin and genesis of the breccias
are established from stratigraphic and field relationships, petrographic studies, and geochemical analysis.
Based on their environmental origin, breccias are classified into depositional (lithoclastic) and non-deposi-
tional (solution collapse) breccias. The lithoclastic breccias are characterized by i) sub-angular to sub-rounded,
gravel-sized clasts of lime-grainstone (Bryozoan grainstone), ii) a lower proportion of both marly calcitic matrix
and sparry calcitic cement, and iii) truncations of fossil fragments and other allochemical grains along the
clast margins. Moreover, the solution collapse breccias are characterized by i) angular to subangular clasts of
dark grey, fine to medium-grained microcrystalline dolomites floating within a calcitic matrix, ii) dissection of
clasts by veins of clear coarse crystalline dolomites, and iii) evident stages of dedolomitization textures. Based
on matrix, framework components, clast size and composition, four types of materials are identified within
the solution breccias, namely, bioclasts with calcitic micrite, dolomitic clasts (600-50 um) floating in calcitic
micrite, dolomitic clasts (300-10 um) floating in calcitic micrite, and calcitic mud (with no clasts), that period-
ically infilled the brecciated units during different stages of genesis. The lithoclastic limestone resembles an
intraformational breccia, probably formed under periodic sea-level changes and small-scale upliftments caused
by faulting, resulting in subsequent erosion and redeposition of the previously lithified hardgrounds found be-
neath the brecciated units. The overlying solution collapse breccias were deposited under shallow, restricted,
hypersaline, lagoonal environments or along supratidal mudflats, which later evolved into a sabkha sequence
under lowstand conditions. The breccias evolved as a result of the simultaneous occurrence of processes such
as desiccation, collapse, gradual subsidence, evaporite flowage, and small-scale dissolution and precipitation,
active through the initial and final stages of brecciation.
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Carbonate factory response through the MECO event:
insight from the Middle Eocene of the Apulia Carbonate
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During the Eocene period, shallow-water carbonate systems were significantly influenced by climate fluc-
tuations. Following the peak temperatures of the Early Eocene Climatic Optimum (EECO), a general cooling
trend began, with short-lived (< 200 Kyr) warming events occurring alongside it. During the early Bartonian
(around 40.1 Ma), a warming event known as the Middle Eocene Climatic Optimum (MECO) occurred, lasting
approximately 500,000 years. In this scenario the types and calcification rates of marine organisms such as
corals and larger benthic foraminifera (LBZ) were significantly impacted by the influence of global CO, and
oceanographic changes, which had a major effect on photic carbonate factories. To better understand the
effects of these factors on carbonate factories, a detailed study of shallow-water facies types, distributions,
and evolution was conducted. The Middle Eocene Monte Saraceno sequence, located on the eastern margin
of the Apulia Carbonate Platform (Gargano Promontory, southern Italy), was selected as an ideal case study to
investigate the relationships between carbonate factory types and climatic changes. This study identified two
distinct intervals with different carbonate production, separated by a clear, sharp boundary. The lower inter-
val consists of clinostratified thick beds of rudstone to floatstone, mostly made up of various large Nummulites
tests, indicating an uppermost Lutetian to early Bartonian age (Shallow Benthic Zone 16-17). In contrast, the
upper interval consists of coral floatstone to rudstone with a packstone matrix, rich in branching corals in
association with gastropods, bivalves, and rare small LBF. The appearance of Heterostegina in this interval in-
dicates a late Bartonian age (Shallow Benthic Zone 18). By integrating biostratigraphic and stable isotope data,
the lower interval, mostly composed of Nummulites, was linked to the MECO and post-MECO intervals, during
which higher global temperatures seemed to be tolerated by LBF, as occurred in the Early Eocene. However,
the sharp transition to a coral-dominated carbonate factory during the late Bartonian could be attributed to a
drop in temperature below the threshold for coral flourishment, rather than a simple facies shift caused by a
relative sea-level drop.
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Contrasting shorelines of an Albian carbonate platform
(Cantabria, Spain): tidal flats versus eroded-bioturbated
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The peritidal facies of Middle Cretaceous carbonate platforms of north Spain usually lack the typical cap of tidal
flat laminites. Instead, they are formed by shallow subtidal facies capped directly by brecciated, bioturbated
or rooted emergent surfaces. Here, we show these two types of peritidal cap facies developing contemporane-
ously in two opposite shorelines of a Middle-Upper Albian carbonate platform of north Spain developed in two
tectono-sedimentary domains with different structural and stratigraphic styles. This platform (Barcenaciones
Fm) deposited adjacent to the northern margin of the Iberian Plate, in a tidally-influenced sub-basin formed
by rift tectonics (North-Cantabrian subbasin, NW margin of the Basque-Cantabrian basin). In the western
shoreline (Nansa block), the Cretaceous succession rest unconformably on Paleozoic or Triassic basement and
the Middle-Upper Albian carbonate platform is directly connected to the peneplained emergent margin of the
Iberian plate. Here, the peritidal facies are made of 1-4 m thick packages of intertidal, sub-parallel planar to
low-amplitude hemispheroidal microbial laminites formed in a tidal flat and capped by supratidal brecciation
with flat pebbles and dislocated lamination (semiarid periods). These limestone laminite beds alternate with
centimetric layers of quartz siltstones and silty marls with abundant plant leaves and lignite (humid periods).
These facies intercalate transgressive subtidal cross-bedded bioclastic-oolitic tidal bars and erosive tidal chan-
nels up to 2 m thick. In the opposite platform shoreline located in the Cuchia-Suances block, the succession
deposited on a E-W narrow structural high that limited the subbasin to the north. Here, the peritidal facies of
the Barcenaciones Fm, which shows a very reduced thickness, consists of the stacking of up to 1.5 m thick beds
of subtidal coral-rudist wackestone and bioturbated grainstones capped directly by very irregular emergent
surfaces with associated erosion, bioturbation and draped by intraclastic lags and centimetric sandstones layers
with bioclastic lags and quartzite pebbles. We propose that a combination of inherited topography, tectonic
accommodation, isolation, water energy and high-frequency climate changes could cause the different types
of peritidal caps.
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The sedimentological-stratigraphic study of the Mesozoic carbonates outcropping in the Sciacca area (south-
western Sicily) provided new data on the paleogeographic evolution of the southern sector of the western Tethys
margin during the Early-Middle Jurassic. The study area is the sector of the Sicilian-Maghrebian Chain that
was affected during the Jurassic by a transtensional tectonics related to the opening of Alpine Tethys.

We analysed three sections at Mt San Calogero (A and B) and Rocca Porcaria (C), each 6 km far from the others.
The microfacies analysis allowed to distinguish two units separated by an unconformity: i) a shallow water
limestone unit and ii) a condensed pelagic unit.

The shallow water unit consists of parallel-bedded peritidal limestone organized in shallowing upward cycles.
The latter are characterized by wackestone/packstone with abundant benthic foraminifera (Siphovalvulina sp.
and Lituosepta sp.), calcareous algae (Paleodasycladus mediterraneus, Thaumatoporella parvovesiculifera and Ca-
yeuxiasp.) and small bivalves. This microfacies association allowed to date them to Sinemurian-Pliensbachian
differently from Ruggieri (1959), who indicated Upper Triassic.

An interval of non-deposition, represented by Fe-Mn oxide crust, occurs between the two units only along the
section B.

The condensed pelagic unit consists of a level of packstone with thin-shelled bivalves (Bositra sp.) and planktonic
foraminifera passing upward to ammonites-rich nodular limestone. The Bositra packstone was attributed to late
Bajocian-early Oxfordian p.p. thanks to a correlation with neighbouring sections (Contrada Monzealese and
Contrada Diesi). The nodular limestone of section A was ascribed to the middle Oxfordian by the association
of Gregoriceras riazi and Gregoriceras fouquei.

A level of wackestone/packstone with tangential micritic ooids and planktonic foraminifera occurs only at
section A between the Bositra packstone and the nodular ammonitic limestone. The abrupt transition from
the shallow water and the condensed pelagic unit testifies the drowning of this sector of the western Tethys
margin. Moreover, the microfacies analyses along the three sections reflects differences in the sedimentation
processes tectonically influenced by the rifting of the Alpine Tethys.
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The Rio Alias Strait developed in the Early Pliocene as a narrow marine corridor at the connection of the open
Mediterranean Sea and the northeastern margin of the Almeria-Nijar Basin in the eastern Betic Cordillera (SE
Spain). This strait was structurally controlled by the Carboneras fault, a sinistral strike-slip fault system that
evolved under a transpressive regime since the Late Miocene. The mixed carbonate-siliciclastic deposits in
the strait record the effect of tidal current amplification in sediment distribution. We document the sedimen-
tological features of the Rio Alias Strait deposits and their spatial and temporal distribution in seven sections
at well-exposed outcrops, interpreting its sedimentary dynamics within the context of existing strait facies
models. Large-scale (>10 m high) submarine dunes formed by superimposed, mostly 3D bedforms moved par-
allel to the strait margins under the influence of strong tidal currents amplified at the strait entrance and exit.
Dunes were distributed along cross-bedded zones located at the eastern and western sectors with a dominant
migration towards the west and east, respectively. At the western sector, the initial deposits were cross-bed-
ded barnacle rudstones, probably fed from barnacles that lived attached to the basement walls. Dunes from
both zones passed into burrowed sandy silts and sandsheets in the central sector. Sandsheets with small-scale
bedforms also accumulated at the strait exits. Sediments are mixed carbonates and siliciclastics, medium to
granule in grain size, at all sections along the strait, although the relative proportion of bioclasts is generally
higher in the western sector and up section. Tectonic uplift of the Sierra Cabrera at the northern strait margin
drove the progradation of fan delta deposits and progressive infilling led to the closure of the Rio Alias Strait
at the end of the Early Pliocene.
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This work analyses a well-preserved sequence from the dolomitic Trevenque Unit of the Alpujarride Com-
plex (Internal Zones of the Betic Cordillera, SE Spain) focused in the taphonomy of bivalve shell beds and the
paleoenvironmental interpretation. The results are based on field mapping, facies and taphonomic analysis
including point-counts with 1 cm-mesh-light two-dimensional grids for grain/matrix abundance and shell
mean size, position within the bed, disarticulation and breakage, estimated by counting on bedding surfaces
of 50 x 50 cm squares. Carbonate fabrics and structures were observed in thin sections and polished slabs. A
detailed stratigraphic column is 13.1 m thick distributed in seven beds. The succession is massive dolostone at
the base and gradually change upward into a well-laminated dolostone with bird’s-eye structures intercalated
with massive dolostone with thin lamination sets separated by massive thick intervals with megalodontid
bivalves. These bivalves are up to 5 cm in size and occur in patches (10 cm thick x 50 cm length). The results
of point-counting analyses show that megalodontids represent an average 35.9 % of the rock. The laminated
facies are interpreted as algal mats from an intertidal environment with subaerial exposure represented by
bird’s-eye structures. The presence of megalodontids indicates a subtidal shallow-waters environment like a
lagoon. Megalodontid distribution in patches with low rates of disarticulation and fragmentation is coherent
with a low energy environment such as lagoon. The vertical distribution of facies is interpreted as a deepening
upwards sequence with intertidal facies represented by laminites followed by the lagoonal megalodontid-bear-
ing dolostones. Accordingly, the sequence here described is proposed as a lofer cycle exclusively recording
the members B (intertidal laminites) and C (subtidal lagoon with megalodontids). This interpretation verifies
and expands previous paleoenvironmental and paleogeographycal reconstructions of the facies belts of the
Alpujarride Complex and improves our knowledge of the shallow-water domains of the westerm Tethys during
the Upper Triassic.
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shelves. Case studies from the Adria Promontory

Daniela Ruberti'

1Department of Engineering, University of Campania L. Vanvitelli, Aversa (CE), ltaly
daniela.ruberti@unicampania.it

Shallow-water, late Cretaceous, rudist-rich limestones have been studied from different localities in southern
Italy and Croatia in which outcrop conditions show an excellent overview of the lateral and vertical evolution of
rudist bodies and allow their geometry and the dynamic aspects to be reconstructed. Rudists gave rise to wide
biostromal bodies and supplied most of the skeletal debris via bioerosion and minor physical breakdown. The
evolution of rudist lithosomes was controlled by the environmental hydrodynamic conditions. The stratigraphic
architecture and facies characteristics suggest open depositional settings such that facies transition is very
gradual and the facies belts are broad, while deposits related to distinct wave-resistant biogenic frameworks
are absent. In such a depositional system the sea bottoms were presumably characterized by alow bathymetric
slope on which the wave energy was dissipated along a wide shelf, resulting in a general low-energy environ-
ments. As a consequence the storms were low effective, with waves dampened for clutch on the bottom, testi-
fied from the maintenance in situ of the fine fraction, from the spread of lithosomes with rudists maintained
in growth position and from the overall good preservation of the reworked bivalves, often still conjoined. The
gross lenticular geometry of the shell beds could be related to the abovementioned patterns of weak, maybe
channelized, currents and/or pathways. In most cases, infact, lithosomes can be considered as a multistorey
growth in channel-like systems in a persistently subtidal setting. Tidal currents and/or events of greater energy
resulted in currents of preferential flow that created a network of small channel-like depressions along which
the vivifying effect of the flows allowed the colonization and the survival of the rudists, also along the edges of
the channels. The flow zones, instead, came overwhelmed from shells only weakly displaced. In such a depo-
sitional context, rudist colonization assumes particular importance as they document their ability to exploit
a wide array of environments, in part referable to that occupied by oysters in Recent seas, and reflecting the
probable opportunistic nature of rudists.
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Rhaetian carbonate succession from Western Tethys (Sicily)
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A biodiversity crisis in the benthic communities was detected on Rhaetian stratigraphic horizons from a west-
ern Tethyan carbonate platform. The studied succession consists of a continuous Upper Triassic to Lower Juras-
sic peritidal limestone organized in shallowing upward cycles cropping out at Mt Sparagio (western Sicily). On
the basis of the abundance and diversity of the benthic communities in the subtidal facies, the studied section
was divided into three informal units. Starting from the base, the Unit A contains very abundant and highly
diverse fossiliferous assemblages of corals, very large megalodontoids (up to 40 cm) and large Triasina hantkeni
(up to 1 mm) among other benthic foraminifera. Upward, Unit Bis characterized by a reduction of biodiversity,
abundance and shell size of megalodontoids that reach a dimension up to 15 cm and T. hantkeni is still present.
The top of Unit B is recognized by a distinctive oolitic level. Up-section, after a barren interval rich in calci-
spherae, the absence of the benthic community documented in Units A and B and a bloom of the problematic
alga Thaumatoporella parvovesiculifera characterize Unit C. Upward, the occurrence of rare specimens of the
benthic foraminifer Siphovalvulina sp. indicates the gradual recovery of the Jurassic benthic community. The
stable isotope analyses (C, O and S) seem to correlate to the biodiversity crisis between Unit A and Unit B. In
detail, a negative trend of §'®0,,,, values, corresponding to an increase in temperature, matches with the drastic
reduction both in dimension and diversity of the megalodontoid families between Units A and B. Between Unit
B and C, across the Triassic/Jurassic boundary, a strong positive peak of both §®0,,;, and 8*S.,s marks the
biodiversity crises observed at the End Triassic Extinction, highlighting a close relationship between climatic
changes and mass extinction events.
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The morphology of contourite drifts is strongly influenced by the interaction of the currents with the sea floor
topography and obstacles. A prime example of such interaction occurs on the Marion Plateau, where the East
Australian Current flows across and around several Miocene isolated platforms. The resulting Marion Contour-
ite Depositional System (CDS) covers most of the 220-km-wide and 460-km-long Marion Plateau in northeast
Australia, thus, consists of five different drift types that are sheeted, elongated-mounded, confined, periplat-
form, and multi-crested drifts. The erosional features within this CDS include a marginal valley, moats, and
an erosional terrace. In addition, current-swept platforms with iron-manganese crusts document non-deposi-
tional hiatus. Changes in the contourite drift geometry and the migration of the paleo-moats represent archives
of the onset, intensification, and lowering of bottom current strengths. A hardground at sequence boundary
B6/5 marks the onset of the East Australian Current at 13.4 Ma. At the Miocene-Pliocene boundary at 5.3 Ma,
the contourite drift depocenter shifts dramatically, reflecting another strengthening of the current. A down-
stepped package along the Northern Marion Platform that was previously interpreted as a lowstand platform
and used to calculate a late Middle Miocene sea-level fall is here interpreted as the first drift sequence of the
Marion Plateau. The age of the base of this drift is 13.4 Ma, which makes the onset time equivalent to the onset
of the current system in the Indian Ocean.
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Late Anisian rifting resulted in a complex horst-and-graben paleotopography of the Adriatic continental mar-
gin. The most deeply subsided basins (e.g. Budva, Bosnian and Slovenian basins) remained sites of pelagic
sedimentation until the latest Cretaceous. Shallower basins formed on structural highs, which were internally
differentiated into several fault blocks. These shallow basins were short lived, limited to the interval between
the Late Anisian to Ladinian or earliest Carnian, when they were completely filled in so that sedimentation of
platform carbonates was again established in a wider area. The High Karst Zone in the External Dinarides pre-
serves two types of sequences from this short pelagic episode. Both are characterized by micritic limestone and
chert, generally include pyroclastic rocks (Pietra Verde), and locally contain carbonate breccia and calcarenite.
The most obvious difference is the color of the rocks. The successions in the center of the High Karst Zone are
dark grey to black due to the presence of organic matter, which may have been related to stratified water column
and/or poor open-marine connections in a restricted intra-platform basin. In contrast, the pelagic limestone
and chert at the margins of the High Karst swell are light to vivid red, in places greenish or light grey to pink.
This latter lithology is comparable with the Buchenstein Formation of the Southern Alps. We investigated
radiolarians from several Buchenstein type sections and from one organic-matter-rich section located at Mt.
Svilaja in Dalmatia. The radiolarian assemblages of the Buchenstein type sections contain up to 80 genera and
include multicyrtid nassellarians that are generally regarded as deeper-dwelling morphotypes and are also
common in the sedimentary cover of Triassic ophiolites. The radiolarian assemblage of Mt. Svilaja consists of
only 20 genera. Spumellarians and entactinarians are abundant but nassellarians account for only 5% and are
represented exclusively by monocyrtids. A similar assemblage was described from the San Giorgio Dolomite
in the westernmost part of the Southern Alps. Such impoverished assemblages with high predominance of
surface-dwelling taxa are apparently characteristic of restricted oxygen-deficient basins that were separated
from the open ocean by topographic barriers.
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The J/K transition was characterized by several distinct paleoenvironmental processes, such as the late Titho-
nian-early Berriasian climate aridization and the late Berriasian tectonic uplift of the Neo-Tethyan Collision
Belt. Here, geochemical and calcareous nannofossil data from the Tithonian-Berriasian of the Transdanubian
Range (Hungary) are integrated and interpreted in terms of paleoenvironment and its evolution. Paleogeo-
graphic position in between the western Neo-Tethys and the Alpine Atlantic oceans, along with high resolution
sampling and abundant data of various type favour this area as a reference for further supra-regional investi-
gations. Consequently, correlation and comparison of the resultant paleoenvironmental scenario with various
paleoclimate, paleoredox and paleoproductivity data coming from different sedimentary zones of the western
Tethyan realm (High-Tatric and Lower Sub-Tatric zones of the Central Western Carpathians, and Pieniny Klip-
pen Belt) allow to answer the question whether any common superior mechanism controlled their deposition.

In result, the signal of the late Tithonian-early Berriasian aridization, recorded in K-leaching proxies, was
found to be typical of both the Transdanubian Range and auxiliary sections. Importantly, this phenomenon
coincided with oxygen depletion at the seafloor (i.e. elevated authigenic U and Fe/Al) as well as increased burial
of micronutrients (e.g. enrichment factor of P and Zn). Furthermore, nannofossil assemblages (i.e. abundance
of huge Watznaueria and Nannoconus) point to oligotrophic and relatively cool surface waters during this time.
These observations are interpreted as resulting from climate change affecting both atmospheric and oceanic
circulations. Accordingly, the late Tithonian cooling is considered to lower the thermal gradient between land-
masses and the ocean, decreasing also the intensity of atmospheric circulation. Weakened winds, especially
monsoons, might not only favoured aridization, but should also restrict the efficiency of Ekman transport (so-
called monsoonal up- and downwelling). In result, the large part of the ocean become stratified, what should
have driven the oxygen depletion at its bottom on one hand and limit the uptake of nutrients on other.
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Deep-sea brine pools deliver an exquisite record of climate
and tectonic events in the Gulf of Aqaba (Red Sea)
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We present the NEOM Brine Pools, the first complex of brine pools discovered in the Gulf of Aqaba. The discov-
ery was made at 1,770 m water depth and consists of one large pool (10,000 sq. m) flanked by three minor ones
(<10 m?). Situated immediately at the toe-of-slope, the largest of the NEOM brine pools episodically receives
terrestrial outwash from the Saudi coastal plain. A transect of cores through this pool’s bed reveals a stratigra-
phy spanning the last 1,500 yrs. Major terrestrial inputs to the basin are recorded once per century, which we
attribute to tsunami. Turbidite beds, meanwhile, deposit every 25 yrs. and likely record both flashfloods and
the pervasive seismicity of the Aragonese Deep, the pull-apart basin in which the pools situate. Such signals
are exquisitely preserved beneath the pools as bioturbating organisms cannot occupy the harsh hypersaline,
anoxic brine. These observations extend the known geographical range of Red Sea brine pools, introduce a new
sediment archive of event horizons, and document a new bathyal ecosystem in the Gulf of Aqaba; ultimately
providing a range of significant data that will contribute to the reconstruction of more than one millennium
of preserved turbidites, flashfloods, and tsunami sedimentary deposits.
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The sedimentary record of the last Mesozoic anoxic event
(OAE3) in a tropical epicontinental sea

Alexandra Delgado', Manuel Paez-Reyes', Gabriel Mendoza', Oscar Romero'

'Direccién de Hidrocarburos, Servicio Geoldgico Colombiano. Bogota, Colombia
apdelgadoa@unal.edu.co

The Cenomanian-Campanian La Luna Formation is the main source rock in northwestern South America.
This formation contains the record of several Mesozoic anoxic events (OAEs), including OAE3. Rocks of the La
Luna Formation were deposited in an epicontinental sea that extended from Peru to Venezuela (i.e., the La Luna
Sea). In the Coniacian and Campanian, the middle Magdalena Basin of Colombia was the more basinal part of
the epicontinental sea and fully portraits the environmental transition associated to the last of the Mesozoic
anoxic events (OAE3). The Late Turonian-Early Santonian Galembo Formation records the dawn of OAE3. In
this formation, the facies are dominated by wackestones and packstones of foraminifera and inoceramids that
often are silicified to different extents. This association of facies is consistent with the deposition of these rocks
in an anoxic outer ramp and a sediment-water interface deprived of benthic fauna. The Early Santonian-Late
Campanian the La Renta Formation records the end of OAE3. This formation is characterized by the presence of
phosphatic beds, and the appearance of the benthic foraminifera Siphogenerinoides, grainstones and packstones
of fish remains, pelloids, reworked intraclasts, and a moderate diversity of trace fossils (i.e., Thalassinoides and
Planolites). This facies association is consistent with the deposition of the unitin a middle to inner ramp and the
local reoxygenation of the sediment-water interface by the influence of upwelling and storm currents. Coeval
and similar phosphatic deposits have been recorded in several areas of the southern Tethyan margin suggesting
that a regional rather than a local mechanism drove the turnover of the water mass in the southern Tethyan
and the Atlantic equatorial. The opening of the southern Atlantic Ocean and changes in the thermal gradient
equator to pole could be responsible for such change. At the local scale, the death of the La Luna Sea is marked
by the transition from a glauconitic-rich layer of the Tres Esquinas Member to a monotonous siliceous shale of
the Umir Formation. This transition is consistent with a still-stand of the sea level, sediment starvation, phos-
phatization, and dolomitization of allochems, followed by erosion or non-deposition and the fill of the basin
without further creation of accommodation space.
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Spectacular Alpine mass wasting deposits - a case study
from the Lower Jurassic Alpine margin
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Drowning of Triassic Alpine carbonate platforms and reef mounds at many localities goes parallel with synsed-
imentary block tectonics. One of the most intriguing examples is exposed along the saw-cut wall sections of
quarries around the little village of Adnet close to Salzburg (Austria). Onset of tectonics at a former Rhaetian
reef mound is indicated by block faulting, tilting and submarine erosion of drift deposits at the slope. Renewed
tectonic activity from Late Pliensbachian to Middle Toarcian time created multiple generations of deep reach-
ing vertical tectonic fissures and triggered multiple mass flow events. At the upper and middle slope the so-
called Adnet Scheck breccia, which is a special debrite deeply eroding and incising into well-bedded condensed
hemipelagic in-situ limestone strata was deposited. Further down-slope the Scheck breccias change into more
matrix-rich debrites. Within the basin mudflow deposits, i.e. the so-called pebbly mudstones occur. Tectonic
triggers induce various magnitudes of sliding and complex mass transport deposits in the basin. With respect
to rheology and transport mode the following conclusions are evident: (1) The down-slope transition of Scheck
breccias into clast-rich debrites and finally into pebbly mudstones indicates a drastic change in the flow prop-
erties. (2) Cohesive Scheck flows are limited in lateral and down-slope extent, whereas the turbulent pebbly
mudstone flows reveal long run-out distances due to hydro-planning. (3) Scoured debris tongues of Scheck type
testify deep erosion. The collapse of scour sidewalls is considered to explain enrichment of semi-consolidated
sediment slaps and lithified rock blocks at top of the flow. (4) The main driving force in Scheck type flows is a
thin muddy layer at the base, whereas the main body tends to freeze and pluck the flow.

Reference
Henrich, R. (2016) Synsedimentary tectonics and mass wasting along the Alpine margin in Liassic time. In:
G. Larmarche etal. (eds.), Submarine Mass Movements and Their Consequences, 38, Springer, pp. 449-459.
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Strontium isotope stratigraphy is a useful technique for dating and correlating strata, particularly when bi-
ostratigraphic data or their resolution are limited. Here, we investigate the utility of *’Sr/*¢Sr measured in
bulk carbonate mud samples from Middle-Upper Jurassic slope, hemipelagic and radiolaritic deposits from
northeast Mallorca. The aim is to assess the reliability of micrite to preserve original seawater ¥Sr/*Sr ratios
in carbonate environments dominated by resedimented material with minor contribution of autochthonous
to para-autochthonous beds. We have measured ¥Sr/**Sr paired to §°C and §'0 isotopes and elemental anal-
ysis from mudstone and wackestone interbedded with resedimented carbonates from selected sections. The
sampled interval extends from the Lower Bajocian up to the Upper Tithonian, with a sedimentary gap of at
least the early Oxfordian. Stable isotopes values range from 1.1%o to 3.1%o for §"Cppy and -0.2%o to -3.5%o for
8"0ppg. These values are consistent with normal marine Jurassic seawater, suggesting no significant pore fluid
exchange after burial and carbonate stabilization in closed or nearly closed system during diagenesis where
mineral dissolution and reprecipitation were balanced. This suggests that the ¥ Sr/**Sr obtained may potentially
be used as a seawater proxy. Strontium isotopes measured from mudstone to wackestone range from 0.7070 to
0.7073, which are consistent with the values of the Middle to Late Jurassic seawater. However, radiolaritic marls
and marly limestones show ®Sr/*Sr values up to 0.7076, which are slightly more radiogenic than those of the
seawater for the time interval considered. This suggests that siliciclastic impurities and silica diagenesis may
have deviated the Sr-isotope values toward more radiogenic. The temporal trend of the Sr isotopes plotted with
respect to the published Middle-Late Jurassic ¥Sr/*Sr curve, excepting some outliers, shows a good correlation
for the Bajocian, Bathonian and Tithonian units, whereas Oxfordian-Kimmeridgian units are consistently more
radiogenic, plotting within the Bajocian or Tithonian values. Terrigenous impurities, carbonate stabilization
via exchange with seawater fluids from immediate underlying or overlying units, or burial diagenetic modifi-
cation may explain this deviation.
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freshwater ooids

Daniel Ariztegui'

1University of Geneva, Department of Earth Sciences, Geneva, Switzerland
daniel.ariztegui@unige.ch

Early work concerning the formation of ooids has been mostly focus in hypersaline milieus, and hence little
is known about their genesis in freshwater environments. The microbial role in the formation of the cortex
of low-Mg calcite in western Lake Geneva (Switzerland) has been suggested previously, but not demonstrated
conclusively. We designed an in situ experiment to mimic the natural process of low-Mg calcite precipitation.
A special device was placed in the ooid-rich bank of the lake. It contained frosted glass (SiO,) slides that acted
as artificial substrates to favour microbial colonization. Microscopic inspection of the slides revealed a clear
seasonal pattern of carbonate precipitates, which were always closely associated with biofilms that developed
on the surface of the frosted slides containing EPS, coccoid and filamentous cyanobacteria, diatoms and heter-
otrophic bacteria. Further SEM inspection of the samples revealed low-Mg calcite with crystal forms varying
from anhedral to euhedral rhombohedra. Liquid cultures corroborate the in situ observations and demonstrate
that under the same physico-chemical conditions the absence of biofilms prevents the precipitation of low-Mg
calcite crystals. To estimate the relatively influence of physical factors in the formation of these ooids we further
used a two-dimensional model to simulate water column currents and their impact on the sediments. These
results show that under average meteorological conditions lake currents appear to play a secondary role in the
formation and even the distribution of ooids. The outcome of these modelling exercises is hence consistent with
a dominant biological component governing today’s early stages of ooidal cortex formation. In summary, the
combination of experimental and modelling results illustrate that biofilms play a substantial role in low-Mg
calcite ooid cortex formation. Combined with microbial cultures under laboratory-controlled conditions, the
outcome of our investigation favoured the hypothesis of external microbial precipitation of low-Mg calcite as
the main mechanism involved in the early stage of ooid formation in freshwater Lake Geneva. This model has
been successfully applied to other sites including marine environments.

93



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 4. General topics in carbonate sedimentology

Special Session 4.1. Special Session in celebration of Maurice Tucker’s contribution to carbonate
sedimentology: Studies of carbonate rocks and sediments — from sequence
stratigraphy and cycles to dolomites and microbialites

Oral presentation

Cold seep carbonates in the Neogene succession of
the Crotone Basin (south Italy)
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Within the Crotone Basin of southern Italy, a Neogene cold seep carbonate body, reaching a maximum length of
350 m and a thickness 40 m, crops out. It is dominantly composed of conduit facies with authigenic carbonates
filling the previously active gas/fluid escape pipes. In addition, a pavement facies is observed, which consists
of early carbonate-cemented bioclastic and siliciclastic sediments commonly colonized by a chemosynthetic
macrofauna dominated by articulated and in life-position lucinids bivalves. The conduit facies is characterized
by the inward accretion of dark micritic laminae alternating with clear crystalline layers. The micritic lam-
inae show a microbial peloidal to dendrolitic fabric, which commonly incorporates planktonic foraminifera
and coprolites. These contrast with the crystalline layers, which are characterized by microspar laminae and
sparry crusts made of prismatic zoned calcite crystals. The pavement facies is characterized by laminated mi-
crobial boundstones, foraminiferal oozes and hybrid arenites. The foraminiferal assemblage is characterized
exclusively by planktonic taxa, which - together with the relative proportion of sandy/silty grains - suggests a
deep-water setting with occasional siliciclastic coarser sedimentary flows. The pavement facies shows com-
mon brecciation features, possibly indicating the establishment of post-depositional overpressure conditions
due to gas/fluid injection. Clasts of breccias show overgrowth by primary fibrous to acicular isopachous to
fan-shaped calcite cement. Stable isotopes analysis of all the studied facies reveals negative §°C values (-12
to -38%o) and relatively positive §®0 values (0.83 to 3.4%o), most probably reflecting the destabilization of gas
hydrates reflecting a complex mixture of methane and crude oils.
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Structural and stratigraphic controls on carbonate ridge
mound development, diagenesis and excess permeability:
a Barra Velha Formation, pre-salt case study, Santos Basin
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Ridge mounds represent an important and distinctive depositional environment within the spectrum of Aptian
pre-salt lacustrine carbonates that occur in the Barra Velha Formation, Santos Basin, Brazil. Ridge mounds
are normally developed in higher accommodation settings, off the flanks of the Sao Paulo High. In seismic
data, they commonly show an en-echelon map-view pattern that reflects the underlying fault control on their
distribution. The ridge mounds are typified by a range of 2D morphologies. Relief measured from mound crest
to toe-of-slope ranges up to several hundred metres and varies along strike.

Well test data indicate that ridge mounds are commonly associated with excess permeability. In borehole image
and petrophysical data, excess permeability is linked to both depositional and secondary diagenetic features.
These are systematically classified in relation to bedding, faults, fractures, size and orientation. Using a 3D
KPSDM seismic dataset, and petrophysical data from 30 wells, quantitative data are extracted in a regular grid
(180 m spacing) oriented perpendicular to the structures over 30 km along strike. Parameters including mound
height, angle, syn- and post-depositional fault offsets, sediment volume and distance between key stratigraphic
markers are extracted. The approach facilitates the integration of well data with the seismic interpretation prod-
ucts in a common data dashboard. Here interrelationships between reservoir quality, mineralogy and seismic
parameters could be investigated, quantified and then translated into quantitative geological concepts. The
systematic integrated framework and data also allow for the effects of syn- and post-depositional deformation
to be isolated and removed.

The workflow reveals along-strike variability of the ridge mound system and understanding of the processes
controlling their development, diagenesis (dissolution and silica diagenesis) and so the distribution of excess
permeability features. The results show a clear relationship between seismic facies, seismic sequence stra-
tigraphy and diagenetic processes that control the occurrence of excess permeability features. The latter are
related to a major lake level lowstand as identified on seismic, with dissolution focused along pre-existing fault
and fracture systems.
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Fluvial barrage tufa as a natural lab for the improving of
geotechnical engineering properties of sand by microbially
induced calcium carbonate precipitation (MICP)
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In the last two decades one innovative approach to decrease the harmful impact on the natural environment,
is to use microorganisms to produce sustainable biomaterials, such as microbially induced Ca-carbonate pre-
cipitate (MICP). MICP has been studied for ground improvement to enhance shear strength and stiffness after
introducing Ca-carbonate cementing agents into the pores, and for other applications including environmental
remediation, production of construction material, improved durability and remediation of building materials,
cations removal in wastewater, and carbon sequestration. However, even if MICP could represents a good al-
ternative to the utilization of natural resources and to reduce CO, and NO, emission of industrial activities, the
process produces an inevitable environmental impact as the waste and chemicals involved in lab activities. With
the aim to develop a bio-cement for increasing the geotechnical properties of a common multimineral sand,
a more sustainable process of MICP was tested introducing the sand in the water flow of a tufa-forming river
with active microbial Ca-carbonate deposition. The tufa deposits are covered by a lithifying biofilm composed
of a microbial community including autotrophic and heterotrophic bacteria, algae, viruses, and extracellular
polymeric substances. Biominerals forming the tufa deposit replace the organic substrates starting with an
amorphous phase rich in Ca, Si, and other cations, followed by massive precipitation of fibrous to polyhedral
Ca-carbonate crystals and subordinately lamellar/fibrous Mg-clay crystals. During the 16 weeks of the exper-
iment, the biofilm colonized rapidly all the surface of the sand grains, which were gradually encrusted by
neoformed Ca-carbonate biominerals showing the same crystal structures and composition of those forming
the tufa deposit. Moreover, the sand showed a progressive increase of the internal friction angle from 28.6° to
35.4° with atrend very similar to MICP lab experiments that used a single bacterial species. This suggests thatis
possible to use natural Ca-carbonate biominerals, induced by natural microbial communities, for engineering
applications with very sustainable procedures.
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The understanding of cyclic coastal marine carbonate deposits (i.e. repeated shallow-subtidal to supratidal
successions) is dominated by a regressive motif. The shallowing-upward cycles of James (1977), which include
both muddy and grainy cycle types, are recognized as parasequences in sequence stratigraphic parlance, be-
ing defined as sets of genetically-related strata bounded by flooding surfaces. The underlying assumptions
regarding the shallowing-upward-cycle paradigm include: 1) that, on the cycle scale, transgressive deposits
are mostly missing as a result of a “lag time” in the carbonate factory following sea-level rise, 2) that tidal flat
deposits can prograde basinward for long distances directly into low-energy subtidal environments, creating
the muddy cycle motifs of James (1977), and 3) subtidal lagoons can prograde over intertidal to supratidal
(i.e. shallower) grainy barriers and shoals, forming the grainy cycles. A global review of Holocene coastal
carbonate systems refutes these assumptions. Carbonate barriers and their associated lagoonal deposits can
accumulate significant thicknesses in less than 200 years and did so even during the most rapid portion of the
Flandrian transgression. Thus, lag time is negligible. Excepting a few sediment-starved areas stabilized by
mangroves, most tidal flats form behind carbonate barriers and so cannot prograde directly into open subtid-
al environments; instead progradation occurs in the form of accreting beach ridges or chenier plains. To our
knowledge, no examples of subtidal lagoons prograding over grainy carbonate shoals exist in the Holocene.
Furthermore, transgressive deposits form prominent parts of Holocene coastal carbonate cycles. In many
cases, recent tidal flat and lagoonal deposits are cycle bases left behind by an overriding landward-migrating
transgressive barrier. Open subtidal deposits are as likely to form cycle caps as cycle bases. Therefore, the idea
of upward-shallowing parasequences is unhelpful and misleading and should be replaced by the expectation
of high-order sequences. Whereas some sequences can masquerade as a parasequence because transgressive
deposits have been removed by ravinement, in many cases transgressive lagoonal deposits have been misin-
terpreted as highstand.

Reference
James, N.P. (1977): Facies models 10: Shallowing-upward sequence in carbonates. In: Walker, R.G. (Ed.), Facies
Models. Geol. Assoc. Canada, St. John’s, Newfoundland, pp. 109-119.
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carbonate deposits as a key to the past
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In addition to bacteria and EPS, the presence of viruses in modern carbonate settings potentially also have sig-
nificant roles in mineral precipitation. Viruses are particularly abundant in microbial mats where they likely
interact with fungi and other microbes; they are embedded within the cohesive matrix of EPS. Investigations
illustrated here are concentrated on biofilms involved in mineral precipitation and the nature of the minerals
themselves. Viruses are identified in biofilms associated with modern active travertine, freshwater tufa and
stromatolites (travertine sites from the United Kingdom, Slovakia, Italy, Hungary and Turkey; freshwater tufa
sites from the United Kingdom, Germany, Italy, Slovakia and Turkey; modern stromatolites from the Bahamas).

The temperature of the water involved ranges from 10°C to 67°C with pH between 6.2 and 8.5. The chemical
composition of the waters is chiefly a Ca-HCO, saturated system with various major and minor element con-
tents dependent on the sampling site. TEM images of the biofilms reveal abundant 80-300 nm size particles
that exhibit hexagonal and spherical shapes that are typical of viral capsid-like morphologies. These particles
range from non-mineralized to fully mineralized and are commonly included within bacterial EPS. Chemical
composition of these virus-like particles indicates that initial mineralization occurs through amorphous Ca-Si
rich phases, with less Mg and Al, that replace the organic substrate and eventually evolve to Ca-carbonate with
minor silicates. They also contain a variable amount of N and P, even if fully mineralized, that suggest their
likely biological origin. Metagenomic analysis of viruses performed on the total genomic DNA extracted from
biofilms reveals that most viral strains belong to the bacteriophage families Myoviridae and Siphoviridae.
These are naked and tailed viruses with icosahedral-shaped capsids; these features are consistent with the
microscopic evidence of mineralized viral particles. It is suggested that viruses are important contributors to
biomineralization processes and the formation of carbonate deposits.

These results should stimulate a search for their fossil counterparts in the geological record, back to the earliest
evolution of life on Earth.
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Carbonate shoals and coastal barriers are misunderstood
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A review of modern carbonate barrier islands and shoals (e.g., the Bahama Banks, Persian Gulf, the Coorong,
Shark Bay, western Florida and the Yucatan Peninsula) shows that their sediment composition and associated
early marine and meteoric cementation do not exert a first-order control on their morphodynamics. With the
exception of shoals on the margins of rimmed platforms, shoals are genetically related to coastal barriers (i.e.,
barrier islands and barrier spits with a subaerial carapace), representing either incipient or degraded barriers.
The well-known carbonate barrier islands of Abu Dhabi are stable because of a recent sea-level fall, not because
of their composition or bedrock core. There is abundant evidence that carbonate barriers migrate landward
during transgressions, including during the rapid post-glacial rise of sea level, with migration occurring either
by continuous roll-over or by abrupt over-stepping. Drowned fossil barrier islands have been documented on
several carbonate platforms and ramps (Persian Gulf, Rowley shelf, and the western Florida shelf), and trans-
gressive lagoonal deposits have been reported from both the Persian Gulf ramp and the southern Australian
shelf. Thus, coastal carbonate barriers need not have formed in situ at the highstand shoreline. Any association
with bedrock ridges is due to a local coincidence between modern sea level and the elevation of the bedrock
high and because the migration of all (both siliciclastic and carbonate) barriers slows when they encounter
a topographic step. The deeper Great Pearl Bank shoals are interpreted to be the remnants of former barrier
islands that have been left behind when the shoreline jumped to the mainland coast in the later part of the
post-glacial sea-level rise. The smaller barriers that occur along the landward sides of many carbonate lagoons
also show widespread evidence on ongoing landward roll-over. These findings imply that transgressive suc-
cessions (lagoonal deposits resting on the sequence boundary and overlain by shelf sediments, the opposite of
the classic upward-shallowing facies model) are likely to be much more common than prevailing ideas would
suggest. Highly restricted lagoons appear to require the presence of a subaerial barrier; subaqueous shoals
rarely impede circulation sufficiently.
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Controls on Neogene carbonate facies and dolomitization
on an isolated carbonate platform - the Island of Bonaire
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The Neogene carbonate succession on Bonaire shows complex geometries associated with different depositional
and erosional events, which reflect the interaction between eustasy and tectonics. Despite the resulting range
of depositional facies and spectacular sequence of terraces, Bonaire is perhaps better known to the geological
community, as one of the first locations where reflux dolomitization was applied. Given this historical signifi-
cance, we re-evaluate the importance and nature of reflux using a previously unstudied set of outcrops on the
island. Three major platform stages are defined: 1) an aggradational stage (Middle Miocene) formed of mixed
coral rudstone to coralgal packstone, partially dolomitized; 2) a prograding stage (Upper Miocene-Pliocene)
consisting of reworked red algal grain/packstone, with pervasive dolomitization, and 3) a flat-topped platform
(Pleistocene) with a reefal framework that is not dolomitized. The internal architecture of each of the three
platform stages reflects the sedimentation dynamics associated with allogenic controls related to major ocean-
ographic and tectonic events in the region. Observations from the “Seru Grandi” outcrop, part of the prograd-
ing platform stage, shows well-defined dolomite bodies extending along clinoform surfaces and become less
dolomite-rich with distance below a sub-horizontal erosional unconformity. The dolomite distribution and
mineralogical trends suggest early dolomitization driven by fluids moving downwards through a succession,
as expected from the reflux model. However, geochemical data and sedimentological context of the dolomites
suggest that refluxing fluid was mesohaline (34-52%o) and not a concentrated brine. In addition, our findings
suggest that the fluids did not dolomitize the succession uniformly; instead, elongated dolomite bodies were
developed within select clinoforms. This variability reflects temporal changes in the flux and chemistry of
reactive fluids. Further, downdip trends likely recorded the evolution of magnesium exchange efficiency with
distance from the brine source and reactivity of the rock. The Bonaire succession provides a model for under-
standing isolated carbonate platform development, stratigraphic architecture, facies, and diagenetic changes
in an active tectonic setting.
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The Maestrat Basin, located in the eastern part of the Iberian Plate, recorded a Late Cretaceous basin-wide
hydrothermal event, which resulted in the dolomitization of Lower Cretaceous to Cenomanian carbonate
rocks. These dolostones, and associated sulphide Mississippi Valley Type mineralizations, have been studied
in depth at the eastern part of the basin, in the Orpesa and Morella sub-basins. The present study investigates
for the first time these dolostones partially replacing early Aptian platform carbonates of the Villarroya de los
Pinares Formation in a western marginal depocentre of the Maestrat Basin named the Galve Sub-basin with
the objective of understanding the depositional, structural and diagenetic controls on dolomitization. To this
purpose, dolostone bodies were mapped and 509 fractures and faults were measured in the field throughout
an area of approximately 25 km?, 59 samples of dolostones and host rock limestones were taken to characterize
rock textures, fabrics and components, and high-resolution orthoimages of the outcrops were captured using a
drone. Drone imagery was used to generate 3D outcrop models of the dolostone bodies, which show preserved
extents of up to 5 km?. Dolostones are mainly sucrose and show penetrative, destructive and retentive fabrics
exhibiting idiotopic, hypidiotopic and xenotopic textures. Hydrothermal activity during dolomitization is sup-
ported by the occurrence of xenotopic mosaics and saddle dolomite filling vacuolar porosity. Vertical control on
dolomitization is governed by stratigraphic and stylolitic surfaces (stratabound dolostones), whereas laterally
the dolostone bodies are limited by faults and fractures. Four different sub-vertical to vertical fracture orien-
tations have been identified which are NW-SE, NE-SW, WNW-ESE, and NNE-SSW. Associated to fractures,
centimetric to decimetric dissolution vacuoles occur. Further controls on dolomitization includes depositional
facies (i.e., micrite-dominated textures with lower porosity and permeability are locally not dolomitized). The
investigated dolostones were partially calcitized during uplift and exposure. During this later diagenetic stage,
poikilotopic calcite cements enveloping idiotopic mosaics developed.
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Storms have long been recognized as a force that agitates sediments, even in the deep-water. Along continental
slopes, downslope and along-slope transport are the conduits of the atmospheric phenomena to the deep water.
While such transport events have been studied extensively through sedimentological lenses, their impact on
diagenesis remains poorly understood. In March 2020 a tropical storm impacted the Gulf of Aqaba (GoA) in the
Red Sea. As a well-established baseline for thislocality exists, it offered a unique opportunity to investigate the
impact of storm-driven sedimentation events on the diagenetic processes of a hinterland-attached carbonate
slope. Detailed sedimentological, mineralogical and porewater analyses were carried out on two sets of short
cores collected along a transect from 270 m to 700 m water depths before and after the storm on the western
margins of the GoA, which represents a steep slope with a potential for high energy transport events - likely
hyperpycnal flows. The cores exhibited a decrease in grain size in the mid-slope water depth and an increase
at the base of the slope after the storm, with the top of the core being enriched with terrestrial material. Both
Fe and NOx exhibited a marked shift in the aftermath of the storm. NOx concentrations increased in the top
5 cm of all the cores, and the ferruginous zone migrated upwards in both the top and bottom of the slope. We
postulate that the storm event remixed the top of the sediment column and infused it with fine material - de-
creasing both advective and diffusive fluxes across the sediment-water interface. As a result, the porewater
trapped in the sediment has developed along the terminal electron acceptor chain. The implications of which
would that those hyperpycnal events alter the diagenetic state in underlying sediments. Such impacts should
be considered in the interpretation of past slope deposits.
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The origin of spar and microspar in freshwater tufa stromatolites has been the subject of controversy. Some
authors have considered spar to be evidence of diagenesis, and the result of recrystallisation of original micritic
fabrics by ‘Ostwald ripening’ processes. Others have suggested that spar in some tufa stromatolites may be a
primary fabric. Here we report some actively growing bulbous stromatolites constructed of spar and microspar
in a waterfall setting. Notably these stromatolites are relatively lacking in micrite, particularly in the youngest
(very recent) laminae towards the outsides of the specimens where the largest crystals are found. Petrography
shows that at least in this case the spar is a primary fabric. In detail, there are at least three different types of
laminae in these particular stromatolites. First are distinct c. 50 um thick organic carbon laminae that comprise
mats of Oscillatoria cyanobacteria and diatoms. The tufa readily splits along these organic carbon laminae. The
nextis generally a porous but thicker lamina of micritic to microsparitic tufa. Thisisin turn overlain by a band
of sparry calcite fans, each fan being up to 1 mm thick, with competitive crystal growth commonly leading to
columnar crystals towards the top of the band. Fans are commonly progressively darker grey towards their tops,
where they are terminated by the black organic carbon laminae. We will here report further field observations
combined with optical and electron microscopy, stream chemistry, and organic and isotope geochemistry of
the tufa. A model will be proposed that aims to explain how seasonally changing biotic and abiotic factors can
cause development of tufa stromatolites constructed of primary calcite spar in waterfall settings.
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Authigenic carbonate mineral precipitation in marine sediments drives early marine cementation that has
largely been attributed to physicochemical precipitation. However, abiotic precipitation of carbonates cannot
fully explain the extent and a growing number of studies recognise the role of microbes and organic matter
in early cement formation. Here we report on in vitro experiments in the presence and absence of indigenous
microbiota in ooids that assesses the influence of microbial activities on grain fusion and early cementation.
Differences in the amount of precipitation in sterile versus non-sterile ooids in these incubation experiments
document the biological mediation of early marine cements. Samples with native microbial flora show rapid
grain fusion, resulting in the formation of grapestones within 30-60 days. The initial binding of the grains is
primarily facilitated by exudates of extracellular polymeric substances and microbial communities acting as
catalysts in the formation of micritic bridges, cements and encrusted aggregates. In contrast, sterilised grains
remain loose with little crystal formation after 60 days and are devoid of microbes and organic exudates. The
near absence of precipitates in the sterilised samples that abiotic precipitation is not the driving force promot-
ing early cements. In contrast, grain fusion is microbially mediated via both a passive mechanisms whereby
precipitation, extracellular polymeric substances and cell surfaces function as templates for crystal nucleation
and generation of micritic cements, and through active mechanism where biofilm heterotrophs and autotrophs
induce chemical alterations of a local environment, facilitating precipitation. The “in vitro” grapestones are
similar to native grapestones from Joulter Cays with intergranular areas infested with extracellular polymeric
substances, microbes, micritic cements, amorphous calcium carbonate nanograins and micritised outer sur-
faces. These similarities suggest that incubations with native flora follow similar mineralization mechanisms
as in the natural environment. This study underscores that microbially mediated cementation can occur at
fast rates and that firmground to hardgrounds and slope stabilisation take place shortly after deposition of
carbonate grains.
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Biocarbonates are archives of useful geochemical information for reconstructing past environments. Aragonite
is a metastable mineral phase under Earth’s surface conditions and transforms into calcite during diagenesis.
The reliability of aragonitic skeletons as geochemical proxies can be compromised when this transformation
happens. However, the diagenetic alteration can be very subtle, especially when it takes place at low tempera-
ture, and bioaragonite can undergo many microstructural changes prior to transforming into calcite. Therefore,
safely using biocarbonates as geochemical proxies requires to understand the nature of these early diagenetic
changes, how they are modulated by the specific features of the aragonite skeleton and what degree of diage-
netic overprint can derive from them. Recent studies have shown that the hydrothermal alteration of aragonitic
skeletons at high temperatures (175°C) leads to the replacement of the original aragonitic microstructures by
crystals of abiogenic calcite through a series of intermediate steps. This work aims to shed light on these inter-
mediate stages of diagenetic alteration. To do so, we conducted long term (4 and 6 months) experiments where
diagenetic-mimicking fluids interacted at 80°C with the aragonitic skeletons of three marine organisms: the
bivalve Arctica islandica, the gastropod Haliotis ovina, and the coral Porites sp. The pristine and altered micro-
structures were analysed with EBSD, SEM, AFM, XRD and TGA. Our results depict the hydrothermal alteration
of the aragonitic biocarbonates as a complex multi-step process whose kinetics is strongly influenced by min-
eralogical, textural, microstructural, and chemical parameters. The characteristics of the alteration varied
significantly depending on the original microstructure of the skeletons. Thus, the coral Porites sp. remained
unaltered even at the nanoscale after 6 months of alteration. In all other microstructures, the alteration began
with the destruction of the organics followed by the formation of porosity, which was then filled with abiogenic
aragonite. Ultimately, biogenic and abiogenic aragonite transformed into calcite. Our findings provide insights
on the primary features that influence the susceptibility of biocarbonates to resist diagenetic overprint.
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Over the last several decades, many diagenetic processes occurring on the seafloor surrounding carbonate
platforms have been detailed studied. However, recent publications have demonstrated that many of those
processes are still poorly understood, especially in the slope, toe-of-slope, and basin floor, where platform-de-
rived material significantly affects how those deposits respond to diagenetic changes. In addition, those sed-
iments commonly interact with oceanic bottom currents producing an effective flow zone. The bottom cur-
rents are significant since they interact with the seafloor to create a previously unrecognized advective flow
mechanism in the shallow subsurface, herein defined as “current pumping”. This mechanism triggers several
diagenetic processes, including dissolution, calcite cementation, and dolomitization. The initial focus here is
on the abiotic physical and chemical events producing diagenetic changes, however, microbial activity may
indirectly influence these processes. The results of two studies from different geographic and age localities
show a very similar diagenetic trend. First, different diagenetic processes were studied from five IODP 359
sites from the Maldives using geochemical and petrographic data. The dataset originates from the Neogene
age Kardiva platform margin, slope, toe-of-slope, and drift deposits filling the Maldives’ inner sea. Second, the
Happy Spraberry field, located on the Midland Basin’s eastern flank, contains Permian age platform-derived
materials reworked and resedimented into the toe-of-slope environments. Both examples show preferential
dissolution, cementation, and dolomitization from seawater-derived fluids. Those fluids were pumped into the
shallow subsurface creating an advective zone delivering Mg for dolomitization, undersaturated waters for
dissolution, and remobilizing Sr from aragonite to calcite and other cements. We learned that the most signifi-
cant diagenetic overprint occurred very early in the evolution of the successions preserving the early changes
(dissolution, cementation and dolomitization) during the subsequent geological history. The results presented
here highlight the significance of understanding early diagenetic processes and their hydrodynamic drivers.
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The Danakil Depression, situated in the northern part of the Afar triple junction, is part of an active rift zone
associated to the break-up of the Afro-Arabian plateau. The hypersaline lake Afdera is situated in the southern
part of the Depression. Gypsum actively precipitates within the lake, but especially around FranchettiIsland, a
volcanicisland in the central part. Gypsum deposits are present as crusts, concretions and meter-sized mounds
composed of cauliflower structures and laminated gypsum deposits alternating with microbial mats. In this
study we investigate the formation of gypsum and the role of microbial films in the precipitation and early
diagenesis of micro-scale fabrics. This study uses a combination of standard sediment petrological techniques,
cathodoluminescence microscopy, fluorescence microscopy, XRD and SEM to characterize the gypsum deposits
and their evolution trough time. Samples were collected along two proximal - distal transects (island - open
lake) during field expeditions in 2017 and 2019. Preliminary results show a correlation between the different
morphologies and micro-scale fabrics along the studied profiles. Mineralogical analysis evidence a distinct
gypsum/anhydrite transition across the transects. SEM images evidence the close spatial relationship between
gypsum crystals and biofilms. This study provides new insights into the characteristics and formation of the
Lake Afdera’s gypsum microbialites. Overall, further investigations will contribute to the characterization of
understudied gypsum deposits in the geological record of which the formation mechanisms are often debated
and poorly understood.
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The differential participation of different calcium carbonate polymorphs in early marine diagenesis due to
their thermodynamic stability is well known. Aragonite is less stable than calcite and prone to dissolution in
the distinct redox conditions caused by microbial decay of organic matter during the early stages of burial. The
dissolved calcium carbonate can reprecipitate as calcite cement at a relatively short distance, thus resulting
in layers of calcium carbonate export (i.e. marl) and layers of calcium carbonate import (i.e. limestone). The
implications for the interpretation of carbonate rock sequences are highly debated, and the potential influences
of this redistribution of carbon and other elements on global geochemical cycles remains underexplored. The
intensity of this early diagenetic carbon redistribution is largely driven by the proportion of aragonite in the
original sediment. As the seawater Mg/Ca ratio and temperature strongly impact inorganic calcium carbonate
mineralogy and skeletal mineralogy (at least before the Jurassic), we expect that the intensity of the redistribu-
tion varies throughout the Phanerozoic with seawater Mg/Ca and temperature, i.e. aragonite—calcite sea con-
ditions. This study aims at evaluating the intensity of diagenetic aragonite dissolution and calcite precipitation
through the Phanerozoic by comparing diagenetically inert Al/Ti ratios of limestone-marl alternations from
published datasets of limestone-marl alternations. Results will be interpreted in the context of the available
shelf area and palaeotemperature.
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The evaporative reflux model is frequently invoked to explain dolomitization of peritidal carbonates. Some
recent studies suggest, however, that dolomitization via evaporative fluids may not be as common as previously
thought. Here, the dolomites of the Upper Ordovician (Katian) of southeast Indiana, USA (Richmond Group -
Saluda Fm) are investigated. Previous work suggests that these dolomites formed via hypersaline fluids in a
restricted lagoonal setting. Other work argued that dolomitization occurred after deposition of the overlying
formation in mixed meteoric-marine fluids. The current study aims to test these models through integration
of high-resolution mineralogic, isotopic, petrographic, and geochemical datasets.

