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Contrasting Diagenesis of Tight Sandstones, Lower Permian Shanxi
Formation, Ordos Basin, China

Binfeng Cao”, Xiaorong Luo, Likuan Zhang, Yuhong Lei

Key Laboratory of Petroleum Resources Research, Institute of Geology and Geophysics, Chinese Academy of
Sciences, No. 19, Beitucheng Western Road, Chaoyang District, Beijing, China
* cao_binfeng@126.com

The Lower Permian Shanxi Formation sandstones host extensive tight gas reserves in Yanchang
field, Ordos Basin, China. The formation represents one major regressive succession in which
subaqueous delta-front facies predominate. The lower and upper intervals have contrasting
diagenetic histories. Eogenetic glauconite is found only in the lower interval indicative of
seawater introduction during syndepositional /early diagenetic stage; burial saddle dolomite
(mole fraction of FeCOs3 is 13-23%, ankerite) occludes residual porosity, replaces detrital grains
and forms veins. Saddle dolomite cements have 6!3C values of -4.6 to -1.5%o, similar to dolomite
veins with §'3C values of -5.1 to -3.0%o. The relatively uniform and high §'3C value suggests that
inorganic carbon addition from seawater. Saddle dolomite exhibits average radiogenic ®’Sr/36Sr
ratios of 0.7136, marginally higher than Permian sea water (about 0.708) because of interaction
with highly radiogenic detrital silicate minerals!. Saddle dolomite has homogenization
temperature (Th) values predominantly in the range of 107-161°C; the salinity of the palacofluids
is 10.1-20.8wt% NaCl eq., 3-6 times greater than modern seawater salinity. However, the upper
interval contains early calcite cement as micritic to sparry concretion. Late sparry calcite displays
a rather patchy cementaion. Early calcite has 6'°C values of -9.0 to -4.4%o, suggesting that mixed
sources of dissolved carbon derivation from the decay of C3 and Ca plants and from atmospheric
COz2. The negative carbon isotopes of late calcite cements (8§'3C=-11.3 to -7.4%o) and calcite
veins (813C=-9.5 ~ -6.6%0) are related to addition of organic carbon from kerogen
decarboxylation. Calcite exhibit average radiogenic 37Sr/3Sr ratios of 0.7111. Th values of calcite
varies between 95 and 145°C; the palacofluids salinity is 2.2-14.3wt% NaCl eq, smaller than that
of saddle dolomite. The fluids responsible for late diagenetic saddle dolomite and calcite
precipitation have mean §'80 values of 0.5%o and -0.5%o, about 5%o heavier than Permian
meteoric waters, most likely related to fluid-rock interaction during deep burial.

The difference in diagenetic evolution patterns of the lower and upper intervals is attributed to
early diagenetic pore water conditions. Early calcite concretions in the upper interval formed by
the precipitation of meteoric water. Glauconite provides compelling evidence for marine fluid
introduction in the lower interval. The abundant saddle dolomite also reflects effect of seawater.
Thus, the pore water condition during early diagenesis exerted a major control on the later burial
diagenesis.

References

IC. Spétl, J. K. Pittman. Saddle (baroque) dolomite in carbonates and sandstones: a reappraisal of a burial-diagenetic
concept. IAS Special Publication 26, Blackwell Science, Oxford, 1998: 437-460.
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DOLOMITIZATION AND DIAGENESIS OF PRECAMBRIAN
CARBONATES: THE CASE OF THE LOWER TRANSVAAL
SUPERGROUP OF BOTSWANA

F. Franchi!®, R. Tisane'

!Earth and Environmental Science Dept., Botswana International University of Science and Technology
*franchif@biust.ac.bw

The 2.5 Ga stromatolitic dolostones from the Lower Transvaal Supergroup in the Kanye Basin
(Botswana) have been affected by multiple stage dolomitization and by circulation of metasomatic
fluids (1.9-2.1 Ga). We have distinguished between altered facies, characterized by neomorphic
phases, and unaltered facies, characterized by well-preserved stromatolites. Here, geochemical
(ICP-MS and LA-ICP-MS) and petrographic characterization of the stromatolites is presented to
shed light onto 1) the effect of dolomitization and metasomatism on the geochemistry of ancient
carbonates, ii) the evolution (geochemical) of the different cement phases, iii) eventually, the
environmental conditions prevailing at time of deposition.

The studied samples show overall high Fe an Mn contents (ca. 2000 ppm and 3500 ppm,
respectively) and very low Na contents. The overall REE patter lacks La, Ce and Gd anomalies
(ca. 1,0.9, 1.1 respectively) and shows an overall chondritic Y/Ho ratio. The Eu anomaly is slightly
negative or absent in most of stromatolite samples. LA-ICP-MS revealed that trace elements and
REE vary among the different cement phases identified in the stromatolitic dolostones, namely:
xenotopic dolomite, hypidiotopic and rhombohedral dolomite, microcrystalline dolomite. The
petrography of these dolostones suggests precipitation within the marine/meteoric mixing zone
under shallow burial conditions characterized by Mn and Fe enrichment typical of Archean
carbonates. A late stage of dolomitization has occurred at deep burial condition inducing
recrystallization of microcrystalline and idiotopic dolomite to xenotopic dolomite. Sr and Na have
been diagenetically removed from the carbonates.

Although REE+Y are normally considered robust geochemical proxies for the investigation of
ancient carbonates, the patterns of dolomites under investigation have been clearly affected by the
dolomitization processes. Particularly the dolomitization process has probably led to a chondritic
Y/Ho ratio. It is therefore possible that Y is more prone to be mobilized during deep burial
dolomitization, with respect to other REE, as previously thought. The overall lack or the presence
of a negative Eu anomaly within the samples suggest that the basin where these sediments
precipitated was completely restricted from open seawater, far from the hydrothermal input typical
of Archean open marine waters. The late circulation of metasomatic fluids through the sediments
have induced the metasomatism of dolostones localized close to the intrusion. Geochemical
evidences for these hot fluids circulation is lacking in the stromatolitic dolostones.

In conclusion, although the common beliefs consider REE as stable during multiple stage
diagenesis/dolomitization, the study of Neoarchean dolomites from the Kanye Basin has
demonstrated that overall REE+Y pattern of ancient carbonates can indeed be altered by diagenesis,
particularly by late dolomitization under burial conditions.

Acknowledgements: This work was partially supported by BIUST Initiation Grant 2016 to FF.
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The ORIGIN of SILICA CEMENTS and the ROLE of TRACE ELEMENTS
in SILICA DIAGENESIS REVEALED by SPATIALLY RESOLVED
OXYGEN ISOTOPE MICROANALYSIS and ELECTRON-BEAM
MICROSCOPY; HEIDELBERG FORMATION, GERMANY.

Marsha W. French,"?3" Richard H. Worden,', Hubert E. King,* William A. Lamberti,* William.
C. Horn*

School of Environmental Sciences, University of Liverpool, Liverpool, L69 3GP, UK
2ExxonMobil Upstream Research Company, Houston, Texas, 77027, USA
*Department of Geology and Geological Engineering, Colorado School of Mines, Golden, Colorado, 80401, USA
‘ExxonMobil Research and Engineering Company, Annandale, New Jersey 08801, USA
*e-mail: mwfrench@mines.edu

Silica cements, including microcrystalline quartz, found in Late Santonian age shoreface to
coastal-plain sandstones in the Heidelberg Formation in Germany occur in multiple episodes and
preserve porosity by inhibiting syntaxial quartz overgrowths during diagenesis. Characterizing
the silica cements and understanding the role of trace elements in cement stratigraphy can be
applied to developing an understanding of the diagenetic silica cements found in siliciclastic
reservoirs, which preserve porosity in deep clastic reservoirs.

High precision, in situ oxygen isotope analyses coupled with electron-beam microscopy of
Cretaceous Heidelberg Formation detrital grains and quartz cements show four varieties of
authigenic silica growing on detrital quartz grains. Detrital quartz has an average 5'%0
composition of 9.4%o, syntaxial quartz overgrowths have an average §'%0 composition of 20.3%,
and microcrystalline quartz has an average §'%0 composition of 22.7%o. Chalcedony has §'%0
compositions of greater than 27.4%o. Minor quartz overgrowths grew from meteoric water at
about 80°C followed by concentric bands of silica cements that covered quartz grains and
overgrowths alike. A thin layer of amorphous silica was first deposited on both detrital quartz
grains and quartz overgrowth cements, followed by chalcedony and then microcrystalline quartz;
this cycle was then repeated. Trace element data supports this interpretation and reveals two
episodes of enrichment in iron and aluminum in the chalcedony. Aluminum in the
microcrystalline quartz is below the wavelength dispersive spectroscopy detection limit
suggesting low temperature growth (< 70°C). If the closely-related chalcedony and
microcrystalline quartz grew from the same meteoric water, then isotope data suggest that
chalcedony grew at approximately 34°C while microcrystalline quartz grew at approximately
60°C from the meteoric water. Analogous to modern groundwater silcretes, the Heidelberg
Formation experienced at least two episodes of chalcedony and microcrystalline quartz growth
from several episodes of influx of relatively cool meteoric water with high silica, iron, and
aluminum concentrations.

This provides new evidence for the mechanism of porosity preserving microcrystalline quartz
growth and determination of crystal growth patterns from spatially resolved isotopic and trace
element analysis of silica cements in the Cretaceous Heidelberg Formation, Germany. This is
the first research to report on spatially resolved isotopic analysis of silica cements integrated into
a petrographic framework and a proposed mechanism for microcrystalline quartz growth.
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CARBON ISOTOPE STRATIGRAPHY IN PROTEROZOIC
SEDIMENTARY BASINS OF INDIA

B.G. George'"and J.S. Ray!

!Physical Research Laboratory, Ahmedabad, 380009, India
*e-mail: bivin@prl.res.in

The Indian subcontinent hosts a number of Proterozoic sedimentary sequences, some of which
continue well into the Cambrian. The facts that most of these largely undeformed and
unmetamorphosed sequences contain thick marine carbonate deposits, and that the subcontinent
was part of the supercontinents of Columbia and Rodinia, it is natural to expect that rocks in
these basins would have recorded physical and/or chemical evidence for the important global
events of the Proterozoic. Unfortunately, however, there have been very limited attempts to
unravel such signatures from these rocks. In an effort to fill gaps in the record we carried out
carbon, oxygen and strontium isotope analyses of carbonate formations in the Mesoproterozoic
Chhattisgarh Supergroup and the Neoproterozoic Marwar Supergroup, located in central and
western India, respectively.

Least altered nature of microspar carbonate matrices in the limestones from both the supergroups,
as inferred from their low Mg/Ca (< 0.1), Mn/Sr (< 3) and 880 (< -10%o), suggests that these
components most likely have preserved their original 8'3C compositions. The 8'*C increases
steadily with time from +2.6%o0 to +3.6%0 from bottom to top in the Raipur Group in the
Chhattisgarh basin. We interpret this increasing trend to be a result of enhanced primary
productivity at the basin margins; a condition that was prevalent in the Mesoproterozoic global
oceans at a time when only the surface ocean remained oxygenated. The 8'3C varies from -5.8 to
+2.1%o in the Bilara Group of the Marwar basin, which was deposited around 570 Ma (¥’Sr/%Sr =
0.7081). The lowering of 8!3C to -5.8 from ~0 %o is correlatble in various sections throughout the
basin and most likely represents the carbon isotope anomaly of the globally synchronous
Gaskiers glaciation. We believe that this §'*C excursion in the Marwar basin represents the first
ever reliable chemical evidence for the latest Ediacaran glacial event in the Indian subcontinent.
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DIAGENETIC CONTROLS ON THE OCCURRENCE OF ANHYDRITE
CEMENT IN THE SILTSTONE DOMINATED MONTNEY FORMATION,

WESTERN CANADIAN SEDIMENTARY BASIN

Mastaneh H. Liseroudil*, Omid H. Ardakaniz, Hamed Sanei3, Per K. Pedersenl, James M. Wood*
'Department of Geoscience, University of Calgary, Calgary, Alberta, Canada

’Natural Resources Canada, Geological Survey of Canada, Calgary, Alberta, Canada
j’Department of Geoscience, Aarhus University, Aarhus, Denmark
‘Encana Corporation, Calgary, Alberta, Canada
*e-mail:mastaneh.haghnazarli@ucalgary.ca

The concurrence of sulfate minerals such as anhydrite with H,S concentration in natural gas
reservoirs contradicts the role of sulfate minerals dissolution, as one of key sources of dissolved
sulfate required for sulfate reduction reactions and hence H,S generation'. The siltstone
dominated succession of the Triassic Montney Formation is mainly characterized by high amount
of late diagenetic anhydrite cementation rather than its dissolution and its coincidence with H,S
gas. Therefore, the question here is why both anhydrite and H,S have concomitantly formed. The
current study presents petrographic and SEM observations and stable isotope data of different
early and late diagenetic anhydrite and pyrite phases in the Montney Formation. This study
evaluates the potential source(s) of dissolved sulfate, which resulted in the simultaneous
generation of a late diagenetic anhydrite and H»S, as well as pyrite in this Formation.

The early diagenetic anhydrite is predominant in northeastern British Columbia, the area of low
H,S concentration. It is less preserved due to replacement by later silica cement. Late-stage
anhydrite is dominant in the high H,S concentration area in western Alberta and occurs as
replacive type, blocky and poikilotopic cements. These anhydrite phases postdate calcite,
dolomite and feldspar crystals, and chemical compaction, represented by quartz, feldspar and
dolomite dissolution at their grain contacts during burial. Pyrite mainly occurs as both framboids
and euhedral crystals of likely multiple generations. The §**S and 8'°O values of anhydrite in the
studied samples exhibit a wide range of variations from 5.8 to 28.8%o0 V-CDT and -6.2 to 15%o V-
SMOW, respectively. The pyrite 8°*S values also vary widely from -32.5%o to 36.9%o (V-CDT).
The early anhydrite of low H,S area exhibits minimal equilibrium sulfur and oxygen isotope
fractionation from Triassic seawater, suggesting that they were directly precipitated from
formation water with coeval Triassic seawater composition. The isotopic signature of late-stage
anhydrite in the high H,S area is similar to Devonian evaporites with higher 8°*S and 8'*0 values
than Triassic formation water. This validates the involvement of fluids from dissolution of
underlying Devonian evaporites and mixing with pore water of Triassic seawater signature. This
suggests that Devonian-sourced sulfate-rich brines were migrated upward to the Montney
Formation through extensive deep-seated faults network occurring in the subsurface of western
Alberta. The system was fed by dissolved sulfate, leading to formation of H,S through
bacterial/thermal sulfate reduction, while the excess sulfate in the system formed pervasive late

diagenetic anhydrite.

References:

'H.G., Machel, Sedimentary Geology, 2001, 140, 143-175.
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Tectonically-driven hydrothermal dolomitization of Lower Cretaceous
Qamchuga Formation, Kurdistan Region, Northern Iraq: petrographic,
isotopic, fluid inclusions and geochemical evidence

KAREEM H. KAREEM!?, IHSAN S. AL-AASM?, AND HOWRI MANSURBEG?®

! Koya University, The Kurdistan Region of Iraq; * University of Windsor, Windsor, Ontario, Canada,
3Soran University, The Kurdistan Region of Iraq.
(kareemk@uwindsor.ca)

Early diagenetic non-focused strata-bound dolomitization followed by fault- and fracture-
focused hydrothermal dolomitization represent the two main mechanisms of dolomite
formation in the Cretaceous Qamchuqa Formation that also imposed a major control on
reservoir evolution.

Integrated field observations, core descriptions, microstructural analysis, stable and
radiogenic isotopes, geochemistry and fluid inclusion analysis reveals two main phases of
hydrothermal fluid expulsion with multiple fluxes during and post Zagros Orogeny; an
early regional non-focused hydrothermal dolomitization, and subsequently fault- and
fracture- controlled hydrothermal fluid flow which led to replacement and cementation of
a range of saddle dolomite and zebra textures from fine crystalline to mega size. The host
rock dolostone has been affected by shortening, folding, fracturing, and thrust
faulting. Saddle dolomite pipes found associated with en-échelon folding. The morphology
and areal extent of zebra dolomite are controlled by pore geometry of host dolostone in
relationship to fracturing and faulting. Six types of pervasive gray and black dolomites,
three types of saddle dolomite and four types of calcite cements have been identified. Both
replacive matrix and saddle dolomite cements reveals overlap and negative stable isotopic
values -10.43 to -4.47 and -12.87 to -7.79 for '*0 %o VPDB, and 0.39 to 3.57 and -0.12 to
3.11 for 1*C %o VPDB, respectively, high and wide range of homogenization temperatures
(Th) ranging from 71.3 to 228.3°C and 82 to 188°C, and salinity range between 14.4 to
25.4 and 15.6 to 27.97 wt.% NaCl eq. , respectively.

Major elements geochemistry indicates that both replacive matrix and dolomite cement are
non-stoichiometric, and non ferroan with average 255 and 83 ppm of Fe respectively. REE
profiles show moderately similar REE patterns for dolomite types, with positive anomalies
of Eu in saddle dolomite and slightly less positive in replacive matrix dolomite, and
negative anomalies in Dy, Ho and Yb. This support the interpretation that hydrothermal
fluids that caused the formation of replacive dolomite and dolomite cement may have a
similar source and comparable geochemical attributes.

Volume 2 - 501



ISC2018, Québec City

Diagenetic fluids evolution revealed by SIMS and fluid inclusions in the late
Ordovician Lianglitag carbonate platform (Tarim Basin, NW China)

Jiaging LIU", Zhong LI"", Bingyan ZENG', Lijuan CHENG'
!Institute of Geology and Geophysics, Chinese Academy of Sciences, No.19 Beitucheng West Road, Beijing, China.
*e-mail: lizhong @mail.iggcas.ac.cn

The Late Ordovician Lianglitag Formation has been considered as an important carbonate
reservoir in the Tahe Oilfield, Tarim Basin, NW China. The diagenetic evolution and their impact
on reservoir quality is poorly understood but of great importance to reservoir characterization.
Based on the analysis of petrology, in-situ Secondary IonMass Spectrometry (SIMS) analysis,
fluid inclusion analysis, and radiogenic isotope analysis of pore-filling calcite cements, we
reconstructed the diagenetic fluids evolution. CL petrography revealed there were six stages of
calcite cements: C1-C6. C1, nonluminescent, has 8" Cyppg values between 1.44%o and 4.50%o
and 8'"*Ovppg values between -2.49%o and -0.10%o. These oxygen values are slightly enriched
with respect to coeval seawater, suggesting their precipitating from evaporated seawater. C2 with
red zoned CL pattern, shows 813CVPDB and 8180VPDB values of 1.58%o to 2.72%o0 and -5.56%o to -
5.03%o, respectively. These cements probably formed during early burial with temperature from
67°C to 88°C. C3, nonluminescent, has relatively low SISOVpDB values (-8.45%o to -6.50%o), and
likely has a meteoric origin as supported by low temperatures evidenced from abundant pure
aqueous fluid inclusions. Meteoric water probably fluxed into aquifers during the early Paleozoic
Caledonian and late Paleozoic Hercynian uplift. C4, displaying light orange zoned CL, has
8" Ovppp values (-5.37%o to -2.29%o) that are typically 3%o higher than those of C3, consistent
with marine-derived fluids, and probably formed during shallow burial after uplift. C5 displays
relatively negative 8" Ovpps values (-8.26%o to -5.12%o), and the moderate to high fluid-inclusion
temperatures of C5 imply that it precipitated in burial environments. C6 shows homogenization
temperatures (up to 200°C) higher than the maximum burial (130°C) of their host strata and
much lower measured salinities (<10.61 wt% NaCl), which may suggest that the fluid was
deeply recycled, with reduced meteoric water heated in deeper strata. In addition, the average
%7S1/*°Sr ratios of fracture- and vug-filling calcite cements are much higher than those of the
contemporary marine, indicative of incorporation of radiogenic Sr in diagenetic fluids under
burial conditions. The multiple cement stages produced poor matrix porosity, whereas caves and
fractures formed during epigenetic karstification, constituting the dominant reservoir spaces. A
corresponding diagenesis-related reservoir evolution model was established. The paleo-karst
closely related with C3 constitutes the most constructive diagenesis, non-fabric selected
dissolution pores and caves formed during epigenetic karstification constitute the most important
reservoir space.
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Compared with calcite cements, dolomite/ankerite cements in lacustrine basins of fresh water
and/or brackish water environments are generally rare due to the lack of Mg?* and Fe?*. Thus, the
chemical alteration of pore fluids they precipitated were always easy to be neglected. Precipitation
of dolomite/ankerite is commonly enhanced by an increase of Mg/Ca ratio, which was thought to
be consequence of mixed groundwater and lake brines in lacustrine environments. Therefore, it can
help to reconstruct the pore water evolution history based on the timing and elemental analysis of
multi-stage dolomite/ankerite cements in lacustrine sandstones.

This work investigates the Upper Fourth Member of Shahejie Formation (Es4s) in Northern Bonan
sag, Jiyang Depression, China. The lower part of Es4s contains the main sandstone reservoirs for
fan-delta front and sub-lacustrine fan in fresh water and/or brackish water environments. The upper
part of Es4s is mainly gypsum mudstone and dark mudstone deposited in saline lake and was
thought to be the hydrocarbon source rock. An integrated approach, such as stable isotope analysis
of carbon and oxygen, fluid inclusion analysis, SEM, CL and EMPA were utilized.

The gypsum mudstone and dark mudstone in upper Es4s contains abundant microcrystal dolomite
(SEM images and dark red color by CL analysis). However, dolomite/ankerite cements vary widely
and just occur in five of the several wells with similar micro-facies and burial temperatures.
Meanwhile, statistical data shows that they are mainly distributed within 1.5 km of the faults. It
suggests that the pore water of lower Es4s lacked Mg?* initially, and mudstone in upper Es4s was
the main source of Mg?" by fault conduction. Moreover, the intensive dissolution of volcanic
fragments in Lower Es4s was probably the main source of Fe?". Five types of the zoned
dolomite/ankerite were distinguished, and the average FeO content of D1, D2, D3, D4 and DS are
8.44 wt.%, 3.03 wt.%, 11.12 wt.%, 0.28 wt.% and 9.16 wt.%, respectively (inside out). Furthermore,
the D2 was dissolved intensely and replaced by D3. The fluid inclusions just occur in D2 and D3
with average homogeneous temperatures of 124.2 °C (117.8 to 128.7 °C) and 139.8 °C (134.7 to
148.8°C), respectively. Formation temperatures of D4 were approximately 150°C calculated by
difference values of 3'80v.ppB from D2 to D4 (avg. -12.4%o to avg. -15.9%o0). Combining with the
burial history, the formation times of D1, D3 and D5 which contain high content of FeO have good
correlation with the three times of hydrocarbon charging (24.6Ma, 5.4Ma and 2.5Ma).

The Mg*" and Ca?" rich fluids, acidic fluids and hydrocarbon migrated in sandstones following
periodic activations of faults and caused intense dissolution of volcanic fragments and feldspars,
and concentration of Fe?*, Mg?" and Ca®". Ankerite precipitated after consumption of the acid fluids,
and dolomite precipitated following ankerite with depletion of Fe?". In the next episode, acidic
fluids could result in dissolution of the former dolomite/ankerite (D2 was dissolved intensely).
Therefore, the dolomite/ankerite cements could be good chemical traces for fault activations and
pore water evolution.
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Carbonate minerals precipitate in a variety of sedimentary and diagenetic settings and potentially
record the geochemical conditions of the parent fluids at the time of crystallization. The U-Pb
absolute geochronology via in-situ Laser Ablation-Inductively Coupled Plasma-Mass
Spectrometry (LA-ICP-MS) is a radiometric method only recently applied to carbonates. This
study aims to show its potential as chronostratigraphic tool for continental carbonates, where
correlations between time-equivalent lateral facies is often problematic. In particular,
stratigraphic correlations in lacustrine deposits may lack biostratigraphic markers and the site-
specific geochemistry of continental fluids hinders the use of proxies (80, 8"C, ¥sr/*sr)
conventionally applied to marine carbonates.

Here we present an application of the method to the Nordlinger Ries Crater lacustrine basin
(southern Germany) that formed by a meteorite impact in the Miocene (~14,8 Ma from Ar/Ar and
U-Pb dating; Ref.1,2). The post-impact deposits include: (1) a siliciclastic sequence at the crater
centre (basinal units A-B-C-D; Ref.3); and (2) carbonate facies at the crater margins. Absolute
ages of basinal units were constrained coupling the impact time with the magnetostratigraphy
(Ref.4), though their correlations with marginal facies is still controversial (Ref.5).

We focused on 3 marginal carbonate facies: the Hainsfath-type bioherm, the Adlersberg-type
bioherm and the Wallerstein cool-water spring mound. Petrography combined with O and C
stable isotope analyses suggests that the investigated samples possibly preserved the original
crystallization ages. The syn-sedimentary carbonates (microbialites and early cements) dated by
in situ U-Pb chronometry display ages (2c) which span from 14.6+1.1 to 13.1+2.0 Ma that are
consistent with the meteorite impact timing. Based on the most precise ages obtained (uncertainty
< 1.5% SD; MSWD < 2.5) basinal units and marginal facies were correlated for the first time: (1)
the Adlersberg-type bioherm (14.2+0.2 Ma) and the Wallerstein mound (14.4+0.3 Ma) are coeval
with basinal Unit C; (2) the Hainsfarth-type bioherm (13.6+0.4 Ma) is coeval with basinal Unit
D. Additionally, the entire geochronometrical dataset achieved is in agreement with the
previously proposed ~2 Ma lake life-time. Furthermore, two cementation events occurring during
shallow burial and exhumation, at 5.7+1.0 and 9.54+2.0 Ma respectively were dated.

Being the Nordlinger Ries Crater one of the most precisely dated impact event on the Earth
(Ref.1), this study represents an important validation of the U-Pb carbonate geochronometry via
LA-ICP-MS, demonstrating its great potential for continental carbonates chronostratigraphy.
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The Vindhyan Supergroup of India, deposited in an intracratonic basin, is one of the important
Proterozoic marine successions of the world that contains some of the most controversial
Precambrian fossil discoveries. Despite their importance, the chronology of the host strata and
global correlation of events that occurred within the basin remain equivocal. Here, we present
results of a detailed geological, geochemical and isotopic (Sr-C-O) study of the Balwan
Limestone, the youngest carbonate formation of the supergroup, exposed only in the western
sector of the basin, in Rajasthan. Our results suggest that the Vindhyan Basin had become a
structurally controlled marginal sea towards the end of its existence and that the limestone was
deposited in a subtidal environment that had strong depositional currents. We find evidence for a
strong storm event or a tsunami during its deposition. The Pb-Pb age of 866+90 Ma of the
formation, near-primary ¥’Sr/%Sr ratio of 0.70676 close to the top of the ~120 m thick formation
and presence of molar tooth structures at the bottom of the formation, the youngest such
structures found in India, all suggest a Late Tonian depositional age for the formation. 8'3C
stratigraphy reveals the presence of the globally synchronous Bitter Springs anomaly (~12%o
shift) in the formation, the first such report from India. The lowering of 8'°C to about -5.3%o
during this event appears to have been caused by decreasing organic carbon burial in the basin.
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Recent recognition of the importance of microbial mediation in the precipitation of modern
dolomite implies that a re-evaluation of classic dolomite formation models is necessary to advance
our understanding of the processes involved in carbonate diagenesis. The influence of
microorganisms and associated extracellular polymeric substances (EPS) has now been succinctly
demonstrated to control dolomite nucleation in many unique modern environments, such as in the
coastal sabkhas of Abu Dhabi, the hypersaline coastal lagoons near Cabo Frio, Brazil and the
Coroong lakes, South Australia. This phenomenon has been confirmed through the application of
well-designed bacterial culture experiments, wherein it is possible to control the physico-chemical
properties of the growth media to test the importance of various parameters on bio-induced mineral
compositions. Furthermore, this geomicrobiological approach has allowed for the experimental
calibration of specific geochemical proxies, such as the oxygen isotope fractionation factor for
dolomite and Sr partition coefficient for dolomite. Previously, such proxy data have been used to
interpret paleoenvironmental conditions of diagenetic processes associated with ancient dolomite
formation. In particular, the Sr composition of ancient dolomite has been commonly used as an
indicator of the origin of the diagenetic fluid. Surprisingly, our biomediated experiments used to
study the Sr-partition coefficient for dolomite have revealed that microbial dolomite tends to have
elevated strontium compositions (>2000 ppm) versus those frequently recorded in many ancient
dolomites (<200 ppm). This discovery of elevated Sr values for experimental dolomite has inspired
us to reevaluate published Sr data for ancient dolomite and compare these with our experimental
dolomite and modern examples of microbial dolomite, as well as some newly analyzed ancient
examples. We report our findings and propose an alternative explanation for ancient and Recent
dolomite with relatively high Sr concentrations, that is, they are primary precipitates influenced
and/or induced by microbes. Previously, this large Sr-anomaly has been interpreted to be the
product of a secondary replacement of aragonite, an explanation which can only be applied to
secondary dolomite.

Distinguishing whether a dolomite reservoir evolves from a primary precipitate or as a
replacement product may have implications for interpreting the ultimate physical properties of the
rock. In particular, microbial dolomite tends to precipitate as nano-scale crystals within an organic
matrix (EPS). The fundamental crystalline pattern is set at the onset and subsequent diagenesis is
simply a modification of the original template. Thus, the degree of micro-porosity of a reservoir
rock may be the consequence of the original precipitate having a microbial influenced source. We
propose that the strontium concentration has the potential to reveal the process by which specific
dolomite units formed and deserves testing with future studies of selected examples.
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The most popular ¥’Sr/2°Sr application is in chemostratigraphy — development high-resolution
stratigraphic schemes of marine sections, as well as estimation of the sources of material in
evaporite basins (marine, continental, diagenetic, hydrothermal solutions, etc.), salinity
reconstruction and evaluation of diagenetic transformations in marine and/or brackish sediments.
The postrift-platform Lower Permian (Cisuralian) Evaporite Formation occupies the larger part of
the Dnipro-Donets Depression (DDD). This formation is subdivided into two subformations: the
rock-salt-bearing Mykytivka—Sloviansk (Asselian) Subformation and the Kramatorsk (Sakmarian)
K-Mg-bearing Subformation. The rock-salt subformation, which is up to 1200 m thick, is
represented by the alternated layers of rock-salt (up to 75 m thick), limestones, mudstones, marls,
anhydrites and halopelites. The study of Sr isotope in anhydrite of the rock-salt subformation have
been applied for the geochemical substantiation of stratigraphy, analysis of the sources of brine
and to clarify the paleogeographic and paleoclimatic environment sedimentation and diagenesis
features etc. 8Sr/%6Sr values have been measured in 36 samples of anhydrite from core from 13
boreholes drilled in central and southeastern parts of the Mykytiv and Sloviansk members of the
rock-salt subformation of the Lower Permian Evaporite Formation (Kopyly, Riabukhine, West-
Spivakivka, Artemivsk, Lannivka, Kobzivka areas, ets.). The measured isotope composition ratios
(¥’Sr/36Sr) for the rock-salt subformation vary from 0.70779 to 0.70810. Taking into account that
the Upper Devonian (Frasnian) Salt Formation is considered as a source of matter inflow into the
Lower Permian basin, the #’Sr/®¢Sr in the anhydrite from the Chutivka area was determined, which
is equal to 0,70800. Thus, the obtained figures fall into the Lower Permian part of the oceanic Sr-
isotope curve [1, 2]. Only one sample differs by its highly radiogenic value of 0.70924. 87Sr/36Sr
values for the Mykytiv Member anhydrite are 0.70781 — 0.70792; those from Sloviansk: 0.70779
— 0.70810. The highest value measured in anhydrite from West-Spivakivka area (Sloviansk
Member) could be explained by the continental influence, as justified by the presence of
terrigenous layers in the section. But the anticipated decreasing trend in the measured value upward
the section down to the Paleozoic minimum in the Middle-Late Permian interval has not been
observed. This may indicate a restricted connection of the evaporite basin to the World Ocean or a
short time interval of the accumulation of the studied anhydrite beds [1, 2]. The measured values
of strontium isotope composition support the idea of the marine-type source of brines in the
Mykytiv and Sloviansk evaporite DDD basin and cyclicity of sedimentation.
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Limestone-marl alternations (abbr. LMA) is a good carrier for the study of the high precision
cyclostratigraphy by orbital-forcing. But it is believed that there exists LM A induced by diagenesis.
Unfortunately, distinguishing between original and diagenetic signals in LMA is difficult and
controversial. The research of LM A mainly concentrated in the calcite seas ages, especially within
Jurassic and Cretaceous pelagic and hemipelagic successions. While, the large-scale LMA
occurred in aragonite seas are particularly well expressed in the Middle Permian of South China,
and no studies about their distribution have been published.

This paper comprehensively collected the LMA field sections and part of drilling sections of
Middle Permian that located in South China. Then, the research of morphological, petrological,
mineralogical and geochemical features about the LMA were carried out.The results proved that
the Middle Permian LMA developed different sedimentary environments, such as onshore,
carbonate platform and shelf. Macro-and microscopic characteristics, mineral composition, the
content of Al, Ti, Th, Zr, Sr and rare earth element (abbr. REE), REE distribution patterns of these
calcareous rhythmites had significant differences. In this paper, the identification signs of the
differential genetic mechanism of the Middle Permian LMA in South China were summarized in
five, including (1) the difference of biofossils content and their ecological composition, (2) the
identification of sedimentary clay minerals (chlorite and illite) and diagenetic clay minerals
(sepiolite and talc), (3) the identification of between terrestrial quartz and diagenetic metasomatic
quartz, (4) the difference in the content of the Al. Ti. Th. Zr and ) REE, (5) the difference of
REE distribution patterns. Based on the recognition signs, we believed that the formation of LMA
deposited in onshore was totally induced by climate. While, these LMA deposited in carbonate
platform and shelf were involved in differential diagenesis. And for the vast majority of the
calcareous couplets, diagenesis only reinforced the differences in the composition of the original
sediments. However, there also existed a few LMA purely induced by diagenesis.
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The carbon isotopic record of carbonate sediments is one of the more robust stable isotope
proxies to have emerged over the past 50 years. Significant growth in this field has been the
result of work by Jan Veizer and his students'. While over the past 100 myrs the organism of
choice have been foraminifera, which record the §3C value of the open ocean, dissolved
inorganic carbon, for older time periods, macrofossils and bulk carbonate sediments from
carbonate platforms and epeiric seas have been employed. It is essential to understand how
such sediments record the oceanic signal because the 8'3C values of bulk sediments from
settings drilled adjacent to carbonate platforms do not record the global oceanic signature of
dissolved inorganic carbon at several locations over the past 10-25 myrs. This results from the
mixing of sediments produced on the platforms surfaces with isotopically high values, with
oceanic materials having lower values. As a result, the §'3C values of the bulk sediments in
these settings are more a record of sea level changes than variations in the inventory of global
carbon. To explore this association further, we compared the bulk sediment and planktonic
foraminiferal, Globerigina trilobus, 3'3C records from a location close to the Bahamas (ODP
Site 1006)?. Previous work has shown that bulk sediment 8'3C values from this site record a
mixture of oceanic and platform derived sediments®3, diverging significantly from the
foraminiferal or oceanic record. Interestingly, it was previously documented that the 6'3C
values of G. trilobus from this site differ from the global §'*C values 4°. Clearly, either the
water mass represented by the Florida Current is decoupled from the global 8!*C signal or the
813C signal is influenced by diagenesis. This later hypothesis is supported by the covarying
trends between the 3'%0 values of the bulk and those in G. frilobus. This presentation will
explore this possibility as well as examine similar records from other sites drilled along the

platform to basin transect during Leg 166.
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Chemical parameters are increasingly used to determine depositional conditions of ancient
deposits, and to help interpret the depositional environment. The conclusions based on such
chemical parameters can, however, be incorrect if no additional field checks are carried out. An
example is the way in which the continental or marine character of sediments is established on
the basis of the paleosalinity preserved in the sediments: the concentration of some trace elements
— and even more the ratio between some trace elements — is a proxy for the paleosalinity of the
depositional environment, and consequently commonly also for the proximity to the adjacent
continent. This is because fresh water, discharged into the sea by rivers, in most cases gradually
mixes with the ambient sea water so that the near-coast relatively low salinity of the sea water is
raised with increasing distance from the coast.

Discharge peaks of major sediment-laden rivers that induce hyperpycnal flows at their mouth,
can, however, affect this simple picture fundamentally. The hyperpycnal flows run down the
basin slope, occasionally over tens of kilometers or even more. The huge volume of fresh water
that can thus be introduced into a marine environment tends to mix with the ambient saline
seawater only slowly, diminishing the paleosalinity even far away from the coast. This may be a
local and temporary effect, but it may significantly affect the bio-environment and consequently
the fossil record. It may also hamper the correct interpretation of the full-marine character of the
depositional environment, which may, moreover, become obscured by the introduction of
riverine organisms that are brought along by the hyperpycnal flows. The temporary lowered
paleosalinity may be preserved in the sedimentary record in the form of ‘diverging’
concentrations of trace elements and trace-element ratios, which parameters are commonly used
to determine the salinity of the depositional environment. A full-marine character of the marine
depositional environment may thus be obscured. This is exemplified for the Early Cretaceous
Lingshandao Formation on Lingshan Island (western Yellow Sea)'. It is deduced that detailed
facies analysis in the field is consequently required to reveal the true character of a marine
environment.

References

'R.Yang, A.J. van Loon. C. Zavala, Journal of Sedimentary Research, 2018, in press.

Acknowledgements

This study was supported by the Key R&D Plan of Shandong Province (grant No. 2017CXGC1608), by the National
Natural Science Foundation of China (grants No. 41672120 and 41372135), and by the Shandong University of
Science and Technology Research Fund (grant No. 2015TDJH101).

510 - Volume 2



ISC2018, Québec City

Genesis and distribution pattern of carbonate components in lacustrine sandy
conglomerate reservoirs in the Es3 Members of Downthrown Block in Yidong
Fault Zone, Zhanhua sag, Jiyang Depressiom, China

Baoliang Yang !, Longwei Qiu !, Yongqiang Yang !, Lili Tang', Shuanghu Du!
!Faculty of Geoscience, China University of Petroleum, No. 66 , West Changjiang Road, QingDao, China.
*e-mail: yangbl564@163.com

Sandy conglomerate reservoirs in the rift lacustrine basin is the focus of the current exploration
and development in Bohai Bay Basin, China'> 2. Carbonate cement is an important authigenic
mineral in the clastic rock reservoirs®*. The parent rock of the Es3 members of downthrown block
in Yidong fault zone contains carbonate rock strata, which comes from Yihezhuang uplift. The
distribution of carbonate components is a main controlling factor of sandy conglomerate reservoirs
quality. There are two genetic types of carbonate components in the area, including calcite matrix
formed by sedimentary, carbonate cements formed by cementation. The calcite matrix coming from
the carbonate strata of Yihezhuang uplift is the main source for carbonate cementation.

During the stage of early tectonic activity, retreated nearshore subaqueous fans developed,
consisted mainly of gravity flow. In the inner-fan, calcite matrix was mixed with terrestrial debris
including gravel, sand and mud. Sand suspended in the matrix in the middle-fan. Outer-fan was
consisted of marl. Compaction is the dominant diagenesis in nearshore subaqueous fans. Whereas
in the middle-fan, mesogenetic diagenesis include weak feldspar dissolution and calcite
cementation. As a result, nearshore subaqueous fans have a poor reservoir properties.