Atotal of 6.4 meters of the outcrop was sampled at 10 cm intervals (N=66) over 4 vertical transects. Mineralogical
data indicate the Saluda is primarily composed of Ca-rich, poorly ordered dolomite and low-Mg calcite. Dolomite
stoichiometry and cation ordering is nearly constant with depth, averaging 46.34 + 0.15 mol% MgCO; and 0.43
+0.08, respectively. Dolomite abundance correlates with depositional texture such that it is more abundant in
mud-dominated facies (i.e., mudstones) and less abundant in wackestone-packstone facies. Petrographically,
the fabric-destructive dolomites are coarse crystalline (30-120 um) planar-e. Low Mg-calcite is observed as both
microcrystalline calcite that predates the dolomite and as a blocky calcite cement that postdates the dolomite.
Stable isotopic analyses show that §'®0y,, is higher (-3.09 + 0.34 %o VPDB) than 60, (-3.74 + 0.46 %o VPDB), a
difference interpreted to reflect mineralogical fractionation between calcite and dolomite. The §®04,; values
are similar to those expected for Upper Ordovician marine dolomites, suggesting dolomitization likely occurred
very early and was driven by marine fluids. Further, the lack of downward vertical mineralogic and isotopic
trends suggests dolomitization via downward refluxing brines is not likely.
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Although dolomite is found as an early diagenetic mineral in Holocene and Pleistocene sediments throughout
the world, there has been a distinction between those dolomites formed in arid environments associated with
evaporite minerals, and those present in less extreme climates with higher amounts of meteoric precipita-
tion. In this presentation we present evidence that contrary to previous proposed mechanisms, that some of
the Bahamian dolomites may also be formed under the influence of elevated salinity brines. In the Bahamas,
rocks of Pliocene and older age have frequently been subjected to massive dolomitization with the principal
hypothesis being that the dolomitization was induced by normal seawater being circulated through the car-
bonate precursors. However, several lines of evidence derived from changes in petrography, sedimentology,
and geochemistry suggest that the dolomites are related to repeated small changes in sea level. We suggest that
during periods of lower sea level, hypersaline ponds develop upon islands, similar to those observed throughout
the Bahamas today. The warm dense fluids which are present in the hypersaline ponds contain high amounts
of organic material that degrade through aerobic and anaerobic oxidation thus elevating alkalinity and are thus
producing a solution highly conducive to the formation of dolomite. The fluids reflux through the underlying
sediments and interact with underlying seawater causing the precipitation of dolomite as well as dolomitiza-
tion of the precursor sediments. Repeated small oscillations of sea level produced a number of sequences of
dolomite, each overlain by sedimentological evidence of the presence of shallow hypersaline ponds. The geo-
chemical signature of this process yields carbonates with elevated temperatures, as measured using clumped
isotopes near the top of the sequence with elevated 60 values, high trace element concentrations derived from
atmospheric dust and Ca and Mg isotopes representative of open system alteration. Further from the exposure
the sequence shows evidence of more closed system diagenesis, before transitioning to a similar underlying
sequence. Deposition of such sequences are repeated numerous times with final dolomitization associated
with later movement of seawater.

110



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 4. General topics in carbonate sedimentology
Special Session 4.2. Early diagenesis in carbonate sediments

Oral presentation

Study of two carbonate seepages from Lower to Upper
Miocene Hikurangi active margin (New Zealand, North
Island)

Renaud Toullec’, Julien Bailleul’, Vincent Caron?, Geoffroy Mahieux?, Franck Chanier®, Sébastien
Potel’

'B2R Geosciences Dpt — U2R 7511, UniLaSalle, Beauvais, France

’B2R Geosciences Dpt — University of Picardie Jules Verne, Amiens, France
LOG, UMR 8187, University of Lille |, Villeneuve D’Ascq, France
renaud.toullec@unilasalle.fr

The study focuses on the analysis of tubular carbonate concretions outcropping in two areas in the New Zealand
Hikurangi active margin: the Akitio syncline and Cape Turnagain. This work intends to enlighten the role of
pipes involved in fluids circulation and to compare them from two former basins having evolved from lower/
middle Miocene (Akitio) and upper Miocene (Cape Turnagain). In both cases, the host rock is composed of very
fine-grained muddy sediments (calcareous mudstones) containing a lot of framboidal pyrites, quartz, feldspar
and very few and poorly diversified fauna indicating paleoenvironmental stressed depositional settings. Con-
cerning the tubes themselves, they differ drastically on a morphological point of view: They are cylindrical
and very large in Cape Turnagain, whereas they are rugose and far smaller in Akitio. In the Akitio syncline,
the biggest tubes are characterized by a lot of late cross-cutting fracturation and brecciation stages, filled by
softly deformed monomict fluidized muds. More-over, association of framboidal pyrite, authigenic quartz
and bitumen lining was observed in pre-fracturation/pre-injection sequence. In the case of Cape Turnagain,
diagenesis sequence is highlighted by complex dissolution/cementation stages (early calcite/dolomite cemen-
tation, framboidal pyrite, aragonitic crust). Neither late fluidized infills were observed nor late fracturing. 80
stable isotope (§'*0/6'*C) analysis were carried on micro-samples. All these data are completed by cathodolu-
minescence analysis associated to major and minor chemical analysis (SEM/EDS elemental measurements) In
AKkitio basin, two main origins of carbonate cements and mud infilling were revealed: anaerobic oxidation of
microbial CH, and temperature increasing in the later stages. The building of tube framework took place in
early reducing environment followed by later infilling of the tubes, using the pre-existing “plumbing system”.
In Cape Turnagain, early dissociation of gas hydrates below the sea floor and reduction of CO, as a by-product
of methanogenesis are involved (Nyman, 2009). Finally, tube formation differs strongly between these two
areas: they were both differently early built and they moreover experienced hotter late fluid circulation in
Akitio than those of Cape Turnagain.
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Dedolomitization is a process where dolomite is converted to calcite by calcium rich fluids. Although dedolo-
mites can form in various diagenetic environments, the most commonly invoked setting is at shallow burial
depths where meteoric waters encounter gypsum. The dissolution of gypsum increases the calcium concen-
tration of porewaters, shifting the Ca/Mg ratio of the fluid to favour replacement of dolomite by calcite. Under-
standing this process is important because it is often associated with a lowering of porosity and permeability,
compared to the precursor dolomite. Conversely, the dissolution of gypsum increases porosity and permeabili-
ty, which over time may lead to cavity development followed by collapse. To better understand the relationship
between gypsum dissolution and dedolomitization we built reactive transport models using TOUGHREACT and
parameterise simulations using modern hydrochemical data from Qatar. Storm recharge waters from surface
depressions are used as the input fluid and the composition of fluids after reaction with gypsum and dolomite
host rockis compared to that of groundwaters from an area where dedolomitization is currently occurring. This
approach allows the validity of the models and inherent assumptions to be evaluated. From this foundation,
we assess the role of the host rock mineralogy, fluid chemistry, temperature, flow rate and pCO, in controlling
rates of gypsum dissolution and dedolomitization. Results suggest that the degree of undersaturation of the
initial fluid with respect to gypsum determines the mass of dedolomite produced per volume of fluid. There-
fore, the fluid flux is also closely linked to the dedolomitization rate. Changing the host rock from distinct
layers of gypsum and dolomite to mixed gypsum and dolomite increases the rate of both gypsum dissolution
and dedolomitization. Increasing the temperature results in a small increase in gypsum dissolution whereas
the effect of pCO, is negligible. Complete dedolomitization of the host rock leads to a matrix porosity loss of ca.
10%. After all the dolomite has been converted, calcite may continue to precipitate but at a much slower rate
than when dolomite dissolves.
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why is there so much misinformation in the literature?
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Bedding planes are fundamental features of sedimentary rocks. A survey of definitions of the term, even some
published very recently, shows a fixation with depositional surfaces, breaks in sedimentation, erosional origins,
all relating to primary depositional processes. What these definitions ignore is that for decades it has been
known that bedding surfaces, especially but not wholly in carbonate rocks, can be partly or wholly diagenet-
ic. Although bedding planes caused by burial processes such as compaction and pressure solution had been
identified, it was Bathurst in 1987 and 1995 who made a compelling case that very early calcite cementation,
likely relating to aragonite dissolution, was responsible for providing the mechanical heterogeneities that in
many cases burial processes later enhanced to produce bedding planes. More recently, the processes of very
early transformation of aragonite at very shallow burial depths in marine pore waters have become better
understood; as has their role in the formation of diagenetic bedding and related bipartite lithologies (such as
limestone-marl-alternations), some types of hardgrounds, and secondary carbonate mudrocks. Diagenetic
bedding is especially ubiquitous in low energy offshore marine successions and is most readily seen in mixed
clastic-carbonate successions whereby the limestone beds are commonly purely diagenetic in origin, and so
are the bedding planes. The critical point is that these carbonate bounding surfaces formed within the sedi-
ment, are therefore not depositional surfaces, and do not directly reflect breaks or changes in sedimentation;
thus many bedding planes are purely diagenetic in origin and are not primary depositional features. Such a
distinction between depositional and diagenetic bedding is fundamental to how we interpret sedimentary
strata and it seems that most currently circulating definitions ignore the facts. Here the different mechanisms
of formation of bedding planes are summarised, their range and potential to form in different depositional
environments evaluated, and how understanding these types impacts on how we decipher the geologic record.
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The International Ocean Discovery Program (IODP) uses an advanced piston corer (APC) in soft sediments,
and an extended core barrel (XCB) in firm sediments. Within a single hole, the operator switches from APC to
XCB once the formation is too hard or cohesive. The coring tool exchange typically occurs around the same
depth in adjacent holes of the same site. However, during IODP Expedition 356, the coring tool switch occurred
at different depths: IODP Sites U1463 and U1464 are marked by a stratigraphic interval (>25 m thick) that was
XCB cored in one hole, and APC cored in other holes. Shipboard scientists remarked that APC-cored sediments
were unlithified or partially lithified, while XCB-cored sediments were fully lithified. This difference in sedi-
mentological description of the same formation seems to be an effect of coring technique. To provide further
insight, we assessed the physical properties, downhole wireline logging data, scanning electron microscope
(SEM) images, and micro computed tomography (LCT) scans of those intervals. XCB cores are characterized
systematically by lower bulk density, higher porosity, and higher P-wave velocity compared to APC cores. Down-
hole logging data suggests that the original P-wave velocity of the formation is better preserved in XCB cores,
despite the typical biscuit-and-gravy artefact. In conjunction with SEM and uCT images, we conclude that the
APC tool destroyed early lithification by breaking cements between individual grains. Moreover, pCT images
reveal denser packing and smaller pore volumes in the APC cores. These sedimentary changes likely occur
when the APC pressure wave passes through the sediment. The destruction of grain-to-grain cements provides
an explanation for the significantly lower P-wave velocities in APC-cores. Interestingly, the gravy sections in
XCB drilled cores mimic the destruction of early lithification and reduction of pore volume. We conclude that
APC remains the tool of choice for recovering soft sediments, especially for paleoclimate purposes. However,
for the study of lithification and early diagenesis, XCB biscuits provide a more representative sample of the
formation.
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Observations of carbonate sedimentary successions show the presence, under emersive surfaces, of highly
porous and permeable levels forming well-developed aquifers. So, it can be assumed that these levels have un-
dergone an episode of early diagenesis in a meteoric environment. This type of event would have a deterministic
role in the formation of aquifers in carbonate systems. To verify this hypothesis and further understand the
phenomenology of early diagenesis on aquifer properties, an experimental set-up has been created to repro-
duce features (pores, cements...) of early diagenesis from natural aragonitic sands. A particular attention is
paid to aragonite particles dissolution and cement calcite recrystallization, to the microstructures thus pro-
duced, and to the experimental parameters favouring these reactions. Two types of tests are performed. On
one hand, samples of water-saturated aragonitic sand are placed in autoclaves and heated to 200°C for several
days to several weeks. On the other hand, we use a new experimental apparatus: an oedometric cell for stress
field onto the sand, heat up to 100°C, and circulation of a fluid in the porous medium. Two main parameters are
investigated: the nature of the sedimentary grains which undergo diagenesis, and the particle size distribution.
Our initial results indicate that increasing the specific surface area of grains by grinding does not favour the
aragonite—calcite transformation. On the contrary, it tends to reduce it. More, the use of previously sterilized
grain tends to greatly reduce mineralogical transformations. Finally, it seems that the very structure of the
oolites strongly favours the aragonite dissolution reactions.
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Fine-grained sedimentary carbonates are important climatic archives. Recognizing the effects of post-deposi-
tional modification of such rocks is, therefore, crucial for the assessment of fidelity of these archives. Early-di-
agenetic carbonate concretions, typically also composed of microcrystalline carbonate and preserving original
depositional fabric, are analogously developed to fine-grained sedimentary carbonates. Here we present such
concretions from the Permian continental red beds from Poland, which were affected by hydrothermal activity
related to shallow intrusions. We have performed mineralogical (XRD), petrographic (polarizing microscopy,
CL, SEM), and isotopic (§"*C-8'0) investigations in order to check for potential effects of hydrothermal alter-
ation of carbonate material. The concretions are laminated, concentrically banded, and contain septarian
cracks filled with saddle dolospar indicating elevated temperature of fluids circulating within the sediments
after concretionary growth. The concretion core is composed of microcrystalline, non-planar, homogeneous,
Fe-rich dolomite, apparently not recrystallized. Stoichiometry and size of dolomite crystals increase towards
the concretion margin, which is observed in the concentric banding. The recrystallized dolospar is developed
as planar, zoned, rhombohedral crystals, which appear also in the core, but their occurrence is limited to
coarser-grained laminae and margins of the septarian cracks. Recrystallization is also reflected in §"*C and
880 values, FWHMs of XRD peaks, and amount of Fe in dolomite, which drop at the margins. The concretions
must have been pervasively heated up, but recrystallization occurred only at their margins and along more
permeable structures, where fluids could have flown through. This shows that the abundance of hot fluid,
not their temperature, is the key parameter driving carbonate recrystallization. Interestingly, unaltered dolo-
mite exhibits uniform CL, whereas recrystallized dolomite shows heterogeneous CL pattern following crystal
zoning. Therefore, contrary to what is commonly perceived, CL zoning concordant with crystal habit, is not
necessarily an evidence of primary origin of dolomite.

This work was supported by the International Association of Sedimentologists.
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Early marine diagenetic processes are affected by a variety of physical, chemical, and biological processes
that can alter their composition and properties. The processes cause change on sub-micrometre scales in the
presence of microbial metabolism and by-products. Compared to later stage meteoric diagenesis that can be
more pervasive in effect but still results in fabric selective textures and heterogeneity at micron to cm scales.
Diagenetic analyses inform biogeochemical cycles, lithification and alteration which affects the reliability of
the geochemical data used for paleoenvironmental and isotopic dating to minimise geochemical anomalies.
Electron microscopy (EM)-based techniques have been useful as tool to visually demonstrate textures at high
resolutions and indicate mineralogy with elemental analysis but have lacked the broad perspective and speed
of light microscopy. New-generation EM offers high-quality chemical composition data maps, with the potential
to generate mineral and textural information over comparable spatial scales. Core material from the Southern
Great Barrier Reef, was used to explore the utility of automated mineral (AM) analysis in characterizing the
microtextural, elemental, and mineralogical features in Holocene reefs. High-resolution, large-area mapping of
carbonate minerals (down to 0.5 pm pixel spacing) was performed using a TESCAN Integrated Mineral Analyzer
(TIMA) Field Emission Scanning Electron Microscope at the Central Analytical Research Facility, QUT (Bris-
bane, Australia). Multiple EDX detectors have facilitated rapid collection of spectral data at micron resolution
(~1.5 um spacing) with minimal surface damage. Collected spectra were used to confirm the presence of ele-
ments and mineral phases. Custom queries of the elemental data with proprietary software (TIMA-X) enables
subtle phase differentiation of carbonate mineral phases including aragonite, calcite, low-magnesium calcite,
high-magnesium calcite, and dolomite. Mineral phases were verified with Raman spectroscopy (Renishaw inVia
QONTOR). This study illustrates relatively subtle microtextural and mineralogical features in carbonate rocks
mapped with AM and as tool to target sample regions for further microanalytical techniques.
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The diagenetic studies of syn- to post-rift deposits from hyperextended basin margins can play a key role in
the comprehension of fluid circulation into post-rift carbonate platforms. Field and petrographic observations
of Cenomanian shallow marine limestones of the northwest of the Bortziriak Palaeozoic massif, NE of the
hyperextended Basque-Cantabrian Basin, indicate early diagenetic fracturing, fluid-flow, sediment infill, dis-
solution, neomorphism and cementation processes. Fluid-flow resulted in an increase of the pore hydrostatic
pressure and subsequent brecciation. That early fracturing and increase in permeability allowed the perco-
lation, transport and deposition of reddish micrite and calcarenitic sediment within fracture cavities, as well
as the precipitation of radiaxial-fibrous and blocky calcite cements. Additionally, selective neomorphism of
rudist shells and corals was also intense. Based on petrological cross-cutting relationships and cathodolumi-
nescence, sequential infillings and cements are recognized. ¥Sr/**Sr and §'*0-8"*C data from host limestone,
rudist shells, infillings and cements suggest that multiepisodic fluid and sediment circulation processes acted
early in the phreatic marine realm. Thereafter, fluids mixed with deeper fluids with higher #’Sr/**Sr and more
negative §'*0-8"C stable isotopes, probably due to the interaction with deeper (Palaeozoic?) rocks. Finally,
tectonic stress derived from the Alpine inversion generated pressure dissolution seams (stylolites) and sets of
calcite veins, which cross-cut prior features. All these data suggests the existence of an early post- sedimentary
fluid circulation system in the marine phreatic realm, which evolved towards basinal fluid circulation before
the Cenozoic inversion of the basin.
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Most studies of carbonate sedimentary systems are funded on sequence stratigraphy, especially for character-
izing stacking patterns and reconstructing stratigraphic architectures. The keystone of these sequence strati-
graphic studies consists in the spatial correlation of the “Relative Sea Level” (Faccommodation) curve, often
simplified as the sea-level curve. Other controlling parameters including subsidence and carbonate production
remain difficult to constrain at local including carbonate reservoir scale from most available sedimentary
records and dating. Sea-level patterns, which are cyclic by nature, are usually applied to characterise cyclic
carbonate sequences. If sea-level signals are consistently recorded during the Pleistocene-Holocene icehouse
period, the sedimentary record of sea-level fluctuations during a greenhouse period are not well constrained.
The definition of transgressive and regressive cycles on continuous outcrops of Urgonian carbonates has shown
reversed correlations for the same time units (Early Cretaceous, Provence, SE France). This is induced by varia-
tions in carbonate production along the proximal-distal profile, which directly influences the record of sea-lev-
el fluctuations. In this context, quantitative sequence stratigraphy including forward modelling approaches are
required to better support interpretative stacking and accommodation patterns. More generally, the response of
carbonate sedimentary systems in terms of productions, substratum movements and preservations is not linear
or constantin space and time to the variation of accommodation. This aspect limits the deconvolution of eustatic
variations from the analysis of log sections at depth and implies testing many hypotheses. In this context, global
trends can support subsidence and carbonate factory predictions to contextualise any sequence stratigraphic
interpretation, in particular during greenhouse periods during which sea-level control is uncertain. During
the icehouse Oligo-Miocene period showing a unique sea-level evolution, diverse stratigraphic architectures
developed across the different paleoclimatic belts. By contrast, carbonate architectures of greenhouse periods
of e.g. Eocene, Early Cretaceous and Late Jurassic show weaker global variabilities.
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In the Burgundy Franche-Comté region (France), many rivers are the seat of an important carbonate pro-
duction. Long considered to be the result of abiotic processes attributed to chemical precipitation, carbonate
concretions (“tuffs”) are nonetheless made up of an important microbial component, implying an active role
in the formation processes of these carbonate deposits. These rivers are mainly fed by karstic springs which
allow an efficient recharge of the system, in particularly in Ca*’, HCO; and other ions. The carbonate compo-
nents are organized in built structures and are defined as oncolites, capping crusts and dams macrofabrics
and are not homogeneously distributed along the rivers. The mesofabrics are marked by an alternation of
porous and dense laminae also observed in the microfabrics with an alternation of cements and peloids rich
in microbial filaments and plant remains. The different morphologies seem to show an important periodicity
in the mineralization and their establishment appears to be controlled by a large number of factors that may
be physical, chemical and biological. Changes in climate and watershed properties and topography are the
main drivers for carbonate precipitation vs. dissolution. While the functioning of microbial systems and their
role in carbonate precipitation are well constrained, many gaps remain in the quantification of the volumes of
carbon that can be stored and the kinetics of mineralization. Recent studies suggest that the volumes of these
deposits are often poorly known and underestimated relative to many streams, whereas approaches that focus
on the ability of organisms to induce carbonate precipitation appear to be of great interest in the processes of
CO, capture and storage. This study focuses on two very mineralizing rivers, the Ru Blanc, located in the Cote
d’Or department and Marangea, located in the Jura department (France). The first objective is to determine
the parameters that influence the production of carbonates in natural systems with a focus: (1) on their biotic
versus abiotic composition; (2) their morphologies and (3) their specific spatial distribution along a small river.
The second one is to estimate the volume of the main carbonate structures defined as tufa dams and capping
crusts and highlight the efficiency of this carbonate factory.
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Mapping of carbonate buildups in different lake settings enables a comparison of their specific spatial distri-
bution, morphology, and biotic/abiotic origin. The morphology, size and distribution of carbonates are pre-
dominantly governed by short- to long-term water level fluctuations, geomorphological heritage, fault-induced
processes, groundwater seepages, and substrates. A review of lakes that have been studied in this regard shows
a paleoshoreline distribution with some microbial-rich buildups resulting from climate-induced lake level
variations. However, the occurence of columns and complex domes made up of biotic/abiotic carbonates ap-
pears related to the groundwater influx. Among the selected lakes, Lake Dziani Dzaha is a thalassohaline
crater preserved in Mayotte (Western Indian Ocean) with microbialites diverse in form, mineralogy, and biotic
composition resulting from complex interactions between functionally diverse microbial communities. They
mainly develop along the shoreline, except for some columns, that form around reeds and degassing locations.
A similar pattern is observed in Pyramid and Winnemucca Lakes (Great Basin, USA) during the Pleistocene-
Holocene periods and in the Limagne Basin (France) during Oligocene-Miocene. In both settings, small-scale
buildups develop along the shorelines, whereas large columns are determined by fault-controlled and spring-re-
lated groundwater influxes at the termination of fan-shape delta. The contrast in size and distribution of the
carbonate buildups at the scale of the Great Basin and the Limagne Basin show that groundwater chemistry
influences the biotic/abiotic carbonate precipitation by locally increasing the Ca?* and HCO; concentration.
The importance of ion availability (Ca*", Mg*) in carbonate precipitation is more easily investigated in a closed
basin, especially when the ion pool remaining in the basin and HCO; being primarily in equilibrium with
atmosphere and can be exchanged as CO,. The Ca®" availability appears to be a limiting factor for carbonate
precipitation whether transported by surface streams, or by large groundwater influxes, and occasionally
substituted by Mg**, e.g., in volcanic lakes. Thus a complexity of factors are involved in microbialite formation
that requires a multidisciplinary approach.
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Upper Cretaceous (Santonian) carbonate platforms are superbly exposed along Les Collades de Basturs, in the
southern limb of the Sant Corneli Anticline (Catalonian Pyrenees). This carbonate succession, which belongs
to Les Collades Member, crops out for 4.5 km NW-SE and up to 0.6 km NE-SW. Les Collades Mb is underlain by
Coniacian-Santonian marine limestones of the Montagut Mb and is unconformably overlain by Maastrichtian
siliciclastics of the Areny Formation. The palaeontological content and sedimentary evolution of this Santonian
sedimentary record has been studied since the 80’s. New drone technology permits nowadays to reach new
heights helping to map outcropping rock facies, stacking patterns and stratal terminations in greater detail. For
the present study, a high-resolution 3D model was generated from the orthoimagery acquired from the drone.
This model was used on site for line drawing of stratigraphic surfaces, as well as for mapping facies heteroge-
neities and structural features with the aim to provide detailed facies architecture and sequence stratigraphic
analyses for these platform carbonates. 890 logged meters divided into seven representative stratigraphic sec-
tions of up to 252 m thick were measured to support the 3D facies architecture model. The investigated succes-
sion can be largely subdivided into three episodes of carbonate platform development which passlaterally and
upwards (after drowning) to distal nodular marly limestones and marls rich in level-bottom coral communities
and Lacazina. The platform carbonates show a marked cyclicity with alternating coral-rudist (marly-) limestone
beds, hippuritid biostromes and skeletal grainstones, and overall aggradational and progradational stacking
patterns and thus are interpreted as highstand normal regressive units. The general progradational trend of
the carbonate systems is towards the NW. The first two episodes of carbonate platform development show a
slight increase in thickness westwards after a platform break due to synsedimentary faulting. A retrograding
platform with an outcropping length of c. 100 m occurs above the first highstand unit. Carbonate systems
showing stacking patterns and stratal terminations such as the ones studied herein are usually only observable
on seismic data.
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For carbonate mud mounds, research on the sedimentary architecture remains challenging. We add a study on
single mound distribution and superimposed style, establish an evolution model and analyse the main factors
affecting it. We used thin section, core and outcrop data to identify the architectural elements, describe the
single mound distribution through the analysis of various wells. Based on outcrop, well and seismic analysis,
we summarize the composite mound types and overlapping single-mound styles. We focus on the recognition
of 6 to 4 levels of mud-mound architecture elements. The 6th to 4th grade architecture elements are composite
mound, single mound and single micro-facies. The compound mounds are composed of 10 to 12 single mounds.
High-amplitude composite mounds develop in the high energy zone, and have a width to height ratio of 1-3. The
single mounds are vertically superimposed. Low-amplitude composite mounds develop in the transition zone;
width to height ratio is 3 to 10. These single mounds are laterally superimposed. Laminal composite mounds
develop in the low-energy zone; width-to-height ratio over 10. The lower Dengying Formation contains lateral
accretion mounds as the upper part develops accretion or progradation mounds. Hence, the composite mound,
single mound and single micro-facies act as the 6-4 levels of mud mound architecture elements. High-ampli-
tude, low-amplitude and laminal composite mounds also occur. Lateral accretion mounds and aggradation
mounds are present in the lower and upper part of the formation, which both are subjected to a continuous
regression process, resulting in a gradual reduction in accommodation. The upper formation reflects an inter-
mittent regression process in which accommodation remains almost unchanged.
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Isolated tropical carbonate platforms in the Indian and Pacific oceans are currently in a stage of disintegration.
Several factors control this condition, such as past sea-level fluctuations, ocean currents, and environmental
conditions. Size reduction of the banks is a consequence of two processes: (1) Reduced carbonate production in
the shallow part of the platforms resulting in minor sediment export to the platform slopes and the toe of slopes;
platform edges thus do not prograde. (2) Slopes are dismantled through gravitational processes, as reflected
by a series of distinct submarine geomorphological features. This study uses multibeam, seismic and seafloor
observation data from the Saya de Malha Bank (Mascarene Plateau, Indian Ocean), the Maldives (Indian Ocean)
and the Queensland Plateau (NE Australia, Coral Sea), to characterize the slope instabilities at the flanks of
these carbonate buildups. Platform slope collapse in form of submarine rockfalls and landslides occurs along
the edges of the banks and within middle and lower slope positions. The latter are volumetrically important
having displaced several km® of sediment, for example at the flank of the Saya de Malha Bank (Mascarene Pla-
teau, Indian Ocean). There, scarps are 300 m high and extend laterally for at least 40 km. The stepped shape of
the scarps are interpreted to be a consequence of multiple episodes of slope destabilization — individual mass
transport complexes bear volumes of 8 km® and more. Other slope segments of the platforms host submarine
canyons several hundreds of m wide and 400 to 500 m deep. These canyons serve as routes for calciturbiditic
export with the development of small turbidite lobes at the canyon exits. Here, we provide a catalogue of these
submarine geomorphological features at the different locations analyzed. The windward and leeward exposure
of the carbonate platform flanks which control sediment input to the slopes, together with the ocean currents
that winnow and erode slope deposits, appear as most important controlling factors of slope dynamics.
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systems: a case study from the Altares Member within
the Lower Triassic Montney Formation, Western Canada
sedimentary basin
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Mixed siliciclastic-carbonate successions inherently possess high sedimentological heterogeneity as a result of
dynamic depositional processes. Describing the complexity of texture, bedding and composition is commonly
done to address microfacies within thin sections; however, upscaling these observations can be challenging
depending on the scale of outcrop or subsurface drill core being studied. Within this study, we describe mi-
crofacies within a fine-grained mixed siliciclastic-carbonate interval (Altares Member) from the Lower Tri-
assic Montney Formation within the subsurface of Western Canada to interpret depositional processes within
mixed systems. The Altares Member consists of centimeter- to decimeter-scale bituminous siltstone and very
fine-grained sandstone, interbedded with bioclastic packstone to grainstone beds that have been interpreted
as being deposited in proximal offshore to offshore transition settings, with skeletal material transported
by storm-generated currents from more proximal settings, possibly low-relief biostromes. However, detailed
characterization of microfacies and depositional processes of the Altares Member in this study documents
millimeter-scale grain size variability, distribution of skeletal material, sedimentary fabric, and sedimento-
logic heterogeneity. A complex mosaic of microfacies suggests that multiple processes deposited and reworked
sediment including erosion and current reworking of the sea floor, suspension settling, bedload transport, and
deposition from storm-generated flows. Microfacies are similar between carbonate-rich, mixed, and pure si-
liciclastic beds suggesting that similar sedimentary processes occurred throughout the deposition of sediment
irrespective of the lithologies; however, the percentage of each microfacies varies stratigraphically, suggesting
that dominant sedimentary processes fluctuated. Through this study, a better understanding of depositional
processes associated with the short period of carbonate deposition of the Altares Member and its association
with the surrounding siliciclastic-rich Montney Formation can help further refine depositional models in mixed
siliciclastic-carbonate systems.
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Resedimented carbonates constitute the bulk of the Dinaric Foreland Basin fill in northern Dalmatia, Croatia.
The wedge-top basin comprises an array of asymmetrical sub-basins filled with the Promina Beds - a ~2000
m thick calciclastic succession of deep neritic to marginal-marine and alluvial deposits of middle Eocene to
Oligocene age. These calciclastic sediments derive from redeposition of uplifted and eroded carbonates formed
originally on the Adriatic Carbonate Platform during the Cretaceous, and intra-basinal carbonate ramps dur-
ing the Eocene. Repetitive resedimentation phases involved carbonate debris of different age and grain size
included in various transport and depositional mechanisms, resulting in diverse deposits over a relatively small
area. The most conspicuous among these are mass-transport deposits (MTDs) that record subaqueous gravity
processes in deep-marine and shallow-marine settings. Their features suggest that their transport direction
was perpendicular to the southeast-trending structural lineaments. Most of them were triggered during the
Bartonian and Priabonian, especially in the Korlat and Novigrad sub-basins which differ from others and from
each other in resedimentation processes and host deposits. Specifically, the Korlat sub-basin is characterized
by large limestone olistoliths and associated bipartite megabeds encased in deep neritic hyperpycnites. The
origin of these blocks and gravity-flow deposits is attributed to major gravitational collapses of consolidated
and unconsolidated sediments of Lutetian carbonate ramps, respectively. Contrarily, MTDs in the Novigrad
sub-basin occur in offshore and offshore-transition strata and include calcilutite and calcarenite slumps, biotur-
bated conglomeratic slump-debrites with a “dough-like” appearance, and debrites deposited from debrisflows of
variable competence. We suggest that these MTDs were triggered in fairly shallow water by a combined effect
of strong earthquakes and sediment destabilisation due to pore water overpressure during forced regressions
caused by sub-basin tectonic development. The results show that the integration of facies and microfacies
analyses plays a crucial role in unraveling the intricate relationship between tectonics, sedimentation and
relative sea-level changes.
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The Lower-Middle Mississippian (Visean) Fort Payne Formation in Kentucky and Tennessee (USA) consists of
two broadly defined depositional systems: (1) a 70 km wide belt of carbonate-shale clinothems that prograded
southward into 150-200 m of water depth, and (2) a broad bottomset system of carbonate sediment waves.
Sediment gravity flows, cascading density currents and thermohaline bottom currents were the dominant
processes. A highly productive heterozoan carbonate factory produced crinoids, bryozoans, and brachiopods
for both depositional systems. Siliciclastic mud was sourced from shelf delta/shoreface systems located far
updip and along strike.

This study documents supercritical flow deposits in clinothem foresets and bottomset sediment waves. Clin-
othem foresets, which are inclined <1-8 degrees basinward, include channel-filling crinoid rudstones, hybrid
event beds, interchannel shaley dolomitic mud, crinoidal shales, and toe-of-slope mass transport deposits.
Some upper slope channels may be filled with crescentic bedforms of crinoid rudstone deposited as cyclic
steps. There are also several basinward-thickening wedges of crinoid rudstone with backsets and antidune
bedding, which may represent upslope-migrating cyclic steps. One of these wedges passes downdip into an 8
m-thick succession of climbing dunes (1 m-thick sets) made up of shaley crinoid rudstone, interpreted as a hy-
draulic-jump bar complex (MacDonald et al., 2013). It, too, passes downdip into another Tb unit and succeeding
basinward-thickening wedge of backsets.

Bottomset sediment waves, which are present basinward of the clinothems, are among the first reported occur-
rences in the rock record. Wave lengths are 50-800 m and heights are 10-50 m. Some of the waves are oriented
NE-SW and show evidence of migration to the SE. Antidunes and supercritical bedforms are present in the
troughs, lower stoss, and lee slopes of sediment waves, and indicate paleoflows reached Fr>1 during acceleration
down the lee slope, through the troughs, and decelerated to subcritical flow on the stoss slopes.
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Stratigraphically, the Istrian peninsula (Western Croatia) consists of a thick succession of Mesozoic carbonate
platform deposits and a middle Eocene foreland basin sedimentary sequence. The middle Eocene foreland
basin sequence includes carbonate ramp deposits (so called Foraminiferal limestones) and the Istrian flysch,
originated in the foredeep part of the basin. The Istrian flysch consists of hemipelagic marl and gravity-flow
deposits. Gravity-flow deposits are carbonate debrites and high-density turbidites, and mixed siliciclastic-
carbonate turbidites of a more distal character. The aim of this research is to determine the composition of
carbonate turbidites and the source of carbonate constituents, and to find out which part of the underlying
carbonates produced the bulk of the detritus. The composition was determined by the point-counting method
on 42 samples. Based on the results, we can conclude that the detritus was predominantly redeposited from the
contemporaneous Middle Eocene carbonate ramp. The carbonate ramp was located laterally within the same
sedimentary basin and was the primary place of accumulation of biogenic detritus, which is mainly composed
of ortophragminids, nummulitids and red algae. The lithoclasts, derived from older carbonate rocks, are rep-
resented to a lesser extent within the carbonate turbidites of the Istrian flysch.
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A 475-m thick succession of resedimented carbonates crops out in the Castril area (Granada province, S Spain).
These deposits reflect the collapse of a carbonate platform margin that took place in the Prebetic Zone dur-
ing the late Serravallian-early Tortonian, a period of important tectonic uplift of the Betic Cordillera. Based
on fieldwork mapping, stratigraphic logging, drone photogrammetry and macro- and microfacies analyses,
we document the internal architecture of these deposits, examine their emplacement mode and explore the
pre-conditioning factors and triggering mechanisms involved in the margin collapse. Three main redeposited
units were identified. The lower unit is a 150-m thick calcareous megabreccia unconformably lying over Cre-
taceous marls. This is an heterometric, dominantly angular, clast-supported megabreccia with cobbles and
boulders ranging from 10 cm to 5 m in diameter, locally up to 20 m. Clasts in the megabreccia include a mix of
facies derived from truncated stratigraphic units from Cretaceous (?) to Miocene in age. The 10 to 25 m thick
middle unit comprises bioclastic limestones filling up the irregular top surface of the lower unit. The middle
unitincludes 1) 5to 20 cm thick bedded fine- to medium packstones laterally continuous over several hundreds
of metres and 2) channelized medium packstones and fine-grained rudstones with basal cobbles and boulders
arranged in bodies tens of metres wide and several metres thick. The upper unit is 250 to 300 m thick and in-
cludes marls intercalating channelized bodies of breccia and packstone beds. Skeletal grains are indicative of
active carbonate production and shedding from the margin during deposition of the three units. Gravity trans-
port and deposition of megabreccias during the main episode of margin collapse is interpreted as a submarine
rock avalanche sourced from a steep, lithified carbonate platform margin. Subsequent deposition occurred
in submarine slope aprons and channels sealed with hemipelagic sedimentation punctuated with sediment
remobilization similar to previous events. A high-relief and lithified accretionary margin preconditioned the
materials to fail due to fault movements and seismic shocks.
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grains: implications for calciturbidites

Arnoud Slootman', Max de Kruijf?, Guenther Glatz®, Joris Eggenhuisen®, Rainer Ziihlke®,
John Reijmer®’

'Department of Geology and Geological Engineering, Colorado School of Mines, Golden, CO, USA

4F Technology, Arnhem, The Netherlands

3College of Petroleum Engineering & Geosciences, King Fahd University of Petroleum & Minerals, Dhahran, Saudi Arabia
4Department of Earth Sciences, Utrecht University, Utrecht, The Netherlands

®Geology Technology Team, EXPEC Advanced Research Center, Saudi Aramco, Saudi Arabia

E"Vrije Universiteit Amsterdam, Faculty of Science, Department of Earth Sciences, Amsterdam, The Netherlands
"Department of Geosciences, University of Fribourg, Fribourg, Switzerland

slootman@mines.edu

Particle transport and deposition in turbidity currents is governed by the balance between turbulent suspen-
sion and gravitational settling, with settling velocity becoming dominant during the final rain-out phases of
decelerated turbidity currents on lobes. For turbidites of carbonate composition, existing models do not fully
incorporate the complexity of the hydrodynamics of irregular skeletal grains. Differential particle settling
velocities play a role in the sorting of grains in turbidity currents. There is a preference of grains with higher
settling velocities to be deposited first, yielding a settling-velocity gradient in vertical and longitudinal cross
sections through turbidite beds. If sediments contain little variation in particle shape and density, such as
typical for siliciclastics, then settling velocity is dominantly controlled by grain size. Carbonate sediments, in
contrast, are composed of non-skeletal and skeletal grains, complete specimens and/or fragments, with various
growth structures, producing a wide distribution of particle shapes. Similar-sized skeletal carbonate grains
may therefore settle at very different rates, while particles of different size may settle together. This work aims
to constrain the extent to which shape-dependent differential settling velocities influence sorting mechanisms
in carbonate turbidity currents. Experiments using natural skeletal sand were conducted to investigate the
settling of carbonate grains in (i) isolation, (ii) vertically-settling suspensions, and (iii) turbidity currents. Size,
density and shape parameters were analysed using high-resolution micro-CT. It was found that the effect of
particle shape on the sorting mechanism operating in carbonate sediment suspensions becomes increasingly
significant as grain size increases, in particular above medium sand. Carbonate turbidites may therefore be
more poorly sorted than siliciclastic turbidites, which is expected to result in lower primary porosity in calci-
turbidites compared to siliciclastic turbidites.
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Depositional processes, triggering mechanisms and
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A key setting where carbonate platforms can be investigated is a foreland basin, where shallow-water sedi-
mentation may develop in different conditions and positions. In the distal edge of peripheral foreland basins,
shallow-water carbonates often develop and form the lower unit of the underfilled trinity of Sinclair. According
to this author, peripheral foreland basins include three stratigraphic units which are commonly superimposed
during the basin migration. These units, known as the “underfilled trinity”, consist of: i) a basal unit corre-
sponding to carbonate deposition on the distant foreland basin; ii) a middle unit represented by hemipelagic
mud sedimentation offshore; and iii) an upper unit formed by deep-water, turbiditic-siliciclastic sedimentation
which develops toward the orogenic margin of the basin. In the central Apennines (Latium-Abruzzi, Central
Italy) the first member of the underfilled trinity is represented by a basal Burdigalian to Serravallian Miocene
carbonate ramp, the Lithothamnion and Bryozoan Limestones, which lie on a Paleogene unconformity. The
carbonate ramp is overlain by Tortonian hemipelagic marls represented by the Orbulina Marls, followed by
turbiditic, siliciclastic succession deposited in the foredeep system. This work focuses on the bioclastic interca-
lations occurring in the Orbulina marls. The calcareous nannofossil assemblages at the base of the intercalation
indicate a Tortonian age, attributable to Biozone MNN9. The compositional features and sedimentary struc-
tures of carbonate intercalation indicate deposition from gravity flows (turbidity currents) sourced by areas of
active carbonate factory placed in the oligophotic zone. In this work, we analyse the role of climate conditions
characterizing the Central Mediterranean area, as well as the oceanographic conditions which promoted the
gravity flows on the Tortonian Latium-Abruzzi carbonate ramp.
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In addition to subduction zones, spreading zones also generate damaging earthquakes on Earth. A series of
large-magnitude earthquakes occur periodically due to cyclic activities of the oceanic transform faults in the
spreading zones. The earthquake recurrence pattern is critical in understanding the dynamics of transform
faults and assessing seismic hazards. However, due to the paucity of high-resolution earthquake records span-
ing hundreds of kyrs, it is difficult to reconstruct seismic cycles in geological history only using fragmented
data from modern seismic observation. In the study, we target one gravity core located in the transform fault
zone of Central Indian Ridge. We analyze the grain size end member, X-radiographs, and major elements of
sediment in the core. Ten calci-turbides with typical normal grading have been recognized in the core. They
are characterized by planar lamination and current-ripple cross-lamination and are rich in planktonic fo-
raminifera. Based on the low sediment accumulation rate (9-13 cm/kyr) inferred from carbon-14 and curves
of oxygen isotopes, we suggest that the calci-turbidites are seismo-turbidites rather than caused by submarine
failures. The turbidite records that span 100 kyr reveal that the seismic cycles of Central Indian Ridge are 2.6
kyr and 14 kyr. This study shows that long-term earthquake records are essential to capture the less frequent
but most dangerous events.

This paper was supported by the National Natural Science Foundation of China (Grants No. 42206072), and the
National Programme on Global Change and Air-Sea Interaction (GASI-04-HYDZ-02).
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Itis proposed that sediment transport in deep-water areas surrounding the carbonate banks of the Queensland
Plateau, Coral Sea, is channelized by erosive channels. These channels are up to 200 km long, extending from
depths of about 500 m towards the outer continental slope. The study area comprises a 40 km wide passage
between the carbonate banks of Magdelaine Cays and Willis Islets, with depths ranging from 500 m to more
than 1000 m. The seafloor morphology in the passage appears to be controlled by mass-transport complexes
originating from the flanks of the banks and by drift sediments. A prominent morphological element of the
passage is a slightly bended channel, up to several kilometres wide and several tens of meters deep. The main
channel course emerges from a flat area of seafloor at depths of about 500 m. The channel runs parallel to
the bank edges, following the bathymetric gradient, and numerous small tributaries flow in from the sides.
The bottom of the channel is grooved by up to 8 m deep furrows that are oriented parallel to the channel axis.
Multibeam swath echosounder and Parasound (parametric sediment echosounder) data show that the channel
cuts into underlying drift deposits. Along the channel course there are several morphological steps, caused
by outcropping hard beds and a depression is present at the toe of one of these submarine cliffs, sharing the
morphological characteristics of a plunge pool. Sharp erosional edges and the lack of sediment coverage point
to ongoing sediment transport within the channel. This view is further supported by high-resolution video
data from the seafloor, which show current ripples on the channel floor. Parasound data reveal the existence
of buried channels, likely representing precursor erosive stages. Comparable channels are therefore seen to
represent an important element of the deep-water sediment transport system surrounding the carbonate banks
of the Queensland Plateau.
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The variety and complexity of depositional processes which acted to generate base-of-slope resedimented grav-
ity flow carbonates, often make their distribution and architecture difficult to reconstruct and predict. To de-
termine whether normal sediment exportation processes, slope destabilization or tectonic-induced re-sedimen-
tation processes are the triggering mechanism for gravity flow development, a detailed analysis of carbonate
sediment composition, in terms of facies, spatial distribution and depositional architecture of these deposits, is
needed. The Apulia Carbonate Platform (ACP) represents one of the most extensive Mesozoic-Cenozoic isolated
carbonate domains of the Tethyan Ocean. During the Eocene the ACP experienced a general uplift and subaerial
exposure to which are related regional unconformity, gravitational collapses and massive deposition of slope
and base-of-slope resedimented carbonates that are spectacularly exposed in the Gargano Promontory. In this
setting, a basal mega-breccia (Grottone Megabreccia) and breccias with bioclastic turbidites (Peschici Forma-
tion), alternating with micritic limestones and pelagic marlstone, represented the basinward exportation of
loose sediments that belonged to the Cretaceous and Eocene margins. Thus, in order to characterize the facies
and the spatial distribution of these deposits, a detailed lithofacies map of well-exposed outcrops in the whole
area was performed. Previous studies of these systems, still leave many open questions about what may have
been the controlling factors that affected the depositional architecture and the transport mechanisms. These
still open questions can find answers in detailed facies distribution studies which can improve the scientific
knowledge about these systems and can help in the exploration of subsurface analogues in terms of identifi-
cation and characterization of carbonate reservoirs, since submarine fans or aprons represent important oil
and gas reservoirs around the World.
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Aktau, the coastal city on the Caspian Riviera (Kazakhstan), owes its name to light colored, up to 15 m high
coastal cliffs. Undeformed strata allow for observing lateral facies changes along a ~1.5 km long section. The
deposits are likely of Maeotian age, commonly comprised of shelly and oollitic limestones and marlstones in
the eastern Paratethys. A preliminary interpretation of paleodepositional environments is presented. Data
were acquired through detailed logging and mapping. Facies analysis indicates three distinct vertically stacked
sedimentary packages: Units 1-3. Units 1 and 2 unconformably rest on m-scale microbial carbonate mounds.
Unit 1: Exposure <1.7 m, comprised of dm-scale interbeds of grey, pinkish, greenish, and beige mudstones
and grainstones. There are no visible sedimentary structures except for a weakly bioturbated layer (BI 0-2).
Unit 1 is likely a diagenetically modified shoreface deposit. Unit 2: Exposure <5 m thick, light colored grain-
stones comprised of large-scale cross beds with up to 34° dipping foresets. Exposed bottomsets are abundant
in climbing ripples. Unit 2 is interpreted as amalgamated coastal deposits including shoreface, lagoonal, and
aeolian deposits. A narrow inlet is perhaps characterized by supercritical currents. Unit 3: Exposure <9 m thick,
showing light colored grainstones containing dm-scale low-angle cross- and plane-parallel beds. Interbedded
cm/dm-scale wave ripples and rare, small green mudstone lenses are present, as well as a 0.2 m thick pebbly
event bed. Unit 3 originated in alternating beach and upper shoreface environments, transitioning upward to
a middle shoreface witnessing a major storm or tsunami. Base-level fall at the base of Unit 2 was followed by
a transgression and progressive deepening of the system. Bioclastic abundance suggests significant biogenic
productivity and deficit of the terrigenous input. Intense reworking by a range of currents is responsible for
variable grain-size distribution. This case study shows sedimentological evidence of Maeotian shoreline dy-
namics in a part of the Paratethys starved of siliciclastic sediment. We have demonstrated the importance of
sediment transport mechanisms and depositional environments, hoping to inspire future process sedimentol-
ogy studies in bioclastic systems.
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Carbonate slope deposits form an important part of modern carbonate platform-slope-basin systems and an-
cient counterparts. Carbonate sediment sourced from platform margins, and remobilisation of the slope itself,
may accumulate in slope aprons or submarine fans, depending on the system morphology and the nature of
the carbonate factories involved. This work investigates the deposits of unconfined carbonate sediment gravity
flows derived from the margins of the southern province of the rudist-dominated Cretaceous Apulian carbonate
platform. The studied deposits are part of the Ionian Basin succession that crops out today over ca. 25 km along
strike, in a fold-and-thrust belt in southern Albania. The basal part of the succession (130 m, Campanian) com-
prises undeformed, sheet-like calciturbidites. This package is abruptly overlain by a series of five 10-50 meters
thick mass transport deposits (MTDs) and intercalated calciturbidites (>200 m, Maastrichtian-Paleocene) that
restore the MTD-inherited topography. Here, we focus on a 50 meter thick interval of the undeformed turbidite
package, which is composed dominantly of grainy and muddy calciturbidites and occasional calcidebrites and
hybrid beds. Bed thickness ranges from a few centimeters to over three meters. Grains are principally of bio-
clastic origin and dominated by rudist fragments, but coarser grains include carbonate intraclasts. Deformed
mud clasts are common; usually ‘floating’ in a muddy matrix. Thin-section analysis facilitated the occasionally
problematic discrimination between muddy turbidites and hemipelagic deposits rich in planktonic foramini-
fers. Three sedimentological logs of the same interval are presented at very high-resolution (sub-cm-scale) from
three localities with several kilometers along-strike spacing from each other. Three marker beds are used for
correlation between localities. The distribution of process-based facies is discussed using statistical methods
to provide insight into the variation and predictability away from one-dimensional observations as for example
encountered in exploration wells.
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Submarine gravity flow processes on carbonate platform slopes favor the deposition of calciturbidites and
calcidebrites on the adjacent deep-water basins. The scope of the present study was to identify this type of
gravity flow deposits in Lower Cretaceous-Eocene carbonate sequences of the Ionian Zone in western Greece
and to evaluate the role of salt tectonics in the depositional pattern. In several locations across the Ionian Zone
carbonate sequences, detailed lithostratigraphic analysis was performed. In order to estimate the geometrical
properties of the calciturbiditic and calcidebritic intervals remote sensing methods were applied including
high-resolution aerial imaging, satellite images, and digital elevation models. In the identified intervals thin
sections were examined for textural analysis. In the measured sections monotonous mudstone calcareous facies
are intercalated with distinct, thick-bedded carbonate layers characterized as packstones, grainstones, and
floatstones. Fragmented fossils and rounded to subrounded chert and limestone clasts, floating in a calcareous
matrix, suggest deposition by debrites. Graded beds which gradually pass to planar and ripple cross-laminated
tops, indicate the vertical and lateral transformation of debris flows to turbidity currents. Calcidebrite/calcitur-
bidite compositional variations have been recognized across the study area. Debritic facies are more common
adjacent to salt exposures while distally turbiditic facies prevail. Small-scale syn-sedimentary folds accompa-
nied with chert bodies of irregular shape suggest sediment instability at a primary depositional stage. This
type of deformation is more intense close to the salt diapir The lateral extent of calcidebrites - calciturbidites
is estimated to reach up to 3-4 km. Internal low-angle unconformities are also indicative of the control of salt
uprise in the depositional process. Microscopic analysis verified the textural profile of gravity flow deposits.
Distinct calcidebritic and calciturbiditc intervals have been recognized in the Early Cretaceous to Eocene car-
bonate succession. The textural and geometrical properties indicate a carbonate slope setting controlled by
salt tectonics.
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Measured trace element (TE) concentrations in dolomite are commonly used to constrain the chemistry of the
dolomitizing fluids. Our confidence in such interpretations is limited by a lack of experimental data. Here,
laboratory experiments were employed to examine TE incorporation in dolomite. In the experiments, aragonite
ooids were dolomitized Mg-Ca-Cl-Na solutions at 215°C. To evaluate the degree to which TE concentrations
reflect fluid concentrations, [Na] was tracked in the solids throughout the dolomitization reaction. To investigate
the degree to which TE concentrations reflect those of the Sr-containing precursor, [Sr] was also tracked. Min-
eralogy of the solids was determined using powder XRD, and TE concentrations were measured using ICP-MS.
The key observations are: (i) [Sr] rapidly decreases from ca. 6000 ppm in the aragonite reactant to <1000 ppm
during replacement by dolomite and continues to decrease to <100 ppm during recrystallization as dolomite
stoichiometry and cation ordering increase; (ii) [Na] strongly correlates with [NaCl] in the dolomitizing fluids,
such that low [Na] fluids yield ordered dolomites with [Na] = <10 ppm, and high [NaCl] fluids yield ordered
dolomites with [Na] = ca. 3000 ppm; (iii) higher fluid [NaCl] correlates with slightly higher [Sr] in the dolomite,
but the dominant trend is decreasing [Sr] during dolomitization. The experimental results provide a number
of key insights. First, the data are consistent with the assumption that [Sr] tends to be lower in more stoichio-
metric dolomites, but suggest that the relationship may be driven by recrystallization. Second, the data show
that under fluid-buffered conditions, such as those employed in the experiments, dolomite inherits very little
Sr from the aragonite precursor, and thus dolomite [Sr] may more likely reflect [Sr] in the dolomitizing fluids.
Third, the strong correlation between fluid [Na] and dolomite [Na] suggests that [Na] in dolomite may provide
valuable constraints on the nature of the dolomitizing fluids, and is a potentially valuable directional indicator
for spatial and temporal changes in fluid chemistry.
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Miocene carbonate successions found on many isolated oceanic islands throughout southeast Asia commonly
include unconformity capped “island dolostones” units. On Shidao, located in the Xisha Islands in the South
China Sea, well XK-1 (1268.2 m deep) penetrated a thick succession of carbonates before being terminated in
the Jurassic metamorphic basement. The lower part of the succession is composed of the Sanya Formation
(Early Miocene) and the overlying Meishan Formation (Middle Miocene), ~700 m thick, that are formed of lime-
stones and dolostones. An unconformity divides the Sanya Formation into a Lower Member formed largely of
limestones, and an Upper Member formed of dolostones (DI-8). DI-8 is separated by a major unconformity into
lower (DI-8L) and upper (DI-8U) units, that both include numerous subaerial unconformities. The overlying
Meishan Formation is a limestone succession that includes three unconformity-capped dolostones intervals
(DI-5, DI-6, DI-7). Strata below the numerous exposure surfaces throughout the Sanya Formation and Meishan
Formation are highlighted by Fe-staining, biomoulds, cavities, caves, and solution breccia development. The
weakly fabric-retentive dolostones in DI-5 to DI-8 are formed of dolomite crystals that have a dirty core encased
by a clear rim, with 60 values of +0.3 to +4.7%o (average +2.0%o, n = 50), §**C values of +2.2 to +3.2%o (average
+2.5%0, n = 50), Fe concentrations of 44-442 ppm (average 149 ppm, n = 50), Mn concentrations of 5-197 ppm
(average 27 ppm, n = 50), Sr concentrations of 169-257 ppm (average 218 ppm, n = 50), and *’Sr/**Sr values of
0.70847-0.70900 (average 0.70879, n = 32). In all cases, dolomitization postdated the subaerial exposure. The
87Sr/%Sr values suggest that the dolostones in DI-8L formed during the late Early Miocene, whereas the dolos-
tones in DI-8U, DI-7, DI-6, and DI-5 probably formed simultaneously during the Late Miocene even though these
units are stratigraphically hundreds of meters apart and were located well below sea level. Dolomitization was
preferentially focused in those strata with high porosities and permeabilities that allowed easy circulation of
the seawater through the rock. This model suggests that dolomitization was not restricted to strata that were
at or close to sea level.

139



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 4. General topics in carbonate sedimentology
Special Session 4.5. Modern advancements in the characterization of dolomite

Oral presentation

The effect of Ca-Mg-carbonate mineral phase on oxygen
isotope fractionation in experimental dolomites

Ariel Martin', Sierra Petersen?, lan Winkelstern®, Stephen Kaczmarek'

"Western Michigan University, Department of Geological and Environmental Science, Kalamazoo Michigan, United States
2University of Michigan, Earth and Environmental Sciences, Ann Arbor Michigan, United States

3Grand Valley State University, Department of Geology, Grand Rapids Michigan, United States

ariel.martin@wmich.edu

Sedimentary dolomites are abundant in the rock record, potentially archiving the oxygen isotope composition
of the environments in which they formed. Presently, use of dolomite oxygen isotope values as a resource for
studying paleoclimate is limited by large uncertainties in published oxygen water-mineral fractionation values.

Laboratory experiments show that dolomitization occurs through a series of dissolution/precipitation reactions,
whereby a CaCO; mineral is replaced by a succession of Ca-Mg-CO; minerals, starting with disordered very
high-Mg calcite and ending with stoichiometric, ordered dolomite. Published oxygen isotope water-mineral
fractionation factors for dolomite do not discriminate between the various Ca-Mg-CO; phases. We hypothesize
that the discrepancies in published water-mineral fractionation values may be attributed to quantifiable dif-
ferences in fractionation between various Ca-Mg-CO, phases.

To test this hypothesis, well-controlled, high temperature dolomitization experiments were used to track
80, and A,; clumped isotope composition of the various Ca-Mg-CO, mineral phases. Calcite and aragonite
were dolomitized in Mg-rich fluids at 150°C, 190°C, 200°C, and 250°C, and products were characterized using
powder X-ray diffraction (XRD), then analyzed for §*0,,,;, and A,, clumped isotope composition.