During the stage of late stable tectonic, prograded fan deltas developed, mainly consisted of tractive
current. As the hydrodynamic strength weakened, the top cycle of fan delta formed a stable calcite
matrix layer, gravel, sand and bioclast suspending in the matrix. The middle and bottom cycle
consisted of less calcite matrix, and the bottom cycle has a better-sorted and good reservoir quality.
Eogenetic diagenesis include mechanical compaction, early crystalline calcite cementation,
meteoric freshwater eluviation. Mesogenetic diagenesis include dissolution of framework grain by
organic acids, and subsequent precipitation of late coarse calcite cements, ferro calcite and less
quartz. The middle cycle of underwater distributary channel, thick grain-support sandstones in
mouth bar constitute potential hydrocarbon reservoirs.
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The Guarico Formation in the north of Venezuela corresponds to an up to 8,000 ft thick clastic
succession of turbidites and associated deep water deposits. These deposits accumulated in an
extended foredeep developed as a consequence of the oblique collision of the Caribbean plate
against the South American plate during the Paleogene. Marine deep water deposits comprise a
complete suite of coarse to fine grained deposits related to extrabasinal and intrabasinal turbidites.
Intrabasinal turbidites include cohesive debris flow (also known as wild flysch), hyperconcentrated
flow, concentrated flow and turbidity current deposits. Extrabasinal turbidites compose graded to
complex beds with abundant plant remains, and are mostly related to hyperpycnal fluvial
discharges. In the Rio Panapo area, a 195 m thick succession of turbidites is exposed. Sandstone
beds are up to 2 meters thick, and internally display normal to inverse grading. Most beds are
composed of coarse to fine grained sandstones, with massive, laminated and climbing ripples as
dominant sedimentary structures. Deformational and water escape structures are common, as well
as mica, plant remains, clay chips and charcoal clasts. Main paleocurrents are from west and
northwest. Turbidite beds compose typical finning upward cycles up to 20 metres thick. Of
particular interest are several intervals of hybrid turbidity current deposits. These packages are
composed of two clearly differentiated intervals. The lower interval is composed of massive coarse
grained sandstones with clay clasts, showing dish and deformational (load and water escape)
structures. This lower interval is sharply overlaid by massive to parallel laminates fine grained
sandstones, with large (up to 15 cm) clasts of charcoal towards the top. Elongated charcoal clasts
often show imbrication. The upper sandstone bed shows a very irregular basal boundary, product
of overloading over a water-saturated substrate. Internally, the sandstones shows a cyclic
recurrence between massive and laminated sandstones, suggesting flow fluctuations in the original
discharge. It is interpreted that these packages were accumulated by an intrabasinal inertia-
dominated concentrated flow followed by an extrabasinal hyperpycnal flow. Field evidences
suggest that concentrated flows could have been triggered in slope areas by passing-by hyperpycnal
currents. Since concentrated flows travel faster, their deposits were found in the lower part, and
were rapidly covered by hyperpycnal flow deposits when the previous level was still saturated in

water, resulting in a strong basal deformation.

512 - Volume 2



ISC2018, Québec City

MORPHOLOGY AND EVOLUTION OF A JURASSIC SHALLOW
MARINE RIVER-DOMINATED DELTAIC SYSTEM

Gregor Barth!*, Jens Zimmermann?, Matthias Franz>?, Karsten Obst!

!Geological Survey of Mecklenburg-Western Pomerania, Goldberger Str. 12, 18273 Giistrow, Germany.
2 Geothermie Neubrandenburg GmbH (GTN), Seestrafie 74, 17033 Neubrandenburg, Germany.
3Geowissenschaftliches Zentrum der Universitit Gottingen, Goldschmidtstrafe 3, 37077 Géttingen, Germany.
*e-mail: gregor.barth@lung.mv-regierung.de

The complex processes of climatic perturbations behind global sea-level fluctuations from the
Triassic to Jurassic are well preserved in the North German Basin. Litho- and biofacies analyses
and architectural investigations of Toarcian deltaic sediments documented in more than 400 wells
in NE Germany enables the construction of time-constrained high-resolution subsurface and sand
thickness maps (Zimmermann et al. 2015). In detail, the maximum progradation of two 3™ order
regressions representing the evolution from a small river-dominated delta in the early Toarcian to
a large river-dominated system in the late Toarcian can be shown. Both maximum progradation
stages resulted in the outbuilding of delta plains stretching about 200 km from northern basin
margins to the basin centre. The upper delta plain is characterized by the absence of marine
influences, but towards the SW, marine phytoplankton occurs on the lower delta plain. Both delta
plains were fed by networks of 2 to 3 km wide deltaic channel belts with a max. distributary
depth of 15 m, bifurcation patterns are typical for avulsion processes. Furthermore, meandering
channels were indicated by lateral shifting of channel belts and levee-crevasse lithofacies
associations and contributive network (cf. Zimmermann et al. 2018). Subsurface lithofacies
mapping and corresponding thickness distribution of net sand thickness of the upper Toarcian
delta suggest moderate angles of 30 to 80° between distributary channels belts. In downstream
direction, the distributive network shows an increasing bifurcation frequency, and decreasing
thickness from 40 m to 10 m. On the lower delta plain, areas of interdistributary bays are formed
between delta lobes, receiving detritus from surrounding distributaries. Delta front deposits are
characterized by up to 50 m thick mouth bar complexes with bar-finger sand architectures formed
in elongate lobes. Siltstones and very fine sandstones of the proximal prodelta can be traced
about 50 to 100 km off the delta front. The transition of both deltas is characterised by an overall
delta progradation of about 30 km, delta plain enlargement of more than 50 %, change of channel

types (meandering to anastomosing/meandering) and increase of sand thickness up to 150 %.
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Paleomagnetic studies have mostly focused on hemipelagic sediments, avoiding all rapidly
deposited layers such as turbidites to reconstruct Earth’ geomagnetic field variations. Nonetheless,
a few laboratory experiments and natural sediment core studies have begun to explore the impact
of such rapidly deposited layers on the paleomagnetic records in order to better understand the
impact of lithological changes on the paleomagnetic signal and remanence acquisition process.
Here, we propose to investigate the impact of turbidites and homogenites on the paleomagnetic
record of two long sediment cores collected along the Lesser Antilles accretionary wedge and
characterized by hemipelagic sediments interbedded by turbidites-homogenites layers. Physical
data (magnetic susceptibility, gamma density, P-wave velocity and spectral reflectance) were
acquired with a GEOTEK Multi Sensor Core Logger on board the R/V Pourquoi Pas ? during the
CASEIS Expedition in 2016. Paleomagnetic data were acquired with a 2G Enterprises 755-1.65UC
DC SQUID Superconducting Rock Magnetometer, for u-channels and a 2G Enterprises 760-3.0
AC SQUID Superconducting Rock Magnetometer, for single cubic samples. Discrete samples and
bulk sediments were also respectively measured with a KLY-3 kappa bridge and a Vibrating
Sample Magnetometer. Results reveal a shallowing inclination error on homogenites coupled with
a stable lower magnetic susceptibility. It will therefore be possible to discriminate homogenite
deposits from hemipelagic background sediments. In contrast, turbidite deposits coupled to
homogenite did not show a clear progressive shallowing inclination error between the bottom and
upper layers as expected from other studies. This could be explained by multi-pulse turbidites
and/or partial remobilization. Finally, ongoing statistical analysis of the different rapidly deposited
layers from the Lesser Antilles area should allow us to better understand the combined influence
of the amplitude of the event, sediment and magnetic grain size and changes in the concentration

and mineralogy of the magnetic fraction on the paleomagnetic signal.
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Many sandy submarine fans should contain an abundance of evidence for deposition and/or erosion
beneath supercritical-flow, because it has been postulated that turbidity currents are supercritical
for a slope >0.6°, with the formation of an hydraulic jump at the break-of-slope, e.g., the transition
from submarine canyon to basin floor (Walker, 1967; Komar, 1971). Until now, researchers have
focused on the recognition criteria of supercritical-flow deposits (SFDs) and on the different flow
parameters to create supercritical bedforms using numerical modelling (Kostic & Parker, 2006),
flume-tank experiments (Garcia & Parker, 1989; Cartigny et al., 2011, 2014) or from direct
observations on the seafloor on presently active deep-marine slope systems (Hughes Clarkes et al.,
2012).

An extensive field study was conducted in the Middle Eocene, Ainsa and Jaca basins,
Spanish Pyrenees, preserving proximal canyon-channel and related deposits and distal lobe and
related deposits, respectively. This study analysed the recognition criteria of SFDs and their
distribution in ancient deep-water systems. Three ancient sandy sunbmarine fans, related to
different depositional environments, were analysed: (i) the Gerbe-Broto fan system, from mid-
slope environment (Ainsa Basin) to lobe and related deposits (Jaca Basin), (ii) the Banaston-
Cotefablo fan system, from a proximal-basin floor environment (Ainsa Basin) to lobe and related
deposits (Jaca Basin), and (iii) the Ainsa-Jaca fan system, from lower-slope depositional
environment (Ainsa Basin) to lobe and related deposits (Jaca Basin).

SFDs are classified in two groups of facies associations: erosional supercritical bedforms
(hydraulic jump and cyclic steps deposits) and depositional supercritical bedforms (antidune and
upper-plane beds). The SFD distribution was analysed in two directions: (i) an axial direction,
from a channel axis to the channel margin, and (ii) in a longitudinal direction, from the proximal
depositional environments (Ainsa Basin) to the distal depositional environments where lobes and
related deposits are observed (Jaca Basin); and shows systematic spatial changes in the proportion
of the various SFDs. The results of this study will help in the understanding of the flow dynamics
during deposition within an ancient deep-water system.
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Clinothems are valuable archives of basin margin evolution, and the trajectories of successive
clinoform rollovers are widely applied to predict spatio-temporal sand distribution. Despite the
large body of work directed at understanding basin-scale relationships across multiple
clinothems, the detailed internal architectures of individual clinothems remain relatively under-
studied. Understanding the internal architectural complexities of complete topset-foreset-
bottomset clinothem sequences (including grain-size, grain shape and sand:mud ratios) is key to
understanding ~ow and when the basinward transfer of sediment occurs, and for determination of
spatio-temporal sedimentary correlations created by these processes. This study has undertaken
high-resolution, core-based analyses of 267 samples from three research boreholes recovered
during IODP Expedition 313, offshore New Jersey, USA. The cored intervals target quasi-coeval
topset, foreset and bottomset deposits of seawardly prograding, intrashelf clinothem sequences of
Miocene age. The topset deposits of one seismic sequence (Sequence m5.4) are subdivided into
three (m5.4a-c) sedimentary packages based on sedimentary-facies analysis. Facies analysis of
topset deposits indicates that sedimentary packages m5.4a and m5.4¢ record deposition under a
river-dominated shelf-process-regime and that sedimentary package m5.4b records deposition
under a wave-dominated shelf-process-regime. Complex stratigraphic interactions between river-,
wave- and tidal-processes have a quantifiable effect on topset grain character, which can be used
to correlate time-equivalent sedimentary packages in foreset and bottomset deposits. River-
dominated sedimentary packages m5.4a and m5.c possess the following traits: 1) coarser in mean
grain-size; i1) more poorly sorted; ii1) less spherical; iv) more angular and v) have higher
sand:mud ratios, relative to wave-dominated package m5.4b. Additionally, the average grain-size
distributions of river-dominated topset sedimentary packages m5.4a and m5.4c are bimodal,
whereas that of wave-dominated topset sedimentary package m5.4b is unimodal. River-
dominated sedimentary packages (m5.4a and m5.4c) have higher overall sand contents across the
downdip profile, however, the grain-character of the river-dominated sedimentary packages is
texturally less-mature than that of the wave-dominated sedimentary package (m5.4b).The
interaction of river-, wave- and tidal-processes exerts a fundamental control on reservoir
characteristics. Grain-character of seismic sequence m5.4 varies stratigraphically across the
complete shallow- to deep-marine profile, according to the dominant topset- and shelf-process-
regime. Grain-character can be used to correlate genetically-related sedimentary packages across
the complete shallow-to-deep-marine transect, and to establish timelines at a greater resolution
than is currently possible using chronostratigraphic techniques. Results challenge the commonly
held ideas that sediment bypass and styles of sedimentation are consistent within a seismic
sequence, and that clinoform trajectory and stacking pattern analyses are adequate to describe
spatio-temporal sand-body evolution within a single clinothem sequence or across multiple
clinothem sequences.
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Heterolithic strata are deposited in a variety of delta front to offshore marine environments. There
are many physical bedding processes that cause the deposition of various sedimentary
successions within these environments, including hypopycnites, hyperpycnites, ignitive
turbidites, and tempestites. The purpose of this study is to analyze a three-dimensional outcrop
exposure to investigate how preserved thin beds lateral continuity and thickness relate to the
physical bedding processes that caused their preservation. Data for this study was obtained from
five measured sections taken at the centimeter scale resolution, as well as a three dimensional
photorealistic drone model of parasequence 5b of the Ferron sandstone. Parasequence 5b is an
aggrading, storm dominated fluvially influenced parasequence, which transitions from the
prodelta to delta front facies. The correlation and measurements of bed thickness spanned 155
meters of outcrop surface. Thickness measurements were made for five completely laterally
continuous sandy beds every 0.5 meters. The completely continuous beds were used as
constraints for the correlation of all other beds that lie in between. At least 10% of beds are
laterally discontinuous over the 155 meters of analyzed outcrop. Thickness measurements
allowed for lateral continuity estimates of hummocky cross stratified beds, which estimate lateral
continuity for up to 1640 meters. Lateral discontinuity is shown to actively be caused by
amalgamation of hummocky cross stratified tempestite deposits. This is pertinent to oil and gas
research as a fundamental understanding of lateral continuity as it relates to physical bedding
process can aid in reservoir predictions and risk assessment.
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The Kutei and Tarakan basins are the Paleogene rifted-margin and Neogene deltaic-deep water
sedimentary basins which developed in the east and northeastern parts of Kalimantan/ Borneo,
Indonesia. These basins are separated by the Mangkalihat High, and they are terminated to the
west by the Kuching High —Kalimantan Central Ranges. To the east, they open as embayment.

Kutei basin is one of the most prolific hydrocarbon provinces in the world, where its deltaic and
deepwater sediments contain productive plays. Existing discoveries in these basins mainly come
from Upper Miocene and Pliocene reservoirs. The sediment influxes come from the Kucing High
which contains mainly melange, deepwater, and volcanic deposits. They resulted in quartzitic
sandstones in the deltaic and deepwater areas of the Kutei basin through multiple erosional and
reworking processes and good maturation of the sediments by long distance transportation to the
east from shelf to deepwater area. The eastward progradation of the sediments have induced
gravity tectonics, resulting in anticlinorium in the deltaic area and toe-thrust belts in the
deepwater area. These syn-depositional structures had controlled the distribution of the
sediments.

In the Tarakan Basin, mode of sedimentary transport and syn-depostional structures are slightly
different from those of Kutei Basin due to variation in the regional setting. Variations of:
distance from source-to-basin, volume of influx, space of accommodation have produced
different characteristics of sediments in the both basins and syn-depositional structural styles.
Basically, sandstones deposited in the Kutei Basin from deltaic to deepwater areas are cleaner
and have more quartz preserved than those in the Tarakan Basin.

This paper will highlight how variation in the regional setting, distance of sediment transport,
volume of influx, and space of accommodation will affect sedimentary characteristics and

structural styles in deepwater basins.
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It has been acknowledged that the frequency in the stratigraphic record of cyclic steps and other
related supercritical bedforms has been largely underestimated. Identification at outcrop of the
structures originating from the upslope migration of long-wavelength, fine-grained bedforms
characterizing the deep sea remains problematic. However, our knowledge of coarser-grained
and less extensive (m’s to tens of m) supercritical structures recently profited from an increasing
number of studies (bathymetric surveys, depositional facies, seafloor monitoring) that have
essentially focused on sandy deltaic settings. Here, we present a case study from a Holocene
proglacial delta succession, lying on the Québec North Shore of the St Lawrence Estuary. Large
outcrops, owing to glacio-isostatic uplift and ensuing coastal erosion, have allowed the full
architecture of beds and laminations deposited by the migration of cyclic steps along delta
foresets to be determined.

The structures, developed in sand-sized material with subordinate muds and gravels, are
observed in the upper segment of relatively low-angle (2-4°) delta foresets. Gravelly sands
characterize the topsets, while fine sand and mud were exported downslope. Undulating *beds®,
5-20 cm thick, showing minimum wavelengths in the 10-20 m range and internal faint
lamination, are truncated downstreamward by, and are onlapping upstreamward on, inclined
composite erosional surfaces. These erosional surfaces have dips greater (10-20°) than the
foresets and are regularly spaced and hence appear as pseudo-foresets. Scours, especially in the
lower reaches of these pseudo-foresets, are filled in by the coarsest material. Higher up, heavy
mineral concentrations are observed underlining these erosional surfaces.

Our multiscale survey (aerial photo cover, outcrop, laser particle size analysis) allow (i)
the reconstruction of the parent bedforms that corresponded to three-dimensional, upstream-
migrating structures; (ii) the distinction between ’laminae‘ vs. ’beds‘ in cyclic step complexes,
the latter resembling individual turbiditic beds; (iii) the inventory of associated second-order
sedimentary structures (load, flame, ripples and mud drapes...); (iv) the comparison with
present-day active delta surfaces; (v) a better understanding of the processes tied to cyclic step
migrations in deltaic settings.
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Enigmatic structures are documented in deposits of dilute pyroclastic currents and grouped under the term
"shark-fins". They consist of an overturning of a few laminae on a decimeter scale, forming overbent
"flames" or convolute laminae, which occur in successive, periodic patterns. More than 200 shark-fins were
investigated and measured in the cross-laminated deposits from the 2006 pyroclastic currents of Tungurahua
volcano (Ecuador).

These shark-fins are interpreted in terms of syndepositional soft sediment deformation pattern whereby
waves form at the interface of a shear horizon at the flow-bed boundary and rework the bed. The shark-fins
are not related to Kelvin-Helmholtz instabilities. Instead, a theoretical framework based on two layers
separated by a shear horizon is developed. The calculated growth rate of the waves is compared to
sedimentation rates in order to infer aspects of the stability and preservation of such sheared interfaces. The
process-based interpretation is supported by the results from the physical model.

We identify the necessary key observations for the interpretation of shark-fin structures for different types
of triggers. Such observations on flow-bed interactions contribute to the understanding of a flow rheology,
shear partitioning, and the transmission of shear stress out of the flow and into the substrate. Shark-fin
patterns are likely common in other types of sediments, especially in turbidites.
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Supercritical bedforms (e.g., cyclic steps, antidunes) are commonly identified in modern deep-
water environments and have been increasingly acknowledged as important to the initiation and
maintenance of submarine channels!. However, identification and interpretation of associated
supercritical bedform deposits in the stratigraphic record remains challenging due to poorly
established recognition criteria. This study emphasizes the architecture of stratigraphic surfaces
that bound supercritical bedform deposits. The nature and geometry of sedimentary bodies
resulting from upstream migrating supercritical bedforms is constructed using repeat bathymetric
surveys from modern deep-water channelized settings (Squamish Delta, British Columbia and
Monterey Canyon, California). These results are then applied to aid interpretation of Late
Cretaceous submarine channel strata of the Nanaimo Group, British Columbia, and the Tres Pasos
Formation, Chile.

Repeated along-channel and across-channel bathymetric profiles indicate significant reworking of
bedform deposits between survey time intervals. The resulting stratigraphic products are highly
composite, consisting of lenticular and wedge-shaped bedform remnants that are typically 5-30 m
long, <30 m wide, and 0.5-2 m thick. Geometrically and dimensionally comparable, scour-surface
bound stratigraphic units are identified in both the Nanaimo and Tres Pasos strata. Scour surfaces
are variably defined and overlain by thin beds of laminated siltstone and fine-grained sandstone;
the scour surfaces primarily bound structureless sandstones that contain localized backset
stratification. Numerous, nested sedimentary units are documented over thin successions (<4 m),
suggesting little to no aggradation and limited preservation of bedforms. Evidence for supercritical
bedforms in the outcropping strata supports the interpretation of a high-gradient setting dominated
by supercritical to subcritical flow transitions. Collectively, these linkages between modern and
ancient deposits helps to establish geometric and architectural recognition criteria for supercritical
bedform deposits, supporting more refined depositional models of deep-time strata.
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Sea-floor scours have been imaged by numerous bathymetric data!; however, whether there are
stacks of such features at depths is still unclear. This study describes a field of bedforms, 13 km?
and >300 m thick, imaged in the 3-D seismic volume of the Formosa Ridge, a NW-SE oriented
intercanyon area on the northeastern slope of the South China Sea. The cross-sectional profiles
show series of large-scaled asymmetrical, 540-900 m long and 38-68 m high, bedforms with their
relatively gently dipping (0.1° -5°) stoss sides facing upslope and the steeper (6°-15°) lee sides
facing downslope. The stoss sides aggrade over time while the lees appear to be slightly erosional
or non-depositional. In 3-D view, the bedforms are bowl- or crescentic-shaped depressions
surrounded by elevated headwalls and sidewalls on which relatively higher sediment aggradation
occurs. In the troughs, seismic reflections downlap and onlap onto the scour bases and sides. The
walls of adjacent scours, together, create positive triangular relief features on the sea floor. The
steep walls correspond to low seismic coherence and low seismic amplitude whereas the troughs,
in particular, show consistently high coherence and relatively higher amplitudes. By comparing
successive seven surface maps, on which the sea-floor slope varies from 2.6°-0.5°, we observed
that the bedforms migrate upslope in the NE direction, which is an oblique angle to the modern
ridge axis. The depressions become indiscernible once coalesce with a bathymetric high to the east.
We interpret these bedforms as cyclic steps based on the scale, geometries, and migration pattern
associated with differential sedimentation on the stoss and lee sides. This study shows that cyclic
steps, often imaged as negative depressions or scours on the sea floors!, can be long-lived while
undergoing stages of being net-erosional, filled, and net-depositional. On the Formosa Ridge,
cyclic steps constitute significant part of the slope stratigraphy and the deposits that might affect
gas hydrate system dynamically.
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A clastic dyke is a seam of clastic sediments that fills open fissures in and cuts across strata.
Previous studies indicate that triggers for clastic intrusions include seismic shaking, addition of
fluid and build up of excess pore pressure due to depositional events. Clastic dykes could be an
indicator of the deposition process and tectonic activities.

Clastic dyke swarms are widely exposed in the Lower Cretaceous shales in the Gucuo area in
southern Tibet. Based on ammonite biozones and detrital zircon U-Pb ages of the underlying
sandstones, the age of the clastic dykes is early Aptian. In this paper, we present data derived from
field work, detrital zircon U-Pb dating and petrology analysis. The length and width of the clastic
dykes are ranged from 5-50 m and 20-100 cm, respectively. The dykes are distributed along a series
of NWW-SEE normal faults. The fillings of the clastic dykes consist of greyish to brown, fine to
medium grained lithic quartz sandstones. The ICP-MS zircon U-Pb age analyses of one
representative clastic dyke yields a youngest graphical age peak of 124.3 Ma, which is
approximately equivalent to the ages of the volcaniclastic sandstones in the overlying and
underlying strata. Petrology analysis shows that the lithology of the dykes is similar to that of the
underlying strata, which contain abundant lithic fragments. In contrast, the overlying strata are
more abundant in feldspars with only very few lithic fragments. This result reveals the dykes are
more likely derived from underlying strata and injected upward along the faults.

A fault-induced clastic dyke model is proposed. The normal faults provide conduits for clastic
sediments injecting from underlying unlithified sandstones by overpressure. The normal faults
were probably caused by NNE-SSW extension tectonic activity, related to the opening of deep,
crust cross-cutting fractures along the northern margin of Greater India when the Australia-India
plate separated in the Early Cretaceous. We suggest that the Early Cretaceous clastic dykes in
southern Tibet may provide insight into the deep-seated fractures, caused by regional stress-field
change.
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FJORDS? NEW INSIGHTS FROM BUTE INLET (CANADA)
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The burial of terrestrial organic carbon in marine sediments is a key mediator of long-term
atmospheric CO; budgets, thereby playing a critical role in climate regulation. Fjords receive high
fluxes of terrestrial organic carbon and are thus considered as hotspots of organic carbon burial
globally. However, little is known about how organic carbon is distributed, fractionated and buried
in fjord seafloors. While a number of studies have shown how turbidity currents create highly active
erosive channels in fjord seafloors, no study has examined how these channels distribute organic
carbon over different sedimentary units (e.g. submarine thalweg, terraces, distal fans).

Here we use a unique dataset that combines direct monitoring of active turbidity currents, detailed
seafloor mapping, and sampling of the resulting sedimentary deposits in Bute Inlet, an ~80 km long
submarine fjord in British Columbia (Canada). This study allows to specifically test the potential
of turbidity currents to store modern fractions of organic carbon in fjords and thus to better
constrain the impact of turbidity currents and fjords on the global carbon cycle. Sediment samples
were retrieved from the fjord and its catchment, this includes samples from the rivers connected to
the fjord head and from the turbidity current channel which terminates to a 600 m deep terminal
fan. Applying an organic geochemical approach, we measured both bulk properties (total organic
carbon and §'*C) and organic biomarkers on the river and fjord samples. Preliminary results suggest
that the turbidity current channel influences distribution of carbon which is mostly organic and of
terrestrial origin. Further analyses using the Ramped Pyrolosis/Oxidation system will allow
fractionation of the organic carbon age spectrum contained in each sample taken from the
submarine channel. This study importantly highlights fjords as heterogeneous and dynamic
systems with sedimentary processes that deliver, erode and rework carbon-bearing sediments.
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Submarine canyons are major conduits of sediment transport to the deep ocean. Many canyons
have a connection to the shelf. However, in the last decades an increasing number of canyons
reveal a mid slope canyon head, such as the Mar del Plata Canyon at the Argentine margin. The
canyon head originates on the Ewing Terrace at about 1000 m water depth and acts as a sink for
contouritic material delivered along the terrace by the Antarctic Intermediate Water (AIW)
nepheloid layer (Voigt et al., 2013). The canyons downslope track crosses all intermediate and
deep-water masses that shape the continental slope off Argentina. The canyon expires on the
Necochea Terrace (3500m to 3900m water depth). Methodological approaches of our study
include hydro-acoustic profiling, Xray-radiographs, XRF elemental ratios, XRD measurements,
magnetic susceptibility and grain size distribution. Three coherent deep Southern Component
Water (SCW) paleo-current records provide new insights on deep SCW flow strength since the
Last Glacial Maximum (LGM). Coherently increased sortable silt values record an enhanced
deep SCW flow strength from 14 ka to 10 ka relative to the early deglacialLGM and the
Holocene (Warratz et al. 2017). Furthermore carbonate content and preservation records indicate
a shoaled Northern Component Water (NCW) until 13 ka and an upward expanded deep SCW,
the later accounts for the reduced carbonate preservation at the studied deep core sites. Elevated
carbonate contents in the sections younger than 13 ka indicate that NCW expanded downward
causing enhanced carbonate preservation at the deep core sites. Clay mineral assemblages in the
background sediments show no variation during the past 20 kyrs evidencing a persistent
intermediate and deep SCW flow supplying sediments from southern source areas. In all cores
turbidites only occur during the period from the LGM to the late deglacial. During LGM and
early deglacial, turbidites are more abundant at the distal northern canyon flank whereas they are
rather sparse in the exit to the abyssal plain. The suspended sediment clouds carried by the
persistent deep SCW were deflected to the north and deposited on the Necochea Terrace building
up a contouritic drift. During the late deglacial most turbidite beds thinned out within the distal
sector or did not reach the distal canyon at all. Holocene sections at all studied locations do not
reveal any turbidites. A distinct and similar grain-size distribution and mineralogical composition
of the turbidites and the countouritic background sediment suggests that both originate from
nepheloid flows along the Ewing Terrace. The sediment discharge of these flows into the canyon
was highest under glacial conditions. In upper parts of the canyon V-shaped patterns indicate
areas of instability where repetitively retrogressive failures were induced when the pore water
pressure of the rapidly accumulating sediment pile was exceeded. Specific knick-points,
identified along the thalweg, are assumed to act as hydraulic jumps to transform small-scale
slides into turbidity currents.
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The Changjiang and Huanghe Rivers, the longest rivers in China, are considered to be the major
sediment sources to the South Yellow Sea during the late Quaternary'. Those two rivers express
distinct differences in its mineral and isotopic compositions, and their contribution to the South
Yellow Sea are expected to evolve with the changes in sea level, monsoon climate, river mouth
shift and ocean current, thus we can exploit these information by investigating the time series
provenance evolution of the South Yellow Sea shelf” *. Our results indicate that voluminous
inputs derived from paleo-Changjiang River exerted a great influence on the study core during
MIS 3, likely defining the northern limit of the paleo-Changjiang delta at that time, while core
sediment provenance gradually transformed from the paleo-Changjiang to the paleo-Huanghe
toward the late MIS 3 along with the deltaic progradation, implying that the paleo-Huanghe River
seems to empty into the SYS and build a large delta in the MIS 3 interval. Detrital materials
mainly originate from the Changjiang, together with partly clay-sized materials from the
Huanghe during the early MIS 1, while sea bed erosion materials are the main sediment
contribution to the study area during the mid-late MIS 1. Our results also identify sea level
fluctuation and monsoon climate variation as the principal factors driving such above changes.
High sediment supply and limited accommodation space lead to the development of sediment-fed
system in the South Yellow Sea shelf during MIS 3. On the contrary, Low sediment supply and
enough accommodation space give rise to the development of sediment-starved system during the
mid-late MIS 1.
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The long-term morphodynamics of intertidal dunes and associated bedload sediment transport
were investigated to understand their responses to channel morphodynamics in the lower intertidal
zone of Yeochari tidal flat in the northern Gyeonggi Bay, west coast of Korea. Since 2014, the
tributary tidal channel, running from NE to SW direction, became more sinuous and a NNE-SSW
trending ebb barb formed at the meander bend. A time-series of global positioning system (RTK-
GPS) profiling and unmanned aviation vehicle (UAV)-assisted photogrammetry indicate that
contrasting dune morphodynamics occurred since 2016 when the ebb barb became wider and
deepened. Prior to 2016, simple dunes on the channel point-bar migrate seaward as fast as 4 m/day
and those on the channel bank migrate either landward or seaward at slower rates of 0.1-2 m/day.
In contrast, since 2016, simple dunes on the channel point-bar remain stationary or migrate
landward at rates of 0.2-2 m/day and those on the channel bank persistently migrate seaward at
rates of 3—4 m/day. The spatiotemporal changes in the dune morphodynamics reflect contrasting
hydrodynamic responses in the channel and channel bank to the increased channel sinuosity.
Hydrodynamic observation indicate a tidal asymmetry shifted from ebb- to flood-dominance in the
channel and accentuated ebb-dominance in the channel bank. Bedload transport rate (Qv) in the
channel is estimated 0.14—-0.25 kg/s/m during flood tides and 0.05-0.12 kg/s/m during ebb tides in
2016, which is nearly up to four times larger than the estimates in 2014. Qb in the channel bank is
estimated at 0.03—0.07 kg/s/m, which mainly occurred during ebb tides in 2016. The difference of
digital elevation models (DoD) derived from UAV-assisted photogrammetry exhibits a marked
buildup and seaward expansion of compound dunes on the channel bank since 2016, implying
sustained ebb-dominance due to the channel morphodynamics. The present study showcased a
rapid response of the dune morphodynamics and associated sediment transport to changes in
channel sinuosity that lead to a spatially variable tidal asymmetry in the open-coast macrotidal
environment.
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Submarine fans are archives of Earth-surface processes and change, recording information
about the turbidity currents that construct and sculpt them. The volume and recurrence of turbidity
currents are of great interest for geohazard assessment, source-to-sink modeling, and hydrocarbon
reservoir characterization. Yet, such dynamics are poorly constrained. This study integrates data
from four Quaternary submarine fans to reconstruct the volume and recurrence of the formative
turbidity currents. Calculated event volumes vary over four orders of magnitude (103 to 10° m?),
whereas recurrence intervals vary less, from 50 to 650 years.

The calculated turbidity-current-event volume magnitudes appear to be related to slope position
and basin confinement. Intraslope-fan deposits have small event volumes (~ 10® m*) while ponded-
fan deposits have very large event volumes (108 to 10° m?®). Deposits in non-ponded, base-of-slope
environments have intermediate values (107 to 108 m?). Sediment bypass in intraslope settings and
flow trapping in ponded basins likely accounts for these differences. There seems to be no clear
relationship between event recurrence and basin confinement. Weak scaling exists between event
volume and source-area characteristics, but sediment storage in fluvial and/or intraslope transfer
zones likely complicates these relationships. The methodology and results are also applied to
reconstruct the time of deposition of ancient submarine-fan deposits.

The volume and recurrence of submarine-fan-building turbidity currents form intermediate values
between values measured in submarine canyons and channels (<10° m? and <10 yr) and on abyssal
plains (>10% m*® and >103 yr), indicating that small, frequent flows originating in submarine
canyons often die out prior to reaching the fan, while rare and very large flows mostly bypass the
fan and deposit sediment on the abyssal plain. This partitioning of flow volume and recurrence
along the submarine sediment-routing system provides valuable insights for better constraining
geohazards, hydrocarbon resources, and the completeness of the stratigraphic record.
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The central abyssal region of the oceans is characterized by its remote location and large depths,
which entail technical challenges to perform an in-depth study about its sediment dynamic
environment'?. Previously, the abyssal sediment cover was attributed to only a draping
(hemi)pelagic regime. Here, multibeam bathymetric data, visual AUV observations, as well as
shallow boxcore samples between the Clarion-Clipperton Fracture Zone at 4000-5000 m depth
have been combined with the purpose of assessing the impact of deep bottom currents in this
abyssal environment. The identification of diagnostic erosive and depositional contourite
morphological features on the multibeam bathymetric data has allowed to gather evidence for the
existence of present-day bottom current processes, locally creating contourite drifts with a patchy
distribution.

The mechanism behind the formation of these contourites is predominantly the action of secondary
flows of the Lower Circumpolar Water (LCPW) and the North Pacific Deep Waters (NPDW), as
well as local dynamics of the flow in the form of internal waves and bottom currents modulated by
tides. In addition, their formation is also controlled by the presence of large-scale tectonic and
volcanic features (ridges, seamounts, and deep elongated valleys), which affect the morphology
and distribution of the basins and induce the acceleration of the typically sluggish bottom
currents.Visual AUV observations in which sessile macrofauna appears consistently bent by the
bottom currents have allowed to determine their direction in specific areas with complex
morphology, and to create models for the local flow.

Last, the analysis of the uppermost sediments allowed to infer the near-bottom palaeocurrent
intensity and to detect clear signs of a variable current regime. This could tentatively be related to
broadscale oceanographic flow variations triggered by climatic shifts, such as longitudinal shifts
in the boundary between the two main deep water masses (LCPW and NPDW) and vertical shifts
in the depth of the main core and secondary current filaments. The combined datasets have allowed
to re-assess the distribution and significance of bottom-current controlled sedimentation in a
specific region of the Tropical Pacific, as well as the mechanisms for sediment transfer.
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Three gravity cores (LZK1, ZKA4 and CSJA6) from the incised Yangtze paleo-valley comprise a
thick sequence of the post—glacial deposit. A total of 19 genera (26 species) of the benthic
foraminifers are described from these cores, with detailed down-core foraminiferal variations to
investigate their paleoenvironmental implications. Three foraminiferal assemblages are
recognized for the lower, middle and upper parts of the cores respectively. The lower part is
dominated by Ammonia beccarii var. and Florilus decorus with lower abundance and diversity.
In the middle part, the foraminifers are abundant and diverse, dominated by both Ammonia
beccarii var. and Elphidium advenum. Cavarotalia annectens, Pararotalia nipponica and the
porcellaneous benthic foraminiferal forms are always present, sometimes abundant. The upper
part is characterized by the Ammonia beccarii-Elphidium magellanicum assemblage, except for
the Core ZKA4 barren of foraminifers in this interval. Both the AMS '*C dates and foraminiferal
assemblages confirm that the transgression—regression sequence in these cores belongs to the
"Ammonia transgression" during the Holocene. In addition to documenting the post-glacial sea
level fluctuations, the benthic foraminifers also reflect a warmer climate during the early—middle
Holocene. The foraminiferal difference between the three cores can be used to interpret the
influence of the sea water during the post-glacial sea level fluctuations. The area in the vicinity of
Core ZKA4 was affected by marine water only during the middle Holocene, much shorter than
the areas of the other cores.
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The northeastern continental shelf of the Korean Peninsula is characterized by a narrow (< 20 km
wide) and straight coastline with a supply of sandy sediments from small-scale rivers. In order to
determine the provenance of sandy sediments, we collected by piston- and box-cores from the
beach, shelf, and shelf edges in the Gangneung and Donghae sites (a distance of about 15 km
from each other), respectively. We performed Grain size analysis, XRD analysis, and SEM
observation to identify differences between the two sites. The grain size of the continental shelf
sediments gradually decreases from the inner shelf to the outer shelf. The coarse-grained sandy
sediments (> 1 phi) are only found in the river mouth of the Gangneung and Donghae sites. The
XRD results reveal differences in compositions of sandy sediments between the two sites; the
sandy sediments of the Gangneung site are composed of quartz (53%), feldspar (34%), and mica
(10%), while the sandy sediments of the Donghae site are made of rare feldspar and abundant
opaque minerals. The beach sediments of the two sites also reflect the compositional differences
between the Gangneung and Donghae sites. The very-thick sandy sediments found in the shelf
edge of the Gangneung and Donghae sites have similar grain sizes and mineral compositions to
those of the river mouth sediments in the two sites. According to our results, the provenance of
the sandy sediments is distinctly different between the two sites, without reflecting the mix led by
the coastal currents. It indicates that during the low stand period, the small-scale rivers of
Gangneung and Donghae were extended and the sandy sediments were supplied directly to the
shelf edges.
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The Upper Jurassic-Cretaceous deposits are widely distributed and superbly exposed in southern
zone of the Eastern Pontides (NE Turkey). This work is focused on the depositional
environments and tectono-sedimentary evolution of Tithonian - Campanian succession from the
Mescitli area (Giimiishane, NE Turkey) based on microfacies characteristics, including
depositional texture, grain composition, and fossil content. The studied stratigraphic sections are
characterized by the following three units: (1) 450 m medium-thick to massive neritic limestone
including dolostone, benthic foraminiferal packstone, allochthonous skeletal/ peloidal grainstone,
sponge spicule packstone / wackestone, and allochthonous skeletal packstone facies, which are
deposited in a low-middle energy shallow tidal, lagoon to deep shelf during the Tithonian- Early
Santonian time. (2) The 15 m yellowish sandstone to sandy limestone derived mainly from neritic
limestone that was broken up by Albian-Santonian extensional tectonic regim, deposited in the
fault-slope environment during Turonien-Santonian, and (3) the 5 m red Globutruncana-bearing
pelagic limestone deposited in basin environment during the Campanian. The microfacies
analyses indicate that shallow marine conditions were present during the Tithonian - early
Santonian in the Mescitli area. However, these conditions ended during the Albian extensional
tectonic regime, when the carbonate platform was broken up, and the basin was deepened and the
yellowish sandstone to sandy limestone was deposited in the fault-slope environment. Deepening
of the basin continued until the deposition of red Globutruncana-bearing pelagic limestones,
which are represented by the maximum flooding surface sediments. During the Campanian the
entire study area had become a deep-marine depositional environment.
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Supercritical density flows are typical for coarse-grained submarine fans on steep-gradient, active
continental margins. Field examples from the Sandino Forearc Basin (southern Central America)
indicate that cyclic-step and antidune deposits occur in all sub-environments of coarse-grained
channel-levée complexes. The morphodynamics of the cyclic steps and antidunes strongly
impacted the evolution of the channel-levée systems from the early stage of avulsion, levée
construction and backfilling.