Consistent with previous studies, we observe that dolomitization of calcite and aragonite proceeds through a
series of increasingly stable Ca-Mg-CO; phases: very high-Mg calcite (i.e., protodolomite), poorly ordered do-
lomite, and well-ordered dolomite. Formation temperatures from A, clumped isotope analyses are generally
consistent with experimental temperatures in pure mineral phases, however, temperatures in mixed phase
samples are less accurate. Experimental results show a clear relationship between §®*0,,,; and Ca-Mg-CO, cation
ordering, which is interpreted to reflect differences in water-mineral fractionation in the various Ca-Mg-CO4
mineral phases that are historically called dolomite.
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Dolomitic rock (dolostone) is a major topic in carbonate research and a complex archive of its palaeoenviron-
ment and diagenetic pathways. Two of the arguably most common proxies to assess post-depositional (burial)
temperatures include carbonate clumped-isotopes and fluid-inclusions. In some cases, the temperature data
obtained provide overlap, more often clumped-isotope and fluid-inclusion temperatures differ significantly.
This hasled to controversy in the scientific community regarding the applicability and accuracy of these palae-
othermometers. Here, we present a case example from the Triassic Latemar isolated platform in the Dolomite
Mountains of Northern Italy. We applied both thermometers and made use of a detailed petrographic, parage-
netic, and geochemical dataset. Independent of the spatial position at Latemar, A,; clumped-isotope (46-97 °C)
and fluid-inclusion data (44-292 °C) provide contrasting palaeotemperature estimates for dolomitizing fluids.
An apparent lack of systematic patterns in fluid-inclusion data (homogenization temperature, salinity, den-
sity) results from analyses of micrometer-sized growth zones within a single crystal. The composition of the
individual fluid inclusions represents a ‘snapshot” of fluid mixing with variable endmember elemental ratios.
The presence of three fluid types (crystalline basement brine, halite-dissolution brine, modified seawater) in
all carbonates suggests that all fluids coexisted during contact metamorphism and coeval dolomitization of
Latemar carbonates. Non-equilibrium processes overruled thermodynamic controls on the precipitation of
diagenetic phases. Fluid mixing resulted in the precipitation of two complex carbonate successions. The A,
dolomite data represent bulk temperatures, averaging the mixing ratio of fluids with different temperatures
and their respective volume. The choice of the palaeothermometers depends on the research question posed,
a combined application of both approaches is recommended.
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The syn-deglacial cap dolostones record the marine redox conditions and chemistry in the immediate after-
math of the Marinoan glaciation. Cap dolostones of the Ediacaran Doushantuo Formation on a shelf-to-basin
transition on the Yangtze platform in south China were analyzed for rare earth elements (REE) and yttrium
concentrations. The shale-normalized REE and Y patterns (REYSN) show significant fractionations that are
characterized by light REE depletion, slight middle REE enrichment, positive Eu anomalies, and slightly su-
per-chondritic Y/Ho ratios. There are no statistically significant shale-normalized negative Ce anomalies in the
REYSN of the dolostones. The REYSN patterns reveal the extensive ocean anoxia during the early Ediacaran.
The Doushantuo cap dolostones from the inner shelf exhibit distinct REYSN patterns compared to those from
the shelf edge and slope, which are uniformly less fractionated with suppressed light REE depletion and MREE
enrichment, and no Eu anomalies. The spatial variations in the REYSN patterns suggest that meltwater probably
affected the seawater chemistry within the restricted inner shelf during the glaciation-interglaciation transi-
tion. The cap dolostones from the shelf edge show REYSN patterns with almost identical stratigraphic trends
in two sections that are twenty-one km apart. The stratigraphical decrease in the (Ce/Ce*)SN together with the
increase in the Y anomaly and decrease in the middle REE anomaly, implies a possibly progressive increase of
dissolved oxygen in the surface ocean in the immediate aftermath of the snowball Earth.
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Dolomite and related Mg/Ca carbonates are common rock-forming minerals (dolostones). Dolomites crystallise
in the space group R-3 with trigonal symmetry and typically display a rhombohedral growth habit. A specific
subtype of dolomite is saddle dolomite (a.k.a., baroque dolomite, etc.), characterised by curved (warped) lat-
tices. Saddle dolomite shows sweeping extinction under cross-polarised light, which points to lattice strain.
Saddle dolomites are considered one of the key indicators of warm-to-hot hydrothermal fluids in the burial
diagenetic realm. They co-occur with Mg/Ca carbonates that often (but not always) lack warped crystal surfaces,
and, hence, the physicochemical conditions that lead to their formation remain unclear. Here, we present data
from an experimental study aiming to systematically explore the formation of saddle dolomite as a function
of various experimental parameters (temperature, crystal size of reactants, fluid salinity and Mg/Ca ratio of
solutions). Experimentally precipitated dolomites that grow epitaxially on rhombohedral or saddle dolomite
seeds exhibit warped surfaces, whereas Mg-rich calcite crystals that grow on calcite seeds form flat surfaces.
High Mg-calcite that precipitates at high temperatures (~ 220 °C) from calcium-rich fluids (Mg/Ca = 0.43) equal-
ly displays curved surfaces. In all cases, however, crystals with curved surfaces are characterised by excess
calcium (Mg/Ca ~ 0.31-0.35). These results suggest that the curvature of crystal surfaces is basically related
to excess Ca in the crystal structure causing lattice strain. Based on the data shown here, dolomite precursor
surfaces (substratum effect) on which the crystals can grow, diagenetic environments that provide excess Ca
(e.g., brines) and rapid growth kinetics at high temperatures seem to facilitate the formation of crystals with
warped lattices.
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For the subsurface characterization of carbonates, linking physical properties with their geological significance
is of primary importance. To address this issue, we investigate reservoir-scale sedimentary sections on Samos
Island, combining geological characterization and multi-scale acoustic measurements. We describe sedimen-
tary facies at outcrop and acquire P-wave velocity measurements at three scales: i) reservoir-scale using seismic
refraction acquisition; ii) log-scale, acquiring in-situ acoustic measurements on the outcrop surfaces; and iii)
plug-scale as usually done in the laboratory with ultrasonic measurements. We define relationships between
acoustic velocity and microstructure at a millimetre-scale Representative Elementary Volume (REV1) based on
laboratory measurements and thin-section petrography. At the outcrop scale, we link in-situ P-wave velocity
variability with sedimentary facies while characterizing centimetre-scale REV2. We also quantify acoustic
properties at the reservoir scale and related them to a meter-scale REV3.

Using ultrasonic P-wave velocity measurements and plug densities, we construct 1-D synthetic seismograms
showing meter-scale seismic reflectors equivalent to crosswell seismic frequency range. We show that: i)
high-amplitude reflectors usually fit with facies changes associated with diagenetic contrasts; ii) reflection
free-zones match with a succession of facies changes affected by diagenetic homogenization. Consequently, the
spatial diagenetic overprint can firmly control high-resolution seismic reflectors in non-marine carbonates.
Nevertheless, this conclusion is suitable only if small-scale acoustic properties acquired at REVs 1 and 2 are
invariant with upscaling to REV 3, a rarely valid hypothesis for heterogeneous geological objects. Indeed, at
least for the characterized study sites, P-wave velocity decreases from the laboratory to the reservoir scale due
to the nesting of multi-scale geological heterogeneities. Therefore, in case of low burial conditions, the micros-
cale matrix porosity control of ultrasonic P-wave velocity may be progressively lost with upscaling due to the
addition of larger heterogeneities corresponding to crack and fracture porosity.
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Continental rift carbonates are characterized by heterogenous sediment composition rendering the interpre-
tation of petrophysical properties difficult. An analogue suite of Pleistocene and Holocene carbonate facies
from the Danakil Depression (Ethiopia), recording the cyclic transition from marine-to-hypersaline-to-conti-
nental conditions, has been studied for sediment composition (petrography), petrophysics (porosity and per-
meability) and 3-dimensional pore architecture (multi-scaled X-ray CT scanning). Thirty-one cylindrical plugs
encompassing the following facies: (i) oolitic grainstone, (ii) scleractinian-coral framework, (iii) hot spring and
lacustrine carbonate, (iv) bivalve-rich marine grainstone, (v) microbialite and (vi) red-algae framework, were
analysed. Based on segmented 3D CT datasets, an integrative pore network modelling approach was used to
visualize connectivity (pore throats and channels) and quantify tortuosity, coordination number and channel
length. Quantified parameters were checked against sedimentary facies and fabrics, as well as diagenetic
overprint. This evidences clear relations between the studied facies and quantified pore network parameters.
Pore network models were found to be a valuable tool for understanding and characterizing meso-to-macro-
scale petrophysical heterogeneity in carbonate facies. It is proposed that aforementioned parameters are used
collectively when quantifying pore networks of complex carbonates. Moreover, pore network models can be
used for simulating a variety of different physical and chemical processes in porous carbonate facies, respecting
the carbonate fabric and texture.
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Delta drifts are carbonate contourite drifts that form when sediment laden current flows through channel
openings into a deeper basin where the currents release their sediment load to form a submarine delta-shaped
body. These delta drifts consist mainly of well sorted skeletal debris from shallow-water areas near the chan-
nels, the fauna living in such channels, and pelagic components. Their petrophysical properties display little
variations of velocity and resistivity at any given porosity. The narrow property ranges contrast with platform
carbonates typically displaying a wide scatter.

The studied delta drifts are the Miocene drift in the Kardiva Channel in the Maldives (cored during IODP Ex-
pedition 359) and the Upper Cretaceous (Campanian-Maastrichtian) delta drift in the bioclastic wedge of the
Orfento Formation in the Maiella, Italy. Maldives’ core plugs are dominated by weakly cemented, wackestones
to packstones at the base that coarsen upwards to skeletal-rich grainstones to rudstones. Maiella plug samples
are well-cemented grainstones to rudstones. We measured porosity and grain density using a helium pycnom-
eter, acoustic velocity and electrical resistivity using a New England Research Autolab1000.

Porosity ranges from 4-41% (Maiella) and from 15-59% (Maldives). Permeability is high (0.2-1280 mD), and
in contrast to the Maldives, Maiella samples correlates well to porosity. Acoustic velocity ranges from 2.1-4.9
km/s in the Maldive samples, while they range between 3.2-5.9 km/s in the Maiella samples. Velocity-porosity
data closely align with Wyllie’s time average trend, indicating that despite large variations both datasets are
dominated by similar pore geometries.

Likewise, resistivity measurements display a narrow range of the formation factor m (1.8-2.9). In comparison,
platform carbonates typically have a large range of m, and travertine, tufa, and reefal limestones show even
larger ranges. Mudstones of the Vaca Muerta Fm exhibit low values of m and are comparable to carbonate
contourite samples.

The narrow range of acoustic and resistivity values of these laboratory measurements are in concert with the
log signatures measured in the sites of IODP Exp 359 in the Maldives, indicating that the uniform petrophysical
properties is a characteristic of carbonate contourite drifts.
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Sedimentological, geochemical and petrographic studies were carried out on carbonate-bearing argillites
outcropping at the southeastern flank of Mount Cameroon (Likomba) to determine the lithofacies and their
associations, major element geochemistry and mineralogy.

Major elements of the rocks were analyzed using XRF technique. Thermal analysis and thin section studies
were carried out accompanied with the determination of insoluble components of the carbonates.

The carbonates are classified as biomicrites with siderite being the major carbonate mineral. Clay, quartz and
pyrite constitute the major insoluble components of these rocks. Geochemical results depict a broad variation
in their concentrations with silica and iron showing the highest concentrations and sodium and manganese
with the least concentrations. Two factors were revealed with the following elemental associations, Fe,0,-MgO-
Mn,0, (72.56%) and Ti0,-Si0,-Al,0,-K,0 (23.20%) indicating both Fe-enrichment, the subsequent formation
of the siderite and the contribution of the sediments to the formation of these rocks.

The rocks consist of cyclic iron-rich carbonates alternating with sideritic-shales and might have been formed as
aresult of variations in the sea conditions as well as variation in sediment influx resulting from transgression
and regression sequences occurring in a shallow to slightly deep marine environments. The rocks lie uncon-
formably beneath the CVL and are highly fractured due to the overburden of the overlying igneous rocks.
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The Zechstein Supergroup is a succession of carbonates and evaporites that form an important component in
many North Sea petroleum plays, providing trapping structures, seals, and reservoirs. Many locations across
Europe also utilise the Zechstein for geological storage. Extension and thermal subsidence in the early Permian
developed the Northern and Southern Permian Basins which are partitioned by the W-E striking Mid North
Sea High (MNSH). In the latest Permian, the basins connected to the world ocean causing the formation of the
Zechstein Sea. Repeated flooding and evaporation events resulted in the generation of up to five major cycles
(21-75). Previous seismic-based studies mapped a N-S orientated seaway through the MNSH that allowed for
communication between the basins; however, the timing of this connection remains poorly understood. Using
the available legacy well data, this work defines the petrophysical characteristics for all formations and cycles
within the Zechstein and then constructs regional well correlation panels to understand the changes in facies
distribution across the MNSH. The seaway through the MNSH exerted significant control on facies distribution,
and the new well correlation shows that the seaway first closed in late Hauptdolomit (Z2) times. This isolation
of the Southern Permian Basin led to significant accumulations of Z2 Halite along the southern margin of the
MNSH, whereas this facies remains elusive along the northern margin. Conversely, the Z3 Halite is abundant
within all palaeo-lows across the greater MNSH area. The Zechstein Supergroup shows thinning on carbonate
platforms and towards the Central Graben; however, as the upper Zechstein cycles often remain complete, this
suggests that the thinning was controlled by deposition rather than erosion as previously thought. Our results
indicate significant Zechstein facies variability and the need for a greater regional understanding, especially
as recent discoveries have established the MNSH as the frontier of North Sea hydrocarbon exploration with
potential for subsurface storage. This work will provide learnings on the differences between the Northern
and Southern Permian Basins, with implications not only for understanding petroleum reservoir distribution
but also for the screening of halite storage sites.
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The Bassein Limestone of the Bombay offshore basin offers an analog for revealing the diagenetic evolution
of the Eocene ramp carbonates. An integration of mesoscopic core study with the microscopic petrography
and geochemical data reveals that an array of diagenetic processes through the eogenetic, mesogenetic, and
telogenetic episodes influenced these carbonates under four diagenetic realms, viz., marine-phreatic, mete-
oric-phreatic, burial, and uplift. The sequential paragenetic commences with eogenesis in the marine-phre-
atic and meteoric-phreatic diagenetic environments. The marine-phreatic diagenetic signature comprises of
dominant micritization, moderate framboidal pyritization, marine cementation (syntaxial overgrowth of rim
cements), genesis of matrix-replacive fine-crystalline dolomites, and early stages of mechanical compaction
(e.g., grain rearrangement and contortion, fracturing, and deformation of micritized grains) before significant
burial takes place. The meteoric-phreatic diagenetic environment incorporates dissolution of the bioclasts and
metastable micritic matrix, neomorphic alteration of the lime mud matrix, and meteoric cementation including
early phases of sparry calcite development. The carbonates are subjected to burial (shallow and deep) during
mesogenesis, where fragmentation and distortion of grain boundaries and development of point-tangential
contacts between allochemical components characterize shallow-burial diagenesis. With increasing burial
chemical compaction takes place at higher temperature and pressure symbolized by fracturing, burial ce-
mentation, and pressure-dissolution fabrics (stylolitization). During episodic exhumation, telogenesis affects
the carbonate horizon by meteoric water, typified by fracturing, meteoric-vadose cementation (fracture-filled
sparry calcite cementation, formation of high-temperature polymorph of kaolinite (dickite)), and faint hema-
tite staining. The unfolding of all dissolution, cementation, and dolomitization events are related to allogenic
control factors, thereby, being in tune with the high-frequency (low order) stratigraphic framework established
for the Bassein carbonates.
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The Western Tethys was characterized in the Middle Triassic by the growth of high-relief, isolated microbial
carbonate platforms. Relicts are nowadays exposed in the Dolomites (northern Italy), where original deposi-
tional geometries and sedimentological features are well preserved and constrained in a high-resolution bio-ge-
ochronological framework. This allows to investigate in detail the evolution of almost every single platform
(Sciliar Fm). During multiple field work campaigns, the ‘Sciliar platforms’ have been accurately investigated
and catalogued in a geodatabase inventory, revealing remarkable peculiarities. 74 microbial buildups have
been documented to date: they mostly nucleated on topographic reliefs (structural highs or previous platform’
tops), during the Late Illyrian, and suddenly aggraded as a response to the rapid, regional sea-level rise. The
microbial carbonate factory stabilized the sediment on slopes, reducing the shedding and allowing to develop
edifices hundreds of meters thick and up to a few kilometers wide. In surrounding starved basins, disoxic mic-
rites sedimented. The growth of edifices, sometimes laterally asymmetrical, was however suddenly interrupted
shortly after: in the majority of cases, pelagic drapes often onlap carbonate slopes, testifying the temporary
demise of carbonate platform sedimentation. Collected ammonoids point to a generalized, almost synchronous
interruption occurring during the Nevadites ammonoid zone (latemost Illyrian) in the whole region. In some
circumstances, carbonate platforms quickly recovered and continued to aggrade, while in others they defin-
itively drowned. The aggrading trend culminated close to the Anisian/Ladinian boundary, when platforms
began to laterally expand, as a result of high-standing conditions and decrease in subsidence. The continued
widening of edifices allowed survived platforms to merge each other, or in some cases to incorporate demised
platforms. The relevance of different factors possibly ruling evolutionary dynamics of Late Anisian platforms,
such as the size of carbonate production area, water geochemistry, nutrient availability, sin-sedimentary tec-
tonics, ocean currents or volcanic ash pollution is still under debate. Investigations continue to best define
(concurring) key factors.
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The changes in carbonate factories over time are the result of evolution and changes to the physical environ-
mental conditions. The two are often hard to separate due to difficulties in tracking large-scale facies changes
across time and space in a quantitative fashion. Here we present the result of a standardized re-analysis of some
one hundred and fourty-four, Paleocene to Miocene, shallow-water carbonate successions, situated in an area
comprised between Levant and Bangladesh. The results indicate that larger benthic foraminifera were the most
important group of carbonate producers during the whole period, peaking in the Eocene. Colonial corals, and
to an extent red algae, are common during the Paleocene, Miocene and in particular, during the Oligocene; on
the other hand, they are essentially absent during the Eocene. Green calcareous algae are the fourth and least
abundant group of carbonate producers; their abundance decreases from the Paleocene onward. Patterns of
both large benthic foraminifera and colonial corals display a clear connection with global average tempera-
tures, with extremely warm temperatures favouring the former and milder conditions favouring the latter.
The similarity between colonial corals and red calcareous algae could be suggestive that, on a large scale,
conditions favourable for one group are also favorable for the other, and/or of a positive interaction between
the two groups. The progressive decline of green calcareous algae could be related to a preservation bias
caused by the transition from Palaeogene assemblages rich of potentially originally calcitic taxa, to Neogene
assemblages entirely constituted of aragonitic taxa and thus of limited preservation potential. Carbonate facies
related to extremely shallow and/or restricted marine conditions peaked during the Early Miocene with the
closure of the Tethyan Seaway. Overall, these results display a significant agreement between the abundance
of the various groups of carbonate producers and large-scale processes, showcasing the remarkable potential
for paleoenvironmental reconstruction of shallow-water carbonates.
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Stromatolites, laminated structures produced by the trapping and binding of allochthonous sediment and/
or precipitation of minerals on microbial mats and biofilms, occur throughout Earth’s sedimentary record.
Many examples that are fine-grained may have formed by trapping of fine-grained sediment and/or by in situ
precipitation of fine-grained fabrics. Here we describe Cambrian examples of fine-grained stromatolites that
occur within grained coarse-grained sediments. We studied fine-grained stromatolites enclosed by oolitic
packstone-grainstone in the Miaolingian (middle Cambrian) of northwestern China and the Furongian (upper
Cambrian) of eastern Canada. At Wuhai, northwestern China, stromatolites up to 2 cm wide and high com-
posed of low-relief cross-cutting fine micritic layers are surrounded by coarse oolitic packstone-grainstone
with trilobite fragments and minor grapestone. At a locality near Port au Port, Newfoundland, Canada, fine-
grained stromatolites with low-relief cross-cutting micritic layers alternating with keratolite (keratose sponge
carbonate) form small columns, both of which are surrounded by coarse sediment. In both examples, coarse
sediment is very scarce within the stromatolite, and only accumulated in small intra-column pockets. These ex-
amples show low-angle cross-cutting layers consistent with trapping and binding of fine-grained allochthonous
sediment, without clotted-peloidal fabrics typical of in situ precipitation. If they accumulated by trapping and
binding sediment then this process must not only have been selective for carbonate silt and mud, but it must
also have excluded sand-sized grains. Stromatolites of this type occur today in peritidal shoreline conditions
around islands in the Bahama Banks where cyanobacterial mats entrap sediment “selectively for the smallest
grains in suspension” (Black 1933, p. 176). In our Cambrian examples this interpretation is supported by the
presence of the filamentous cyanobacterial fossil Girvanella encrusting silt-sized allochthonous grains. These
results suggest that it may be possible to recognize selective trapping in fine-grained ancient stromatolites.

Reference
Black, M., 1933. The algal sedimentation of Andros Island Bahamas. Phil. Trans. R. Soc. London. Ser. B, Bio.
Sci., 222, 165-192.

152



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 4. General topics in carbonate sedimentology
General Session

Oral presentation

How to build a thrombolite: Late Cambrian examples in
Texas

Jeong-Hyun Lee', Robert Riding?®

1Chungnam National University, Department of Geological Sciences, Daejeon, Republic of Korea
2University of Tennessee, Department of Earth and Planetary Sciences, Knoxville, TN, USA
rriding@utk.edu

Thrombolites, ‘cryptalgal structures related to stromatolites, but lacking lamination and characterized by a
macroscopic clotted fabric’ (Aitken, 1967, Journal of Sedimentary Petrology, 37, 1163-1178), are conspicuous in
Late Cambrian and Early Ordovician shallow marine carbonates, but often have poorly preserved microfabrics.
This can create uncertainty about whether their fabrics are primary or secondary, and whether the clots occur
within microbial carbonate or are surrounded by matrix. As a result, thrombolite formation is often poorly
understood. Well-preserved Late Cambrian examples in central Texas include (i) maceriate domes and (ii) col-
umns with laminated rims and complex ‘thrombolitic’ cores (Lee & Riding 2023, Sedimentology, 70/2, 293-334).
Maceriate domes have an anastomose microstromatolite framework with millimetric calcimicrobial (Renalcis,
Tarthinia) clots. Laminated column rims are formed by innumerable aligned millimetric microstromatolites.
The interiors of small columns contain sediment with centimetric clusters of microstromatolite dendrolite.
Larger columns contain ragged stromatolite columns, probably including keratolite, and matrix with burrows
emphasized by early dolomitization. Columns and domes together form current aligned biostromes. In external
morphology these can resemble present-day examples (Khanna et al., 2020, Marine Petrol. Geol., 121, 104590),
but are largely composed of quite different and mainly in situ components, most notably microstromatolites.
Microstromatolites, the key component, somewhat resemble Proterozoic microdigitate stromatolites, but are
generally smaller, less regular, and appear more biotic in origin. The columns provided substrates for lithistid,
and probably also keratosan, sponges. Overall, these generally well-preserved examples show how an array
of stromatolite, dendrolite, thrombolite and maceriate macrofabrics could be produced by microstromatolites
in combination with calcimicrobes, micritic stromatolites, possible keratosans and allochthonous sediment.
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The unusually widespread abundance of the mysterious early diagenetic ‘molar-tooth structure’ (MTS) is a
characteristic feature of pre-Cryogenian Proterozoic carbonate rocks. MTS are ribbon- and sheet-like structures
filled with equant, polygonal, tightly packed calcite microspar cement that is exceptionally abundant in Mes-
oproterozoic and early Neoproterozoic subtidal storm- and microbially-influenced marine environments. MT
voids might not be unique as similarly shaped cracks can be observed in other parts of Earth’s rock record. How-
ever, the early-lithified cavity-filling calcite microspar cements (CMC) (Zhou et al., 2020) make the MTS unique
and age diagnostic. CMC is thought to be a synsedimentary precipitate, little altered by diagenesis (Bishop et
al., 2006; Pollock et al., 2006), and so has been used widely for geochemical analysis and the reconstruction of
Precambrian ocean chemistry. So far MTS CMC has been reported from sedimentary successions dating from
~2600 to ~720 Ma, and can be extremely abundant in some successions. For this study CMC was compared both
petrographically and geochemically with the surrounding ‘bulk’ carbonate rock matrix in Tonian successions
on the North China craton. Trace elements, stable isotope §**C, §'®0 and §’Li values, and *’Sr/*8Sr comparisons
1) reveal that MTS CMC commonly preserves a primary seawater isotopic signature; 2) indicate that matrix or
bulk carbonate material, carefully selected, can also have high potential for seawater geochemical and iso-
topic reconstruction, for example 8§’Li and ¥’Sr/*®Sr values; 3) allow us to test existing models of MTS and CMC
formation; and 4) shed light on the reasons for the puzzling disappearance of these mysterious early marine
cements in relation to the evolving chemical composition of the Precambrian ocean.

References

Bishop J.W., Sumner D.Y. and Huerta N.]J. (2006). Sedimentology 53, 1049-1068.

Pollock M.D., Kah L.C. and Bartley J.K. (2006). Journal of Sedimentary Research 76, 310-323.

Zhou Y., Pogge von Strandmann P.A.E., Zhu M., Ling H., Manning C., Li D., He T. and Shields G.A. (2020).
Geology 48, 462-467.

154



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 4. General topics in carbonate sedimentology
General Session

Poster presentation

The Late Thanetian demise of coral reefs in the Hazara
Basin (Pakistan)

Mubashir Ali', Eduardo Garzanti', Luca Mariani', Andrea Benedetti®, Pietro Sternai', Daniela Basso',
Elisa Malinverno', Muhammad Jawad Munawar®, Khurram Shahzad*, Suleman Khan?®,
Muhammad Awais®, Giovanni Coletti

1Department of Earth and Environmental Sciences, Universita di Milano-Bicocca, Milano, Italy

Department of Natural Sciences, Liceo “Isabella d’Este”, Tivoli, Italy

Snstitute of Geology, University of Punjab, Lahore, Pakistan

4Institut fur Geologie, Universitat Hamburg, Hamburg, Germany

5Department of Geology, University of Peshawar, Peshawar, Pakistan

6Department of Earth, Environmental and Resources Sciences, University of Naples Federico Il, Naples, Italy
m.ali17@campus.unimib.it

The Paleocene-Eocene Thermal Maximum (PETM) was a period of rapid and significant global warming that
occurred around 56 million years ago. During this time, the sea-surface temperature increased by 5-8°C, lead-
ing to major changes in global climate, ocean chemistry, and marine ecosystems. One of the most significant
impacts of PETM was the disruption of coral reefs. Coral reefs are highly sensitive to changes in water tempera-
ture, chemistry, calcium carbonate availability, and other environmental factors, as highlighted by the current
decline of many symbiont-bearing corals negatively affected by the ongoing rise of global temperatures. We
here examine the upper Thanetian shallow-marine carbonates of the Hazara Basin (Ghumanwan section) to
document the response of colonial corals to late Paleocene warming. The base of the investigated succession is
characterized by larger foraminiferal packstones with patches of colonial-coral framestone and it is referred to
SBZ-3 (i.e., late Selandian-lower Thanetian). Upsection, the large benthic foraminifera assemblage can refer to
the transition between assemblages SBZ3/SBZ4 (i.e., middle-late Thanetian), colonial corals decrease, while the
importance of larger foraminifera and coralline algae increases. A comprehensive comparison between coeval
platform carbonates of the Western Tethys (Pyrenees) and of the Eastern Tethys (Hazara Basin, Himalayas) is
made to highlight recurrent patterns of carbonate systems in the two regions. The decrease in colonial corals
could be related to the late Paleocene-early Eocene increase in global temperatures, which also favored more
tolerant carbonate producers such as larger foraminifera.
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Controls over shallow water (0 to 150 m) allochem assemblages, a key element of carbonate facies, have long
been a contentious topic. At times with multiple conflicting interpretations to the same assemblage. Hydro-
dynamic, abiotic and biotic parameters have all been invoked to explain the variability of recent and ancient
carbonate facies. To resolve this issue, a reevaluation of the connection between environmental variables and
allochem assemblages may be called for. To achieve this, we embarked on a comprehensive review of existing
knowledge on the composition of recent carbonates and their conjugated environmental settings. With a data-
base of several thousand data points, we set out to test the asses relevance and impact of main environmental
variables on allochem assemblages. Global allochem distribution does not exhibit a single relationship with
any one single parameter (environmental or within the assemblage), but a rather complex interaction of mul-
tiple variables. Each group of allochems exhibits its own gradient across variable space, with light availability
and temperature commonly being the most significant. Some uncertainty limits more refined interpretation
as available date sources exhibit inconsistencies in methods and terminology between sources. For example,
separation between symbiont-bearing large benthic foraminifera and heterotroph small benthic foraminifera.
These require detailed analysis and development of guild concepts to lump allochems together in order to over-
come these limitations. Certain groups (e.g., symbiont-bearing colonial corals, halimeda, sessile suspension
feeders) clearly display a sharp decline across thermal ranges. However, this decline is a gradient rather than
a clear cut-off. Allochem assemblages exhibit no clear separation between C-type and T-type factories, but
rather a gradual change across both latitude and water depths. The clear correlation displayed between the
composition of the allochem assemblage and the environmental variables highlights the potential for develop-
ing general descriptive functions useful for both palaeoenvironmental reconstructions, baseline assessment
for conservation and modelization of recent shelf environments.
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The Ordovician carbonate buried hill in the Tarim Basin mainly has two kinds of ancient water systems:
surface and underground water system. The characteristics of surface water systems in the middle of Tarim
Basin are obvious, but the distribution range is relatively limited, while in the northern area, they are
widely distributed, and most of them are distributed in a tree shape, and gradually converge to the south.
Paleogeomorphic restoration, coherence slice and frequency mixing techniques can accurately identify the
distribution range of ancient surface water system. The frequency mixing technology can effectively improve
the resolution effect of the frequency division result attribute of a single frequency, and is more effective
in identifying the ancient groundwater systems. The underground water systems control the distribution of
large karst cavity, and poses significant impact on the formation of top large collapse fractures due to cavity
collapse in later burial stage. Due to the change of geological environment, the preservation of underground
water system is extremely incomplete, and it is difficult to identify and trace directly in seismic data. Only
under the guidance of geological genesis, frequency division technology can be used to consider the energy,
shape and position relationship with surface water system to find its residual characteristics. Although the
preservation is extremely incomplete, the residual part is still one of the most favorable reservoir types
at present, especially the roof collapse caused by the cave under the pressure of the overlying huge thick
formation. The fracture area formed by this collapse is large, and it is an effective reservoir space. The surface
water system is dominated by erosion at high part of buried hill, and lateral and vertical corrosion at low
part. For the surface water system, the carbonate rocks in the river beds on both sides are diagenetic early
and hard, while the river channel sediments are relatively diagenetic late and hard. The overlying Ordovician
carbonate rocks may form fractures along the ancient water system due to differential. The study on ancient
water systems is of great significance to predict the distribution of karst, deepening the study of non-tectonic
fractures and expanding exploration scope of fractured reservoirs.
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Biogenic carbonate successions provide a trove of proxies for palaeoenvironmental reconstructions. Skeletal
and faunal assemblages, stable isotopes and abundance of terrigenous fractions provide information on rele-
vant parameters such as palaeobathymetry and palaeotemperatures. A quantitative approach in their analysis
can produce detailed reconstructions of past environments and allow for an easy and reliable comparison of
different successions. Benthic foraminiferal assemblages are particularly suited for this task: they provide re-
liable palaeoecological proxies; they are globally distributed; they are usually abundant also in small samples
(both in sediments and rocks successions); and they display short reproductive cycles useful to track environ-
mental changes over short time periods. Benthic foraminifera are also useful for stratigraphic analyses of
shallow carbonate successions. In order to assess the full potential of foraminiferal-based palaeoenvironmental
reconstructions, we have carried out analyses on the Early Eocene limestone succession of the Island of Pag
(western Croatia), within the Dinaric Foreland Basin. The combination of palaeontological and sedimentolog-
ical studies allowed to reconstruct the dynamics of the Eocene carbonate factories of the basin, to clarify the
role of the main carbonate producers of the Early Eocene (large and small benthic foraminifera, calcareous red
algae and corals) and to provide information about the geodynamic setting of the Dinaric Alps. The analysis was
based on quantitative parameters derived from benthic foraminifera assemblages, which provided valuable
information on palaeobathymetry, palaeotemperature, nutrient regime, transport and conditions at the sea-
floor (e.g., possible presence and extension of seagrass or seaweeds meadows). The point-counting technique
was also used to obtain a complete characterization of the skeletal assemblage. This approach allowed to build
a reliable model for the successions, to obtain data that can be easily compared with those of other carbonate
successions of the Eocene, and to make a step forward in the comprehension of Cenozoic carbonate factories
and their evolution in the Tethyan area.

158



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 4. General topics in carbonate sedimentology
General Session

Poster presentation

Mg-rich brine seeps in the Burgess Shale Lagerstatte
constrained by dolomite U-Pb geochronology

Cole A. McCormick'?, Hilary Corlett®, Nick M. W. Roberts”, Jack Stacey?, Ardiansyah
Koeshidayatullah?, Paul A. Johnston®®, Christopher J. Collom®®, Cathy Hollis?

The Pennsylvania State University, Department of Geosciences, University Park, USA

*The University of Manchester, Department of Earth and Environmental Sciences, Manchester, United Kingdom
SMemorial University of Newfoundland, Department of Earth Sciences, St. John’s, Canada

“British Geological Survey, Geochronology and Tracers Facility, Nottingham, United Kingdom

*Mount Royal University, Department of Earth and Environmental Sciences, Calgary, Canada

6F%oyal Tyrrell Museum of Palaeontology, Drumheller, Canada

cole.mccormick@psu.edu

In the southern Rocky Mountains of western Canada, the Burgess Shale (Middle Cambrian) contains world-
class examples of the earliest arthropods, molluscs, annelids, and chordates; often with the preservation of
soft-bodied material as carbonaceous remains. Over a century of research has been conducted since Charles D.
Walcott’s discovery of the lagerstétte in 1909, with several other “Burgess Shale-type” deposits later documented
worldwide. Nevertheless, the controls on the occurrence and distribution of lagerstétten remain enigmatic,
particularly why such incredible concentrations of biota thrived at these times and in these locations. Coeval
and adjacent to the Burgess Shale, a shallow-water succession of carbonate sedimentary rocks has been ex-
tensively altered by fault-controlled, hydrothermal dolomitization; with local clinochlore, talc, and magnesite
mineralization along the margin of the carbonate platform. The timing of such hydrothermal activity, how-
ever, is contentious, with interpretations that range from the Middle Cambrian to the Late Cretaceous. Here
we show, using U-Pb geochronology, that the timing of dolomitization in the southern Rocky Mountains was
syn- and early post-depositional (Middle Cambrian to Early Ordovician). Surface-breaching faults along the
platform margin facilitated the mixture of Mg-rich crustal fluids with seawater, locally forming standing brine
pools in paleo-topographic lows on the seafloor. Although chemotrophic activity within these deposits was
likely minimal, the Mg-rich brine seeps increased nutrient availability and promoted microbial productivity.
This increased microbial productivity resulted in the concentration of heterotrophic megafauna along the
peripheries of the brine pools. Such highly saline pore fluids would have also inhibited bioturbation and the
scavenging of organic material in the sediment, thus promoting Burgess Shale-type preservation. The results
of this study challenge the common models of lagerstitten development, while also providing valuable insights
into fundamental processes of dolomitization that can be applied to sedimentary basins worldwide.
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Measured by their total length, beaches on the Croatian coast are not ubiquitous depositional environments.
Sandy beaches are less common compared to gravel beaches, while bioclastic carbonate beaches are a rarity.
The production, deposition and maintenance of bioclastic carbonate sediment on beaches is often related to
the presence of seagrass meadows. Due to increasing natural and anthropogenic pressures, beaches are at risk
from erosion. However, the increased proportion of bioclastic carbonate material in beach sediments requires
adetailed analysis of beach dynamics in relation to sediment supply. Several methods, including basic sedimen-
tological analysis, biogeomorphological characterization, beach profiling, and digital photogrammetry were
applied to two pocket beaches, Sakarun and LojiS¢e (Dugi otok Island), during a one-year monitoring period to
investigate the relationship between bioclastic beach sediment production, beach erosion, and maintenance
with the presence of Posidonia oceanica meadows and its banquettes. The Sakarun beach is a semi-rural beach
that is seasonally exposed to extreme anthropogenic pressure. The emerged part of the beach consists mainly
of gravel. Thin bioclastic carbonate sandy veneer occurs in the lower supratidal and intertidal zones and be-
come thicker in the submerged part of the beach. The sediment dynamics of the beach are directly related to
prevailing SE wind waves. Posidonia banquettes here are natural biogeomorphological structures impregnated
with sediment. Their removal also removes some part of the beach sediment and promotes more rapid erosion
after storms. Lojis¢e beach is a natural remote beach, less affected by tourist activities. It consists entirely of
bioclastic carbonate sand deposited by the same prevailing SE waves. It showed higher stability in the context
of erosion and general sediment dynamics, while Posidonia banquettes showed the same biogeomorphological
role on the beach. The production of bioclastic sediment on both beaches is closely related to the Posidonia
meadows in front of their bays, while the sediment supply of the beach depends on the prevailing waves. The
same mechanism is responsible for the formation of banquettes. The management of banquettes should be
considered in future coastal erosion control.
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The Pre-Karst unit in the Dinarides represents a transitional paleogeographic domain between the carbonate
platform environments of the High-Karst unit and more internal, dominantly deep-water environments of the
subsided Adria margin. Exposures near Gacko in Bosnia and Herzegovina offer a glimpse into the evolution of
this domain during the gradual closure of the Neotethys ocean and progressive orogenic advancement in the
Dinarides. The base of the studied section is composed of carbonate breccias of presumably Late Jurassic to
Early Cretaceous age, with lithoclasts of older Jurassic limestones. These are overlain by poorly bedded to mas-
sive Barremian-Aptian carbonate breccias with a packstone-grainstone matrix comprising peloids, benthic
foraminifera, and skeletal fragments of various shallow-water organisms. This interval is interpreted to have
been deposited in a shallow-water carbonate ramp environment with variable bathymetry. Grain-supported
intervals with lithoclasts and various bioclasts represent higher energy environments deposited on a steeper
slope, as opposed to micrite-supported intervals with sparse bioclasts. These deposits are unconformably
overlain by shallow-water to slope deposits, beginning with a massive bioclastic floatstone-rudstone interval
composed mainly of rudist bivalve shells. Upwards the succession changes into a well-bedded alternation of
calcilutites, calcarenites, and calcirudites containing pelagic foraminifera (indicating a Santonian age), skeletal
fragments of shallow water organisms, and lithoclasts. They formed in a slope apron environment character-
ized by finegrained periplatform deposition, soft sediment deformations and coarse-grained resedimented
shallow water material resulting from episodic gravity flows. By the Maastrichtian, sedimentation conditions
changed with an introduction of siliciclastic material and megabreccia deposits suggestive of active tectonics
and foreland basin development.
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Numerous glacial paleolakes took place in the French and Swiss Jura during the retreat of Wiirm ice sheet.
Two sites were investigated: the Amburnex Valley site (Switzerland) and the Lake Val (France). During the Late
Glacial period, both sites were glacial lakes characterized by significant accumulation of lacustrine sediments
allowing a better and complete paleoclimatic and paleoenvironmental evolution record. The main goal of this
study is to reconstruct the paleoclimatic and the paleoenvironmental evolution recorded in lacustrine sedi-
ments deposits since the last 15,000 years. The Amburnex core exhibit a basal morainic deposit from the Wiirm
period, overlain by three meters of lacustrine deposits and four meters of peatland deposits. The Lake Val core
consists of the same lithological succession. A multiproxy approach based on palynological, mineralogical and
geochemical analyses (TOC, Nitrogen, Phosphorus and Mercury contents; major and trace elements; organic
carbon isotopes) have been used to characterize the hydrological and climatic fluctuations, the trophic level and
the origin of organic matter in order to reconstruct the paleoenvironmental and paleoclimatic evolution of this
area. The Bolling-Allergad, the Younger Dryas and the beginning of the Preboreal period have been recognized
in the Amburnex site, by palynological analyses and carbon 14 dating. During the Oldest Dryas, oligotrophic
conditions took place as suggested by the very low concentrations in nitrogen and organic matter. Then, during
the warmer Belling period, an enrichment in total organic carbon (TOC) implying the development of eutrophic
conditions. Later in the Allergd period, low TOC and phosphorus contents, associated with varved carbonate
deposits, indicate a return to more oligotrophic conditions. New organic matter enrichments are observed in
the interval corresponding to the colder Younger Dryas period. These trends are quite consistent with those
observed in the Lake Val and reflect significant changes in runoff and nutrient inputs at least at regional scale.
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Temperature-hydroclimate relationships, based on proxy data from sediment records, are essential to un-
derstand regional-to-global climate dynamics. Deep-marine sediment records are available for nearly low-
mid latitudes while ice cores cover high latitudes. Terrestrial climate archives, however, are in comparison
spatially and temporally poorly distributed. In arid desert-like regions such as the Levant, temperature proxy
records used for hydroclimate reconstructions (i.e., evaporation, rainfall) are scarce and commonly derived
from traditional stable oxygen isotopes or pollen data at low resolution. Recent methodological advances using
Brillouin spectroscopy (BS) are now allowing us to directly measure entrapment temperatures (corresponding
to subsurface temperature) of fluid inclusions (FIs) in salt deposits (i.e, halite), which mimic the composition
of the parent brine.

Here we report a seasonal-derived lake temperature record of the hypersaline Dead Sea basin (DSB) for the
mid-Pleistocene interglacial period MIS 7c (ca 215 ka). We sampled an entire varved halite section (13 layers of
both cumulate and coarse halite deposits) in DSDDP core 5017-1 which represents holomictic lake conditions.
FIs data from coarse halite layers, representing spring-to-summer seasons, show the decadal evolution of the
hypolimnion after and before the return of meromictic conditions. Paleo deep lake temperatures range from
17.7+1.4°Ct022.7 + 1.0 °C along the core section, respectively, with the latter being close to modern minimum
hypolimnion values in the Dead Sea. The dataset provides insights into major seasonal shifts of the lake system,
including a mean temperature change of -0.8 and +1 °C during winter and summer, respectively. Supported by
in situ studies in the modern DSB, we interpret coarse-top samples as minimum hypolimnion temperatures
during late summer times, while coarse-bottom samples reflect accurately the hydroclimatic conditions during
winter-to-spring times in the DSB. Our results illustrate the large potential of varved halite layers in core 5017-1
as seasonal paleorecords during drier regional-to-global climate conditions. They further show the potential
application of this approach to similar evaporitic sequences at different geographical and temporal scales.
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Natural archives of climate offer a longer perspective into natural climate variability than the instrumental
record. Varved sediments are rare, but valuable records because of the quality of their internal chronology.
Grand Lake, located at the eastern margin of North America in Labrador, is a deep lacustrine basin that con-
tains an exceptionally well-preserved annual laminations record spanning the interval 493 to 2016 CE (1524
years). The chronology of this varved sequence is established from high resolution images analysis of thin
sections. *’Cs and "C dating is also used to validate the reliability of the varve chronology. The statistically
significant correlation between varve thickness and the measured discharge of the main tributary provides the
opportunity to develop the first hydrological reconstructions covering the last fifteen centuries at the western
fringe of the North Atlantic Ocean. The reconstruction indicates that the river discharge was higher during
the Medieval Climate Anomaly (1050-1225 CE) and lower during the Little Ice Age (15th-19th centuries). It also
shows a significant co-variability with Atlantic Multidecadal Variability reconstructions and with reconstructed
summer Northern Hemisphere temperature based on tree rings. This suggests that river discharge in Labrador
was influenced by ocean-atmosphere interactions across the North Atlantic. Seismic profiles also reveal that
the infill in the deep basin of Grand Lake is continuous, undisturbed and more than 40 metres thick, raising
the prospect of an annually resolved record of the North Atlantic large-scale modes of climate variability over
most of the Holocene.
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Palaeo-lakes are important climate proxies, and they host a large portion of the world’s geo-resources, including
fresh-water reserves, therefore understanding lacustrine basin fill pattern is crucial. Like in marine systems,
the depositional architecture is determined by water-level variations. However, in hydrologically closed - en-
dorheic - lacustrine settings, where the water-level is disconnected from the seas, instead of eustasy, water
balance is mostly driven by climatic forces, such as the interplay between precipitation and evaporation. Com-
monly local structural movements are also regarded as important controls on the evolution of lake-level. This
study emphasizes the main differences between marine and lake systems and the possible pitfalls of working
in endorheic settings.

To better understand the different driving mechanisms on water-level changes, a diffusion-based numerical
modeling tool, DionisosFlow has been applied. A series of source-to-sink models with an area of 800x400 km
has been conducted to analyze the effect of climatic variations, subsidence, compaction, and sedimentation in
large, deep, supply-dominated lake basins. These lacustrine models are compared to their marine counterparts.
These conceptual models are constrained by seismic-scale observations from the Late Miocene Lake Pannon,
alarge, enclosed, long-lived water body.

In the models the lacustrine system responds rapidly to any perturbation in evaporation and precipitation.
The lake-level is controlled by the extension of the steady-state lake surface and the dip angle of the shore.
Our models infer that variable subsidence rates have limited effect on the equilibrium lake surface; therefore,
water-level is principally governed by climate. When applying fluvial sediment input, deposition takes place
from deltas, through shelf-margin wedge to the deep basin. A long-term water-level rise occurs in correlation
with the increasing area of the coastal plain due to the basinward shift of the shoreline. This results in an
overall aggradational stratigraphic architecture. In contrast to marine systems, where sedimentation does not
influence relative sea-level, lake-level rise is induced by normal regression driven by sediment supply.

The study is supported by NRDI/NKFI project no. 143787.
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The Arabian Desert is considered a climatic sensitive zone which is susceptible to changes in the Indian mon-
soon fronts. Its unique location offers a valuable opportunity to study the interactions between monsoons, shifts
in the Inter-Tropical Convergence Zone, and regional environmental changes. Lake sedimentary archives from
the southern Arabian Desert are scarce, making it crucial to understand climatic and environmental changes
during the mid-late Holocene. This study aims to determine the onset and periodicities of climatic events in
southern Yemen through an interpretation of multiproxy applied to a sediment core (JAS) from the maar lake
Karif Shawran. A composite 1 m long core (JAS) was analyzed using geochemical, mineralogical and biological
proxies to reconstruct past global changes and provide information on the surrounding environment and cli-
mate history. The chronology of the JAS core is based on four radiocarbon ages from ostracod shells and consists
of lamina-scale alternations of halite and organic detritus layers with occasional turbidite and ash layers. The
u-XRF data reveal higher values of Ca counts and decreased K/Ti values from ~2000-3200 BP, 1100-1600 BP, and
~200-450 BP, indicating lower lake levels. Furthermore, increased inorganic carbon and decreased magnetic
susceptibility values in the same interval further corroborate evidence of drought in the region. The drier
intervals are marked by higher values of Paq (n-alkanes proxy), suggesting growth in aquatic macrophytes
in response to the declining lake levels. Moreover, the ostracod assemblage revealed the presence of a single
euryhaline species, Cyprideis torosa in the sedimentary record. Ecophenotypic variation of C. torosa valves pro-
vided some useful paleolimnological information, such as the variability of salinity ranges in the lake water.
The study provides key insights into the major driving forcing (Solar, Volcanic or ENSO) behind hydroclimatic
changes in the region and sheds light on the role of the ITCZ vis-a-vis monsoonal dynamics. Additionally, it lays
the foundation for a better understanding of long-term seasonal predictions for Southern Arabia.
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In an attempt to distinguish the impacts of climate from tectonics and volcanism on the Pliocene lake-basin
record of the East African Rift System, we examined two successions represented by both outcrop and core in
the Baringo Basin, Kenya Rift, and the Northern Awash Basin of Afar, Ethiopia. Detailed sedimentology, ich-
nology, and sequence stratigraphy, aided by paleoecological, mineralogical, and geochemical records of lake
conditions, were used to recognize cyclical packaging in these separate rift basins through varying phases in
their development. Time-series analysis was used to demonstrate the observed cyclicity where present. Major
changes in lake-basin type (e.g., underfilled, balanced fill) were interpreted by integrating sedimentological
data with other available paleoenvironmental datasets, and were considered in the context of longer-term
orbital cycles, as well as periods of faulting and/or volcanism. Statistical analysis of cycle thicknesses (“depth
series” analysis) was used to help demonstrate interpreted changes in basin development, by revealing variable
sedimentation/subsidence rates. Cyclical lake-level fluctuations in these shallow, volcanically and tectonically
active rift basins are represented by predictable packages of sedimentary facies (~6-10 m thick), which vary
depending on lake conditions, but all contain relatively deep to shallow lake and lake margin deposits. Distinct,
thicker portions of the successions (~40-100 m thick) represent stacked sets of transgressive-regressive cycles.
Orbital cycles (e.g., precession, eccentricity) correspond well to the predictable, although variable, thinner
packages, but major non-cyclical changes in facies associations appear to not be well explained by orbital
forcing of climate. Detailed sedimentology is essential for recognizing cyclicity in the successions studied, and
is particularly critical in mud-dominated packages where other records do not exemplify cyclicity. Through
the recognition of repetitive packaging in depositional environments from profundal to terrestrial, regardless
of specific lithofacies, we can start to better distinguish climate influences from basin-scale controls on the
stratigraphy in these rift lake-basins.
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The Pliocene was the last significant sustained warm period in Earth climate history. Atmospheric carbon
dioxide and global temperatures during this interval are comparable to those modeled for the near future. Con-
sidering a similar to current continental and oceanic positioning, it is possible to assume similar oceanic and
atmospheric circulation patterns, and hence reliable climate archives dated to this interval may serve as a good
analogue for providing a base of comparison to the future. Current data on the Pliocene mostly focus on marine
sediments with terrestrial data arriving from loess and paleosol records. Yet, there is a lack of information from
continental datasets, especially from the Eastern Mediterranean. The Erk’-el-Ahmar Fm. (3.15-4.5 Ma) is a ~150
m lacustrine succession exposed in the Jordan Valley and includes clay to very find sand layers with carbonate
units and excellent preservation of freshwater mollusks, ostracods, and mammal bones (rodents and even a
mammoth tusk). This study aims to reconstruct the environmental conditions in the region during this time
interval using a multi-proxy approach that includes physical, chemical, and biological measurements carried
out on a 23 m long push-core. Our results show major fluctuations in the lake hypsometry, as evidenced by
the different parameters, which appear to reflect the local hydro-climate conditions. An orbital-scale dry-wet
climate cycle is well identified, which influenced the lake depth, its redox conditions, and sedimentary prove-
nance. The sediment cores capture transitions between a continuous deep to a shallow lacustrine environment,
with potential short intermittent events (perhaps seismic or climate-induced), indicating the sustainability of
this perennial water body. Results from this study provide an important understanding of the hydrological con-
ditions that may have dominated the region during a warmer climate phase, challenging previous estimations
on the governing mechanisms for climate variability in the region including precipitation patterns.
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Varved sediments from Lake Lubiriskie (western Poland) were investigated to determine limnological respons-
es to environmental changes over the last 3,000 years based on multiproxy analyses of a 5 m-long sediment
record. More specifically, the aim was to identify the primary driver of changes recorded in varve structures
and compositions. To achieve this goal, a set of sedimentological, geochemical, and isotopic methods along
with Bayesian age-depth modelling and change point analysis were used. To get an overview of the changes in
lacustrine communities and land use, diatom and pollen analyses were performed enabling us to demonstrate
a history of ecosystem changes.

Our data show, that the five major microfacies can be distinguished in the profile, which represents different
conditions of the lake. Until the 4" century of the Common Era, conditions in the lake were stable, although it
seems that the lake was naturally eutrophic. Several further shifts occurred before the first millennium when
changes were observed in every proxy as a response to the increased agricultural development in the area,
related most likely to the Emergence of the Polish State at the beginning of the 11" century. The progressing
anthropogenic stress caused shifts in diatom communities towards those with an affinity to higher water pH
and trophy as well as change in varve composition and preservation, leading to varve cessation at 1458 + 96
CE. The varves reappeared around 1748 + 80 CE most likely as an effect of human-derived eutrophication. The
highest frequency of shifts, however, was observed from the 17 century onward as an effect of prolonged
deforestation, accelerated erosion, increased nutrient delivery, and better ventilation of the water body. Our
study suggests that inferred lake-level changes are primarily related to human activity in the catchment area.