Successions related to supercritical density flows are characterized by (i) steep-walled scours
filled by conglomerates and pebbly sandstones, displaying normal coarse-tail grading or back-
sets, interpreted as cyclic-step deposits, and (ii) subhorizontally stratified, sinusoidally stratified
or low-angle cross-stratified pebbly sandstones and sandstones, interpreted as antidune deposits.
The field examples indicate that so-called crude or spaced stratification may commonly represent
antidune deposits with varying stratification styles controlled by the aggradation rate.

Large-scale amalgamated, multi-storey scour fills (18 to 29 m deep, 18 to 25 m wide, 60 to
>120 m long), which are incised into levée and lobe deposits, are interpreted as related to the
formation of large-scale cyclic steps during an early stage of channel incision. These cyclic steps
probably formed during channel avulsion, when high-density flows were routed into the evolving
channel. The infill of distributary channels is characterized by deposits of small-scale cyclic steps
with superimposed antidunes. Cyclic-step deposits comprise regularly spaced scours (0.2 to 2.6
m deep, 0.8 to 23 m wide) and pass upwards and downflow into antidune deposits, indicating the
formation of antidunes on the stoss-side of the cyclic steps due to flow re-acceleration downflow
of the hydraulic jump. The deposits of small-scale cyclic steps with superimposed antidunes form
repetitive fining-upwards successions with decreasing antidune wavelengths, indicating waning
flows, and are inferred to be related to successive supercritical high-density turbidity flows
triggered by retrogressive slope failures. Mouth-bar deposits are characterized by laterally
extensive planar and trough cross-stratified pebbly sandstones and conglomerates, representing
the progradational infill of preformed scours at a channel mouth. The mouth-bar deposits are
overlain by antidune deposits, which were deposited upflow of the prograding mouth bar. Within
levée successions, deposits of small-scale cyclic steps and antidunes occur in the coarser-grained
crevasse-splay and crevasse-channel deposits.
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Depositional settings related to expanding point-sourced flows, like submarine fans and
subaqueous ice-contact fans, can be modeled as submerged plane-wall jet flows. Submerged
plane-wall jet flows emerge from an orifice into a standing water body and are characterized by
rapid flow expansion and deceleration. The evolution from inertia-driven jets into buoyancy-
driven-plumes is primarily controlled by the initial momentum and the density difference
between the flow and the ambient water. We conducted 3D experiments with submerged,
horizontal wall-jets, varying several of the main controlling parameters such as the bed slope,
grain-size of the sediment bed, and the flow variables (discharge, density difference and pipe
diameter) that define the initial densimetric Froude number. The controlling parameters were
varied systematically to test their impact on the flow dynamics and the resulting deposit. The
tested experimental conditions were classified as follows: (i) non-aggrading jets on a non-
erodible bed, (i1) non-aggrading jets on an erodible bed, and (iii) aggrading jets on an erodible
bed.

All experimental jet-flow deposits comprised initial jet bedforms, scours and mouth bars. Initial
jet bedforms, spreading concentrically around the inlet pipe, typically preceded the formation of
the scour and mouth bar. The scour and the mouth bar were always coupled, with the mouth bar
surrounding the margin of the scour. Flows with higher incoming densimetric Froude numbers
produced scours with larger aspect ratios (length vs. width). Conversely, the scours were deeper
for lower incoming densimetric Froude numbers. Scours formed by the entrainment of sediment
by turbulent vortices. The entrained sediment was typically flushed out of the scour to build a
mouth bar around the scour margin. Very low-relief bedforms were observed forming and
evolving on the distal slope of the mouth bar, where the flow had presumably transitioned to a
fully gravity-dominated density (or turbidity) flow. The dimensions and steepness of the mouth
bar and bedforms were controlled by the sediment-grain size in the initial deposit, with coarser
grain sizes causing the formation of higher and steeper bars and bedforms. The transition from
inertia-dominated jet to gravity-dominated plume (density flow) was observed to occur toward
the distal section of the scour. The turbulent plume was slowly pushed over the mouth-bar crest
by the incoming jet flow, promoting the formation of a density flow down the bar front and
beyond. One of the key observations was the clear absence of hydraulic jumps inside the jet
scours, as the flows inside were predominantly inertial and jet-like, thus dynamically very
different than interfacial gravity-dominated flows.

The experimental observations imply that (i) the role of hydraulic jumps for the morphodynamics
of expanding flows may need to be re-considered, (ii) the aspect ratio and the depth of scours
provide indicators for the flow conditions near the orifice, and (iii) gravity-controlled processes
rapidly take-over the control on the morphodynamic evolution of the flow and are responsible for
deposition on the lee side of the mouth bar and beyond.
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Slope channels and lobes form significant hydrocarbon reservoirs, but their behaviour and
resultant stratigraphic record could be markedly complicated and different from published
generic models owing to their interactions with structurally-induced seafloor topography. This
study deals with the Pliocene channel-lobe complexes from the Giza field, offshore west Nile
Delta, focusing on their interactions with seafloor topography created by faults and folds. High
resolution 3D seismic data, augmented with well logs and core data suggest that two types of
channel-lobe complexes develop in locally different tectonic settings in the study area.

Type 1 involves a channel lobe complex in a fault-controlled setting. A straight channel
transitions into a sandy lobe near a fault tip. The lobe then follows the fault, which is at a high
angle with regional slope dip. The lobe was subsequently incised by a channel, which is filled
with muddy deposits. These observations show that the fault generated accommodation space,
and reduced local gradient, which triggered flow expansion and resultant channel-lobe transition.
After the lobe filled the accommodation space, newly formed channels cut into the lobe and
sediments mainly bypassed this area as they tried to attain a new equilibrium profile. This
resulted in muddy infills that could compartmentalize the underlying sandy lobe reservoir.

Type 2 comprises mainly a sinuous channel belt associated with an anticline/syncline pair. The
channel belt becomes more sinuous with time, but during the course of channel evolution, the at
the syncline is more sinuous with larger bend wavelength and amplitude, while the that at the
anticline is less sinuous with smaller bend wavelength and amplitude, and develops several lobes.
In addition, two well penetrations show that channel fills are generally sandier at the anticline
than at the syncline, but both become muddier upwards. These changes suggest spatial
acceleration and deceleration of the turbidity currents in response to topography, which are
superimposed on flow evolution of flow type through time, caused by extra-basinal external
controls.

In summary, seafloor topography controls local gradient and/or accommodation, which exerts a
significant control on channel sinuosity, bend wavelength and amplitude, channel-lobe transition
location, and reservoir/non-reservoir distributions. The effects of seafloor topography can be
superimposed on those caused by external allogenic controls.
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Mud clasts are common in non-marine to marine sedimentary records, however, why lack a
widely accepted classification scheme? This study aims to demonstrate the formative
mechanisms, transport characteristics, and classification of mud clasts. We propose that it is the
relative balance of volumetric abundance, sorting, roundness, and grain size that controls the
texture and fabric of mud clasts. Nine distinct types of mud clasts are identified in the study
based on quantitatified properties, and fall into two groups coarse-grained and fine-grained. The
generation of mud clasts can be assigned to failure, erosion, and/or bioturbation of muddy
sediment. These clasts are transported within fluid flows including Newtonian fluids, Non-
Newtonian fluids, and Bingham plastics (gravity flow and turbidity flow), showing various
physical characteristics depended upon the density and viscosity of flows. Newtonian flows with
less density and viscosity commonly form mud clasts with mature textures. In Non-Newtonian
(gravity-driven) flows, mud clasts are normally transported in laminar flows with high density
and viscosity, developing matrix-supported mud clasts with immature textures. The study of
classification, formation, and transport mechanisms of mud clasts has implications for identifying
and interpreting sedimentary environments. In traction flows in fluvial, deltaic, estuary, coastal,
and shelf environments (except bank collapse), mud clasts are generally transported in turbulent,
Newtonian flows with low density and viscosity, commonly forming lag deposits with mature
textures. However, mud clasts can also show poor roundness due to short transport distance in
some tidal channels in estuaries and meandering channels. In gravity-driven flows of the alluvial,
continental slopes, and deep water systems, mud clasts are normally transported in laminar flows

with high density and viscosity, developing matrix-supported mud clasts with immature textures.
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The Cretaceous Gallup Sandstone has been studied extensively owing to the petroliferous
nature of the San Juan Basin, but the depositional environments and sediment processes
of this progradational system are not well understood. The Gallup Sandstone was
previously interpreted as wave-dominated shorefaces, strand plains, or barrier islands'.
Our interpretation shows that the Gallup is a mixed-process influenced deltaic system
with strong river and storm signature on an epicontinental ramp setting. We measured 69
sections and walked out key facies along 60 km of laterally continuous cliffs and covered
slopes that are oblique to paleo-depositional dip around the Northwest New Mexico. The
detailed facies analysis based on sedimentological sections and numerous photomosaic
allows identifying 9 major facies associations, including marine shelf/offshore, river-
dominated delta, storm-flood-dominated delta, lower shoreface, upper shoreface,
distributary channels and bars, fluvial facies, nonmarine coastal facies, and tide-
influenced facies. Abundant gutter casts and hummocky cross-stratification indicate a
low accommodation/sediment supply ratio and strongly storm-influenced depositional
environment. Such stormy environments allow deposition of the storm-flood-dominated
deltas. Numerous erosional-based channelized features coupled with low bioturbation
suggest river-influenced conditions. Abundant soft sediment deformation structures in
various scales also indicate a mixed storm and river influenced setting. The along-strike
transition from deltaic and lagoonal/bay deposits to shorefaces may be indicative of the
asymmetrical delta model. Allogenically, depositional facies closely depend on systems
tracts of sequence stratigraphy and shoreline trajectory that are related to relative sea
level changes. Meanwhile, facies also changed due to autogenic processes. The three
dimensional changes in depositional facies manifest the evolution of depositional
environments in space and time. The frequent switch among various marine and
nonmarine depositional environments also suggests high-frequency relative sea level
fluctuations.
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Observing the present is critical to understanding the past and predicting the future. There is a
compelling need to directly observe sediment dynamic process in the modern deep-sea
environment to advance our in-depth interpretation of sedimentary and paleoenvironmental records
preserved in sediment sequences. The South China Sea offers an excellent case for the sediment
source-to-sink transport process study, because fluvial sediments provided by various surrounding
drainage systems contain characteristic mineralogical and chemical compositions. In order to trace
sediment transport processes from surrounding fluvial sources to the deep sea, time-series sediment
trap samples are applied in this study to demonstrate the seasonal variation of sediment
provenances in the northeastern South China Sea. Suspended detrital sediments from 10 sediment
traps equipped on 5 deepwater moorings, located at water depths between 2000 and 3850 m, were
analyzed for particle flux, clay minerals, major elements, and Nd-Sr isotopes. The temporal
variation from May 2014 to May 2015 indicates that contour currents in water depths ranging from
1500 to 2500 m transported the majority of detrital sediments southwestward with increased
intensity in summer and winter. Total particle flux in the down traps (2000-3800 m) is usually 10-
100 times higher than that in the upper traps (500 m). These down-trap sediments were derived
mainly from the fluvial input of Taiwan. While above 500 m, the seasonal variation of sediment
provenances is not remarkable although the particle flux slightly increased in summer. Both Taiwan
and Luzon contributed suspended particles to the upper sea throughout the year, suggesting
westward sediment transport forced mainly by surface currents. This study highlights the
significant lateral transport of detrital sediments from surrounding land sources to the deep sea that

is characteristic in marginal seas
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The southwestern South Yellow Sea (SYS) is influenced by the tremendous sediment loads
derived from the Yellow River (Huanghe) and Yangtze River (Changjiang). However, the
sediment provenance and the influence of Yangtze River-derived sediments on this area remain
unresolved. In this study, we analyzed grain size, clay mineral, and elemental compositions of
surface sediments in the southwestern SYS to distinguish the provenance, and illustrate the
transport mechanism of Yangtze River substances with field observation data of seawater salinity
and suspended sediments. Discrimination diagrams of clay mineral, Cr/Th vs. Sc/Al, and REE,
indicate that the sediments in the southwestern SYS are mainly derived from the old Yellow
River subaqueous delta and Yangtze River. The distribution of suspended sediment concentration
and the presence of dolomite in the suspended sediments, suggest that Yellow Sea Warm Current
can transport suspended matters derived from Subei coasts to the central SYS in winter. The
Yangtze River substances contained in the suspended sediments, which are finally deposited off
Subei coasts in summer, are carried by the northward flow of Changjiang Diluted Water and
Subei Coastal Current. During the whole transport processes, the alternation of sediment source
and sink of Yangtze River substances occurs off Subei coasts, with a sink in summer and a source
in winter. Sediment distribution and transportation of Yangtze River substances are closely

associated with the seasonal variations of circulation system in the SYS.
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During the last glacial period, the Black Sea was a giant lake disconnected from the global ocean.
At that time, the Danube river acted as an outlet of European Ice Sheet and the Alpine ice cap,
transporting amounts of material that allowed the development of deep-sea sediment depositional
systems, including the Danube Deep Sea Fan. In this study, we discuss the sediment inputs
variability of the paleo-Danube river and its relationship to paleoenvironmental regional changes,
including ice-sheets fluctuations and/or rainfall regime.

For this purpose, we use the GAS-CSO01 core (33.4 m) which was collected on the upper slope
(240 m water depth) of the NW Black Sea during the 2015 GHASS cruise (DOLI:
10.17600/15000500). The chronological framework reveals that GAS-CSO01 core extend back to
~31 cal kyr BP with sedimentation rates reaching up to ~6 m/kyr. Sediments of GAS-CS01 show
even, parallel clastic rythmites (with a total of 3051 laminae) that have been studied through a
multi-proxy approach, including scanning electron microscopy (SEM) investigations,
hyperspectral spectroscopy (um resolution), grain-size measurements, X-ray fluorescence core-
scanner (mm resolution) and XRD mineralogy (cm resolution).

Our results reveal that rythmites composing core GAS-CS01 are hyperpycnal deposits likely
linked to paleo-Danube flood events. Based on this result and considering both the physiographic
context (shelf break) and the lowstand glacial conditions, we suggest that core GAS-CS01 was
located in a prodelta environment during the last glacial period. Furthermore, counting of
hyperpycnites and, by extension, reconstruction of flood frequency suggests that the paleo-
Danube experienced recurrent periods of enhanced flood activity.

The origin of this variability will be thoroughly discussed in the light of paleoenvironmental

changes.
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Gateways are key areas of connection between marine basins playing an important roles in the geological
history of the Earth. Gateways represent a peculiar depositional setting characterised by specific
oceanographic circulation and sediment distribution. Recent geological studies and geophysical
investigations have pointed out as gateways may correspond with morphologically confined basins, block-
faulted compartments or narrow marine seaways, hosting unpredictable sediment routings in association
with variable tectonic accommodation. In such settings, both bottom currents and associated oceanographic
processes (e.g., overflows, tides, waves, eddies, etc.) and morphological constraints can result in
sedimentation that departs from conventional depositional models and stratigraphic schemes. Consequently,
analysis of such settings in the subsurface is often problematic, affecting for example predictions of
hydrocarbon reservoir characterization. Accordingly, presence and distribution of sand-rich deposits is key
risk due to the limited amount of data and direct observations. Uncertainties can be reduced by studying
outcrop and subsurface analogues using facies analysis and seismic interpretation. In addition to these
standard approach, the sedimentary architecture analysis of the outcrops can be performed by using virtual
outcrop data (i.e. photogrammetry and LIDAR). Virtual outcrops allow filling of the gap between facies and
seismic scales in a 3D environment and have the advantages of (i) analysing outcrops, totally or partially
inaccessible; (ii) obtaining a larger and more representative number of measurements and data; and (iii)
being an effective space of fusion with other geological data in order to make more robust estimations.

In the present study, preliminary results in terms of basin evolution, bedform geometries and facies
distribution coming from the onshore-offshore analysis of the Catanzaro and Siderno paleostraits are

presented.
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The 2004 Sumatra (Mw9.3) and the 2011 Tohoku-Oki (Mw9.0) megathrust earthquakes and
associated tsunamis had devastating societal consequences, in part because they were much
larger than thought possible at those locations. How are ‘megaquakes’ qualitatively different
from the more frequent ‘great earthquakes’ (M8)? A few similar events are known (M9.4 Alaska
1964, M9.6 Chile 1960, Cascadia 1700 AD) but historic records are too short to characterize
megaquakes and their impacts. An urgent challenge is recognizing where megaquakes are
possible and reconstructing and characterizing megaquakes from their submarine geologic
signatures at least through the Holocene to improve our understanding of where megaquakes are
possible. Available results suggest that much of the sediment deposited at active margins, has
been resuspended by earthquakes and that at least some of the variability in the sedimentary
features and spatial distribution derives from differences in the earthquake excitations. Recent
observations have demonstrated a wide range of earthquake-related sedimentary signatures: e.g.,
large slumps and stacked turbidites in the trench near to the 2011 maximum deformation area;
homogeneous deposits extending large distances across the abyssal plain of the Mediterranean;
dense plumes of suspended sediment that persist for months after the earthquake forming
meters thick deposits; and surficial remobilization of sediments for 100’s of km along the strike
of both the Japan Trench and the Chile 1960 megathrust ruptures. The latter seems to be
independent of slope suggesting entrainment by hi-amplitude, long period relative shear between
water and sea floor expected to be especially significant from large-displacement ruptures of the
outer megathrust. Generally, the complexity in both structure and sedimentary deposits provides
opportunities for linking sediment characteristics with surface deformation. In this study we go
beyond the interpretation of classical turbidites attempting to translate specific sedimentary
signatures of event deposits into what is known about the earthquake coseismic motions, shaking
and deformation.
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Storm deposits are most underrepresented in estuaries. The typical thick, amalgamated sandstone
beds with hummocky cross-stratification are not well preserved, possibly due to the prevalence of
current action in these settings. The taphonomy of fossil concentrations, however, can be a useful
tool to recognize these deposits. In this contribution, we discuss the origin for the shell deposits
of the Rio Bonito Formation preserved in Cambai Grande (the Rio Grande do Sul State,
southernmost Brazil) based on the taphonomy of shell layers. The 20-m thick sedimentary
succession is composed dominantly by fine-grained sandstones and heterolithic facies and
mudstones, with the local occurrence of coarser deposits (sandstones and conglomerates). Low-
angle trough-cross stratification, wavy bedding, hummocky cross-stratification, double mud
drapes, reactivation surfaces, and intraclasts are the main sedimentary features in the fine-grained
deposits, while higher-angle trough-cross stratification and mud drapes are frequent in the coarser
deposits. The shell layers occur in the hummocky cross-stratified sandstones (Shcs) and the
interbedded fine-grained sandstones (Sf) and heterolithic (Het) sedimentary facies, showing
different depositional signatures. The primary taphonomic attributes of these shells (e.g., valve
convexity direction, breakage level of shells, sorting size, the presence of bioerosion, and shell
orientation) allowed recognizing three taphofaccies named Tf 1, Tf 2, and Tf 3. Tf 1 occurs in
Het and Sf facies, being characterized by shells preserved in horizontal with the convexity
upward, medium shells are dominant. Almost 50% of shells are whole and articulated shells are
present. Tf 1 is interpreted as formed under low-hydrodynamic energy and low-sedimentation
rate conditions, signaling a quiet environment. Tf 2 occurs in Shes facies, being characterized by
horizontally and obliquely-disposed shells preserved with the convexity upward, medium shells
are dominant. Almost 60% of shells occurs fragmented; nested and bioeroded shells occur. A
crowed Rosselia ichnofabric occurs in the beds capped by Tf 2. Tf 2 is interpreted as deposits
influenced by surges. Tf 3 occurs in Het and Shcs facies and is characterized by a similar
proportion of shells with convexity up- and downward, horizontally, obliquely, and vertically-
oriented to the bedding plane. Small size are dominant, and whole shells and fragments occur in
similar proportion. Articulated shells are present, but not bioeroded ones. Tf 3 signatures point to
two distinct events, one representative of high-hydrodynamic energy and high-sedimentation
rates, and the other of low- hydrodynamic energy and low-sedimentation rates. The analysis of
the shell concentrations allowed infers that Tf 1 was formed under fair-weather conditions and Tf
2 during storm events. Tf 3 is assumed as a hiatal concentration, representing periods of starved
sedimentation and action of winnowing process into the Cambai Grande paleovalley.
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STORM-INDUCED TURBIDITY CURRENTS TRIGGERED IN THE
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The monitoring of turbidity currents allows a better understanding of their behaviour and timing
in relation to triggering events. The triggers of turbidity currents often remain hypothetical since
very few studies have directly observed them. These triggers are nearly always inferred, even when
monitoring is present. In this study, the Pointe-des-Monts submarine shelf canyons were monitored
using Acoustic Doppler Current Profilers (ADCPs) and repeated high-resolution swath bathymetry
mapping. Repeated mapping revealed that crescent-shaped bedforms, interpreted as cyclic steps,
migrated upslope during the last 10 years, despite the absence of sediment on the shelf or river
inflow in the region. During the winter of 2017, an intense turbidity current, with velocities
reaching 2 m s!, was recorded and appears to be responsible for the migration of cyclic steps. This
turbidity current was coincident with one of the greatest storm of the year that generated 3.8 m
waves along the coastline of the region. The turbidity current temperature in combination with
repeated seafloor mapping suggest that it was triggered at depths of > 100 m and that it is not
attributed to a canyon-wall failure. Three other turbidity currents, albeit weaker, were also
triggered during storms during the winter of 2016-2017. These results demonstrate that storms can
possibly trigger turbidity currents at deeper water depths than the shelf, although the exact process
by which sediments are put in suspension remains enigmatic.
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Ice mass loss is driving important coastal morphodynamic changes in Arctic regions, from rapid
coastal erosion to substantial prograding coastlines. Sediment supply delivered by rivers due to
enhanced glacial erosion/ice mass loss has dramatic consequences on nearshore sedimentary
environments and associated ecosystems. However, limited data exists in Arctic coasts on the
influence of ice mass loss due to climate change in modifying the nearshore hydrodynamic of
fjords. Here, we show how the behaviour of retreating glaciers and ice-mass loss influences the
generation of density flows in eastern Baffin Island fjords, which has important consequences for
bottom water renewal and nutrient and carbon fluxes to the marine environment. Through a
detailed analysis of sediment waves formed by sediment density flows on 31 delta fronts mapped
from 2003 to 2014 and by extracting their correlative glacio-hydrological drainage basin
characteristics, we observed that the presence of glaciers controls the occurrence of density flows.
However, lakes formed during glacial retreat, small or large, significantly alter the course of
sediment routing to the deltas, leading to the interruption of density flow processes in fjords.
Applying these results to 700 glacio-hydrological drainage basins of eastern Baffin Island allows
us to predict the location of density flows presently occurring in fjords. These findings inform
local communities and stakeholders on the locations where bottom-water renewal and organic
carbon and nutrient transfer is more likely to occur, which has significant impacts on ecosystems.
Our results greatly improve our understanding of modern density flows and fjord hydrodynamic
in high-latitude coasts in response to retreating glacier behaviour in a warming climate.
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Stratigraphic models predict that accumulation of shelf-edge, slope and basinal sands occur when
falling sea levels promote the accumulation of fluvio-deltaic strata directly at the shelf margin
(i.e. “shelf-edge deltas”). However, recent studies show that the presence of a delta at the shelf
edge does not necessarily result in a significant accumulation of reservoir-grade sands along
slopes and basins. Other parameters including the processes redistributing sediments at the shelf
edge seem to have a significant impact on the shelf-to-basin sediment transfer mechanisms (),
Here we present a new approach for the analysis of shelf margin depositional systems combining
full-volume 3D seismic interpretation with a dynamic stratigraphic approach (Paumard et al;.
2018). This Quantative 3D Seismic Stratigraphy (QSS) method was applied to map several
hundreds of clinothems in a variety of physiographic, tectonic and climatic (icehouse/
greenshouse) settings. For each clinothem, the data collected links together (i) key shelf edge
geometries (trajectory angle, progradation/aggradation ratio, slope gradient, differential
sedimentation between topsets and bottomsets); (ii) paleo-shoreline processes and; (iii) the
architecture of their coeval deep-water deposits (both determined through 3D seismic
geomorphology). These data are used as an input for a statistical analysis of the genetic linkages
between A/S conditions on the shelf, deltaic process regime and slope and basin depositional
architecture. Results show that falling to flat shelf-edge trajectory types are associated with
sediment bypass to the slopes, whereas rising shelf-edge trajectory types are linked with
sediment storage on the shelf. Wave-dominated shelf edges are not associated with significant
off-shelf transport of sands to the adjacent slope and basin, and they generally lack of basinward
turbidite system. Both the degree of architectural organization (e.g., development of canyons,
feeder channels, and deep-sea lobes) and the extent of the turbiditic deposits increase as the
relative importance of fluvial processes increase along the shelf edge. These variations are
observed both along strike (along a single clinoform) and through times. This study sheds new
light on the relationships between shelf-margin stratal stacking patterns, shoreline processes and
deep-water sand delivery, and constitute predictive tools for petroleum exploration.
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Flutes and tool marks are erosional sedimentary structures that are frequently observed on the
base of beds in deep marine systems. However, their utility for interpreting rocks has largely been
restricted to palacocurrent information. In contrast, aggradational bedforms have been
extensively used for obtaining information concerning processes during deposition in addition to
palaeocurrents. In large part, the focus on palaeocurrent information from flutes and tool marks
reflects our lack of understanding of their formative conditions. Here we develop an integrated
model of flutes and tool mark formation, by linking geological observations, predominantly
recorded from the 1950s-1970s, to the advances in knowledge of flow dynamics since these
observations were made. In particular, there have been key advances in the past 20 years in the
understanding of transitional flow and debris flow dynamics. We are able to explain for the first
time the observed distribution of flutes and tools within deep-marine systems. We also show that
grooves cannot be formed by turbidity currents as thought for the past 60+ years, but are instead
the product of debris flows that hold tools firmly within the flow, enabling regular, continuous
grooves to be formed in cohesive substrates. Some discontinuous tool marks such as bounce
(skim) marks are shown to be the product of transitional flows. This work demonstrates that
flutes and tools can be used to provide key information about the flow dynamics during
formation, and enable improved prediction of sedimentary deposits both up- and down-stream.

The work also holds major implications for the Bouma sequence and for hybrid event beds.
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Hybrid event beds and a debrite are identified in a core on the mid-shelf of East China Sea. Four
units are divided according to abrupt boundary identification, with assistance of grain size
analysis. The hybrid event beds typically comprise four internal divisions from the base to the top:
(1) structureless muddy sand (Hla, high density turbidite); (2) massive muddy sand with mud
clasts (H1b, higher density turbidite); (3) linked debrite (H3); (4) homogeneous mud (HS, fluid
mud). The radiocarbon ages of the core were in the range of 3890-8526 yr BP. Based on
correlation with other surrounding cores, the depositional age of hybrid event beds and the
debrite may be less than 500 yr BP. The TOC and 8'"°C values in event beds suggest a local
erosional regime. The average 8°C value for turbidite (Hla and H1b) is similar to the H3
division in the hybrid event beds, implying that the organic matter in the Hla, H1b and H3 may
come from the same source area. The REE data reveals the sediment source is initially from
Korean rivers. Bi-plots of (La/Lu)ycc vs. (La/Y)uce, (La/Y)uce vs. (Gd/Lu)yce, (La/Yb)ycc vs.
(Gd/Yb)ucc and (La/Yb)ycc vs. (Sm/Nd)ycc of four units in the core are concentrated in the
similar range, indicating these event beds have the same source area. Both regimes that partial
transformation from a debris flow and erosional bulking are suggested. It is unlikely that the
debris flow is triggered by a hyperpycnal flow or a tsunami, because both can carry continental
and/or coastal signals which have not been recognized in the core. Typhoon can be a probable

triggering mechanism.
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Abstract: Pearl river mouth basin is located in the southern margin of South China
continent, northern South China Sea. The facies model of Neogene Zhujiang Formation in
the Pearl river mouth basin has gamed increasing research attention and been intensively
investigated by many researchers. Delta systems in Pearl river mouth basin respond to
changes in the relative intensity of marine and the pearl river processes. As Pearl river delta
progrades farther into the Pearl river mouth basin or retrogrades landwards, changing basin
morphology can systematically modify marine processes. The capacity of Pearl river
transportation may also change as the tectonic, climate, or topography of the source area.
Succeeding delta lobes within a delta system will reflect such changes. The delta evolution
of Neogene Zhujiang Formation in the Pearl river mouth basin, northern South China Sea
can be divided into four stages: active delta, delta erosion and abandonment with offshore
bars emergence, delta erosion and shoreline retreat, delta reoccupation, accompanying the
emergence and die of the offshore bars. These offshore bars are located in the front of the
delta frontal lobe, almost parallel to the coast and have a banding distribution along the
northeast-southwest direction. Their boundary is usually irregular. Highstand System Tract,
Transgression System Tract, Falling Stage System Tract and Lowstand System Tract can
be identified during Neogene Zhujiang Formation in the Pearl river mouth basin, northern
South China Sea. Different stages of the Pearl delta evolution corresponded to these system
tracts.
Keywords: Northern South China Sea, Pearl River Mouth Basin, Neogene, Delta
Evolution, System Tracts

References:

!Chang JB, Zou XP, et al., Marine Origin Petroleum Geology, 2017, 22(4):19-26.
2Adriana CM, Alberto TC, Sediment Geol, 2012, 275-276:38-54.

3Zhang JL, Yuan Y, Dong ZR, Song A, Petroleum Science and Technology, 2014, 32:1-9.

Acknowledgments: This work was supported by Shenzhen Branch (CNOOC).

550 - Volume 2



ISC2018, Québec City

BOTTOM-CURRENT SEDIMENT WAVES AND MASS-MOVEMENT
DEPOSITS ON THE SINES CONTOURITE DRIFT, SW IBERIA

Manuel Teixeira'?, Sara Rodrigues®”, Cristina Roque?#, F. Javier Hernandez-Molina?®, Pedro

Terrinha'?, Estefania Llave’, Gemma Ercilla®, Marcel.li Farran®

nstituto Portugués do Mar e da Atmosfera, Rua C do Aeroporto 1749-077, Lisbon, Portugal.
2Instituto Dom Luiz, Faculty of Sciences University of Lisbon, Campo Grande CI 1749-016, Lisbon, Portugal.
3Department of Earth Sciences, Royal Holloway University of London, TW20 0EX, Egham, United Kingdom.
‘Estrutura de Missdo para a Extensdo da Plataforma Continental, Rua Costa Pinto 65 2770-047, Pago de Arcos,
Portugal.
SInstituto Geoldgico y Minero de Espaiia, Rios Rosas 23 28003, Madrid, Spain.
SInstituto de Ciencias del Mar, GMC, Passeig Maritim de la Barceloneta 37-49 E-08003, Barcelona, Spain.
*e-mail: Sara.Rodrigues.2017@live.rhul.ac.uk

Large-scale sediment waves and mass movement deposits have been recently discovered, based on
multichannel seismic reflection data, associated to the Sines Contourite Drift, on the middle
continental slope along the Southwest Portuguese Margin. The sedimentary waves expand over 30
km? between 750 m and 1850 m water depth, having sigmoid shapes with wavelengths from 500
to 2150 m, wave heights between 40 and 63 m and wave crests subparallel to the bathymetric
contours. A basal discontinuity marks the onset of sediment wave development and upslope
migration towards east since the Early Quaternary (2.5 Ma ago). In addition, numerous mass-
movement deposits are seen mostly concentrated in the west of the Sines Drift, associated with the
steep Pereira de Sousa Scarp. The mass-movements are characterized by amphitheater shapes, head
scarps and occur staggered till the slope, accumulating at the base as thick deposits.

The morphology and location of the sedimentary waves suggests a close relation to the circulation
of the Mediterranean Outflow Water (MOW). This water mass exits the Strait of Gibraltar and
flows northward along the continental slope, due to the Coriolis Force. Climatic-eustatic
fluctuations in the Quaternary caused several enhancements and deepening of the Mediterranean
Outflow Water and, subsequently, interaction with the seafloor. With this work we propose that
the dynamics between the MOW and the continental slope is responsible for generating the
sediment waves, but also the presence and morphology of these waves encouraged the development
of mass-movement deposits, especially when the setting corresponds to an unstable and
oversteepening continental slope. This research is a good example of the interaction between along-
and across-slope processes and it could be useful for a better understanding of the implications of
bottom currents in controlling the continental margin morphology.

Acknowledgements

This work was supported by Fundacéo para a Ciéncia e Tecnologia through project CONDRIBER (FCT — PTDC/GEO-
GEO/4430/2012) and by Ciencia y Tecnologias Marinas through project MOWER (CTM (2012)-39599-C03-02). Sara
Rodrigues benefits from a Ph.D. scholarship provided by BP to the Joint Industry Project of “The Drifters Research
Group” at Royal Holloway, University of London (UK). Manuel Teixeira benefits from a Ph.D. scholarship provided
by Fundagéo para a Ciéncia e Tecnologia (SFRH/BD/110674/2015). The research studies were developed in Instituto
Portugués do Mar e da Atmosfera (Portugal) and in the framework of “The Drifters Research Group” at Royal
Holloway, University of London (UK).

Volume 2 - 551



ISC2018, Québec City

SEDIMENT TRANSPORT PROCESSES IN A MOUNTAINOUS RIVER
SUBAQUEOQOUS DELTA AND ITS RESPONSE TO HUMAN ACTIVITIES

A.J. Wang! X.Ye!, ZXK. Lin!, X.H. Xu!, Y.H. Xu!, L. Wang'

! Laboratory for Coast & Ocean Geology, Third Institute of Oceanography, State Oceanic Administration, Xiamen
361005, China
*e-mail for corresponding author: ajwang@163.com, wangaijun@tio.org.cn

Deltaic depositional system is a key object in the research plan of the Land-Ocean Interaction
in the Coastal Zone, where the sedimentary record plays an important role to reflect the delta
evolution and human activities in the river catchment'2. However, studies for deltaic formation
processes and their controlled mechanisms are still unrevealed. In small mountainous river
estuarine environments, the subaqueous deltaic depositional system is very sensitive to the
environmental change and human activities within the river catchment and coastal sea’*, so their
variations and processes could be recorded in the system. Therefore, we select the subaqueous
deltaic system in the Minjiang River Delta as the study area, which is a mountainous river along
southeast China coast. Based upon in situ investigated data, such as hydrodynamic observation,
samples collection (including suspended matter, settling particles, surface sediment and sediment
cores) and remote sensing data at the Minjiang Estuary and adjacent shelf area, the sediment
transport processes of terrestrial substances discharged from Minjiang River and their fate are
discussed in this paper. When the terrestrial substances enter into the estuary, they are stored
during summer and transported offshore during winter. In spring and summer, amount of
suspended sediment is blocked into the area near the estuary when it discharges into the sea under
the effect of southwest monsoon; during the autumn and winter, the stored sediment is
resuspended and transported southward under the effect of strong hydrodynamic process induced
by northeast monsoon. Generally, the suspended sediment can be transported southward to the
south Pingtan Island area located at the northwest Taiwan Strait during the winter. However,
under the effect of continuous strong cold air mass, the suspended sediment discharged from
Minjiang River can reach middle area of Taiwan Strait southward. The sedimentation rate within
Minjiang River subaqueous delta was decreased since 1986 because of the dam construction in
the river catchment which reduced the sediment flux discharged by the river.
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Abstract: Turbidite bedforms were recognized for the first time in the Late Permian upper
Shihezi Member in North China Craton. The upper Shihezi Member was formed in a shallow
marine environment affected by explosive volcanic eruptions, and sandy high-density turbidity
current deposits are well developed following the eruptions. Each set of turbidite sequences is
generally more than 20 m thick and consists of a slightly inversely graded at the base and
structureless lower beds (similar to Cartigny Type III layer), a well stratified and overall normally
graded middle beds (Cartigny Type Il a&b layer), and a planar laminated, fine grain-sized upper
beds (similar to Postma Tb2 layer). An interface is common between the lower and middle beds
with a layer of floating outsized clasts on the top of lower bed deposits due to kinetic sieving.
The middle beds result from high-density current deposits alternating patterns of crude
stratification and spaced stratification in centimeter scale (<20 cm thick). The upper parts are
generally thinner (<5 cm thick) and comprise pyroclasts, cryptocrystalline tuffs and abundant
magmatic zircon, which suggests intermittent periods of volcanic eruptions and volcaniclastic
sedimentation along with periods of traction carpet deposits. These three turbidite facies, showing
an overall finning-upward and tuff increasing upward trend, correspond to three evolutionary
stages of volcanic eruption including pre-, syn- and post-eruptive events. In the initial stage,
terrestrial debris flow along the shoreline trigged by pre-eruption evolved into sediment-laden
floods with high density to plunge into the shallow marine. This provide necessary conditions for
the occurrence of the high-density turbidity flows during the syn-eruptive stage, where large
amount of tuff deposits were engaged in transport processes as suspended materials. In the post-
eruptive stage, flows were less dense and similar to low concentration flows due to weakened
volcanic activities. Therefore the North China Craton was still a marine environment with
turbidity developed in the Late Permian; also a volcanic eruption cycle can be described by
recognizing the circular changes in turbidite facies.

Key words: turbidite facies, high-density turbidity current, traction carpet, volcanic eruptions,
North China Craton, Late Permian
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Grain-size analyses were performed on fine marine sediments (<63 um) from Core MD05-2905 in
the northeast South China Sea to understand changes in the velocity of deep-sea currents since the
last glacial maximum. The sortable silt (SS, 10-63 um), which reflects changes in the intensities
of deep-sea currents ['1, shows an obvious three-step evolution since ~29 ka. High proportions of
SS (30% to 37%, in average ~34%), with a mean grain size of 21-26 um (in average ~23 um), are
found during ~29-19 ka. The SS proportions decrease sharply during ~19—-10 ka, from ~35% to
~10%, accompanied by a decrease of mean SS size from 24 pum to 15 um. The Holocene period is
characterized by both low percentage (10—15%) and fine mean grain size (21-26 um) of SS. Using
the empirical calibration equation developed by McCave et al 2!, we obtain the changes of deep
currents intensities since ~29 ka. In the last glacial maximum (~29-19 ka), velocity of deep-sea
currents in the northeast South China Sea varies in the range of 7-12 cm/s, around 3—12 times that
of the present-day values!®. The velocity of deep-sea currents decreases sharply from ~12 cm/s to
~3 cm/s during the Heinrich 1 Event. The Holocene is featured by relative low current speed of 0—
4 cm/s. The sharp decrease of deep current velocity observed herein is probably linked to the drastic
decrease of North Pacific Deep Water input to the South China Sea, owing to the cease of deep
water formation (>2100 m) in the northwest Pacific during the Heinrich I Event 4. Only
intermediate water (700—1750 m) is formed in the northwest Pacific after the Heinrich I Event and
under the modern conditions . It explains the low velocity of deep currents in the northeast South
China Sea during the Holocene.
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Study of seafloor bathymetry, numerical and physical modeling, and direct observation of
turbidity currents increasingly suggests that sediment gravity flows over moderately steep basin
slopes commonly reach Froude supercritical states. However, stratigraphic qualities of
supercritical deposits are incompletely understood. This work analyzes seismic-scale outcrop
exposures in the Fish Creek-Vallecito Basin deposited along the steep margins of the early Gulf
of California in south-central California. The result is a detailed three-dimensional (3D)
characterization of an evolving supercritical fan, which is used to describe the architecture of
supercritical bedforms and spatiotemporal evolution of the deposits as well as provide first order
constraints on the depositing flow conditions.

The 100+ m-thick, strongly aggradational slope deposits of the Late Miocene (~6.3-5.3 Ma)
Lycium Member do not fit well into classical models of deepwater depositional environments
and architectures. Field data are combined with photogrammetry to characterize the deposits in
3D. Stacks of 10s of turbidite sandstone beds with intercalated fines, all accreting opposite to
paleoflow indicators, build bedsets with tabular dip geometries and lensoidal to lobate strike
geometries that compensationally overlap into broader tabular units. These depositional
characteristics are linked to supercritical bedforms, and the bedforms are linked to flow
conditions indicating successive Froude supercritical sediment gravity flow events in the lower
slope of a steep, narrow, and relatively shallow deepwater margin. Lateral and vertical trends in
bedform type, geometry, and facies point to systematic trends in flow confinement and energy
depicting spatiotemporal evolution of a prograding supercritical fan filling antecedent topography
of a young, actively subsiding rift basin.
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Domanik oil and gas deposits in Russian have been studied since they had been named in
the year of 1843, for centuries in the whole Eastern European (Russian) platform different
researchers has made different conclusions about its sedimentary environments, tectonic,
hydrogeology and paleotemperature changes. By common conditions of sedimentation, mineral
content and quantitative percentage we consider "Domanik facies" or "Domanik formation" as
bituminous siliceous-clay-carbonate deposits in the Paleozoic Erathem from Upper Devonian
(Russian stage - Dsfr2) to Lower Carboniferous system (Tournaisian stage - Cit) in the Volga-Urals
and Timan-Pecher oil and gas provinces. In this paper we use geological and geophysical data such
as core analysis, drilling materials, well logging curves etc., analysis the paleogeographic
sedimentary evolution of Domanik facies in the southeastern Volgo-Ural basin.

Domanik formation in southeastern Volgo-Ural basin covers the period of Frasnian-
Tournaisian lithologic-stratigraphic system, which was formed in uncompensated hollows and
depressions from the beginning Semiluksky to early Tournaisian time. In silty basin Domanik
(Semiluksky) formation is dominated by carbonate sediments of Domanik facies: dark siliceous-
clayey-bituminous limestones with typical complex fauna. Higher in the cross section, Domanik
facies are reduced as narrowing axial parts of the Kamsko-Kinel deflections, meanwhile it is
developed weakly bituminous and unbituminous carbonate rocks closer to the inner sides.

In carbonate sedimentary environments when bioherm buildings which grew on the slope
shelf developed to a certain scale, these sedimentary deposits began to subsided; at the same time
the central basin sediments began to go up as the reason of basin disequilibrium compaction, then
in intrabasin where low-amplitude uplifts did not reach the storm level of tidal wave could be the
potential area of Domanik facies as its concentrated fracture zones, maximum thickness, high
concentration of organic matter and abnormal high depressure. From this point of view small-scale
uplift at the bottom of a deep-sea shelf could be the favorable areas for later exploration and
development in low porosity and low permeability Domanik reservoirs.
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SEASONAL VARIATIONS OF SILICICLASITIC FLUX AND
FORAMINIFERAL EPSILON ND VALUE IN THE WESTERN
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Sr and Nd isotopic compositions of siliciclastic sediments and Nd isotopic compositions of
planktonic foraminifera have been investigated on samples collected during 2015 with a mooring
system equipped with sediment traps, Recording Current Meters, and Conductivity-Temperature-
Depth sensors at 500 m and 2800 m water depths to: 1 track seasonal changes of sources and
transport pattern of siliciclastic sediments to the Benham Rise; 2 constrain planktonic
foraminiferal Nd isotopic compositions along the water column; 3 assess influence of lithogenic
inputs on Nd isotopic compositions of water masses in the western Philippine Sea. 37St/%6Sr ratios
and eng values of sediment samples indicate decreasing inputs of Luzon volcanic and eolian dust
to the Philippine Sea in spring, winter, as well as summer and autumn. These characteristics are
mainly controlled by precipitation on eastern Luzon and the East Asian winter monsoon intensity
coupled to the 2015/2016 super El Nifio event. In addition, we have estimated from these results
that modern eolian dust transported to the Benham Rise derives mainly from the Ordos Desert
(>80%) and in lesser extent from the Taklimakan Desert (<20%). end values of planktonic
foraminifera collected at 500 m water depth do not change significantly during the year (-3.4 to -
3.0), suggesting a negligible contribution of lithogenic Nd inputs from eolian dust (-10.6 to -11.3)
and Luzon volcanic (+7.1 to +5.8). On the contrary, end values of planktonic foraminifera
collected at 2800 m water depth are systematically more radiogenic (-0.9 to -1.9) and display
seasonal variations with the highest value during winter. Such results suggest a rapid
modification of end values during the settling of planktonic foraminifera in the water column by
precipitation of Fe-Mn coatings. We have proposed that the seasonal variability of the ena values
observed at 2800 m water depth could be attributed to a modification of deep-sea circulation as
recorded by the mooring system with a higher contribution of colder water masses from the
volcanic Luzon margin during winter time.
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The South China Sea (SCS) shows favorable conditions for gas hydrate accumulation and
exploration prospects. Bottom simulating reflectors (BSRs) are widely distributed in the SCS.
Using seismic and sequence stratigraphy, the spatial distribution of BSRs has been determined in
three sequences deposited since the Late Miocene. The features of gas hydrate accumulations in
northern SCS were systematically analyzed by an integrated analysis of gas source conditions,
migration pathways, heat flow values, occurrence characteristics, and depositional conditions
(including depositional facies, rates of deposition, sand content, and lithological features) as well
as some depositional bodies (structural slopes, slump blocks, and sediment waves). This research
shows that particular geological controls are important for the presence of BSRs in the SCS, not
so much the basic thermodynamic controls such as temperature, pressure and a gas source. Based
on this, a typical depositional accumulation model has been established. This model summarizes
the distribution of each depositional system in the continental shelf, continental slope, and
continental rise, and also shows the typical elements of gas hydrate accumulations. BSRs appear
to commonly occur more in slope-break zones, deep-water gravity flows, and contourites. The
gas hydrate-bearing sediments in the Shenhu drilling area mostly contain silt or clay, with a silt
content of about 70%. In the continental shelf, BSRs are laterally continuous, and the key to gas
hydrate formation and accumulation lies in gas transportation and migration conditions. In the
continental slope, a majority of the BSRs are associated with zones of steep and rough relief with
long-term alternation of uplift and subsidence. Rapid sediment unloading can provide a favorable
sedimentary reservoir for gas hydrates. In the continental rise, BSRs occur in the sediments of

submarine fans, turbidity currents.
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A hyperpycnal flow forms when a land derived dense flow enters a marine or lacustrine water
reservoir. As a consequence of its excess in density, the flow plunges in coastal areas generating a
highly dynamic and often long lived dense underflow. Depending on the characteristics of the
parent flow (flow duration and flow type) and basin salinity the resulting deposits (hyperpycnites)
can be very variable.

According to flow duration, hyperpycnal flows can be classified into short lived (SLHF) or long
lived (LLHF) hyperpycnal flows. SLHF lasts for minutes or hours, and are mostly related to small
mountainous river discharges, alluvial fans, collapse of natural dams, landslides, volcanic
eruptions, jokulhlaups, etc. LLHF last for days, weeks or even months, and are mostly associated
to medium to large size river discharges.

Concerning the characteristics of the incoming flow, hyperpycnal flows can be initiated by non-
Newtonian (cohesive debris flows), Newtonian supercritical (lahars, hyperconcentrated flows, and
concentrated flows) or Newtonian subcritical flows (bedload, sandy or muddy dominated fully
turbulent flows). Once plunged, non-Newtonian and Newtonian supercritical flows require steep
slopes to accelerate, allow the incorporation of ambient water and develop flow transformations to
evolve into a turbidity current and travel farter basinward. Their resulting deposits are difficult to
differentiate from those related to intrabasinal turbidites. On the contrary, Newtonian subcritical
hyperpycnal flows (NSHF) are capable of transfer huge volumes of sediment, freshwater and
organic matter far from the coast with gentle or flat slopes. In marine settings, the buoyant effect
of interstitial freshwater in bedload and sandy hyperpycnal flows can result in lofting due to density
reversal. Since the excess of density in muddy hyperpycnal flows is provided by silt-clay sediments
in turbulent suspension, lofting is not possible even in marine basins. NSHF can also erode the
basin bottom during its travel basinward, allowing the incorporation and transfer of intrabasinal
organic matter and sediments. Long lived NSHF deposits exhibit typical characteristics that allow
a clear differentiation respect to those related to intrabasinal turbidites. Main features include (1)
complex beds with gradual and recurrent changes in sediment grain size and sedimentary
structures, (2) mixture of extrabasinal & intrabasinal components, (3) internal and discontinuous

erosional surfaces and (4) lofting rhythmites in marine settings.
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Abstract: The East China Sea Shelf Basin (ECSSB) is a typical back-arc rift basin and is
divided further by a series of sags and basement ridges. The Lishui Sag is on the southwest
margin of the ECSSB. Analysis of Sedimentological signatures is based on the study of
712 feet of Paleogene cores derived from seven wells displaying a wide variety of
lithofacies, sedimentary structures and ichnological data in combination with 2D and 3D
seismic data of 5000km? area and well logging curves of 18 exploratory wells in the Lishui-
Jiaojiang Field. Thirteen facies are defined and grouped into three categories (wave-
influenced delta, fan delta and basin facies). Wave-dominated deltaic deposits occur mostly
in the west of Lishui sag. Fluvial discharge in the delta front and prodelta was repeatedly
reworked by wave and formed some isolated bars, it was similar to the Senegal river delta
model. These deposits are unbioturbated to sparsely bioturbated and contain some
ichnotaxa that typically do not occur in brackish water. Fan deltaic deposits are present in
the southwest and northeast of Lishui sag. It is divided further into fan delta front and distal
fan delta. The subaqueous fan delta front includes distributary channels and wave-
influenced interdistributary bays. Further seaward, successions are characterized by
terminal distributary-channel and sand sheet deposits. These deposits are the intensely
bioturbated. Basin facies not only record high-energy wave ravinement and transition to
deeper-water deposits with highly variable bioturbation but also record low-energy,
suspension sediment fall-out deposition in the absence of waves and currents, bioturbation
is typically absent. From sedimentological signatures perspective, four main depositional
settings are identified: wave-dominated delta, fan delta front, distal fan delta and basin
facies. Thirteen facies are defined further: foreshore, upper shoreface, wave-dominated
lower to middle shoreface, weakly wave-affected middle to lower shoreface, offshore
transition, upper offshore, lower offshore, wave-dominated proximal delta front, wave-
dominated distal delta front, storm-influenced proximal prodelta, storm-influenced distal
prodelta, transgressive deposits and shelf facies.

Keywords: Lishui Sag, Paleogene, Sedimentological Signatures, Depositional settings
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Non-marine carbonate rocks are susceptible to a variety of early diagenetic processes that are not
always easily recognized, but can profoundly affect the carbonate fabric and paleoclimatic proxies.
The ability to study at increasingly smaller scales has shown that diagenesis takes place from the
moment initial precipitates have formed and typically starts in nano- and micro-environments. If
early diagenetic modifications are completed in a short time span compared to the (annual to
millennial) time scale of interest, then recorded paleoenvironmental signals and trends could still
acceptably reflect depositional conditions. The intermediate steps in early diagenetic microfabric
modification and impact on bulk and high-resolution stable carbon and oxygen isotopic signatures
was investigated in this project. The study shows a case of progressive diagenesis as recorded in a
continuous core within the still active carbonaceous hot spring system of Mammoth Hot Springs
(Yellowstone National Park, USA) and in quarry outcrops surrounding the park. They cover a range
of Holocene to Pleistocene spring carbonate deposits.

Low- to high-resolution petrographic observations shows how short episodes (days, weeks) of flow
or water chemistry changes can already kick off neomorphic replacement processes before
precipitation retakes again. The overall result neomorphism and cementation is a tendency for
erasing and homogenizing initial, fine and delicate aragonite needle textures that built elongated or
radial shrubs, formed stacked laminae or that encrusted microbial filaments. Stable carbon and
oxygen isotope results, both bulk analyses and spot or detailed cement transect analyses using
micro-SIMS (University of Lausanne, SWISS-SIMS), indicate that the fluids responsible have
been isotopically similar to the hot spring fluids today. The persistence of the overall positive
carbon-oxygen isotope correlation, similar to that known from the active spring deposits, could
suggest preservation of pristine signatures, but detail analysis shows that any down- to upstream
trend reflecting temperature evolution and CO2 degassing, is lost during neomorphism. More
pristine signatures and trends can occasionally still be recorded when examining the neomorphosed
aragonite — now calcite — core of crystals.

Early diagenesis in the Y-10 core is mostly constructive and resulted in pervasive, aggrading
neomorphism and circumgranular or pore-filling cements. Neomorphism however also created
isolated microporosity within CaCOs crystals where aragonite needles were micritized and became
replaced by calcite. Ongoing open flume, experimental approaches under constrained conditions
in the lab help to investigate and quantify this sequence of diagenetic products and rates, bridging
the gap between nanoscale lab studies and the fossil field rock record.
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Carbonate biomineralization induced by microbe is a hot spot in the sedimentology field. To
further understand the mechanism, a newly isolated Bacillus licheniformis SRB2 bacterium
(GenBank: KM&884945.1) identified by 16S rDNA analysis was used to induce the
biomineralization of Ca?>* and Mg?" ions at different Mg/Ca molar ratios. SRB2 had a
precipitation efficiency of 98% for Ca”" ions and 50% for Mg?" ions, respectively. The medium
conductivity decreased sharply. The kinetic model was conducted and the precipitation rates
(min) of Ca?’" and Mg?" were much higher in the experimental groups. Calcite, vaterite,
monohydrocalcite, and nesquehonite crystals were formed and some minerals had preferred
orientation. The minerals were spherical, dumbbell-shaped, peanut-shaped and long-columnar.
The bacterial ultrathin section showed that amorphous minerals containing Ca and Mg elements
were formed inside the cell. Carbonic anhydrase increased the carbonate and bicarbonate
concentration in the alkaline condition due to the ammonia produced by SRB2 bacteria. Thus,
favorable conditions were provided for the biomineralization of carbonate minerals. This resulted
in 8'3C of the minerals in experimental group (~-17%o) were more negative than control groups
(~-8%o). The carboxyl and phosphate groups produced by microorganisms were incorporated into
the minerals distinctly. Glutamate and aspartic acid were the two most abundant amino acids of
the extracellular polymeric substance of SRB2, which had a large amount of free carboxyl groups
and then were beneficial to the adsorption of Ca** and Mg?* ions in the alkaline solution. More
importantly, the isoelectric points of other amino acids except Lys and Arg were lower than the
pH of the liquid culture medium, indicating that they all exhibited negative electricity and also
greatly promoted the adsorption of Ca?*" and Mg*" ions. Fluorescence intensity analyses proved
that Ca?" ions were indeed adsorbed in EPS and then entered the cell, and the fluorescence
intensity of Ca®" ions decreases with the increase of Mg?" concentration. In our opinion, the
metabolites such as the ammonia, carbonate, and bicarbonate ions and the biomolecules such as
carbonic anhydrase and amino acids produced by SRB2 bacterium played an important role in the
biomineralization of Ca?* and Mg?" ions. This study helps to understand the formation
mechanism of the microbial carbonate minerals in laboratory and in nature.

Keywords biomineralization - Bacillus lichemiformis- carbonate minerals - carbonic anhydrase -
amino acids-
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The Cretaceous ‘Presalt’ lakes of the South Atlantic margins (Brazil and Angola) display an
unusual co-occurrence of chemical precipitates typically accumulated in extensive freshwater and
hyper-alkaline volcanic environments, i.e. spherulitic calcite, dolomite, Mg-rich smectites and
silica. The origin and distribution of these mineral assemblages is still hotly debated and has
brought geoscientists to dig out an infinity of outcrop analogues in pursuit of basic insights. Only
few locations in the lacustrine fossil record seem to have satisfied the conditions to trigger the
authigenic nucleation of these mineral paragenesis and/or allowing the growth of distinctive
carbonate textures (polycrystalline, fibro-radial spherules to upward bifurcating, dense radiating
‘shrubs’). Although these rocks are known to host significant hydrocarbon reserves and ore
deposits, understanding the mechanisms of their formation goes well beyond the ‘Presalt’ economic
interests; they represent a scientific challenge that might require the re-examination of our
phenomenological models and the conventional petrographical, geochemical and sedimentological
approaches we use to construct them.

While relating process sedimentology with siliciclastic bedforms has traditionally relied on the link
between water energy, grain size and accommodation space, linking environmental parameters
with nucleation and growth of non-skeletal carbonate fabrics remains a fundamental challenge.
This is because precipitate morphology results from the complex interaction between different
physico-chemical parameters which often act simultaneously or sequentially (e.g., carbonate
supersaturation, Mg/Ca ratio of the solution, presence of organic and inorganic additives, impact
of metabolism, substrate mineralogy, etc). To provide context on the diversity of crystal
taxonomies precipitated in aquatic environments either experimental, conceptual and numerical
modelling methods are required. Building new advances from the materials science community
can pave the way to better predict the specific ‘driving forces’ guiding the nucleation and growth
of single crystal morphologies (driven by kinetics) and polycrystal architectures (driven by
diffusion) commonly observed in carbonate-precipitating alkaline systems.

Experimental studies are contributing to understand the effects that solution chemistry and
biomolecules have stimulating or impeding the growth of fibro-radial carbonates. Collectively,
chemical engineering approaches are transforming our sedimentological view of how to address
the origin of the ‘Presalt’ carbonate textures; also shedding light on the chemical interactions in
alkaline, saline solutions: competing influences for CaCO3 polymorph formation, nucleation of
precursor phases, or mineral co-precipitation pathways.

The complexity to build accurate depositional models in systems dominated by non-enzymatic
carbonate-clay-silica factories reflects the pressing need to address the chemistry of sediment
morphogenesis from a more critical process-product perspective. This new generation of
multidisciplinary techniques and methods can embody a game-changing opportunity for the
environmental understanding of carbonate textures grown in a diversity of sedimentary
environments on Earth and beyond.
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Limestone-marl alternations are often assumed to represent cyclic changes in the depositional
environment and employed to reconstruct Milankovitch cycles!. They are also used e.g., for
reconstructing paleoenvironmental conditions and as biodiversity archives!. Although they are of
great importance in multifarious geoscientific questions, their genesis is not yet unequivocally
understood®*>. So far, it is accepted that a redistribution of calcium carbonate took place, but the
driving mechanisms of this redistribution are still a matter of discussion. It is also not clear if a
purely diagenetic origin of the rhythm is possible or not, and which potential witnesses of
changes in the depositional environment are reliable®. The two main models explaining the gene-
sis of limestone-marl alternations are (1) the model of late diagenetic pressure-induced calcite
dissolution and reprecipitation’, and (2) the model of early diagenetic aragonite dissolution and
reprecipitation as calcite®. We test hypotheses on different fossil content, composition, and
orientation predicted under these two models. Our samples come from the Kungurian Chihsia
Formation in South China, from the Ludfordian Varnytsya Formation in the Ukraine, and from
the Telychian Lower Visby Formation from Gotland. First, the relative abundance of primarily
aragonitic and calcitic components in the fossil assemblages is evaluated. Second, the orientation
of components is analyzed. The results allow us to reject the first model (late diagenetic calcite
dissolution and reprecipitation) in favor of early diagenetic aragonite dissolution and re-
precipitation as calcite being the driving mechanism for generating a limestone-marl alternation.
It is shown for both primary differences in the sedimentary input (Varnytsya Formation) and a
homogenized precursor sediment (Chihsia Formation). Furthermore, taphonomic bias can be used
to assess aragonite bias and to gauge primary conditions during sedimentation.
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The analysis of carbonate archives is widely used, and can provide substantial information on past
depositional (and diagenetic) regimes. To better comprehend the archive in question, we must
understand not only the material’s susceptibility to alteration, but the drivers and mechanisms of
alteration, the extent of diagenesis, and how it’s evidenced in either textural or geochemical
proxies. This study uses an experimental approach to hydrothermally alter various biogenic
carbonates at known temperatures, durations, and water chemistries. Within autoclave chambers,
samples are placed in either meteoric or brine fluids, at temperatures from 100-200°C. Results are
then directly compared to unaltered aliquots from the same-specimen, allowing for reduced
heterogeneity, as well as a quantitative approach to determine the controls and extent of diagenesis.
Results indicate little to no directly visible alteration at the lower temperature experiments (100°C),
and almost complete alteration observed at higher temperatures (175-200°C). Intermediate
temperature ranges (130-160°C) allow the evaluation of partial recrystallization of the bivalve A4.
islandica, helping to indicate diagenetic controls, and well as changes to various proxy data.
Results indicate that the diagenetic pathway preferentially follows inherent organic distribution,
and internal structures within the organo-minerals, suggesting preferential movement of
intercrystalline organics, which appear to be pushed away from the diagenetic front, causing
concentration of the water insoluble organics, and a darkening surrounding fluid pathways.
Geochemical analyses document the transformation process from pristine Aragonite to secondary
carbonate minerals, along with depleted 6'30 values, lower A47 values (higher T), and removal of
Sr?* and S* in the recrystallized carbonate. A possible second phase of alteration is also seen within
the altered portions, which coincides with more negative 3'0 values. This may indicate a greater
role of intercrystalline liquids in the initial phase of alteration which are characterized but smaller
isotopic shifts. These results have implications for the stabilization and diagenetic susceptibility of
biogenic carbonates in the geologic record, and can be used to systematically track the alteration

process using known diagenetic regimes.
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Microbial biofilms are known to influence calcite morphology, precipitation rate and trace element
ratios !. However, uncertainties remain about the relative roles of metabolic processes and
extracellular polymeric substances (EPS). Without differentiating these roles, the “black box” of
biofilm mineralization processes cannot be opened. These substances have been shown to chelate
cations such as calcium and magnesium from solution in a chemoselective manner, thus influencing
both the saturation state and trace element composition of the bulk water 2. The experiments we
will describe show that in the temperature range of 12 — 18 °C, the presence of EPS in the absence
of living cells does influence (Mg/Ca)calcite values obtained from precipitates. Trace element
incorporation is correlated with temperature in a manner which agrees with thermodynamic
expectations, providing a stark contrast to incorporation into living biofilms, which do not show
this relationship .

The presence of other ions, such as Na*, may impact on the chelation dynamics of cations such as
Ca®" and Mg?" with a consequential impact on the trace element ratios of precipitated calcite.
Salinity variations in the presence of EPS but without living cells causes in (Mg/Ca)calcite to increase
by about 3 % per ppm increase in NaCl salinity, whereas no correlation existed when EPS was
absent from the solution. Experiments where EPS concentrations were varied show that
(Mg/Ca)carcite increases linearly in freshwater solutions with increasing EPS levels, whilst
precipitation rates decreased linearly with increasing EPS levels.

These results suggest that it is the metabolic processes of biofilms that cause the breakdown of the
thermodynamic control on (Mg/Ca)calcite in freshwater carbonates and not the presence of EPS.
Equally, it reveals a complex interaction between the inorganic and organic geochemistry of site
water and precipitate geochemistry which will impact studies of tufa, travertine and speleothem
geochemistry.
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In general, aragonite exists as a metastable carbonate mineral under near-surface conditions, and
is often transformed into calcite under subsurface and during diagenesis. It is thus seldom found
in sedimentary rocks. However, Aragonite is a common mineral in Palaeogene lacustrine shales
of Jiyang Depression in eastern China, and belonged to chemical origin. Dissolution experiments
were conducted on the Palacogene aragonite-enriched and calcite-enriched shales under the
conditions of different temperature, pressure, acetic acid concentration, and solution types. The
results showed that aragonite was insoluble in the in-situ formation water, but dissolved more
easily under acetic acid conditions compared to calcite. The dissolution increased with increasing
temperature, pressure, and acetic acid concentrations. It is believed that the change of aragonite
content in Palacogene shales of Jiyang depression is well corresponding to the thermal evolution
stages of source rocks. When the burial depth less than 2300m, aragonite is relatively stable and
could not be dissolved by the connate pore water in the shales. As the burial depth reaches
2300m, the source rocks are becoming mature, resulting in the organic acid starts to be generated
and the metastable aragonite began to be dissolved. When the buried depth is about 3000m, the
source rocks turns into the peak of hydrocarbon-generating stage, and the rate of aragonite
dissolution also reaches the maximum. Over 3500m, the aragonite in the shale is almost
dissolved. As the organic matter becomes over mature and the generation of organic acid
gradually ceases, the pore water is changed from acid to alkaline, then the calcite that more stable
than aragonite is re-crystallized.
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Although abundant literatures have specifically reported about calcite formations induced by the
Bacillus, the biomineralization mechanism and the unique characteristics of bio-calcites need to
be further investigated. Here, the calcites were induced by microorganism Bacillus cereus MRR2
(Genbank KY810857), meanwhile the control groups without inoculation of B. cereus MRR2
were parallelly investigated. The results indicated that carbonic anhydrase promoted the carbon
dioxide hydration reaction to release HCO3™ and CO3?* in the process of calcites precipitation, and
the ammonia released by B. cereus MRR2 and HCO3 and CO3? originated from CA reaction
caused the pH to rise from 7.5 to 8.7 or more. Aspartic acid and glutamic acid of the extracellular
polymeric substance were the most two abundant amino acids. In an alkaline environment their
free carboxyl groups had a large number of negative charges to facilitate the adsorption of
calcium ions. What’s more, the minerals induced by B. cereus MRR2 at different Ca®*
concentrations were calcites with different morphologies and element compositions, and
intracellular minerals without crystal structures were also found. The stable carbon isotope
analysis showed that 8'3C of bio-calcites (-20.9 %o0) was more negative than that of control
group(-15.6%o) and chemical calcite(-11.7%o), indicating that microbial activity strongly affected
carbon isotope composition of biogenic calcites. More importantly, it was also found that the
crystalline degree and activation energy of the calcites in the experimental groups were obviously
higher than those in the control groups. That was to say, the thermal stability of bio-calcites were
obviously higher. Thus, this study can provide important further insights into understanding the
mechanism of microbial biomineralization and bio-calcites formation causes, in particular, the
roles of environmental microbes played in the minerals nucleation and growth, as well as the
unique characteristics of resultant minerals. In summary, this information could provide effective
evidences for further recognizing the origins of microbial calcites in geological record.
Keywords biomineralization, Bacillus cereus, bio-calcite, crystalline degree, TG-DTG-DSC,
amino acids
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The Hudson Bay Basin is the largest of the intracratonic basins in North America, but it is the only
one without any known petroleum resources. Nine exploration wells (5 offshore and 4 onshore)
were drilled and 46,000 km of marine seismic line data were acquired from 1964 to 1985'.
Exploration was halted in the mid-1980s because no hydrocarbon reservoirs were discovered and
the source rock was inferred to be thermally immature. However, evidence of hydrocarbons (e.g.
gas shows, oil staining) has been reported in all offshore wells and recent research has discovered
pockmarks and possible oil slicks in several localities across the Hudson Bay?, suggesting that
hydrocarbons are indeed present in the basin and naturally leaking out of one or more reservoirs.

A new clumped isotope facility has been developed in the Delta Lab of the Geological Survey of
Canada. The purpose of this facility is to evaluate the potential of the carbonate clumped isotope
thermometer in various Canadian basins. The lab is equipped with an offline gas extraction line
and a Thermo Scientific MAT 253 isotope ratio mass spectrometer. This new facility is first tested
with samples from the Hudson Bay Basin. This study uses clumped isotopes to better understand
the thermal history of Upper Ordovician reef carbonates from the Red Head Rapids Formation,
which directly overlies the potential source rock for the Hudson Bay Basin. Samples are from late
calcite cement that precipitated in pore space during burial, as well as recrystallized carbonate
material from the original reef framework—dominantly sponges, microbes, and synsedimentary
cement. Results from clumped isotope analysis are compared with fluid inclusion temperature
estimates and other thermal indicators to better understand burial temperatures and discuss the
potential for hydrocarbon development in the basin.
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The aim of this study is to constrain the occurrence of the Thermochemical Sulphate Reduction
(TSR) reaction during the burial history of carbonate reservoirs, by means of quantitative
petrography and geochemical analyses. We focused on the Devonian reefal carbonate reservoirs
of the Nisku and Leduc formations from the Western Canada Sedimentary Basin, where some
hydrocarbon fields have experienced TSR and contain up to 30% of HaS.

Seven cores were chosen from areas of the basin having experienced different thermal histories
and characterized by contrasting H2S production. Detailed sedimentological description and
sampling were followed by thin section petrography which identified the main diagenetic events
and established their spatial and temporal occurrence in the cores (paragenesis). Quantitative
petrography focused on TSR-related features such as the abundance and crystallography of
sedimentary sulphates and of deep burial blocky calcite and saddle dolomite phases.

Carbon, oxygen and strontium isotope analysis on these carbonate phases provided clues on the
type of parent fluids and the sources of dissolved carbon. Fluid inclusion microthermometry and
Raman spectroscopy on specific calcite and saddle dolomite samples revealed the possible
crystallization temperatures, the total salinity of the parent fluids involved and their gas content.
Main results indicate that saddle dolomite pre-date blocky calcite. Homogenization temperatures
of fluid inclusions in dolomites vary (depending on the core of provenance) between 80 and 160
°C, with mode values always above 110 °C. Salinities of the same fluids are rather consistent and
vary between 19 and 24 wt. % NaCl eq. The dolomites have positive 8'3Cv.pps, possibly
inherited from Devonian host carbonates, and do not contain gaseous fluid inclusions, this overall
suggesting that they crystallized before H2S generation.

Homogenization temperatures of fluid inclusions in calcites vary (depending on the core of
provenance) between 80 and 180 °C, with mode values always above 130 °C. Fluid salinity vary
largely between 12 and 24 wt. % NaCl eq. The calcites have fairly negative 5'°Cv.pps down to
-23%0 and consistently contain gaseous (H2S-rich) fluid inclusions displaying clathrate
dissociation at temperatures up to 13 °C, this overall suggesting that they formed after H2S
generation. These calcites are possibly a byproduct of the TSR reaction and represent the best
candidates to gather further constraints on the TSR process in this basin.

The thermal information obtained from calcite fluid inclusions was combined with the burial-
thermal history modelled for Devonian rocks of each of the investigated cores. This allowed to
infer possible timing for the occurrence of TSR reaction at basin scale. Further constraints were
provided by U-Pb absolute thermo-chronology (by LA-ICP-MS) on some of these calcites.

This quantitative characterization data ultimately aim at calibrating and validating TSR risk
analysis in basin modelling simulations.
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Determining past continental temperatures is a fundamental issue for paleoclimate reconstructions,
as continents are more sensitive than oceans to climate variations. So far, surface continental
temperatures have been estimated using pollen assemblages, molecular compounds in biological
remains in lacustrine sediments, and the isotopic composition of minerals such as pedogenic
carbonates or phosphates from teeth and/or bones of vertebrates. However, temperature estimations
using these proxies rely on often-contested calibrations. For example, the strong dependence of
isotopic fractionation with temperature can bias accurate estimations of the temperature of
precipitation of a given mineral.

Present in virtually all rock minerals, Fluid Inclusions (FIs) are micrometric cavities containing
remains of the fluid existent at the time of mineral formation. In halite, a common mineral in
continental evaporitic sequences, FIs represent trapped micro-droplets of ancient lakes or lagoons.
As FIs volume and composition remain unchanged after entrapment, their density is also constant
providing a direct record of paleo-temperatures. Indeed, assuming that the FI’s formed under
atmospheric pressure their formation temperature can be constrained along an isodensity line in the
pressure-temperature diagram. As such, more than a proxy, Fls in evaporitic rocks are real paleo-
thermometers. We have used Fls in synthetic and natural halites to demonstrate the potential of
Brillouin spectroscopy, a novel methodology in determining paleo-brines temperatures. This non-
destructive approach bypasses the limitations of the so-far-used microthermometry technique
reaching an unprecedented +1°C precision. To illustrate the power of this new tool, we have
sampled several tens of halite intervals from a 450-meters-long core drilled in 2010-2011 in the
deepest part of the Dead Sea (DSDDP-5017-1) within the framework of an ICDP project. The
application of Brillouin thermometry to this record is providing, for the first time, a unique
opportunity to quantify temperature changes with high accuracy during the last interglacial. Thus,
it is providing much needed data to validate climate models for the region. Furthermore, it offers
an effective method that could be applied to other evaporitic sequences at different temporal and
geographical scales.
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Recent stable isotope work on a low-permeability (Kx<10"'* m.s™") and high-salinity (>5 M CI")
aquiclude, situated in the Upper Ordovician on the eastern flank of the Michigan Basin, suggested
a microbial origin for porewater CH4 and CO». CHjs is believed to have been produced during the
early stages of burial and trapped since the Palaeozoic within the shale section of the Ordovician
aquiclude.! Compound specific isotope analysis in this aquiclude showed: (1) a biodegradation
overprint on the expected organic matter (OM) maturation isotopic effect, and (2) a stratigraphic
link between biogenic CHs4 and n-alkane biodegradation. This suggested that n-alkane
biodegradation partially fueled methanogenesis in this aquiclude. Questions remain regarding the
metabolic pathways of the microbial communities and the relative depth and timing of this CHs
generation. To further constrain the link between OM biodegradation and CH4 formation, and to
constrain the relative timing of isotopic equilibration of CHjs in this system, we performed CH4
clumped isotope measurements over the depth profile of this Ordovician aquiclude.

The clumped isotope abundance (Aig) analyses of CHs4 provides an intramolecular isotopic
constraint for CH4 formation. By using the theoretical dependence of Ais with temperature of CH4
formation,” one can derive temperatures of formation or equilibration of natural gas (Tis). In
general, As values in our sample set indicate CHy internal equilibration temperatures between 15
and 120°C, confirming both a biogenic and a thermogenic component. Moreover, re-evaluation of
the bulk 8°C and 8°H of CHa, CO>, H,O and n-alkanes revealed an apparent H-isotopic
disequilibrium between CH4 and H2O in contrast to apparent C-isotopic equilibrium between CH4
and CO> and internal isotopic equilibrium based on Aig values. However, apparent H- and C-
fractionation factors between non-gaseous n-alkanes and CHs seem to have reached
thermodynamic equilibrium. We explore the hypothesis that this shale gas formation analogue
could have hosted slow rate of methanogenic alkane degradation that did not induce full
equilibration of H-isotopes between water and methane.
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The study of paleotemperatures in sedimentary basins helps to solve problems of formation and
oil deposits prediction. In sedimentary deposits, they are reliably determined by a vitrinite
reflectance (%Ro). The vitrinite is one of the microcomponents (maceral) of the coal. On the
territory of the Volga-Ural oil and gas province, there are numerous manifestations of fossil coal
associated with Visean oil-bearing deposits (early Carbon). This allows the using of coal-
petrographic methods to determine the nature of post-sedimentation processes by the maturity of
organic matter. The Visean terrigenous strata fill erosion-karst cuts on the surface of the
carbonate deposits of the Tournaisian and contain 1 to 3 coal seams. Among them the most
powerful middle stratum reaches 10-30 meters. It lies at a depth of 900-1400 m. The Visean coals
are humic. They were formed from the remains of higher vegetation. According to the degree of
metamorphism, Visean coals belong to bituminous coals, but they retained the properties of
brown ones. In Visean coals, the values of Ro vary in a fairly wide range from 0.44 to 0.73%,
increasing in the direction from north to south in the direction of maximum subsidence of the
seams. The values of Ro in coals correspond to the initial stage of catagenesis and correspond to
paleotemperatures of 50-70°C. At the same time, according to measurements in oil wells,
temperatures at a depth of about 1 km currently fluctuate in the range of 14-48°C. This suggests
that the thermal regime in the ancient geological epochs (late Paleozoic-Mesozoic) was
characterized by higher temperatures than in the present. The structure of the modern thermal
field is closely related to the tectonic structure of the territory and the location of deep faults. The
oil content of the Visean deposits is explained by the flow of oil from the deeper oil-bearing
deposits of the Devonian along fault and fracture zones. The source of oil is the rocks of
domanikite facies, which contain organic matter about 1-3% or more. Dominikites lie at depths of
1.6-2 km. They are also generally characterized by a low level of maturity of organic matter.
Apparently, in the past geological times, the domanikite strata were locally exposed to more
powerful thermal effects along the fault zones. In particular, this is confirmed by the traces of
hydrothermal processes in the rocks of the crystalline basement of the territory.
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The northwestern side of Honshu island in Japan, is the area where most of the Japanese
hydrocarbon fields occur and the most prospective source rock formations are distributed. These
formations are of Middle to Late Miocene age, and they are composed mainly of chert, siliceous
shale, diatomite, mudstone, and acidic pyroclastic rocks.

The Tsugaru basin is a Neogene back-arc basin located in northern Honshu, in Aomori prefecture.
The basin is filled with pyroclastics, intrusives, mudstones, and siltstones of Miocene to Pleistocene
age. The base of this succession is made of pyroclastic rocks deposited in a shallow water
environment due to intense volcanic activity. Subsequently in Middle to Late Miocene, a phase of
subsidence and transgression favored the deposition of argillaceous rocks of deep sea environment.
This transgression was followed by a regression with concurrent volcanic activity in the late
Miocene; therefore sandstones, diatomaceous siltstones and pyroclastic rocks were deposited. This
succession has been widely studied by Ujiié (1995) through analysis of samples from outcropping
formations. These formations are considered potential source rocks.

The 1.5 km-long cored DTH27-1 well cover the geological record in the Tsugaru basin from
Middle Miocene, through Plio-Pleistocene until Quaternary. In descending order, DTH27-1 well
intercepted 300 m of Quaternary volcanoclastic sediments and lava deposits (Iwaki Volcano
Sequence), 210 m of Pliocene tuffaceous conglomerates (Higashimeya Fm.), 125 m of Pliocene
diatomaceous siltstones (Taiaki Fm.), 441 m of Pliocene to Late Miocene diatomaceous siltstones
rich in laminated well laminated levels (Akaishi Fm.), about 21 m of Middle Miocene laminated
shales (Ohdoji Fm.), 370 m of Middle Miocene tuff breccias with intercalations of laminated
siltstones (Tanosawa Fm.), and about 30 m of Early to Middle Miocene tuff breccias with
intercalations of siltstones, laminated shales, and small horizons extremely rich in terrestrial
organic matter.