This study is a contribution to a scientific project financed by the National Science Centre, Poland - No.
2019/32/C/ST10/00038.
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Lakes are the most attractive and expressive characteristics of a landscape. Lacustrine sediments provide a
historical record of the conditions of catchment environments. They are highly sensitive to paleoenvironmental
change. The aim of this study is to reconstruct the paleoenvironment of 3 lakes located in Yaoundé, Dizangué
and Ngaoundaba regions (Cameroon, SW Africa) for the last 1000 years using a multiproxy approach including
sedimentology, mineralogy, geochemistry, radiocarbon dating, diatoms and palynology. Sediment samples
were taken from a raft and polyvinyl chloride (PVC) pipes They generally consist of sub-rounded and sometime
rounded particles indicative of both aeolian and medium fluvial transport. Their physical and chemical features
suggest both proximal and distal origins. The presence minerals such as quartz, kaolinite, smectite, hematite,
goethite, feldspars, rutile and calcite with traces of illite, vivianite and ilmenite suggest high weathering under
warm and humid conditions. According to geochemistry, the sediments derived from felsic, intermediate and
mafic rocks from nearby granitic, gneissic and basaltic rocks. Weathering indices indicate high intensity of
alteration related to both active and passive margin tectonism. Element ratios indicate a low compositional
maturity in an oxic depositional condition and low salinity paleoenvironment. These sediments were depos-
ited in a shallow marine and fluvial depositional environments with an increase water depth environmental
condition. According to radiocarbon dating, the studied sediments are Holocene in age. Palynological and
diatom data reveal major hydrological changes, which occurred over the last 1000 years, mainly characterized
by strong fluctuations in wet and dry conditions during the “Medieval Warm Period” (1100-800 yrs BP) and
dry conditions during the “Little Ice Age” (500-300 yrs BP). These hydrological changes have controlled the
dynamics of tropical rainforests in this part of Africa, resulting in their expansion during periods of heavy
rainfall and contraction during periods of reduced rainfall.
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A varying abundance of CFA nodules in lacustrine shale in the Bohai Bay Basin was observed as a specific
paleoenvironmental proxies. We specified the petrology, trace elements (TE), rare earth elements and yttrium
(REY) by using an integrated approach of micro-FTIR, LA-ICP-MS and EPMA analysis. The results suggest that
CFA nodules are mostly with diameters of 0.46 to 18.3 mm (avg. 2.3 mm), and aspect ratios of 0.05 to 1.01 (avg.
0.48). Ca0 (25.85 to 39.95 wt.%), P,O5 (17.19 to 29.35 wt.%) and F (0.71 to 2.99 wt.%) are the dominant components
of the CFA nodules, with low Mn/Fe ratios and few incorporations of CO,*. They show selective concentrations
(avg.) of Sr (14963.3 ppm), Ba (1831.6 ppm), U (314.2 ppm), Zr (263.5 ppm), and Th (185.4 ppm) and apparent
negative Y anomalies with low Y/Ho ratios (18.40 to 28.90). These CFA nodules were classified into three types
according to REY patterns normalized to PAAS. Type A nodules, enclosed by micritic calcite laminae with rel-
atively large aspect ratios, are middle rare earth elements (MREE) enriched which yield a typical “bell-shaped”
REY pattern, nonanomalies of Ce and a good correlation of ZREY with Ce/Ce* (R*=0.90) and Ba (R*=0.95). Type
B nodules, enclosed in the clay and organic-rich laminae with relatively small aspect ratios, were better phos-
phatized and display more heavy rare earth elements (HREE) depletion, minimal Ce anomalies and a good cor-
relation between CaO and P,05 (R*=0.84) than type A nodules. Type C nodules are rare but show light rare earth
elements (LREE) enrichment relative to type A and B nodules. The adsorption of P, TE and REY by Fe-(oxyhydr)
oxide and organic matter is significant for CFA formation through the “dissolution-recapture-reprecipitation”
process in the ambient pore water of the Fe reduction zone during early diagenesis. The retention of HREE as
HREE(CO,)* in more reducing bottom water is critical to the HREE depletion for type B and C nodules, while the
release of LREE from bacterial-mediated degradation of organic matter into ambient pore water enhances the
concentration of LREE on type C nodules. Deviation of the REY patterns is probably related to the differential
suboxic redoxclines for the deposition of calcite-rich and clay- and organic-rich laminae of shale, which are
considered the depositional environment proxies of lacustrine shale.
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The impacts of climate change on aquatic ecosystems are becoming increasingly apparent, with alterations
in water temperature, lake mixing patterns, and resource availability. In order to better understand these
impacts on diatom and chrysophyte cyst seasonal dynamics and taxonomic composition, we carried out the
three-and-a-half-year-long study of biotic sediment signal formation in eutrophic Lake Zabiriskie, northeast
Poland. We attempted to explain the relationship between changes in meteorological conditions and dynamics
of total fluxes and the taxonomic composition of diatoms and chrysophyte cysts by combining observational
data of meteorological conditions, water column physicochemical parameters, and modern sedimentation.
According to our results, meteorological conditions directly influence physicochemical conditions and indi-
rectly influence diatom and chrysophyte cyst phenology and species succession. Air temperature and wind
speed shaping the mixing regime of Lake Zabinskie influence nutrient cycling which further alter diatom and
chrysophyte cyst seasonal dynamics. In addition, our study shows that the biotic response to unusually warm
winter without ice cover registered in 2020 was different from the pattern in more “typical” years with regard to
the phenology of diatom and chrysophyte cyst blooms. Nevertheless, due to the high trophy of Lake Zabiriskie,
this response was not as pronounced as in lakes of lower productivity. Variations in meteorological conditions
also led to the compositional turnover of both diatoms and chrysophyte cysts. The connection between changes
in meteorological conditions, lake dynamics, and primary producers’ distribution underlined the possibilities
and limitations of using diatoms and chrysophyte cysts in climate-related studies and paleoclimatic recon-
structions in eutrophic lakes.
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The global climate during Early Cretaceous has experienced several fluctuations, which were recorded both
in marine and lacustrine sediments. In order to reveal the paleoclimate variation and its effects on paleoen-
vironment evolution in continental lakes, the outcrops of Lower Cretaceous Luanping Bain in northeastern
China were carefully measured for the reconstruction of depositional environment. Besides, mudstone samples
collected for inorganic geochemistry analysis were investigated to reconstruct paleoclimate variation. Based on
lithology, grain size and sedimentary structures, three lithofacies associations were classified including delta
front, shallow lake and deep lake. Weathering index (CIA) and mean annual precipitation (MAP) calculated
through CIA revealed that the climate of Early Cretaceous Luanping Bain experienced several fluctuations
between warm-humid and cool-semihumid. The mean annual atmospheric temperature (MAT) calculated
by sodium chemical depletion (tNa) ranges from -5 °C to 15°C with a mean of 10 °C, which was consistent with
the research on East Asia climatic conditions using oxygen isotope composition (§'®0) of apatite phosphate.
During cooling event the decrease in temperature and precipitation resulted in the decline of lake level. Low
redox conditions index (Th/U) and detritus input index (Zr/Ti) indicate that dysoxic condition with low detritus
input occurred. The clastic varves and calcareous lamination deposited in shallow lakes demonstrated season-
al precipitation was prevalent. As temperature and precipitation increased during the subsequent warming
event, high detritus input and anoxic condition were developed. The multistorey sandstones with gradational
planar lamination and bentonite layer indicated high frequency flood event existed during this period. When
paleowater depth reached deepest, black mudstones interbedded with massive dolomite representing deep
lake deposits were commonly developed. The climate variation in Early Cretaceous was closely related to the
fluctuations of global CO, concentration. This study sheds light on the climate effects on depositional environ-
ment evolution and prediction of lacustrine hydrocarbon source rocks.
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In the western slope area of Huanmahu sag, Junggar basin, Baikouquan formation develops glutenite trap,
and the “sweet spot” reservoir has obtained high-yield industrial oil flow. With the fine analysis of oil-gas res-
ervoir, it is concluded that the main controlling factors of accumulation include favorable facies belt of sandy
conglomerate in delta front, thickness of high-quality reservoir, porosity and oil source fault. A new method,
namely “five-step-methodology” combing well logging and seismic data, has been proposed to predict the plane
distribution range of “sweet spot” reservoir. Firstly, by integrating the geology and geophysics, the forward
model analysis is conducted to analysis the relationship between the delta belt, reservoir thickness and features
of seismic response, which serves as the technical support for 3D seismic data processing of OVT domain.
Secondly, in the 3D seismic data of OVT domain, the isochronous geological surfaces are acquired by utilizing
global automatic stratigraphic interpretation technology. The paleo-geomorphology background is then to be
recovered by producing formation thickness map and therefore the boundary range of the fan-delta can be
delineated by combining single well sedimentary facies and attributes of seismic. Thirdly, by classifying the
sandy conglomerate reservoir of fan-delta front, the template of rock physics can be performed. Consequently,
the pre-stack inversion is to be conducted to predict the thickness of high-quality reservoir and plane distribu-
tion features of porosity. Moreover, to tackle the small distance of fault in the oil source profile, the Eigenvalue
of structural tensor matrix has been employed to perform the fracture attribute volume, so as to predict the
distribution characteristics of small faults in the section and plane. Lastly, according to the accumulation
pattern diagram of Bai 2 member of Baikouquan formation and applying the comprehensive geological ana-
lyzing method, the “sweet spot” is generally developed in the overlapping parts of fan-delta front facies, thick
high-quality reservoir, large porosity and fault of oil source. Based on the research result, the success rate of
preliminary prospecting well reaches above 92%, which is able to serve as valuable reference for the study of
similar geological background.
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The drilling results show that the Permian Lower Urho Formation in Madong area has typical beach-bar sand
deposition characteristics. In order to explore a new field of hydrocarbon exploration, confirm the planar dis-
tribution and exploration potential of beach-bar sand, on the basis of high-resolution three-dimensional seis-
mic data, combined with data collected during drilling, formation testing, well logging and core analyses, the
petroleum geological characteristics of beach-bar sand reservoir are systematically analyzed. Finely portrayed
the planar distribution pattern of the beach-bar sand in the Lower Urho Formation of the Madong area, and dis-
cussed its hydrocarbon accumulation potential, using seismic analysis techniques such as attribute extraction
and stratal slicing. The results show that: the target layer of the study area presents apparent characteristics
of the beach-bar sand, which is distributed along the shore lake in a strip-like; and it forms good hydrocarbon
accumulation condition and has a huge area for exploration. The discovery and confirmation of the “beach-bar
sand” field provides a model to shed light on exploration of the “beach-bar sand” oil and gas reservoir across
the Madong area, as well as a new exploration frontier for oil and gas exploration in the Junggar Basin.
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To study the lacustrine deep-water fine-grained sedimentary characteristics and depositional models, we take
Yishi Village, Yaoqu, and other typical field sections in China as research objects. To make full use of the
sedimentological analysis method, the Chang 7 member lithofacies, lithofacies assemblage characteristics
and fine-grained sedimentary lithofacies evolution models are systematically studied in Triassic of the Ordos
Basin, China. Three points of understanding have been obtained as follows: (1) The outcrops in the middle and
lower sections of the Yanchang Formation in the Tongchuan area primarily developed overlying and scouring
positive-order silt-fine sandstone, massive bedding silt-fine sandstone, soft sedimentary deformed sand-shale
mixed, and massive mudstone facies, horizontal laminated shale facies and tuff facies. (2) The lithofacies
assemblage types of the fine-grained sediments in the Chang 7 member from the Yanchang Formation in the
Tongchuan area include background argillaceous deposits, vertical assemblages of tuff and gravity flow de-
posits, superposition of sliding landslides and background mudstones, gravity flow deposits of sandstones and
mudstones. The typical characteristics of the Chang 73 sub-member of the Yishicun section are sandy clastic
flows and slump deposits with massive bedding. The deep-water in-situ deposits from different outcrop sections
of the Chang 72 sub-member, whose lithology transitions from siltstone-silty mudstone to horizontal laminar
mudstone to black shale with extremely developed shales. The Chang 71 sub-member of the Yaoqu section is
rich in soft sedimentary deformation structures, such as liquefied sandstone veins, argillaceous bands, and
flame-like structures in massive sandstones. (3) During the sedimentary period of Chang 7 member, the lake
level was found to rise first and then decrease periodically. The fluctuation of lake level controls the transport
mode and deposition mode of fine-grained sediments and has important guiding significance for the study of
the transport mechanism and distribution of fine-grained sediments.
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The fluid-rock interaction in sedimentary basins is an important factor affecting the formation of deep pores
and the accumulation of oil and gas. The study of corrosion response and process under the background of
different oil and gas filling intensities is very important for reservoir evaluation. Taking Wuerhe formation
in Shawan sag of Junggar basin as an example, based on the core description, the rock and ore identification,
porosity, permeability, major elements of secondary minerals and stable carbon and oxygen isotopes of calcite
have been systematically carried out. The results show that under the background of strong oil and gas filling,
turbidite and calcite cements are developed, and the two, as well as some debris and feldspar, are corroded, and
the reservoir physical properties are relatively good. Turbidite and calcite cements are more widely developed
in the background of weak oil and gas filling (water layer and dry layer), but they are basically not corroded,
and the reservoir physical properties are relatively poor. This differential dissolution supports the reconstruc-
tion of deep clastic rock reservoir by acidic hydrocarbon fluid. Mineral assemblages and hydrocarbon filling
history show that turbidite and a small amount of calcite were precipitated at the early stage of diagenesis, and
the former was altered by volcanic material in rock debris. The first stage of oil and gas filling took place in
the Middle Jurassic when the primary porosity was close to disappearing due to the continuous compaction of
the reservoir; Oil and gas filling inhibits the precipitation of turbidite and promotes its dissolution, resulting in
secondary pores. The second stage of oil and gas filling in the Early Cretaceous further led to the dissolution of
more widespread turbidite and calcite, resulting in a large number of secondary pores. The associated turbidite
dissolves and precipitates secondary quartz, kaolinite and late calcite. Late calcite is rich in Mn (>2.5%) and §*C
negative deviation (-19.5%o ~ -14.3%o0 VPDB). This study confirmed the transformation of oil and gas bearing
fluid to the reservoir, indicating that the quality of deep clastic rock reservoir in oil and gas bearing basin can
be improved under the condition of sufficient oil and gas sources.
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The Carnian Pluvial Episode (CPE) is one of the most significant climate abrupt events on Earth in the Triassic,
and the abrupt climate environment has an important control effect on the sediment characteristics of inland
lake basins.In this paper, the most important petroliferous basin on land in my country: the Triassic Yanchang
Formation in the Ordos Basin is taken as an example. Based on the latest research progress on global paleo-
climate, event sedimentation, source rock development mechanism and heterogeneous integration surface in
terrestrial basins, and through rethinking and researching some sedimentation and accumulation problems
of the Yanchang Formation, the following three points of understanding have been obtained: (1) The Carnian
period of the Middle-Upper Triassic Yanchang Formation in the basin has been redefined, and the sedimen-
tary response to the CPE of the Yanchang Formation has been clarified. The top boundary is equivalent to
the stratigraphic boundary between the Chang 4+5 member and the Chang 3 member, and the CPE roughly
corresponds to the deposition of the "Chang 7 member black shale event"; (2) During the Carnian and CPE, the
Yanchang Formation sedimentary lake basin showed the characteristics of "rapid lacustrine transgression and
oscillating slow retreat", which is very conducive to the development of high-quality source rocks; (3) Affected
by the paleo-climate and CPE in the Carnian period, the Yanchang Formation developed two upper and lower
xenoconformity formed due to abrupt climate and environment, and they both had a significant control effect
on the distribution of oil and gas. This research is of positive significance for in-depth discussion of the forma-
tion and evolution mechanism of Yanchang Formation lake basin, sedimentary sequence filling and evolution
characteristics, and guiding the practice of oil and gas exploration.
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Influenced by sedimentary environments such as sediment provenance, paleoclimate. and paleoproductivity,
various laminae and beds are developed in the lacustrine organic-rich shales. Silty laminae and beds developed
in the shale formation in the freshwater lake basin are important reservoir spaces and efficient channels for
oil and gas migration. In addition, the identification and characterization of silty laminae and beds are critical
to sedimentary environment analysis, formation evaluation, and sweet spot optimization. Researchers carried
out many studies on the drilled rock samples containing silty laminae and beds, including core description,
mineral composition analysis, scanning electron microscope, particle size, nitrogen adsorption and other ex-
perimental methods. However, drilled rock samples are limited and expensive; it is challenging to realize the
fine evaluation of heterogeneous organic-rich shale formations. Chang 7 member organic-rich shale formation
in the Ordos basin is studied in this research. We used conventional logging and electric imaging logging to
realize the identification and quantitative characterization of silty laminae and beds in lacustrine organic-rich
shales. It mainly includes the following three steps: (1) Lithology identification: the logging response in the
organic-rich shale formation are analyzed. The criterion of lithology identification is established, and it can be
clear that the silty laminae and beds with thicknesses greater than 1cm can be identified by the electric imaging
logging. (2) Identification of silty beds: the essence of silty beds identification based on the electric imaging
logging is edge detection. A new method based on image processing and morphology is established. The silty
laminae and beds with thicknesses greater than 1cm can be identified. (3) Quantitative characterization of
silty laminae and beds: based on identifying organic-rich shales and silty beds, the thicknesses of silty beds
are counted. The distribution of the thickness of silty beds can be characterized by fractals. This new method
can be used in uncored wells to identify and quantify silty laminae and beds. Moreover, the results are critical
in the sedimentary environment analysis, formation evaluation and sweet spot optimization.

179



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 5. Continental clastic depositional systems
Special Session 5.2. New advances in lacustrine sedimentology

Oral presentation

Recognition of Milankovitch cycles in the Early Triassic in
the Junggar Basin, NW China; implications for sequence
stratigraphy

Yongping Ma', Shuxin Pan', Guodong Wang', Duonian Xu', Xin Guan', Xianwen Zhang?

"PetroChina Company Limited, Research Institute of Petroleum Exploration and Development Northwest Branch, Lanzhou, China
’No0.149 Team, Gansu Provincial Bureau of Coal Geology, Lanzhou, China
ma_yp@petrochina.com.cn

Milankovitch cycles affected paleoclimate changes, and thus the distribution of different facies in sedimentary
basins. The effects of astronomical forcing have been recorded as astronomical frequency signals in sedimen-
tary sequences through geological history, the Milankovitch cycles has the isochronal characteristics in the
time domain and is an effective way to realize the division and comparison of the high frequency deposition
cycles. Based on the theory of Milankovitch and taking the Early Triassic strata in the central depression,
Junggar Basin, as the research object, using natural gamma log and resistivity log data, through frequency
spectrum analysis, Milankovitch signal identification and period division were performed on the target layer
in the study area. The filter curves of the short eccentricity period 99.0 ka and the short slope period of 40.5 ka
extracted by the logging curve are taking as the reference curves of the fifth-order sequence deposition cycle
and sixth-order sequence deposition cycle, and the high frequency sedimentary cycle correlation framework
of the Early Triassic strata in the central depression, Junggar Basin, was established. The results show that
the complete Milankovitch deposition cycle is maintained in the central depression, Junggar Basin, and the
cycles are mainly controlled by eccentricity period (99 ka) and slope period (40.5 ka). Using the ratio of the
total thickness of the Early Triassic to the thickness of the dominant cycle, it is estimated that there are about
15 short-term sequences and 40 ultra-short-term sequences, the thickness of the strata caused by eccentricity
period and slope period is 6.21-7.35 m and 2.25-2.89 m, the average deposition rate is 6.53 cm/ka. In the paper, a
new method is proposed for logging identification and division of high frequency stratigraphy, which provides
a reference for sequence stratigraphic division.

180



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 5. Continental clastic depositional systems
Special Session 5.2. New advances in lacustrine sedimentology

Oral presentation

Seismic response characteristics of typical sublacustrine
landslides in continental basins of China

Shuxin Pan', Caiyan Liu', Guodong Wang', Duonian Xu'

'Research Institute of Petroleum Exploration & Development—Northwest (NWGI), PetroChina, Lanzhou, China
pansx@petrochina.com.cn

Sublacustrine landslide is a kind of deep-water sedimentary system formed by the action of gravity, which plays
animportantrole in the global continental basin sedimentary system. This kind of landslides can not only form
conventional clastic reservoirs in the center of the lake basin, but also facilitate the formation of fractured oil
and gas reservoirs in deep layers due to the development of a large number of non-tectonic cracks. Based on
the seismic data of songliao, Jiuquan and Junggar basins, a large number of subaqueous landslides have been
identified. The subaqueous landslide in continental lacustrine basin has obvious landslide shape and sedimen-
tary structure, which is characterized by hillock shape, transparent and irregular reflection characteristics on
the earthquake. The extensional pear-type fault is developed at the head area, thrust structure and small folds
can be seen at the landslide toe, and concentric circular pressure ridge generally exists on the plane. There
are various types of landslides in continental basins by lithology, including muddy landslide, sandy landslide
and gravelly landslide. According to the morphology, it can be divided into emerged landslide and restricted
landslide. The results are of great scientific significance for the exploration of continental basins in China.
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Long-lived lakes comprise an underestimated portion of the rock record. They commonly form when the ex-
tension of continental areas is initiated. Later these lakes transit into marine systems of the rift basins. Finally,
shelves evolve, where the concept of ,,classic” marine sequence stratigraphy of post-rift successions is rooted.
The strong structural overprint necessarily led to special rift sequence stratigraphy and/or recognition of tec-
tonic successions. This latter is applicable in compressional areas, e.g. in marine foredeep of orogenic belts.
These finally get into an overfilled stage, when extensive lakes form. Despite the basic differences sequence
stratigraphy of lakes is still not well understood.

In marine systems accommodation determined by eustacy and subsidence is not influenced by sedimentation.
In lakes, eustacy cannot simply be replaced by climate-driven lake level (LL). LL sensitively reflects climate
changes only if the lake has no outflow, or LL is below the spill point. Stratigraphic forward modelling simulat-
ing long-term LL changes in hydrologically-closed lakes with high sediment supply highlighted an extremely
specific feature: LL rise induced by the normal regression of the shoreline. If a coastal prism develops by pro-
gradation of deltas or shelf-slope clinothems, the system adjusts by LL rise, as these lakes maintain a steady,
equilibrium surface area, due to rapid response to climate. This produces accommodation to fill, so aggradation
(and progradation) continues with positive feedback until the sill height of the spill point is reached. Therefore,
unlike seas, development of accommodation in lakes is not independent of sedimentation.

Modelling, seismic, field and well data show that the regression-induced component of lake-level rise is able
to compensate for the climatically-induced falls, therefore an overall steady and rising LL pattern develops.
The sedimentary architecture of clinoforms is interpreted as TST, early and late HST, without well-developed
FSST or LST. These geometries and processes are demonstrated by the seismic scale clinoforms from the Late
Miocene Lake Pannon, Hungary, where slope progradation and normal regression lasted for about 6 Ma. Other
Miocene and Triassic examples are also shown.

The study is supported by NRDI/NKFI project no. 143787.
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Large lakes frequently record storm activity with the evidence including the presence of swaley and hummocky
cross stratified sandstones. Such facies are found in the North China Basin in the Early Triassic, a setting that
records a mix of fluvial and lacustrine environments. In addition to typical storm-generated sandstones, there
are also conglomerates that record events of exceptional strength that were capable of generating clasts from
lithified lake-beds. Cementation of fine to medium gained sands was by a range carbonate cements (microspar,
radial, prismatic cement, and poikilotopic coarse spar), with erosion producing flat-pebble conglomerates and
angular clasts up to 30 cm in size. However, the most unusual clasts are concentrically-laminated concretions
that resemble oncoids. These record multiple phases of burial, growth, erosion, reburial, further cementation
and growth etc. that resulted in a diverse range of “oncoids” that can record up to seven episodes of formation.
The intraclast conglomerate beds record events that began with an erosive phase of lake bed break-up, followed
by a (probably brief) transportation phase and finally a reorientation of flat clasts into fan-like arrangements
at bed tops. The super-greenhouse conditions of the Early Triassic likely favoured the rapid cementation with-
in the North China whilst such conditions may also have triggered frequent, powerful hurricanes in this low
palaeolatitude region. Modern hurricanes are capable of major erosion but only modest sediment transport
with the result that they remobilise and redeposit local sediment as seen in North China.
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In the context of comprehensively promoting efficient exploration, it is particularly important to find shallow
high-quality reservoirs. Beach sand generally has high compositional maturity and textural maturity, and
good reservoir physical properties. It is one of the important reservoir types in the terrestrial basin of China.
However, due to the thin thickness of the reservoir, it is difficult to identify and characterize the sand body
and predict the distribution. Based on core, logging, analytical test, and 3D seismic data, this paper systemat-
ically studies the sedimentary characteristics and distribution of the beach sand of the Badaowan Formation
in Shawan Sag, Junggar Basin. The beach sand of the Badaowan Formation is composed of the beach ridge
and the beach trough. The beach ridge is mainly composed of sandy conglomerate, pebbled sandstone, and
sandstone, and the sedimentary structure is mainly composed of massive bedding, wave cross-bedding, and
soft deformable bedding. The beach sand is vertically formed by the superposition of multi-period beach sand.
The single-stage beach sand is generally composed of 3 sedimentary sequences, with pebbled sandstone at the
bottom, a sandy conglomerate in the middle, and sandstone at the top. The beach trough has a low content of
sand and is mainly composed of thin siltstone, and the sedimentary structure is mainly composed of a reverse
grain sequence in the vertical direction. The detrital materials of the lakeshore are moved and deposited per-
pendicular to the lakeshore under the action of waves, forming a striped distribution of the beach ridge. The
seismic section shows the reflection characteristics of strong amplitude lenticular discontinuity. The stratal
slice shows that the shape of the beach sand is clear, distributed in rows and belts, and the scale is large. The
newly discovered beach sand at the bottom of the Badaowan Formatio
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Shengbei area is located in the northern part of Dongying Sag, Bohai Bay Basin, eastern China. At present, in-
dustrial oil flow has been found in the shale of the upper part of the fourth member of the Paleogene Shahejie
Formation. These shale belonging to the deep lake subfacies generally develop thin sandstone lawyers inter-
bedded with different thicknesses. The genesis of these thin sandstone lawyers and their influence on the oil
content of shale are not clear. In this paper, we used the method of core observation to find that the bottom of
the sand body is mostly developed with load structure. When the thin sandstone lawyers is thick, it is mostly
developed with fining-upward graded bedding. Therefore, the thin sandstone lawyers interbedded in the deep
lake subfacies shale in the study area are formed by gravity flow deposition. Based on the comprehensive study
of core analysis and logging data, it is considered that the provenance of these thin sandstone lawyers mainly
came from Chenjiazhuang uplift in the north. In the upper part of the fourth member of Shahejie Formation in
the study area, the climate was gradually dry, the lake water was gradually shallow, the gravity flow sediments
were easier to reach deep lakes, and thin sandstone lawyers interbedded in shale were formed around the end
of gravity flow. By using geochemical analysis method to analyze the oil-bearing property of shale with thin
sandstones interbedded, it is found that with the increase of thin sandstones interbedded, the oil-bearing prop-
erty of the whole shale gradually decreases, which is contrary to the conventional understanding of oil-bearing
property. This paper gives a reasonable explanation. The excessive development of gravity flow has a dilution
effect on the enrichment of organic matter, which leads to the decrease of organic matter abundance and the
deterioration of overall oil content. n in Shawan sag is a new area for efficient shallow exploration and has great
petroleum geological significance.
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To better understand the magnitude and potential impact of hydrothermal activity on Pliocene lakes in the
East African Rift System, we examined sedimentary evidence from core material collected from two basins.
Sedimentary dykes, filled with brecciated and injected sedimentary material, are abundant in the long drill
cores through Pliocene lake-basin successions from the Northern Awash Basin in Afar, Ethiopia and the Baringo
Basin, Kenya. These features are accompanied by cemented and altered zones, as well as fracture networks
filled with injected slurry material, and/or staining of adjacent host sediments. Fractures and injectites typ-
ically contain authigenic mineralized zones and are mainly filled with remobilized sand and/or brecciated
mudstones, often with internal bedding, as well as laminated or bedded clay. Multiple cross-cutting phases are
apparent, and in some cases, evidence indicates that the timing is roughly syn-sedimentary, determined to be
within the corresponding depositional cycle of lake-level rise-and-fall. Thick (~1-2 m) zones of horizontal or
obliquely oriented beds of interbedded host sediments with brecciated and injected material, including inject-
ed crystalline material, are particularly common in diatomaceous deeper-lake deposits, which may indicate
increased activity in the hydrothermal systems during wetter periods or rheological control on the position
of these thicker horizontal injectites. Supporting evidence for high-temperature, pressurized fluids moving
through the shallow subsurface, and potentially directly influencing the Pliocene lakes, include brecciation,
resetting of zircons, anomalous geochemical signatures (from scanning X-ray fluorescence), and crystalline
injected material. The recognition of these features in geothermally active rift basins, such as in the East Afri-
can Rift System, impacts our understanding of: (1) zircon geochronology; (2) the depositional environments and
hydrochemistry of lake systems; and (3) the influence of climate on lake cycles, both through overthickened
packages that affect age-models and time-series results, as well as possibly through cyclical fluctuations in the
activity of hydrothermal systems in lake and lake-margin environments.
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Loess is a type of terrestrial, clastic sediment formed by the accumulation of wind-blown dust and composed
dominantly of silt-sized particles. It is usually inter-bedded with soil horizons forming loess-palaeosol suc-
cessions (LPS), which provide a detailed archive of palaeoclimate and palaeoecological changes. In order to
determine differences of loess deposits across Europe, we analyzed grain surface microtextures from six dif-
ferent loess locations in four countries: Pegwell Bay (UK), Brattforsheden and Bondsheden (SWE), Zmajevac
and Branjina (CRO) and Leninsk (RUS).

Quartz grains from loess deposits were analysed with scanning electron microscopy (SEM) in magnification
range of 20-3500x. Grain-size distributions in the loess samples point to dominance of silt-sized particles, with
the exception of samples from Leninsk, where sand fraction is more dominant. Samples from all localities
show the dominance of angular to very angular grains (70-80%) and a smaller percentage of sub-rounded and
rounded grains. Conchoidal fractures are the dominant surface features in samples from all localities (approx.
40% of all grains), followed by subparallel linear fractures, parallel and/or radial steps, grooves, linear/parallel
striations and V-shaped percussion marks. Analysis of grain shape, angularity, relief and surface microtextures
points to the glacial origin of the material from all localities, as well as a complex transport history, which in
the final aeolian phase was of a proximal character. SEM coupled with other analysis (U-Pb provenance, grain-
size, mineralogy, etc.) points to glaciofluvial systems that drained the retreating Fennoscandian Ice Sheet as
the likely source for the loess material in Swedish localities. In Leninsk, Ural Mountain glacial sediments and
proglacial outwash deposits of the Fennoscandian Ice Sheet were the source material which was subsequently
transported to the south via the Volga River. In the UK, British-Irish and Fennoscandian Ice Sheet derived gla-
ciofluvial sediments were the source of loess at Pegwell Bay, while sediments derived from Continental Europe
possibly also contributed. Loess from Croatian localities is sourced locally from Slavonian Mts. derived material
and from the Danube flood plain, where sediment produced in the Alps was transported via Danube river.
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The occurrence of fluvial-aeolian interactions has been reported both in ancient and recent sedimentary
records. These interactions can be driven by allogenic and autogenic processes, manifesting several fluvial-
aeolian interaction styles. Although previous works have shown many examples of fluvial-aeolian interactions
and their depositional controlling factors, few have described the significance of these interactions within a
Distributive Fluvial System (DFS) dynamic. Especially regarding the relationship of aeolian sedimentation
associated with non-depositional indicators such as paleosols. Thus, this study aims to classify fluvial-aeolian
interactions and the relationship between aeolian deposits and paleosols. Seeking a meaning for what causes
the system to be prone to accumulation or not depending on the activity of the DFS. The classification scheme
is demonstrated through reference examples from the Late Permian Rio do Rasto Formation (Morro Pelado
Member), Parand Basin, Southern Brazil. To accomplish this, 15 sedimentary logs were surveyed, compris-
ing three boreholes (794.41 m) and 12 outcrops (176.04 m). In addition, six lateral panels were interpreted for
architectural analysis, and six thin sections were examined to demonstrate fluvial-aeolian reworking. At the
moment, 28 lithofacies and 15 architectural elements (four aeolian and 11 fluvial-related) were recognized.
Four main fluvial-aeolian interaction anatomies were identified: (i) Water-table controlled interaction; (ii)
Fluvial reworked aeolian deposits; (iii) Aeolian reworked fluvial deposits; (iv) Fluvial breaching of dunes and
their reworking by catastrophic floodings. Fluvial-aeolian interactions occur on an autocyclic scale whereas
paleosol’s relationship with aeolian processes is yet to be determined.
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Studies of Precambrian aeolian successions have demonstrated that the processes involved in dry and wet in-
terdune sedimentation were potentially different from their Phanerozoic counterparts. These differences were
the result of the unique paleoenvironmental conditions that operated throughout the Proterozoic, influencing
the nature of sedimentary processes. To clarify this aspect, the Mesoproterozoic Galho do Miguel Formation
was studied using architectural-element analysis. The aeolian succession comprises deposits of dunes (simple
and compound) and dry and wet interdunes. The organisation of the architectural-element types indicates two
sub-environments of a hybrid dry-wet aeolian system. Dry and wet aeolian sub-environments were coeval and
time-varying, likely controlled by the interaction between local topographic relief and the water-table level.
In dry sub-environment, the water table did not influence the construction of climbing dunes and dry inter-
dunes, but this was essential for long-term aeolian accumulation. Due to the proximity of the water table to the
depositional surface, the dry interdune flats were eroded only up to the groundwater level, where the wetness
inhibited sand removal by the next migrating dune. This condition allowed the accumulation of thick beds of
dry interdune deposits (up to 3 m thick). In the wet sub-environment, the progressive rise of the groundwater
and the amalgamation of interdune deposits produced thick wet-interdune stratal packages (up to 8 m thick).
The accumulation of thick packages of interdune strata in both sub-environments was generated by high rates
of vertical accumulation of the interdune substrate and progressive relative rise of the water table. These con-
ditions enabled the long-term accumulation of Precambrian aeolian systems, in which the stabilising effects of
vegetation did not operate. In conclusion, the aeolian architecture of the Galho do Miguel Formation suggests
that Precambrian aeolian systems probably produced thicker dry and wet interdune strata than Phanerozoic
examples, and hybrid dry-wet aeolian systems provided the best conditions for aeolian accumulation and
preservation.
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Deposition within alluvial systems occurs within two major settings, the channel and floodplain. Lithofa-
cies patterns within each setting document the character of sediment transport, paleo-topography, and en-
vironmental conditions. Yet these are often interpreted in isolation from one another. This study compares
the vertical scales of depositional packages within channel and floodplain strata with the aim of clarifying
sediment partitioning and paleo-topography between them. Data were obtained from the early Paleogene
Willwood Formation that crops out in the Bighorn Basin of Wyoming, U.S.A. The data include measurements
of the relief on bar clinoforms (n = 112), fluvial story heights (n = 60), mud plug thickness (n = 13), single-storied
splay channels (n = 50), and multi-storied fluvial sandbodies (n = 102) as well as new and compiled data on
overbank paleosol cycle thicknesses (n = 45). The data were decompacted based on estimated burial depths to
achieve more accurate assessments of thickness. Story heights and mud plug thicknesses display statistically
indistinguishable means (4.7 m and 5.5 m) and medians (4.2 m and 5.8 m). These estimates are higher than bar
clinoform relief mean and median values (1.5 m and 1.3 m). However, the largest bar clinoforms do achieve
thicknesses similar to story heights and mud plug thicknesses. These observations mirror recent results from
modern river systems suggesting bar clinoforms typically only capture ~0.3 of the true flow depth. Multi-storied
sandbodies and overbank cycles in the Willwood Formation display statistically indistinguishable means (10.8
m and 9. 2 m) and medians (9.3 m and 9.1 m) from one another as well. This study infers that story heights and
mud plugs provide more robust estimates of paleo-flow depths from alluvial strata, which likely correspond
to channel-reach means. The similarity in overbank cycle and multi-storied sandbody thicknesses suggest
compensational depositional processes that acted to fill floodplain topography. Lateral tracing of coeval stra-
ta suggests this occurred during major avulsions post-dating aggradation of the channel by one flow depth
above the floodplain. Based on previous studies and constraints on allogenic forcings, this is interpreted to be
a meso-scale, autogenic behavior.
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The Early to Middle Permian Roseneath-Epsilon-Murteree (REM) strata of the Cooper Basin in Australia host
substantial conventional and unconventional resources, and are believed to be the most feasible shale gas play
in Australia. Despite their potential resource significances, the REM strata are poorly understood with regard
to regional facies architecture and paleogeographic evolution. Using a multidisciplinary approach with robust
data (facies analysis, petrology, wireline logs, and geochemistry), the sedimentary evolution of the REM strata
is described within a new sequence stratigraphic framework defined by key surfaces identified from cores
and wireline logs. Detailed facies analysis of over 1400 m of cores and wireline logs from nine wells identified
twelve lithofacies and eight facies associations for the first time which reveal various depositional processes and
environments. The REM strata are interpreted as a fluvial-deltaic-lacustrine system with glacial influences.
1*torder and 2"-order Maximum Flooding Surfaces (MFS) define a regional sequence stratigraphic framework
which subdivides the REM strata into four sequence units, among which two Transgressive-Regressive (T-R)
cycles can be observed. Paleogeographic maps of four depositional phases suggest that the REM strata were
dominated by a lacustrine system with some delta and mire deposits. Rivers primarily drained from the Gid-
gealpa, Merrimelia, Packsaddle and Innamincka ridges (GMI Trend) in the north or northeast as indicated by
sandstone percentage and gross unit isopach maps. Possible marine incursions into the lake probably came
from the east when eustatic sea level was high. Far field effects from thermal subsidence of Eastern Australia
and paleoclimate (glaciation, interglaciation) primarily controlled deposition of the REM strata. A similar
multidisciplinary approach should help elucidate the evolution of other fluvial-deltaic-lacustrine systems in
other basins and aid in resource prediction.
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The last stages of the Permian period sedimentary record provide relevant clues for understanding global
atmospheric and biological changes that led to the largest known mass extinction event. The Rio do Rasto
Formation records this critical interval within the Parana Basin, southeastern South America, and raises the
discussion relative to the very complex stratigraphic framework and variable hierarchies of sedimentary pro-
cesses related to distributive fluvial systems (DFSs). This field-based study holds sedimentological, stratigraph-
ic, paleontological, and petrographic data, with more than 600 m of logged section surveyed in 40 outcrops in
South Brazil, besides 1200 m of core described. In this sense, 22 lithofacies were recognized and arranged in 13
facies associations, being part of four subsystems within DFSs: 1) fluvial deposits; 2) low-slope, shallow lakes; 3)
terminal splay lobes, and 4) eolian deposits. The overall strata exhibit a progressive process of aridization, and
the paleocurrent pattern reveals an endorheic drainage basin, where the Norte Basin, in Uruguay, and the Huab
Basin, in Namibia, would also be part of a low-relief, depression area within Gondwana. This process is well-re-
corded through a change from shallow lacustrine environments affected by storm events to a high-variability
discharge setting, where perennial channels and lakes were replaced by small lakes, ephemeral streams, and
extensive floodplain areas, with the development of paleosols and eolian sand sheets. However, this process
was not abrupt, and this study reveals a cyclic pattern, in which aqueous flows are deposited and exposed to
subaerial conditions, at different frequencies and depositional settings. The fossil content of a portion of the Rio
do Rasto Formation strata indicates a progressive loss in biological diversity to the end-Permian, in particular
to the non-marine bivalves, conchostracans, tetrapods, and plants, due to an increase in the input of freshwater
and sediment, revealing import changes in discharge variability, sedimentation rates, and aridity. This study
brings a data collection that reveals the architectural complexity within DFSs, when Western Gondwana un-
derwent a progressive aridization and climate change, affecting directly the biota and depositional processes.
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Terrestrial sedimentary successions provide unambiguous evidence of subaerial exposure of continents. High
resolution sedimentological analysis coupled with robust geochronological data are essential to constrain the
timing of continental emergence on early Earth. The Singhbhum Craton of India preserves an extensive Ar-
chean terrestrial volcano-sedimentary record. Recent surge of geochronological data from the Archean sedi-
mentary successions of the Singhbhum Craton provide us an opportunity to infer early Earth surface processes
and crust-mantle interactions. The Paleoarchean (3.5-3.2 billion years) Iron Ore Group of rocks in the western
and eastern belts bear alluvial fan-fluvial facies associations and indicate continental emergence in the earlier
part of the Earth history. The banded iron formations and associated clastics of the Iron Ore Group of rocks
indicate largely shallow marine to shelfal sedimentation. The extensive Mesoarchean sedimentary record
(the Bisrampur and the Dhanjori formations in the northwestern and northern part of the Craton) implies
continuation of terrestrial sedimentation because of subsequent relative sea level fall. Rise of relative sea level
around 3.0 billion years is inferred from the shallow marine sedimentary facies associations of the Simlipal
Group in the east and the Birtola Formation of the Darjing Group in the west. A ~2.8 billion years extensive felsic
magmatic record is well preserved in the Singhbhum Craton. No supracrustal rocks around 2.5 billion years
are preserved on the Singhbhum Craton, although Neoarchean (2.8-2.5 Ga) detrital zircons are reported from
the Paleoproterozoic metasedimentary rocks of the Craton. Published sedimentological and geochronological
data suggests non-deposition and/or erosion on the Singhbhum Craton and thus development of a prolonged
unconformity along the northern margin of the Singhbhum Craton throughout the Neoarchean.
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The often outsized proportions of dinosaurs may have made it difficult to get buried on Mesozoic landscapes via
typical modes of sedimentation, particularly in the case of large bones and intact carcasses. However, a review
of taphonomic literature reveals that there is more than one way to bury a dinosaur in sedimentary deposits.
The living can forcefully install bone into the subsurface via trampling, provided the sedimentary substrate is
malleable and receptive to loading. However, large dinosaur bones, especially those with high surface area to
volume ratios, would be inordinately difficult to trample underground in a reasonably intact state. Another way
to introduce a dinosaur to the subterranean sedimentary realm is via miring. Several studies have concluded
that death and burial of dinosaurs resulted from entrapment and subsequent encasement in viscous sediment.
Dinosaur remains are also often entombed in deposits of ancient channels, and were likely buried by some
combination of downstream, lateral, and vertical accretion. Dinosaur fossils embedded in ancient floodplain
deposits were presumably buried by bedload or suspension load sedimentation during overbank flood events.
However, the average thickness of sedimentation units deposited on modern floodplains, even during major
floods, is typically inadequate to bury a large dinosaur limb bone, vertebra, or skull, let alone an entire carcass,
which could easily extend a meter or more above ground surface. Thus, it seems necessary to invoke sedimen-
tation events of unusual magnitude, or aggradation events focused in low areas such as abandoned channel
segments, in order to effectively bury a large dinosaur carcass. Sediment-rich surface flows, such as sandslides
and debris flows, are being diagnosed as mechanisms of dinosaur burial with increasing frequency. This trend
makes good taphonomic sense, because the sediment-charged nature of mass flows results in substantially
thicker deposits than those typical of more dilute sedimentation events. The abundant dinosaur bonebeds of
the Upper Cretaceous Maevarano Formation of Madagascar provide an example of exceptional burial events
yielding a spectacular fossil record. In this unit, deposits of recurrent fine-grained debris flows preserve an
extraordinary snapshot of a Late Cretaceous ecosystem.
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Thin sandstone reservoirs of the fan delta front sub-facies occur in the early Neogene (Miocene) series of the
Aketao (Akto) structural belt within the Kunlun piedmont zone of the Tarim Basin. Oil and gas reservoirs in
this area correspond to stratigraphic traps. However, owing to the low density of the 2D seismic survey grid
deployed in the Aketao belt, inferior seismic data quality, and lack of well logging data, reservoir prediction
in this area suffers from a multiplicity of problems and it is difficult to effectively identify sand bodies. Here,
a new research approach is proposed involving the use of 3D seismic, well logging, and drilling data from a
neighboring highly-explored 3D seismic survey area as a reference for the 2D seismic interpretation of the non-
drilled Aketao survey area. Moreover, this approach is integrated with forward modeling and the inversion of
post-stack seismic data to identify sand bodies. A comparison of the seismic reflection characteristics clarifies
that these 3D and 2D seismic survey areas share similar sedimentary environments. Forward modeling con-
firms their similar reservoir characteristics, while the reservoir distribution in the 2D seismic survey area is
effectively mapped via the inversion. The results show that for a 2D seismic survey area characterized by a low
degree of hydrocarbon exploration and appraisal, and a lack of well logging data, the proposed approach can
confirm the sedimentary characteristics that correspond to the seismic reflection characteristics, and can
quantitatively map the reservoir thickness.
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Despite the favourable palaeoenvironmental conditions for the widespread construction of complex aeolian
systems over the Precambrian, the depositional architecture of these deposits is commonly associated with
simple dunes or sand sheets systems. Based on this paradigm, the question raised is: why are complex aeolian
systems apparently scarce in the Precambrian record despite favourable conditions? To address this issue, this
study examined the Mesoproterozoic Galho do Miguel Formation (Serra do Espinhaco, SE Brazil). The facies
analysis allowed the identification of four main architectural elements: simple and compound cross-bedded sets
(simple dunes and draas), planar-parallel sandstone strata (dry interdune), and wavy and planar-parallel bed-
ded sandstone (sand sheets). The architectural complexity and the relationships between these element-types
suggest the development of a large aeolian system composed of varied bedforms morphologies and scales.
The stratigraphic organisation and the presence of wide, irregular, and erosional surfaces through the aeolian
succession can represent periods of different sedimentary pulses, which appear to be associated with different
conditions of aeolian accumulation and sand availability. The existence of damp/wet sedimentary structures
close to plinth dunes indicates that the water table was seasonally near the dune slipfaces. During periods of
high groundwater level, the availability of wind-blown sand hampered the construction of large aeolian dunes.
However, the progressive water-table rise provided accumulation space that allowed long-term sand accumu-
lation and system preservation. Thereby, it is admitted that water-table variations played an important control
over the wind sand-saturation and the aeolian accumulation, producing successive periods of erg construction,
accumulation, and destruction. Thus, two inferences are possible. First, Proterozoic aeolian succession were
vulnerable to erosion due to the absence of sand-fixing agents. Thus, the deposits were temporally accumulated
and progressively eroded over time. Second, it is possible that complex aeolian systems were common in Pre-
cambrian landmasses, as present-day Mars’s surface, but in dry environments their potential for accumulation
and preservation was low.
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The Anthropocene, a still pending potential new unit of the Geological Time Scale, describes the intensified
anthropogenic influence on the environment and geological processes and its traces in geological archives.
While the rapid rise of human impact on the Earth System has been investigated on a global scale, regional
studies characterizing this growth are scarce, especially for urban or peri-urban environments.

In this project, we investigate the anthropogenic impact of the metropolis Vienna on its peri-urban environ-
mentand the proposed beginning of the Anthropocene epoch in the 1950s CE by applying sedimentological and
geochemical methods. Previous studies (Wagreich et al., 2022) have successfully detected the human influence
in urban sedimentary archives of Vienna (coarse sediments) using artificial isotopes and anthropogenic trace
metals. For our project, we extend the study area from Vienna to the city of Hainburg to investigate Vienna’s
impactin both anthropogenic and natural sediments downstream the Danube river. In this area, direct human
intervention in the environment is highly variable, from locally strong (e.g., hydro-power dams, airport con-
structions), to non-existing (National Park Donau-Auen), thus offering a suitable location to trace and quantify
the extent of anthropogenic impact.

Within petrographic facies, sedimentological and geochemical markers are applied to characterize the an-
thropogenic strata in this area: The archive of fine-grained natural Danube deposits, i.e. erosional profiles and
sediment cores, is analysed for trace metals, artificial radiogenic isotopes, and (micro-)plastics with the aim
(i) to characterize the anthropogenic fingerprint of Vienna in the sediment in space and time, starting from
today and going back to its Roman foundation in the 1st century CE, (ii) to identify and evaluate the proposed
Anthropocene geological boundary around 1950 CE, and (iii) to evaluate a potential correlative stratigraphic
reference section/point for the Anthropocene downstream of Vienna.

Reference

Wagreich, M., Meszar, M., Lappé, K., et al. (2022). The urban sediments of Karlsplatz, Vienna (Austria) as
a candidate Auxiliary Boundary Stratotype Section and Point for the Anthropocene series. Anthr. Rev.
205301962211364. https://doi.org/10.1177/20530196221136427.
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Upper coastal plain deposits of the Gippsland Basin have remined a mystery due to poor imaging on seismic
data. Well log data through the Late Cretaceous interval reveals a fine-grained floodplain characterized by
mudstones, siltstones and thin coals, intersected by numerous discontinuous channel sands. This alluvial
plain transitions seaward into a back-barrier zone characterised by large ombrogenous peat domes and mean-
dering tidal channels, which in turn transition to large, sandy barriers. The lower coastal plain is well imaged
on seismic data due to the large acoustic impedance contrast between coals and siliciclastics. However, the
upper coastal plain lithologies have similar acoustic impedance properties, hence result in discontinuous, low
amplitude seismic reflectors. As a result of this poor seismic imaging, the upper coastal plain has not been
well documented. Core and well data through the Late Cretaceous alluvial plain deposits reveals a range of
lithofacies which comprise the channel and overbank depositional environments. Individual fluvial sands are
approximately 1-2 meters thick, however are often amalgamated, consist of well sorted fine-medium sand-
stone, and commonly display trough cross bedding. Overbank deposits consist of floodplain mudstones and
siltstones, which are up to 3 m thick in core and up to 30 m in well logs and include thin carbonaceous shales,
and thin crevasse sandstones. The transition from the alluvial plain to the back barrier environment occurs
approximately 40 km from the paleoshoreline, and is evident by a thickening and amalgamation of coals, and
increasing dinoflagellate prevalence in associated clastic sediments. Tidal influence may extend as far inland
as approximately 35 km from the paleoshoreline.
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The terrestrial deposits of the Upper Jurassic Morrison Formation of the Western Interior USA (Colorado Pla-
teau) are known worldwide for their abundance and diversity of vertebrate fossil remains. Numerous palae-
ontological studies have been focused on these deposits for decades, but detailed palaeoenvironmental works
are still necessary for reconstruction of these ecosystems and their evolution through time, for evaluating
biostratigraphic trends. Here, we present a preliminary palaeoenvironmental study based on a detailed sed-
imentological description of two sections of the Morrison Fm in the Bighorn Basin (north-central Wyoming),
separated by 2 km apart, which are correlated by the recognition of depositional sequences.

The Upper Jurassic Morrison Fm in the studied area is 110 m thick, and mainly represented by marls and
mudstones intercalated with tabular to lenticular sandstones bodies, recording deposition in a floodplain and
fluvial channels, respectively. The floodplain deposits encompass reddish marls with rhizoliths and calcare-
ous nodules, to grayish-purplish mudstones with occasional nodular gypsum. The fluvial deposits are mostly
represented by fine- to medium-grained sandstone bodies deposited in a mixed braided-meandering fluvial
system. Crevasse-splay and lacustrine limestone beds are also recognized, as well as carbon layers and large
plant fossils, indicating that some areas of the floodplains were extensively vegetated. Six depositional se-
quences were identified, marked by abrupt facies changes, which represent variations in accommodation
space or climate. In general, deposition took place in a semiarid climate, with water-level oscillations in the
floodplain area: reddish marls with bioturbation and carbonate precipitation represent episodes of prolonged
subaerial exposure, whereas the greyish-purplish mudstones with lacustrine limestones were deposited in
higher water-level periods under anoxic conditions. Nodular gypsum precipitated during episodes of increased
evaporation. Changes in the fluvial architecture, i.e. from isolated to amalgamated (multi-story sheets) channel
belts, could relate to changes in accommodation space, in turn controlled by tectonic pulses that determined
the amount of sediment supply.
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The color of clastic sediments is usually a secondary feature that develops shortly after material is deposited.
Mineral composition of color pigment and structure of color coatings carry information about early diagenetic
conditions and processes. The research was carried out in two sandpits of the North Bohemian glacial area.
Glaciofluvial sediments were deposited during the maximum advance of Elsterian 1 ice sheet. The seven sec-
tions with a length of 2-5 m were sampled in regular 5cm interval for petrophysical (magnetic susceptibility,
spectral colorimetry) and geochemical (X-ray fluorescence, ICP-MS/OES) analyses. Samples for microscopic
analyses were taken irregularly with respect to color transitions and representative sedimentary facies. The
X-ray powder diffraction analysis identified mineral phases in colored coatings. Sedimentation, dominated by
crossed-stratified gravely sands, took place in preglacial channel (Grabstejn sandpit) and sandur plain (Dub-
nice sandpit). The proximity of oscillating glacier front caused intense glaciotectonic deformation in Grabstejn
sandpit. Horizons of rhythmically bedded fine-grained sediments indicate a short-term deposition in stagnant
water environment. Color changes partly correspond to lithological changes. Rusty brown and dark gray col-
oration preferentially occur in coarse-grained and poorly sorted facies. However, the color transitions do not
always respect stratification, and the ornamental coloration emphasizes glaciotectonic deformation of beds.
The beds with rusty brown color are enriched by Fe and goethite predominates over lepidocrocite and magnetite
in composition of clasts coatings. Beds colored in gray shades are characterized by increased Mn concentra-
tions and birnessite predominates in clast coatings. Its formation is usually associated with microbial activity
in the sediment. This corresponds with the dendritic morphology of colored coatings detected by electron
microscope. We suppose that redox conditions in shallow subsurface modulated by sedimentary texture and
seasonal microbial activity were the main controlling factor of coloration.

The study was financed by the Czech Science Foundation (22-15405S) and by institutional support RVO 67985831
of the Institute of Geology of the Czech Academy of Sciences.
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An abrupt geological process may lead to the permanent changes in the structure of any clastic sediments.
Reorganization of the grains within sediments and modification of the geometry of sedimentary body often
result from the liquefaction process. These phenomenon may stem from different trigger mechanisms, such as:
interplate earthquakes, volcanic eruptions, salt tectonics or glacioisostatic relaxation. An increase of the wa-
ter-pore pressure leads to the destruction of the inter-grain contacts, and further brings about the mobilization
of grains. Saturated, highly porous and well-sorted fine-grained sand and coarse-grained mud sediments are
thought to be the most prone to liquefaction process. It turns out that the determination of critical conditions
of the sediment (e.g. grain size, fluidization and saturation) is crucial when considering the development of
specific soft-sediment deformation structures (SSDS). The overall objective of this study was to conduct a lab-
oratory experiment on the liquefaction-induced SSDS under controlled conditions (specific sediment texture
and content of water). For this purpose, a special device simulating seismic shocks was used, among others with
known magnitude and frequency, and as a consequence, not only qualitative, but also quantitative description
and characterization of the liquefaction process was achievable. The experiment has shown that the share of
the fine-grained fraction (silt and sand) and water has a significant impact on the development of soft-sediment
deformation structures as a result of sediment liquefaction. The finer the sediment fraction, the easier it is to
liquefy the sediment, with lower energy of seismic tremors (magnitude 3.4-4). The study confirmed that the
clay fraction has a very important influence on the liquefaction of the sediment. Its high content (> 8.5%) hin-
dered the formation of deformation structures. Injection structures (flame and dyke structures) were mainly
created from saturated silt sediment, and load structures (pseudonodules, load casts) with a predominantly
sandy fraction. Sediment lithology and its saturation were the key factors influencing the type and morphology
of the SSDS.
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The vast majority of Europe (with the exception of the Mediterranean Sea and Iceland) belongs to the penseis-
mic or aseismic area, i.e. modern earthquakes occur there rarely or frequently but their magnitude is below 4.
However, during Quaternary, seismic activity in central Europe was changed due to e.g. ice-sheet loading and
unloading (GIA). The main goals of the study were identification of sites with evidences of Quaternary earth-
quakes as well as an attempt to identify potential areas with seismites. Seismites are sedimentological recorded
of past earthquakes (seismites = layers with internally-deformed sediment). They are characterized by the
presence of liquefaction-induced soft-sediment deformation structures (SSDS) resulting from seismic events. It
is assumed that their formation requires magnitude M>4.2, and they occur up 30 km from the epicenter. Avail-
able geological data for each country surveyed were used and processed, taking into account, among others,
geological structure, tectonics, geomorphology, sedimentology, as well as contemporary seismic activity. Then,
amap of the susceptibility of the seismic-induced liquefaction of sediments was made. In addition, a statistical
analysis of modern recorded earthquakes was performed, determining their statistical significance with other
variables and the probability of seismites occurrence in the geological past.
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The mid-Paleozoic was a significant interval in the evolution of plants, during which their biogeomorphological
influence on terrestrial landscapes increased substantially. Yet while such interactions are well known from
Carboniferous strata, evidence in the Devonian record is less common. We present new evidence for plant-
sediment interactions from the Late Devonian (Famennian) Harrylock Formation (County Wexford, Ireland),
which hosts standing trees that represent Ireland’s oldest reported fossil forest. The formation records deposi-
tion in fluvial and lacustrine environments, the former of which is here shown to host Earth’s earliest known
logjam and early examples of vegetation-induced sedimentary structures (VISS) and a vegetation-sustained
chute channel. Fossil driftwood debris preserved in lacustrine facies within the unit also contains the earliest
evidence for arthropod(?) borings, which serve to narrow the prolonged gap between the first occurrence of
fossil wood and the earliest wood borings. Together these early examples show that plant-related phenomena,
frequently associated with Carboniferous strata, were already in existence by the Devonian and may have been
previously overlooked. Considering evolutionary changes in flora across the Devonian-Carboniferous bound-
ary, the sparse early record of plant-related sedimentary phenomena can be explained by a lesser abundance
and/or longevity of such features in Devonian landscapes.
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The Gippsland Basin has an almost continuous record of coal accumulation from the late Cretaceous to the Mio-
cene. Ombrogenous peats of the Gippsland Basin accumulated in a back barrier environment, in close proximity
to marine influence. These coals are some of the thickest in the world, with individual seams reaching over
100 m thick. The lower coastal plain paleogeography of the Gippsland Basin during the Paleocene and Eocene
can beimaged in detail with 3D seismic amplitude extractions. These coastal to shallow marine environments
are characterized by sand-rich coastal barriers and back barrier peatlands. Peatlands are well preserved, with
the morphology of the preserved peat depositional environment changing up section. The Paleocene interval
revealsirregular shaped ombrogenous peat domes separated by a complex network of highly meandering tidal
channels. During the early Eocene, peat domes spread and encroached on channelized areas, reducing the
influence of tidal channels on the lower coastal plain deposits. By the late Eocene, ombrogenous peat domes
had intergrown, and formed an extensive, continuous coal layer, with minimal tidal channels. These extensive
peatlands formed throughout global climate variations, at mid-high latitudes, with individual coal seams of
the Paleocene-Eocene up to 12 meters thick.
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Compound clinoforms are well recognized in modern muddy deltas where strong waves, tides and currents
redistribute sediment away from the shoreline clinoform across a bypass unit, the subaqueous platform, before
depositing along the shallow dipping 1-2° subaqueous clinothem. However, there are few published examples
of their changing facies characteristics in the rock-record. Facies analysis in the Lajas Formation, Neuquén
Basin, and paleo-Orinoco Delta, Mayaro Formation, shows shared characteristics within their tripartite ar-
chitecture that may give some of the defining features for wave-dominated and wave-influenced compound
clinoforms. The thickness of the typical compound delta in each case is up to 70 m and 330 m respectively, due
to contrasting subsidence rates.

The subaqueous clinoforms record several coarsening upward sub-units (10-40 m) of interbeds of laminated
siltstones and dark organic rich mudstones 0.5-5 cm thick, passing upwards into wavy laminated sandstones,
representing the distal location from the main storm events and fluvial input. The upper foreset to rollover
has either HCS beds or sharp based erosional chutes filled with graded beds of sandstones to carbonaceous
mudstones that downcut into the muddy interbeds. The overlying subaqueous platform deposits can be dom-
inated by i) wavy bedded mudstones with siltstones and sandstones, having double mud-drapes, illustrating
some tidal influence on the platform, downcut by shallow scours, up to 60 cm deep, infilled with normally
graded sandstones and siltstones; or by ii) bioturbated sandstone beds that can alternate with cross-stratified
or plane-parallel laminated sandstone beds. This suggests strong storms had adequate shear stress to erode the
platform creating conduits to transfer sediments via wave enhanced sediment gravity flows and hyperpycnal
flows across the shallow wide platform to the subaqueous rollover. The subaqueous platform is capped by the
sharp based shoreline clinothem which is dominated by HCS and SCS sandstones indicating reworking by
storms, or by mouth bars and tidal channels. The recognition of the energetic platform facies is significant in
defining wave-dominated and wave-influenced compound clinoforms, as without it the succession would be
expected to show basinward winnowing of sediments associated with single clinoform development.
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The majority of world river deltas are at present intensely affected by anthropogenic activities. One of the
most damaging effects is the reduction of sediment supply due to damming in the river catchment and chan-
nelization inside the delta plain, which causes coastal erosion and thus ultimately endangering settlements
on the delta plain. For this study we look at how Danube delta front responds to change from a natural to an
anthropogenic regime by investigating the sedimentation rates reflected in bathymetric changes. We analyzed
decadal bathymetric changes for six time intervals spanning the last approximately 150 years (between 1865 and
present). For each interval a sediment thickness map was made. Before 1900, the Danube delta front records a
net positive sediment budget outlined by a rapid shoreline progradation (> 50 m/year) of the Chilia (northern)
lobe and a high deposition rate (0.8 m/year in the deepest part) in front of the Sfantu Gheorghe (southern) lobe.
After 1900, the natural regime of the delta was increasingly affected by anthropogenic influence on the Danube
river catchment and changed delta sedimentation patterns. Consequently, Chilia lobe faced a gradual decrease
in shoreline progradation rates reaching 20 m/year in the 1920s and erosion on the coast exposed to dominant
waves, starting with the 1940s. The engineering works which started in the 1860s at the Sulina mouth extended
the channel mouth jetties transforming the Sulina distributary in a shipping channel. The jetties extension
enhanced erosion in the downdrift part of Sulina mouth due to local wave diffraction. Furthermore the Sulina
jetties blocked the southward longshore sediment transport which deprived the southern Sf. Gheorghe lobe of
the sediment supply generated by the Chilia mouths. This effect, together with the constantly decreasing over-
all river sediment input and increased storminess on the deltaic coast led to intensification of wave processes
reworking Sfantu Gheorghe river mouth sediments and fast migration (0.2 km/year) of the depocenter toward
the southern tip of its barrier island Sacalin. The effects of this human intervention are also reflected in the
shrinkage of sediment depocenters identified on bathymetric maps and their southward migration.
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Metre-scale load and water-escape structures, sedimentary dykes are commonly induced by earthquakes,
however they can also refer to other shocking depositional processes like storms or tsunamis. These kind of
soft-sediment deformational structures can develop in all sort of environments. Here we present a Late Miocene
lacustrine deltaic succession from the southwestern part of the Pannonian Basin, Hungary. Deposition occurred
on the northern shore of the several hundred meter deep Lake Pannon at about 7 Ma (Prosodacnomya Zone).