In this study we evaluated the source rock potential of the Tsugaru basin succession through the
analysis of some representative core samples from DTH27-1 well. These analyses allowed us to
the integrate the previous studies, in our study area, with new subsurface data. Rock-Eval Pyrolysis
has been performed on these samples and we collected data about source rock quality and maturity.
Furthermore, with Tmax results, we realized a burial and thermal model of the Tsugaru basin that
allowed us to assess its burial and thermal evolution. We will discuss our results during the
conference.
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Chemosynthetic carbonate shells and micritic material from organisms thriving on sea-floor cold
vents of hydrocarbons have been well characterized using regular carbonate isotopes (5'°C and
8'%0 values), and typified by very low §'°C values inherited from bicarbonate produced through
bacterial oxidation of hydrocarbons, with methane oxidation being frequently invoked by research
groups'. The same mechanisms explain most characteristics of carbonate cements found near such
cold vents including unusual appearance of aragonite cements, even during calcite sea episodes>.

At this stage, clumped studies of such chemosynthetic carbonates are seldom. Most case studies of
modern and ancient cold-seep crusts and bioaccumulations have §'30 and §'3C values interpreted
to reflect low temperatures of sea-floor conditions and mixing of vent and marine bicarbonates,
respectively. Moreover, many of these studies have suggested the authigenic carbonates to be
rapidly precipitated® or mostly produced at disequilibrium®*. These propositions raise the question
of what would reflect clumped isotope ratios (A47) measured in other modern chemosynthetic
carbonates from sites of known temperatures? To address this question, we have studied
chemosynthetic carbonates (5'°C values < -25%o) collected at hydrocarbon seeps in the St.
Lawrence Estuary (Canada)’, at water depth of about 300m and sea-floor temperature of 3-5°C.

Here we will report preliminary clumped isotope results for two carbonate concretions, from
otherwise unconsolidated marine clastic sediments. The studied material includes mollusk shells,
cemented micrite, and pore-filling isopachous to botryoidal aragonitic cements®. The clumped
isotopic results will be combined with the classical isotopic ratios (8!°C and §'%0), and discussed
in terms of precipitation conditions. Do they reflect ambient temperatures during precipitation, or
false temperature due to mixing and/or disequilibrium?
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Reconstruction of the diagenesis of Chalk is challenging due to the minute grain size and mono-
mineral nature of the sediment (dominance of low-Mg calcite). A major problem relates to the
cryptic nature of micron-sized particles (micarbs) that quantitatively dominate the sediment.
During this work 30 samples from four shallow cores of uppermost Cretaceous (upper
Maastrichtian) chalk in the onshore parts of the Danish-Norwegian Basin have been investigated
to better understand the origin and diagenesis of the different components.

All samples have been disintegrated using a conservative variation of a technique proposed by
Minoletti et al.', where the samples are saturated in neutralized distilled water, gently crushed into
cm-sized pieces, frozen and reheated several times to disaggregate the sediment into the initial ooze
condition. A sonic bath (30W, 20min) was used to speed up the process. A combination of wet
sieving and centrifugation has been used to separate the ooze into five different granulometric
classes and SEM has been used to evaluate the preservation of the components and characterize
the disintegrated sediment.

Conventional stable isotopes (*C, '#0) have been used to investigate the origin and the evolution
of the different type of particles, with a special attention to the origin of micarb and the cement
formation. It has been supplemented with clumped isotope analyses to better constrain the
temperature regime for early carbonate diagenesis in the chalk. The clumped isotope data represent
an innovative approach using temperature as a proxy for burial and integrated with seismic data it
provides a tool for recalibration of the burial maps of the Maastrichtian Chalk in the Danish Basin.
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The presence of clay minerals strongly influences the physical and chemical properties of a
conventional sandstone reservoir. Determining their presence is therefore important for assessment of
recoverable hydrocarbons. Porosity and permeability are key parameters which determine the
economic value and development plans for oil and gas fields. These pore-scale attributes are initially
controlled by depositional processes and subsequent diagenetic pathways that commonly act together
to determine final reservoir qualities. Although there are many individual studies on pore-scale
reservoir quality controls of particular fields/formations, there are only a few overarching approaches
towards the predictability of reservoir quality by linking depositional processes to early diagenetic
pathways.

In this study, we investigate the detrital clay distribution of an active turbidite system. The study area
(Bute Inlet) is an 80km long fjord located in British Columbia, Canada. The depositional system is
dominated by a 45km long and up to 660m deep submarine channel that is shaped by active and
frequent turbidity currents. The fjord and the flow properties of the currents traversing the system
have been measured and characterised at 6 sites along the channel axis, providing details on the flow
dynamics from channel head to lobe. The resultant deposits were sampled by piston and box cores,
whilst grab samples were used to characterise surface sediments. The combination of flow
measurements and extensive bed sampling gives us the unique opportunity to link flow dynamics to
deposits and the distribution of clays in an active turbidite system for the first time.

Detrital clay distribution (both amount and clay types) has been investigated throughout the system
including the submarine channel thalweg and terraces, as well as the feeding delta. The preliminary
results show that illite dominates the detrital clay fraction of channel thalweg, but is found in lower
quantities in delta sediments. This possibly implies that illite can easily be transported downstream
possibly due to its flaky texture and fine grain size. Vermiculite was only detected in delta sediments
(minor amounts) and it has most likely derived from soil profiles. Chlorite distribution throughout the
system remains inconclusive in the preliminary data set with a slight tendency to increase towards
distal parts of the system. These new highly spatially resolute measurements of clay mineralogy in a
well characterised active submarine channel system provide new insight to predictability of pore-scale
reservoir quality at subsurface.
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Novel Sand-Mud Sedimentary Structures in the Aberystwyth Grits Group and
the Borth Mudstone Formation
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The interpretation of sedimentary structures formed in mixed sand—mud beds is complicated by the
presence of cohesive clay, because adding even minor amounts of clay to a non-cohesive flow or
bed can lead to the development of a diverse range of sedimentary structures unlike those found in
pure sand. Fieldwork conducted in the distal, mud-rich part of the Aberystwyth Grits Group and
the Borth Mudstone Formation (west Wales, U.K.), found many novel mud—-sand bedforms. The
occurrence of these bedforms in the field matched those produced by decelerated flows composed
of sand, silt and mud particles in the laboratory [1]. The sedimentary structures identified both in
the field and laboratory included classic current ripples, large ripples and low-amplitude bed-waves
(LABWs). Large ripples have a greater height, length, and mud content than current ripples, whilst
mixed sand-mud LABWs are typically a few millimeters high and up to several meters long. In the
laboratory, these bedform types were stable at different flow velocities and rheologies. As the
cohesive forces in the flow (and the proportion of clay) increased relative to the turbulence forces
(and the flow velocity), the flows changed from turbulent via transitional to laminar, and the
sedimentary structures changed from current ripples via large ripples to LABWs.

Dimensional analysis of the field data shows that these bedform types have distinct height and
length ranges. In addition, the different bedform types had a preferred spatial distribution, with
large ripples more common in the proximal region of the study area and LABWs more common in
the distal sections. This spatial trend is interpreted to be caused by increasing mud content in the
flows as they moved distally, allowing cohesive forces to progressively dominate flow behavior.
Accordingly, these unique bedforms formed under mixed sand-mud flows may help to infer
location within the distal parts of mud-rich deep-marine systems. A better recognition of fan-fringe
facies and the sedimentary structures present, based on understanding the cohesive control on flow
behavior, may also improve reservoir models.
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Recent experimental studies have highlighted the role of detrital clays in transforming the
behaviour of decelerating sand-mud suspensions through turbulence damping. A common bed
motif frequently reported from lateral and distal parts of sandy fan systems shows evidence of
such clay-driven flow transformation and records a complex association of clean and
argillaceous sandstone lithofacies emplaced by a single flow event; these are known as hybrid
event beds (HEBs'). A key characteristic of these beds is the presence of abundant clay matrix
and/or mudclasts that introduce significant heterogeneity in the event bed make-up. However,
quantifying continuous clay matrix variability and hydrodynamic fractionation of different clay
types within such beds is challenging, both in terms of methodology and inferring original flow
processes.

This study is based on compositional profiling of beds within behind-outcrop cores taken from
the Ross Sandstone Formation, a renowned Pennsylvanian deep-water fan system exposed on
the Atlantic coast in County Clare, western Ireland. The Ross Fm is a useful test case for non-
destructive elemental profiling and clay-related investigations despite its significant post-
depositional thermal exposure in that i) It has nine different types of clay-rich hybrid event
beds (HEBI-HEBY) of diverse origin?, and ii) the HEBs have a relatively simple bimodal
mineralogy composed of predominantly quartz sand and detrital clays, such that Si, K, Fe, Ca
and Zr can be used as proxies for the abundance of quartz grains, illite, chlorite, calcite cement
and zircon respectively. Representative HEBs have been scanned using an XRF core scanner
to obtain nearly continuous (200 um spacing) compositional trends within different hybrid
facies. The XRF results are integrated with XRD, TOC and petrographic data to further
constrain the texture and mineralogy of these clay-rich sandstones. These elemental profiles
give new insight into the systematic vertical compositional trends that may reflect hydraulic
separation of framework grains, distribution of diagenetic cements and heavy minerals in beds.
Of particular interest is the evidence of vertical segregation of illite and chlorite that may reflect
longitudinal and lateral fractionation of clays within the currents. A common pattern observed
in hybrid event beds is a tripartite stack of clean, muddy sandstone and sandy claystone
separated by sharp textural interfaces reflecting internal shear and partitioning of the flows.
Prediction of clay heterogeneity within deep-water successions is critical to our understanding
of reservoir quality distribution in the subsurface.
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Megaturbidites in lake basins are relatively thick, ponded deposits that cover a large part of the
lake basin. They typically consist of a sandy base, a homogenous to graded middle part and are
sometimes covered by a clay cap. While the basal part often contains sedimentary structures, the
middle and top are usually homogenous, with no sign of sedimentary structures. The latter
corresponds to the waning of the fluctuating seiche flow and eventually suspension fallout.

Here we study the megaturbidites that record the AD 1964 Mw9.2 Good Friday earthquake in Skilak
and Kenai lakes, two varved proglacial lakes on the Kenai Peninsula, south-central Alaska. We
retrieved 16 and 20 cores across Skilak and Kenai lakes, respectively, that penetrated the 1964
megaturbidite. We studied them using primarily grain-size analysis, medical and micro CT
scanning, and measured Natural Remanent Magnetization to orient some of the cores and thereby
some of the observed sedimentary structures. In both lakes the megaturbidite can be subdivided
into three units. Unit I composes the sandy base, which is especially thick in Kenai Lake. Unit II
is a non-graded, poorly-sorted muddy unit with internal banding, wavy laminations, lenses, clasts,
and up to 3% clay (grains <2 um). Unit III is a graded, well-sorted clayey mud (“clay cap”) with
up to 50% clays in the top. While the sands of Unit I are thickest in the vicinity of coarse-grained
source areas such as deltas and alluvial fans, the interbedded Unit II shows a ponding geometry
and is thus thickest in the deepest and most slope-distal areas. Furthermore, the sedimentary
structures of Unit II are indicative for a debrite and we therefore interpret this unit as a linked
debrite, and part of a hybrid event bed (i.e. the megaturbidite) (Haughton et al., 2009). The Unit
III clay cap is draped over the complete deep basins, as can be expected from a suspension fallout
that composes the tail of the hybrid flow. We hypothesize that the high clay content, typical for
such varved proglacial lakes, promotes flow cohesion and is responsible for flow partitioning on
the basin plain, resulting in the hybrid event bed.
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The Gulf of Lion is a SW-NE oriented passive continental margin formed after the starting of the
convergence between Europe and Africa in the Oligocene. The continental slope is incised by
about 15 submarine canyons, feeding the distal Rhone sedimentary system. One of the distinctive
features of the NNW-SSE oriented channel-levee complex is the presence of extensive areas of
sediment deformation and erosion on the turbiditic levees and the presence of two large Mass
Transport Deposits (MTDs) described in the literature as Eastern and Western MTD. The
continental slope is dissected by several listric faults which have a dominant SW-NE strike and at
times reach the seafloor. We present an integrated geophysical, geomorphological,
sedimentological and geotechnical study of the deformation occurring in the Plio-Quaternary
sediments of the turbiditic levees of the Petit-Rhone submarine valley. Nearly 180 km of ultra-
high-resolution deep-towed multi-channel seismic data (SYSIF), collected during the PRISME2
cruise (DOI: 10.17600/13010050), allowed to obtain images of the internal structure of the
deformed units with unprecedented details. These data are supplemented by multibeam
bathymetric, sub-bottom profiler, and high-resolution seismic data collected aboard several French
cruises. During the PRISMES3 cruise (DOI: 10.17600/13030060), we obtained several transects of
CPTU measurements and sediment cores in undisturbed sedimentary successions, in adjacent
zones of evacuation, and in the MTDs. CPTU data provide in-situ information along two main
SYSIF lines across undeformed and failed areas in both eastern and western turbiditic levees. The
CPTU profiles show an 8-m thick draping unit with downwards increasing values of tip resistance,
sleeve friction and undrained pore pressure. In sites penetrating MTDs, these parameters increase
irregularly below 8 meters below seafloor (mbsf), underneath a peak corresponding to a coarser
grained material. Coinciding sediment cores allowed to identify thin-bedded turbiditic facies
(undisturbed sediment), as well as MTDs expressed either as contorted slumped or structure-less
stiff units. On top of MTDs we identified coarser grained sediments likely corresponding to
turbidite deposits, which is in good agreement with in-situ measurements. In this study, we attempt
to 1) characterize distinct expressions of sediment deformation, their spatial and chronological
distributions, 2) correlate them with undisturbed sediments to identify the source of wasted
material and the nature and extent of potential weak layers at their base.
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The Nataraja Submarine Slide is a giant mass-wasting deposit that runs from the
Gujurat-Saurashtra coast of western India to the Laxmi Basin, eastern Arabian Sea. It
is over 330 km long and a maximum of 190 km wide, and was emplaced just prior to
10.8 Ma. This slide covers 5 + 0.2 x 10* km? and represents a volume of 19 +4 x 10°
km?, exceeding in volume all but one previously described mass-transport complex on
passive margins worldwide. This slide has been able to flow around massive volcanic
seamounts of the Panikar Ridge, thus highlighting the capacity of the flow and its
potential energy during emplacement between the slope of the western Indian passive
margin and the Laxmi Ridge. The deposit is >800 m thick at its maximum, but just 300
and 190 m thick at IODP Sites U1456 and U1457. It was emplaced in two major phases.
At Site U1456 the upper unit is thinner, with a sharp-based section of ~40 m of coarse
calcarenite overlain by slumped interbedded mud and siltstone. Slumping, and
especially high energy turbidity current flow, is the primary depositional mechanism.
The muddy clastic sediment is mostly reworked Indus-derived material. The lower unit
also shows a fining upwards character, but this section has a large basal sequence ~130
m thick that is dominated by limestone breccia. These limestone breccias are interpreted
as heavily broken, but largely coherent slide blocks with more turbidity current-derived
calcarenites overlying and below a muddy clastic top. The limestone in the breccia is a
shallow-water facies derived from lower and middle Miocene sequences on the outer
Indian Shelf. The margin was prone to collapse because of its steep character, as shown
by thrusts and folds on the intact part of the slope to the south. This oversteepening was
a product of enhanced clastic sediment delivery during the mid-Miocene. Proximity to
active seismic zones within the Indian plate hint at the triggering mechanism for the
final emplacement.
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Past mass-wasting events may significantly affect the stratigraphy of fjord-valley fills. This is
illustrated in the present case study at the mouth of a side-valley near the town of Orkanger in
Mid Norway. The area, being part of the major Trondheimsfjorden system, was deglaciated
around 14 000 cal yrs BP and glacioisostatic depression of the crust gave rise to a local marine
limit of 160 m a.s.l. Glacier-marginal deposits and thick glaciomarine clays in the fjord
subsequently emerged and were eroded as relative sea level lowered during the glacioisostatic
rebound. A distinct terrace-like protrusion at the mouth of the side valley at around 16 m a.s.l.
was previously interpreted as Holocene fluviodeltaic deposits as supported by earlier, minor
gravel pits. However, reported occurrences of quick clay in the terrace and the finds of clay
deposits near the land surface show that the Quaternary geology is more complex. A GPR survey
reveals that the terrace-like protrusion consists of rotated landslide blocks overlain by deltaic
deposits with local foreset bedding. This interpretation is supported by LiDAR data showing
several landslide scars in marine clay slopes next to the terrace. The level of the protrusion and of
delta foresets show that relative sea level was at around 16 m during failure. According to a local
sea-level curve this corresponds to an age of c. 3300 cal yrs BP. The trigger for the mass wasting
could have been river erosion, perhaps combined with shoreline abrasion. Seismic activity could
also have played a role. The complex stratigraphy possibly facilitated continued quick-clay
development in the landslide blocks due to leaching enhanced by interbedded permeable layers.
The outlined geological history provides a general framework to better understand the local
ground conditions that are considered to be challenging for engineering work.
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A giant megaturbidite (1.2Km3 in volume) occurs on the foreset, bottomset, and prodelta
successtions of the Doumsan Fan Delta system in the Miocene Pohang Basin, SE Korea. The
megaturbidite deposit comprises 1) clast-supported massive/graded conglomerate, stratified and
cross-stratified conglomerate, 2) very thick, graded sandstone with giant rip-up mud clasts
(max. : > 5 m in long axis) and water escape structures, and 3) thick homogeneous mudstone. The
sandstones are represented by a typical Bouma sequence with massive/graded sandstone (Ta),
laminated, cross-laminated and convoluted sandstone (Tb and Tc) and laminated very fine
sandstone and siltstone (Td), in ascending order.

The megaturbidite deposit ranges in thickness from 40 m in the proximal part to 2 m in the distal
part. Grain size variation from conglomerate to sandstone as well as sedimentary facies is evident
within 8 km of the outcrop. Variation in thickness, grain size and sedimentary facies suggests
north-northeastward paleocurrent direction, which differs from the general southeastward
deepening paleotopography of the basin. Paleocurrent direction also differs from that of the
underlying foreset, bottomset and prodelta successions of the Doumsan fan delta, showing a
radial distribution pattern. The flow pattern makes several assumptions about triggering
mechanisms of megaturbidite deposits. Considering the triggering point (southern part of the axis
of the Doumsan Fan Delta) and paleotopography, slumping triggered by oversteepening of the
slope and/or seismic shock would induce southeastward flow. Northwestward approaching
tsunami, following the southeastward deepening paleotopography, may also be a triggering
mechanism, because the tsunami wave can reflect against the NW-SE trending faulted basement.
Combined effect of tsunami and seismic shock may be responsible for the generation of giant
megaturbidite, regardless of paleoslope direction. On the other hand, uplift of the southeastern
and eastern parts of the basin after the deposition of fan-delta system may form a narrow,
northeastward deepening trough. Oversteepening of the slope and/or seismic shock can result in
north-northeastward slump and resultant megaturbidite.
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The Apulian carbonate margin is widely preserved across the Adriatic domain and has extensively
been studied in the southeastern part of Italy. In Albania, the widespread exposure of Apulian
platform and Ionian basin carbonates relates to the thrust tectonics during the Oligocene-Pliocene.
In Albania, the part linking the platform shelf to the basin is missing preventing a direct
reconstruction of the platform margin.

Syn-sedimentary deformation structures occur in the uppermost part of both the shallow-water
platform and slope to basin sedimentary series. The platform series show well-bedded sediments
deposited in an intertidal to shallow-subtidal environment. They are disrupted by Mass Transport
Deposits (MTDs) that show significant lateral variability as well as brittle and ductile deformation.
The deep-water sedimentary succession in the adjacent Ionian Basin shows an alternation of
pelagites (open marine sedimentation), shallow-water derived density flow deposits and large-scale
slumps made up of density flow deposits. The lateral extent of the detachment surfaces, syn-
sedimentary faults and folds in the slumps point towards multiple regional destabilization events
affecting the Apulian platform margin. Bio- and chrono-stratigraphic analyses suggest that these
events occurred during the Late Campanian — Early Maastrichtian. Beyond the obvious interest
from a stratigraphic point of view, the study of the destabilization events allows for a better
understanding of the triggering mechanisms and sedimentary characteristics of MTDs at a basin
scale.

The evolution of the platform-to-basin transition during the Late Cretaceous is now better
constrained in the Albanian part of the Adriatic. A first mega-sequence (Cenomanian — Turonian)
comprises significant aggradation of shallow-water platform carbonates while no significant
sediment transfer is evidenced in the Ionian Basin. The second mega-sequence (Coniacian - Late
Campanian) reveals increasing sediment transfer towards the basin because of significant highstand
shedding of the rudist-factory and associated facies characterizing the shallow-water carbonate
platform system. Repeated destabilization events (Late Campanian — Early Maastrichtian), most
likely related to large-scale tectonic processes, initiated the dismantling of the Apulian carbonate
platform margin and resulted in massive reworking and shedding of shallow-water carbonate
sediments towards deep water settings.
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Main text: Multi-beam echosounder data and grain size of surface sediment were acquired and
analyzed in order to investigate the shelf-to-slope morphology, geological character, and their
geological controlling factors related to submarine landslides in the southwestern part of the
Ulleung Basin. According to the morphological character, the continental shelf can be divided into
two parts: (1) shallow (~100 m depth) and steep (0.5°) inner shelf, (2) deep (100-300 m depth) and
gentle (0.2°) outer shelf. The continental slope is featured with eight distinct topographic
depressions of various spatial dimension (~121 km? in area) and head wall gradient (~24.3°). They
are developed adjacent to each other and presumably formed by submarine landslides which have
recurred under the strong influences of earthquakes and eustatic sea-level change. The inner
continental shelf and the continental slope are dominated by fine-grained sediment, whereas the
outer continental shelf is dominated by coarse-grained sediment. The surface sediment distribution
seems dominantly influenced by eustatic sea-level change. The outer continental shelf is mostly
covered by coarse relict sediment deposited during lowstand sea-level, while the inner shelf is
covered with recent sediment during highstand sea-level. The surface of the continental slope is
covered with fine-grained sediments which were supplied by hemipelagic advection process.
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In many cases, earthquakes and/or high excess pore pressures are invoke for initiating large
submarine mass movements and their extent (more than 1 cubic kilometres). However, other
mechanisms are possible to explain these large landslides, even in the absence of earthquakes or
excess pore water pressure. Progressive failure has been used in this context. For example, the
Storegga slide! was the first major landslide which was explained be a progressive failure
mechanism. Similarly, the application of fracture mechanism that takes into account the strain-
softening behaviour of the soil during shear can be used to explain catastrophic shear band
propagation in submerged slopes®*. On land investigations have shown that such a mechanism is
quite common and is often associated to spread, often recognized by their horst and graben
morphology. To be initiated, progressive failure requires that the sediment or soil has a strain
softening behaviour during shear and that a stress change have to be initiated by either erosion at
the toe (unloading) or accumulation at the top (loading) of the slope*. When unloading at the toe
takes place, an upward progressive failure may be initiated, whereas if it is initiated by loading at
the top, a downward progressive failure may develop. The interesting aspect of such a
mechanism is that neither excess pore pressure nor an earthquake are required to explain
landslide initiation and their large extent. In the marine environment, significant improvement in
deep sea floor mapping using AUV, with resolution below 1 m, and our understandings of deep
current dynamics make it now possible to better identify erosion processes, including
knickpoints®, along the continental slope where many of these large landslides are found.
Improvements in submarine landslide characterisation and further detailed investigations of case
studies will help our understanding of the implication of progressive failure in the failure
mechanism of these large landslides, in a similar way as for large onshore landslides.
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The Marques de Pombal landslide deposit, with its estimated volume of 1.3 km?, is located in the
Alentejo Basin, the Northern section of the Gulf of Cadiz (SW Iberian Margin). Gravity core
analyses sampled in the Marques de Pombal depositional area reveal that multiple landslide and
turbidity events contributed to the deposit formation" 2. Considering the moderate-to-large-
magnitude seismic activity of the area, earthquakes are the main triggering candidate for the mass
wasting events. The Great Lisbon catastrophic earthquake of 1755 may also have contributed to
the landslide’s deposit. This work reconstructs the sedimentary, stratigraphic and geotechnical
conditions of the area of interest before the 1755 earthquake and aims to evaluate the development
of excess pore pressure in order to balance pre-conditioning factors vs triggering mechanisms in
onset of slope failure. We build a stratigraphic model of the slope failure area using seismic
profiles, swath bathymetry deep-towed side-scan sonar mosaics and well and log data from the
IODP 339 expedition. Gravity core samples are used to understand development of permeability,
compressibility and strength with burial depth. These data are used to build a numerical finite
elements model, which aims to determine the relationship between continental margin

development and its hydrogeological evolution.
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This work presents a three-dimensional seismic dataset analysis of sediment mobilization
associated with mud volcano generation and fluid migration in the Foz do Amazonas Basin,
offshore Brazil. Three distinct diatreme structures reaching the sea floor and connected with a gas
chimney have been identified in the study area, and these structures suggest close relation with
the shale deformation. Piston core samples were analyzed at the main sites with fluid escape
indications and the results confirmed thermogenic signatures, corroborating the HC focused
migration as a key element in the process. The mobilization has been active within the
Maastrichtian sequence which is composed mainly by undercompacted shales and minor
silty/sandy lenses deposited in a rapid event (around 150m/Ma). The instability, landslides and
mobilization processes initiated nearby the K-T boundary as the unit was affected by progressive
overburden events: (a) installation of a thick carbonate platform from Paleogene to Miocene
which presents signals of landslides on its base; and (b) the progressive Amazon cone installation
with a substantial sedimentation from Miocene till nowadays reaching sedimentation rates up to
1100m/My!. The whole Maastrichtian unit presents clear detachment surfaces from base to top
and they have been active till nowadays, mostly facilitated by progressive overpressure
development. Due its plasticity behavior, the deformation developed normal faults with evidences
of rotational blocks and spoon shape scars. Expressive thrust faults are localized and affecting no
more than the buried and confined Maastrichtian level. Initially, with slow to extreme-slow
movements, the system developed at the border of the slope where carbonate sequences were
deformed, rotated and detached from its original position. With the overburden progression, the
seaward-dipping basal detachment enhancing gravity sliding in the system, affecting the lower
levels already buried. The mud volcanoes structures are linked to this confined gravitational
process and the fluid has been interpreted as the major driver in the process, enhancing the shale
ductibility and feeding the formation with extra overpressure during the basin evolution®. Dry
shale has a higher tensional and compressional strength than wet shales and the fluid recharges
were essential for the process evolution. During the Amazon Cone deposition the progressive
deformation and mobilization reactivated the structures creating large normal and listric faults. In
some places, the structures reach the seafloor, connecting the overpressure zone with the seabed
which creates the perfect conduit for the mud volcano raising and extrusion. This study aims at
illustration of the shale mobilization and escape features in Foz do Amazonas Basin as an
example of a direct indicative of an active petroleum system in a frontier to emerging basin.

References

1Figueiredo, J.J.P., Hoorn, C., Van der Ven, P.H., Soares, E.F., 2009, Late Miocene onset of the Amazon River and
the Amazon deep-sea fan: Evidence from the Foz do Amazonas Basin, Geology, v37, p619-622.

Kopf, A.J., 2002. Significance of mud volcanism. Rev. Geophys. 40, 52.

590 - Volume 2



ISC2018, Québec City

THE NORTH-EASTERN AUSTRALIA MARGIN: SUBMARINE
LANDSLIDE CHARACTERIZATION AND TSUNAMIGENIC
POTENTIAL IN A MIXED CARBONATE-SILICICLASTIC SETTING

A. Puga-Bernabéu'**, A.C. Thran?, .M. Webster®, R.J. Beaman?*, J. Lopez-Cabrera®

!Dpto. de Estratigrafia y Paleontologia, Universidad de Granada, Campus de Fuentenueva s/n, Granada, Spain.
2EarthByte Group, School of Geosciences, University of Sydney, NSW 2050, Sydney, Australia.
3Geocoastal Research Group, School of Geosciences, University of Sydney, NSW 2050, Sydney, Australia.
“College of Science and Engineering, James Cook University, PO Box 6811, QLD 4870, Cairns, Australia
SIrish Centre for Research in Applied Geosciences, University College Dublin, Belfield, Dublin 4, Ireland.
*e-mail: angelpb@ugr.es

The socioeconomic importance of submarine landslides is related to their tsunamigenic potential
with far-reaching effects and ability to damage seabed infrastructure. Submarine landslides are
ubiquitous seafloor features on the slopes of continental margins worldwide, but case studies in
modern mixed carbonate-siliciclastic margins are relatively scarce. The north-eastern Australia
margin is the largest mixed carbonate-siliciclastic province in the world and the iconic Great
Barrier Reef (GBR). We describe the main geomorphologic characteristics of four representative
examples of submarine landslides along the GBR margin and evaluate their tsunamigenic
potential and impact on adjacent coasts at the time of inception. Landslide-generated tsunamis
were simulated using the source component TOPICS within the Geowave model, a fully
nonlinear, fully dispersive, 4™-order Boussinesq numerical model.

Study examples from north to south are: (1) The Ribbon Reef Slide, the largest in the northern
region. It extends over 100 km? from ~2000 m depth down to 2260 m, and remobilized at least
0.75 km? of slope material. The depositional area shows a distinctive suite of cohesive blocks up
to 2 km long and 40 m in height, with a runout length of ~16 km; (2) The Gloria Knolls Slide,
which is the largest landslide complex on the margin. This landslide forms a 20 km along-slope
and 8 km across-slope indentation in the margin that remobilized ~32 km? of sediment, leaving a
steep headscarp up to 830 m in height. The main depocentre comprises a cluster of km-scale
knolls and over 70 smaller debris blocks; (3) The Bowl Slide is a landslide complex indented in
the shelf-edge paleo-Burdekin river delta and extends down to >1000 m. It comprises three main
headscarps at 100-130 m, 200-250 m and 450-600 m. Collapsed material forms a 200 km? cone-
shaped debris field that extends over 16 km from the source area; (4) The Viper Slide is a
shallow-water (90-250 m), small (~19 km?, 0.025 km?) and 7 km-wide shelf-edge slope failure
that left a cone-shaped blocky deposit 5.5 km long and ~25 m thick.

Simulations indicate that the study landslides are potentially capable of producing 1-20 m
tsunami waves at the failure source. Initial wave amplitudes are highly sensitive to several
parameters, including initial submergence depth, slide volume, slide thickness, and run-out
distance. Maximum run up heights at the coast are considerably reduced due to the GBR’s
capacity to block and attenuate wave energy, where reef-scale structural complexity counteracts
deleterious focusing effects triggered by the submerged platforms.
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The “Oya-Kuzure” slope failure is located in the source area of Abe River, Shizuoka
Prefecture, central Japan. It is estimated that many failure events had occurred repetitively around
the area' and that a large-scale failure occurred early 18th century caused by the Hoei Earthquake
(M: 8-9), one of the Nankai Trough Earthquake™ . The landslide slope is 700 m high and 1800
m wide with an estimated 120 million m’ in volume'. Deposits originated from the 18th century
slope failure filled the upper reaches of Abe River'.

The Akamizu Fall, which is located on ca. 0.3 km downstream of the confluence of Oya
River originated from the “Oya-Kuzure” with Abe River mainstream, flows down on the
Miocene shalestone. Investigation on distribution of shalestone and debris flow deposit around
the waterfall showed that debris flow deposit detoured the waterfall. It implies a possibility that
the Akamizu Fall was formed by shortcut of the incised meander valley across shalestone ridge
due to filling incised valley by deposition of debris flow deposit and following differential
erosion between shalestone and unconsolidated debris flow deposit. Estimated paleo-current
based on average directions of imbrication of 50-80 clasts in the debris flow deposit at 4 sites
show good accordance with estimated meander channel detouring the waterfall. Orientation of
long axes of measurable clasts almost accord to paleo-current.

As a result of survey, we concluded that filling of a valley by debris flow deposit caused
shortcut of stream of the Abe River across a ridge and generation of the Akamizu Fall. Similarly,
old valley around the confluence of Oya River with Abe River mainstream was filled by debris
flow deposit, and new valley was made on slope of the ridge. Debris flow deposit and the
Akamizu Fall in the upper reaches of Abe River shows threat of large-scale slope failure
accompanying the Nankai Trough Earthquake, which we did not experience in the 2011 Tohoku
Earthquake, Japan.
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The Barents Sea is well known for its important influence of glacial advance and retreat on
seafloor morphology and on slope sedimentary processes. In this high-latitude continental shelf,
submarine mass movements are common processes. Several through mouth fans (TMF) have
been identified and described by many authors!->3. The northernmost located at the mouth of the
Barents Sea are Storfjorden, Kveithola and Bear Island fans. The study area is located south of
Spitzbergen between Storfjorden fan and Bear Island. During the MOCOSED cruise in October
2017, new sedimentary data were acquired in this area. High resolution bathymetry and
subbottom profiles were collected on the continental slope between 1000 and 2000 m water
depths. Three gravity cores were taken off among which one of 10 meters long which has been
collected in a large landslide separating the Storfjorden trough mouth fan and the Kveithola
trough mouth fan?. This new data analysis brings new knowledge about the sedimentary
architecture and the composition of sedimentary deposits of the northern gravity systems in the

Norwegian-Greenland Sea.
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Investigation of seismic activity in southern Québec is important for natural hazard
management since two major active seismic zones with many historical records are located
in the region: the Western Québec and the Charlevoix-Kamouraska seismic zones, with the
latter being the most active in northeastern America. This poster describes a dataset of
high-resolution bathymetry imagery, subbottom profiles and sediments cores collected in
three lakes (Maskinongé, Lac-aux-Sables and Lake Saint-Joseph) located between two
active seismic zones, in south-central Québec. The lacustrine geomorphology observed on
high resolution swath bathymetry imagery, acoustic subbottom profiles and the sediment
analysis indicate that the lakes were disturbed by seismically-induced mass-movements
since deglaciation. Mass-movement deposits (MMDs) were observed on subbottom
profiles at three different stratigraphic levels. The position of the MMDs in the stratigraphic
sequence of the region and the use of the depositional rate from 2!°Pb activity on sediment
cores from each lake allow the identification of three distinct and major earthquake events:
1) during deglaciation between ~11.1 and 10 ka cal. BP; 2) around 810 + 370 AD; and 3)
the well documented 1663 AD M>7 historical earthquake. The second earthquake event
that occurred prior the the 1663 AD event is responsible for remobilizing the largest
volume of sediments in the entire stratigraphic sequences of the lakes. However, this event
did not necessarily reached a higher magnitude than the historical 1663 earthquake, as its
epicenter could have been located closer to the studied lakes or sediments could have been
more readily available to be remobilized when it occurred.
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Multiple knickpoints initiated by morphodynamic interactions between an erodible bed and an
overriding turbidity current have been studied on the lake floor of Wabush Lake, Canada. In order
to understand the different processes accountable for the initiation and migration of these
knickpoints, laboratory studies have been performed to replicate the sedimentological settings and
hydrodynamics of Wabush Lake. The laboratory experiments show that the knickpoints are, most
of the time, initiated when there is disequilibrium between the slope angle of the delta foreset and
the equilibrium slope angle dictated by the turbidity current characteristics. This disequilibrium is
typically caused by a change in the flow dynamics on the topset, i.e. the transition between sheet
flow and channelized flow. Some other knickpoints are initiated when a hydraulic jump is present
at or near a sedimentation front on the foreset. Experimental results show that migration of the
knickpoints is controlled by two factors: erosion by the turbidity current and a landsliding process
in the knickpoint head scarp. Knickpoint migration has also been observed when no turbidity
current is present. The migration of knickpoints in the absence of turbidity currents is explained by
a mechanism known as breaching, which cause a slow retrogression of the head scarp of the
knickpoints. The knickpoints may reach the shoreline, or may be buried by sediments. Finally, a
comparison of Wabush Lake setting with the laboratory observations shows that most of the
processes accountable for knickpoint initiation in the laboratory are also present in Wabush Lake.
In particular, slope stability analysis done using knickpoint geometry seen in Wabush Lake, and
taking into account the geotechnical properties of material derived from laboratory experiments,
shows that knickpoint migration can also be explained in Wabush Lake by landslide mechanism,
such as what was seen at laboratory scale.
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An updated version of the submarine landslide database of the Mediterranean Sea' contains 955
MTDs and 2608 failure scars showing that submarine landslides are ubiquitous features along
Mediterranean continental margins. Their distribution reveals that major deltaic wedges display
the larger submarine landslides, while tectonically active margins are characterized by relatively
small failures. In all regions, landslide size distributions display power law scaling for landslides
> 1 km?. We find consistent differences on the exponent of the power law depending on the tectonic
setting. Active margins present steep slopes of the frequency-magnitude relationship whereas
passive margins tend to display gentler slopes. This pattern likely responds to the common view
that tectonically active margins have numerous but small failures, while passive margins have
larger but fewer failures. Available age information suggests that failures exceeding 1000 km? are
infrequent and may recur every ~40 kyr. Smaller failures that can still cause significant damage
might be relatively frequent, with failures > 1 km? likely recurring every 40 years. This
comprehensive database highlights that our knowledge of submarine landslide dynamics within
time is limited to a few tens of thousands of years. Available data suggest that submarine landslides
may preferentially occur during lowstand periods, but no firm conclusion can be made on this
respect, as only 149 landslides (out of 955 included in the database) have relatively accurate age
determinations. The temporal pattern and changes in frequency-magnitude distribution suggest that
sedimentation patterns and pore pressure development have had a major role in triggering slope

failures and control the mass wasting sediment flux to the deep basin.
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The Xigaze forearc basin (XFB) in southern Tibet formed during northward subduction of
the Neotethyan oceanic slab and was filled by well-preserved stratigraphic successions
which document classical upward shallowing pattern of the forearc basin strata and
elucidate the origin of the associated oceanic magmatic rocks. This study measured 6
marine sections of the Chongdui Formation, which represents the very base of the XFB
succession, and gained the following main results. In the chert at the bottom of the
formation, 26 species and 18 genera including 5 assemblages of radiolarian were identified
with the age of late Barremian to late Aptian in Early Cretaceous. In QFL diagram, the
detrital rocks in upper Chongdui Formation fall into undissected arc to transitional arc
areas. Detrital zircons in sandstones show single age peak of 110Ma, consistent with the
age of the Gangdise magmatic arc, indicating the Gangdise is probably the main source
area of the Chongdui Formation. Based on these studies, combined with the stratigraphic
contact between the Chongdui Formation and the ophiolite, we conclude that the
Neo-Tethys Ocean started to subduct, the XFB started to develop and the detrital sediments
derived from the Gangdise magmatic arc began to deposit in late Early Cretaceous.
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The South Mozambique margin is characterized by the presence of huge contourite drifts, aligned
along N-S trend in the distal margin. On the dip-slope profile they appear as intercalated with
contouritic terraces from the upper slope down to the continental rise. This study focuses on a
recent giant structure interpreted as a contourite drift between 2000 and 2500 m water depth,
where the oceanographic regime is dominated by the southward Mozambique Current (MC) at
superficial depth (0-2000 m) and the northward North Atlantic Deep Waters (NADW, below
2000m) in the deepest part of the margin.

New multibeam bathymetry, CHIRP sub-bottom profiles, multichannel seismic lines and five
piston cores have been collected during the PAMELA-MOZ3! cruise in 2016. The cores
underwent a full set of laboratory analysis including Multi Sensor Core Logger, XRF
corescanner, colorimetry, laser grain-size analysis, radiocarbon and Sr Isotope Stratigraphy (SIS)
absolute ages, and stratigraphic calibration based on oxygen isotopes.

The bathymetric analysis and the interpretation of the CHIRP profiles show that recent sediments
cover the western side of the ridge. The eastern and southern sides are affected by intense erosion
with old sediment outcropping at sea floor. The sedimentary facies on the western side are
various, showing bioturbated hemipelagic deposits and sand beds dominated by planktic
Foraminifera bioclasts. The fine (mud) component is locally low or absent, indicating a high
influence of intense bottom-currents resulting in the winnowing of fine-grained sediment. The
sand-size content is vertically variable and increases laterally towards the highest part of the
ridge, where the sedimentation appears significantly condensed. Oxygen isotopes analyses on
foraminifera and core correlation provide a good stratigraphic framework over the last 920 ka and
confirm the sediment condensation with low sedimentation rate towards the top of the ridge.
Erosional processes and condensed sedimentation dominate the Quaternary evolution of the drift
(reshaping stage). It contrasts with the constructional stage of the drift (occurred before the
Quaternary), inducing fine-grained accumulation at the top of the drift and coarse-grained
sediment into channelized structures.

References
' Moulin M., Aslanian D. (2016) PAMELA-MOZO03 cruise, RV Pourquoi pas ?, http://dx.doi.org/10.17600/16001600

Acknowledgements

The PAMELA project (PAssive Margin Exploration Laboratories) is a scientific project led by Ifremer and TOTAL
in collaboration with Université de Bretagne Occidentale, Université de Rennes 1, Université P&M Curie, CNRS and
IFPEN. The authors thank the Captain and the crew of the PAMELA-MOZO03 survey onboard the R/V Pourquoi pas?

598 - Volume 2


mailto:francois.raisson@total.com
http://dx.doi.org/10.17600/16001600

ISC2018, Québec City

Seismic and lithological evidence of current controlled sedimentation in the
region of the Ceara Rise during the middle-late quaternary

D. Borisov!", E. Ivanova!, I. Murdmaa', E. Ovsepyan!
IShirshov Institution of Oceanology, Russian Academy of Sciences
Nahimovskii prospect, 36, Moscow, Russia.

*e-mail: dborisov@ocean.ru

The Ceara Rise is a bathymetric high in the Cenral Atlantic, that is covered with a thick sequence
(>1000 m) of relatively undisturbed lithogenic and biogenic sediments (Curry et al., 1995). The
rise represents an unique area swept by the North Atlantic Deep Water and Antarctic Bottom
Water and equidistant from sources of their formation. These waters played a crucial role in
sedimentation in the Atlantic and notably on the Ceara Rise (e.g. Curry et al., 1995). However,
the area remains poorly studied in frame of the fast developing contourite paradigm. This work is
focused on seismic and lithological evidence of contourite occurrence in the Quaternary sediment
cover of the Ceara Rise. The work is based on seimoacoustic records collected during cruise 9209
of the RV Maurice Ewing (1992) using the Krupp-Atlas Hydrosweep sub-bottom echo-sounder -
3.5 kHz (>2000 nm of studied profiles), two seismic lines collected using SES 2000 deep
parametric echo-sounder (central frequency 4 kHz) during cruises 35 and 53 of the RV Akademik
loffe (2011, 2017), nine sediment cores and two grab samples retrieved along the rise in cruises
50 and 53 (2015, 2017). Split cores were subjected to magnetic susceptibility and color
reflectance measurements as well as CT-scanning. Grain-size analysis was performed in 1-20 cm
steps using the laser particle analyzer both on bulk sediment samples and terrigenous fractions of
these samples. Sedimentary structures were also studied in thin sections. A regional map of
seismic facies distribution was compiled for the study area. Seismic data revealed vast fields of
small sediment waves with a height of 1-8 m. It was found out that sediment wave height
depends on water depth. Maximum mean and median wave height corresponds to the boundary
between NADW-old and overflow NADW. It might be explained by internal wave activity
enhancing the impact of geostrophic current on sedimentation. The smallest sediment waves are
related to a mixed zone between AABW and NADW. Below this zone, wave height slightly
increases toward the boundary of the main AABW core at depth of 4400-4500 m. Formation of
several revealed moats generally resulted from an interaction between ocean floor topography
(outcrops of older deposits) and bottom currents. Recovered sediment sections demonstrate
intercalation of contourites (in some cases representing turbidites reworked by bottom currents),
with turbidites, mass wasting deposits, and probably hemipelagites.
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Baffin Bay forms an elongated ocean basin that connects the Arctic Ocean to the Labrador Sea and
the North Atlantic via several Canadian Arctic Channels and Davis Strait. The modern ocean
circulation in Baffin Bay is cyclonic; the West Greenland Current enters the bay in the southeast
and flows northward along the east Baffin Bay margin, eventually turning westward and combining
with Arctic Ocean outflow to become the south-flowing Baffin Current that exits the bay in the
southwest!. The present-day general oceanographic pattern likely existed during the Late Miocene
and Pliocene; in fact, large Pliocene contourite drifts are recognized in the eastern and western
margin of the bay?. Throughout the Quaternary, however, it is thought that the circulation pattern
was temporarily interrupted by ice sheet extension in the Canadian Arctic Archipelago that
prevented Arctic Ocean inflow to Baffin Bay’. The purpose of this study is to examine the
geological evidence for Late Quaternary bottom current activity in Baffin Bay, a time when
sedimentation within the bay was largely controlled by glacigenic processes.

During the Quaternary, ice sheets carved several transverse troughs across the Baffin Bay
continental shelves. Seaward of the troughs, extensive trough mouth fans form the dominant
depositional feature along the Baffin Bay slope. Superimposed on the glaciomarine deposits is
evidence for contour current processes. The most apparent features are along-slope furrows and
moats that mark the east Baffin Bay slope, between Disko and Melville bays, in water depths to
1400 m. A sediment core from a contouritic levee shows that the sediments have a higher silt
content than non-levee sediments. Furrows are also present on the southwest Baffin Bay slope off
Home Bay; they occur in 1300 m water depth and coincide with elongate pockmarks, however,
they are less continuous than the eastern bay examples. Farther south, linear to curvilinear bedforms
are present in 500 m water depth on the southwest Baffin Bay slope and likely formed by
enhancement of the south-flowing Baffin Current as it encountered Davis Strait. These results show
that despite the predominance of glaciomarine processes in Baffin Bay during the Late Pleistocene,
bottom currents were sufficiently active to be preserved in the geological record.
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Numerous bottom current-controlled depositional, erosional and mixed features have been
recognized in both modern and ancient sedimentary records along continental margins and abyssal
plains throughout the world oceans. Moreover, different recent works have demonstrated the
relevance of bottom current circulation in shaping the morphology of these regions and
conditioning their sedimentary stacking pattern and evolution. Most of the depositional elements
(drifts) are muddy but recent work highlighted the occurrence of deep-water sandy bottom current
deposits. However, although these sandy deposits generated or affected by bottom currents are of
great scientific and economic significance for oil companies, they are still poorly known and
therefore they should be deeply explored and evaluated. Consequently, there is a current active
discussion for a clear differentiation between sandy contourites, sandy reworked turbidites and
pure turbidites deposits. Therefore, the main aim of this research work is to identify the criteria for
characterising deep-water sandy contourites in one of the worldwide laboratory for contourite
research, the Gulf of Cadiz. This project is funded by the Join Industry Project supported by
TOTAL, BP, ENI, ExxonMobil and Spectrum and is done in the framework of “The Drifters
Research Group”.

The results have been obtained from different analyses carried out on cores from the Integrated
Ocean Drilling Program (IODP) Expedition 339 along the southwestern Iberian Margin (SIM),
within the Gulf of Cadiz. This project is going to be based on a correlation of detailed grain size
analysis, microfacies, ichnological analysis, X-ray Florescence (XRF) scanning data, Computed
Tomography (CT), and compositional data for developing a new facies model for sandy
contourites. The obtained results are contributing our fundamental understanding of deep-water
processes and describes new insights about modern analogues of sandy contourite systems and
their principal potential reservoir characteristics.
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During the last decades, the study of contourites has been considered a hot topic in Earth Sciences,
because of its scientific interest in several disciplines as palacoceanography or palacoclimatology,
but also in oil industry for hydrocarbon exploration'. However, they are relatively poorly known
and there is not a solid model for its identification and differentiation from turbidites or mixed
deposits. In this sense, ichnological content has been proposed as a potential criterion!, but it has
not been studied in detail and there are just a few ichnological studies of contourite deposits?. On
the other hand, ichnological research has undergone rapid growth in recent decades, demonstrating
their usefulness for numerous disciplines, as sedimentology, palaecoenvironment or hydrocarbon
exploration, among others®>. However, ichnological analysis is sometimes not an easy matter,
especially working with cores, and it could be one reason because scarcity of ichnological studies
on contourites. During the last years, image treatment has been probed as a very useful tool in
ichnological study of cores, providing successful results especially for hemipelagic sediments®.
Here we present the application of different image treatment methods to facilitate the ichnological
analysis on cores from contourite sediments. It makes easier the trace fossils assemblage
characterization, supports the quantification of the bioturbation and the estimation of the
penetration depth; being useful features to determine palaecoenvironmental conditions associated
with these deposits. Moreover, information about porosity and permeability distribution can be
inferred, of special interest for fluid flow, and then for reservoir characterization. Therefore, image
treatment is revealed as a powerful tool for ichnological analysis of contourites deposits from cores
in both, the study of palaecoenvironmental conditions during deposition and the potential interest
for hydrocarbon exploration.
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The interaction of bottom currents with deep-marine sediment gravity flow systems is
increasingly recognized globally. The basins offshore East Africa provide an excellent location to
study these systems and the facies distribution within them. We present an integrated study that
combines 3D seismic, well-log and core data to investigate the influence of bottom currents on
Upper Cretaceous to Neogene turbidite systems, offshore Tanzania. Seismic data reveal slope
channel and lobe complexes that are strongly controlled by both giant drift deposits and tectonic
induced topography. These giant drift deposits and fine grained sediment waves indicate
consistent but relatively low flow velocities throughout the Upper Cretaceous and Neogene.
Several slope channel complexes show an interaction with associated, strongly asymmetrical,
drift deposits. Core and well-log data of this channel type comprises six distinct facies
associations indicative of turbidity current and debris flow deposition, with significant bottom
current reworking. Interspersed with turbidite channel-fill deposits are sharp-based laminated
mudstones, up to 2 m thick, and interpreted as the toes of drift deposits inter-fingering with
channel-fills. Combining this information, we interpret these hybrid levee-drift deposits as fine-
grained deposits of low energy bottom currents interacting with channelised turbidity currents, by
flow stripping of the turbidity current and subsequent reworking of unconsolidated sediments.
The toes of the drift deposits interfinger with the channel fill deposits and progressively stepped
into the channel fills. This continued action pinned the slope channels to the slope throughout the
Upper Cretaceous. We infer that the bottom current drift deposits developed as lee waves, with
accretion predominantly on the upstream side, and consequently drift migration was in the
upstream direction of the bottom currents. For this reason there is minimal levee development on
the side of the channel facing the bottom currents; overbank material was stripped and deposited
on the bottom-current upstream facing side of the drift deposit. The facies models differ
considerably from ‘standard’ channel fill models and have important implications for
hydrocarbon reservoirs, baffles and seals.
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Gullies are ubiquitous erosive features in continental margins that are mainly related to downslope,
low-density gravitational flows (turbidites), although mass transport and fluids migration may be
involved in their genesis and evolution. A series of downslope-trending gullies have been identified
on the relatively smooth, slightly concave-upward upper slope of the Gulf of Cadiz, close to the
Strait of Gibraltar. They extend from 205-250 m (beyond the continental shelf) to 510-580 m water
depth, at the Cadiz Channel northern flank along the middle slope. The occurrence of gullies in this
region, characterized by active contouritic processes affected by diapiric ridges, suggests an
interaction between bottom current processes and the downslope-trending gullies. This interaction
is investigated in this work, based on the analysis of very high-resolution data including swath
bathymetry, echo-sounder parametric profiles and sediment cores up to 310 cm long.

The gullies are generally asymmetric, with steeper and higher NE walls. Overall, they are arranged
in a dendritic, convergent pattern laterally spaced 0.4-2 km. Parametric profiles show that both the
gullies and inter-gully areas are covered by a thin, low reflectivity sheet-like layer, up to 10
milliseconds (two-way travel time) thick, that become thicker in the gullies SE flank. Three
sediment cores collected along the axis of one single gully exhibit vertically homogeneous muddy
sand and sandy mud, but with clear occasional smaller coarsening-upward sequences. In contrast,
two sediment cores collected in the adjacent undisturbed upper slope contain finer sediment (mud
to sandy mud) that exhibit general and smaller-scale coarsening-upward trends. These results
suggest that the upper slope is affected by an increasing effect of the Mediterranean flow and the
gullies are inactive features at present. This may imply that the upper slope of the Gulf of Cadiz
records changes in the oceanographic control and turbiditic activity probably related to changes in
the vertical distribution of water masses with glacio-eustatic cyclicity.
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Although contour or oceanic bottom-currents were previously considered as a minor contribution
to the sedimentary dynamic, and their deposits exclusively muddy, many studies during the last
years highlighted their importance in shaping the continental margins and interacting with the
downslope turbiditic dynamic. Contourites are now defined as sediments deposited or substantially
reworked by the persistent action of bottom currents'.

The South-Mozambique margin displays a series of terraces built by plastered and detached
contouritic drifts from the upper slope down to the abyssal plain. The PAMELA-MOZ03 scientific
cruise? has revealed occurrence of coarse-grained contourite facies deposited over one of these
terraces. The questions raised by this discovery are related to the origin of the morphologic feature,
its recent dynamic and evolution, the characteristics of these facies and the associated processes.
Five piston cores cut at 1850-2050m water depth in superficial sediment let appear presence of
sand beds dominated by planktic Foraminifera bioclasts, interpreted as contourite channel infill
based on facies and mapping of alongslope channels. The core cut at the contourite crest presents
a particular facies of bioturbated planktic foramifera sand that corresponds to a deposit affected by
probably intense bottom-current, resulting in the winnowing of fine-grained sediment. It is
therefore interpreted as a contouritic condensed carbonate sand deposited along a 12 km-long
wedge imaged on 2D seismic.

Coarse-grained contourite facies (either silicoclastic or carbonate) is now proved to occur where
favorable conditions are gathered: 1) Availability of sand supplied by turbidites or in-place pelagic
carbonate bioclasts, 2) Persistence of hydrodynamic regime, 3) Sea floor topography resulting in
acceleration of bottom currents for on-site winnowing of fine particles. A new model integrating
these components can be proposed and defined by geometrical and seismic amplitude characters.

References

I'Stow, D. A. V., Pudsey, C. J., Howe, J. A., Fauggres, J.-C. & Viana, A. R. (eds) (2002a): Deep-Water Contourite
Systems: Modern Drifts and Ancient Series. Geol. Soc., London, Memoirs, 22, 7-20. 0435-4052/02/$15.00 9
2Moulin M., Aslanian D. (2016) PAMELA-MOZ03 cruise, RV Pourquoi pas ?, http://dx.doi.org/10.17600/16001600

Acknowledgements

The PAMELA project (PAssive Margin Exploration Laboratories) is a scientific project led by Ifremer and TOTAL in
collaboration with Université de Bretagne Occidentale, Université de Rennes 1, Université P&M Curie, CNRS and
IFPEN. The authors thank the Captain and the crew of the PAMELA-MOZ03 survey onboard the R/V Pourquoi pas?

Volume 2 - 605


mailto:francois.raisson@total.com
http://dx.doi.org/10.17600/16001600

ISC2018, Quéebec City

EVOLUTIONARY MODEL OF A FAULT CONTROLLED CONTOURITIC
DEPOSITIONAL SYSTEM FORMING A HABITABLE ENVIRONMENT
FOR COLD WATER CORALS AT THE ANGOLA CONTINENTAL
MARGIN

Julia Haberkern!*, Tilmann Schwenk!?, Stefan Wenau?, Paul Wintersteller'?, Claudia
Wienberg'?, Dierk Hebbeln'?, Volkhard Spiess?

I MARUM — Center for Marine Environmental Sciences, University of Bremen, Leobener Str. 8, Bremen, Germany
2 Faculty of Geosciences, University of Bremen, Klagenfurter Str. 2-4, Bremen, Germany
*e-mail: Julia. Haberkern@uni-bremen.de

Contouritic Depositional Systems (CDS) comprise sedimentary deposits and erosional features,
which develop under the influence of the same bottom water mass, and record paleo-variability of
current direction and intensity. Therefore, they draw major scientific interest as archives for
paleoceanographic reconstructions. Especially CDSs, which are genetically related to small-scale
seafloor topography, react highly sensitive to changes in the ambient current regime, since the
bottom current is locally amplified by the interaction with the seafloor topography. Such settings
gain additional complexity when topographic features change over time, as it is the case for both,
active faults and the growth of Cold Water Coral (CWC) mounds. The impact of topography
changes on the local current regime and subsequently the sedimentary record could obscure the
record of paleoceanographic variability. Thus the detailed interplay of processes needs to be
understood before the paleoceanographic information can be extracted.

This study explores a unique setting at the border of a salt raft in the Kwanza Basin at the shallow
Angola continental margin. High resolution multichannel seismic data and multibeam bathymetry,
collected during R/V Meteor Cruise M122 in 2016, are used to investigate the spatio-temporal
evolution of sediment architecture, the role of faulting related to salt tectonics and the position and
growth of CWCs. Integrated data analysis allows to identify indicators for an active bottom current
regime, including contourite channels, separated mounded drifts and erosional surfaces, from the
seafloor to 300 mbsf related to a fault bordering a salt raft. Furthermore, active and buried faults
are ubiquitous in the study area. At the seafloor CWC mounds of heights up to >100 m and widths
between 400 and 1000 m occur in chains in water depths between 200 and 500 m. CWCs appear
to be rather recent features since only few superficially buried mounds have been found restricted
to shallow water depth (<300 m). The CDS, however, is older and CWC growth starts late within
the active CDS, indicating that it has developed a habitable environment for CWCs. The showcase
of this study is a detailed analysis of the contourite channels as well as separated mounded drifts
on both sides of the most prominent, 13-km long, N-S stretching mound chain which is underlain
by a normal fault. The eastern channel and drift are fault-controlled, formed much earlier than the
CWCs, and underwent several cycles of channel filling and erosion, suggesting significant changes
in the local current regime over time. Contrastingly, the western channel succeeded the CWC
formation, which suggests that it is formed by the interaction of bottom currents with the CWC
mounds. The conceptual evolutionary model presented in this study deciphers the interaction of
bottom currents with the active salt rafting process as well as eventual CWC mound formation. It
is an important step towards a sound paleoceanographic reconstruction from a sedimentary record,
which is strongly influenced by syn-sedimentary changes of local topography.
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One of the best examples described in the literature of ancient bottom current deposits come from the
Eocene to the early Miocene sucession Lefkara and Pakhna formations (Cyprus). During four field
campaigns (2014, 2015, 2016 and 2017) The Drifters Research Group has been studying these deposits in
order to understand the sequence of sedimentary facies to compare this with analogue deposits in modern /
recent deep-water environments. Field campaigns have been undertaken for the identification of the best
outcrops at the Petra-Tou Romiou, Agios Konstantinos, Kalavassos and Korfi localities. Details
sedimentary logging, and sedimentary and ichnological analyses were carried out. A revised
chronostratigraphic framework was established, based on a study of planktonic and benthic foraminifera
and nannofossils, improving the age-estimates of the studied sections compared with previous work.
Moreover, thin section analysis, direct and indirect measurement of porosity, scanning electron
microscopy for elemental analysis and X-ray diffraction for mineral analysis, have been executed. The
dominant sedimentary facies consist of calcarenites, chalks, cherts, marls and calcilutites interpreted as the
result of contourites, turbidites, reworked turbidites, and hemipelagic and pelagic depositional processes
acting along the continental slope setting. Sandy contourite beds are identified in three main packages and,
although digenetic processes have been intense, parallel lamination, cross-lamination, banding, flaser
structures and dune-like geometries have been recognised. The porosity values of these deposits exceeds
of 10% and bioturbation is high throughout. The ichnofacies indicate a general shallowing upward trend
through the succession. These preliminary results reveal that microfacies, ichnological features and
sedimentary structures could be diagnostic criteria for the determination of sandy contourites. Their
characteristics in the studied outcrops are very common in modern deep-water sedimentary environments
(e.g., contourite terraces and plastered drifts) and they are of great scientific and economic significance,
but further research work is needed for their better understanding and distinction from other deep-sea
deposits.
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The Late Ordovician Pingliang Formation, accumulated along the southern margin of the Ordos
Basin, contains eleven lithofacies, grouped in five facies associations. These facies associations
represent deep-sea autochthonous sediments, several types of debrites, turbidites and contourites,
but also sediments that consist of fine-grained turbidites that were reworked by contour currents.
Though much rarer, there is some evidence that also contourites have been reworked by turbidity
currents, but the evidence is not unequivocal, probably because the reworked sediments were, in
turn, reworked again by the contourite current.

The various lithofacies are concentrated in different parts of the study area: micritic contourites
and debrites are concentrated in the eastern part, debrites consisting of conglomerates and of
sandstone and siltstone turbidites are concentrated in the middle part, and calcarenitic turbidites,
contourites and reworked turbidites occur in the western part. The contour currents ran parallel to
the contour lines from east to west. Whereas most of the contour current kept moving westwards
in the eastern part of the study area, a minor part split off and followed a half-circular pathway
through the Fuping Graben; its velocity became reduced here, so that micritic contourites were
deposited. Large turbidity currents and debris flows developed in the middle part of the study
area; due to their high energy, they destroyed all earlier deposited contourites, so that contourites
are not present here anymore. The velocity of the contour currents was increased locally when
they entered the confined environment of the Qiliangshan-Qiling Ocean Trough in the western
part of the study area. The relatively high energy of the contour currents here resulted in
calcarenitic contourites.
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During the last decade, more attention has been paid on the interaction between alongslope and
downslope processes, due to their significant role in testing the contouritic diagnostic criteria '.
The Le Danois Contourite Depositional System (CDS) is located at the Cantabrian continental
margin, NE Atlantic. Based on high to ultra-high seismic reflection data, a unique evolution model
of a mixed contourite-mass movement system has been derived from this study area. From old to
young, seven seismic units (Ul to U7) bounded by major discontinuities (H1 to H6) have been
identified. Between the Le Danois Bank and the continental shelf, depositional and erosional
features of contourites, slide scars and mass-transport deposits (MTD) dominated the palaco-
geomorphology of the intraslope basin (443 to 1070 m). The first observation of contourite features
(a 17 km? plastered drift) is from U4 at the foot of the Le Danois Bank. Throughout U5 until the
present day, interbedded MTD (30-40 ms TWT thick) and contourites (40-60 ms TWT thick)
generated within the southern edge of Gijon Drift. The interbedded stacking patterns evidently
indicate short-term disturbances of mass-wasting processes on the build-up of contourite drifts. A
large area of MTD occurred at the southeast border of the Gijon Drift from U6 to the present day.
The MTD gradually deflected in an alongslope direction with an increased volume from U6 (30
km?) to the present day (90 km?). The localized enlargement and deflection of this MTD could be
related to the interaction between bottom-current and mass-wasting processes. This interaction, in
turn, significantly limited the extension of the Gijon Drift. Within U6 and 7, slide scars locally
thinned plastered drifts (from 30 to 20 ms TWT) at the southern flank of the Le Danois Bank, and
widened the Le Danois Moat (2 km in U5 and 3.6 km in U6, 7). As such, the spatio-temporal
evolution of contourites in the study area was partly limited by mass-wasting processes.
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Although the facies and facies architecture of current-derived sediments in modern ocean basins
have been mapped and preliminary described, little is known about facies, spatial distribution,
temporal occurrence and facies architecture of fossil contourites in ancient marine basins. The
ongoing project focuses on fossil calcareous contourites formed during Middle-Late Devonian time
with narrowing oceanic passageways between the approaching continents, Gondwana and
Laurussia. As a first step, the study aims to record, map, and describe the occurrence of current-
induced unconformities and current-derived facies of the Devonian of the pelagic Tafilalt carbonate
platform, in order to provide more reliable criteria for identifying contourites.

Detailed sedimentological field work, backed by lithologic logs and descriptions of microfacies, is
supported by representative thin sections and measurements of paleo-current patterns. Well-
established biostratigraphic conodont zones provide key information on temporal distribution of
erosional episodes on the Tafilalt platform.

Preliminary results in the study area of the Tafilalt-platform, Morocco, support the interpretation
of complex platform-wide erosional episodes and depositional events of calcarenites during the
Upper Givetian / Lower Frasnian boundary. These calcarenite facies are showing a differential
distribution pattern on multiple scales, ranging from microfacies changes to regional occurrence,
and include cross-laminated grainstones of current-oriented dacryoconarids, as well as normal and
inverse graded grain- and packstones locally changing into laminated, burrow-mottled pack- and
wackestones. The observations are discussed in the context of the platform development, acting as
a link between erosion, sediment bypass, and partial deposition within a fossil CDS (contourite
depositional system). This is being expressed by large scale regional erosion, sedimentary traction
structures and pulses of coarse-grained, current-aligned styliolinite sediment accumulation in an
otherwise pelagic environment.
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The sandy contourite terraces of the NW Iberian Peninsula are still poorly studied from a
sedimentological point of view. The main objectives of this work are to understand the mechanisms
or sedimentary processes that form and affect these low-sedimentation sandy areas during the latest
Quaternary and to analyze the sedimentary evolution of the Galician Margin.

The Core SEL08-02 (165 cm; 1127 water depth) mainly consisting of poorly sorted sandy mud and
muddy sand sediment, was retrieved from a middle slope contourite terrace, in A Selva. This core
was studied following a multidisciplinary methodology: grain size, physical properties and
composition of the sediment; Computed Tomography (CT)-scan data and ichnological analysis, as
an integral approach to interpret the sedimentary building up of this area. Three facies have been
identified and linked to hemipelagic, turbiditic and contouritic sedimentation processes: a) low
bioturbated mud; b) sand to mud and c) planktonic foraminifera sand strongly bioturbated from
base to the top throughout. This data reveals two different incidences of the Mediterranean Water
(MW) on the terrace of the A Selva region during the last glacial cycle. The first stage, not affected
by the MW, started with hemipelagic sedimentation and was followed by turbiditic events. During
the second stage, the enhanced MW reworked the previous turdite deposits, which implied a
decrease in the sedimentation rates and generated a condensed facies at the top of the core. Present
results are providing new insights about the recognition of condense sequences and hiatus in
modern marine environments. Furthermore, this model provides a good analog for ancient

sedimentary records in deep-marine environments affected by bottom currents.
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The influence of bottom-water circulation in deep-sea sedimentation is still poorly understood, but
the perception of its importance is steadily increasing. New findings of contourites - sediments
deposited or substantially reworked by the persistent action of bottom currents - have been
discovered in many different settings in every ocean basin and even in lakes. Bottom currents,
predominantly unidirectional water currents that are in contact with the sea-floor of a sidewall, are
in fact pervasive and observed at all latitudes. Such currents, which are affected by tides, eddies,
deep-sea storms, internal waves and tsunamis, are focused against continental slopes, escarpment
and around topographic obstacles. They are capable of actively eroding, transporting and
depositing sediments on the seafloor, as well as generating bedforms and reliefs. For this reason,
bottom currents may pose a risk to deep-sea infrastructures, such as pipelines and
telecommunication cables, or scientific observatories. The study of contourites is also crucial for
hydrocarbon exploration, as well as palaeoclimatological and palaecoceanography reconstructions.
In the nineties, large-scale asymmetric, climbing bedforms were identified at the base of the Malta
Escarpment only on the basis of single-channel Sparker seismic reflection profiles. These bedforms
were tentatively ascribed to the action of focused bottom currents. We now describe these bedforms
on the basis of recently acquired multi-channel seismic, sub-bottom echosounder and multi-beam
bathymetry data, and discuss their origin by integrating these with available and hydrographic
information.

These bedforms, lying at 2500 m water depth, have a height of ~30-50 m, a steeper (by about 2°)
southern side, and are elongated along an ENE-WSW trend. The regular northward migration of
these bedforms is roughly assumed to have begun at 650 Ka, in association with the Mid
Pleistocene Transition, which may have led to a strengthening of the bottom currents.

We aim at understanding if these features are still actively migrating and if they are a potential
hazard for infrastructures, and at deciphering their origin and their palacoceanographic
significance.
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The Neogene basins in the Gulf of Cadiz and west off Portugal have undergone a very complex
geodynamic and sedimentary evolution since the Late Miocene to the present time. This is associated
mainly with the convergence between the Eurasian and African plates that has occurred during that period.
In addition, climatic, eustatic, and oceanographic processes have been prevalent, creating the diverse
depositional systems that we identify in the basin today. These include down-slope (turbidite and mass
transport deposits), along-slope (bottom current deposits), mixed (along- and down-slope) and
hemipelagic / pelagic systems. The main objectives of this work are to evaluate the sedimentary stacking
patterns and the tectono-stratigraphic evolution of the Late Miocene to present day successions in these
Neogene basins (Algarve and Alentejo), decoding the influence of bottom current deposition. We identify
significant changes in sedimentation style and dominant sedimentary processes, coupled with widespread
discontinuities. During the Late Miocene and Pliocene, turbiditic and mixed systems were developed.
Whereas, large contourite drifts have been determined along the slope during the Tortonian and Early
Messinian as well as during the Late Pliocene and Quaternary due to the influence of bottom currents,
which enabled the prevalence of contourite depositional system in these Neogene basins. This work
demonstrates that bottom water circulation and associated processes are important in shaping the seafloor
and controlling the sedimentary stacking pattern on continental margins, with important sedimentary and
palaeoceanographic implications.
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The Sub-Antarctic Front (SAF), one of the three main jets of the Antarctic Circumpolar Current
(ACC) is constrained by the bathymetry of the North Scotia Ridge, in particular the Burdwood
Bank. The SAF flows round the eastern margin of the bank, in a cyclonic loop through the Falkland
Trough and then north-eastward across the Falkland Plateau. This jet, with measured velocities
locally exceeding 50 cm/s! (and possibly locally much higher), flows across a steeply dipping fold-
and-thrust belt on the northern slope of the North Scotia Ridge. We use high-resolution 3D seismic
data acquired across the slope and basin floor and an extensive 2D regional seismic dataset, to map
out a number of key features that allow us to understand the impact of the associated bottom
currents. In particular, we identify a deeply-incised moat that bisects the eastern slope segment,
and which appears to affect the structural evolution of the fold belt; a number of small plastered
drift deposits on the north side of the moat; an extensive plastered drift deposit and sediment wave
field that occur on the upper slope to the south of the main jet; and a second moat which has incised
and undercut the base of the same slope. This combination of along-slope sediment transport,
sedimentation on the upper slope and erosion on the lower slope, has resulted in an inherently
unstable continental slope to the north of the Burdwood Bank, with evidence from the adjacent
basin for repeated submarine landslides. These have all come from a discrete location on the slope,
where the thickest contourite deposits are accumulating. Numerical models of tsunamis resulting
from these ~100 km® landslides indicate that a repeat occurrence would pose a significant risk to
human populations in the South Atlantic. This research highlights the specific risk of catastrophic
slope failure associated with contourites deposited by the SAF, but also of potential preconditioning
mechanisms for other continental slope settings with strong bottom currents.
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Contourites commonly interbed with turbidites, mass-transport deposits, and ‘“normal”
hemipelagic deposits, but it is the distinction from turbidites that has created the most debate. The
distinction depends on the scale of observation. The most universal evidence for contourite
deposition comes from seismic data, whereas evidence for turbidites is more strongly rooted in
bed-scale observations. Many 20th century turbidite scientists working in Phanerozoic
successions argued that anything that was unbioturbated could not be a contourite.

The timescale of a mixed system influences the tools to be used and the criteria to be applied. If
the system is turbidite at sea-level lowstands and contourite at highstands, that may be
recognisable from seismic if the periodicity is long enough. But if the system has a turbidity
current for one week a year and contourite reworking and deposition for the remaining 51 weeks,
that is a quite different problem.

Turbidity current channels and fans are common on many continental margins with contourite
drifts. In most settings, contour currents flow at 0.1-1 m/s, generally substantially slower than
most turbidity currents (0.2-20 m/s) and are thus unlikely to significantly divert the course of
turbidity currents, which flow because of the pressure differential between the turbidity current
and ambient seawater. Any diversion is difficult to detect because contour currents will generally
act in the same direction as Coriolis force, which has a significant effect on dilute and slow
turbidity currents at high latitudes.

In unbioturbated sediment, diagnostic criteria for turbidites are (1) evidence for rapid deposition
from a large sediment load; (2) compositional evidence for an exclusively downslope sediment
supply; and (3) downslope paleocurrent indicators. Features such as erosional surfaces and low
aggradation ripples are not unequivocal evidence of contourite reworking. If the geometry of the
system is well known, oblique upslope paleoflow is diagnostic of contourites.

Glaciated continental margins play an important role in the growth of contourite drifts. Petrologic
data on the eastern Canadian margin show the dominant role of marine ice-margin supply to drift
growth. Distinct compositional data allows glaciomarine sediment to be tracked as turbidites,
contourites and freshwater plume deposits. For example, on the Scotian Rise, red silt-mud
couplets were deposited by turbidity currents derived from fallout from surface plumes carried by
surface currents along the continental margin, rather than being transported by the Western
Boundary Undercurrent from overbank turbidity current muds on Laurentian Fan. The paucity of
overbank turbidite sands on glaciated margins means that there is little evidence for sandy
contourites interbedded with turbidites.
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The Hillary Canyon is one of the main conduits for dense shelf water forming in the Ross Sea,
over-flowing the shelf edge and transforming into the Antarctic Bottom Water (AABW). The
main changes in past ocean circulation are recorded in the adjacent sediment drift. A wealth of
data was acquired on the drift west of the Hillary Canyon during the 2017 OGS Explora
expedition, which included the PNRA ODYSSEA and EUROFLEETS ANTSSS projects. The
multi-disciplinary dataset includes: single channel seismics, sub-bottom profiling, multibeam
bathymetry, gravity and box cores, XBT, water sampling, CTD (with turbidity, oxygen, and
fluorescence), L-ADCP, and vim-ADCP. The sediment drift, which we named Odyssea Drift, is
elongated in the NNE direction with dimensions of several tens of km. Prominent landslide scars
and a giant landslide deposit, over 200 m thick and spanning 750 km?, are visible on the drift.
The sediment cores evidence well-developed cross beddings suggesting the effect of vigorous
bottom currents. The oceanographic data show that the 200 m thick bottom layer was occupied
by AABW (Antarctic Bottom Water with potential temperature < 0° C). The deeper layer
displays also strong currents, mainly flowing along the isobaths. The energetic mixing between
the along slope currents coming from the basin interior increase the turbidity of the bottom
boundary layer. Our results will be merged with those obtained from the 2018 IODP drilling
expedition 374 to develop a conceptual model of sediment deposition relating to marine-based ice
sheet and oceanic processes along the Ross Sea continental margin occurring through the
Neogene and Quaternary.
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Sediment transport and seafloor shaping resulting from bottom currents enhanced by dense shelf
water cascading (DSWC) events have been described in different margins around the world !-2.

In the NW Mediterranean, most of the studies addressing DSWC sedimentary processes have been
mainly focussed within submarine canyons and/or in shelf areas, whereas the open slope region
has received less attention. This study presents new bathymetric and high-resolution seismic data
over the Gulf of Roses continental slope that allowed re-interpreting the formation processes of
large-scale sediment waves. Results suggest that these waves, previously related to slump and
creep-like deformation’, are most likely formed by bottom currents generated by overflows of
dense water, which cascade downslope in an oblique angle with respect the main bathymetric
contours. Single-channel reflection seismic profiles show that sediment waves over the outer shelf
and slope are continuously developed within Quaternary unconformity-bounded seismic units. The
unit boundaries can be correlated with Pleistocene eustatic oscillations, interpreted as erosional
surfaces created during 4th order sea-level falls (~100 ka).

This study offers new insights on the role of DSWC processes and associated off-shelf sediment
transport reshaping the morphology of the open-slope regions and contributes to a better
understanding of their sedimentary evolution.
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Downslope turbidity currents and alongslope bottom currents are common processes along
continental margins. When the two processes act during successive times, interaction can be
recorded by variations of sediment body morphology, alternations of turbidite and contourite
deposits or by the presence of bottom current reworked turbidites. However, the ability to
discriminate contourites from turbidites has proven to be difficult in mixed systems, where multiple
processes interact with each other. One such system is identified on the offshore Pacific Margin of
the Antarctic Peninsula, where contourite drifts and turbidity channel systems occur on the
continental slope and rise. This work aims to better understand how bottom currents and turbidity
currents controlled the development of a mixed depositional system in the Pacific Margin of the
Antarctic Peninsula. Furthermore, knowledge in this margin is still scarce, concerning: i) the role
and interaction between alongslope bottom currents and downslope turbidity currents; ii) the
relationship with the main regional events; and iii) how to discriminate the mechanisms responsible
for the formation of contourite features and the factors controlling the formation of turbidite
features and how they operated through time. To approach these objectives, we employed high-
resolution datasets: high-resolution seismic data, swath multibeam bathymetry, sediment samples
and X-Ray Fluorescence data of the SEDANO Cores 11, 12, 13, 18 and 20. Its interpretation and
integration aims to propose the construction of a sedimentary model for a modern mixed
depositional system, which will clarify the role and influence of bottom currents versus turbidity
currents. This modern mixed system could be a good analogue for a better understanding of similar
mixed depositional systems in the ancient record.
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The study of contourites is held to be crucial for at least three fields: paleoclimatology and
paleoceanography, slope-stability/geological hazard assessment, and hydrocarbon exploration.
Thus, characterization of contourites and differentiation respect to associated facies reveals of
special interest. Bioturbation is widely considered to be a diagnostic feature of prime importance
for contourite characterization, although some researchers assign only minor relevance to
bioturbation. However, detailed ichnological analyses of both contouritic and mixed (turbidite
and contourite) deposits are relatively scarce. In the last years, The Drifters Research Group has
been studying contouritic deposits in order to understand the sequence of sedimentary facies,
from a multidisciplinary, integrative research, including a detailed trace-fossils analysis.
Ichnological approach includes variations in the trace fossil assemblage (i.e., diversity, relative
abundance), and ichnological attributes (size, density, tiering structure, infilling, etc.), allowing
ichnofabric characterization. Moreover, ichnofacies analysis is conducted trying to find a
particular ichnofacies for contourites and mixed deposits. Trace fossil analysis is being conducted
on outcrops and cores, providing significant information about paleoecologic and
paleoenvironmental conditions during deposition of bottom current sediments, at mid/outcrop-
scale and at small-scale, in the range of the contourite facies model. Several examples from Late
Oligocene and middle Miocene calcareous contourites at Petra Tou Romiou type section,
southern Cyprus, and from core deposits of the Pleistocene Faro Drift, Gulf of Cadiz, southern
Spain, illustrate the usefulness of the ichnological analysis in contourite research.
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The continental slope off Argentina represents a highly dynamic depositional environment and is
also a key location of the global thermohaline circulation due to the confluence of northward and
southward flowing contour currents. Results from several cruises show that this region offers a
unique depositional setting to study the fundamental interaction between bottom currents and
sediment deposition. Moreover, the sediments deposited in contourites and canyons represent
valuable high resolution archives to study paleoceanographic changes. Generally, the margin off
Argentina is characterized by a broad shelf and a slope dominated by along-slope and down-slope
sedimentation and depositional processes. Current controlled sedimentation started in Late
Paleogene times and constructed along the Argentina margin major contourite depositional systems
(CDS), consisting of both erosional and depositional features like several large terraces.