The lower part of the succession consists of fossiliferous bioturbated mudstone with thin, cross-laminated sandy
interbeds. Thickness of sand increases upwards, trough- and hummocky cross-stratification, and rip-up mud
clasts occur. These are interpreted as interdistributary bay-fill deposits. The next 5 m thick interval is mostly
made up of sand with metre-wide, up to 0.5 m high load balls and flames in the basal part. The following sand
is amalgamated with chaotic water-escape pipes, but most other structures are obscured by large concretions
except for some planar lamination. The overlying structureless sand contains intact mollusc casts. The upper
part of the succession, alternation of mudstones with thin cross-laminated and thick structureless sand beds,
points to the delta plain again.

The sudden change in lithology from heterolithic beds to sand-dominated with large-scale soft-sediment defor-
mation structures suggests rapid deposition of large volume of sand over the unconsolidated beds. Planar lam-
ination, thick structureless sand and strangely mixed mollusc fauna from different lacustrine environmental
zones together may point to extreme wave events flooding the delta plain. Some follow up shock may have
triggered density inversion at the base and generated liquefaction in the overlying sand. These could have been
initiated by an extremely large storm, some tsunami waves or an earthquake. Such big storms are not likely to
occur in Lake Pannon. Earthquakes cannot be ruled out. Slumps detected on seismic profiles were common
on the slopes of Lake Pannon which may have triggered tsunamis. On rocky shores of Lake Pannon bouldery
tsunamites were formerly described, but these remain hidden so far in the extensive deltaic successions.
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Arid coastal settings commonly consist of a mosaic of aeolian, fluvial and shallow marine depositional envi-
ronments, which shift spatially and temporally influencing sediment distribution over time. Sediment deliv-
ery to marginal marine and basinal settings along arid coastlines is dependent on the complex relationship
between wind-blow sources and fluvial input from both perennial and ephemeral rivers/deltas. Many studies
have described erg-margin settings within ancient and modern localities and their interfingered relationship
with marine coastal deposits; however, such study has not been conducted for the Lower Triassic Montney
Formation of the Western Canada Sedimentary Basin due to terrestrial and marginal marine deposits being
eroded away by intraformational and extraformational unconformities. Based on paleogeographic reconstruc-
tion, an arid coastal margin has been classically ascribed to the Lower Triassic for western Canada, and many
have suggested that the aerially expansive and thick (up to 350 m), fine- to coarse-grained siltstone-dominated
formation is mainly sourced from wind-blown sediments. In this study, facies analysis was conducted on drill
cores located within Alberta, Canada to better understand the depositional environments along the eastern
subcrop edge of the Montney Formation. Depositional environments observed in core include a 5-20 m thick
succession of fluvial-dominated delta in the south, and 5-10 m thick wave-dominated delta and strand plain to
the north. Within the deltaic environments, fining upward beds (10-50 cm in thickness) are made up of fine to
medium sand at the base and are capped by organic and clay-rich beds. Additionally, deposits associated with
barrier island (coquina), lagoon, tidal flats, and sabkha are observed, suggesting a more complex coastline
than previously thought. Through facies mapping, an evolution and extent of these depositional environments
can be constructed to show the dynamic nature of the eastern Montney coast through time and their potential
contribution of sediment delivery to the offshore environments. This example acts as a case study for other
fine-grained systems from around the world and highlights the importance of evaluating shoreline successions
within source to sink studies.
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The poster presentation is devoted to the issue of the underground gas storage Dolni Dunajovice that is with
an average length of 8 km and a width of 800 m the biggest reservoir of gas in the Czech Republic. The study
concerns the geological development of the southern part of the Western Carpathian Foredeep (peripheral
foreland basin) in Moravia, especially during Miocene, when the Eggenburgian Dunajovice sandstones were
laid and which create a gas storage horizon.

The actual research is built on the study of drilling cores and well logging measurements. Examined are the
contents of heavy minerals mainly zircon, tourmaline, staurolite, rutile, garnet and their probable origin from
metapelites of Moravicum and the Cadomian granitic rocks of the Brno massif. These results are also com-
pared with laboratory gamma-ray spectroscopy and geochemistry analysis, which gives a proper view of the
provenance and paleoenviroment of the area of interest. In addition, the representation of grain fractions is
evaluated and which in combination with the variable contains of organic matter and glauconite reflects a
variable sedimentation environment. Facies analysis with interpretation is also an output of the core study and
is evaluated in combination with well logging (Gamma ray, resistivity, SP) in the whole area of the reservoir in
Petrel program.

209



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 6. Shallow-marine clastic depositional systems

Special Session 6.1. Coastal depositional systems: understanding past and modern systems for a resilient
future

Poster presentation

The role of an intensified Early Holocene summer monsoon
on the sedimentation and stratigraphic evolution in the
macrotidal embayment, mid-western Korea

Seung Yeon Sohn', Phanthoulaasa Valaphone', Joohee Jo', Kyungsik Choi'

'School of Earth and Environmental Sciences, Seoul National University, Seoul, Korea
ssyhhhh@snu.ac.kr

Coastal deposits in western Korea consist of a coarsening-upward succession formed during post-glacial sea-lev-
el changes. Transgressive sedimentation and stratigraphic evolution are known to be associated with the inter-
action between tide and wave. However, the climate influence that controls the sediment loads into the coastal
area remains uninvestigated. Up to 25-m-thick successions in the Gomso Bay start from basal fluvial deposits
(DU1) that grade upward into mud beds with interlaminated silt and mud (DU2), moderately bioturbated, inter-
laminated sand and mud (DU3), and wave-rippled sands with interlaminated sand and mud (DU4). DU3 contains
2to 5 cm thick structureless mud beds, which alternate with interlaminated silt and mud, showing double mud
drapes and cyclic changes in laminae thickness resembling tidal cycles. A common occurrence of terrestrial
plant fragments, dated 8 to 11 ka (calibrated yr BP), and fluctuating §"°C values suggest that tide-driven sed-
imentation is interrupted by fluid mud deposition associated with fluvial floods due to an intensified early
Holocene summer monsoon within a macrotidal embayment. Gradual weakening of the summer monsoon and
continued sea-level rise have led to tide-dominated sedimentation in the Gomso Bay until the sea level reaches
its present position around 7 ka when a wave-dominated mixed energy condition starts to prevail. The present
study showcases that summer monsoon has dominated sedimentation and stratigraphic evolution during the
early Holocene rapid sea level rise in the fluvial-tidal transition of a macrotidal embayment with a meager
fluvial input.
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The Salitral de La Vidriera (38°44’S, 62°34'W), once part of the Bahia Blanca estuary (~3000 years BP), is currently
a continental saltpan, that acts as a hypersaline evaporitic environment. This study provides a first-hand char-
acterization of the epibenthic microbial mats that biostabilize its surface sediments, and the environmental
dynamics and physical deformation agents behind the formation of modern Microbially Induced Sedimentary
Structures (MISS).

MISS and sediment cores were sampled on five field trips from Dec 2020 to Nov 2021, comprising all consecutive
seasonsin a year. The organic matter (OM) content was quantified by the mass LOI method, and granulometric
(Malvern Mastersizer particle analyzer) and petrographic (Nikon Eclipse POL 50 transmitted light microscope)
analyses of sediment were performed. Environmental parameters in water and sediment were recorded in
situ. The community of photoautotrophic organisms in mats was characterized by light microscopy and the
chlorophyll a content (a proxy for biomass) was estimated spectrophotometrically.

The MISS identified were reticulate surfaces, pinnacles, gas domes, desiccation cracks, folds and wrinkles, mat
chips, flipped-over mats, and roll-up mats. Gypsum crystals were found in surface and subsurface sediments
and carbonate precipitation was corroborated through petrographic analyses. The microbial community in
the hypersaline mats responded seasonally and was dominated by filamentous (Oscillatoriales) and coccoid
cyanobacteria (Chroococcales and Pleurocapsales). The processes behind the MISS genesis involve an interplay
between hydration, the flexibility and cohesion conferred by microbial colonization, and physical deformation
exerted by hydrodynamic wind-generated currents. The sediment cores had a homogeneous texture; while it
was not possible to identify a record of microbial mats, average OM content was > 10% in the upper 10 mm and
remained > 5% throughout the 80 mm of cores. Gypsum crystals are produced by rainwater evaporation, and
preserved by mat recolonization. The micritic carbonate precipitation is characterized by peloids morphology
rather than laminae. The high content in autotroph pigments, OM and carbonate precipitation highlight the
potential role of this environment as a sink for atmospheric carbon.
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This work highlights the sediment features and the role of submarine sulfur rich karstic springs in distribution
of benthic foraminifera. The submarine sulfur springs appear in the funnel-shaped depression (more than 10
m deep) on the seabed along the coast between Izola and Strunjan in the northern part of Adriatic Sea (Bay of
Koper). Little is known about how local conditions, like temperature, sulfur bursts and springs activity, can
influence sediment characteristics, such as mineralogy, geochemistry and organic matter, as well as benthic
habitat variability and composition of foraminiferal assemblages. Here we compare the distribution of total
and living benthic assemblages in surface sediments samples that were collected at the bottom of depressions
around submarine springs. Sampling was performed at water depth between 25 and 32 min fine-grained sandy
silt to silty sand (partially washed). In general, mineralogical and geochemical characteristics around the sul-
fur springs do not show prominent deviations from the uncontaminated sediment of the area, however, some
differences do exist. This may indicate a different type of sediment at its origin. From five studied samples,
one (Bele skale) contained living foraminifera in abundance to study the biocenosis. The benthic foraminiferal
assemblages of moderate diversity are composed of opportunistic species. Elphidium translucens, Ammonia ex
gr. tepida, Haynesina depressula, Porosononion granosum, dominate, while A. neobeccarii, Reusella spinulosa and
Textularia bocki are subordinate. Foraminifera distribution and diversity in sediment near the sulfur springs
can be explained by different factors and their interactions. The intensity of the spring outflow influence on sed-
iment mixing/oxygenation, the shape of spring depressions, and on higher sediment granulometry around the
springs. The sediment characteristics (i.e. mineralogical, geochemical, and organic matter) indicate different
types of sediment origin. This is also associated with the depth of depressions of the springs; deeper depressions
in the lower parts likely reach older Late Pleistocene continental sediments with alluvial characteristics, while
shallower depressions are formed entirely in the Holocene marine sediments.
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Benthic microbiota in clastic deposits can greatly contribute to the stabilisation of sedimentary structures such
asripples. While microbial activity is typically favoured in low-energy environments, flaser and wavy bedding
are formed in environments recurrently affected by high-energy typically-tidal currents. However, this study
documents the participation of microbial activity in the stabilization of flaser and wavy bedding in a coastal flat.

The study area, Paso Seco (Argentina), is an elongated supratidal area (3.5 x 0.4 km) perpendicular to the coast
with a narrow mouth. The zone is inundated intermittently by seawater only during storm surges, creating a
high-energy environment at the mouth where fast water currents erode slightly the bottom sediment, creating
a semi-permanent pond. During floodings, sand ripples are formed, and when the energy diminishes, fine-
grained sediments fall out of suspension, draping the bedforms with mud. During calm conditions after the
storm, field observations reveal a cyanobacteria biofilm that covers the bottom of the pond, coating sand ripples
and mud, and forming reticulate structures with Oxygen-bubbles.

Microbial activity is recognized in the surroundings: the subaerially exposed areas adjacent to the pond exhibit
stabilized ripples or planar surfaces colonized by microbial mats. Moreover, microbial mats remain hanging
from the eroded border of the pond, and thread-like structures enriched in organic matter are piled up against
the pond margin. Sedimentary cores reveal flaser and wavy bedding in the sediments. In addition, optical
microscope and SEM studies show the presence of filaments of cyanobacteria and EPS in mud sediments,
and filaments of different sizes entangling sand grains. The hydrodynamic of the zone is characterised by a
few days of inundation due to storms (high-energy period) when the sand ripples are formed, followed by the
receding of seawater, which can last up to several months during a calm state. The quiescence period provides
optimal conditions for bacterial colonization of sediments underwater, allowing the formation of a coherent
cyanobacteria biofilm. This microbial layer protects the flaser/wavy bedding from erosion. Thus, the interac-
tion of microbial and physical processes creates the flaser and wavy bedding.
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Determining the relative importance of rivers, waves and tides in the accumulation of an ancient succession
is necessary in order to select the correct geomorphic model for the geometry of geobodies. Sedimentary
structures record the processes responsible for sediment accumulation, and both qualitative and quantitative
approaches to using them to characterize paleo-environments have been attempted, based on the relative
abundance of structures produced by each process. It is notable that wave action and river discharge commonly
occur as high-energy events of relatively short duration (i.e., hours to days for storms; days to weeks for river
floods), whereas tidal processes operate continuously. Because of this, the record of wave and river action com-
monly occurs as discrete event beds, whereas the tidal record is most likely to be expressed in the inter-event
(background) deposits. In both river and wave influenced to dominated settings, high-energy events tend to
erode the preceding lower-energy deposits, creating a biased record that minimizes the evidence of tidal action.
Conversely, if abundant low-energy deposits are preserved, the record of tidal action might be over-emphasized
leading to unrealistically high estimates of tidal action. In fluvial settings, the presence of tidal modulation
of current strength and direction within river-flood deposits is a valid indicator of strong tidal influence or
even dominance at the site of deposition, although not necessarily in the entire system. In settings where wave
action is significant, evidence of tidal modulation within storm beds might not be equally significant if the
modulation is a result of tidally generated water-depth changes, because tidal range is not strongly correlated
with the speed of tidal currents along open coasts. Thus, simple tabulation of the relative abundance of various
sedimentary structures might not give an accurate assessment of the nature of the environment because of
failure to appreciate when the various structures were formed (high- versus low-energy periods), preservation
bias, and the presence of tidal effects that did not contribute to generation of the depositional morphology.
Spatial variability in relative process intensity and preservation add more complexity to the characterization
of larger depositional systems.
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The introduction of tidal shoreface models to the sedimentological literature addressed a gap in the classifica-
tion of coastal depositional systems, which are normally classified based on the relative importance of wave,
tide, and river processes. Two tidal shoreface models have been proposed, open-coast tidal flats (OCTF) and
tidally modulated shorefaces (TMS), and these are combined into a single tidal shoreface model with consistent
sedimentological and stratigraphic attributes. First, tidal shoreface successions are preferentially preserved
in low- to moderate- wave energy environments and in progradational to aggradational systems. It is probably
difficult to distinguish tidal shorefaces from their storm-dominated counterparts. Second, tidal shorefaces
should exhibit deposits resulting from tidal modulation of wave/storm processes throughout the succession,
and with increasing prevalence landward and seaward of the upper shoreface. The development of a single tidal
shoreface model sheds light on the limitations of the presently accepted wave-tide-river classification scheme
of coastal environments and a revised scheme is presented. In particular, tidal flats are components of larger
depositional systems and are typically impacted by wave processes to some degree; consequently, they should
not represent the tide-dominated end-member of coastal systems. Instead, we suggest that tide-dominated
embayments should occupy this apex. Tide-dominated embayments exhibit limited wave and river influence
and include a wide range of geomorphological features typically associated with tidal processes, including
tidal channels, bars and flats.
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The regressive surface of marine erosion is a key discontinuity indicating episodes of forced regression in
marine strata. This feature, which is referred to the basal contact of shallow-marine (e.g., shoreface, deltaic)
deposits erosionally overlying relatively deeper-water (e.g., shelf, prodelta) lithofacies, has been documented
in marginal-marine depositional systems, whereas less is known for offshore or strait settings. In this study,
we investigate a series of exceptionally well-exposed stratigraphic sections of lower Pleistocene strata cropping
out in the Plio-Quaternary Siderno Basin, southern Italy. The deposits form a series of outstanding cliffs, for a
maximum thickness of 80 m and for a total length of ca. 2 km. They are known to record a series of tidal sand
ridges, developed in this part of the Mediterranean due to marine strait condition and consequent energetic
tidal current amplification flowing bi-directionally between two interconnected larger basins. An uninterrupt-
ed vertical/lateral exposure of these outcrops allowed us to acquire drone-based high-resolution images of the
entire succession and, specifically, of the basal surface that marks the onset of tidally-dominated sedimen-
tation. This discontinuity, which gently dips basinwards and abruptly separates underlying shelf fines from
overlying cross-stratified, tidal bioclastic/siliciclastic arenites, records a long-lasting stage of marine regression
in a non-marginal strait setting. Ridges’ stratal architectures indicate dominant cross-bed aggradation in the
mostinternal (up-current) succession, transiting down-current into balanced aggrading/prograding stratasets
and, further basinwards, into markedly prograding deposits. These features are here interpreted as the record
of an initial phase of normal regression, turned into a forced regression. This latter stage is indicated by a
deepening of the basal discontinuity, becoming even more erosional onto the underlying beds, accounting ca.
60 m of vertical basinward fall in less than 2 km of horizontal length. The major engine was the tectonic uplift
of a sill (the Aspromonte Ridge) located in the center of a ca. 50-km-wide strait system, during which a series
of tidal sand ridges in the eastern side of the strait developed in the Early Pleistocene.
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The Mesoproterozoic Rajgarh Formation (Alwar Group) hosted conglomerate-sandstone package at the lower
part of the succession within the NE-SW trending Lalsot Basin, North Delhi Fold Belt, NW India. Sedimenta-
tion in the studied section is constituted of 11 facies types, grouped under three major facies associations: (i)
subaerial fan facies association characterized by stacked sediment gravity flow deposits; (ii) tidally modified
mouth bar facies association characterised by subaqueous emplacement of hyperpycnal and gravity flows
with the subsequent reworking of the tidal currents in the delta front, and (iii) tidal platform facies association
characterised by sandstone-mudstone heteroliths with tidal signatures and intermittent wave reworking in
a relatively stable platformal setup. Towards the proximal part the subaerial component was dominated by
the debris flow deposits (FA-1) followed by their channelised subaqueous emplacement. Tidal modulations of
these sediments (FA-2) led to finning-upward sequence above alluvial fan facies. Laterally this subaerial grav-
ity flows were succeeded by more diluted density currents and graded onto subaqueous delta front. Vertical
growth of the mouth bars (FA-2) were controlled by flattening and acceleration of the fluvial jet and formed
scour channel on the bar top that led to the expansion of the mouth bar and channel break through the front
of the mouth bar. The lower part of the delta front (FA-2) succession is characterised by slump deposits, pebbly
dominated cosets with significant deformed structures, whereas the upper part of the delta front succession
shows gradual reduction of pebble abundance and the thickness of cross-strata cosets. The alluvial fan feeder
and basinal processes redistributed the sediments and flushed the finer sediments into the stable platformal
tidal flat settings (FA-3) beyond the influence of the upslope gravity flow surges. Overall facies sequence and
the resultant stratal architecture signify the effects of changing sea level and the hinterland tectonics leading
to variation in the sediment influx on the net accommodation space during the early stage of basin evolution
in the southeastern part of the North Delhi Fold Belt.
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The Myeonsan and Myobong formations of the basal Taebaek Group (Cambrian Stage 3?-middle Wuliuan)
represent the early stage of Cambrian transgression on the eastern end of the Sino-Korean Block. During the
initial stage, localized alluvial fans of the Myeonsan Formation developed on Precambrian basement, and were
submerged as transgression continued. The overlying lower Myobong Formation is dominated by lenticular
bedded deposits that formed in muddy intertidal flats. Continued transgression resulted in tidal rhythmites
likely deposited on lower intertidal to subtidal flats. The uppermost Myobong Formation is characterized by a
bioturbated lower shoreface succession overlain by carbonate shoals of the Daegi Formation. Overall, the My-
eonsan and Myobong formations show a general deepening pattern of tide-dominated siliciclastic sediments
prior to the development of an extensive carbonate platform. Recognition of a similar sedimentation pattern
throughout the Sino-Korean Block suggests platform-wide transgression (Meng et al., 1997). This pattern is
best studied in Shandong Province, China, ~1,000 km west of the study area (Lee and Chough, 2011) which can
be biostratigraphically correlated with the Taebaek Group based on the same trilobites. In both Taebaek and
Shandong, sedimentation was initiated around Cambrian Stage 3, and then overlain by intertidal successions.
Transition to deeper tidal flat conditions occurred in early Cambrian Stage 4 in both areas. With decreasing
tidal effect, a coarser sandstone dominated succession developed in both areas, which was then overlain by
thick platform carbonates in the late Wuliuan. This sedimentologic comparison demonstrates rapid filling of
irregular palaeotopography during the initial stage of second-order flooding on the tectonically stable Sino-
Korean Block. In contrast to the Cambrian of Laurentia, where topographic filling commonly required at least
several tens of million years, our result suggests that in the Sino-Korean Block a similar process may have been
accomplished within several million years.

References
Lee and Chough (2011) Sedimentology, 58, 1530-1572.
Meng et al. (1997) Sed. Geo., 114, 189-222.

218



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 6. Shallow-marine clastic depositional systems
Special Session 6.2. Mixed process expressions, and controls on sedimentation in tidal systems

Oral presentation

Sea-level changes and strait topography control sedimentary
evolution of the Taiwan Strait

Xin Shan'?, Robert Dalrymple®, Xuefa Shi'?, Lina Jin"?, Chenguang Liu"?, Zhengquan Yao'?,
Shengfa Liu"?, Shuging Qiao'?, Xisheng Fang'?

1Key Laboratory of Marine Geology and Metallogeny, First Institute of Oceanography, Ministry of Natural Resources, Qingdao, Shandong,
China

2Laboratory for Marine Geology, Qingdao National Laboratory for Marine Science and Technology, Qingdao, China
3Department of Geological Sciences and Geological Engineering, Queen’s University, Kingston, Ontario, Canada
xshan@fio.org.cn

The straits represent a unique depositional environment that is distinguished from other marine settings in
having distinct sedimentary processes and facies distribution. The sedimentary processes (tidal current, wave,
and ocean currents) are largely controlled by relative sea-level changes and topography, which are associated
with openings and closings of the straits. Previous studies have demonstrated that tidal currents are the domi-
nant processes that are responsible for sediment accumulation in many short (<100 km long) and shallow straits
(<100 m in water depth). The sedimentary evolution of non-tidal-dominated straits is largely un-investigated.
The topography of the long Taiwan Strait results in stronger tidal currents near the two strait mouths and very
weak tidal currents towards the center, which represents a non-tidal-dominated strait. This paper synthesizes
the previously published data, new core data and chirp profiles, to investigate sedimentary evolution of the
Taiwan Strait. Three regional unconformities identified in the seismic sections probably correspond to sea-level
lowstands associated with the Last Glacial Maximum, MIS 4 and MIS 6. The integrated sedimentology and prov-
enance study show that the lowstand deposits are dominated by sedimentation of local rivers and deltas. During
transgression, the local fluvial and deltaic contribution decreased whereas the contribution from Changjiang
and Taiwan sources increased, probably deposited by ocean currents. The highstand periods are characterized
by dominant contribution from the Taiwan and distant Changjiang sediments. The highstand system tract
contains deposits of the Changjiang Coastal Mud Belt and sediment mound in the central strait that are inter-
preted as shallow-water contourites. We demonstrate that how the entered wave reworked the contourite drifts
through shaping sedimentary architecture. Coastal mud belts and mounded contourite drifts, such as those
observed in the Taiwan Strait, may represent an important component of shallow-strait successions around
the world, which are also contrasts to the existed facies model of tidal straits.

219



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 6. Shallow-marine clastic depositional systems
Special Session 6.2. Mixed process expressions, and controls on sedimentation in tidal systems

Poster presentation

From concept to reservoir modelling: the record of
tide-dominated, progradational shoreline systems

Agustin Argliello Scotti', Christian Haug Eide', Ingrid Aarnes?, Ragnar Hauge?, Jacob Skauvold?,
John Howell®

1University of Bergen, Department of Earth Science, Bergen, Norway
2Norwegian Computing Center, Oslo, Norway

3University of Aberdeen, Aberdeen, UK

agustin.scotti@uib.no

Facies models for sedimentary systems developed at progradational, tidal dominated shorelines (e.g., open
coast tidal flats and tidal deltas) are relatively underdeveloped in comparison to models of tidal systems devel-
oped in transgressive contexts. As such, they have been less identified and modelled in subsurface scenarios.
These systems are characterized by the complex interaction in space and time of tidal currents with fluvial and
wave processes, resulting in very heterogeneous deposits. The complexity of the resulting sedimentary record
provides an excellent opportunity to implement a rule-based reservoir modelling approach. In this contribu-
tion, we explore how to place tidal deposits in a rule-based framework, as we build on previous experience
reproducing the facies geometries of wave-dominated shoreline successions. We have reviewed modern and
ancient examples to define the geological elements of different hierarchies that conform these systems and
that are also preserved and identified in the geological record. Furthermore, we have explored the geometry
and scale of these elements, and how they are spatially related. As a result, we define a basic set of rules and
parameters that can be implemented to model reservoirs of this type. In the process, we raise questions that will
challenge current conceptual models for progradational tidal dominated shorelines and help their development.
We expect that the development of this method can be a powerful tool to produce useful models for reservoir
assessment regarding different interests (oilfield exploration and development, CO, storage projects, etc).
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Main goal for studying Upper Jurassic-Lower Cretaceous sand-rich deltaic succession of Bidu Formation in
Central Iran was to characterize sediment architecture and inferred depositional processes operating in shoal
water, mixed-energy delta. The work is based on lithofacies analyses and trace fossil studies. Logging of 2 km
long and 300 m high exposure yielded excellent data for interpretation of spatial architecture of the observed
sediments. Results: We defined five facies associations: upper and lower delta plain, subaqueous delta platform,
delta front and prodelta. Upper delta plain includes fluvial channels and paleosols. The fill of fluvial channels
consists of extrabasinal conglomerate and sandstone with an erosional base. Lower delta plain is represented by
channelized bodies of fine to medium sandstone incised into siltstones or silty sandstones interpreted as distal
distributary channels and interdistributary bay deposits, respectively. The subaqueous delta platform shows
tidally and wave-reworked mouth bars, dunes and heterolithics. The mouth bars are typified by fine to medium
sandstone with occasional strata of granule to pebble of intrabasinal material. Typical is parallel lamination,
ripple cross lamination, bidirectional cross-stratification, coarsening-upward trend, mud drapes, flaser beds.
The tidally and wave-reworked dunes consist of cross-stratified and massive, often amalgamated sandstone.
Delta front facies are typical by very fine and fine, massive and cross-stratified sandstone. Climbing ripples
are common. The sediments may show intensive deformation. Prodeltaic environment consists of siltstone
and very fine sandstone. They are massive and ripple cross-laminated. The analyzed sediments show the main
tidal signal in the subaqueous platform and, less, in the lower delta plain. The wave activity is mostly seen in
subaqueous mouth bars, dunes and delta front facies. Fluvial signature is most obvious in the upper delta plain.
Conclusion: The succession of deltaic deposits suggests an overall regression emphasized by a progradation of
fluvial channels filled with extrabasinal clasts in the upper part of the succession. The detailed logging shows
some 25 small-scale cycles consisting of progradational and retrogradational units.
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Deltas are dynamic and sensitive systems that undergo changes of morphology, channel network, and strati-
graphic architecture in response to variations in discharge, sediment supply and marine processes. A new and
understudied topic is the morphodynamic evolution of deltas prograding into a strait or seaway characterized
by longshore currents. These currents can have a variety of origins (meteorological, coastal-oceanic, or tidal).
Numerical modeling can help researchers to better understand the evolution of deltas in relatively narrow
passageways, where fluvial floods are largely reworked by laterally varying waves and/or tidal processes. This
study uses Delft3D to investigate the influence of coast-parallel tidal currents on river-dominated deltas in terms
of deltaic morphology and stratigraphic architecture. We have conducted a number of modeling runs to sim-
ulate a scenario where two basins are connected by a very short (due to computational constraints) strait. The
longshore currents are created by setting tidal phases in the connected basins out of sync and therefore creating
a water elevation imbalance between the two. Initial modeling results show the deformation of a deltaic body
under the coast-parallel currents occurs even with small differences of water elevation between the connected
basins and even small longshore currents might have an impact on the morphology of the deltaic bodies.
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The siliclastic deposition during the Upper Oligocene-Lower Miocene in the northern Poland developed as the
balance of two main tectonic processes - subsequent uplift of the Scandinavian area in the north and formation
of the Polish Carpathian peripheral foredeep basin in the south. Between them a vast area of fluvial, paralic
and shallow marine depositional processes took place. The Miocene in the southern part of Poland is well rec-
ognized due to excellent exposures in the Carpathian Mts and numerous oil-gas drillings. Also central Miocene
basin with vast lignite deposits is described in detail, whereas northern part is less documented. Exposures of
the Miocene siliclastic deposits in the cliff sections along the present-day Southern Baltic and Gulf of Gdarisk
give an opportunity to detailed sedimentological studies. The main goals of the studies are: (i) to establish
origin of the studied deposits; (ii) to reconstruct a succession of depositional processes; (iii) to construct a new
palaeogeographical model for peripheral part of the eastern North Sea gulf in the Lower Miocene. Studies led
to identify several sedimentary facies: tidal flats, estuary channels, tidal marshes and offshore. Their lateral
and vertical succession reveals several transgressive-regressive pulses, fed by products of chemical weather-
ing and erosion of the Scandinavia area, transported by river systems to the sea coast. The transport was from
north and north-east and material was replaced by tidal and littoral currents along the coast.
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Gravelly sediment layers in fossil beaches around the Cape Peninsula and False Bay in South Africa are as-
sumed to be Pliocene in age and are essential for reconstructing the ancient sedimentary dynamics along
the shoreline in the greater Cape Town region. The cobble- to boulder-size clasts that dominate these fossil
beaches point to a genesis that is likely linked to the erosion of local rocky shores during Pliocene hurricanes
and “super storms”. This mode of formation seems similar to the Pliocene fossil beaches located at different
elevations around the world (aka ‘the Pliocene sea-level paradox’). Although mapped for c. 100 years, to date,
no modern sedimentological study has been conducted on Cape Town fossil beaches. Clast characteristics
(e.g., clast size, sorting, roundness, composition) of the gravelly layers had been quantified in the field and
by the processing of field image using Image] software. Our results, thus far, show that the fossil beaches are
dominated by cobble-sized orthoquartzite (Peninsula Formation) clasts that are rounded, clast-supported and
display a variety of percussion marks. The gravel size decreases from east to west, and the maximum clast
size of 3.21 cm is recorded at Kogel Bay in False Bay. To ascertain the age, provenance and placer potential
of these fossil beaches, the microfossil and heavy mineral contents of the finer-grained units (i.e., extremely
rare, sandy matrix between cobbles) are being targeted for further analyses. Overall, this ongoing project, via
its combined sedimentological, stratigraphical, and petrographical approach, hopes to achieve a meaningful
comparison with other Pliocene boulder beds globally, and ultimately refine the Pleistocene marine dynamics
of the Cape Town region and beyond.
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Long-term monitoring of coastal boulder deposits (CBD) on small, low-relief, tropical carbonate islands in
the Bahama Archipelago offers invaluable insights into understanding storm hazards and developing mitiga-
tion approaches. Aided by high-resolution drone imaging and RFID (radio frequency identification) tagging of
storm-generated and transported limestone boulders, such CBD monitoring produces compelling datasets for
use in communication with stakeholders about coastal vulnerability in times of ongoing climate change and
sea-level rise.

Our monitoring of CBD on San Salvador since 2012 has documented modifications by Hurricanes Sandy (Oct.
2012), Joaquin (Oct. 2015), and Matthew (Oct. 2016). Significant changes were documented after Joaquin, which
passed directly over the island as a strong Category 3 hurricane with about 190-210 km/h sustained winds.
Storm waves overtopped cliffs, 3-5 m in elevation, along the high-energy southern coast and modified the
formerly sharp-crested, narrow CBD ridge into a broad field, stripped of vegetation. New boulders, as large as
3 m in diameter, were generated, and blocks from prior storms, weighing 1-3 tons, moved up to 26 m inland.
Calculated flow velocity needed to initiate their transport ranged from 2.6 to 5.7 m/s according to equations
by Nandasena et al. 2011. The seaward edge of CBD moved landward 4-5 m, exposing a Pleistocene/Holocene
boundary terra rossa paleosol and marking extent of storm erosion.

RFID tagging of small boulders and cobbles in 2019 substantially increased our database and, in conjunction
with drone imaging in 2020, allowed us to document the impact of winter storms to the reef- and lagoon-protect-
ed site on the island’s gently seaward-sloping northern coast in the absence of hurricane activity. Smaller size
and better rounding of clasts indicate their more frequent movement by waves at this site, but the combination
of RFID and drone-acquired data provide information about the amount and direction of their transport that
would otherwise not be readily available. The new database also includes digital surface maps and transects
through CBD at the two study sites for future comparative analyses of their response to storm impacts.
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Extreme storm events are expected to increase their impact on rocky coasts due to global warming. In re-
cent years, coastal boulders moved by storm waves have played an important role in coastal dynamics. A key
indicator of the magnitude of a storm wave includes precisely coastal boulders detached from the bedrock.
First studies regarded deposits of boulders related to tsunami events, but recently many sites with large clasts
related also to storm waves have been reported, also in semi-enclosed shallow basins, such as the Adriatic Sea
(Mediterranean area). In this study, the mapping of coastal boulders at Premantura promontory (southern
Istria, Croatia), has been expanded at other nearby localities in order to better understand the role of coastal
topography in boulder deposition. In particular, we present and discuss the role of boulder deposits at Fenoliga
Island, the most exposed site in the studied area. The investigation of the position, size, and direction of boulder
movements was carried out using the UAV-DP (Uncrewed Aerial Vehicle - Digital Photogrammetry) and StM
(Structure from Motion) techniques, providing high-resolution data and used to create a 3D model of the island
of Fenoliga, with a DEM and orthomosaic produced for boulder mapping. Approximately, 600 boulders were
identified and categorized using the Qgis platform, and their validation was confirmed through the compari-
son with traditional geomorphological investigations. Boulders were identified and categorized using UAV-DP
products, and their validation was done through the comparison with outputs of traditional geomorphological
investigations such as field surveys, the axis measurement, and the use of Google Earth images for boulder
mapping. Field evidence suggests that the studied boulders were dislodged, transported, and deposited by ex-
treme storm waves, formed in situ due to the detachment of limestone layers, and moved inshore by increased
water pressure during extreme events. The use of UAV-DP and SfM techniques provides high-resolution data for
accurate boulder mapping, while the analysis of boulder deposits provides valuable information on the impact
of extreme wave events on rocky coasts. The outputs of this study can be applied to other coastal regions and
provide a better understanding of coastal hazard assessment.
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There is growing evidence that many large coastal boulder deposits found on the exposed rocky ocean shores
were deposited by extreme storm waves rather than by catastrophic tsunamis, as previously thought. In ad-
dition, before the first discovery in the northern Adriatic a few years ago, such deposits were not expected in
relatively shallow semi-enclosed inland basins. Here we report on a large coastal coarse-clast deposit on the
central Adriatic island of Mana, which also contains numerous large storm boulders that weigh up to several
tons. Large solitary boulders are also located outside of the deposit, closer to the partly submerged sea cliff and
the wave impact. The erosion of the cliff top and displacement of the carbonate bedrock fragments began when
the extreme waves inundated the lowermost part of the cliff edge, probably during the late Holocene sea-level
rise. The UAS photogrammetry-based fragmentation analysis of the storm deposit and the calculated fractal
dimension value indicate that the material was fragmented by multiple high-energy events. A comparison of
the available photographs indicates that displacements of the most exposed solitary boulders probably occurred
during Vaia, the last extreme storm that hit the Adriatic on the 29th of October 2018. However, the modeled
maximum wave height south of Mana during the peak of the storm would be insufficient to move these boul-
ders. Yet local geomorphology probably further influenced the increase in wave height that, in combination
with specific geological features, caused displacements of the boulders. There is a shorter fetch affecting Mana
Island with respect to the northern Adriatic boulder field in southern Istria. Thus, such an active local erosion
of the generally stable eastern Adriatic karstic coast depends on the extreme storms that have a weaker impact
in the central than in the northern Adriatic (Korbar et al., 2022).

Reference

Korbar T., Navratil D., Denamiel C., Kordi¢ B., Biolchi S., Vilibi¢ I., Furlani S. (2022): Coarse-Clast Storm Deposit
and Solitary Boulders on the Island of Mana (NP Kornati, Central Adriatic, Croatia). Geosciences. 12(10):355.
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Gravelly tsunami event beds are well known from some contemporary shores, but they are far less known from
the pre-Quaternary depositional record. Lacustrine examples are particularly exceptional. Here we present
multidisciplinary evidence for a lacustrine cobble to boulder gravel deposited as an onshore paleo-tsunamiite
and discuss features that help to identify the depositional setting.

The deposit was formed on the rocky shore of a large peninsula within the late Miocene Lake Pannon (Hungary).
The lake was several hundred meters deep, and near the study area, it was about 50-80 km wide. The inferred
paleo-tsunami deposit includes subangular clasts that are exclusively derived from the underlying Cretaceous
sandstone. Imbrication of the bouldery gravel points to landward transport of the clasts, however, a 15-cm-
thick lens of cross-bedded sand records an opposing flow direction. The clayey sand matrix contains fossils,
i.e. fragmented and articulated mollusc shells, as well as ostracods, that lived on the nearby sandy shoreface
and offshore. The facies of the gravel indicates a short-distance transport of clasts typical for an extreme wave
event. None of the depositional features e.g. various degree of clast roundness, seaward dipping imbrication,
bidirectional transport indicators, clast-supported fabric, large thickness of beds, and lack of grading is either
unique to tsunami deposits or excludes storm wave origin. An extreme storm wave origin, however, is discarded,
when paleogeography and climate are considered. The combination of matrix-supported fabric, presence of a
mixed clayey-sandy matrix in the clast-supported parts, and preservation of articulated mollusc shells, as well
as mixture of clasts and fossils from different zones of the shore, identify these beds as paleo-tsunami deposits.

A tsunami could have been related either to an earthquake along nearby normal faults or to large-scale sliding
events on the closely located shelf slope. The recognition of these event beds reinforces structural observa-
tions on the syn-depositional character of nearby faults, long after the climax of syn-rift tectonics. Thick,
boulder-sized onshore paleo-tsunamiites are useful indicators of a paleogeographic situation in which tsunami
waves were amplified to produce noticeable beds in the rock record.
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Barrier islands are important landforms that protect the inland, bays, and estuaries from sea storms, and are
notable for their rapid morphological changes. Transgressive processes caused by sea-level rise or storms are
common modes of barrier evolution. The Marano and Grado Lagoon barrier islands (North Adriatic Sea, Italy)
are a significant example of these dynamic environments in a more general human-altered and stabilised
context. Between 2012 and 2013, at least two storms hit the westernmost one (Martignano), causing the island
breach and the formation of a washover structure (channel and fan). The new formation occurred at the same
location as a previous breach, indicating the presence of an erosive hot spot. The aims of the research are to (i)
describe the washover morphology and its evolution, (ii) quantify the mode and the timing of the morphological
beach recovery, and (iii) verify the existence of sedimentological signatures as diagnostic elements in figur-
ing out the dynamics and evolution following paroxysmal events. Between 2016 and 2021, several Unmanned
Aerial Vehicle surveys were performed in the area and compared to previous orthophotos from 2010 and 2014.
Sedimentological sampling on significant morphologies was carried out across the entire system. The ortho-
photos and Digital Surface Models obtained from UAV surveys show that the washover channel was completely
filled between 2016 and 2018 (the sediments are up to 0.80 m thick and the volumes accumulated approximately
10147 m®) before being vegetated in 2021, and the beach was realigned, indicating the achievement of a stable
morphological phase. The relict washover fan on the back-barrier area retains its shape: it records at least
two storm events, as confirmed by topographical variation in which more than one lobe can be identified, as
well as different granulometric suites with reverse grading, highlighting the process dynamics orthogonal
to the beach. This case represents an example of monitoring storm effects and subsequent natural recovery
processes in a wave dominated environment, demonstrating the importance of episodic events in generating
new landforms. Finally, it highlights the benefits of coupling the high-quality data from UAVs and the accurate
sedimentological sampling, in order to recognise the effects of natural processes.
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Sequences of raised beaches are emblematic of many polar coastlines, where they are established archives of
relative sea-level, glacio-isostatic adjustment, sea-ice extent, and variations in sediment supply. Here we discuss
their potential as recorders of storminess; especially for times of rapid atmospheric warming and deglaciation.
Ground-penetrating radar (GPR) data from coarse-grained beach plains in Antarctica (South Shetland Islands)
and Arctic (Spitsbergen) demonstrate that gravel ridges unconformably overlie the sediments of the prograd-
ing strand plain. This implies that beach-plain progradation and ridge construction reflect different energetic
framework conditions: Beach progradation results from fair-weather swash sedimentation, whereas grav-
el-ridge construction requires intensified wave action and associated elevated wave run-up limits at the shore.
The ridge-and-swale morphology of gravel beach-ridge plains is consequently explained by the alternation of
storm-dominated sedimentation with periods of more calm (fairweather-) conditions on decadal- to centennial
time scales. Ridges remain small on sheltered beaches and the frequency of ridge building is higher, compared
to high energy coasts, where ridges are larger and remain active for longer. Ridge-internal stratigraphy strongly
depends on wave-runup height during ridge construction. Ridges in high-energy settings are characterized by
seaward as well as landward-dipping beds and their architecture is often complex due to several episodes of
partial erosion and recovery. Beach ridges in low-energy settings, by contrast, exhibit only seaward-dipping,
planar- to sigmoidal-shaped beds. This bedding pattern results from the swash-controlled accumulation of
sediment at the beach face. Data show that even older, inactive ridges at higher elevation are subject to reac-
tivation. This challenges the use of elevated beach ridges for sea-level reconstructions and demands a careful
investigation of the stratigraphy prior to sampling for age determination purposes. Our results imply that polar
gravel beach-ridge plains bear a valuable and yet unread record of past storminess. With this regard, higher
temporal resolution and more complete records can be expected from low-energy beach-ridge plains.
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Tropical cyclone activity varies spatially as well as temporally throughout the southwest Atlantic and Caribbean
regionsin modern times as well as in the past. To better understand this variability, we present a high-resolution
synthesis of tropical cyclones spanning the last 2000 years in the southwest Atlantic and Caribbean basins as
well as Meso and Central America. Various proxies, including stable isotopes on ostracodes, gastropods and
speleothems, grain size, percent sand, elemental concentration (Ti, Fe) and red color intensity provide high
resolution, multi-proxy of hurricanes. Records from the Bahamas, Cuba, Haiti, Dominican Republic, Puerto
Rico, Cariaco Basin, Yucatan peninsula, and Nicaragua show that over the last 2000 years hurricane frequency
varied temporally and geographically throughout the region. Atmospheric and oceanic phenomena such as the
El Nino Southern Oscillation, the Intertropical Convergence Zone, the North Atlantic Oscillation, as well as the
Caribbean Low Level Jet have driven climate and hurricane patterns over the last two millennia. Complex inter-
actions between atmospheric and oceanic phenomena such as NAO, ENSO, ITCZ and CLLJ lead to heterogeneous
hurricane patterns temporally and geographically in the region. For example, the relatively northern position
of the ITCZ prior to 1300 YBP is coincident with the Hurricane Hyper Activity. After this time, the ITCZ moved
southward, coinciding with an overall decrease in hurricane activity in the Western Atlantic. From 400 yr BP
to present, the ITCZ has occupied its most Southern Position, coinciding with a relative increase in hurricane
activity. However, recent storm records suggest a non-analog relationship with these traditional drivers and a
disruption of normalized patterns seen in the past.
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Hurricane Ian, which made landfall in Southwest Florida, USA, on 28 September 2022, severely impacted the
coastal geomorphology of the region’s barrier islands and mainland beaches. Incoming storm surge, because
of its extreme height, resulted in “overwash and inundation regime” impacts, placing the erosional capacity of
wave energy well above the substrate. As a result, flood surge resulted in sediment transport via overtopping,
overwash fan deposition, and foredune deflation and retrogradation. Ebb surge return, however, caused sub-
stantial channelized erosion through foredunes and berms, areas that will not necessarily anneal following
fairweather beach aggradation. Ebb-surge erosion resulted in significant structural damage to buildings located
justbehind the coastal setback. The severity of geomorphic change has posed a challenge for coastal managers,
who are considering restoration measures that build and enhance resilience capacity. Through application of
ground-penetrating radar (GPR) and UAV-flown LiDAR, we have mapped the morphosedimentary impact of
this event, quantified net sediment deposition and erosion by comparing pre- and post-storm digital elevation
models (DEMs), explored the resilience value of pre-existing infrastructural measures (e.g., sea walls, dune for-
tification), and identified persistent ebb-surge erosional hot spots. Narrow barrier segments that experienced
most extensive ebb-surge channel formation during Ian commonly show similar features in GPR images to
those produced by earlier storms (e.g., channels up to 1.5-2.0 m deep). In contrast, island segments with strand-
plains exhibited greatest resilience. These qualitative and quantitative observations are being shared with all
coastal residents, but particularly with the municipalities of Naples, Fort Myers Beach, and Sanibel, three of
the most seriously impacted communities. Ultimately, these data will inform regional hydrodynamic modeling
(Delft3D) and morphodynamic modeling (XBEACH) to better anticipate and adapt to future storm impacts.
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Several well-exposed bedding planes along strike in the Lower Triassic Sulphur Mountain Formation (Alberta,
Canada) provide a unique opportunity to characterize the influence of soft sediment deformation induced sea
floor relief on contemporaneous bedforms. Soft-sediment deformation is characterized by convoluted bed-
ding and silt volcanoes with relief that range from 2-150 centimeters. Small-scale, symmetric 2D wave rip-
ples within enveloping strata suggest deposition in a shallow-water setting, above storm-weather wave base.
Based on 3D outcrop model and 250+ paleocurrent measurements, symmetric 2D wave ripples that overlie
soft-sediment deformation commonly exhibit (1) wave crest divergence from the average wave crest trend by
2-65° (2) abruptly transition into small, asymmetric 2.5D combined-flow ripples, or (3) exhibit interference
current ripples. These relationships are consistent on at least five bedding planes, and, therefore, suggests a
common interaction between fine-grained sediment (i.e., silt to very fine-grained sand), oscillatory currents,
and topographic sea floor relief induced by soft-sediment deformation. The variability in wave crest trends and
evidence of combined-flow bedforms and interference ripples above these soft-sediment deformation features
are interpreted to be the result of flow interaction with the trough and crest of the topographic relief, respec-
tively. The resultant stratigraphy from the interaction between oscillatory currents and topographic relief are
likely common in many shallow-water sedimentary systems; however, they are likely under-documented in
the ancient sedimentary record due to poor laterally extensive bedding plane preservation in most outcrops.
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Unlike beaches in sands, much less attentions have been paid to gravel beaches. This is likely because they
have not much experienced coastal erosions and have less considered as recreational area for humans. Beach
erosions occur widely when low-frequency storm waves hit the shoreline. High berms are eliminated in re-
sponse, thereby the slope becoming very gentle. However, we questioned how gravel beaches are responding
to typhoon waves. In order to assess typhoon impacts on shingle beaches and their morphodynamic behavior,
3D mapping using a drone and beach profiling survey with a VRS-GPS system have been conducted regularly
to capture the typhoons. In addition, grain-size data at 100 stations were obtained from both manual counting
and image analysis. Gravel beaches investigated are located in Wando, south coast of Korea, geographically
open to the south and, hence, consistent well with typhoon paths. Tidal range in the area is 2.1 m correspond-
ing to mesotidal regime. Topographic survey reveals that former typhoon berms situated at 3 m above MSL
were completely removed, and about 4.5 m high berms were newly formed after the typhoon Hinnamnor in
2022. Beach widths were narrowed dramatically almost by 7 m based on mean high water level and the slope
became extremely steeped, forming 45°. The morphologic response of the beaches to typhoons varied spatially.
Along the eastern zone consisting of cobbles to boulders, new berms were formed and rather deposition occurs,
whereas, from the center to western zone, pebble-sized beaches were eroded away. It is evident that sediment
sizes may play a vital role in morphodynamic response of the shingle beach. Interesting feature is rapid recov-
ery rate. Volume calculations have shown ca.13% loss and 4% gain in total volume in three weeks. Mean sizes
for the gravels range from -8.5 to -3.7 phi. Little changes were observed, regardless of typhoons. The typhoon
berm at 4.5 m is comparable to high-ranked typhoon Bolaven in 2012. However, another highest berm at 8 to
11 m in the area occurs. This highest gravel berm is challenging. This study showcases how shingle beach is
morphodynamic responding to mild typhoons.
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In backbarrier lagoons, saltmarshes represent a depositional sub-environment with peculiar characteristics
and management demands. With saltmarshes covering approximately 760 ha, the Grado and Marano Lagoon
isanimportant wetland in the Northern Adriatic (Italy). Here, the extent of saltmarshes has decreased over the
last fifty years due to a combination of natural and anthropogenic factors. Two short cores of sediment were
collected from each of the twelve sample sites, which were chosen to represent different saltmarsh environ-
ments. Their stratigraphic description was combined with the recent morphological evolution (1910-2010), as
determined by cartography, aerial photos, and topographic surveys. The facies description has been improved
by using grain size and mineralogical-compositional data determined by a laser diffraction particle size analys-
er and the powder diffraction method, respectively. In the inner part of the lagoon, silt content is dominant
even in cores situated in different morphological contexts, such as isolated and channel-fringing saltmarshes
or abandoned fish farms. The facies transition from the tidal flat sub-environment to the saltmarsh sub-envi-
ronment is frequently discernible and is marked by small grain size differences, both fining and coarsening
upward. These different trends attest to the role of local changes in environmental and hydrodynamic condi-
tions, as well as human action. Sand is the main component in the backbarrier saltmarshes, where the grain
size variability along the core is evident due to the mixing of tidal and coastal processes. The mineralogical
composition is geographically distributed in accordance with the morphology and hydrodynamics of the la-
goon. The highest carbonate concentrations were only found in saltmarshes near or directly connected to tidal
inlets, thus emphasising the importance of the external sedimentary source (Isonzo and Tagliamento rivers),
with calcite playing a discriminant role. Our findings and interpretations contribute to a better understanding
of the depositional model of saltmarshes in a back-barrier lagoon, particularly in different erosive or deposi-
tional contexts and with significant human interferences.
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The Wadden Sea, extending from the Netherlands over Germany to Denmark is one of the the largest coherent
tidal flat system in the world and part of the Unesco World heritage. It is unique in its combination of high
sediment- and morpho-dynamics and its role as a key hub between northern and southern hemisphere for
migratory birds. Biodiversity on a world wide scale is therefore reliant on this site. Furthermore, the extensive
tidal flats provide the opportunity to document biosedimentary facies of a coastal to shallow marine environ-
ment and to observe its changes over time due to climate change and sea-level rise. The understanding of the
depositional processes in this partly natural and partly anthropogenic landscape due to coastal protection
measurements is also important for the targeted search for archaeological remains. We mapped the biosed-
imentary facies of a large backbarrier tidal flat system over a decade in the field covering four tidal basins
with an area of 144 km?. The spatial distribution of biosedimentary facies shows a complex pattern on a local
scale, which superimposes the shore-normal energy gradient on a regional scale. The main controlling fac-
tors are hydrodynamic energy, the relative position to partly strongly shifting tidal channels, the duration of
emergence, organism-sediment interaction and the presence of invasive species. Due to strongly fluctuating
abundances of benthic organisms, the lateral extension of biosedimentary facies may differ significantly over
the years. However, the grain size distribution reflects a more long-term equilibrium with the hydrodynamics
of this coastal region. Additionally, we have documented a system shift of biogenic structures caused by the
invasion of a non-native species, which functions as an ecosystem engineering species. Since we have focussed
on tracemaking organismes, i.e., polychaetes and shell-bearing molluscs combined with abiotic parameters,
the biosedimentary facies pattern of our study can be transferred into multidimensional facies analyses of
sedimentary rocks deposited along ancient tidal coasts.
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Mixed siliciclastic-carbonate coastal successions are frequently interpreted as a result of deposition during
high frequency changes in relative sea-level. However, analysing cyclicity is challenging in successions con-
trolled by climate and tectonics. This is the case of the Kimmeridgian-Tithonian Villar del Arzobispo Fm, a
mixed siliciclastic-carbonate unit cropping out in the W Maestrazgo and South-Iberian extensional basins (SE
Spain). Its deposition was largely affected by synsedimentary faults that controlled its thickness, which is great-
er to the SE, towards the Tethys Sea (up to 1350 m), than to the NW (up to 450 m). In this work, 8 stratigraphic
sections and several laterally continuous outcrops are analysed, from NW to SE, to evaluate the suitability of this
unit for performing cyclicity analysis. In all sections, the unit shows, at its lower part, shallow marine limestone
that change towards its upper part to essentially siliciclastic fluvial, aeolian and deltaic deposits, following a
regressive trend. These siliciclastic deposits are interbedded upwards with tidal and shallow marine limestone,
asaresult of amarine transgression. As expected, tidal and shallow marine limestone beds are more abundant
and thicker to the SE. However, limestone beds or carbonate-siliciclastic cycles are not laterally correlatable,
due to two main reasons: 1) the occurrence of synsedimentary faults, which significantly change the thickness
of the unit, prevents the correlation of carbonate beds across them; 2) the unit was deposited under a seasonal
and monsoonal-type climate, in which fluvial channels transported, during rainy seasons, large volumes of
siliciclastic sediments that were deposited in mouth bars flowing into tidal and shallow marine carbonate
areas. During these periods, mouth bars were also abandoned, shifting laterally after successive floods. As a
result, the unit shows abundant stochastic lateral and vertical facies changes between tidal and shallow marine
limestone and fluvial and mouth bar siliciclastic deposits, preventing to delimit and correlate cycles even at
distances of less than 500 m. Thus, this study remarks how the great facies and thickness variability displayed
by coastal successions controlled by tectonics and seasonal climates prevent performing cyclicity analysis.
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Fine-grained deposits are known to have significant vertical and lateral heterogeneity at various scales. In the
subsurface, cores analysis remains the highest resolution dataset to characterize and understand these depos-
its. However, cores only give insight at ~10 cm width and are spaced 10’s to 100’s of kilometers apart making it
challenging to upscale to architectural variations at the meter- or kilometer-scale. To compensate this scaling
issue, outcrop analogues are the best available dataset to understand large-scale characteristics. Here we in-
vestigate a set of cliff faces (300 m thick by 1000 meter wide) of the siltstone-dominated, lower Triassic Sulphur
Mountain Formation (Alberta, Canada) to document meter- to kilometer-scale vertical and lateral distribution
of facies using drone photography. This, aided with a well-exposed creek section to document detailed facies,
facies stacking, depositional environments, therefore provides a multi-scale approach to characterizing a silt-
stone-dominated succession. Using high-resolution, drone photomosaics and Pix4D, a digital facies scheme
was used to quantify the vertical (thickness) and lateral (width) heterogeneity distribution of facies in the
cliff face and relate back to the well-exposed creek sections. Based on facies distribution measurements and
depositional processes, the Sulphur Mountain Formation consist of an overall shallowing upward sequence.
From stratigraphic bottom to top stratal units comprise (1) very thinly bedded, isolated, pinstriped laminated
siltstone; (2) thin-bedded, heterolithics intercalated with medium- to thickly bedded, massive siltstone; (3)
scour-filled, massive siltstone intercalated with thin-bedded heterolithics; and (4) coarsening-upward packages
(i.e., parasequences).

The observed vertical and lateral variability in the Sulphur Mountain Formation provides insight into changing
depositional environments and dynamic processes that affect sediment distribution in a shallow water (<100 m
water depth) setting, resulting in a highly heterogeneous siltstone succession. This study also provides a quanti-
tative approach on drone photography, which can be implement in steep outcrops faces as they commensurate
with conventional stratigraphic logging techniques.
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Many chronostratigraphic studies for the late Quaternary deposits have been successfully conducted by ap-
plying optically stimulated luminescence (OSL) dating method (up to 500 ka age limit), which overcomes the
detection limit of *C-AMS (up to 40 ka limit). High-resolution stratigraphic framework (5th order cycle) of
modern analogues from fluvial to shelf area enabled to elucidate coastal evolution associated with short-term
sea-level fluctuations. Previous works showed that fourth-order regressive facies are deposited during the LST,
followed by the same order transgressive facies deposited in the early TST. The cycle was often interrupted
by the fifth-order regressive deposits. Along the west coast of Korea, twice of fourth-order regressive and
transgressive sedimentation have been recorded, the cycle being bounded by oxidized layers, interpreted pre-
viously as fluvial regressive deposits. However, we re-examine the oxidized regressive systems tract by using
geochemical and micropaleontological proxies. Three drilled-cores taken along the cross-transect of tidal flats
were selected for multi-disciplinary analysis. The Baeksu tidal flats can be divided into thirty-nine facies, these
being grouped into five depositional units: 1) basal fluvial gravels, 2) mudflat/saltmarsh (MIS 5e), 3) gravelly
spit/saltmarsh/mudflat (MIS 5a/b), 4) gravelly spit/mudflat (MIS 3), and 5) tidal flat/intertidal shoreface/sandy
beach deposits (Holocene) in ascending order. Two fourth-order sequences were observed about time scale of
100,000 yrs. and the internal fifth-order sequence developed with times scale of 40,000 yrs., which includes
retrograding gravelly spit-mudflat interpreted newly as the high-frequency cycle of TST in this study. Conclu-
sively, three transgressive depositions occur as a different type and sequential order. Regressive deposits were
formed only during the HST in the late Holocene. Regressive phase is likely represented only by subaerial ex-
posure of former transgressive deposits, being deeply oxidized in some places. Contrary to three transgressive
deposits, little preservation for the regression phase are due possibly to the absence of major rivers, capable
of supplying the large quantity of sediments. This study may shed light on high-frequency sequence analysis
implemented by OSL dates.
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Maps of seabed geomorphology provide foundational information for a broad range of marine applications
including depositional environment and facies interpretation. To be most effective, geomorphic characterisa-
tion of the seabed requires standardised, multi-scalar and interjurisdictional approaches that can be applied
locally, regionally and internationally using the best available data. An ongoing collaboration between geo-
science agencies in the United Kingdom (BGS), Norway (GSN), Ireland (GSI and UCC) and Australia (GA) has
focused on developing a new standardised two-part mapping approach to meet this need. Part 1 was published
as an open access glossary that includes an illustrated list of terms and definitions that primarily draw on
the International Hydrographic Organization standard (Dove et al., 2020). Morphology maps are created by
applying Part 1 Morphological terms to bathymetry data, implemented in a GIS environment. Part 2 classifies
mapped shapes with their geomorphic interpretation; geomorphic unit terms are structured within 5 geomor-
phic Settings (Fluvial, Coastal, Marine, Glacial, Hard Rock) and 6 Process (Current-induced, Biogenic, Mass
movement, Fluid Flow, Karstic, Anthropogenic) categories. Consistent with Part 1, Part 2 terms are primarily
sourced from established literature. The application of Part 2 requires further seabed data and/or contextual
information and expert judgement, and is intended to constrain the uncertainty that is inherent to subsurface
facies interpretation and prediction to this step. A draft version of Part 2 was presented at the IAG’s Interna-
tional Seafloor Geomorphology Conference in Malta (July 2022). Feedback from that workshop and from the
broader community was integrated into a revised version of the scheme, to be released in March 2023. We will
demonstrate the application of this method to several worked examples from coasts, continental shelves and
the deep marine, and thereby demonstrate the utility of the two-part approach for mapping the distribution of
sedimentary facies that form in these diverse marine environments.