Two of these terraces, the Ewing Terrace and the La Plata Terraces, were the target of the RV
SONNE Cruise SO 260, which recently took place in January/February 2018. During the cruise,
high-resolution seismic data as well as sediment echosounder and swathsounder data were
gathered. Additionally, conventional and MeBo coring were carried out. The surveying focused on
areas south and north of the Mar del Plata Canyon, which is up to 1500 m incised into the Ewing
Terrace in water depths between 1000 m and 4000 m. Around this canyon the seismo-acoustic data
provided an image of several contouritic features as smaller scale and larger scale drift bodies,
erosional surfaces, contouritic channels, and minor as well as larger elongated depressions. The
size and shape of these erosional depressions vary significantly, however, most of them are
characterized by a clear asymmetry in terms of their flanks: Whereas one flank reveals small-scale
terraces, the opposite flank is characterized by the occurrence of small drift bodies. Additionally,
some depression are refilled, and coring shows that the filling is dominated by sandy sediments
indicating the impact of a highly dynamic current regime. However, the appearance of the small-
scale depressions on the nearly flat terraces suggests that non-tabular bottom currents interact with
the seafloor. Together with data from former cruises, the new collected data will also allow a
comparison between the northern and southern Ewing terrace and the role of the canyon in the
contouritic depositional system.
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Regional unconformities are common and significant features of contourite depositional systems
worldwide. They are caused by accelerated bottom currents that erode and winnow the seafloor or
prevent deposition from occurring. Such episodes of increased bottom current activity may be
linked with major tectonic and/or climatic events, as well as to changes in flow pathways and
sedimentation patterns. In the Gulf of Cadiz, hiatuses are recorded at all six sites, under the
influence of the Mediterranean Outflow Water, that were drilled during IODP Expedition 399.
They are expressed either by a marked gap in sedimentation, or as a much condensed succession.
The two most significant hiatuses in the sedimentary record after the Miocene—Pliocene boundary
unconformity, are the late Pliocene Discontinuity (LPD, 3-3.2 Ma) and the early Quaternary
Discontinuity (EQD, 2-2.4 Ma).

We evaluated the nature of changes in the patterns of sedimentation, elemental distribution and
microfauna across both these hiatuses. At sites U1387 and U1391, there is extensive development
of fine dolomite crystals within the sediment, at the expense of both biogenic and lithogenic
components. This is combined with framboidal pyrite formation and an extensive network of iron-
sulphide filled Trichichnus trace fossil filaments.

The original composition of the contourite around the hiatuses may have been overprinted by the
carbonate authigenesis. However, the distribution of grain size and stable heavy minerals remain
largely unaffected. The LPD and EQD at the sites of investigation are associated with significant
increase in current velocities as evident from the high Zr % and Zr/Al ratio and the increase in main
grain size. Foraminiferal analyses showed marked changes in the deep-water oxygenation status
from the late Pliocene towards the early Quaternary. This is particularly evident at site U1387
where the LPD and EQD hiatuses run together as one longer hiatus of around 1 My duration. Our
results suggest that the dolomitisation along the unconformity surface is linked with fluid seepage
from depth. These fluids encountered a partially calcite-cemented baffle to flow, which was
originally due to incipient hardground formation at the seafloor, and this provided the calcite
template for replacement by dolomite.
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Along the French Guiana and Surinam margin, the Demerara plateau forms a bathymetric
promontory and is defined as a marginal plateau'. This relief includes the continental shelf gently
deepening between 200-3200 m of water depth and limited by the continental slope. This relief
controls the bottom current speed and is likely at the origin of the recently described’contourite
deposits. Those are generally made of grey-greenish mud and foraminifer-rich sand. The peculiar
feauture is the occurrence of glauconitic grains, mainly filling the foraminifer tests. Inside those
tests, neoformation of Fe-smectite and interstratified smectite/glauconite can occur during early
diagenetic redox processes. The subsequent neoformation phases are also suggested by evolving
pigmentation of glauconitic grains from light green to dark green.At the beginning, because of
low sediment accumulation rate (caused by the winnowing effect), the iron and potassium
sequestration leads to the neoformation of Fe-smectite. This process is faster for Fe than for K. If
the grains stay sufficiently long-time at the sea/sediment interface, seawater K continues to be
incorporated, leading formation of interstratified smectite/glauconite. Both the degree of maturity
of glauconitic grains and their chemical composition are likely related to the current intensity:
high current intensity, high winnowing effect and low sedimentary accumulation favor
glauconitisation. In contourite sediments, the occurrence of glauconitic grains and their
geochemical compositions might be an efficient tool to estimate the intensity of bottom currents
that shape the oceanic deposits and record climatic fluctuations. We have used this new approach
for characterizing the contouritic sediments of the Demerara plateau, in depths where sediments
are under the influence of NADW. Our results indicate that during glacial periods, the glauconitic
formation and maturity is higher than during interglacials, suggesting an increase of the NADW
intensity during cold stages along the French Guiana margins.
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Abstract: An extensive distribution of contourite deposits occur on the lower Jianfeng slope of the
northern South China Sea. Due to the obstacle of seamounts, the sub-sags in the lower slope are
infilled by sheeted or mounded drifts and moats since the Middle Miocene. Sediment drifts have
been divided into four seismic units (SU1-4) based on 2D multichannel seismic data. The lower
unit (SUT) consists of sheeted drifts, and then is overlaid by the second unit (SU2) with the slightly
mounded drifts and associated small-scale moats around obstacles. The SU3 unit composes by
mounded drifts and related large-scale moats. Even the moats are observed in the upper and lower
seamounts, more erosion and wider moat occur at the upper northern seamount. The vertical
sequence indicate the increase of bottom current intensities upwards. Changes in bottom current
intensities, recognized during deposition of the sediment drifts, might be related to the regional
paleoceanographic and paleoclimatological events. The results suggest the depositional
architectures are controlled by slope morphology and bottom currents. The strongest bottom
currents during the deposition of the SU3 unit take happen from the Pliocene. Sedimentary
evidence for contourite deposits are believed to derive from the South China Sea Deep Water
circulations (SCSDW) flowing westwards. It is coincident with the strengthening of the Pacific
Deep Water coupled with a global cooling event (approx. 5-3 Ma). Hence, the coupling relationship
between the sedimentary framework evolution and the deep-sea circulation evolution is expected
to further deepen the holistic and comprehensive understandings of deep-sea circulation evolution
over the South China Sea continental margins.
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This study describes a regional-scale sedimentary feature in the Upper Yangtze region of China
that is identified as a Telychian age(438Ma) contourite sandy drift that is 500—800 km long, 100—
150 km wide, and 10-20 m thick. The palaeocurrent direction was measured in three different
ways: directly from current ripples in outcrop, from the alignment of elongate particles in thin
section, and by analysing the distribution of heavy minerals. The palaeocurrent direction is
parallel to the ancient coastline (200°-240°), which is a characteristic feature of bottom current.
Elongate mineral grains and sponge spicules are aligned in the palaeocurrent direction. Numerous
traction structures in the study area also indicate a attractive current environment, including
asymmetric ripple marks, erosion surface structures, horizontal and low-angle cross-bedding, and
horizontal and low angle cross-laminations. The grain size distribution across the vertical
sequence was used to identify three facies: normal and reverse grading together, normal grading
alone, and uniform grading. The facies are divided by sharp lower contacts but gradual upper
contacts. Based on provenance analysis, the Telychian contourite drift(channel reworked sandy
drift) is the production of a mixed depositional systems(first turbidite deposition and then
contourite deposition). The turbidite sand on the continental slope provides material source for
the contourite drift, and the deposit is transported from the slope to the channel(parallel to ancient
coastline). The provenance direction is identified by analyzing the distribution of heavy minerals.
The unstable heavy minerals content is higher in the turbidites samples(near provenance region)
than the channel reworked sandstone samples(far away from provenance region).Besides, the
stable heavy minerals increases along the direction of the long axis of the channel reworked
sandy drift. Biostratigraphic correlation using graptolite zones was applied to reconstruct an
isochronal stratigraphic framework for the study area, and carbon isotope (613Corg) and trace
element data (Si/Ba) were used to reconstruct the history of sea level change. This Telychian
deposit is a rare example of an ancient channel reworked sandy drift.

Key words: palaeocurrent direction heavy minerals provenance traction structures mixed
depositional systems turbidite

References

"Michele Rebesco, F. Javier HernAndez-Molina, David Van Rooij, AnnaWahlin, Marine Geology,2014, 352, 111-
154.

2David Van Rooij,Calvin Campbell,Andres Rueggeberg, Anna Wahlin, Marine Geology,2016, 378, 1-4.

3Taizhong Duan, Zhenzhong Gao,Yunfu Zeng,Dorrik Stow, Sedimentary Geology,1993,82,271-284.

“D.Calvin Campbell, David C.Mosher, Marine Geology,2016,378,237-260.

5].Martin-Chivelet, M.A. Fregenal-Martinez, B.Chacon.,2008, Developments in Sedimentology,60,157-182.
®Shanmugam, G, Spalding, T.D, Rofheart, D.H, 1993, Geology 21, 929-932.

Acknowledgements

This work was supported by National Natural Science Fund of China (Grant No.41772150). We thank Jianghan

Oilfield Branch Company, Sinopec for providing the drill cores samples and logging data.

624 - Volume 2


https://www.sciencedirect.com/science/article/pii/S0025322716301062#!
https://www.sciencedirect.com/science/article/pii/S0025322716301062#!
https://www.sciencedirect.com/science/article/pii/S0025322716301062#!
https://www.sciencedirect.com/science/article/pii/S0025322716301062#!
https://www.sciencedirect.com/science/article/pii/003707389390126P?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/003707389390126P?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/003707389390126P?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/003707389390126P?via%3Dihub#!

ISC2018, Québec City

SEDIMENTARY CHARACTERISTICS AND INTERNAL
ARCHITECTURE OF FAN DELTA CONTROLLED BY AUTOGENIC
PROCESS: IMPLICATIONS FROM A FLUME-TANK EXPERIMENT

F. Wenjie" ", Z. Changmin !, Y. Yanshu', F Shu', H. Guowei?, H. Miao?

' School of Geosciences, Yangtze University, Caidian 111, Wuhan, Hubei, China;
2 Shanghai Branch of CNOOC Ltd, Tongxie 388, Changning, Shanghai, China.
*e-mail: fengwenjiel 017@163.com

Through the flume tank experiment under the condition of constant allogeneic factors, the
depositional process, evolution principles and the sedimentary architecture of a fan delta was
presented. Based on analysis of the experimental fan delta, an autogenic factors forced sedimentary
architecture model was constructed. The evolution of fan delta controlled only by autogenic factors
are obvious periodic, and each autogenic cycle can be divided into three stages: the initial
progradation stage, the middle retrogradation stage and the late aggradation-progradation stage.
During the early stage of deposition, a main distributary channel developed and incised into the
delta plain. A large amount of sediments was taken to the channel mouth, as a result, a long oval-
shaped channel mouth bar formed. Natural levees and several crevasse splays developed on both
sides of the main distributary channel. During the middle stage, the main distributary channel was
blocked by the channel mouth bar growing out of the water and as a result, the upper reach of the
main channel branched into two sets of distributary channels. Two crevasse lobes formed on both
side of the main distributary channel near the avulsion point. With the gradual upstream migration
of the crevasse point along the main distributary channel, two retrogradation crevasse lobe
complexes formed on both side of the main distributary channel. The crevasse lobe complexes can
cover nearly 33% area of the fan delta. The main distributary channel was filled by retrogradational
channel sediments. In the late aggradation-progradation stage, the main distributary channel
branches into a number of small-scale, radial channels. Each of these distributary channels can
form a terminal lobe in the distal part of fan delta plain and delta front. With rapid migration of the
distributary channels, a set of distributary channel-terminal lobe complexes formed and stacked
together. The thick fan delta system usually consisted of a number of autogenic forced depositional
bodies. Dynamic allocation of accommodation space and the following adaptive sediments filling
were the two main driving factors of the autogenic evolution of fan deltas.
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Tidal flat is a dynamic environment whose morphology reflects the influence of various factors
such as waves, precipitation and channel migration as well as tidal currents. The quantification of
the morphodynamics of the tidal flat requires three dimensional temporal and spatial data. However,
low accessibility and short exposure time of the tidal flat make it difficult to acquire accurate data
on a larger scale. Simple and compound dunes are extensively developed in the lower intertidal
zone of the Yeochari tidal flat in the northern Gyeonggi Bay, west coast of Korea. The
morphological variability of the intertidal dunes was investigated using global positioning system
profiling and unmanned aerial vehicle (UAV)-assisted photogrammetry to understand the spatial
patterns of sediment transport. More than 200 aerial images were acquired using a drone-mounted
10-mega pixel camera for two consecutive days. To ensure the accuracy of a digital elevation model
(DEM)), the aerial images were taken with 80% overlap. In addition, twenty ground control points
(GCPs) and six reference points were installed using a Real Time Kinematic GPS for position
correction and accuracy verification of the DEM. Two DEMs of 0.26 km? and 0.37 km? each were
constructed by Pix4D (version 4.1.25) through image correction and orthophoto mosaics. A
channel bank area of 0.05 km? was selected from the two DEMs for the quantification of volume
changes induced by dune migration. The changes were calculated from the differences in surface
elevations from DEMs derived from the repeated surveys. Erosional and depositional sediment
fluxes over two tidal cycles are estimated 1,831 m? and 2,131 m’, respectively. A net deposition of
300 m? of sediments occurred, suggesting an ebbward residual sediment transport. The estimation
is congruent with the observed dune morphodynamics: simple dunes on the seaward side of the
compound dunes migrate landward at rates of 0.5 m, whereas those on the wider, landward side
migrate seaward at rates of up to 1 m. The present study highlights that morphological changes and
associated sediment transport on the intertidal flats can be effectively analyzed using a drone-
assisted Structure from Motion (SfM) technique.
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Typhoons have a large effect on coastal sediment budgets and the character of strata preserved in
the geological record. Due to adverse weather and the difficulty in accurately predicting the path,
direct observation is a formidable task. According to long-term records, an average of 4 to 5
typhoons affect the Fujian Province coast annually, which significantly affects the modern
sedimentary environment and sediment transport and deposition. The Fujian coast acts as a
natural laboratory for studying the modern typhoon-induced storm-event sedimentary geological
record because of its thick mud sediment, which is conducive to preserving the sedimentary
record. However, because of the insufficient ability to forecast typhoons and shipboard operation
difficulties under severe weather conditions, there are no studies regarding typhoon-event storm
layers on the Fujian coast.

We used the high-resolution Chirp sonar sub-bottom profiler and radioisotope detection
techniques to examine the storm-deposited layer formed in the seawater near the path of Typhoon
Saola along the coast of Fujian, China. The thickness of the typhoon-deposited layer acquired
using these two methods was 10-25 cm. The thickness, sediment grain size, and §'*C values of
the deposited sedimentary layer indicated that it was mainly matter from the re-suspension and
redistribution of seafloor sediments. The particle sizes of the sediments in the storm-deposited
layer became coarser, indicating that the fine-grade compositions spread over a wider range out
of the coastal zone. The results may contribute to a better understanding of the formation and
identification of storm layers in coastal areas..
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Abstract:

Understanding the sedimentation and compaction of solid particles in water is important for many
industrial applications (mineral and powder technologies, wastewater treatment, food industry as
example) and for the morphodynamic prediction or paleosedimentologic studies.

During sedimentation or batch settlement from suspension, each sediment particle behaves
individually (Stokes theory of settling velocity). As sediment concentration of suspension
increases, hydrodynamic (long-range) interactions between particles start to dominate the dynamic
of the system leading to the so-called ‘hindered settling regime’. For concentration larger than a
threshold value named gelling point, the system behaves no longer as suspension but as a very soft
soil that undergoes slow compaction over the time'?>.

The communication presents two non-intrusive techniques to measure these transition from very
dilute suspension (Stokes regime) to very soft soil (compaction regime) with the intermediate stage
(dense suspension under hindered settling regime). The first method is a Magnetic Resonant
Imaging (MRI) vertical prototype** and the second an X-ray prototype®. Both are used on natural
silty clay or mud which are sampled in natural estuaries. These technologies give access to the
motion of supernatant/suspension interface, the time evolution of vertical profile of concentration
and isoconcentration lines of the process. These results also enable space-time analysis that will
serve to determine closure equations of the problem’.
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Wave-dominated coastal barriers are dynamic systems responding to sea-level fluctuations at
different time scales induced by storm surges, tides (from diurnal to pluri-annual cycles), and
climate (century to millenia). They are composed of siliciclastic sand, bioclastic debris or a mixture
of both. Sediment-starved epicontinental platforms of temperate areas are frequently the location
of intense biologically-controlled carbonate production. As a consequence, coastal sediments of
these systems are mixed, composed of siliciclastic sand (mostly quartz grains) and shell debris,
essentially derived from mollusc shells. In some environments of very high biological productivity,
such as the English Channel and more specifically the Normandy-Brittany Gulf, shell debris can
largely dominate the overall composition of coastal sediments. With time, due to natural factors
(climate changes, sea-level fluctuations) and human activities (shellfish farming, fishing, species
introduction, marine aggregates extraction) the proportion between siliciclastic and bioclastic
grains can vary. It is critical to understand how these modifications in sediment composition can
affect sedimentary processes involved in the construction of coastal barriers and potentially their
stability. This is the general objective of the present study mainly based on physical modelling.
The results obtained from experiments performed in flume under unidirectional current in order to
quantify shell debris transport, segregation and bedload flux show the complex hydrodynamic
behaviour of bioclastic particles, mainly due to the shape, internal structure and mineralogical
composition of the shell debris. Compared to quartz sand of similar sieve diameters, bioclastic
particles show similar thresholds of motion when structured in a sediment bed, but have low to
very low settling velocity. The shape of bioclastic particles is a factor of prime importance as it
influences particle interlocking and steadiness of bedload transport. Some non-negligible
differences have also been highlighted between shell debris derived from eight different bivalve
species, representative of the English Channel coastal areas.

In order to study wave-induced sorting processes of sediments in the foreshore and their
consequences in terms of internal architecture of coastal barriers with varying proportion of
bioclastic sediment, a set of three wave-tank experiments were performed under varying mean
water level and regular wave forcing, using bioclastic / siliciclastic sediment mixture in different
proportions. Barrier morphology was surveyed using laser telemeter and photogrammetry, and
internal architecture using side-photographs and lacquer-peels. We investigated the relationships
between sediment composition and (i) sorting processes in the breaking and swash zone, (ii)
response to barrier flooding by wave overwash, and (iii) barrier morphology and architecture
(beach slope and length, washover geometry and structure).
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Conventional sequence stratigraphy of river deltas suggests that generally the alluvial systems
aggrade in response to base-level rise and degrade in response to base-level fall, based on the
assumption that the graded profile is developed with stationary base level and moves upward and
downward with base level rise and fall, respectively. This rationale has recently been renewed
with the autostratigraphic view of grade!, which proves that the graded state of a downstream
alluvial river feeding a progradational delta is physically possible only when base level falls in a
particular pattern combined with a particular slope condition.

An alluvial grade model of the autostratigraphic view tells that with basin slope (¢) equal to
alluvial slope (a), the downstream alluvial river will autogenically attain grade by equilibrium
response to steady forcing by constant sea level fall (rate Rsi= const < 0) and constant sediment
supply (rate Os). Once this autogenic grade has been attained, a deterministic delta-set thickness
(hset) 1s reached. In natural systems, the slope condition that o~ ¢ might be realized after non-
deltaic rapid transgression (Rs > 0) that leaves a drowned alluvial surface which over-extended
far beyond critical alluvial length that is specified with autostratigraphic length scale!.
Theoretically, sea level cycles (i.e. alternating rise and fall) can inevitably induce graded rivers.
To examine this prediction, a series of 2D experiments on the growth of deltaic shelf alluvial
systems was performed with base level cycles. The experimental results show that after an elapse
of several cycles the deltaic shelf was developed with the sufficiently extended alluvial system
and takes a style of development as follows: 1) during base level rising, non-deltaic transgression
leaves a concave-upward sediment-starved surface, downstream of which parallels with a
basinward extension of the overlying alluvial surface (thus ¢ ~ ); and 2) during subsequent sea
level fall, when the delta progrades onto the downstream part of the submerged alluvial surface of
the preceding cycle (now the outer shelf where ¢ ~ a), it approaches grade, either by degradation
if the pre-existing foreset is thicker than /st or by aggradation in the opposite case. In this latter
stage, the state of grade is eventually attained as long as the shelf is sufficiently extended.

This contribution illustrates that in an expanding deltaic shelf setting, alluvial grade can be
autogenically realized in or after multiple cycles of relative sea-level rise and fall. It thus might
make sense to re-examine the generally-believed relationship between stratal stacking patterns of
river delta (deltaic shelves too) and base level cycles, a fundamental theme of conventional
sequence stratigraphy.
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There are certain orbital cycles influencing the relative position and location of the earth towards
the sun, resulting in the cyclic insolation received on the earth, which causes climate changes and
subsequent environmental response in the catchment, including precipitation, temperature, and
vegetation. Furthermore, such catchment responses induce cyclic variation of source materials,
including sediment supply and water discharge in the entry of a fluvial basin. Climate change
related to the 21-kyr precession cycle was proposed as the driver of regularly-alternating river
avulsion and overbank phases in the Eocene Willwood Formation, Bighorn Basin, Wyoming,
USA 2, This study aims to simulate the building-up process of fluvial stratigraphy under the
action of precession.
Based on the 3D numerical forward model of Karssenberg and Bridge (2008) *, we run several
scenarios with constant/cyclic sediment supply (Qs) and water discharge (Qw) as well as
continuously increasing base level. It is found that the absolute values of Qsand Qw are not the
key drivers of river avulsion and bifurcation. Instead, the ratio between them is. In the scenarios
with constant Q¢/Qw including the constant Qsand Qw scenario and the in-phase one, there are no
regular/cyclic step-like avulsion and overbank alternation, while in the other scenarios with cyclic
Qy/Qw we can clearly see those step-like patterns with periodicity identical to precession, where
the out-of-phase scenario has the largest Qs/Qw variation. Specifically, the increasing Q¢/Qw
triggers the avulsion, which lasts until the peak of Qy/Qw, corresponding to white heterolithic
avulsion deposits. Then with the decreasing Q¢/Qw from the peaks, overbank phase starts, which
is favourable for soil development. Overall, such cyclic Q¢/Qw derives from the phasing shift
between Qs and Qw, which can be attributed to the differential response of them to the climate
change and further orbital forcing. Moreover, it is found that the signal weakens in the
transmission process due to the destruction of autogenic forcing, suggesting that only those
orbital forcing with strong amplitude and long periodicity can be possibly transmitted. Relevant
literature suggests the smaller basin size and higher Qs/Qw contributes to the shorter autogenic
time scale, which, to a certain degree, more favours the orbital signal transmission.
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The erosion susceptibility of intertidal sediments by tidal currents and waves depends not only on
sediment properties but also on biostabilization by microbial biofilms!, which vary highly in time
and in space. Measuring the erosion resistance of these muddy sediments is important in
determining the estuarine sediment dynamics as well as the capacity of the tidal flats to adjust to
sea level rise. Several studies have investigated these issues in subtropical and temperate
environments?, but little information is available for subarctic conditions®. Our project aims to
determine the role of biofilms and their seasonal variations for sediment biostabilization in a
subarctic tidal flat near Rimouski (QC, Canada), on the southern shore of the St. Lawrence
Estuary. The mean sediment particle size is between 5 and 68 um, with over 90% of all samples
having a mean grain size finer than 26 um. The poor sorting of sediments directs towards the
contribution of sediments transport by ice rafting in addition to the hydrodynamic transport
processes in this subarctic intertidal area. The portable Cohesive Strength Meter (CSM) was used
to measure the critical erosion threshold (Twit) across the intertidal area. Small sediment cores
were taken in parallel to characterize the biofilm: chlorophyll a and EPS (extra polymeric
substances) were measured in the top three 1mm layer. In the ice free seasons (summer 2016,
summer and autumn 2017) there are high differences of it between high and low marsh, but
much less variations between low marsh, mudflat and sandflat. The winter 2018 data, which were
measured under the land fast ice, revealed significantly lower it in comparison to other seasons.
There is a positive correlation between T«it and organic matter content measured by loss on
ignition. Our results also show that chlorophyll a and EPS are not so good indicators for Terit,
except for the low marsh/high marsh difference. In general, there is no significant correlation
between mean grain size and Teit. This study highlights the implications of intertidal sediment
exposure to the sea ice and consequently lower Tcrit. The sediments were more stable in ice free
seasons than in winter, when the biofilm is affected by the low temperature and the partial light
blockage due to the sea ice cover.
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Main text: The spatial and temporal changes of surface sediments on the intertidal flat have
attracted extensive attentions worldwide. In this study, both the sediments and topography along a
fixed transect of the Nanhui foreland, Changjiang Estuary, were monitored monthly during
12/2014-06/2016 to examine changes sedimentary characteristics in relation to physical processes.
The results indicated that the sediments generally exhibited a seaward decreasing trend in grain
size and a significant zonal differences, with a landward part being dominated by sand, a
transitional part where sand content decreased dramatically, and a seaward part covered with silt-
dominated sediments. During this period of time, the sediment zonation pattern was modified due
to landward retreatment of the landward part by 62.5 m, narrowing of the transitional part by 75
m, and landward migration of the seaward part by 137.5 m. Meanwhile, the middle intertidal zone
experienced significant erosion and the lower intertidal zone migrated landward significantly. Sand
content of the sediments in the landward part had decreasing trend, with relatively high values
occurred in 01/2015, 07/03/2015 and 02/2016; in the seaward part it had a trend of steady increase.
Variations in the sedimentological zonation exhibited a distinct relationship with the hydrodynamic
processes. In the landward part, changes of the sediments were associated with seasonal wave
dynamics, whilst in the seaward part accretion tended to result in fining of sediments. Results of
this study indicated the feedback of sedimentation/erosion to the hydrodynamics and
sedimentology of the intertidal flat on the monthly scale.
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Tide-dominated estuaries sedimentary reservoir is a hot area of sedimentology research in recent
years, The oil sands of Mcmurray formation in the Athabasca region are mainly a deposits of
tide-dominated estuary and an important target of oil and gas exploration of CNPC. However, the
complex interaction of the fluvial and tide process aggravated the heterogeneities of the
distribution of tidal bar, which poses the challenge for efficient exploration and development.
Furthermore, the outcrop of tide-dominated estuary is few and the recognition in subsurface is
very difficult, only the modern tide-dominated estuary can be observed to get some knowledge of
the temporary status of the distribution of tidal bar. The newly develop deposition numerical
simulation technology is introduced from hydrodynamics to get a thorough insight in the
formation of different geological genetic units and matched the modern deposits well. So the
deposition numerical simulation technology is chose to analyze the influence factors on the
distribution of tidal bar in tide-dominated estuary. The typical modern Fitzroy estuary is selected
for reference and the simulated parameters such as the boundary condition, hydrologic data is
gathered and put into the Delft3D software. Then we observed the phenomenon of the formation
of tidal bars by single factor analysis. Some preliminary result can be concluded as follows:

(1) In the process of sedimentation of estuary sand, the function of bimodal current brought by
tidal action is the main reason for the formation of sand bars and also main water power of
estuary sediment.

(2) Influence of sedimentation brought by fluvial process on sedimentary bodies in estuary is
relatively small. When effect of fluvial process is too big, it will cause sand move towards to
ocean, thus it is not suitable to save, and moreover, it will damage sedimentary bodies in estuary
to a certain degree.

(3) In a certain quantity of energy body, component of sediment will have obvious influence on
sedimentary thickness, and mud (viscous component) in sedimentary component is the main
reason for conservation of sediment.
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Abstract: Large-scale sand deposits in the Huagang Formation are known as the most
important reservoirs in the Xihu depression of East China Sea Basin!?. However, the
complexity of the reservoirs constrains the discovery of the mid-large oil &gas field**, which
are manifest in the following factors: Depositional response of reservoir rocks to the different
sources, @the effect of sedimentary system to the reservoir types, ®the forming process of
large reservoirs. By the observation of cores, logs and seismic data of Huagang Formation sand
deposits from north and middle region of Xihu depression, the sedimentary condition where
different reservoirs form are analyzed. On basis of that, combining paleontography and
provenance characteristics, this study also presents the 3D simulation process of such reservoirs
with SEDSIM software, constructing the 3D geological models and sand-filling patterns of
different periods in the Huagang Formation. It is concluded that the large-scale sandstone
deposits change from north to south are the low-sinuosity braided channel, high-sinuosity
braided channel, anastomosed channel, shallow-water delta systems. Furthermore, Sands from
H8/H7/H6 strata successively stack, forming thick and widely distributed reservoirs. The result
shows that the deposition of Xihu depression mainly occurs along axial direction, supplemented
by the small source from both sides.

Key words: Xihu Depression, Huagang formation, reservoir, sandbody, sediment, simulation
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The deeply buried (>3 km) Lower Cambrian Khaleel Member sandstone reservoirs of the South
Oman Salt Basin are differentiated by highly variant diagenetic alterations and reservoir quality. A
combined petrographical study of optical microscopy and SEM together with XRD and stable
isotope (O- and C-isotopes of carbonates) analyses helped in unravelling the impact of diagenetic
alterations on reservoir quality of fine- to medium-grained and well- to moderately-sorted
sandstones of alluvial to sabkha facies of the Khaleel Member (Karim Formation). The Khaleel
Member sandstones are dominantly composed of mono- and polycrystalline quartz with
subordinate K-feldspar and plagioclase together with lithic fragments and minor micas and heavy
minerals. The sandstones have undergone various degrees of diagenetic modifications dominated
by anhydrite and dolomite cements along with calcite cement and subordinate amounts of
authigenic clay as well as minor feldspar, quartz, pyrite, hematite and anatase cements. Poikilotopic
and micronodular anhydrite cement and pore-filing carbonate cement play a vital role in controlling
the reservoir quality both in positive, e.g. preventing compaction, and in negative aspects, e.g.
reducing the porosity and permeability. Minor amounts of feldspar and quartz cements developed
mainly as syntaxial overgrowth on detrital feldspar and quartz grains and have no noticeable impact
on the reservoir quality. Infiltrated clays occur as grain coats and tend to preserve the reservoir
quality. Minor amounts of illite and chlorite, confirmed by SEM and XRD analyses, occur as pore-
lining and pore-filling clay minerals and have less impact on reducing the porosity and
permeability. Other diagenetic alterations such as pyrite, hematite and anatase, have no significant
impact on reservoir quality of the Khaleel Member sandstones. The stable O- and C-isotope values
(8'80smow = —10.90%o to +3.88%o) of the carbonate cements have elucidated on the pore water
composition (meteoric waters) and their subsequent diagenetic alteration. Dissolution of dolomite
cements and of chemically unstable framework grains (feldspars and volcanic fragments) have
resulted in a considerable enhancement of reservoir quality. Overall, porosity preservation in these
sandstone reservoirs despite their great burial depth is attributed to (1) the primarily presence of
grain coating clay as minute crystals and, occasionally, (2) grain coating bitumen that hindered the
authigenic feldspar and quartz growths and (3) abundant cementation of rhombic dolomite
prevented rapid loss of porosity by mechanical compaction.
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Tsunami events can be recorded by the sediments deposit in coastal area. Binuangeun Bay in
Banten, Indonesia is located at the south coast of Java Island, which faces directly to the Indian
Ocean. Several tsunami events occurred in Indian Ocean may leave sediment deposits in this area.
This study focused on the identification and characterization of paleotsunami deposits which might
be found.

Samples were taken from swampy swale behind the beach ridges by hand drilling on several spots.
Identification and characterization of paleotsunami deposits was based on granulometry analisis
combined with mineralogy and foraminifera fossil identification. Lost on ignition analysis was
conducted to predict the organic matter and carbonate content.

Megascopic examination indicates some appearance of sandy sediment between organic matter
rich silty sediment. This layers might be candidates for paleotsunami sediment. Granulometry
analysis showed that the layers are silt to fine sand in size with mean value of 3.4-4.9 phi. The
sortation is poor and skewness value of 0.2-0.6 (fine skewed-very fine skewed), whereas the
kurtosis is between 0.7-1.2 (platykurtic-leptokurtic). Low content of organic matter and carbonate
were found in this layers. Benthic foraminifera indicates depth of 30-180 m which might the source
of the sediment. Mineral particles are dominated by quartz. Glauconite was found which indicated
marine environment.

In this area, the candidates of paleotsunami sediment are distributed along the swale and pinched
out with silty sediments. No distinct erosion features found under paleotsunami sediment. This
possibly indicates the effect of morphological barrier to the sedimentation process.
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Conspicuous red- and black-colored layers of sand and gravelly sands were found in numerous
places underneath the active floodplain of the meandering-anastomosing Morava River, Czech
Republic. The layers typically occur at ~0.9 to ~1.4 m depth below surface, above water table, in
point-bar sediments, channel lag deposits and floodplain fines. The layers commonly split into
two sublayers, a lower, orange to red colored layer, followed by an upper, dark-grey to black one.
The reddish and blackish colors are likely carried by Fe and Mn secondary phases, which are
mobilized close to the redox gradient at the water table. To make an insight into origin of these
phases, we studied several sections analyzing the visible-light spectral reflectance, mass-specific
magnetic susceptibility and element geochemistry of bulk sediment samples across the
stratigraphic record, combined with X-ray diffraction (XRD) patterns, microprobe analysis and
LA ISP-MS in selected samples. The age control was provided by several AMS 'C ages.

High redness index and moderately enhanced magnetic susceptibility characterize the reddish
layers. The red sublayers are enriched in iron (Fe/Al; Fe(EF)) and the black ones with manganese
(Mn/Al; Mn(EF)) and sometimes with other elements (Pb). The XRD analysis of bulk samples
showed predominance of common silicates (quartz, plagioclase, white mica, alkali feldspar,
chlorite and kaolinite), accompanied by gypsum, goethite and X-ray amorphous iron oxy-
hydroxide phases. Under microscope, the Fe- and Mn oxy-hydroxides form thin coatings on
sand- and gravel clasts, commonly with kidney-shaped microforms. In fine-grained facies, they
form small, red-colored concretions. First derivatives of spectral reflectance data indicate goethite
as the predominant coloring phase, followed by hematite. Age constraints of the red-and-black
layer formation are provided by four AMS '*C ages ranging from 228 + 68 to 841+50 cal. BP,
which indicates that the red- and black staining is very young and may form within two hundred
years.

From the preliminary results, we can infer that the red sublayers form due to rapid growth of
amorphous Fe oxy-hydroxide phases (likely ferrihydrite), goethite and partly hematite above the
redox gradient provided by water table. The goethite and ferrihydrite may be transformed to a
stable hematite, which can be preserved in the sedimentary record. However, with rapid vertical
accretion of the fluvial siliciclastics and water table rise, the initial red layers may be submerged
beneath water table, dissolve and disappear. With sufficient time to transform the oxy-hydroxides
to the hematite, the reductimorphic zone may possibly contribute to the formation of the
continental red beds.

Acknowledgements
Acknowledgements text: This work was supported by the Czech Science Foundation (GACR) research project 17-
06229S.

638 - Volume 2



ISC2018, Québec City

SEDIMENTOLOGY, EMPLACEMENT MECHANISMS AND
DIAGENESIS OF PYROCLASTIC DENSITY CURRENTS (PCDs) IN A
CONTINENTAL HYDROTHERMAL SETTING

A. Di Capua!?*, F. Barilaro??
!CNR-Institute for the Dynamics of Environmental Processes, Via M. Bianco 9, 20131 Milano, Italy.
2 University of Insubria, Via Valleggio 10, 22100 Como, Italy.
3Geological Institute, ETH-Z, Sonneggstrasse 5, 8092, Zurich, Switzerland
*e-mail: andrea.dicapua@idpa.cnr.it

Despite of their volcanic origins, PDCs are sedimentary processes that allow the transportation and
dispersion of hot pyroclastic particles from a volcanic center into the environment. As many other
sedimentary flows, they are particularly erosive and tend to trap fragments of accidental rocks
during their motion. When mix with water, flow behavior and temperature have a primary impact
on the modification of their mechanisms of movement and, eventually, emplacement. This work
explores the sedimentological, petrographic and minero-chemical features of three PDC deposits
entombed in a continental hydrothermal setting in Central Italy. The PDC deposits are gray colored
in the field, with a variable thickness up to 2.5 m. They are composed of fine to coarse ash, with
accidental burnt lithics and fragments. Accretionary lapilli have been also documented, partially to
totally replaced by calcite. Calcite veins also crosscut the deposits through the primary porosity
among the lapilli. Under the microscope, all the deposits show an eutaxitic texture and
mineralogical phases replaced by clay minerals. SEM-EDS documents the high primary porosity
characterizing every single accretionary lapilli, formed by ash particles clashed together for
agglutination. SEM images also show the development of diagenetic needles that pervasively
decompose accretionary lapilli, glass and sanidine crystals. Burnt fragments and the presence of
accretionary lapilli in the pyroclastic deposits document the hot temperatures under which all the
PDCs have been emplaced, as well as the humid environmental conditions characterizing the
depositional zone. Nevertheless, the development of a dark, palacosoil horizon on top of the
deposits and the absence of erosional surfaces testify that a temporal gap when the spring remains
inactive occurred. Calcite veins and the replacing of different mineralogical phases and
accretionary lapilli documented that diagenetic processes took place once the hot spring-related,
Ca-rich waters started to flow through the deposits. A later biological contribution to the
decomposition of glass and minerals has been also documented. Outcomings of this study promise
to better define the importance of pyroclastic/volcaniclastic sequences as potential reservoirs, like
in the giant South Atlantic hydrocarbon reservoir.
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Abstract: Tidal flats of Rudong County located in the eastern part of Jiangsu province along the
South Yellow Sea, which characterized by semidiurnal tides and strong tidal flow. Owing to the
active tidal processes and the abundant sediment supply, the tidal flats here are well developed and
width from several kilometres to tens kilometres. With the development of economy, the tidal flats
of Rudong County are mostly developed by human activities such as reclamation at the high-tidal
flat and seaweed farming at the low-tidal flat. In the last decade, porphyra cultivation grows rapidly
in the tidal flat of Rudong County and has became the mainstay of the local economy. It is a hot
issue in the local society that whether and how the porphyra cultivation will impact the sedimentary
and morphological evolution of tidal flat when the culture scale become larger more and more in
the future. In this paper four sediment cores (92cm-151cm) were collected perpendicularly to the
coast line in tidal flat of the eastern Yangkou Harbor, Rudong County. 2!°Pb dating and grain size
analysed have been processed aiming to get the annual sedimentary velocity of this area. Besides,
the daily sedimentary velocity has been estimated through placing settlement plates. Furthermore,
remote sensing imageries at January and August, in accordance with the period of porphyra culture,
are processed to show morphological evolution of tidal flat of this area, respectively on the year of
2002, 2003, and 2005. Results show that the cultivation of porphyra in this area increases the rate
of sedimentation and expands the siltation area slightly. However, once the cultivation of porphyra
is stopped, the extra-accumulated part will be eroded in a short period. In the present work, it was
proved that the cultivation of porphyra has actually very limited influence on the sedimentation of
tidal flat and the morphological evolution of tidal marshes in the long run equilibrium. Meanwhile
the human activities during the cultivation of porphyra accelerate the erosion rate of tidal flat in

certain degree, which should be paid attention to by the local government and make further research.
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Classic sequence stratigraphy, developed primarily from passive margin basins, has been widely
applied for building isochronic stratigraphy framework within sedimentary basins during the last
several decades. The sequence stratigraphic model for passive margin basins has also been used
extensively in rift basins, although the tectonic settings and depositional sequences obviously
differentiate from those of passive margin basins. The accommodation of passive margin basins
was mainly controlled by eustatic fluctuations superimposed on long-term thermal subsidence
within a stable tectonic setting, whereas that of rift basins was primarily generated by rapid
mechanical subsidence due to episodic pulses of extension!!l. A typical passive rift sequence is
mainly composed of a relatively thin transgressive systems tract and a much thicker highstand
systems tract, while the lowstand systems tract is poorly developed or absent.