Reference
Dove et al. (2020): https://zenodo.org/record/4071940
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The long-term development of modern and ancient coastal distributive fluvial systems (DFSs) during periods of
relative sea-level highstand, fall, and lowstand are often associated with net-progradational shorelines. Howev-
er, modern marginal-marine systems demonstrate considerable spatial and temporal along-strike variability,
strongly impacting the architecture of the preserved strata in the rock record. Australia’s largest coastal DFSs
along the south eastern shore of the Gulf of Carpentaria have prograded (down-dip) up to 20 km over the mid-
to late Holocene, however, their complex architecture captures temporal and spatial variations in dominant
coastal processes and shoreline trajectories. A new continental dataset from Geoscience Australia’s Digital
Earth Australia (DEA Coastlines) provides mean annual shoreline positions for 32 years (1988-2019) and pro-
vides a great opportunity to investigate short-term variations in coastal trajectory for comparison with the
systems Holocene evolution. DEA Coastlines reveals that only 54% of the modern coastline segment studied has
net-prograded between 1988 and 2019, whereas 46% was eroded. Much of this change has occurred at up to +2
m pa. Results also display a multi-year cyclical alternation of periods dominated by coastal progradation versus
periods dominated by coastal erosion, which correlates poorly with both total precipitation (used as a proxy
for sediment supply) and the Southern Oscillation Index. The dynamics of the coastline between 1988 and 2019
instead appear to have responded more directly to the complex interactions between fluvial, wave reworking,
longshore currents, and tidal processes. Our results also show that hinges between areas of progradation and
retrogradation are dynamic and migrate depending on the temporal scale considered. The complex nature of
the resulting stratigraphic surfaces, their intricate lateral correlation, the architecture of the preserved strata,
and the distribution of heterogeneities in the sedimentary record associated with the documented short-term
coastal dynamics can thus preclude longer-term basin reconstructions and sequence stratigraphic analysis,
blurred by the amalgamation of different timescales at which each of the processes occur, depending on the
time interval considered.
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Sedimentation on the open-coast tidal flats is known to be controlled by seasonal variations in the intensity of
onshore winds and waves. Still, sedimentation and facies distribution in the channelized open-coast tidal flats
are less well understood, partly due to the lack of long-term field observations. The present study investigates
the spatiotemporal variability of sedimentation on the Yeochari tidal flats, the most extensive open-coast tidal
flats on the west coast of Korea, to understand governing factors that drive the variability and construct a new
facies model for open-coast tidal flats. In winter, when north-to-northwesterly winds prevail, sand flats in the
western part of the Yeochari tidal flats expand while those in the eastern part remain unchanged. Despite the
enhanced wave activity, however, mud flats broaden in the eastern region due to the presence of biofilm that
promotes mud deposition. Mud deposition is also notable in the flanks of tidal channels in the lower intertidal
zone, reflecting tidal sedimentation during calm weather in winter. In spring, sustained but subdued wave
activity leads to coarsening in the upper intertidal zone and fining in the middle to lower intertidal zone,
indicating seaward transport of fine-grained sediments. In summer, tidal flats, particularly in the eastern
part, become coarser-grained due to the impingement of waves generated by south to southeasterly winds.
Frequent heavy rainfalls facilitate channel migration by inducing an ebb dominance with increased surface
runoff. Notable mud deposition occurs at the flank of tidal channels in the lower intertidal zone during the
calm period. In fall, tidal flats, especially in the western part, experience erosion to become coarser-grained
due to increased wave activity, resulting in a widening of the mixed flats. Highly channelized morphology with
seasonal storm waves and autocyclic channel migration accentuated by heavy rainfalls promote spatiotempo-
rally heterolithic deposits in the middle to lower intertidal zone, which does not fit the existing tidal-flat facies
model and warrant further research.
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Located about 5 km off the Garolim Bay mouth, central west coast of Korea, a large tidal sand ridge is, mor-
phologically, 30-35 km long and 1.5-5 km wide with a relief of 10-50 m. Over the past two decades, dredging
and sand mining have been conducted. The sand ridge is inevitably anticipated to respond to the changing
conditions caused by the human activities. In this context, the elongate ridge was investigated to determine
the extent to which the morphology of the ridge has changed, and to track transport pathways of sediments
inferred from the analysis of bedform asymmetry. Grain-size analyses of surface sediments showed that medi-
um sands dominate along the ridge crest, whereas both flanks are composed of coarse sand. Pebbles or shelly
gravels are restricted to both adjacent troughs. The comparison of bathymetric maps shows that the sand ridge
shrank significantly since 1970. The crest of the ridge moved about 0.9-1.5 km eastward, whereas the ridge base
remained unchanged. From 2009 to 2015, the middle sector of the ridge experienced about 6.7% of sediment
loss by volume. At the same time, the ridge height was lowered by about 5 m. However, the morphologic change
of the ridge is not likely linked to sand mining and dredging. The asymmetry analysis of subaqueous dunes
revealed a dominant sediment transport direction towards the east or northeast, major tidal currents being
flood-dominated in the mid-sector. However, in the northern sector, the bedforms are ebb-dominated, indi-
cating a counter-clockwise circulation pattern. There are therefore two different circulation patterns splitting
in the bedload divergence zone, potentially leading to a separation of a linear sand ridge. This fact may shed
some lights on understanding the morphological behaviour and development of the ridge.
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The southeastern footwall of the active basin-bounding normal faults of the Gulf of Corinth, Greece, comprises
a series of uplifted late Quaternary syn-rift shoreline deposits, preserved as ‘staircase’ marine terraces. This
study documents the sedimentology and stratigraphic variability of the Marine Isotope Stage (MIS) 7 deposits
(ca. 190-240 kyr) through integration of field-based sedimentological analysis and interpretation of digital
outcrop models. The MIS7 deposits unconformably overlie Plio—Pleistocene deep-water deposits, their base is
represented by a wave-ravinement surface marked by coarse-grained shoreface lags (S0). Facies show a range of
environments from open-marine mixed siliciclastic-carbonate, wave/storm-dominated shorelines, and clastic
deltaic deposition. A regional erosive contact (S1) separates MIS7 deposits into two units: (i) a lower unit, that
displays aggradation passing into progradation, and (ii) an upper unit, of prograding wedge-shaped geometries
with seaward downlap onto S1 and pass laterally into flat-lying interdistributary deposits. The facies variation
between the lower and upper unit, from bioturbated shoreface and preservation of carbonate factories to cal-
ci-siliciclastic deltaic deposition, suggest a change from supply-depleted to a relatively high sediment-supplied
shoreline. U/Th dating of corals from the lower unit gives an absolute age of ca. 200 ka, age-equivalent to MIS7e
interglacial highstand. The supply-depleted interpretation of the lower unit indicates that accommodation out-
paced sediment supply, as forming during the initial phase of MIS7e deposition. The upper unit wedge deposits
show a basinward shift of coastal onlap forming two terrace levels, thus recording a subsequent descending
paleo-shoreline trajectory and forced-regressive interstadial deposition. This pattern is not observed along the
interdistributary deposits that occur as a single terrace limited basinward by a younger steep outer notch. MIS7
deposits, therefore, show two depositional patterns (i) aggradation-progradation-degradation, along the main
supply fairways, and (ii) aggradation-degradation, along low-supply zones. Our study documents the variability
of coastal sequences formed under differential uplift rates at the same climatic conditions
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Marginal-marine environments show a large number of physicochemical processes (e.g., fluvial currents,
tides, waves, salinity changes) that operate at different temporal and spatial scales. To better understand this
complexity this study focused on the succession of the Pilmatué Member (Agrio Formation, Lower Cretaceous,
Neuquén Basin, Argentina) with the aim to unravel the sedimentary processes, facies associations and accu-
mulation of this marginal marine system. The succession was studied with log descriptions and facies analysis
using a total of 150 m of cores from two distinct wells.The succession is siliciclastic dominated, arranged in a
general coarsening upward trend and consists of five facies associations interpreted as: delta plain, distributary
channels, mouth bar complex, distal-delta front and transgressive deposits. The distal-delta front contains very-
fine sandstones interbedded with bioturbated mudstones with flaser to horizontal lamination. The mouth-bar
complex involves a variety of carbonaceous-rich very-fine sandstones with horizontal lamination or structure-
less. The distributary channels show erosional bases and consist of carbonaceous-rich very-fine sandstones
with cross bedding, asymmetrical ripples, intraclast mudstones and soft sediment deformation. The delta
plain includes mudstones and very-fine sandstones with asymmetric ripples, root marks and high bioturbation
index. Finally, the transgressive deposits consist of bioclastic sandstones. The succession was interpreted as a
deltaic system recording a progradational shallowing-upward trend and changes in the depositional processes
from wave-dominated, tide-influenced distal-delta front deposits to proximal fluvial-dominated delta-plain
deposits. Understanding spatial-temporal variability in process regime recorded in similar marginal-marine
successions requires a bed by bed detailed description, which, in this study, was allowed by the superb quality
of the Pilmatué Member cores. This study demonstrates that even within relative thin packages (10-15 m) the
system does not necessarily have to be “one process dominated” but show a variability of process as the system
shifts between proximal to distal environments.
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The present geomorphology of the Volturno River (VR) delta system and related strandplain (northern Campa-
nia, southern Italy) is largely a product of complex, long-lived relationships between geological evolution and
human impacts. To assess the main drivers of the changed landscape in the last centuries, a multidisciplinary
study was carried out by combining geological (stratigraphic well logs) and historical (cartographic sources)
data. The plain was characterized by an intense volcanic activity since the Late Pleistocene. A 39 Ky explosive
eruption emplaced the Campania Grey Tuff deposits (CGT) that covered the whole plain with a thick, laterally
continuous, volcaniclastic unit. The reconstructed upper surface of the CGT highlights a wide valley character-
ized by a complex river network flowing on the plain during the Last Glacial Maximum sea level drop. Above
the CGT surface, in correspondence of the reconstructed palaeo-rivers, fluvial-channel deposits occur; upward
and laterally they alternate with alluvial plain lithofacies associations. Towards the current deltaic and coastal
plain, swamp sequences can be recognized, occurring in a back-stepping stacking toward the inner plain. Sea-
wards and upwards these lithofacies pass to lagoonal facies. A beach-dune system documents the persistence,
in the present position, of a transgressive-barrier. Since 6.5 ka a coastal progradation phase allowed the forma-
tion of the present-day delta system and the alluvial plain of the VR. The reconstructed palaeodrainage network
evidences that the position of the river courses is very similar to the recent one shown in historical maps that
represent the geography of the area prior to the reclamation works of the last 2 centuries; the latter resulted in
an intensive land transformation and the loss of most coastal wetland coupled with coastal erosion. The study
therefore showed that while the landscape evolution during the Late Pleistocene-Holocene was mainly sea level
driven, the transformation during the last millennium was largely due to human interventions, both direct
(reclamation, development of drainage network, land use changes) and their indirect consequences (increasing
exposure to storm/flood events, severe coastal erosion, land subsidence).
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Outcrops of coarse-grained, high-angle clinoform sets are impressive and eye-catching. They are in most cases
interpreted as representing Gilbert-type deltas. However, superficially similar clinoform sets are also known
from marine, sub-wave base settings. They were formed during storms mainly by downwelling, seaward-di-
rected currents which transported sand from the coastal area and shoreface across the shelf in suspension or
as bedload to be deposited as clinoform sets. They are in many cases associated with rift events, where new
accommodation space was created together with an increased supply of coarse-grained sediment. This type
of marine sub-wave base clinoform sets are characteristic features in the Jurassic of East Greenland where a
protracted rift phase was initiated in the Bajocian and culminated in the Tithonian. Each rift event was accom-
panied by formation of clinoform sets which prograded seawards away from the cratonic coastline in water
depths below wave base. These sets represent a little-known, commonly misinterpreted sedimentary system
and may serve as motifs for rifting in shallow marine areas elsewhere in the geological record. Similar sets
have been recorded in outcrop from the Mediterranean, and elsewhere and are probably much more common
than hitherto realized.
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To study stratigraphy-related, sub-seismic scale heterogeneities, we searched for an accessible wave-dominated
shoreline system to sample for characterisation of petrophysical properties. In this context, we introduce a new
analogue of clastic, wave-dominated shoreline system embedded in the Judith River Formation (Campanian,
Upper Cretaceous). In southern Montana, this formation outcrops as a succession of three stacked sequences
of shallow marine deposits. We have studied a section in a North-to-South oriented cliff next to the town of
Bridger (Montana, USA). The lowermost sequence is a wave-dominated system, approximately 50 m thick, and
with a preliminar paleoshoreline orientation pseudo-parallel to the outcrop. Several types of field data have
been collected, including five stratigraphic logs, photogrammetry imagery and panoramic imagery using a
unmanned aerial vehicle (UAV), rock samples, and fine material for biostratigraphical analysis. Based on the
field data, we have carried out an architectural and sedimentological characterisation of the system. Five dif-
ferent facies have been defined and linked to depositional environments ranging from offshore to shoreface.
The main characteristics of the system include limited variation of grain size distribution, anecdotic presence
of bioturbation, and very limited cementation. The photogrammetry imagery has been processed using the
Metashape Agisoft software to build two 3D models covering 1.2 km along the cliff. These models have been
used to interpret in detail the lateral thickness variation of the facies. Panoramic images have been used to ex-
tend the interpretation by 2.5 km. The transition between facies is gradual and limited erosional processes have
been observed. The rock samples have been used to analyse the lateral and vertical variation of petrophysical
properties (density, P-velocity, and S-velocity). This new analogue for clastic wave-dominated systems enables
observations at different scales, ranging from thin section to seismic interpretation. It also stands out due to its
lateral continuity - up to 4 km of continuous and almost undisturbed section, accessibility - located less than
a kilometre to the west of Bridger, and stratigraphical completeness - sediments from offshore to shoreface.
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The Seyhan-Ceyhan Delta complex (SCDC) is a thick sedimentary prism at the northern margin of the Adana
Basin which started to open in the Late Oligocene-Early Miocene time dependent on the subduction of the
African Plate under the Anatolian block in the eastern Mediterranean Sea. The host basin covering the SCDC
is bounded by the Misis Mountains (Misis uplift) in the east, the Ecemis Fault Zone in the west, and the Cyprus
Besparmak Mountains in the south. The thickness of the infill of the Adana basin exceeds 6000 meters, and it
seems that the deposition was controlled by synsedimentary tectonism continuously. The basin-fill can be divid-
ed into two parts as lower (Oligocene-Miocene) and upper (Pliocene-Quaternary) by the Messinian evaporites.
The upper part of the fill is represented mainly by the SCDC. This study focuses on the Quaternary evolution
of the basin fill using various subsurface data.

Six long wells and seven seismic profiles on marine and subaerial parts of the SCDC are the main data of the
study. Thanks to them the stratigraphy of the basin fill could be visible, and we could detect the development
of the deltaic deposition. One of the striking results of the subsurface data is the presence of lenticular evapo-
rates; possible evidence for Messinian crisis within the basin fill. These evaporites were key horizons for the
stratigraphy and they also created some diapirs deforming the sequences.

The overlying upper part (ca 2200 m thick) is divided into Avdan Fm of early Pliocene and Kuransa Fm of Plio-
cene-Pleistocene according to marine fossil data. The sedimentary architecture of the upper unit looks like a
prism thickening seaward reaching up to six times. The Avdan Formation is composed of coarse-grained clastic
and marine mudstones. To the interpretation, it represents Zanklean transgression following the Messinian
crisis. The Kuransa Formation, which was dated as Pliocene-Pleistocene comprises red-colored terrestrial sed-
iments deposited near the basement and marine sediments toward the south and offshore. Our investigation
results revealed that both the Pliocene and Pleistocene part of the Kuransa Formation includes two separate
delta developments respectively, therefore it is considered as a delta complex comprising four delta sequences.
The present, active Seyhan-Ceyhan Delta has begun to progress over this complex (the SCDC), following the
Holocene transgression since the last 6 ka.
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The preliminary geothermal potential of the Zala region (SW Hungary) is assessed to be good, however, the
sustainable thermal water use would require a significant increase in the reinjected proportion of the used
thermal water. One of the main thermal water-bearing aquifers is the Neogene (so-called Pannonian) deltaic
formation. These siliciclastic rocks are often sources of injection-related problems which hinder low-pressure
reinjection and thus sustainability. In this research, following the workflow of previous studies (Marké et al.,
2021) we investigate the potential problem sources ranging from the regional hydraulics through the reservoir
scale parameters until the local clogging processes. Predicting the issues makes it possible to mitigate them,
and it contributes to a “reinjection potential” assessment which can be part of the geothermal potential esti-
mation. In the current study, we specifically consider the reservoir properties by determining the location of
the best reservoir bodies. This joint project in cooperation with MOL Plc. is motivated by the intention of the
oil businesses to move towards green energy following the Green Transition EU strategy. The existing datasets
(e.g. seismic and well-logs) gained during the hydrocarbon exploration offer enormous potential for geothermal
utilisation. Therefore, we interpreted 3D seismic volumes and calculated the RMS amplitude of specific horizons
to detect the sand-prone volumes as well as we combined the results with well-logs. The analysis helps to predict
where to drill the next reinjection well as well as to evaluate the potential of the existing hydrocarbon wells.

The first author was supported, and the research was financed through the KDP-2021 Cooperative Doctoral
Programme of the Ministry of Culture and Innovation of Hungary from the source of the National Research,
Development and Innovation Fund, grant number: KDP_2021_ELTE_C1789026. The study was funded by the
National Multidisciplinary Laboratory for Climate Change, RRF-2.3.1-21- 2022-00014 project.

Reference

Markd, A., Madl-Szényi, J. & Brehme, M. (2021). Injection related issues of a doublet system in a sandstone
aquifer-A generalized concept to understand and avoid problem sources in geothermal systems. Geothermics,
97, 102234.
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The Opalinus Clay, a silty to sandy claystone formation, is known in Switzerland as being the selected host rock
for deep geological disposal of radioactive waste. Since the 1990’s, various geotechnical, mineralogical and
sedimentological studies addressed the Opalinus Clay have been studied within the framework of the Nagra
(National Cooperative for the Disposal of Radioactive Waste) deep drilling campaigns and the Mont Terri Pro-
ject (international research program dedicated to the investigation of claystone). The Opalinus Clay succession
accumulated from the Late Toarcian to Early Aalenian in an epicontinental sea covering central Europe. The
Opalinus Clay appears relatively homogeneous at large-scale compared to other Mesozoic formations in north-
ern Switzerland. At higher spatial resolution, however, sedimentological facies varies clearly. Besides m-scale
lithofacies variations, considerable lithological variability occurs at dm- to cm-scale. The facies diversity is
primary attributed to regional differences in depositional, environmental and diagenetic conditions. The aim
of the present study is to understand the lateral and vertical facies variability within the Opalinus Clay in Cen-
tral Northern Switzerland using petrographical, mineralogical and geochemical data. Accurate petrographic
descriptions are an important prerequisite to many geotechnical and diffusion (geochemical) studies and the
predictive modelling of petrophysical properties. Petrographic descriptions are performed on nine drill cores
using a revised subfacies classification scheme based on texture (grain-size, bedding, fabric and colour) and
composition (nature and mineralogy of components). Additionally, X-ray diffraction (XRD) analyses of the
different subfacies were performed at a resolution of 5 cm along the nine cores and X-ray fluorescence (XRF)
logging were also obtained at a logging resolution of 5 cm to identify lateral and vertical facies variability. Small-
scaled vertical facies variations, as well as marker horizons are identified and can be correlated at regional
scale. The complex lateral and vertical facies variability requires the revision and definition of new depositional
models for the Opalinus Clay at basin and regional scale.
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The Valdelsa Basin is one of the most representative and large basin of the hinterland of the Northern Apen-
nines that developed during post-orogenic extensional tectonics since Middle-Late Miocene until the Late Pli-
ocene-Early Pleistocene. Crustal extension was linked to the opening of the back-arc Tyrrhenian Sea followed
to the eastward migration of the Northern Apennines orogenic phase. The Pliocene marine transgressive event
followed to the Messinian post-evaporitic continental-paralic phase (“lago-mare” facies), was accompanied
by high subsidence-rate related to the formation of extensional depressions leading to the development of
thick (up to 1000 m) and complex marine successions. Deposits are represented by inner shelf and deltaic
sandstones, clays and conglomerates. Bioclastic limestones are also present and indicate the settlement of
temperate-warm carbonate factories, Late Pliocene in age. Strata are organized in a sequential-stratigraphic
architecture showing multiple transgression-regression cycles controlled by tectonics and climate forcings,
acting on accommodation space and sediment supply, which led to repeated alternations of thick shallow-ma-
rine and fluvio-deltaic sequences. Part of the Pliocene infilling of the basin developed during the “mid-Pliocene
Warm Period” (between 2.9 and 3.3 Ma, Piacenzian), with progressive transgressions on to the basin margins,
up to the general regression culminated during the latest Pliocene-earliest Pleistocene with the alternation of
shallow-marine, to deltaic facies, up to the alluvial systems closing the marine sedimentation. Here we present
data from the ongoing CARG Project-286 (part of the Italian Geological Mapping Project), where detailed field
mapping, high-resolution biostratigraphy and facies analysis on the filling successions of the Valdelsa Basin
are allowing the reconstruction of a new stratigraphic model, which shows the complex relationships between
tectonics, climate/eustasy and sedimentation in a developing extensional basin. Finally, with the obtained data
set it will be possible to put forward a paleogeographic-paleoenvironmental evolutive model for the Valdelsa
Basin during the “mid-Pliocene”, which represents a very important climate phase for all the Mediterranean
marine depositional systems.
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Understanding variations in the sedimentary processes and resulting stratigraphic architecture in submarine
channel systems is essential for characterising sedimentary facies distribution on submarine slopes. In the
Santonian to Campanian Cerro Toro Formation, southern Chile, a coarse-grained slope channel system, infor-
mally known as the Lago Sofia Member, developed in a structurally controlled environment, with complex and
poorly established relationships with the surrounding mud-rich heterolithic deposits. A detailed architectural
analysis of the most continuous and best-exposed channel system in the Lago Sofia Member, the Paine C, pro-
vides insights on lateral facies transitions from channel axis to margin, stacked in a multi-phase sequence of
events marked by abrupt changes in facies, facies associations, and architecture. The Paine C channel system is
incised into siltstones and claystones interbedded with thin-bedded very fine sandstone, interpreted to be either
channel-related overbank or unrelated background deposits. The coarse-grained deposits are divided into a
lower conglomeratic unit and an upper sand-rich unit. The lower conglomeratic unit can be further subdivided
into three phases: 1) highly depositional and/or aggradational, dominated by thick and laterally continuous
beds of clast- to matrix-supported conglomerate, herein named transitional event deposits; 2) an intermediate
phase, including deposits similar to those dominant in phase 1 but also containing abundant clast-supported
conglomerates and lenticular sandstones; and 3) a bypass-dominated phase, which records an architectur-
al change into a highly amalgamated ca. 45-m-thick package composed purely of lenticular clast-supported
conglomerates with local lenticular sandstones. Between the conglomeratic phases, a metre-scale package
composed of interbedded thin- to medium-bedded sandstone and mudstone deposits is interpreted to drape
the entire channel, indicating periods of weaker gravity flows running down the channel, with no evidence of
bedload transport. We propose a new depositional model for coarse-grained submarine channel systems, in
which particular characteristics can provide significant insights into architectural heterogeneity and facies
transitions in channelised systems.
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For over 50 years, turbidite channel-levée complexes have been studied in various modern and ancient deep-wa-
ter turbidite systems. Despite recent advancements in high-resolution 3D seismic imaging, their internal facies
complexity remains elusive. Well-exposed outcrops are crucial in bridging this gap, as they offer insight into
fine-scale facies heterogeneity. This contribution reports on the ongoing ‘Tachrift Project’, which aims to study
unexplored spectacular outcrops of multiple superimposed channel-levée complexes in the Tachrift turbidite
system of the Taza-Guercif Basin in NE Morocco (late Tortonian). The Tachrift Project has three main goals: (i)
to study and understand the depositional architecture of deep-water channel-levée complexes, encompassing a
range of channel-fill and levée elements; (ii) to provide a comprehensive overview of the evolution of channel-
levée complexes, tracing their development from inception to their deactivation, and (iii) to establish a model
for stratigraphic geometries and facies relationships in levéed-channel complexes. These aims are achieved
through the following steps: i) 1:5000-scale geological mapping of 9 channel-levée turbidite complexes; ii) recon-
struction of internal architecture and facies distribution by means of closely spaced detailed sedimentological
logs, bed-by-bed physical correlation and interpreted 2D and 3D profiles; iii) statistical analysis to identify pat-
terns and relationships; iv) creating 3D digital outcrop models of selected outcrops through photogrammetric
data analysis obtained from UAVs. So far, the study has focused on complexes 4-7, aiming at completing the
whole system by 2025. The preliminary results provided valuable information regarding the facies and geome-
try of channel-fills and correlative levees over a significant area of roughly 150 metres in thickness and 4 km in
width. This transect runs largely oblique to the palaeoflow direction and gives a comprehensive understanding
of the sedimentary heterogeneity and stratigraphic evolution of the turbidite channel belt. The findings from
this research can be used to enhance existing models, also useful for the understanding of subsurface ana-
logues, particularly about their variable architectures at different hierarchical scales.
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The Pieniny Klippen Belt (PKB). is located in the suture zone between Central and Outer Carpathians in Austria,
Slovakia, Poland and Ukraine. The PKB sedimentary successions were deposited within the Alpine Tethys.
The Alpine Tethys contained two major basins - Zlatne and Magura, separated by the Czorsztyn Ridge. The
Jurassic-Lower Cretaceous successions of the Ztatne Basin are represented mainly by deep-water carbonates
and cherts. The Bajocian spotty shales marls and limestones of the Podzamcze Limestone Formation are fol-
lowed by the Upper Bajocian-Lower Tithonian black cherts of the Sokolica Radiolarite Formation and green
and red radiolarites of the Czajakowa Radiolarite Formation. The siliceous deposits were followed by the Up-
per Tithonian-Lower Cretaceous cherty limestones of the Pieniny Limestone Formation. These deposits are
characterized by reduced thickness that does not exceed 30 m. They are followed by Albian-Neogene turbidite
deposits sequences. The Albian-Cenomanian flysch of the Trawne Member is the first input of clastic turbidites
within pelagic variegated marls of the Jaworki Formation. This formation is covered by the Upper Cretaceous
Sromowce Formation represented by turbiditic siliciclastic flysch with exotic-rich conglomerates. The younger
are uppermost Cretaceous-Paleocene, mainly coarse clastic rocks of Pro¢ Formation covered by Eocene flysch
of the Zilina Formation, Eocene-Oligocene turbidites of the Ztatne Formation and Miocene flysch of the Krem-
na Formation. These formations contain intercalations of exotic conglomerates and olistostromes displaying
a sedimentary mélange or “wildflysch” character. The olistoliths belong to Triassic-Cretaceous limestones,
as well as Paleocene coral-algal reefal Kambiihel limestones and Eocene nummulitic limestones. The Upper
Cretaceous flysch of the Ztatne Basin was deposited as a part the accretionary prism in front of the Carpathian
Plate that reached and overrode the Czorsztyn Ridge during the latest Cretaceous-Paleocene times. The tur-
biditic and pelagic sedimentation continued in the piggy-back setting until Neogene times. Finally, the Ztatne
Basin and accretionary prism deposits were transformed into Ztatne Unit (nappe).

This research was financially supported by the NCN grant - 2019/35/B/ST10/00241.
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The Late Miocene infill of the Taza-Guercif Basin in NE Morocco represents a well-exposed record of deep-ma-
rine deposition adjacent to an ancient narrow sea-to-ocean connection (the Rifian Corridor). Impressive out-
crops of the late Tortonian Tachrift system constitute a spectacularly exposed example of the basin’s infill and
offer the opportunity to study in detail the architecture of a series of deep-marine channel-levee complexes.
Channel Complex 5 is exposed along a series of more than 1.5 km long, NW-SE oriented, laterally continuous
outcrops, with a maximum stratigraphic thickness of 30 m. Excellent outcrop quality and lateral control of
the exposures allowed the confident assessment of the sedimentary architecture of the Complex through the
collection of 60 sedimentary logs. The collected log data were later transformed into a digital format to quanti-
tively assess trends such as net-to-gross, thickness variability, amalgamation ratio etc., across the channel belt.
Stratigraphic organization consists of four stratigraphic units reflecting a shifting of the channel belt towards
the east-southeast. From the bottom to the top, a thin to medium-bedded unit of small-scale sinuous channels
represents an inception phase, which passes to a thick-bedded, amalgamated, mudclast-rich sandstone unit,
typifying the main depositional phase of the complex, characterized by larger, aggradational, less sinuous
channels. In the upper part, a thin to medium-bedded unit consisting of sigmoidal and amalgamated beds,
represents a laterally accreting sinuous phase, which displays a coeval levee. Thinly-bedded turbidites at the
top of the latter unit represent late-stage infills of the complex. A mud-dominated unit at the top reflects an
abandonment phase and the shutdown of channel activity. Statistical results reveal the existence of quantifi-
able trends for some parameters (e.g., net-to-gross), which are different for each unit and could help towards
detection of characteristics such as the lateral shifting of channel activity, the transition from channel to levee/
overbank deposits or the estimation of lateral connectivity. A model of channel complex evolution based on
the spatial distribution of quantifiable parameters, can be used as analogues to other sinuous channel fills.
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The Maikop Formation is regarded as the key source rock in the Caspian and Black Sea regions. The Maikop
is usually composed of a thick succession of clay-rich mudstones intercalated by sandstones, composing re-
gional oil and gas plays. Most of the sedimentary rocks of this formation were deposited under reductive or
oxygen depleted conditions. The clayey parts containing up to 15% total organic carbon. The stratigraphically
constrained study coupled with a palynofacies analysis proceeded by transmitted microscopy and blue light
excitation revealed wide range of particulate organic matter indicative for paleoenvironment. The quantitative
and qualitative distribution of organic matter suggest high input of terrestrial particles and short distance
form alimentation zones. It is proved by high diversity and state of preservation of fragile tissues (e.g. cuticle).
Reduced ratio of phytoplankton is probably due to fresh water input indicated by scarce presence of chloro-
coccale algae represented by Botryococcus. However key taxa of dinoflagellate cysts served successfully for age
assignment indicating Mid Oligocene interval. Under blue light excitation the studied samples yielded thermally
matured sporomorphs, marine microplankton as well as common in all samples amorphous organic matter
(AOM). Two generations of fluorescence are encountered within samples presumably caused by recycling or
different organic matter compound. The autofluorescence colors recorded are comprised a range of light yellow
to dark orange related to oil and gas windows respectively. Currently all samples are studied to record vitrinite
reflectance index (R,) and pyrolytic data to obtain wide range of maturity proxies.
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During the Precambrian and Paleozoic, the evolution of the Earth was characterized by cyclic alternation of
greenhouse and icehouse periods, which was accompanied by the appearance and spreading of land plants
during the Paleozoic. These important external factors are known to have influenced the amount and type of
sediments transported to the shelf. Potentially, these controls may have influenced the transfer of sediment
by turbidity currents flowing through continental slopes to abyssal plains. However, a quantitative analysis of
the effect of these controls on preserved sedimentary architectures has yet to be carried out. The aim of this
study is to quantify the effect of global climate change and the evolution of land vegetation on the sedimentary
architecture of turbidite systems. The main questions are: (I) how did these external factors influence the ge-
ometry and facies of turbidites? (II) Did the effect of icehouse and greenhouse conditions exerted on turbidite
deposits differ before and after the appearance of land vegetation? This is achieved by using a database-driven
approach to synthesize sedimentological data from 29 case studies, representing 15 deep-water clastic systems
from the Neoproterozoic to the end of Permian. The analysed dataset includes 1,142 architectural elements
(e.g. channels and lobes) and 12,370 facies entries. Pre-Devonian and younger Paleozoic deep-marine deposits,
as well as sediments deposited under icehouse and greenhouse conditions, are equitably represented in the
dataset. Preliminary observations revealed differences in the sedimentary architecture of turbidites deposited
under icehouse and greenhouse periods and/or before and after the rise land plants. For example, turbidites
and accompanying mud beds tends to be thinner, and turbidite lobes are characterized by lower net-to-gross
values in systems that predates the spreading of land vegetation. Moreover, greenhouse terminal deposits are
built up by thicker turbidite beds but have a lower total sand volume.These observations have implications for
predicting subsurface architectures and should be considered during the evaluation of pre- and post-Paleozoic
deep-marine successions deposited under different climates.

258



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 7. Deep-marine clastic depositional systems
General Session

Poster presentation

Control of tectonic-lithofacies palaeogeography on the
development of marine shale - a case study on the Ulalik
Formation of Ordos Basin (age and location?)

JunPing Huang', Kaijun Tan', Xiangbo Li', Yan Zhang', Jianglong Shi', Jing Wang', Hongbo Wang',
Jingyi Guo', Ming Feng'

'Petro China Research Institute of Petroleum Exploration & Development—Northwest, Lanzhou, China
¢nhjp2007@163.com

The biological extinction in the middle and late Ordovician and rapid transgression led to the widespread
distribution of a set of organic-rich shale in the world, which is internationally known as "hot shale", which
is one of the most important exploration layers in the global Paleozoic oil and gas resources. Based on the
latest 3D seismic data, a large number of field outcrops and core observations, this paper takes the Uralik
Formation of Ordovician in the Ordos Basin as an example. The structural, lithofacies palaeogeographic
characteristics and development model of marine shale are systematically studied. The following three new
understandings have been obtained: (1) It is revealed that the western margin of the basin has a structural
pattern of "three depressions and two uplifts" by the latest 3D seismic data. Due to back-arc tension and
strike-slip, a large number of north-south synsedimentary faults developed in the western margin of

the basin. (2) The synsedimentary faults not only control the structural framework and marine shale
distribution of the Ulalik Formation in the western margin of the basin, but also control the lithofacies
palaeogeographic distribution characteristics of the Ulalik period. (3) In the middle and late Ordovician,
most areas of the Ordos Basin was uplifted, and the western margin rapidly subsided due to synsedimentary
fault activity, forming an under-compensation and reduction environment, which is very conducive to the
development of the Ulalik marine shale. Synsedimentary faults and rapid subsidence created an under-
compensated reduction environment for the development of marine shale, and the hydrothermal activity
provided by deep and large faults increased the marine shale paleoproductivity. This research is of positive
significance for further exploring the formation environment and development model of marine shale in the
western margin of the basin and guiding the practice of oil and gas exploration.
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A seismic stratigraphy is a powerful tool for deciphering the sedimentary depositional environment and strati-
graphic architecture of the subsurface geology in the absence of adequate well-bore controls. Recent develop-
ments in seismic facies analysis aid in decoding information on lithofacies and hydrodynamics in deep-water
systems. This research employs the seismo-stratigraphic architecture of the Indus Submarine Fan system
using seismic facies analysis on high-resolution multichannel industrial seismic data. Six unique seismic faci-
es are identified by the seismic reflection characteristics, including amplitude, continuity, exterior form and
interior configuration, frequency, peculiar waveforms, and location in sedimentary basins. These facies are
(i) discontinuous low amplitude reflections (D-LARs) and (ii) continuous high amplitude reflections (C-HARs),
indicating the wedge-shaped to convergent patterns that developed within or on either side of the channel as
an inner or outer levee. (iii) Continuous low amplitude reflections (C-LARs), indicating the draping and sheet-
like geometry with muddy turbidites in a condensed section of hemiplegics. iv) Discontinuous high-amplitude
reflections (D-HARs), indicating wavy with sheet-like external forms and variable lithology mass flow units.
v) Discontinuous chaotic high-amplitude reflections (D-C HARs) and vi) Continuous parallel high-amplitude
reflections (C-P HARs) as channel deposits of high-low-energy turbidity currents. The spatio-temporal distri-
bution of these facies implies the development of (i) erosional channels as confined depositional systems along
the shelf margin and upper continental slope; (ii) erosional-depositional channels as a semi-unconfined system
along the slope; and (iii) depositional channels and associated basin deposits as unconfined systems. These
channel deposits’ stratigraphic imprints are the result of the continental slope’s base-level profile changing due
to regional factors such as local tectonics, eustacy, and climate effects. The preliminary results of this study
demonstrate the research potential of the data and provide insight into the sedimentary dynamics and deposi-
tional features of the Indus submarine fan, despite it being the second largest but least studied submarine fan.
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Spectacularly exposed outcrops record the Late Miocene infill of the Taza-Guercif Basin (NE Morocco), which
was part of the ancient seaway connecting the paleo-Mediterranean Sea and the Atlantic Ocean. This work
presents the sedimentary architecture of channel-levee Complex 7, one of the channel-levee complexes con-
stituting the Tachrift system. The excellent lateral continuity and quality of the outcrop allowed acquisition
of 60 closely spaced (ca. 25 m), detailed (scale 1:20) sedimentary logs. This approach allowed a good control
over interpretation of the depositional architecture of the complex. The resulting correlation panel shows the
spatio-temporal evolution of the complex, which can be subdivided in two main stages. The first stage shows
aggradation and a general lateral eastward migration of the channel belt. It begins with horizontally arranged
sandstone beds (15 to 50 cm thick) with small mudstone caps. It continues with amalgamated beds (up to 1 m
thick) that record the migration of the system towards the E in lateral accretion packages. Finally, in upper
stratigraphic levels a late phase is characterised by small-scale channels that represent the shut-down of the
system. In this first stage, a progressive reduction of sedimentary input is observed. The second stage repre-
sents an increase in erosive processes. At the base, we observe a mass-transport deposit (2 m thick) eroding
the underlying beds, creating a confined channel system that tends to overspill as the accommodation space
decrease. In the second stage, a rapid increase in sedimentary input is observed. The two stages show different
depositional styles, the first being less erosive, unconfined and more prone to migration. The second is more
erosive, confined and without effective migration. An example of a sedimentary architecture like the one here
described can help calibrate a future depositional model that can be used as an analogue for other sinuous
channel systems.
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Deep-water sedimentary basins are predominantly filled by siliciclastic or carbonate deposits, whose origin
can be controlled by different sedimentary mechanisms. The Turonian-Paleocene deposits of the Ropianka
Formation (Skole Nappe, Polish Outer Carpathians) include both siliciclastic and carbonate deposits represent-
ing a relatively proximal zone in the western part of the basin. Based on the facies analysis with high-resolu-
tion bed-by-bed stratigraphic succession logging, interpretation of the depositional processes, and statistical
characterisation of distinguished facies associations, depositional setting was interpreted and subdivided into
well-established subenvironments of the turbidite system. The Campanian-Maastrichtian evolution of the
Skole Basin shows progradational-retrogradational cycles and the corresponding shifts from carbonate to
siliciclastic dominated sedimentation, mostly as a result of relative sea-level changes and tectonic activity. Ina
smaller scale, two studied intervals with high contribution of carbonate deposits were influenced by the silici-
clastic sedimentation. Field studies revealed carbonate facies associations characterised by the occurrence of
deposits indicating sediment bypass and abundant small-scale erosional features. Despite domination of marls
this bypass zone tends to show a higher contribution of lag deposits or dune scale bedforms with intraformation-
al clasts. Such types of deposit may be a useful tool for tracking periods of turbidite system progradation, and
perhaps small-scale sea level changes or tectonic pulses in a deep-water sedimentary successions dominated
by fine-grained sedimentation.

This research was financed by the National Science Centre, Poland, from the Preludium 16, Grant Agreement
No 2018/31/N/ST10/00880 programme.
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Impressive outcrops of Late Miocene aged deep-marine sediments are exposed near Taza (NE Morocco), depos-
ited adjacent to the Rifian Corridor during the late Tortonian. Excellent outcrop exposure allowed the detailed
logging and three-dimensional observation of turbidite sediments interpreted as sinuous channel fills, forming
a succession of channel-levee complexes. Channel Complex 5 is exposed along ~1.5 km of NW-SE oriented,
laterally continuous outcrops. High outcrop quality and lateral control allows confident assessment of the
sedimentary architecture, which was characterized with the acquisition of 60 sedimentary logs. These allowed
the construction of a detailed stratigraphic panel, revealing the architectural organization of the Complex,
through the succession of four genetic units, revealing modifications of the parent channel course. The lower
unit (Unit 1) is composed of thin- to medium-bedded turbidites, forming laterally extensive, locally amalga-
mated and laterally accreted bedsets, fringing laterally into mud-prone heterolithics. These deposits represent
frontal splays and subsequent small-scale meandering channels, with subtle muddy levees. The overlying Unit
2 is erosionally-based, thicker-bedded and bounded by well-developed sand-rich levees. It comprises amalga-
mated sandstones, rich in mud-clasts, which pass downstream to a sigmoidal sandstone body made of more
thinly-bedded and finer grained amalgamated sandstones. Deposits of this unit represent the asymmetrical fill
of a sinuous channel, which aggraded contemporaneously to its levees. In the upper levels, Unit 3 is typified by
coarser, thicker, and locally amalgamated cross-stratified sandstones, featuring larger-scale sigmoidal bedding,
which pass down-current to non-amalgamated sandstones with bar-like geometries. This unitis characterized
by an irregular top surface interpreted to reflect establishment of a meandering channel, partially infilled by
accretion processes at its inner banks. Finally, the heterolithic Unit 4 onlaps the top surface of Unit 3 and is
characterized by a fining-upward stratigraphy, which represents a phase of channel shutdown. The documented
channel-levee architecture can be used as a high-resolution analogue for sinuous channel systems.
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Sedimentary conditions and depositional processes in the Caledonian pre-flysch basin of the Holy Cross Moun-
tains (SE Poland) have been studied through the analysis of Silurian carbonate concretions and calcified tuffites.
The sedimentological research has been conducted on samples from three natural outcrops and two drilling
cores. The early diagenetic genesis facilitated the preservation of original sedimentary structures in the studied
concretions and tuffites. A relatively deep-water foreland basin was formed in the Wenlock to Early Ludlow time
span along the present-day SW margin of Baltica as a result of the collision with a volcanic arc located west- or
south-westward. The depositional regime in this basin was dominated by accumulation of fine-grained clastic
sediment influenced by the intermittent benthic anoxia. The investigated interval (Wenlock-Lower Ludlow)
consists of graptolitic claystones and mudstones, which were largely deposited from the suspension fall-out,
periodically the sedimentary conditions were affected by weak bottom currents. The entire succession is quite
monotonous and homogeneous because compaction has obliterated its original structures. Therefore, the early
diagenetic carbonate concretions provide an opportunity for insight into the primary sedimentary conditions.
The mudstones contain laminasets of pelleted, burrow-mottled and homogenized laminae with framboidal
pyrite, clay minerals, fibre-like organic matter and mica flakes. They are intercalated by numerous calcified
volcanic ash beds, up to 3-4 cm thick. Most of them show normal grading, however, in a few cases reverse grad-
ing has been also noted. Some beds show erosional basal contact overlain by quartz/feldspar silt that grades
upward into laminated clay or single current ripples. The carbonate nodules reveal thin undulating laminaets
with erosional surfaces and inserts of tiny shell/crinoid debris that seem to be produced by high-energy events.
The §"*C signature of carbonate concretions has been also determined and obtained values range from -12.1 to
0.9%o. Together with other sedimentological features they indicate that isotopically heavier concretions were
formed under the sulphate-reducing conditions, while the lighter ones may be related to the periodic anaerobic
oxidation of methane.
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This work focuses on the serravallian foredeep turbidites of the Marnoso-Arenacea Formation (MAF), known
in the literature as the Firenzuola system or Unit V. This Unit records progressive closure of the MAF inner
basin and consequent depocenter shift toward the outer basin due to the coeval growth of two regional tectonic
structures parallel and perpendicular to paleocurrents, which are the Mt. Castellaccio thrust and the Vergh-
ereto high. Unit V depositions is also controlled by the Casaglia mass transport complex (MTC), a 500 m thick
transversal unit. The main goal is to provide a high-resolution stratigraphic framework of Unit V, thanks to
bed-by-bed correlations and a detailed facies analysis. Grain size was also analyzed using a laser diffraction
granulometer for characterizing facies and sedimentary structures. As shown in previous works, Unit V can be
subdivided into two sub-units, Unit Va and Unit Vb, separated by the Bedetta MTC, found for the first time in
the study area. This MTC testifies a further basin narrowing phase and an increase in basin confinement that
favour flow deceleration and possible hydraulic jumps. This is testified, in Unit Vb, by the drastic increase in the
sandstone-mudstone ratio, mud-draped scours and massive to crudely laminated coarse-grained sandstones
characterized by widespread occurrence of mudstone clasts, flame structures and traction bypass facies. In
fact, while Unit Va is dominated by contained reflected beds that tend to be controlled by the morphological
barrier created by Casaglia MTC, Unit Vb is dominated by facies recording high deceleration rates of basal
high-density supercritical flows and the bypass of low-density turbulent flows. These processes influence the
lateral and vertical facies variations of depositional lobes, as well as their geometries. This work has allowed a
paleogeographic reconstruction of this portion of the basin, which can be particularly suitable for stratigraphic
modeling and analogs for laboratory experiments. A subdivision of Unit Vb in depositional lobes is also pro-
vided, in order to better understand lobe and interlobe geometries, architectural hierarchy and depositional
mechanisms.
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The sedimentary architecture of channelised turbidites can be highly complex as it reflects the response of
submarine channels to several interplaying factors, both allocyclic and autocyclic. Although largely studied
through seismic imaging, turbidite channel fills are not satisfactorily understood for sedimentary facies and
small-scale architectures at a sub-seismic scale. This contribution reports on the sedimentary architecture and
the controls on the evolution of a ca. 20 m-thick channel-levee Complex 4 of the Tachrift system, which accu-
mulated during the Late Tortonian onto the southern slope of the Neogene Taza-Guercif Basin (Rifean Corridor,
NE Morocco). The elemental building blocks of studied channel-levee complex are single-storey channel fills
and associated levees. Single-storeys are made of a few to several event beds that in channel fills can stack ver-
tically in a cut-and-fill fashion, or laterally, forming lateral accretion packages (LAPs) with an overall sigmoidal
shape. The elemental blocks are organized to form the architecture of Complex 4, which evolves from base to
top: (i) a ca. 7 m-thick mud-prone interval containing relatively small and vertically stacked channel fills with
poorly developed muddy levees, (ii) a ca. 4 m-thick and >1 km-wide sandstone-rich middle interval made of LAPs
which is progressively less amalgamated upward and overlain by ca. 5 m of cm-thick sandstone intercalated
with hemiplegic marlstones, and (iii) ca. 9 m-thick upper interval constituted by vertically stacked channel
fills, made of variously directed LAPs, associated with well-developed levees. This architecture suggests that,
following a phase of inception (i), the channel underwent extensive meandering with very minor vertical ag-
gradation, prior to be blanketed by ‘retrogressive’ muddier deposits (ii) during a phase of reduced sediment
input. In turn, the uppermost interval (iii) records a late phase of channel re-establishment and aggradation.
The identified changes of architectural style are interpreted to reflect the response of variations in sediment
supply and flow properties at temporal scales shorter than c. 30 kyr (estimated duration of Complex 4), and can
be modulated by long-term adjustment of submarine channels to profile of equilibrium.
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Depositional environments in foreland basins settings is mainly controlled by submarine fan deposits. The
goal of the study was to study the Late Eocene-Oligocene submarine fan exposures of the Internal Ionian zone
in Greece and to identify potential reservoir units. The study was based on the detailed sedimentological anal-
ysis of eleven sections through the Late Eocene-Oligocene flysch formation of the Internal Ionian Zone (I1Z)
in Western Greece. The sections are spread to Epirus and Aitolokarnania regions. Paleocurrent and biostrati-
graphic analysis completed the available dataset. The onset from carbonate-to-clastic sedimentation occurred
during upper Eocene, forming a 100-200 m thick unit (Unit I), which consists of a lower marly transitional zone
with thin intercalations of calciturbidites and limestones that upwards grades into mudstone with thin (< 0.3
m) sandstone/siltstone beds. Unit I is overlain by a succession of thicker (< 1 m) and coarser-grained sandstone
beds regarded as UNIT II. Paleoflow measurements from flute and groove marks indicate an east to west
flow direction of the turbidity currents, suggesting deposition on open unconfined basins. Intervals of thick
amalgamated sandstones and conglomerates intercalated with thick-bedded heterolithics characterize Unit ITI
(Lower Oligocene). The flow direction of the turbidity currents is axial and both, north to south and south to
north. Based on thickness variations and grain-size, the source of the turbidity currents is near the boundaries
of the pre-existing Eocene basins, which might have evolved into large strike-slip zones. The mud-dominated
flysch deposits in Unit IV suggest a placid tectonic time interval during middle Oligocene. Intervals of thick
amalgamated sandstones and conglomerates to thick-bedded heterolithics in Unit V (Upper Oligocene) probably
indicate the age that thrusts started to penetrate within the IIZ The presence of abundant local to basin-scale
mass-transport deposits is also consistent with strong tectonic activity at this time interval. Based on facies
associations distributions 5 distinct units have been identified in the IIZ flysch deposits. In terms of reservoir
characterization units IIT and V and in a lesser degree Unit II could be regarded as potential reservoirs.
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Commercial hydrocarbon reservoirs have been discovered in shallow-water areas of the Scotia Basin, Eastern
Canada. However, knowledge about the structure and hydrocarbon accumulation characteristics of the basin
is still insufficient, which constrains the petroleum exploration in deep-water areas. Based on comprehensive
data of drilling, seismic survey, and magnetic anomalies, this study determines the structure characteristics
of the Scotia Basin and its hydrocarbon accumulation conditions in deep waters, and evaluates the deep-water
hydrocarbon exploration potential. The transform faults in the northern basin and basement properties of the
basin control the sedimentary framework showing thick strata in east and thin strata in west of the basin. The
bowl-shaped depression strata formed by thermal subsidence during the transitional phase and the confined
environment (micro basins) caused by salt tectonics provide favorable conditions for the development of source
rocks during the depression stage of the basin. The progradation of large shelf-margin deltas during the drift
phase and steep continental slope provide favorable conditions for the deposition of slope-floor fans. Moreover,
the source-reservoir assemblage comprising source rocks in the depression stage and the turbidite sandstones
in the drift phase may form large deep-water turbidite sandstone reservoirs. This study may provide a valuable
reference for the deep-water hydrocarbon exploration in the Scotia Basin.
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Identification of turbidite channel-levee deposits in ancient strata is of particular significance in subsurface
modelling of deep-water systems, where data are restricted to narrow borehole sections or seismic images. As
with areas of discontinuous outcrop, interpretation of the temporal relationship of channel-levee systems is
largely based upon inference. Moreover, documented outcrops where accordant channel fills and overbank
sediments can be observed with continuity are few/small. We present the outcrop of Complex 6, one of multiple
turbidite channel-levee complexes making the Tachrift system (late Tortonian-early Messinian), exposed in
NE Morocco as part of the clastic fill of Taza-Guercif Basin. Goal is to document geometry, facies assemblages,
and their vertical-lateral stacking within Complex 6, to be integrated with the ongoing surveys of the basin fill.
The method integrates geological mapping, facies analysis on 46 logs, and physical stratigraphic correlations.
Complex 6 consists of three sandstone-rich units, A, B, and C, that progressively increase in grain-size and are
laterally stacked in a SE-ward shifting fashion. Vertical and lateral facies associations and changes in units B
and C suggest that channel-fill deposits and genetically linked levees have different crossflow facies tracts, re-
cording changes in flow parameters and morpho-dynamics of the parent channel. The two end member types
represent the product of deposition in sinuous meandering channels and relatively straight non-meandering
channels: i) asymmetrical channel-fills, dominated by lateral accretion packages that make transition to levees
at the accreting inner bank, showing complex lateral relationship with the outer bank levee; ii) symmetrical
channel-fills, in which channelised amalgamated sandstones laterally pass into sandy levee crests, then to
mud-prone outer levee heterolithics. Facies associations and 3D stratigraphic architecture of Complex 6 reveal
an eastward channel belt migration and a progressive flow energy/density increase. Owing to magnificent 3D
exposures, the study provides sedimentological characterization of channel-levee transitions, insights into
evolution of their parent channel from inception trough abandonment, and predisposes sub-seismic lithological
calibration of subsurface analogues.
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Sediment suspension in turbulent flows can be considered analogous to a diffusion-dispersion process, where
turbulent diffusion of sediment is related to turbulent momentum (eddy) diffusivity by the ratio . Currently,
there is no agreement in the literature concerning an appropriate value of 3, nor the physical reasons for why it
may vary. Here laboratory data are presented for dilute flow over upper stage plane beds and both uniform and
nonuniform sediment, covering silt and sand particle sizes. For the first time, experimental analysis involving
decomposing {3 for separate particle size fractions shows that 3 varies by several orders in magnitude and 8
increases with increasing ratio of settling velocity and shear velocity, ws/u*. A new relation for 8 is proposed
based on a combination of two previous relations, covering 0.01<ws/u* <1. This relation represents a lower limit
for capacity conditions over upper-stage plane beds, with higher values expected for noncapacity (reduced)
concentrations and for flow over bedforms. Comparison is made between the bulk concentration predicted
using the proposed B=f (ws/u*) relation versus =1, suggesting that the latter commonly held simplification
overestimates sediment concentrations for suspended-load-dominated flows.
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Our understanding of the formative conditions of sole structures is limited, with the formation of chevron
and striated groove marks remaining particularly enigmatic. We conducted laboratory experiments of these
sedimentary structures by dragging an idealised armoured mud clast through substrates of different density,
composed of kaolinite-seawater mixtures, to represent the seabed, and covered by seawater. Chevron marks
formed over a narrow range of substrate densities, likely explaining their relative rarity in nature. Further-
more, their form depends on substrate strength, with chevron angle relative to the movement direction of
the clast being less in weaker substrates. Moreover, cut chevron marks, characterised by a thin central stripe
that separates the chevrons, bear no relationship to the size of the incising clast, but rather reflect a weak
substrate that is sufficiently mobile to close behind the clast. In contrast, interrupted chevron marks, with a
more pronounced central groove, reflect greater substrate strength, and striated groove marks without chev-
rons form in the substrates with the highest strength. Our experiments also suggest that armoured mud clasts
are the likely tools to produce fine striae in striated grooves, and hence that these clasts are more prevalent in
some deep-marine settings than previously thought. The observed changes from cut chevrons, via interrupted
chevrons with striated grooves, to striated grooves without chevrons, in combination with changes in chevron
angle, enables these sole structures to be used as indicators of palaeosubstrate rheology, provided that specific
conditions are present to preserve chevron marks in the characteristically weak substrates in which they form.
These conditions include a prolonged period of bed consolidation, flow bypass, and lack of bioturbation caused
by low oxygen levels. Given changes in seafloor communities and bioturbation over geological time and their
impact on substrate rheology, our work suggests that the frequency of these sole structures likely altered with
the evolution of burrowing organisms.
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Turbidity currents rival rivers in their global capacity to transport sediment. Yet, unlike rivers, there are cur-
rently no models that predict the down-channel evolution of turbidity currents. The most import limitation is
the uncertainty in quantifying the entrainment of sediment and water into these flows. Here we present unique
field data that allows us, for the first time, to quantify the water entrainment of full-scale turbidity currents
as they evolve down the Monterey Canyon. We use these data to test existing water entrainment models. Addi-
tionally, we use temperature measurements to show that colder ambient water is mainly entrained through the
nose of the flow. Finally, we present a new conceptual model of a turbidity current that is mainly entraining
ambient water through the nose of the flow while de-training along most of the top interface, this in contrast
to the previous models that emphasized water entrainment along the top interface.
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Hybrid event beds are widely recognised, and a number of different models exist that explain their genesis.
These models work well for initial high concentration failures that transform downdip. However, flows that
transform from initially dilute to high concentration with distance downstream are much less well explained by
existing models. In particular, existing hybrid event bed models do not explain the process mechanics respon-
sible for forming the debritic (H3) division through the addition of mud clasts eroded en route. Furthermore,
these models also do not explain how groove marks can be found directly underneath hybrid event beds. The
presence of such grooves (with their constant depth and width) has in turn been linked to debris flows that
have sufficient cohesive strength to be able to maintain a tool (clast) in a fixed position whilst cutting through
a mud-rich substrate. Here we integrate field data from the Aberystwyth Grits, Wales, with literature data to
propose anew process model of hybrid event beds. In this model, erosion is focused at the front of the turbidity
current, reflecting experiments and numerical simulations. This erosion of mud increases the density of the
head, or a ‘flow cell’ right at the front of the head (cf. Congo turbidity currents). Clasts are initially eroded and
travel as bedload. This bedload travels slower than suspended sediment, with clast velocity decreasing with
increasing grain size. Therefore, mud clasts move backwards relative to the head, with clasts undergoing size
segregation. The presence of grooves and their genetic link to hybrid beds, as shown in the Aberystwyth Grits,
shows that the head of the flow can transform fully into a debris flow. As the flow decelerates, cohesive forces
become more important, vertical segregation commences behind the head, and the H1 sand division starts
to aggrade. Most of the bedload will bypass the top of this solid aggrading surface, but isolated clasts can be
incorporated. As the flow further increases in cohesion, buoyant forces become important, and the bedload
fraction starts to be incorporated into high-strength transitional flows where minor segregation can still occur,
then into a true debris flow (H3). Low concentration components of the flow follow (H4/H5). This model thus
combines vertical and longitudinal segregation.
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Medusae often form blooms in many contemporary marine environments and subsequently accumulate in
great numbers on the sea floor. Despite their presumed abundance in ancient oceans, their fossil record is
comparatively rare, especially in deep marine deposits. Herein, evidence of such an event in the Eocene flysch
of the Slovenian coast is presented. The flysch is generally of very distal character and consists of alternating
marly mudstones and thin beds of fine-grained siliciclastic turbidites. Exceptionally, near the town of Skofije,
an interval of thick-bedded, medium-grained sandstone is quarried, where numerous unusual circular struc-
tures occur on the lower bedding plane of a particular thicker laminated sandstone bed. They are circular to
ellipsoidal, 6.5-24.5 cm in diameter, and generally isolated. Some of them partly overlap. The best-preserved
specimens have two rings and thin radially disturbed “stripes” between them. Additional small transverse ribs
occur in the central part, although poorly expressed. These structures are interpreted as fossil medusae. The
morphology is consistent with that of cnidarian medusae and appears to be analogues of extant scyphozoan
Discomedusae. Thin sections crossing the selected specimen show that only the lowermost laminae were de-
formed by the structure, while the higher laminae are undisturbed in the remaining part of the bed. This bed
is probably not turbiditic, but was formed by a hyperpycnal flow that gradually accumulated the sand on the
seafloor. The medusae were laying on the marly mud on the seafloor (probably dead) after a great medusae
bloom enhanced by a humid episode. The same weather conditions caused hyperpycnal flows that covered
the medusae. After the initiation of the flow, the first sand layers gradually seeped into the decaying bodies
and later formed the 95 cm thick bed. In the laboratory, an experiment with recent medusae was conducted. It
shows that such fossilisation is possible. In the future, detailed biostratigraphic and mineralogical studies that
aim to connect the studied succession to one of the Eocene humid/warming episodes are planned.
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Sediment-laden turbidity currents and other sediment-rich gravity currents are well-studied depositional pro-
cesses. However, the identification of the transitional zone between the submarine channels and lobes may
be challenging due to the high geomorphological dynamics involved. The discovery of rare-exhumed-chan-
nel-mouth systems can provide valuable insights for this identification. This study analyses two Late Eocene
sections from the San Jacinto Formation in the Colombian Caribbean, the San Jacinto and Arroyo Alférez creeks,
which are dominated by coarse-grained deposits. These sections consist of meter-thick sigmoidal and lens-
shape gravels; foreset and backset cross-stratified pebbly sandstones; and low-angle, upflow-dipping, undulat-
ed-stratified (antidunes) granule and coarse-grained sandstones filling gently scours (cut-and-fill structures).
Additionally, layers of centimetric-thick mudstones with horizontal bedding containing abundant benthic fo-
raminifera have been identified. These features provide insights about a coarse-grained mouth-bar migration
and antidunes linked to supercritical flows. Therefore, the channel-lobe transition zone is characterized where
the channel (or canyon) loses confinement from the mouth towards an antidune setting. The aforementioned
deposits are located below the highly bioturbated and thinly layered sandstones (including Ophiomorpha and
Thalassinoides), and mudstones (including Chondrites, Phycosiphon, and Teichichnus) with benthic foraminifera,
load casts and flame structures, which are associated with low-density turbidites in a levee system. Successions
of meter-scale sharp- and erosional based, fining-upward sequences with basal massive matrix-supported peb-
ble conglomerates (including hard, extrabasinal clasts, rip-up mud clasts, and coastal bioclasts), which evolved
upwards from liquefied massive to planar-laminated coarse-grained sandstones with phytodetrital carbona-
ceous laminae, overlay the deposits. The structures are defining the channel fills with cohesionless debris flow
(bypass) and concentrated flow deposits (high-density turbidites) coming from fluvial or coastal systems (i.e.,
delta). This study suggests the evolution from the channel-lobe transition zone to a channel-levee complex.
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A system of small, but active submarine canyons without riverine sedimentary inputs was identified offshore
Pointe-des-Monts (PDM) in the Lower St. Lawrence Estuary (eastern Canada). Previous work has demonstrated
that storms initiate sediment resuspension and turbidity currents in these submarine canyons. However, the
Holocene sedimentary processes operating in the PDM canyons and their relationship to regional climate and
oceanography remain poorly understood. In this context, we investigated sedimentary facies and depositional
history of the PDM submarine canyons during the Holocene in order to reconstruct the history of storm-induced
turbidity currents. To reach these objectives, we conducted grain size, mineralogical, chemical elemental analy-
ses (pXRF) and physical properties analyses (e.g., density, magnetic susceptibility, diffuse spectral reflectance,
etc.) of several sediment cores collected during five different sampling campaigns onboard the R/V Coriolis
IT and CCGS Amundsen. Our results indicate the presence of 1) normally-graded sandy intervals, sometimes
massive, with erosive basal contacts interpreted as turbidites and 2) intervals with inverse then normally graded
sand with gradual contacts and intervals with inverse grading suddenly changing to a finer grain size, which
likely results from the reworking of turbidites and hemipelagites by bottom currents. Radiocarbon dating re-
veals that the PDM submarine canyons have been active for at least 6000 years. Grain size, mineralogical and
elemental analyses on samples from box cores and sediment traps deployed in the main canyon fan in order
to study historical and modern sedimentary dynamics are ongoing and will also be presented.
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Attempts have been made in the past to link stratigraphic cycles in turbidite sequences to progradation (i.e.
thickening and coarsening upward) and retrogradation (thinning and fining upward). However, if the sedi-
mentary system is laterally unconfined or shows much compensational stacking, the relationship between
stratigraphic cycles and such vertical sequences may be more complex or stochastic. Meanwhile, progradation
and retrogradation imply a basinward or landward shift in deposition respectively, but few 2D outcrop sections
along depositional dip have been studied sufficiently to establish the longitudinal variations in stratigraphic
cycles. In this study, two Cretaceous turbidite sand sheet systems, referred to as Pehoe Member B and Paine
Member A (abbreviated here to Pehoe B and Paine A) are compared, to investigate the longitudinal stratigraphic
variation and possible implications. With a logging scale of 1:10, statistical methods such as runs tests, moving
average, and correspondence tests are used to detect stratigraphic cycles. Combined with facies and thickness
analysis, Pehoe B and Paine A sand sheet systems are both interpreted to be laterally confined with dominantly
vertical stacking overall. Along depositional dip, stratigraphic cycles of thickening and coarsening upward
then thinning and fining upward, where present, are asymmetrical in proximal areas but appear to be more
symmetrical in distal areas. The longitudinal variation of stratigraphic cycles is generally consistent with that
of maximum thickness of amalgamated beds and total counts or counts/meter of all bypass features. Turbidite
vertical sequences of both Pehoe B and Paine A reflect a general progradation then retrogradation process,
with superimposed small scale fluctuations, which may infer allogenic variations in sediment supply (3rd to
4th order sequences).
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Clay-coating processes have long been discussed in literature and several mechanisms have been suggested
as key in the generation, including co-deposition, infiltration, bioturbation-induced sediment mixing and a
biofilm origin. Recent studies suggest extracellular polymeric substances (EPS), a fundamental constituent of
biofilms, play an important role in the formation of clay-coating of grains by forming an adhesive coat around
sand grains. This adhesive acts as a binding site for clay minerals. Here we investigate clay coat formation in
modern deep-water settings using sediment samples from Bute Inlet (Canada) and the Congo Canyon (W Afri-
ca). Biological geochemical proxies (chlorophyll a and total carbohydrate content) were used to investigate the
role of biofilms in the formation of clay-coated grains. Although previous studies in marginal coastal settings
have shown a significant and positive correlation of clay-coat coverage with total carbohydrate and chlorophyll
a content across delta and estuarine sediments, this relationship is less established in deep water sediments.
This suggests that most clay coats are likely to be formed in marginal marine settings, such as deltas, estuaries
and coastal seas and transported to the deep-sea with an intact/semi-intact coat coverage. Preservation of coats
during transport is likely to depend upon the coat thickness as well as the clay type. The implications of these
findings for understanding transport histories and paleo environmental processes resulting the deep water
deposits will be discussed.
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Bacteria are the most abundant forms of life we know on our planet, able to survive in a variety of habitats,
that play an important role in mineral formation and transformation processes. Here, we present laboratory
experiments in which unconsolidated quartz grains were seeded with Geobacter sulfurreducens cells and exposed
to a mineral medium solution for 96 hours at temperatures of between 60 and 120°C. Experimental data show
the interdependence between extracellular polymeric substances (EPS) and the early formation of grain-coat-
ing material. The occurrence of EPS promotes the development of web and bridging structures binding the
quartz grains and creating EPS-coated surfaces. With increasing temperature, an amorphous mineral phase
grows preferentially on these surfaces suggesting that EPS can act as a template for mineral nucleation. At
temperatures >100°C, the order of crystallinity of the amorphous authigenic phase increases, transitioning to
poorly-ordered rosette-like textures.
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The Ravenglass Estuary in Cumbria, NW England, UK, has been used as a test-bed to develop new understand-
ing of sedimentary sub-depositional environments and how they relate to sediment accumulation, erosion
and re-deposition, sediment mineralogy, sediment grain size attributes (sediment texture), clay grain coats
and early diagenetic processes. Sediment texture remains a universal attribute of all sediments when key
diagnostic features, used to interpret the sub-depositional environment, are obscured or not present. Here we
present an automated, supervised machine learning-based classification workflow which implements Extreme
Gradient Boosting and Bayesian Optimization of hyperparameters to differentiate estuarine sub-depositional
environments. We use nineteen textural attributes, measured using laser particle size analysis of surface sed-
iment samples to make unbiased classification of sub-depositional environment. The predictive model created
using the automated workflow has been evaluated using a suite of evaluation metrics, confusion matrices, and
spatial analysis to understand the geological implications. The surface calibrated model has then been applied
to textural data, obtained at 5 cm intervals, from Holocene geotechnical cores (up to 12 m) drilled through the
Ravenglass Estuary succession, in order to classify paleo sub-depositional environment. The distribution of
clay grain coats has been measured at the surface, and a statistically significant correlation has been found
between surface sub-environment and clay grain coat coverage. The observed trends in clay grain coat coverage
and sub-environment at the surface are similar to the subsurface in the Ravenglass estuary. The implication
of this is that we can use the relationship between clay coat coverage and sub-depositional environment at the
surface to infer clay coat coverage in the sub-surface. Stratigraphic correlation panels can therefore be used to
predict the occurrence of reservoir quality enhancing grain coating clays.
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In this study we produced synthetically cemented sandstones to assess the impact of detrital texture and compo-
sition on the precipitation and distribution of early calcite cement, and cement-related degradation in porosity
and permeability. X-ray micro-CT was implemented to quantify porosity and permeability after cementation
and to visualise precipitation patterns, while high resolution 2D optical and scanning electron microscopy were
used to track micron scale features. To simulate early-calcite cementation, loose sediment of variable composi-
tion and grain size was exposed to a calcite supersaturated solution for 30 to 60 days at 20°C. The experimental
results show the precipitation of grain-rimming, pore-bridging and pore-filling granular calcite cement with
up to 100 um crystal size. Despite a positive correlation between the amount of carbonate grains and calcite
crystals, calcite cement does not preferentially nucleate on bioclast surfaces, irrespectively of their favourable
mineralogy. Grain size variations within the grain packs have influence on the precipitation pattern of calcite
with coarse-grained layers (500-710 pm) showing minor calcite cementation (6.3%), while medium- (250-500
um) to fine-grained layers (125-250 um) comprise average calcite cement contents of 16.3% and 28.2%, respec-
tively. Initial physical compaction experiments utilizing distilled water as pore fluid at an effective stress of
27.58 MPa (4000 psi) and sample temperature of 50°C before and after cementation of the grain packs highlight
the increase of mechanical strength and the reduction of compaction effects due to stabilisation of the grain
framework by cementation. The findings of this study enhance our knowledge regarding the influence of de-
trital sediment composition and texture on the precipitation of early calcite and may provide implications on
the impact of eogenetic carbonate in sedimentary sequences.
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Detrital clay minerals, such as chlorite and illite, are reported to coat grain surfaces in a wide range of clastic
sedimentary environments. Upon burial and diagenesis, detrital grain coats and precursor minerals may be-
come altered to form continuous authigenic grain coats, which in the case of chlorite, is known to preserve po-
rosity and permeability (i.e., reservoir quality) by inhibiting the formation of quartz overgrowths which might
otherwise fill pores. Therefore, understanding the occurrence and distribution of grain-coating clay minerals
in sedimentary environments is key to predicting the occurrence of anomalously high reservoir quality in deep-
ly-buried sandstones. Modern sedimentary environments (e.g., deltas, estuaries) can be studied as analogues
for deeply-buried systems to help us understand the depositional processes that form detrital grain coats and
control how they are distributed. Here we present how the Ravenglass Estuary, a modern macro-tidal in north
west England, has been used as an analogue for deeply-buried reservoirs due to the presence of detrital clay
grain coats in the estuarine sediment. Previous surface studies of the estuary have revealed that clay grain coats
are distributed heterogeneously, and concentrated in marginal inner estuary tidal flats but almost absent in the
outer estuary. In addition to surface studies, here we show how new subsurface data from 12-m geotechnical
cores has improved our understanding of how depositional and near-surface post-depositional processes have
influenced the distribution of detrital clay coats. Machine learning methods, based on combined geochemical
(bulk XRF) and textural data, have been used to classify sub-depositional environment in the geotechnical cores
from the Ravenglass Estuary, providing a framework to explore clay content, Fe-enrichment, and availability
of iron: all essential for generating authigenic chlorite coats. Subsurface analogue studies allow us to project
models of sedimentary environments into the eogenetic realm and discuss the implications on generation of
reservoir quality-preserving chlorite coats upon deeper burial.
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A mineralogical and petrographic study of silicified wood from the continental late Hercinian basin of Erill
Castell, SE Pyrenees (Spain), has been undertaken. The basin infill comprises a succession of sedimentary and
volcanosedimentary units separated by angular unconformities, and contains numerous coal seams. Plant
fossils abound in the fluvial and the floodplain facies where coal seams occur, although silicified remains
are rare and were found in particular beds. These remains are associated with river channel and alluvial fan
deposits. Thin sections observed through optical microscopy reveal differences between samples collected in
different host rock environments. Wood samples from fluvial deposits are mainly silicified by chalcedony, and
later by macroquartz mosaics that replace the previous silicified wood. Host sandstones and siltstones have not
undergone pervasive silicification, but are locally cemented with opal and are affected by ferruginization. They
contain angular clasts of quartz and altered volcanics. The paragenesis of wood samples enclosed in a debris
flow is more complex. Chalcedony remains the most abundant mineral, but it is accompanied by important
amounts of other silica phases, including quartz and several generations of opal. In these samples, macroquartz
is likewise associated with poorer wood preservation, whereas microquartz seems to have formed from pre-
vious opal generations. The host rock is a matrix-supported conglomerate cemented by microquartz and opal.
The clasts are angular, poorly sorted (up to 30 cm) and composed of black chert and volcanics. Hence, two early
diagenesis silicification pathways can be identified. We suggest that in both cases the origin of silica can be
traced to eroded equivalents of the weathered felsic to intermediate volcanic rocks of the basin (through glass
devitrification and feldspar kaolinization). In fluvial deposits, the silicification of wood was due to infiltration
of groundwater that interacted with fresh volcanic rocks upstream. Conversely, in debris flows, interstitial
fluids saturated in silica were produced by weathering of volcanic material in the sediment enclosing the wood.

This research was funded by DGICYT Spanish Project PID2021-122467NB-C22 and the Grups de Recerca “Geo-
logia Sedimentaria” 2021 SGR-Cat 00349.
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Petrothermal and petrophysical characterization of alluvial
fan, fluvial fan and lacustrine Paleogene sediments of the
Ebro Foreland Basin, South Pyrenean fold and thrust belt
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Alberto Saez®, Jean-Pierre Sizun?, Irene Cantarero?, Anna Travé?
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Barcelona (UB), Barcelona, Spain
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We analysed the petrothermal and petrophysical properties of the Upper Eocene alluvial fan, fluvial fan and
lacustrine deposits in the NE Ebro Foreland Basin, South Pyrenean fold belt. The proximal facies located in the
Oliana anticline consist of marine marls, transitional sulphates and non-marine alluvial sandstones and con-
glomerates. Distally, fluvial fan facies of the Sanaiija anticline, comprise channelled and crevasse splay tabular
sandstones and clays interbedded with shallow lacustrine facies. Lacustrine deposits comprise channelled and
mouth bar tabular deltaic sandstones, offshore carbonates and playa-lake gypsum and clays. Thermal conduc-
tivity measurements reveal low values from 1.818 to 3.232 Wm™'K™ for the carbonates and sulphates, as well as
high values from 2.831 to 3.736 Wm™K" for the distal sandstones and conglomerates. The connected porosity
of proximal alluvial conglomerates and sandstones range from 1.90 to 3.73% and 0.74 and 22.42%, respectively,
with 64.52% of the values ranging from 0.42 to 5.25%. In contrast, distal fluvial fan and lacustrine sandstones
have higher overall porosities from 3.16 to 18.02%, with 68.96% of the values between 6 and 12%. Sulphates
and carbonates have porosities from 0.42 to 20%. Mineral density of the samples ranges from 2.310 to 2.409 g/
cm? for sulphates, from 2.682 to 2.753 g/cm?® for carbonates and from 2.618 to 2.783 g/cm? for conglomerates
and sandstones. Velocities of compressional acoustic waves range from 2236 to 6322 ms™, showing a negative
correlation with connected porosity values. Contrarily, no correlation is observed between connected porosi-
ty and thermal conductivity of the studied rocks. This finding is in contrast to the results of previous authors
observations, which reported that these properties are negatively correlated.

This research was funded by the project ALORBE (PIE-CSIC-202030E310), DGICYT Spanish Project PID2021-
122467NB-C22, the Grups de Recerca reconeguts per la Generalitat de Catalunya “Modelitzacié Geod-
inamica de la Litosfera” (2021 SGR 00410) and ”"Geologia Sedimentaria” (2021 SGR-Cat 00349) and MCIN/
AEI/10.13039/501100011033 and European Union NextGenerationEU/PRTR (Juan de la Cierva Formacién fel-
lowship FJC2020-043488-I).
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Diagenetic features of the Tunas Formation (Permian) in
the Claromecé Basin (Buenos Aires province, Argentina):
its implication in reservoir characterization
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Renata Tomezzoli®
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The Claromecé Basin (Buenos Aires province, Argentina) has a relevant economic and energetic interest due
to the presence of coal layers contained in the Tunas Formation (Permian) which might be considered effec-
tive source rock for gas resource generation. This work aims at identifying the processes that acted during the
burial history of the deltaic sandstones of the Tunas Formation and their effects on the reservoir quality. To
this purpose, cores samples of the Tunas Formation were analysed using a combination of petrographic (trans-
mitted light, QEMSCAN, Cathodoluminescence) and petrophysical methods. The analysed wells are composed
of sandstones interbedded with mudrocks, carbonaceous mudrocks, tuffs and coals.

Sandstones are medium- to fine-grained, framework-supported, moderate-to-well sorting, with concave-con-
vex grains contact and 5-20% of matrix. Authigenic minerals are calcite and laumontite and minor propor-
tions of quartz and feldspar overgrowths and clay minerals. Porosity is primarily secondary, associated with
occurrence of fractures and dissolution of feldspars and carbonate cement. Porosity determined by optical and
petrophysical analyses ranges from 0.1 to 4% and permeability ranges between 10 and 10 mD.

Our results point out that during early diagenesis, physical compaction and precipitation of carbonate ce-
ments are the principal factors significantly reducing the primary porosity. Furthermore, in the mesogenesis
stage, chemical compaction, precipitation of carbonate and zeolitic cements and silicate overgrowths, further
contribute to porosity loss. However, secondary porosity could have been produced during this phase due to
the dissolution of unstable grains and calcite cements, caused by the action of acid fluids generated during
the decomposition of organic matter and gas migration. Additionally, secondary porosity can be generated
by fracturing, as a consequence of burial and tectonic stress and by the increase in pore pressure during the
hydrocarbon generation and migration processes. In conclusion, in the Claromec6 Basin, the reservoirs prop-
erties have been controlled by the composition of clasts and cements, the presence of organic-rich levels, able
to generate hydrocarbons, and by the tectonic stress that acted during the burial and uplift of the basin.
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continental platform — NW Black Sea

Gabiriel lon', Constantin Lazar!, Adrian Popa', Vlad Alexandru Apotrosoaei', Florin Dutu’

National Institute of Marine Geology and Geo-ecology — GeoEcoMar, Bucharest, Romania
gion@geoecomar.ro

The main goal of the work is to present and decipher several types of assemblages made by sedimentary features
and structures, specific for a continental platform with a high degree of sea level change during Quaternary -
the NW Black Sea. The main methods employed in obtaining pertinent information regarding specific features
and structures issued mainly as the result of the sea level change were multibeam echosounding, sub-bottom
profiling and shallow sediment sampling. The multibeam echosounding allowed us to produce detailed Digital
Terrain Models - DTM, one of the best information able to provide a synoptic view regarding the presence of
specific morphological features at the level of the sea floor, that can testify the geological processes controlled
by the sea level change over the shelf area. The chirp sub-bottom profiling technique allowed us to produce
very high resolution (1 dm or better vertical resolution and about each 3 dm a ping) seismic cross-sections. Due
to its characteristics the Black Sea evolved during Quaternary as a lake or as a semi-enclosed sea basin, being
affected by high amplitude sea level variations (150 m, or even more). According with several authors during
the last 25 ky BP, the sea level changed significantly at least seven times with relative amplitudes ranging from
8 0m to 5 m. The time dynamics of these changes is also highly variable. Function of the speed and amplitude of
the sea level change new sedimentary features and structures were build on the NW shelf of the Black Sea, but
also previous existing such features were destroyed or modified. From these features we mention: paleo-shore-
lines, beach ridges, terraces, river paleo-valleys and strands, marshes and deltas. As sedimentary structures
we specify regressive and transgressive ones, eroded and/or accretion structures and morphologies. The NW
continental platform is the widest in the Black Sea and due to its sub-aerial exposure during the glacial times,
even some aeolian features and structures were build on the present mid and outer shelf.
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Insight into the chronology of sedimentation at the Bela
alluvial fan (Karavanke Mts., NW Slovenia)
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The alluvial fan of Bela with a total area of ~ 1.2 km? is located east of the town of Jesenice at the foot of the
Karavanke mountains in northwestern Slovenia. The alluvial fan is densely populated with almost 2,000 inhab-
itants. The interest in research of this area is closely related to the finding that the settlement of Koroska Bela,
which is built on the Bela alluvial fan, is at risk from slope mass movements, as there are several large active
landslides in the hinterland. Historical data also report on the devastating debris flow in Koroska Bela in 1789.
The sedimentary body deposits were investigated in five 3.4-4.1 m deep research excavations along the alluvial
fan, covering its proximal, middle and distal part. Two dating methods were used to determine the age of mass
flow events. Nine samples were analyzed using bulk sediment radiocarbon dating, and two samples were dated
using the optically stimulated luminescence (OSL) method. Excavations revealed several successive layers of
debris flow sediments, consisting mostly of clayey-silty-sandy gravels. The amount of matrix and the silt/sand/
clay ratio varies between the layers. The gravel clasts are mainly angular to subrounded. The distribution of
clasts indicates reverse gradation in some layers, but distinct sedimentary structures are not evident. Individ-
ual thick gravel layers are generally covered by thinner, 5-40 cm thick layers or lenses of laminated silty sands
interpreted as deposits of fluvial processes that followed major mass flow events. The layers associated with
individual large events are 25 to 160 cm thick, attesting to the great magnitude and range of debris flows. In
the distal part of the fan, sandy silt and clay with gravel occur in the uppermost layers, which were deposited
as sediments of mudflows with a different material origin from debris flows. Radiocarbon ages indicate that
the oldest four sampled sediments were deposited during or shortly after the Last Glacial Maximum, the four
youngest events in the two proximal excavations belong to the Holocene, and the youngest dated sediment be-
longs to the historical event. One radiocarbon age mismatch with its stratigraphic position, which we attribute
to resedimentation of previously deposited older sediments along the alluvial fan. OSL ages agree relatively
well with radiocarbon ages.
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Shale facies characterization as a determining factor for the
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CCS workers have adopted tools and methods of reservoir production physics that have suffered some limita-
tions for the determination of CO, capacity-containment-injectivity by simplifying the flow properties of the
rocks, most notably the sealing lithotypes. This paper discusses the importance of Shales facies, as the most
important sealing lithotypes, within a geological system, to aid in the assessment of CO, and pressure/brine
flows. Chief among these properties are permeability and capillary threshold pressure. In the subsurface, they
are dictated by the depositional environment, lithological contents, and geological processes.

Analyses of samples from different depositional settings reveal strong relationship between shale facies and
sealing character. Silt-poor well-laminated shales generally have excellent to exceptional sealing behaviour. In-
creased percentages of silt-sized detrital grains enhance preservation of relatively large diameter pore throats,
thereby lowering sealing capacities. Sub-parallel-alignment clay minerals and organic matter and early marine
carbonate cementation can significantly enhance sealing capacity. Bioturbation generally degrades sealing
capacity. Mudstones associated with proximal channel-levee complexes commonly exhibit highly deformed
fabrics and are moderate to very silty and consequently have relatively low sealing potential.

Shales are effectively perfect seals with respect to multi-phase flow (e.g. hydrocarbons, CO,), but open with
respect to single-phase flow, allowing for pressure dissipation. The multi-phase CO, flow is governed by the
Young-Laplace physics with capillary threshold pressure as the chief property, while the single-phase pressure
flow is governed by darcy’s law with permeability as the chief property. The correlation between capillary
threshold pressure and permeability suggests that an assessment of CO, storage effectiveness should consider
the interplay between these different attributes in the numerical assessment. A case study using seismic facies
for the analysis of the storage facies architecture and as the base of the 3D high-resolution fluid model, will
be presented. We are calling for a paradigm change of CO, storage from petroleum production engineering
heuristics to a more geologically driven one.
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A 125-million-year-old mystery: what killed the
Hypsilophodon? A sedimentological investigation into the
genesis of the Hypsilophodon bed (Wealden Group, Isle of
Wight)

Marie Marsden', Richard Butler', Susannah Maidment?, James Wheeley', Gary Nichols®

1University of Birmingham, Department of Earth Sciences, Birmingham, United Kingdom
%The Natural History Museum, Department of Earth Sciences, London, United Kingdom
SRPS Energy, Woking, United Kingdom

mkm143@student.bham.ac.uk

The Hypsilophodon Bed is a 3m-thick layer of mudstone, siltstone and sandstone located at the top of the Wessex
Formation (Early Cretaceous, Barremian) on the southwest coast of the Isle of Wight, England. Large numbers
of skeletons from the small bipedal dinosaur Hypsilophodon foxii have been recovered from the bed since the
mid-1800s. Previous theories for these fossil occurrences have focused on mass death events including miring
and flood-related mortality. However, no detailed sedimentological study has been conducted on the horizon
and consequently its depositional environment is unclear. Furthermore, information regarding the location of
historic fossil finds is lacking, which combined with significant coastal erosion and a scarcity of recent finds
means our ability to evaluate differing hypotheses for the fossil assemblage is restricted. Here, we undertake
a comprehensive sedimentological study of the bed to constrain its depositional environment with methods
including sedimentary logging, drone imagery, palynology, petrographic and microfossil analysis. Examina-
tion of the matrix of Hypsilophodon fossils in museum collections has been carried out to identify where they
are located within the bed. Results reveal a river floodplain which became permanently waterlogged, forming
firstly a marsh and then muddy tidal flats as relative sea level rose prior to the establishment of a lagoon which
deposited the overlying Vectis Formation. Hypsilophodon fossils are found to be both spatially and stratigraphi-
cally widely distributed and display a range of levels of articulation, completeness, and preservation, suggesting
the fossil assemblage is not the result of a single mass death event but instead resulted from a time-averaged
accumulation of carcasses. The Hypsilophodon Bed lies at the boundary between the fluvial red-bed sequence
of the Wessex Formation and the overlying lagoonal mudstones of the Vectis Formation. Consequently, detailed
investigation of the bed also provides new insight into the nature of the transition between the two formations.
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Palaeogene glauconitic sandstones in former hydrocarbon fields, Siri Canyon, Danish North Sea, are targeted
for CO, storage. The sandstones contain up to 25-35% glauconitic clasts, which change mineralogically and
chemically during burial diagenesis. The sandstones were deposited as gravity flows interbedded with hem-
ipelagic mudstones and marl. With burial depths ranging from 1600 m to 3000 m they provide the perfect
opportunity to investigate the effect of burial diagenesis. The reactivity of glauconitic clasts during burial
diagenesis will help explore their likely reactivity during CO, storage. A combination of methods (optical and
scanning electron microscopy, X-ray diffraction, X-ray fluorescence) was applied to document petrographical,
mineralogical, morphological and chemical variations with burial depth. The chemical composition of glauco-
nitic clasts was visualized by automated quantitative mineralogy. The framework grains in the sandstones are
mainly quartz, common glauconitic clasts, minor amounts of K-feldspar, and rare mica, rock fragments and
heavy minerals. Glauconitic clasts consist of mixed-layer glauconitic mica/Fe-smectite, which shows decreasing
abundance of expandable (smectite) layers with increasing burial depth. ‘Tllitization’ of mixed-layer glauconitic
mica/Fe-smectite in the glauconitic clasts gradually develops during burial (down to 2500 m), whereas chloriti-
zation of glauconitic clasts occurs in the deepest (2800-3000 m) and most distal settings. Water generated from
clay mineral transformation in the Tail End Graben is suggested to be responsible for the low salinity formation
water. The reduced salinity probably led to expansion of the smectitic layers and consequently opening of the
microporous structure in the glauconitic clasts resulting in disintegration and enhanced chloritization. The
reactivity of glauconitic clasts is slow due to their microporous structure, however this can be enhanced if the
surrounding environmental conditions are changed. The impact of changes in formation water chemistry must
be evaluated carefully when dealing with glauconitic sandstone reservoirs.
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Characteristics and controlling factors of mixed deposition
in saline lakes: a case study of Lower Ganchaigou Formation
in the Western Qaidam Basin
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The distribution pattern and forming dominant factors of mixed deposition were studied, based on the analysis
of rock mineral composition, layer combination characteristics and cause type. The method used in this study
include regional geological data analysis, logging data analysis, core observation and description and Indoor
sample analysis. It was considered that the lacustrine mixed deposition has the characteristics of multi-com-
ponent mixed and multi-type overlapped, and the input of source and climate in the lacustrine environment
of relatively shallow water were the main factors controlling the mixed deposition. The results shows that, the
mineral composition of mixed deposition were mainly terrigenous debris (average mass fraction is 40.93%),
carbonate (average mass fraction is 44.82%) and salt minerals (average mass fraction is 7.91%). The composition
types of mixed were mainly the mix of mud and carbonate within the fabric, Thin interlayer of fine debris and
carbonate, Thin interlayer of fine debris and salt minerals, the mix of algae (algal layer and algae clumps) and
terrigenous debris. The cause types of mixed deposition include gradually changed, Mutational changed (type I
and type II) and original position. The proportion of gradually changed mixed deposition was 80-85%. Original
position mixed deposition was mainly the mix of algal limestone, algae dolomite and terrigenous debris the
proportion of original position mixed deposition was about 8-10%. The type I of mutational changed mixed dep-
osition was about 5-8%. Shallow Lake were main facies zone of thin interlayer mix deposition, semi-deep lake
were main facies zone of mix deposition within the fabric, the beach and bar of shallow Lake and underwater
bulge were main facies zone of mix deposition related to algae. Paleotopography controls the development of
mixed sediments by influencing provenance supply and sedimentary hydrodynamic conditions. Differences
in chemical conditions and sediments at different water depths lead to differences in the distribution of mixed
sediments. Sedimentation of underfilled lake in the Qaidam Basin in the Paleogene led to continuous climatic
drought, which in turn resulted in extensive salt mineral deposits.
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The innovative workflow presented in this abstract is based on the principle of using machine learning ana-
lytical workflows conditioned to forward stratigraphic modeling to make better predictions on reservoir char-
acterization hence decreasing the overall uncertainty on reservoir properties. It is also important to highlight
in this abstract that the extended value proposition highlighted by the integration of blind testing validation
on the training targets helps in understanding areas of specific uncertainties and low correlation coefficient
data points. The work presented in this abstract highlight the new significance of using property analytics for
making predictive models for Oil and Gas reservoirs and reservoir properties like porosity, and saturations
and deriving net-to-gross estimations for reservoir levels which are being conditioned to several seismic inputs
and later forward modeling. The value in the workflow is by integrating forward stratigraphic modeling into
the results as training features in which predictive sediment properties are used to make correlations with the
reservoir properties through the integration of decision trees being generated from the input datasets which
are being referred to here as the training targets and the conditioning datasets which are the training features.
The work shows a correlation coefficient improvement in the range of 12 to 16% for all the integrated cases of
forward stratigraphic modeling with machine learning property analytics as compared to the isolated cases of
using single machine learning training targets without forward stratigraphic modeling outputs. The innova-
tive workflow presented in this abstract shows the significance of using machine learning property analytics
as compared to geostatistical algorithms which give better insights into the understanding of uncertainties
and improve the predictability of reservoir properties. The workflow has shown further improvements in
predicting reservoir properties by the integration of forward stratigraphic simulations, a 50%-time reduction
is observed between modeling reservoir properties through geostatistical workflows by creating variograms,
vertical proportion curves, and probability curves with a range of model predictability improving to a maxi-
mum level of 20%.
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This study aims the characterization of the sequence stratigraphy, mineralogy and thermal properties of del-
taic deposits. As a case of study, we focused on the transgressive sequence set of the middle Eocene Cal Padré
composite sequence of the Sant Lloreng del Munt fan-delta complex in the eastern Ebro foreland basin, related
with the growth of the Catalan Coastal Ranges and the Pyrenees. The Cal Padr6 composite sequence resulted
from the stack of fundamental high-frequency sequences, which arranged in 3-80 m thick transgressive and
regressive system tracts made of: 1) delta plain channelled sandy-conglomeratic bodies, tabular sandstones
and red mudstones; 2) delta front massive, tabular or cross-bedded conglomerates and coarse to fine-grained
sandstones; 3) slope/prodelta marlstones, fine to medium tabular sandstones and poorly-sorted conglomerates;
and 4) mixed shelf sandy marlstones, nummulitic, bivalve and echinoid packstones and coral and red algae ac-
cumulations restricted to transgressive systems tracts. Powder X-ray diffraction analyses of 22 samples indicate
that they are composed of variable contents of quartz, calcite, dolomite, phyllosilicates and feldspars. Thermal
conductivity measurements indicate that this parameter is controlled by the contents in calcite, dolomite and
quartz. Delta plain sandstones and conglomerates display high conductivity values from 3.861 to 4.411 Wm™K™,
whereas delta front sandstones and conglomerates show much more scattered values from 2.353 to 4.374 Wm’
K. Slope sandstones and mixed shelf carbonates have conductivities from 3.383 to 4.849 Wm™K* and from
2.530t0 2.857 Wm'K", respectively. Most of the lower conductivities are measured in transgressive sediments.
However, more analyses are necessary to uphold these conclusions.

This research was funded by an IAS postdoctoral grant, by the project ALORBE (PIE-CSIC-202030E310), DGICYT
Spanish Project PID2021-122467NB-C22, the Grups de Recerca per la Generalitat de Catalunya Modelitzacid
Geodinamica de la Litosfera (2021 SGR 00410), Geologia Sedimentaria (2021 SGR-Cat 00349) and Geodinamica
i Analisi de Conques (2021 SGR 00076), as well as by the MCIN/AEI/10.13039/501100011033 and European Union
NextGenerationEU/PRTR (Juan de la Cierva Formacién fellowship FJC2020-043488-I).
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Vistulian stage, Poland: evidence from heavy mineral
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Preliminary analysis of heavy mineral suites from soil profiles in glacial till showed polygenetic development of
soils in areas not glaciated during the Vistulian glaciation. The analyzed samples showed significant variability
in the frequency of individual heavy minerals, which were particularly well marked by the applied indices: ZTR
(zircon-tourmaline-rutile maturity index), GZi (garnet-zircon provenance-sensitivity index), ATi (apatite-tour-
maline provenance-sensitivity index). High-resolution heavy mineral analysis (HRHMA) showed variability in
the degree of weathering and rounding of minerals from modern and fossil soil levels. The difference is also
emphasized by the occurrence of tourmalines, apatites, and zircons with different colors, morphologies, and
displayed pleochroic patterns. Differences in the genesis of soil levels are particularly well illustrated by the
weathering microstructures observed on hornblende grains. Amphibole grains do not show a logarithmic rela-
tionship between the degree of weathering and depth, indicating that part of the soil levels has been inherited
from older Quaternary deposits. Hornblende grains display the multi-stage development of weathering struc-
tures, both in currently identified soil levels and also in soils inherited from earlier weathering cycles. In each
cycle, the deepening of developing microtextures occurred as a result of chemical weathering, accompanied
by a mechanical rejuvenation of mineral grain surfaces through crushing or in situ mechanical weathering.
Unchangeably important stages in the development of soils in the studied area were the periods when perigla-
cial conditions were in operation during the Vistulian Stage. This resulted in the accumulation of fluvioglacial
sands that covered the area and tightly filled the formed frost cracks. Consequently, the frost cracks filled by
sand formed geochemical corridors that supported the drainage system of poorly diversified glacier highlands.
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The North Croatian Basin (NCB) occupies the south-western part of the Pannonian Basin System, and belongs
to the Central Paratethys realm. Detailed sedimentological field studies and mineralogical and petrological
analyses showed that a 40 m thick section composed of well-bedded mixed, carbonate-siliciclastic deposits
with occurrence of pyroclastics indicate three evolutional stages of lake development. The first evolutionary
stage evolved in the late Early Miocene. It was characterised by mainly dolomite precipitation directly from
the water body, and are associated with tuffites and marls, together with minerals such as analcime, hydrous
Ca-bearing magnesium carbonate, and natrolite. This indicates deposition in a shallow, hydrologically closed
lake of highly alkaline waters controlled by an arid climate. The second evolutionary stage is represented by
the intercalation of dolomites and sandstones, indicating changes of hydrologically open and closed lacustrine
environments as result of the frequent alternation arid and humid climates. The third stage, characterized by
deposition of siliciclastics by gravity flows indicates the formation of a long-lived, hydrologically open lake
that probably commenced in the Middle Miocene. The whole investigated lacustrine depositional sequence
coincides with the Miocene Climatic Optimum generally characterized by hot and warm, and humid climates.
However, the evolution of the closed lake that is correlative with similar lakes in northern Bosnia and central
Serbia, indicates the existence of an arid zone in the region that was confined by areas characterized by a more
humid climate in the late Early Miocene.
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The Badenian/Sarmatian succession of Hrvatska Kostajnica, exposed due to alandslide on the eastern slopes of
Kubarnovo brdo hill, was investigated for its sedimentological and paleontological features. Marly sediments
from the newly formed outcrop originated from the southwestern marginal part of the Pannonian Basin Sys-
tem (PBS), which was one of the back-arc basins of the Mediterranean. The PBS had a quite vivid tectonic and
depositional history characterized by establishing and losing connections with the Mediterranean Sea and
the Indo-Pacific Ocean on several occasions. The transition from the syn-rift phase to the post-rift phase in
the PBS occurred in the Late Badenian. In the earliest post-rift phase, during the Sarmatian, environmental
variations were the result of local tectonics, which had a significant role in controlling sedimentation. Contin-
uous deposition from the Late Badenian to the Early Sarmatian resulted in structureless marls dominating the
succession with a single layer of clayey limestone, marking the Badenian/Sarmatian boundary. This succession
was deposited in an offshore marine environment with the occasional input of terrigenous material. Carbonates
(calcite and aragonite) and clay minerals are dominant in marly sediments, while quartz and plagioclase are less
abundant. In most samples, zeolite minerals (clinoptilolite/heulandite series) are present in a small amount.
Among clay minerals, smectite and Illite/muscovite are the most abundant. Re-deposition of volcanic material
from older formations such as tuffs is the source of smectite and zeolites. Paleoenvironmental changes in the
studied succession can be reconstructed using microfossils. The lower, Badenian part of the succession was
deposited in a shelf environment with variable oxygen concentration and occasional terrigenous input. Micro-
fossil assemblage from the thin layer of clayey limestone points to stressful and unfavorable environmental
conditions at the Badenian/Sarmatian boundary. The upper, Sarmatian part of the succession was depositedin a
marginal marine environment. Correlative Sarmatian successions across the PBS, however, show greater envi-
ronmental variability during this period, ranging from shallow-water hyposaline to deep-marine environment.
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The settling velocity of sediment particles is a key hydrodynamic parameter, expressing a balance between
gravity and fluid drag as grains sink through water. Settling velocity exerts a direct influence on advection
length in turbidity currents and also provides insights into sediment entrainment thresholds. The prediction
of settling velocity has long been a research topic that requires representation of the size, density and shape of
sediment grains. However, natural sediment has significant variability in these parameters, and measurement
techniques are not standardized, and sometimes haphazard. To address these issues, we have compiled the
so far most extensive literature database that contains shape statistics and settling velocities of siliciclastic,
carbonate, volcanic, and plastic particles (ca. 50 datasets, n = 5,000 grains). Only datasets for which the short,
intermediate, and long axes were measured for each individual particle have been included, because these
dimensions are required for the determination of a particle-shape parameter. Many datasets also contain
measured maximum projection areas, volumes, and densities. Large discrepancies exist between measured and
calculated parameters for datasets of different composition, but also for datasets of the same sediment type.
These properties greatly affect settling velocities, which complicate prediction of sediment distribution using
forward stratigraphic models. The simplification that sediment grains can be modelled as spheres, is generally
far from being valid, and irregular grain shapes can strongly affect settling velocity and thus sediment trans-
port. Using a newly collected dataset consisting of high-resolution micro-CT scans and settling experiments, we
demonstrate how modern grain measurement methods can reconcile issues with classic datasets. We conclude
that measuring axis dimensions alone is not sufficient, but neither is determination of the maximum projection
area. Measurement of both the particle volume and maximum projection area are crucial to obtain the data
necessary to correctly parameterize the size, shape, and settling velocity of particles. Only with these data can
we correctly constrain the relevant particle dimensions for predictive modelling purposes.
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There are great similarities in the Paleozoic (O3-S and D2-3) units of Chukotka, Wrangel Island and Mende-
leev Rise: synchronous intervals without sedimentation, similar composition of sandstones and general facies
patterns. During the studied stratigraphic intervals, shallow water environments are established - carbonate
sedimentation for Ordovician-Silurian and terrigenous for Devonian. In Silurian stage, shallower facies were
located in the East both for the Mendeleev rise and for Wrangel Island, which is also confirmed by the transport
direction. In the Devonian, there is a terrigenous type of sedimentation with a similar composition of sandstone
both on the Mendeleev uplift and on Wrangel Island and Chukotka. Transport direction has been established
from North to South for the Chukchi region. The stage of the Ellesmere deformations in the Early Devonian
is recorded by absence of deposition on the Mendeleev rise and the accumulation of quartzite sandstones in
shallow water environments on Wrangel Island and more deeper ones in Chukotka, which indicates a pene-
plenization and the weathering crust forming on the adjacent land. For the Upper Devonian, a parent source
probably represented by a series of islands composed of granitoids and meta-sedimentary rocks, because the
synchronous sandstone’s composition varies in different sections of Wrangel Island and Chukotka.

Acknowledgment: The work was carried out with the financial support of the RNF project No. 23-27-00314 and
with basic funding on research topics No. FMMG-2023-0010 and FMMG-2022-0003
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The optimization of reservoir sweet spot is the key to efficient exploration and development of low-permeabil-
ity and tight sandstone gas reservoirs. However, offshore deep low-permeability and tight sandstone has the
characteristics of large burial depth, large diagenesis heterogeneity and prominent importance of diagenetic
facies, which makes it difficult to predict reservoir sweet spot. This work comprehensively used logging data,
conventional core analysis, thin section, powder particle size analysis, clay x-ray diffraction analysis, cathode
luminescence analysis, scanning electron microscopy and energy spectrum analysis, and carried out the study
of diagenesis, diagenetic facies and reservoir sweet spot of low-permeability and tight sandstone of H3 and H4
members in Jiaxing area of Xihu Sag. The results show that the H3 and H4 sandstones were divided into five
diagenetic facies, and chlorite-coated facies and dissolution facies were favorable diagenetic facies belts. The
H3 member mainly develops chlorite-coated facies, dissolution facies and quartz-cemented facies, whereas the
H4 member primarily develops quartz-cemented facies and chlorite-coated facies. The percentages of type I
sweet spot, type I, sweet spot and type II, sweet spot in the H3 reservoir are approximately 21%, 23% and 26%,
respectively, whereas the percentages of type I sweet spot, type II; sweet spot and type II, sweet spot in the H4
reservoir are about 16%, 15% and 16%, respectively. The distribution rules of reservoir sweet spot were inves-
tigated. Type I sweet spot was mainly developed in the areas of chlorite-coated facies and dissolution facies of
medium sandstone and coarse sandstone in the channel bar and braided channel sedimentary microfacies.
Type Il sweet spot was primarily distributed in the areas of quartz-cemented facies, chlorite-coated facies and
minor dissolution facies of medium sandstone, fine sandstone and sandy conglomerate in the braided channel,
subaqueous distributary channel and channel bar sedimentary microfacies. Type III sweet spot was mainly
developed in the areas of tightly compacted facies, calcite-cemented facies and quartz-cemented facies of fine
sandstone, siltstone and a small amount of sandy conglomerate in the subaqueous distributary channel sedi-
mentary microfacies.
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Turpan Hami Basin is an intermountain basin between the Junggar Basin, Tarim Basin and Qaidam Basin in
western China, and its Jurassic sedimentary system is complex. Shengbei sag in the basin is rich in oil and gas
resources, which is the focus of lithologic exploration in recent years. In order to determine the generation,
migration, reservoir series and location of Jurassic oil and gas in the sag, it is necessary to carry out detailed
sedimentary evolution research to determine the spatial distribution of coal and sand beds. This study adopts a
large number of drilling cores, geological outcrops and seismic data, combined with modern typical sediments,
starting from ancient landforms, through heavy mineral assemblages and rock composition analysis, to deter-
mine the source directions, and uses multi-well analysis, seismic sedimentary research methods, especially
seismic facies, isochronous stratigraphic slices and other technologies to depict the distribution and evolution
of sediments. Thus, the evolution process of the Jurassic inherited shallow braided river delta in Shengbei sag
is described, and the distribution characteristics of coal seams and sand layers in the depression are also de-
scribed. This study, aiming at the complex ancient landform in the mountains, uses the seismic sedimentary
method, combined with the traditional sediment analysis ideas, to describe the process of sediment evolution
in detail, which has certain reference significance for other similar lacustrine sediment research.
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Liaohe Basin is located in the northeast of Bohai Bay Basin. Since Cenozoic, tectonic and magmatic activities
have led to the great differences of volcanic rocks in this area. The complex lithology and lithofacies of volcanic
rocks pose a challenge to the sedimentological study in this area. The data optimization method combined with
multi-Grained Cascade forest was used to predict lithology and lithofacies using nine kinds of conventional
logging of the eastern sag of Liaohe Basin. Firstly, K-means and SMOTE are used to optimize the imbalanced
conventional logging data set, then multi-Grained Cascade forest with process optimization is used for model
training. We introduced multi-view evaluation metrics for multi-label classification. A simulated well was
then built to compare the model with the CF, AdaBoost, RF and SVM. Finally, the model is applied to the ac-
tual stratum. The results show that the proposed method has advantages and application value in multi-label
prediction of igneous lithology and lithofacies. This provides reference value for the study of volcanism and
sedimentology in Liaohe Basin.
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About ten major volcanic fields are distinguished along the western Arabian Peninsula covering an area of
about 80,000 km? among the most prominent Saudi fields are the Ithnayn, Khaybar and Rahat fields are those
that showing evidence of Holocene volcanic activity. The Khaybar and Rahat volcanic fields share the common
feature to have volcanics fed from the full spectrum of mafic to silicic magmas and been producing volcanic
landforms more associated with polygenetic volcanism such aslava dome, silicic tuff rings and extensive block-
and-ash fans. Volcanic fields in the south commonly erupted in large alluvial fans in explosive phreatomagmatic
style providing complex volcaniclastic fan architectures. In similar way, in the northern margin of the Arabian
Shield, Harrat Hutaymah is the monogenetic volcanic field where eruptions occurred in an intramountain re-
gion producing complex volcaniclastic facies architecture of intra-maar and inter-edifice zonation. As climate
variations occurred frequently since the Late Pleistocene, experiencing at least 21 pluvial periods in the last
1.1 Ma and a wet period within the 7 to 5 ka time spans, these fields provide an exceptional sedimentary record
to understand the monogenetic field interaction with terrestrial geoenvironment. As most of the monogenetic
volcanic fields produced large volume of lava flows of pahoehoe to aa types with abundant transitional flow
varieties captured either within Neoproterozoic basement ridges or shallow undulating landscapes of weath-
ered older lava flow fields we can demonstrate the interaction between these flows and the arid terrestrial
environment. Applying satellite and digital terrain model analysis we can provide evidence that major artery of
tube fed as well as rubble lava flows act as hydrologically active zones interacting with the host wadi networks.
The December 2022 to January 2023 wet period of most of the region showed that such artery lava flow lobes
act as a “sponge” and successfully able to deliver water and remobilize autoclastic lava fragments as well as
pyroclasts in large distances forming complex terrestrial fan zones.
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Based on continuous coring data drilled through the entire basin pack sequence from the top sedimentary cover
to the bottom of the metamorphic basement in the Songliao Basin of northeast China, this paper demonstrates
interaction between basement fault, volcanism and overlying basin fills on an active volcanic continental
margin of the eastern margin of the Eurasian plate during the Cretaceous. The basements of the basin have
long been considered to be the association of the Carboniferous-Permian fold system. However, the drilling
results show that It is a double-layered basement composed of the Triassic-Paleozoic rocks with Carboniferous
missing. It is indicated that the top interface of the Triassic basement is the rift onset unconformity (ROU). It
indicates that there was a long period of compressional Uplift and denudation interval of 124.2 Ma from 242.4
to 118.2 Ma before the first cover of a Cretaceous volcanic ash sediment was deposited. Below the bottom inter-
face of the Triassic is the Paleozoic metamorphic core complex. The interfaces not only control characteristics
of the metamorphism and deformation of rocks in the past, but also control the present stress state. In situ
stress measurements demonstrated that the stress state differs markedly between the upper and lower zones
of the Triassic strata. In the upper section, the maximum principal stress, 0l, is nearly vertical; in contrast, it
isnearly horizontal in the deeper section. It can be concluded that the increasing metamorphism and deforma-
tion with depth are stress-controlled. The unconformity interface between the Triassic and Paleozoic within
the basement successions is the brittle-ductile transition boundary of rock deformation. Earthquakes mostly
generate below the interface. A super long-lived volcanic conduit system of 140 Ma (from 242 Ma to 102 Ma) was
developed in the center of the SLB. The interaction between basement fault and volcanism may have played a
major role in the initiation and following subsidence of the SLB in the Cretaceous.
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As a product of mantle plume activity, Permian Emeishan Large igneous province is widely distributed in Si-
chuan Basin. Previous studies have shown that uplifting mantle plumes can usually cause large-scale crustal
uplift and the formation of dome-like uplift features, and control regional paleogeographic pattern and sed-
imentary facies distribution. This study constrains the temporal sequence of different regions and types of
volcanic rocks in the Permian Emeishan Large Igneous Province. It combines the spatial distribution patterns
of different types of volcanic rocks, paleogeomorphology and eruption environment before eruption, reduction
of volcanic eruption to build process, established above the cycle and lower cycle of two major eruption, cycle
of four stages of the volcano-sedimentary succession description. From the bottom up, the mantle plume in
the first phase began to rise, creating a tectonic pattern of uplift and depression during crustal movement.
The uplifted areas were subject to weathering and denudation, while the deeper and depressed areas were
covered by seawater. Early in Stage two strong volcanic eruptions and overflows interacted to form submerged
pillow lava and igneous interbedded rocks or submerged igneous rocks. In the later part of Stage two, large
static overflows took place, building up a huge thickness of basalt. Early Stage three is characterized by local-
ized ephemeral submarine volcanic eruptions in Jianyang and other areas; late Stage three localized onshore
neutral volcanic debris accumulation with minor basaltic development. Stage four tuffs are widely distributed
and continuously exposed to dissolution, forming weathering crusts that provide the material basis for the
formation of volcanic reservoirs.
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In terms of the evolution of the lithosphere in the area extending from the Songliao Basin to the Great Xing’an
Range in northeast China, the common concept is that the lithosphere in this area was thinned from the Late
Jurassic through the Early Cretaceous. We discovered, however, a thickening episode in the long-term thinning
background. A series of lamprophyre dikes have been recently found in the Tuquan Basin of western Songliao
Basin. They were subsequently dated at 156.0 £ 2.3 Ma, 132.9+ 1.2 Ma, and 126.2 + 2.5 Ma, respectively, using the
zircon U-Pb technique. The Late Jurassic lamprophyre was found to consist primarily of biotite and orthoclase
and was thus referred to as the biotite orthoclase lamprophyre (BOL), while the Early Cretaceous lamprophyres
were determined to predominantly comprise quartz and magnetite as accessory minerals in addition to biotite
and orthoclase and were thus called the quartz magnetite lamprophyre (QML). The lamprophyres originated
from the partial melting of enriched lithospheric mantle that had been previously metasomatized by subduc-
tion-related fluids. The BOL has high ratios of Rb/Sr (0.42) and K/Yb*1000 (28.3), and low ratios of Ba/Rb (13.5)
and Dy/Yb (2.35), suggesting a magma derivation from high degree partial melting of phlogopite-bearing lher-
zolite mantle in the spinel-garnet transition zone at a depth about 60 km. In comparison, the QMLs have low
ratios of Rb/Sr (0.02-0.06) and K/Yb*1000 (8.13-19.73), and high ratios of Ba/Rb (17.6-42.6) and Dy/Yb (3.48-4.09),
indicating that the magmas were derived by low degree partial melting of lherzolite mantle in the garnet zone
atadepth of ca. 85 km. In addition, the younger QML (126.1 + 4.8 Ma) has lower Dy/Yb ratio (3.48-3.92) than that
of the older QML (132.9 + 0.97 Ma) with Dy/Yb ratio of 4.09, implying that the younger magma was produced at a
shallower mantle depth (<85 km) than that of the older one. These results indicate that in the period of 156-132
Ma, the lithosphere in the study area thickened by approximately 25 km at a rate of approximately 1.0 km/Myr.
The authors of this paper accordingly proposed a new geodynamic evolution model of three stages during 156
Mato 126 Ma in NE China.
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The volcanic eruption of Cumbre Vieja in the La Palma (2021) is located on the western flank of the Cumbre
Vieja and Cumbre Nueva Ridges, a mountain range of volcanic origin that crossed the island from N to S. For
85 days of the eruption it was emitting tephra in the central part of the island, only reaching the entire island
of La Palma during the finer ash emissions. The volcanoclastic deposits of the eruption are mainly composed
of lapilli and ash, while the bombs are practically confined to the scoria cone. The study of several volcano-
clastic series around the scoria cone shows sedimentary differences depending on the dominant winds. The
largest accumulation of tephras was deposited on an area trending NE-SW with respect to the volcanic cone.
This sedimentary anisotropy is due to the type of tephra emission and its relationship with the trade winds and
local wind. During the eruption, trade winds from the NE predominated; consequently, the largest thicknesses
of the total tephra blanket are located to the SW of the cone, reaching over 4 m in some sites due to local ef-
fects of wind acting against natural and man-made obstacles. Regarding the tephra granulometry, the biggest
grain sizes are also observed and the dispersion extends further from the cone. It is also where the biggest
grain size of tephra, with poor selection and reworked material is observed. In addition, processes of erosion
or non-sedimentation were produced when changes in the direction of the wind happened. So, soft inclined
cross-bedding is frequently observed. On the NE margin of the cone, the thicknesses reach 1.5 m. The dispersion
was low because the wind periods from the S and SW were less frequent. Besides, the Cumbre Vieja Ridge acts
as a parapet that does not extend to the NE. In this area, it is observed a very good selection of the tephra grain
size because the biggest grains depend less on the wind direction. During the periods when S and SE winds
were predominant, the mixture of lapilli and ash occurs, although those events were not frequent and they
had a short duration. Thus, non-deposition surfaces were also formed, with small bases of erosive layers due
to remobilization processes. In conclusion, in order to have a continuous record of the processes that occurred
during the eruption of La Palma, it is necessary to study several series on both the SW and NE margin.
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The Central Atlantic Magmatic Province (CAMP) is a Large Igneous Province (LIPs) related to the opening of
the Central Atlantic Ocean. One of CAMP’s records in South America are the volcanic deposits found in the
Parnaiba Basin, Brazil. The interaction of lava flow with active depositional systems allows the reconstruction
of the paleoenvironmental and paleoclimatic conditions contemporary to volcanism. In the Parnaiba Basin,
the Middle to Upper Triassic interval contains an expressive eolian succession named Sambaiba Formation,
which is overlaid by lava the Jurassic Mosquito Formation, a CAMP-related volcanism, settled up at the Tri-
assic-Jurassic boundary (T-J ~201 Ma). The basal portion of this unity records several complex eolian strata
composed of successive sets of cross-stratification, frequently showing soft deformation structures. Stoke’s
surfaces occasionally occur, but subaqueous deposits are rare. The presence of Stoke’s surfaces combined with
the scarcity of subaqueous facies suggests a water table positioned close to the depositional surface, which is
corroborated by the frequent soft deformation structures affecting the aeolian cross strata. The contact between
the basal and upper portion of Sambaiba is a regional surface, probably representing a supersurface. The upper
portion of the succession is represented by a large set of compound cross-stratification, covered and preserved
by lava flow, including the preservation of the wind-rippled topset of the eolian dunes. The paleodune stoss side
preserves several features of interaction between unconsolidated sediments and pahoehoe’s lava flows. This
study is one of the rarest reporting the preservation of both aeolian dune topsets and lava imprint features by
lava floods covering an active dune field, preserving the bedforms morphologies. The paleocurrent to NW of
the aeolian dunes suggests that trend winds prevailed in the low latitudes of Gondwana at the Triassic-Jurassic
boundary, supporting the numerical atmospheric models for the period. Moreover, the data reported in our
study provides more evidence about the aridity at low latitudes in western Gondwana for the Triassic period.
Finally, the interaction between sediment and lava indicates that the upper portion of Sambaiba Formation
can reliably be positioned at the T-] boundary.
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Since the mid-Pliocene, East Asian climates have experienced significant changes. One view suggests that the
uplift of the Tibetan Plateau during this period could have been responsible for these dramatic changes, while
some other authors attribute these changes to the ongoing global cooling. In such a broad scientific discussion,
the regional effect of active volcanism should be considered. The studies focused on the detailed recognition
of Neogene volcanoclastic series deposited in the area related to the Song Ba continental rift. It is associated
with volcanoes and differentiated terrestrial environments, e.g. lakes and rivers. Volcanic activity and parallel
accumulation of terrestrial deposits caused pure basalts are associated with the thick series of volcanoclastic
and terrestrial sediments. Field studies were preceded by topographic and morphotectonic analyses based on
the SRTM digital elevation model. During field research, classical sedimentological description of exposures,
analysis of textural and structural features, construction of high-resolution lithological sections, measurement
of magnetic susceptibility, measurement of directional structures, photographic documentation and collection
of samples were done. Studying such series may supply answers to many crucial questions, including what was
the type and duration of the volcanic activity, did volcanism influence the environment of the nearby lakes,
did changes in water chemistry influence the changes in the biotic lake assemblages, did the type of deposit
depend only on volcanic processes or also on the weathering and erosional processes in this part of Asia. An-
swers to these questions are the main scientific goals of our studies. Moreover, the continuation of the Song
Ba rift is located on the shelf of the South China Sea, and the large Phu Khanh, Cuu Long and Nam Con Son
sedimentary basins, of high importance for the oil and gas industry, occur in its direct vicinity. This causes
the expected results of further studies to have considerable significance for reconstructing the evolution of the
South China Sea petroleum system.

308



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 9. Volcaniclastic deposits
Special Session 9.2. Impacts of volcanism on sedimentary systems

Oral presentation

Peperites in the Ukrainian Carpathian Mts -
sedimentological perspective

Michat Krobicki'

TAGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental Protection, Krakéw, Poland
krobicki@agh.edu.pl

Peperites are special kind of very unique consortium of volcano-sedimentary rocks where sharp-boundaries
volcanic pieces (usually basaltic) occur together with sedimentary deposits as result of episode of submarine
eruption of basaltic lavas on the unconsolidated wet carbonate mud and were formed on the sea-floor during
this eruption and disintegration of magma/lavas intruding and mingling with unconsolidated, or at least poorly
consolidated, wet sediment and have to be automatically simultaneous with surrounding sediments. Usually
peperites co-occur with another volcano-sedimentary rocks (basaltic pillow lavas, pyroclastic debris flows
and volcanoclastic/pyroclastic turbidite system) which are perfect proof for age of volcanic activity by dating
of limestones both by macro- and micro-fossils. In the Transcarpathian Ukraine peperites occur within the
frontal part of the Marmarosh Massif, in the Pieniny Klippen Belt and in the western Chornohora Mts of the
Outer Flysch Carpathians. The first one consists of the uppermost Jurassic/lowermost Cretaceous unit com-
posed mainly by basic effusives represented by dark, thin-bedded limestones, black shales, sandstones and
conglomerates with volcanic material and corse/fine-grained calcareous volcanoclastic/pyroclastic turbidites
(flysch). In the Pieniny Klippen Belt the lowermost Cretaceous (Berriasian) carbonate succession occur, where
its uppermost part is overlying by basaltic bed, synsedimentary limestone breccia with clasts of basaltic rocks
and by peperites. By calpionellids the age of these carbonates are Middle Berriasian. Within Outer Carpathi-
ans some olistostrome complex occur and consists of olistolithes of various organogenic and organodetritic
limestones with numerous fossils probably are Early Cretaceous age (Berriasian?) as well. This olistostrome
complex has both extrusive (basaltic pillow lavas, melaphyre, etc.) olistolithes and volcanic-carbonate sedi-
mentary breccias and also peperites. All mentioned facts indicate that volcano-sedimentary rocks, including
peperites, in these tectonic units represent the same episode of submarine effusive activities within several
parts of the Early Cretaceous Carpathian basins.

309



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 9. Volcaniclastic deposits
Special Session 9.2. Impacts of volcanism on sedimentary systems

Oral presentation

Investigation of the compositional spectrum of clay minerals
within interbasaltic green volcaniclastic beds of Late
Cretaceous Deccan volcanic province

Pragya Singh', Santanu Banerjee’, Disha Wagh', Kanchan Pande’, Satadru Bhattacharya®

'Indian Institute of Technology Bombay, Department of Earth Sciences, Mumbai, India
?Indian Space Research Organisation, Space Applications Centre, Ahmedabad, India
pragya19@iith.ac.in

The present study integrates field, petrography, mineralogy and mineral chemical data to explain the origin
of clay minerals associated with green volcaniclastic bed of Late Cretaceous Deccan volcanic province. A few
cm to m thick, interbasaltic green horizon occur as isolated pockets and laminated beds. A petrographic study
reveals that the green beds are altered tuffaceous rocks, mainly composed of altered basaltic grains (lathwork
and microlitic texture), colourless to brown volcanic glasses (vitric texture) and plagioclase. Mafic minerals,
opaques, quartz and apatite occur as minor constituents. Green clay dominantly occurs as a vein, vesicle and
intergranular space fill and as replacing glasses and minerals. Brown clays, occasionally occur as replacing
plagioclase and as void and vesicle fill. A detailed study of clay minerals is done using scanning electron mi-
croscope, XRD, visible and near-infrared spectroscopy (VNIR) and EPMA. Green clay shows lath-like micro-
structure, whereas brown clay shows flaky microstructure. XRD studies of <2 pm clay show prominent peaks
at~10 A and 14 A under air-dried conditions. The 10 A peak remains unaffected, whereas the ~14 A peaks shifts
to ~17 A on glycolation and collapse to 10 A on heating. ~10 A and 14 A are coherent with celadonite and smec-
tite, respectively. In VNIR study, the characteristic bands of almost equal strengths at ~2.30 um and 2.35 um
and a strong slope between 1.00 um and ~2.10 pm indicate celadonite. However, a doublet near 2.21 ym and
~2.25 um and a band at 1.47 um indicates the presence of smectite. The mineral chemistry of green clay shows
a compositional range from Al-rich and K, Fe-poor member to Al-poor and K, Fe-rich member. The mineral-
ogical and mineral chemical data demonstrates that the green clays range in composition from celadonite to
ferroaluminoceladonite, whereas brown clay composition varies between Fe-montmorillonite and Nontronite.
The diverse composition of clay ranging from K-poor smectite to K-rich celadonite indicates a fluctuation in the
fluid condition (i.e., availability of cations and Eh-pH conditions) leading to change in the microenvironment of
clay formation. Celadonite formation occurs in a slightly oxygen-depleted environment, i.e., dysoxic condition.
However, smectite formation requires a more reduced fluid condition.
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Volcanoes and carbonate factories are associated together in many marine realms. However, there is a lack
of studies on the stratigraphy and minero-chemical properties of pyroclastic deposits within them. This work
shows preliminary results of a multidisciplinary study conducted on pyroclastic deposits interbedded within
a platform-intraplatform basin system in the Triassic Southalpine domain (Northern Italy). The platform en-
vironment has been also affected by ore-bearing fluids during its post-depositional history. Pyroclastic beds
have been stratigraphically described, logged and collected in four different sites, three in the platform envi-
ronment and one in the intrabasinal counterpart. Beds within the platform are 1 to 30 cm in thickness, beds
within the basin are packaged in a more than 1 m-thick sequence. All are composed of ash particles, coarse in
the basin, fine in the platform environment. Petrographic analyses reveal that pyroclastic material is largely
composed of zoned plagioclase and quartz, minor putative oxidized amphiboles, and rare volcanic porphyritic
lithics, revealing the intermediate composition of the magmatic source. Rare schist and gneissic lithics deriv-
ing from the Alpine basement are found as xenoliths. Texturally, the samples have been mainly emplaced by
flows, although settling after floating into the water cannot be excluded for some layers. XRD analyses reveal
that primary glassy groundmass wrapping pyroclastic particles have often been weathered into dolomite.
This is mostly due to the circulation of hydrothermal fluids during the post-depositional history of the beds.
SEM-EDS has been used to detect the presence of putative organic remains, biomineralization products, and
the chemical composition of glassy groundmass remnants. In addition, sample locations have been included
in a GIS database, and used to create 3D surfaces on which variations of chemical properties and mineralogical
association have been modeled.
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Located in the northwestern margin of the Junggar Basin in Xinjiang, China, the Chepaizi area features intense
tectonic movement and evolving fractures. Previous research and determinations on the evolution of Carbon-
iferous volcanic rocks and the stages of fracture development in this area remain controversial. This study
systematically analyzes the formation framework, sedimentary and fracture characteristics, as well as the
impact of tectonic movement in this area on the volcanic rock reservoir using the data of core, seismic, logging,
oil and production test, especially various experimental data of rock mechanics. The results show that: (1) The
volcanic rocks in this area have experienced the evolution process of “strong extrusion — weak extrusion - rel-
atively weak extrusion - weak extension”. The southeast represents eruptive facies, the west effusive facies,
and the northeast volcanic sedimentary facies. Gray Tuff, basalt, andesite are dominant, and the sedimentary
evolution sequence from old to new is semi-abyssal - abyssal - neritic - continental. (2) The Chepaizi area has
experienced three development phases of structural fractures. In the middle and late Hercynian movement, it
was squeezed and napped by NW-trending tectonic stress, thus developing the near-NS high-angle transverse
fractures and the X-type conjugate shear fractures. During the Indo-China movement, it developed the near-
NE expansion fractures under the action of compressive torsional-strike-slip stress. During the Himalayan
movement, the NE and SW tensile stresses were dominant, resulting in the development of near-NW high-angle
shear fractures. (3) Based on the comprehensive analysis of the above research results, the dominant reservoirs
are divided into two types. Type I is mainly distributed in the east, south and northwest of the area, while type
II mainly in the central area.
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This study offers new findings about how trace elements, and rare earth elements (REE) in particular, are
distributed in various types of chlorite found abundantly in hydrothermally altered non-ophiolite effusive and
tuffaceous rocks placed within the volcano-sedimentary Triassic record of Adria Microplate in the Dinaride
region. By studying the geochemical signatures of chlorite formed under low-medium grade metamorphic con-
ditions, including zeolite, prehnite-pumpellyite, and greenschist facies assemblages, this study has identified a
diverse set of chlorite that exhibits unique REE signatures that can be categorized and defined by specific geo-
chemical and textural parameters. The research shows that Fe-rich chlorite may have significant enrichments
in REE, particularly in the LREE, compared to Mg-rich members. In addition, different textural varieties of
chlorite, such as amygdales and pseudomorphic chlorite, have their own distinct trace element signatures. The
study uses stable isotope geothermometric methods to determine the formation conditions of various chlorite
samples, estimate the redox state using the enrichment/depletion of Ce and Eu, and make inferences about
the sources of REE that provide the initial rare earth element budget of the fluids, all of which having brought
further evidence on the dependence of REE chlorite abundances on the characteristics of hydrothermal fluids
and chlorite geochemistry and mineralogy.
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Njezi¢ is located in the eastern part of North Croatian Basin in Slavonia Region near the village of Njezi¢ on
the southwestern slopes of Papuk Mt. Within a 140-meter-thick sequence, five lithofacies have been distin-
guished: metagabbro facies, algal limestone facies, marl facies, bioclastic limestone facies and tuff facies. The
metagabbro corresponds to the metagabbro of the Psunj metamorphic complex and represents Pannonian
Basin System basement rocks. Algal limestones transgressively overlie the metagabbro, and are present only
in the lower part of the sequence as a massive Lithothamnium limestone. About 70% of the deposits in the
sequence are composed of marl which is most often massive and rich in microfossil fauna (planktonic and
benthic foraminifera), as well as calcareous nanoplankton and fragments of bryozoans and echinoderms.
Bioclastic limestones make up 5% of the sequence and appear as layers of centimeter-decimeter thicknesses
through the entire sequence. About 25% of the sequence is occupied with the tuff facies. Thickness of the tuff
layers ranges from >10 cm to almost 20 m. *°Ar/*’Ar dating on the glass fragments from the oldest tuff layer in
the sequence yielded a weighted mean age of 14.40 + 0.03 Ma. All of the nannofossil assemblages, contain zonal
marker species Sphenolithus heteromorphus Deflandre 1953 and are therefore attributed into NN5 Zone i.e. the
middle part of the Badenian. Planktonic foraminiferal association contains representatives of genera Triloba-
tus, Praeorbulina, Orbulina, Paraglobototalia and Globigerina. Described planktonic foraminifera association
with index species O. suturalisindicated middle Badenian age of sediments (planktonic foraminifera Zone M6).
Benthic foraminifera assemblages indicate Lagenidae Zone with index species Uvigerina macrocarinata Papp
& Turnovsky. Radioisotope dating result is confirmed by determined calcareous nannoplankton zone NN5
and the M6 Orbulina suturalis zone at the Njezié locality and according to chronostratigraphic similarity, tuff
from Njezi¢ locality can be correlated with Harsany ignimbrite in the Biikkalja Volcanic Field eruption unit.
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New geologic mapping and lithofacies description from the volcano-sedimentary succession of the Eastern
Anti-Atlas, constrain the late Ediacaran Ouarzazate Group (OG) evolution during the post-collisional stage of
the Pan-African orogeny. Cores of total length up to 1.8 km intercepting the Imiter Mine Succession (IMS) in the
northern Imiter mine area were logged and examined. The series of IMS comprises a thick pile of pyroclastic
rocks and lava flows, sedimentary rocks, and is intruded by associated sills, granitoid plutons, and swarms
of large dikes. We distinguished four mixed volcanic and sedimentary units (IMS I to IMS IV) that reflect a
gradual change from fluvial to lacustrine depositional sedimentary environments. The lower episode, IMS
I, starts with basal conglomerate generated by the erosion and disintegration of greywackes basement, and
collected in topographic lows within the paleotopography. Minor intercalations of tuffaceous sandstone record
the reworking of juvenile pyroclastics under mostly fluvial to alluvial conditions. The IMS II episode contin-
ues with variable amounts of tuffs and lapilli mass flows deposited under mainly lacustrine conditions. The
occurrence of thick laminae and thin beds, as well as an abundance of slump structures, indicates significant
deposition rates. Conglomerate sheets prograde towards the top of this unit, suggest a return to high-energy
sedimentation. The IMS III episode is composed of pyroclastic fall deposits that contain a significant large
proportion of volcanic blocks and bombs, and is restricted, in general, to very proximal settings. Reworked
volcanic debris and intercalations of primary tuff may represent waning volcanism. During IMS IV episode, the
volcanic activity started by thick rhyolitic ignimbrite and ended by voluminous eruptions. Localized slumping
can be related to synsedimentary tectonic events. The conglomerates in the middle part of the formation imply
an increased erosion rate with rounded clasts entering the depositional basin from farther afield. At the final
stage, the fine-grained laminated tuff layers and the vertical columnar ignimbrites may be formed by cooling
and contraction, in a lacustrine environment during the late Neoproterozoic.
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The Neogene explosive volcanism of the Carpathian-Pannonian Region (CPR) is considered one of Europe’s
most productive in the last 20 Ma. Volcaniclastic horizons that can be linked to CPR silicic volcanism can also
be found in various Croatian depositional basins. For properly defining volcaniclastic deposits, besides sedi-
mentological features (which may be obscured due to poor outcrop conditions), petrological and mineralogical
characteristics, high-precision geochronology and analysis of volcanic glass composition are required. In order
to distinguish discrete eruption events and conduct tephrostratigraphic reconstructions, a detailed analysis of
major and trace elemental composition of volcanic glass was conducted on Croatian Early and Middle Miocene
volcaniclastic horizons, ranging from CPR ignimbrites to Dinaridic pyroclastic fall deposits. Volcanic glass
major element composition was determined using an electron microprobe, accompanied by the determination
of mineral assemblies, which enabled initial differentiation of individual Early and Middle Miocene volcanic
events. In order to reliably pinpoint and distinguish separate volcanic products and eruptions that produced
them, trace element composition of single glass shards obtained via laser ablation-inductively coupled plas-
ma-mass spectrometry was used. The general pattern of trace element geochemistry of all analyzed samples
can be related to CPR magmatic activity and shows a similar pattern of high LILE/HFSE, enrichment in Cs,
Th, Pb and depletion in Nb, Sr and Eu. However, the differences between distinct eruptions can be identified
using e.g., La/Nb-Th/Nb diagram and differences between HREE compositional trends. In conclusion, volcanic
glass geochemistry proved to be a useful tephrostratigraphic tool for unaltered Miocene volcaniclastic marker
horizons in the wider CPR area.

316



36" International Meeting of Sedimentology June 12-16, 2023 ¢ Dubrovnik, Croatia

Theme 9. Volcaniclastic deposits
General Session

Poster presentation

Deposition of volcaniclastites in pelagic environment on
rifted continental margin during the Middle Triassic

Duje Kuko&', Duje Smir&i¢?, Damir Slovenec', Mirko Belak', Marija Horvat', Tonéi Grgasovic',
DraZen Japundzié¢®, Branimir Segvié¢*, Luka Badurina®*, Matija Vukovski'

Croatian Geological Survey, Department of Geology, Zagreb, Croatia

2University of Zagreb, Faculty of Mining, Geology and Petroleum Engineering, Zagreb, Croatia
3Croatian Natural History Museum, Zagreb, Croatia

“Department of Geosciences, Texas Tech University, Lubbock, TX, USA
duje.kukoc@hgi-cgs.hr

The Middle Triassic volcano-sedimentary successions related to the opening of the Neotethys Ocean in NW
Croatia were investigated for their age and facies interpretation. Stratigraphically stacked volcanic and vol-
caniclastic lithologies, ranging from basaltic to rhyolitic, are interlayered with pelagic sedimentary rocks in
the studied sections. These successions were deposited on a passive continental margin with dynamics set by
intense rift-related tectonic movements and volcanic activity. Following disintegration of stable shallow-ma-
rine environment newly formed lithospheric blocks gave rise to a complex pelagic depositional environment
as extension progressed. Pelagic limestones and radiolarian cherts were deposited on drowned blocks with
episodic intercalations of volcanic and pyroclastic deposits from the early Illyrian to possibly late Ladinian.
Shallow-water carbonate environment still existed laterally as suggested by resedimented carbonate detritus.
Deep-rooted normal faults created by extension provided paths for submarine basaltic extrusions. Magma
quenched in contact with sea water creating basaltic hyaloclastites that were redeposited in deeper parts of
the basin. Acidic volcaniclastics, commonly known as “pietra verde”, were produced by explosive volcanic
eruptions, and deposited in pelagic environment by different gravitational mechanisms, including pyroclastic
density currents. Variations in thickness of these deposits indicate different sedimentation mechanisms and
reflect complex topography of the depositional environment. Water-settled air fall deposits produced thinner
layers, while thicker layers indicate redeposition of material from topographic heights to more subsided parts.
Unconsolidated pyroclastic detritus was partly reworked soon after deposition and redistributed gradually fil-
ing the basin. Medium- to fine-grade turbidite sedimentation is inferred for these deposits based on grain size,
normal grading, horizontal lamination and mixing of volcanic and pelagic material. Presumed stratigraphic
gaps in investigated successions, and possibly condensed sedimentation, can be explained by complex basin
topography and prevailing sedimentation mechanisms, which resulted with sediment erosion and its subse-
quent redistribution.
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Volcaniclastic rocks are important markers in the stratigraphic correlation of deposits and interpretation of the
evolution of sedimentary basins, especially when there are no reliable biostratigraphic data. These rocks have
been drilled in more than 20 exploration wells in the Mura Depression (Hrvatsko Zagorje Basin) in Northwest-
ern Croatia (SW part of the Pannonian Basin System). They cover more than 235 km? of the exploration area
and are of considerable thicknesses (>1500 m in successions in some wells). Several methods have been used
to reveal characteristics of the rocks: petrographic analyses with macroscopic and microscopic (thin section)
examinations using polarizing light microscopes, geochemical analyses of major and trace elements using
ICP-MS and ICP-ES, geochronological analyses using U-Pb LA-ICP-MS on zircons, as well as rocks’ compari-
son and correlation using 2D and 3D seismic and well-log data. Volcaniclastic rocks are mostly crystaloclastic,
lithoclastic, and vitroclastic tuffs, lapilli tuffs, and lapillistones, subordinately pyroclastic and tuff breccias,
and tuffites. To a lesser extent, extrusive rocks are also present. The rocks are mainly classified as dacite,
andesite, and, to a lesser degree, rhyolite, and belong to calc-alkaline and high-K calc-alkaline series. They
are characterized by the enrichment of incompatible trace elements compared to compatible ones, with the
ubiquitous negative Nb-Ta anomaly. Geochronological analyses yielded ages of eruptions and depositions of the
volcanic material in the range of 23.45-20.98 Ma (23.19+0.26 to 21.23+0.25 Ma). The study covered large volumes
of volcaniclastics which indicate significant and strong volcanic activities at the transition from the Paleogene
(Oligocene - Chattian) to the Neogene (early Miocene - Aquitanian). Large thicknesses of the rocks indicate
volcanic eruptions that continued during the Aquitanian, i.e., Egerian and Eggenburgian stages according to
the Central Paratethys stratigraphic division. These rocks are the oldest volcaniclastics of the Miocene epoch in
this part of Croatia and in the wider area of the Pannonian Basin System. It remains an open question whether
they reflect volcanism related to the Periadriatic lineament of the Alps or one related to the initial opening of
the Pannonian Basin System.
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The demise of the Wetterstein Carbonate Platform (WCP) evolution s. str. (latest Ladinian to earliest Julian)
in the Western Tethys Realm is discussed controversially. In the ALCAPA region of the Western Tethys Realm
and the Southern Alps the WCP shows a drowning related to the Lunz event (Reingraben event, Mid-Carnian
Pluvial Episode or Mid-Carnian Wet Intermezzo). However, prior to the drowning of the WCP with siliciclastics
the platform emerged due to a sea-level drop, and the underfilled accommodation space between the platform
areals became restricted deep lagoonal areas with deposition of in parts organic-rich siliceous limestones
(carnica event), followed by the deposition of fine-grained siliciclastics (Reingraben claystone). Whereas in the
northwestern part of the Western Tethys Realm including the Outer Dinarides in Croatia, these siliciclastics
were widespread deposited, they are practically unknown in the Inner Dinarides to Hellenides. In contrast to
the ALCAPA region in the Dinarides/Hellenides a long-lasting stratigraphic gap is common. Carbonate deposi-
tion started again earliest in the Late Carnian after the demise and uplift of the WCP in the Julian. In the East
Bosnian Durmitor megaunit in northern Montenegro, near the village Plijesevina, the final demise of the WCP
lies in the Julian carnica conodont biozone, dated by B. diebeli, Gl. malayensis, Gl. tethydis and Gladigondolel-
la-ME, M. carnica, Neocavitella sp. juv., Pg. foliata, Pg. polygnathiformis, Ps. murcianus, and Pg. tadpole. Above
the resediments of the WCP grey filament- and radiolarian-rich biomicrites deposited, followed upsection
by siliceous claystones, black cherts and silicified volcanic ashes. The carbonate-free metabentonites of the
Mid-Carnian are composed of (biogenic) quartz, montmorillonite, mica-group (mainly illite), smectite group,
and mixed layer clay minerals (e.g. rectorite). In addition, some layers contain also kaolinite and goethite, which
indicate (sub)tropical weathering in the hinterland, where bauxites were formed. This roughly 6 m thick series
is overlain by medium grey filament bearing biomicrites with M. cf. precommunisti, N. cavitata, Pg. nodosa, and
Pg. polygnathiformis. These results clearly evidence volcanic activity younger as the carnica event, i.e. higher
Julian to Tuvalian.
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During the Late Miocene, the Betic Seaway in south Iberia was one of the main connections between the
Mediterranean and the Atlantic, together with the Riffian Seaway in north Morocco. The closure of the Betic
Seaway during the late Tortonian due to the Iberia-Africa plate convergence had relevant consequences in the
Mediterranean, as it was one of the main triggers of the Messinian Salinity Crisis (MSC). That closure was pro-
gressive and took place along the Tortonian and early Messinian, causing the continentalization of the marine
basins associated with the seaway (inner Betic basins) which developed important evaporite deposits. Here
we study the transitional and continental records of some of these Betic basins that are key to reconstructing
the palaeogeographic and chronologic evolution of the Betic Seaway: the Las Minas, Campo Coy, Guadix and
Granada basins. Using palaeomagnetic, palaeontological and geochemical (sulphur and Sr isotopes in evapo-
rites) proxies, we establish that the western Las Minas and Campo Coy basins were continentalized during the
early-middle Tortonian, although the marine influence in the Las Minas Basin lasted until the Late Tortonian
marked by cyclic seawater incursions. On the contrary, no marine influence existed in the Campo Coy Basin
after its continentalization, and its continental record comprises from the middle Tortonian to the Pliocene
including the MSC. The Guadix and Granada basins, located to the west, were marine until the late Tortonian
around 7.2 and 7.5 Ma. The transitional record of the Guadix Basin is continuous and does not show any sedi-
mentary hiatus as previously proposed, so we can assume that the Almanzora corridor was closed during the
Late Tortonian. The Granada Basin was configured as a highly restricted marine basin only connected to the
Mediterranean during its transition, giving rise to thick halite deposits showing seasonal cyclicity similar to the
Dead Sea case. In short, the Betic Seaway was progressively closed westward along the Tortonian and most of it
was closed after the Guadix continentalization at 7.5 Ma, leaving as a unique potential Atlantic-Mediterranean
connection the Guadalhorce corridor and the Palaeogibraltar Strait to the west.
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Here we present a new Messinian Salinity Crisis (MSC) section at Rambla de Indalecio, (Tabernas basin, SE
Spain). The section is >200 m thick and includes pre-evaporitic, evaporitic and post-evaporitic deposits. We
apply magnetostratigraphy and biostratigraphy to constrain the age of this stratigraphic succession; we also
analyse the sulphur and oxygen isotopic compositions in the gypsum together with the *Sr/*¢Sr ratios to char-
acterize the origin of the brines. The Indalecio section can be divided into seven units: a) >100 m of turbiditic
deposits losing upwards its fossil content, b) a >3 m bed with resedimented gypsum lying on top of an erosional
surface. c) 30 m of stratified massive selenitic gypsum beds, including a second bed with re-sedimented gyp-
sum. d) 15 m of selenitic gypsum that alternated with resedimented gypsum, separated by erosional surfaces.
e) 20 m of resedimented gypsum and marls with evidence of gravity instabilities f) 5 m green/grey marls rich
in ostracods and bivalves associated with Lago Mare facies. g) A regional erosive surface overlaid by fan delta
deposits assigned to the Pliocene Abrioja Fm. Palaeontological and palaeomagnetic information constrains
the age of the pre-evaporitic deposits and shows evidence of early Pliocene deposits above the gypsum. Gyp-
sum geochemistry characterizes the studied gypsum succession as MSC Lower Gypsum (LG). Foraminiferal
assemblages allow estimating the water depths for the lower turbiditic deposits to occur in a deep marine zone
(bathyal) while the overlaying gypsum selenitic platforms are considered not to form below depths of 200 m.
The presence of resedimented gypsum beds containing clast of corals and carbonates, derived from marginal
areas, above the turbiditic deposits, suggests an important sea-level drawdown in the Tabernas basin during
the Primary LG. This sea-level fall occurred during the sedimentation of the LG and could be expressed in
shallower basins, like Sorbas, as the change in evaporitic facies (massive to branched) that occurs after cycle
five and is documented around the Mediterranean. However, the active tectonic activity during the MSC in this
region should be carefully considered, evaluating the relative impact of the Mediterranean restriction vs local
tectonic uplift of this drawdown.
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Despite being known for its remarkable Tortonian turbidites, the Tabernas Basin (SE Spain) also exhibits an
outstanding depositional record of Messinian age, containing valuable information on the evolution of the
Messinian Salinity Crisis (MSC). This work presents new stratigraphic and palaeoenvironmental data of Messin-
ian successions of the Tabernas Basin. Two sections were selected: Rambla de Lanujar (RL) and Yeson Alto
(YA). Both were systematically logged, mapped and sampled for sedimentological, petrographical, geochem-
ical and paleontological characterization. A proposal of their correlation with the nearby MSC sedimentary
record of the adjacent Sorbas basin is also presented. In the RL section, a pre-evaporitic unit (30 m) of fine-
grained mixed-siliciclastic deposits containing benthic foraminifera fauna is conformably overlain by beds of
nodular gypsum and few primary selenite gypsum forming radial structures (flat selenitic cones) up to 2.5 m
in diameter. A preliminary analysis of the pre-evaporitic deposits reveals an upward decrease in the benthic
foraminifera content, associated with the absence of planktonic fauna. The YA section is a larger outcrop, lo-
cated away from the basin margins, and records a >80 m-thick unit of fine-grained siliciclastic deposits, cut by
awide and continuous erosional surface. Lying above it, a 8 m-thick unit of resedimented clasts, including large
blocks of gypsum deposited, is found. Above this unit, at least four cycles of gypsum beds appear intercalated
with fine-grained deposits. These evaporites are mainly represented by continuous beds of vertically-oriented,
massive selenite crystals. A level with abundant bivalve bioclasts was observed in one of the inter-evaporitic
intervals, implying that normal marine conditions prevailed in the basin when evaporitic deposition ceased.
The observed erosional surface at YA and associated resedimented gypsum may indicate that the first selenitic
gypsum bed deposited in the central part of Tabernas basin does not correspond to the initiation of the gypsum
sedimentation in the marginal areas. In-progress geochemistry analysis of Sr, S and SO, isotopes will determine
if these evaporites were deposited in an advanced stage during the deposition of the Primary Lower Gypsum,
or correspond to the Upper Gypsum unit.
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In this work, the Rio Aguas (RA) Messinian section, which is well known by its impressive examples of gypsum
supercones, was revisited with the objective of produce a stratigraphic/petrological characterization. First,
we created a 3D photogrammetric model of the RA section using a drone equipped with a 24 MP resolution
photographic camera. 600 pictures were treated with the software Agisoft Metashape. Second, we drew the
differentlithostratigraphic units on the 3D model. Third, we measured the complete RA section distinguishing
four lithostratigraphic units that were sampled. Finally, we analyzed the sedimentary rocks of this section
from a petrological, mineralogical, geochemical, and micropaleontological perspective, with special emphasis
on the laminated marls that crop out between selenite gypsum beds. According to these results, the vertical
evolution for the Messinian Salinity Crisis sedimentary setting was assessed. The 3D model allows a detailed
identification of the different stratigraphic units and a great definition of the basal gypsum supercones, allow-
ing different interpretations. The four lithostratigraphic units defined are: 1) A basal gypsum-marl sequence
with three cycles with the uppermost cycle showing discontinuous gypsum bodies; 2) a marly/carbonate unit
affected by gravitational instabilities (slumps); 3) a marly/lutitic unit with manganese layer on top; and 4) a
laminated carbonates unit overlined by a sandy carbonate. The petrological/mineralogical characterization
allows distinguishing different sedimentary facies from fine grained laminated to massive carbonate-rich to
sand-rich deposits. No microfossils have been identified in the RA section to date, although there is work in
progress in that regard. As a whole, this succession can be interpreted as a shallowing upward sequence. The
origin of the gypsum supercones in the RA section is also discussed, and two hypotheses are evaluated based
on our observations: (i) synchronous gypsum/marl sedimentation vs (ii) a diachronous development of these
bodies, with initial nucleation of gypsum cones inside the marls followed by rapid vertical development of the
cones forming positive topography and posterior infilling of the intercone space.
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The reconstruction of the depositional modes of ancient evaporitic basins relies on the comparison with modern
coastal and shallow water hypersaline environments (artificial salt works, lagoons, and sabkhas). However,
there are several examples of deep-water evaporitic basins in the geological past, but their interpretation is
challenged by the absence of modern analogues. In these basins, clastic evaporites, emplaced by various types
of gravity flows, are common and usually interbedded with fine-grained “hemipelagic” sediments, representing
the original signal of the host basin, and laminated evaporite deposits resulting from the settling of crystals
nucleated in the water column (cumulite deposits). A prominent example is the Resedimented Lower Gypsum
(RLG) unit that was deposited, along with halite, in the deep Mediterranean basins during the acme of the
Messinian salinity crisis (MSC, 5.60-5.55 Ma). Much attention was given in the past to the clastic gypsum facies
of this unit, formed at the expense of a marginal evaporitic platform. In contrast, the interbedded “hemipelagic”
and cumulite deposits were generally overlooked, although their study can provide crucial information on the
chemical, physical and biological conditions in the water column and at the seafloor. This work focuses on the
RLG unit exposed in the Belice Basin (NW Sicily, Italy). Here, gypsum turbidites and mass transport deposits are
interbedded with finely laminated gypsiferous and diatomaceous sediments that are typified by open marine
diatom assemblages. Preliminary sedimentological and petrographical results indicate that clastic gypsum was
emplaced in a (relatively) deep basin, characterized by normal marine conditions in the upper water column
and, at least intermittently, by high biosiliceous productivity. These results challenge the idea of a severe sea
level drop and a sharp rise of salinity in the whole Mediterranean Basin, during the acme of the MSC.
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The onshore evaporitic record of the late Miocene Mediterranean Salt Giant retains a wide array of gypsum
lithofacies whose environmental interpretation is still largely debated because of the lack of modern analogues.
Among them, selenites, i.e. gypsum crystals larger than 2 mm, are the main constituent of the Mediterranean
gypsum deposits. These crystals compose the massive, banded and branching selenite lithofacies. Massive and
branded selenite, also described from other ancient evaporite deposits, represent bottom-grown precipitates
from calcium and sulfate saturated brines. The branching selenite is a still enigmatic, peculiar lithofacies of
many Mediterranean subbasins (e.g. Sicily, Piedmont and Vena del Gesso basins in Italy and Sorbas and Nijar
basins in Spain). It formed during the first phase of the Messinian salinity crisis (5.97-5.60 Ma) and appeared
simultaneously in the stratigraphic record from about 5.87 Ma. Such lithofacies is commonly associated with
fine grained, laminar gypsum (cumulite) deposits. In this work we use novel sedimentological, petrographic and
geochemical data to investigate the origin of the branching gypsum lithofacies from different Mediterranean
localities. So far both a diagenetic and a primary bottom-grown interpretation have been attributed to this
puzzling lithofacies. The studied crystals entrap relicts of cumulitic gypsum and are surrounded by dolomitic
mudstone; such observations are in favor of a syngenetic growth of the branching crystals under reducing
conditions, close to the sediment-water interface, at the expenses of dissolved cumulitic gypsum following
intense bacterial sulfate reduction. The simultaneous appearance of the branching selenite lithofacies and
cumulite deposits suggests a further restriction of the Mediterranean basin and the intensification of water
column stratification.
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Deciphering the diagenetic processes affecting marine biogenic sediments is of utmost importance for pal-
eoenvironmental reconstructions. This is especially true for sediments deposited in the course of dramatic
paleoceanographic turnovers that might have negatively impacted marine biota. The upper Miocene sedimen-
tary record of the Mediterranean offers the opportunity to investigate this issue. Between 5.97 and 5.33 Ma,
during the Messinian salinity crisis (MSC), the Mediterranean was turned into the youngest salt giant of Earth
history. Paucity or total absence of biomineralized remains in the MSC sediments was attributed to hypersaline
conditions in the water column, that triggered the annihilation of marine life. In this research, we explore the
possibility that the absence of biogenic remains reflects diagenetic alterations of the sediments. We studied two
sections from NW Italy typified by dolomitic and diatomaceous sediments interbedded with primary gypsum
beds. The non-evaporitic components were investigated throughout a combination of sedimentological, petro-
graphic, elemental, mineralogical, and geochemical analyses. We observed different contents and degrees of
preservation of biogenic silica, from abundant and excellently preserved (diatomaceous shales) to rare and se-
verely altered (dolomitic mudstones). Such variability reflects the remineralization pathways of organic matter
associated with biogenic silica, depending on bottom and pore water redox conditions governed by the water
column structure. Oxic conditions induced by water column mixing favored biogenic silica preservation, while
bottom water anoxia during prolonged water column stratification promoted dolomite precipitation, dissolu-
tion of biogenic silica and extensive neoformation of clay minerals. These results challenge the hypothesis of
a complete annihilation of marine biota during the MSC.
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The Sorbas basin (SE Spain) has been the subject of numerous studies because it exposes the most complete
sedimentary record of the Messinian Salinity Crisis (MSC) in the Western Mediterranean. The Sorbas sedi-
mentary succession exposes >50 pre-evaporitic sedimentary cycles (Abad Mb) covered by up to 16 evaporitic
cycles of the Yesares Mb and by up to three-to-four lagoon/beach cycles of the Sorbas Mb. The most recent
MSC deposits are represented by the reddish continental deposits of the Zorreras Mb which includes two white
carbonate lagoonal units and is covered by shallow-marine Pliocene deposits. This general stratigraphic ar-
chitecture was built by integrating partial sections from the basin, due to the lack of a continuous outcrop
including all these four MSC units. This study presents, for the first time, a complete record of the MSC units
in the Sorbas Basin, based on the study of the Sofia 7 core, drilled by the company Saint-Gobain Placo Ibérica.
The core (up to 174.5 m deep) records from bottom to top the Abad (8 m), Yesares (124.5 m), Sorbas (34 m) and
Zorreras (9 m) units with >90% recovery. It is remarkable that the core cuts four thick evaporite cycles formed
by selenitic and nodular gypsum interbedded with inter-evaporitic levels of massive and laminated marls that
compose the Yesares Mb and marls with sapropelic levels of the pre-evaporitic Abad Mb of the Turre Fm. The
petrographic characterization of the carbonates, marls and gypsum beds has been carried out by optical and
scanning electron (SEM/EDS) microscopy. The mineralogical and elemental composition of the core rocks
has been determined by X-Ray Diffraction (XRD) and with a portable X-Ray Fluorescence (XRF) instrument
(Bruker Tracer 5G handheld spectrometer). The sulphate isotopic composition of evaporite samples has been
determined, while discrete measurements of the radiogenic Sr isotopes have been collected within the different
units of the core. Finally, within the marls from Abad Mb and in the inter-evaporitic levels, samples have been
taken for micropaleontological analysis and total organic matter content (TOC). The study of this core allows
adetailed petrological/mineralogical/geochemical and micropaleontological characterization of the different
MSC units in a specific location of the Sorbas Basin.
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The Messinian Salinity Crisis (MSC) represents the last Salt Giant event on Earth with deposition of a great vol-
ume of evaporites across the Mediterranean. Over the years, two main litho- and chrono-stratigraphic frame-
works have been proposed for the deposition of the MSC evaporites: 1) the classical MSC “two-step” model with
the stratigraphic division into Lower Gypsum and Upper Gypsum, and 2) the MSC “three-stage” model with
Primary Lower Gypsum-MSC stage 1, Resedimented Lower Gypsum-MSC stage 2, and Upper Gypsum-MSC
stage 3 units.

In Zakynthos Island (Ionian Sea, NW Greece), the MSC evaporites crops out in the southern coast and central
partof the island consisting of “in-situ” vertically oriented selenites, fine grained laminated gypsum and clastic
gypsum deposits, including selenite blocks, gypsarenites and gypsirudites. These MSC evaporites have been
studied in four (Agios Sostis, Panagia, Kalamaki, and Argassi) sections. The Agios Sostis and Panagia sections
consist of clastic gypsum deposits derived from the erosion and resedimentation of selenite platforms previ-
ously formed on shallower surrounding areas. The Kalamaki and Argassi sections mostly consist of “in-situ”
vertically oriented selenites and fine grained laminated gypsum deposits alternating with gypsarenites and
gypsirudites intervals.

Preliminary sulfate isotope compositions from Agios Sostis and Kalamaki gypsum are very homogeneous
with values of §**S ~23%o (21.0-26%o) and of §'0 ~13%o (12-15%o) respectively, falling within range with those
reported for the MSC Lower Evaporites.

Despite the current acceptance of the MSC “three-stage” model applied to different MSC evaporites in the entire

”

Mediterranean, the presence of “in situ™ vertically oriented selenites interbedded with clastic gypsum deposits
entail coeval deposition, involving erosion and redeposition possibly during the same evolutionary stage. These
gypsum facies distributions show some discrepancies with the application of the ‘three-stage’ stratigraphic
subdivision to Zakynthos MSC evaporites and open the possibility to be considered as MSC Lower Evaporites in
the classical MSC “two-step” model. However, future related work is needed to finally consider such evaporitic

facies as representative of the classical MSC “two-step” or the “three-stage” model.
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Three cores coming from the Permian-Triassic interval of the Puglia 1 well were studied. Core 1 (5.048-5.056 m
- Triassic) is characterized by laminated dolomudstones with thinly microbial laminae alternated to lenticular/
tabular shaped anhydrite crystal levels, suggesting an intertidal/sabkha-type environment. Core 2 (6.067-6.075
m - Triassic), shows coarse-grained crystalline massive dolomite with remnants of oolites and shell fragments,
defining a marginal shallow-water setting. Core 3 (6.372-6.379 m - Permian) includes quartzolithic sandstone
with iron oxides, clay (illite, kaolinite+chlorite) and dolomite, ankerite, calcite cements, indicating a conti-
nental setting. Dolomitization is ubiquitous and occurred early after the deposition through the circulation of
high saline dolomitizing fluids under reducing conditions. The early-dolomitization preserved the dolomites
from major burial diagenetic transformations, permitting only the ordering and the development of xenotopic
textures in the dolomite crystals (aging). Primary anhydrite crystals were lately affected at least by one burial
hydration-dehydration cycle, whereas fracture-filling anhydrite is a later-stage diagenetic product of circulat-
ing sulphate-rich fluids. The integration of other six wells and a seismic line allowed the reconstruction of the
Permian-Triassic sedimentary evolution of the Southern Adriatic area. During Permian continental/coastal
lagoon settings developed, while in the Ladinian, after a generalized subaerial exposure and an erosional phase,
the extensional tectonic inputs linked to Tethys rifting brought to a relative sea-level rise and to the formation
of carbonate shelves in NW-SE oriented tectonic depressions. During Carnian-early Norian a further exten-
sional tectonic pulse coupled with a relative sea-level drop, led to the formation of NW-SE elongated intrashelf
basin with a consequent enhancement of salinity and settlement of evaporative conditions. This triggered a
massive evaporite deposition during the Norian, that filled the intrashelf basinal areas. Lastly, in the late Nori-
an-Rhaetian a marked relative sea-level rise, restored the connections with open-sea and shifted the evaporite
deposition up to the shallowest parts that previously remained under subaerial conditions.
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The Makgadikgadi Basin in Botswana developed from the Late Pleistocene onwards due to gradual shrinking
of the giant Lake Palaeo-Makgadikgadi (LPM). This basin, in the central Kalahari, is now covered by one of the
largest salt flats in the planet. Ostracod assemblages are dominated by the Limnocythere ssp., an opportunistic
taxa colonizing the littoral areas of shallow evaporative, ephemeral lakes. The sediments from the pans show
fluctuations in the Cl/K and Ca/Cl ratios, often in phase with the relative abundance of Limnocythere suggest-
ing a cyclicity induced by changes of salinity and alkalinity in the water. Recent multi-proxy study documents
the occurrence of a Late Pleistocene shallow, playa lake environment typified by strongly alkaline waters.
Between ca. 16 and 2 ka BP, a prolonged drought with sustained aeolian conditions affected the study area. A
subsequent, short humid period is followed by an overall desiccation trend that likely started with the Little
Ice Age and continues until the present day. XRD and Raman analyses revealed the presence clastic quartz and
evaporite minerals such as halite and gypsum and ubiquitous calcite both clastic, biogenic and authigenic in
origin, from surface and shallow cores sediments. Raman analysis revealed the presence of unidentified clay
minerals. Hence, some of the samples from the Makgadikgadi Salt Pans were processed for the preparation of
oriented sections for clay minerals identification. Clay minerals identified were: illite, smectite, mixed-layer
clays (probably chlorite), and kaolinite. No consistent clay mineralogical variation with depth was found. The
authigenic clays present formed in the pans during periods of increased water alkalinity, high dissolved mag-
nesium contents and relatively low detrital input, probably during dry winter periods. On the other end, detrital
clay materials were brought in by the ephemeral rivers during the wet summer months. The identification of
clay minerals in the Makgadikgadi Salt Pans has important implications for astrobiological studies as clays
have been described by robotic mission on Mars in evaporitic environments similar to those described here.
The clay mineral deposits on Mars are a primary target for astrobiological and habitability studies.
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Located south of the Bolivian Altiplano at 3650 m asl the Salar de Uyuni is the largest (10,262 km?) salt flat
in the world. Lacustrine carbonate rocks representing the record of higher water levels in the basin appear
around the Salar and on islands within the lake. However, these exposures are very limited and do not allow
a complete study of the sedimentary filling. Drill cores is the only means to access to the sedimentary record
that underlies the salt pan. In this regard, two scientific cores have been drilled, reaching depths of 121 m
by ORSTOM in 1989, and second of 220 m by Duke University in 1999. This contribution presents the analysis
of a new core drilled in 2015 by Yacimientos del Litio Bolivianos state company (YLB) at a depth of 460 m,
thanks to a research agreement between YLB and the University of Barcelona. In contrast to these previous
drill cores that were located close the geographic centre of the Salar, the new core was drilled in the eastern
part of the Salar, around 14 km from the margin of the salt flat. This location was chosen based on available
geophysical data in order to target a depocenter of the Salar. Petrological and mineralogical results permitted
to characterize the following lithofacies: massive halite, banded halite, interstitial halite, gypsum, marls and
carbonates, volcanic ash, clays and red silts. These lithofacies have been interpreted to represent a succession
of sedimentary environments varying from mud flat, salt pan, perennial shallow saline lake to perennial
freshwater lake environments. The chronology of the core was established based on *’Ar/*°Ar dating of sanidine
phenocrysts in seven tuffs intercalated in the section, and magnetostratigraphy. The results demonstrate a long
and discontinuous sedimentary history from the middle Pliocene to the late Pleistocene. The tuff layers have
also been geochemically characterized, and one of them correlated to the cores drilled by YLB in the Salar and
with previously published cores showing important lateral variations in the Salar facies. The study of this new
core highlights the unusual complexity in the facies architecture and spectacular variations in sedimentation
rates, especially during halite deposition. In addition, we relate the sedimentary record to past climate and
salt-mediated tectonic processes in this region.
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The Messinian Salinity Crisis which occurred at the end of the late Miocene, and gave rise to salt precipitation
in the deep basins while gypsum precipitation in the marginal basins of the Mediterranean. The Adana Basin
located in most northeastern part of the Mediterranean and gypsum deposits outcropped in the basin are
evidence of that it is a marginal basin. In the basin, three different facies associations were recognized which
were precipitated/deposited in the mud-flat/sabkha, shallow-water, and deep-water environments. We carried
out strontium, sulphur, oxygen isotope analyses and elemental analyses on 32 samples of gypsum facies that
were precipitated/deposited in those different depositional environments. Strontium, sulfur, oxygen isotope
analyses are used to recognize whether the evaporite precipitation/deposition occurred in the marine water
body, nonmarine water body or hybrid water body, and dating the time interval of precipitation/deposition.
87/86Sr isotope values of 31 samples ranging from 0.708845 to 0.70919 and within the range of global Late Mio-
cene marine sediments. Therefore, these values correspond to Sr isotope values of Primary Lower Gypsum
that precipitated/deposited during Messinian and does not indicate isotopic values of Upper Gypsum unit. The
§**Svalues ranging from 23.2 to 25.5%o; §'®0 SO, values 11.7-16.2%o are higher than isotope values late Neogene
seawater. This may have been explained as a result of redox processes of bacterial sulfate reduction. Only one
gypsum-bearing sandstone sample has distinct §**S and §'*0 SO, values, 0.708787%o and 9.1%o respectively. This
may have been interpreted as evidence of continental contribution that affected the depositional evnironment
during deposition of the sample.
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Subsequently to the structuration of the Betic Cordillera (Early-Middle Miocene), important evaporite sedi-
mentation occurred during the late Tortonian-early Messinian time interval in the Betic intermontane basins
(Granada, Lorca, Fortuna, Campo Coy, Hellin, Jumilla, Baza). Depending on the basins, one or several evaporite
formations are recorded (mainly Ca-sulfates and chlorides), which are associated with pre-evaporitic deposits
such as marls, carbonates, diatomites, paper-shales, oil-shales, and early diagenetic mineralizations (native
sulphur and celestite replacements). Sedimentation in these basins evolved from marine to lacustrine settings,
but this evolution is not always clearly reflected in the evaporite lithofacies. The use of geochemical markers,
mainly stable isotopy (6**S, §'*0) of gypsum-anhydrite rocks, has allowed documenting the hydrologic-pale-
ogeographic changes in the various stratigraphic successions, and the general chemical recycling of Triassic
sulfates into the late Tortonian-early Messinian evaporites. In the early stages of restriction, the §**S values of
sulfates paragenetic with the salt show similar evolutions as do the elemental markers (mainly bromine) in hal-
ite crystals, which indicate progressive supplies of non-marine waters to the initial marine brines. Afterwards,
the predominance of gypsum-anhydrite formations in the stratigraphic successions indicates progressive brine
dilution. Together with the general dilution, the change from marine to lacustrine settings is substantiated by
the following decrease in §**S values in the Ca-sulfates: from ~20-22%o (marine waters of the Late Miocene) to
~17-18%o (mixing of marine waters with non-marine waters bearing dissolved Triassic sulfates) and to ~15-16%o
(non-marine waters with dissolved sulfate coming from the most abundant Triassic evaporites in the country
rocks, i.e. Keuper gypsum-anhydrite, indicating lacustrine settings without significant marine supplies).
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The youngest Salt Giant on our planet was formed during the Messinian salinity crisis (MSC) (5.97-5.33 Ma),
a major paleoceanographic event that strongly impacted marine biota and the paleogeographic setting of the
Mediterranean basin. The MSC succession is representative of both shallow-water and deep-water basins. While
the interpretation of shallow basins is facilitated by comparison with evaporitic rocks forming in modern coast-
al and shallow hypersaline environments, the reconstruction of deep basins is problematic, mostly because of
the absence of modern analogs. Stratigraphical and sedimentological models of different deep evaporitic basins
worldwide have shown that clastic evaporitic bodied emplaced by various types of gravity flows are interbedded
with “hemipelagic” sediments that reflect the original environment of the basins. One example is the Resedi-
mented Lower Gypsum unit (RLG) that was deposited in different deep Mediterranean basins during the acme
phase of the MSC and is exceptionally exposed in the Belice Basin (NW Sicily, Italy). We present here a detailed
geological map of the Belice Basin at the scale of 1:10.000, which has allowed us to reconstruct the stratigraphic
architecture of the RLG unit. This unit overlies, through an erosional surface, on upper Tortonian and lower
Messinian siliciclastic sediments (Terravecchia Unit) and is followed by the Messinian Lago-Mare sediments
or Lower Pliocene open marine deposits (Trubi Unit). The RLG unit can be subdivided into two informal sub-
units separated by an erosional unconformity. The lower subunits consist of well-bedded gypsum turbidites
alternated with diatomaceous mudstones and laminar cumulitic gypsum deposits. The upper subunit is a mass
transport deposit, consisting of mountain-sized gypsum blocks embedded in a slumped fine-grained matrix,
recording impressive mass wasting events at the expense of a marginal evaporitic platform.
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The Berrechid sub-basin encompasses a comprehensive record of the opening history of the Central Atlantic
Margin. Through the examination of outcrops, core boreholes, and subsurface data, a sedimentological and
stratigraphic study has been carried out, leading to the identification of eight lithofacies (LF) and the propo-
sition of a new depositional model. The allogenic and autogenic processes controlling the deposition of each
lithofacies within its stratigraphic context were also analyzed.

The sedimentation, which shows a fining upward trend from conglomerate to sandstone to siltstone lithofacies
(LF.1, LF.2, and LF.3, respectively), with varying thickness from the edges to the center of the sub-basin, sug-
gests that depositional environments transitioned from proximal to distal alluvial-fan systems. The evaporite
lithofacies (LF.4) are likely to have formed in a saline lake environment. These lithofacies constitute the Lower
Salt-Mudstone Fm, mainly controlled by the reactivation of the inherited network of NNE-SSW to NE-SW
normal faults and the climatic fluctuations through the rift initiation stage during the Norian-Rheatian time.

The two basaltic lithofacies (LF.5 and LF.6), part of the Central Atlantic Magmatic Province lava flows, in-
terrupt the syn-rift infill. The evaporites (LF.7) and siliciclastic mudstones (LF.8) which constitute the Upper
Salt-Mudstone Fm are interpreted to be the result of a lateral migration from shallow saline brines to wet saline
mudflat, to ultimately dry mudflat environments. This interpretation is supported by the existence of primary
and diagenetic features indicating that all the identified lithologies have registered periods of flooding, evapo-
concentration, and desiccation. The absence of distinctive marine lithologies and the lack of carbonates are
additional evidence. The deposition of these lithofacies during the late stage of the rifting was governed by the
ongoing subsidence, the sediment supply, and the fluctuations of the water table.

Overall, this study highlights the interaction between tectonic activity and climate change, which modulated
the rifting and sedimentation of the Berrechid sub-basin. These findings enhance our understanding of the
evolution of the Moroccan Central Atlantic Margin during the Norian-Rheatian-Hettangian.
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The sedimentary section in the Red Sea basin (RSB) consists of Oligocene-Early Miocene rift sediments, over-
lain unconformably by post-rift Middle Miocene-Pleistocene sediments, mainly evaporites. This study focuses
on the post-rift sedimentary section, combining the interpretation of seismic surveys with biostratigraphic and
Sr isotopic analysis of well samples.

The evaporite sequence consists of a mobile Middle Miocene salt layer overlain by syn-kinematic mini basins
filled with layered evaporites (shale and anhydrite). Although micro- and nannofossils are generally absent,
we report foraminiferal assemblages from shale layers within the salt. The presence of planktonic foraminif-
era Foshella fohsi constrains the end of the salt deposition to the Serravallian. Additionally, the ¥ Sr/**Sr isotope
composition of anhydrite and limestone in the layered evaporites constrains the end of salt deposition at 13.2
+0.5 Ma. The age of the Middle Miocene salt is therefore constrained between 14 and 13.2 + 0.5 Ma, coincident
with the start of seafloor spreading.

The evaporitic phase throughout the Red Sea was terminated by an angular unconformity observed on seismic
data. The age of this unconformity is constrained by our Srisotopic dating of carbonates and anhydrite between
6.2 and 8.9 + 0.5, which corresponds to the Messinian salinity crisis (MSC). Moreover, the observed age gap
of 2.7 Ma between the evaporites and the oldest Pliocene limestone supports the theory that the Red Sea was
entirely disconnected from the Mediterranean during the MSC and possibly desiccated.

At the start of the Pliocene, the RSB was flooded with seawater from