The Muglad basin, regarded as a typical passive rift, was generally attributed to the breakup of
Gondwana and the opening of South Atlantic Ocean and Indian Ocean. Consequently, it
differentiates from active rift by structural style of major faults, depositional sequences of syn-rift
and post-rift phases, distribution and geometry of sand bodies, subsidence history, geothermal
history, and hydrocarbon generation and expulsion history. The sequence boundaries and
maximum flooding surfaces can be easily identified by the seismic reflection termination patterns
and coarsening-upward stacking patterns due to the episodic subsidence at very fast rate followed
by relatively long-term tectonic quiescence. The lower Cretaceous, deposited during syn-rift, can
be divided into five third-order sequences. Generally, each sequence was dominated by shale and
mudstone inter-bedded with thin and laterally well-correlated sandstone, which enable
hydrocarbon has huge generation potential and high expulsion efficiency. SEQ-I, II and III,
deposited successively during the initial rifting stage, were locally distributed on the Cambrian
crystalline basement. SEQ-IV was dominated by thick shale and mudstone intercalated with
siltstone or sandstone. SEQ-V was primarily characterized by coarsening-upward sandstone with
prograding parasequence stacking patterns.

The depositional sequences of lower Cretaceous in Muglad basin largely constitute highstand
systems tract, consequently, the sequence stratigraphic model for passive rift basins can
effectively enhance the understanding of its depositional evolution and architecture, and
remarkably improve the predictive applicability of hydrocarbon exploration and development.
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Carbonate rocks are deposited in the Ordovician, Cambrian, and Sinian of eastern Tarim Basin
with a cumulative maximum thickness exceeding 2000 m. They are the main carriers of oil and
gas, and a great deal of natural gas has been found there in the past five years. Based on
lithofacies and reservoir differences, natural gas exploration domains of eastern Tarim Basin can
be classified into five types, Ordovician platform limestone, Ordovician platform dolomite,
Cambrian platform margin mound shoal, Cambrian slope gravity flow deposits, and Sinian
dolomite. Carbonate reservoir characteristics of all the types were synthetically analyzed through
observation on drilling core and thin sections, porosity and permeability measurement, and
logging data of over 10 drilling wells. We find distribution of part of good fracture and cave
reservoir in carbonate platform limestone of Ordovician. In the Ordovician, platform facies
dolomite is better than limestone, and in the Cambrian, platform margin mound shoal dolomite
has large stacking thickness. Good quality and significantly thick carbonate gravity deposit flow
can be found in the Cambrian slope, and effective reservoir has also been found in Sinian
dolomite. Commercial gas has been found in the limestone and dolomite of Ordovician in
Shunnan and Gucheng areas. Exploration experiences from these two areas are instructive,
enabling a deeper understanding of this scene.
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Since cold seep are closely related to the gas hydrate and methane, which are viewed as the
important energy and key greenhouse gas, now they are more and more highly regarded by
scientists. In this thesis, we will pay attention to the petrography, mineralogy, geochemistry of
the septarian cold seep carbonate concretions and discuss their composition, structure, carbon
sources, and formation processes and model.

Septarian concretions, ranging from 6 cme8 cm to 100 cm*30 cm, are parallel to the bedding.
They consist of two parts: concretions matrix and septarian crack fillings. The concretion matrix is
composed of micritic calcite cements (55~75%), quarz and feldspar (25~45%). The crack filling
consist of early fabric calcite cements and later blocky calcite. Compared with the micritic and
fabric calcite cements, the blocky calcite cements show higher FeO, and lower MgO content.
Their 8'3C values, ranging from -26.81 to -1.86 %o VPDB, increase from the micritic matrix in
the margin to the blocky calcite cements in the center. Besides, the homogenization temperature
that we get from the primary fluid inclusion is 176.9°C. Based on the results above, the concretion
matrix and fabric calcite cements are formed by anaerobic oxidation of methane, and the blocky
calcite cements are formed during the burial process and are formed by heated pore water!-. The
concretion matrix and fabric calcite cements recrystallized partly during their burial.

Keywords: Septarian cold seep carbonate concretions, formation model, origin, Cretaceous,
southern Tibet.
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Regressive tidal deposits are generally conceived as comprising a fining upwards
succession, with sandy tidal flats in offshore higher energy areas transitioning into
lower energy mud-prone proximal tidal flats and capped by emergent saltwater
marshes (Terwindt, 1988!). In contrast, examples from the Sabinetown Formation
(Paleocene) in Bastrop County and the Manning Formation (Eocene) in
Washington County are coarsening upwards parasequences that transition from
siltstone through silty tidal heterolithics into sandy tidal heterolithics, and in the
Manning example, into lignite. Both locations are in up-dip, low accommodation-
space settings, with tidal range amplified across a broad, shallow shelf.

The marginal marine Sabinetown has small, rare marine trace fossils and sparse
dinocysts in the silt-dominated tidal heterolithics (Denison et al., 2017?). Sand-
dominated tidal heterolithics have flaser bedding, mud rip-ups, cross-beds with
plant debris drapes, and tidal doublets. In the more open marine Manning
Formation, siltstones have both diverse trace fossils and marine dinocysts. Sand-
dominated tidal heterolithics are extensively bioturbated, with Schaubcylindrichnus
freyi and common Ophiomorpha.

Legler et al. (2003%) document similar coarsening upwards parasequences in a
structurally-controlled embayment, but we postulate either a delta front or an open-
coast geographic setting for our examples. By analogy with wave/storm modified
parasequences, the vertical succession can be envisaged as lower tidal shelf, deep
enough to be largely unaffected by tides, middle tidal shelf, where tides impinge on
the shelf, generating muddy to sandy heterolithics, and upper tidal shelf, where
tides produce sand-dominated heterolithics and dunes.
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The paleocurrent reconstruction of underground reservoirs in dense well pattern areas has not
been attempted and applied comprehensively due to the complexity and diversity of cutting and
superposing relationships for sandy braided river. Thus, the paleocurrent of the sandy braided river in
the west 7th block of the Gudong Oilfield is reconstructed by synthesizing the core data, well
logging data, and production performance data in dense well pattern areas using Miall’s classification
method of architectural elements and hierarchical bounding surfaces.

The paleocurrent is reconstructed by dividing the compound mid-channel bar into single
mid-channel bars. Multiperiod single mid-channel bars are then superimposed to form a compound
bar. In the thick Sixth Member sandstone of the Guantao Formation in the west 7th block in Gudong
Oilfield, according to the differences between braided channel-fills and bars, the different
thicknesses of adjacent bars, variations in sedimentary rhythms, unmatched barriers in different bars,
and differences of logging curve characteristics and dynamic data revealed disconnected signs,
identify single bars.

A total of 1 fluvial system (7th-order), 2 compound braided rivers (6th-order), 11 braided
channels (5th-order), 41 mid-channel bars (4th-order), 96 accretions (3rd-order) are developed in the
study area. We divide the mid-channel bars of different periods into two depositional types, same
time with different positions and same layer with different times. The developmental characteristics
of the braided channels, single mid-channel bars, and single accretions are analyzed quantatively.
The width and thickness of the braided channels are 300-1200m and 2.7-8.2m, respectively. The
width-to-thickness ratio is 120-160. The width and thickness of the single mid-channel bars are
200-500m and 4.0-8.0m, respectively. The width-to-thickness ratio is 30-57. The thickness of the
single accretion is 1.0-1.5m.

Key words: Paleocurrent reconstruction; Architecture; Sandy braided river reservoir; Dense well
pattern
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Abstract: The Mahu sag is an asymmetric foreland basin, and Fengcheng Formation is a deposit
that formed in an arid and hydrologically closed basin, with volcanic eruptions of the same
period!'?. A transect from the northeast margin to the basin center and to the basin margin at the
boundary thrust fault zone was examined in representative drillings and a seismic profile, which
were supplemented with comprehensive lithofacies. Depositional environment was identified by
major and trace elements and oxygen and carbon isotope geochemical analysis. Based on the data
of stratigraphic sequences from the drillings, seismic profiles, descriptions of lithofacies and
geochemical analysis of different cores, a depositional model of this saline asymmetric foreland
basin was proposed. Multiple sources of deposits caused intricate sedimentation. The sources of
the deposits comprised the weathering products of the source rocks, products of volcanic
eruptions and authigenic evaporite mineral. These three sources of deposits at different
percentages formed complex lithology in the Fengcheng Formation of the Mahu Sag. The
weathering products of the source rocks dominated along the boundary faults, while the products
of volcanic eruptions dominated to the northeast. Fine-grained material of terrigenous clastic
sediments, volcanic ash, and authigenic evaporite minerals mixed in the lake center. The activity
of overthrusts decided the migration of the depocenter where the authigenic evaporite minerals
deposited. The lake-level fluctuations determined by the climate had a vital influence on the
depositional environments in these areas. The different kinds of carbonate minerals had regular
horizontal distribution as bull’s-eye, which demonstrated that evaporation and concentration
induced carbonate minerals deposited. The weathering and hydrolysis of the volcanic rocks
offered abundant Ca*". Mg*"and Na" ions etc. to the formation of evaporites'”. In summary, the
particular depositional processes were jointly controlled by the basin structures, climate, and
sources of deposits. Fengcheng Formation is divided into four sedimentary cycles, and the
depositional process of the four cycles were reconstructed, according to the variation of the three
controlling factors.
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The objective of this study is to determine the reservoir quality variations of the Oligocene low-
permeability and tight sandstone. This interpretation is based on method and means including
petrology, mineralogy, and basin modelling. These sandstones, experiencing tectonic inversion of
two stages of late Oligocene Longjing movement and late middle Miocene Yuquan movement, are
located in the HA and HB members of NB gas-field, East China Sea Basin, East China. Based on
the overall consideration of the diagenetic imprints, lithofacies assemblage, macro distribution,
tectonic setting of the HA and HB members sandstone reservoirs, this study utilized fine 3D
geological model, the rock properties and burial-thermal history reconstructions to constrain the
temporal and spatial evolution of porosity and permeability via diagenetic modelling.

Numerical modelling results show that: (i) In the middle Himalayan stage, the HA sandstone
reservoir was affected by meteoric water leaching, acidic fluid and hydrocarbon fluid, while the
HB sandstone reservoir was affected merely by acidic fluid and hydrocarbon fluid. At this stage,
sandstone reservoirs in the HA and HB members underwent mechanical compaction, dissolution
and cementation, and porosity and permeability decreased rapidly. But the porosity reduction of
sandstone reservoir in the HB member is faster than that in the HA member. In the late Himalayan
stage, sandstone reservoirs in the HA and HB members underwent chemical compaction,
dissolution and cementation with the slow increase of burial depth, and porosity and permeability
decreased slowly. Meanwhile, reservoir temperature, porosity loss due to compaction in the HA
and HB members sandstone reservoirs have a positive correlation with the burial depth. (i1) The
quality of sandstone reservoir in the southern part of the HA member is better than that in the
northern part, while the quality of sandstone reservoir in the middle part of the HB member is better
than that in the southern and northern part. The better reservoir quality of the HA member than HB
member is attributed to the shallow-buried depth, coarse grain size and abundant chlorite coating.
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Oil sands is an important unconventional oil and gas resource. Xinjiang is China's most
abundant oil sands area. The oil sands in the Turpan-Hami basin have unique geological
features and great potential for resources, but systematic researches on geology and
geochemistry are lacking. Based on the analysis of the distribution of oil sands in the
Qiketai tectonic belt in Turpan Depression, Turpan-Hami Basin, relying on core data,
logging data, oil sands and geochemical analysis data of rock samples in the study area,
to evaluate the oil sands quality and formation environment, and the evolution of
hydrocarbon source rocks. Through the comprehensive analysis of the oil sands in this
area, the reserves of oil sands and their potential are calculated. The results show that the
oil sands in the study area enriched in the sandstones of the Qiketai Formation in the
Middle Jurassic. The delta front sand bodies are mainly submarine distributary channels
with a sand body thickness of about 30m. The oil source comes from the Taibei
Depression in the Turpan Depression, and the migration channels are faults and sand
bodies. Oil sands oil content greater than 6%, with low density, low viscosity, high wax
characteristics. It is a residual anticline reservoir controlled by the bottom water. The
thrusting of the Qiketai thrust in the late Yanshan Period made it rise to the surface and

formed high-angle tilt and denudation to form an oil sands deposit.

This paper is to explore the geological features and accumulation of oil sands in the
Turpan-Hami basin, aiming to provide references for other similar oil sands exploration
and development in China.

Key words Turpan-Hami Basin, Turpan Depression, Qiketai Formation, Sedimentary
Characteristics
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As a new type of oil and gas reservoirs, volcanic reservoirs have become one of the
important fields for oil and gas exploration. The volcanic gas reservoir with relatively
good productivity was discovered in the Shimentan Formation above the basement in the
Pingbei area of the Xihu Sag in the East China Sea Basin. However, due to the
constraints of exploration data, the current understanding of the volcanic rocks is not
clear, affecting the evaluation of resource potential. Based on the investigation and
research of the igneous reservoir at home and abroad and the previous research results,
the seismic attributes of the volcanic strata are depicted by using core, drilling and 3D
seismic data, and the relationship between the geological attribute and the seismic facies
response is established, The correlation of seismic profiles of volcanic strata and the
correlation of vertical sequence of igneous rocks and horizontal superposition are
obtained. Through comparative analysis of fracture-volcano activity-basin filling
evolution, the analysis of trunk faults and volcanic activity, the controlling factors and
distribution rules of volcanic strata are obtained. The results show that the volcanic strata
in the study area are controlled by faults, and the volcanic eruption centers are fractured,
migrating gradually from north to south and are arranged in beading. The fault controls
volcanic eruptions and magmatic activities, and igneous rocks are mainly distributed
along major fault zones. In the same period, the region with high activity rate of faults
developed lava-type sedimentary strata, the region with low activity velocity developed
clastic sedimentary strata, and the sedimentary volcanic clastic rocks were developed in
relatively low-lying areas.
By studying the controlling factors and the spatial distribution of volcanic sedimentary
strata, this paper aims to provide evidence for the exploration and development of the
area in the next step and for finding favorable volcanic reservoirs.
Key words East China Sea Basin, Xihu Sag, Shimentan Formation, volcanic sedimentary
strata
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The reconstruction of coast environments and coastal progradation during the Holocene is an
important issue for predicting future development of coastline and supplying scientific data for
maritime engineering.

The study area located in the southwestern coast of Hainan Island, South China is a typical location
for wave-dominated embayments. The coastline of embayment is arc-shaped with a bedrock cape
at its northern and southern tips. The embayment is composed of beach and coastal dune systems
intersected by small estuaries. Behind the beach and coastal dunes are exposed in landward first
order (8-15m above sea level), second order (20-30m above sea level) and third order (35-50m
above sea level) terraces. The first and second order terraces are features belonging to late and
middle Pleistocene barrier-lagoon systems, which consist of medium to coarse sands with greenish
gray and grayish white clayey medium sands which might be attributed to lagoon deposits between
barriers. The third terrace is composed of early Pleistocene alluvial sandy conglomerates. A patch
of beachrock about 1km wide exposes on the beach at the southern end of the embayment. The
beachrock was mainly composed of coral and mollusc-bearing sands, dated as old as 6ka, probably
indicating biological fragment supply during the Holocene sea level highstand. The study area has
been heavily influenced by human activities such as planting tropical fruits and digging heavy
minerals on the dunes and old barriers and planting rice in low land between barriers. The study
aims to: l)analyze the grain size composition of exposed sections and sediment cores and
2)document the sedimentary successions for reconstructing Holocene sedimentary environments
in context of coastal progradation.

Twenty-six on-beach sections and four nearshore sections (-5Sm isobaths) were selected for surface
sampling, supplemented by four sediment cores (8-9 m length) of Holocene age. Beach sediments
are mostly composed of very coarse sands and granules (0 ~ 2®), with moderate to good sorting,
while the nearshore sediments show an obvious grain size decrease to 2 ~ 6®. The grain size trend
indicates a south to north along-shore drift. The core-recorded successions reveal silty clay and
clay at the bottom, overlaid by granule coarse sand (2.8-5.1 m thick), coarse to medium grain sands
(0.6 -1.3 m thick) in middle and medium to fine grain sands (3.5-4.8 m thick) on the top. This
sedimentary facies indicates a lagoon environment during the early to middle Holocene, according
to our chronology. The lagoon was filled by sand when the beach began to prograde seaward in
late Holocene and finally the beach was covered by coastal dunes. The results indicate that the old
coastline was located about 850 m away from the present line at 2673+90 cal a BP., about 265m at
1949+66 cal a BP., 120 m at 1370446 cal a BP and very close to the present coastline at 893432
cal a B.P. The coastline prograded by about 0.8m/a in maximum between 2600 and 800 cal a BP
and slowed down since the last 800 years. The result may supply a basis for coast management and
planning under a fast global sea level rise and severe human impact on coast areas in south China.
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There are a lot of coral reefs in the area of the Nansha Islands, in the form of atolls. They have
unique and characteristic geomorphological patterns. The Mckennan and Whitsum reefs of Union
Tablemount are two growing atolls. Grain size analysis of surficial sediment samples collected
from the two sites shows that coral fragment is the main component of sediments, and the grain-
size characteristics depends on the distance from shoreline. A reef evolution model is proposed
involving the parameters associated with current, wind and wave conditions. The development of
the atolls is investigated using the model. The result shows that the main transporting forces
involved in removing surficial sediment include wind-driven waves and currents, while
catastrophic storms play an important role in short-term transport.
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The Rammasun typhoon was generated to the east of the Philippines on 12th July 2014,
northwestern Pacific, and landed at Wengtian Town in Hainan Province on the 18th. It is the
strongest disastrous typhoon that hit the southern China region since 1950, causing heavy losses
to the lives and property of the Hainan, Guangdong, and Guangxi provinces. However, although
the high frequency of typhoon occurrence in Hainan Island in history is well known, it is difficult
to determine the frequency of occurrence of the events like the Rammasun typhoon because of
lack of detailed historical records. Here we use the sedimentary record, in combination of the
information on the present-day events, i.e., the Rammasun typhoon, to define the typhoon
intensity and identify the super typhoons that occurred in the past. In this study, a detailed field
investigation was conducted in the coastal area of Wengtian Town, northeastern Hainan. We
identified storm beach-rock boulders and storm over-wash sediments interbedded within the
coast dune sequence along the northeastern coast of Hainan Island. Base on laboratory and
sediment dynamic analyses'?, we propose that the deposits was generated by super typhoon
events around 3400 a B.P. We found that the intensity of the typhoon that created these deposits
was stronger than the Rammasun typhoon, which is of great significance to the reconstruction of
typhoon sequences on the millennial and centennial scales. Hydrodynamic analysis indicates that
the wide reef flat in front of the beaches and coastal dunes plays a significant role in coast
protection®*. Thus, the regional coral reef degeneration that is taking place now, together with
likely intensified storms due to climate change and future sea level rise, there will be an enhanced
risk of coastal erosion. It is imperative to take care of the coral reefs in Hainan Island.
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Although the Cretaceous sediments in the Oriente Basin, Ecuador have been extensively studied,
the sedimentary process of glauconite-bearing sandstones in these sediments is still questionable.
A reliable interpretation of sedimentary process for glauconite-bearing units requires the
characterization of petrological, mineralogical, geochemical, spatial attributes of glauconite.

The glauconite-bearing sandstones that occur in the upper part of the Albian "T" Member
generally has a very variable proportions of 1-50 wt% glauconite. The glauconite content
commonly increase upward. In the lower part of glauconite-bearing units, quartz sandstones and
glauconite-bearing sandstones are interbedded with wavy/tidal cross-bedding, implying a
moderate energy environment. In the upper part, glauconite-bearing sandstones with bioturbated
structure intercalated with shales, indicating a low energy environment. Glauconite appears as
oval, rounded, fine to medium-grained (50-250um), moderately- to well-sorted, green to dark
green pellets. Potassium content is a reliable indicator of pellet maturity'. The K,O content of

(2]

glauconite shows high value (610 wt%) **, which indicate evolved and highly evolved maturity.

Pellet maturity apparently corresponds with the degree of winnowing and sedimentation rate'!,

Minor maturity variation, and similar morphology and geochemical composition between
samples in different locations reveal characteristics of parautochthonous glauconitic minerals.
Upward increasement of glauconite content suggest that the parautochthonous glauconite formed
in the outer continental shelf and shifted/accumulated landward, indicating the relative sea-level
rise during the marine transgressive phase. Petrological, mineralogical, geochemical composition,
and spatial distribution of glauconite indicate its characteristics of intrasequential glauconitic
mineral, undergone transport of tidal/wavy currents processes and mixed with terrigenous quartz

in the mid- to outer shelf and inner shelf.
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The deep-water sedimentary system has rich oil and gas resources and has become a hot field in
the current oil and gas exploration. Although scholars have carried out extensive research, has
achieved fruitful results, however, restricted by various conditions, formation, channel complex
morphology, evolution, migration of superimposed relationship research is still in its infancy.
Moreover, the deep-water channel depositional system is limited to the study of sedimentary
mechanism. There is a lack of in-depth analysis of channel configuration evolution, sand body
building structure and hierarchy, sand body heterogeneity distribution and sand body migration
superposition relationship.

The study was conducted using a self-developed physical simulation device for the deep-water
deposition system. Experimental advantages: Among them, visual cameras and cameras are added
to provide a favorable data support for the research. The inaccuracy of artificial measurement is
reduced by adding an underwater velocity measuring instrument. The experiment body uses
transparent material to realize the visualization of the side phenomenon during the process of the
experiment. The addition of movable floor has realized the transformation between different
landforms. The experiment mainly analyzes water depth, source abundances, slope and flow factors.
The main study from three aspects: A, the evolution of the configuration of the source and sink
channel with the flow state of the fluid; B, a fine study of a single microphase and its internal size;
C, the fine anatomy of the development pattern, distribution characteristics and superposition
relation of the deep-water reservoir sand body is to establish the degree of quantitative or semi
quantitative model. After the experiment, the experimental results were sliced. Fluent software is
used to analyze the influence factors of velocity, flow pattern and sediment distribution. Finally,
Petrel software is used to reconstruct the whole model and realize 3D reconstruction.
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By integrating diagenesis and sedimentary facies, the distribution of diagenetic alterations and their
impacts on reservoir quality were investigated within a lacustrine fan delta and braided-river delta
depositional environment in the Shahejie Formation of the Raoyang Sag, Bohai-bay Basin. Core
observation and analyses of petrography and geochemistry of the sandstones revealed that that the
eogenetic alterations display spatial and temporal distribution patterns associated with sedimentary
facies, including distributary channels of a fan delta front (DC), distributary bays (DB) and sheet
sands (SS) and mouth bar (MB) (SS and MB are collectively referred to as S). Percolation of
meteoric waters occurring in high permeability DC sandstones resulted in leaching of feldspar, the
formation of kaolinite, as well as mechanical infiltrated clays around detrital grains. Conversely,
the DB deposits containing abundant ductile lithic fragments were subjected to mechanical
compaction and thus the development of a pseudomatrix. Additionally, eogenetic alterations have
an important impact on the distribution of the mesogenetic alterations. Sandstones containing few
eogenetic cements or thin or discontinuous infiltrated clay rims around the detrital grains were
subjected to quartz cementation. However, during the hydrocarbon generation stage, the most
efficient percolation of meteoric waters and organic acid dissolved feldspar minerals and carbonate
cements, resulted in DC sandstones having more intragranular and intergranular porosity. Owing
to high matrix contents and early calcite cement contents, the DB and S sandstones had lower
permeability and were rarely dissolved. During the late mesogenetic stage, late carbonate cements
occurred in all sedimentary facies and iron and magnesium ions were released from the
transformation from kaolinite to illite or to chlorite. The results from this study show possible
diagenetic evolutionary pathways in the reservoir sandstones within the fan delta depositional
environment, which in turn provides some insights into the controls on reservoir potential.
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Calcite cements are volumetrically among the most important diagenetic constituents in turbidite
sandstones of the Paleogene Shahejie Formation, Dongying depression, Bohaiwan Basin. In the
turbidites sandstone, calcite-cemented zones can occur throughout the sandstone bodies, but they
are somewhat more common in the thicker sandstone bodies(=>50cm) along the contacts with the
intercalated shales, remaining partially or totally porous in the middle part. Calcite cement is most
common in what are interpreted to be overbank splay and lobe facies at the margins of the sandstone
body, and less abundant in the channel facies in the center. This pattern suggests that the reactive
aqueous fluids and components for cements are interpreted as having been transported into the
sandstones from adjacent organic-rich shales (Dutton,2008). Petrographic data and stable isotopes
indicate that detrital carbonate particles in intercalated siltstones were the main sources of calcite
cement. Organic acids generated during thermal maturation of organic matter probably provided a
source of acid for carbonate dissolution and export into the sandstones. Only if the organic-rich
siltstones may have generated organic acid sufficient to keep the dissolved carbonate in solution
and transport it out of the siltstones and into sandstones. When calcium carbonate was transported
into the sandstones, feldspars buffered acidic pore waters near where they entered the sandstone,
resulting in calcite precipitation near the sandstone-siltstone contacts. (Milliken and Land,1993).

Some calcites do not correlate with proximity to siltstone beds, but have a preference for sandstones
that had relatively high initial porosities and permeabilities. Distribution of other calcite-cemented
zones that are not at the margins of the sandstone bodies or not near the sandstone-siltstone contacts
may relate to grainsize variations that exert a control on fluid flow (McBride and Milliken,2006).
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The geochemical differentiation of sediment packages framed by surfaces of chronostratigraphic
significance may represent a robust tool to quantify sediment fluxes and their link to mapped
sediment volumes across downdip segments of the sediment dispersal system. In this study, a
high-resolution, chemostratigraphic approach was applied to stratigraphically constrained Late
Pleistocene and Holocene strata from a multi-sourced sediment-supply system (Po Basin, Italy).
Through hundreds of '*C dates, we focused on the quantification of geologic time within systems
tracts and their component sub-units (parasequences) (10% to 10*-year time scales), exploring the
implications of a highly fragmented sedimentary record on reconstructing sediment fluxes and
genetic relations between stratal successions. Compositional unique catchment lithologies (e.g.,
mafic/ultramafic rocks and dolostones) were used as end-member assemblages to trace
mineralogical and geochemical signatures across alluvial and coastal depositional systems and
delineate basin-wide markers of sediment provenance from distinct Alpine and Apenninic
sediment sources.

Large magnitude, Late Pleistocene sea-level fluctuations had a major impact on sediment
pathways, producing sharp provenance changes at key stratigraphic surfaces. Notable shifts in
sediment provenance occurred across sequence boundaries and transgressive surfaces, as both
surfaces imply abrupt changes in basin configuration and sediment dispersal patterns. In contrast,
no abrupt shifts in sediment provenance were observed within early Holocene deposits, at the
turnaround from retrogradation to progradation (maximum flooding surface).

The middle-late Holocene succession of the Po Delta forms an aggradational to progradational
parasequence set, where a laterally continuous sediment body results from the complex
superposition of west-to-east delta progradation and southerly-directed longshore currents. On a
millennial (parasequence) scale, we document the ability of a geochemical approach to delineate
within bay-head delta, delta front, prodelta and strandplain facies assemblages the different
sources that effectively contributed to coastal progradation and to outline, map and quantify the
geometries and volumes of individual clinothems that using conventional sedimentological
methods it would be virtually impossible to restore.

This study shows that bulk-sediment geochemistry can contribute to source-to-sink analysis on a
variety of temporal scales and through a wide spectrum of lithofacies assemblages. At the
parasequence (millennial) scale of investigation, it provides insight into the potential
complexities of sediment fluxes that can be useful for guiding interpretation in the ancient rocks.
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Earliest phases of Andean-type deformation in the northern Andes are overprinted by strong
Neogene deformation. The Eastern Cordillera of Colombia (EC), an opposite-vergent deformed
belt, expose Campanian to Paleocene strata from different depocenters that record the change
from marine to continental deposition. Were those depocenters joined together in a single basin
adjacent to a magmatic belt to the west? Or in contrast, were they isolated from each other in
hinterland basins adjacent to intraplate uplifts? Integration of detailed geologic mapping (3D
outcrop analysis) with palynology, stratigraphy, sedimentology and provenance analyses
(petrography, published U-Pb geochronology, paleocurrents) in the Cocuy basin, located in the
central zone of the Eastern Cordillera of Colombia, supply new data to determine whether syn-
orogenic accumulation took place in a large single basin or in a basin isolated by intraplate
uplifts. This information is analyzed on palinspastic restorations of NW South America plate.

Shallow-marine carbonate and clayed terrigenous deposition of La Luna Formation (Coniacian-
Santonian) was abruptly covered with muddy and silty terrigenous sediments of Los Pinos
Formation (upper Campanian). Material was supplied from two areas located farther to the
south: (1) a western uplifted magmatic arc located at > 350 km, and (2) a southeastern intraplate
deformation located at > 300 kms that expose Cretaceous sedimentary cover. The overlain
Maastrichtian-lowermost Paleocene Guaduas Formation include medium- to coarse-grained
quartzarenite sandstones interbedded with laminated mudstones accumulated in shallow-
marine to marginal environments. Sandstones show evidence of reworked glauconite and
oxidized muddy matrix that indicate supply from nearby source areas with paleosol
development. Paleocene Lower and Upper Socha formations record the rapid advance of fluvial
environments in a basin with high rates of tectonic subsidence (1000m/7my). Sandstone
composition changes up-section from quartzarenite to litharenite, suggesting the unroofing of
nearby uplifts with (1) quartzose sedimentary cover and (2) metamorphic-cored basement block
that supplied abundant unstable rocks fragments (up to 42%) also including volcanic rock
fragments. Interpreted intraplate uplifts were located <80 km from the Cocuy depocenter, both
to the west (Santander Massif with thin sedimentary cover and metamorphic rocks) and to the
east (eastern intraplate uplifts exposing quartzose sedimentary cover). Short fluvial transport
and rapid burial processes favored preservation of unstable fragments. U-Pb detrital
geochronology in Paleocene rocks include population of Paleocene age, suggesting syn-
depositional volcanism. Our results show evidence of early phases of intraplate deformation
since Maastrichtian time bounding the Cocuy basin, supporting the hypothesis of generation of
several syn-orogenic hinterland basins separated by intraplate uplifts and volcanism.
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The Bengal Fan is of particular scientific importance as it contains the most complete record of the
tectonic and climate history of the Himalayan Mountains/Tibetan Plateau uplift as well as the
evolution of the Asian monsoon since fan initiation in the early Eocene to present. Since the Late
Miocene, deposition on the Bengal Fan has been dominated by channel-levee systems (CLSs),
forming a complex depositional system with lateral depocenter migration over the entire fan
(Curray et al., 2003, Schwenk and Spiel3 2009). Here we present results from an integrated study
of multichannel seismic (MCS) data and IODP Expedition 354 drilling results (400 km 7-site W-
E transect, middle Bengal Fan, 8°N). We investigated the fan architecture and the succession of
individual Pleistocene CLSs with respect to environmental changes in the Bengal Basin. Moreover,
the seismic stratigraphy was incorporated into a core-seismic integrated age model using a
Bayesian approach that respects the law of superposition and all known age constrains in order to
refine the transect’s chronostratigraphy. Along the MCS Profile GeoB97-020+027, crossing all
IODP 354 sites, 40 individual CLSs occur above a prominent hemipelagic layer (HL1), comprising
the Matuyama-Brunhes Magnetic Reversal as well as the Jaramillo and Cobb Mountain Subchrons.
The CLSs are intercalated by silty/sandy inter-channel sediments deposited from unchannelized
turbidity currents, which control the preservation of a nearly flat surface/seafloor. Based on
thorough tracing of base reflections of all CLSs a relative stacking pattern has been developed. The
large scale depositional dynamics of the transition from a hemipelagic to turbiditic-dominated
regime promote the concept of individual subfans or channel-levee complexes, introduced by
Curray et al., 2003, which govern only parts of the Bengal Fan while other areas receive (almost)
no fan sedimentation. The variable size of identified CLSs indicates a random distribution of CLS
maturity, which in turn suggests autocyclic processes such as upfan avulsions as main control on
the CLS lifetimes. Based on the core-seismic integrated age model and the correlation of time
markers in between drill sites we achieved a significant improvement of the chrono-stratigraphy
along the transect to a ~100 ka resolution. Furthermore, we found that sediment flux reaching 8°N
increased steadily between 650-250 ka, which could be driven either climatically, by a change in
the input function, or autocyclic.
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The stratigraphic record comprises long-duration hiatal surfaces bounding slivers of preserved
stratigraphy. Long-term 1-dimensional sedimentation rates appear to become slower, as thicker
units and longer time periods are considered, begging the question of how sediment is partitioned in
time and 3D space in basin fills. 3D time-stratigraphic analysis of Quaternary delta systems in the
Gulf of Mexico, including the Mississippi and Lagniappe, illustrate the extremely localized nature
of sedimentation and associated hiatal surfaces. Source to sink analysis allows estimates to be made
of the volume of sediment delivered to a basin by a given river systems over the duration that the
river existed. Integration of annual volumes of sediment discharged by the Mississippi, over its
inter-avulsion period of 1500 years balance with the volumes of mapped sediment in individual
deltas, as do volumes of sediment associated with smaller systems, such as the Lagniappe delta.
Continental scale river systems, and associated deltaic parasequences, like the Mississippi, can
prograde over the entire shelf at an autogenic frequency of a few thousand years, whereas smaller
systems, such as the Lagniappe delta, may require 10 Ka-scale allogenic controls, such as eustatic
forcing to transit the shelf. Both systems produce deltaic lobes with similar areal dimensions, but
with rather different origin (autogenic versus allogenic) and fundamental differences in the scale of
autogenic elements, such as mouth bars.

Sediment budgets can also be reconciled in deep-time river systems. Incised river systems
associated with the Cretaceous Dunvegan Formation in Alberta and the Ferron Sandstone in Utah
fed into the Western Interior Seaway and delivered on the order of 100 km'- 300 km’ of sediment
over a 20,000 year period, which roughly corresponds to the duration of a parasequence, reflecting a
shelf transit cycle of sea-level. At its maximum, the Cretaceous seaway contained about 2.0 million
km’ of seawater, representing a source-to sink ratio of about 7500. A single river would take on the
order of 150 million years to fill the seaway.

Regional paleogeographic mapping shows that along the western border of the seaway at peak
transgression during the Turonian Greenhouse, there were perhaps as many as 7-10 major S2S
river-delta systems. Assuming these rivers are of a similar scale as the Dunvegan and Ferron
systems, they could collectively produce about 3000 km’ of sediment over a 20 Ka Milankovitch
period. Collectively these rivers could theoretically supply enough sediment to fill the entire seaway
in about 15 million years, again assuming no new subsidence. However, most of these wedges have
durations on the order of 1-2 million years, resulting in a chronically under-filled basin. The rivers
are stable for 1/10th the time required to actually fill the basin. Big basins, such as the Cretaceous
Seaway, fed by very localized and relatively small S2S systems result in profoundly uneven
sedimentation with very high rates near the river inputs, producing localized clastic wedges, that
thin and decay over a few hundred kilometres to exceedingly low sedimentation rates. In order to
decipher interregional signals, correlation of the higher fidelity record within and between clastic
wedges is required as well as consideration of the scales of autogenic versus allogenic controls.
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Xihu Depression is a most important oil- and gas-bearing area in the East China Sea Basin. The
Huagang Formation was the excellent clastic reservoirs, previous studies showed that the large
sandbodies were up to several hundred meters. However, the characteristics of the source area
and sandbodies distribution are not clear, which significantly limit the further exploration for
hydrocarbon in the Xihu Depression.

Based on new drilling data of the Xihu Depression in recent years, the methods of seismic
reflection analysis, paleogeomorphology reconstruction, classic zircon U-Pb dating, heavy
mineral analysis and paleocurrent direction restoration were used to analyze the characteristics
and distribution of source to sink system in Huagang Formation. The results of the
paleogeomorphology showed that the study area was characterized by belts in E-W and blocks in
S-N in the Huagang Formation. Combining with the regional stratigraphic, it was considered that
the dominated source area of the Huagang Formation was Precambrian sandstone from the
northern Hupijiao Uplift, and the secondary source area were Paleozoic and Mesozoic from the
Western Haijiao Uplift and the Eastern Diaoyu Islands Uplift.

The characteristics of seismic reflection and fault systems showed that there were three types of
transport channels in Xihu Depression, which included the axial river channel, western valley and
eastern transform faults. The axial river channel was gentlely and widely, the maximum range
could reach tens kilometers, and the ricer channel diverted frequently in the plane.

The paleogeomorphology and the source to sink system determined the sedimentary filling
process of Huagang Formation. In the early stage of the Huagang Formation, the accommodation
of the study area was small and controlled by the narrow paleogeomorphology. The sediment-
routing system from Hupijiao Uplift was extended over long distances, and it was also supplied
by the sediments from the adjacent distributary channels. Thus, it formed the rudiment of large
clastic reservoir. During the late stage of the Huagang Formation, the range of lake was expanded
rapidly, and the sediment-routing system was shanked sharply. In the upper member of Huagang
Formation, this process of depositing occurred again. Therefore, the sandbodies were filled
repeatedly and developed the large clastic reservoirs in the Huagang Formation.
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The paleo-Orinoco River delta system and associated continental slope was a mixed river, tide, wave,
and sediment-gravity flow system that tracked down to deep-water submarine fans. The Orinoco
River built a 10-km-thick sedimentary prism since the late Miocene, which disperses more than 200
km wide at present. The Upper Miocene-Pliocene prism, with its linkage to the southern Columbus
Basin and Columbus Channel, is composed of four progradational clastic wedges, each with a
thickness up to 2 km, separated by well-known, Trinidad wide marine flooding intervals of similar
extent. The studied sedimentary prism spans an approximate 4 Ma period and shows an irregularly
rising shelf-edge trajectory towards the Atlantic, with very thick topset aggradation (aggradation rate
>200 m/Ma during the late Miocene; >550 m/Ma during the Pliocene) and rapid progradation
(progradation rate =33 km/Ma during the late Miocene; =18 km/Ma during the Pliocene) of the
fronting deepwater slope, despite an overall and periodic falling eustatic sea level during this global
icehouse period. The tramline-like trajectory changes demonstrate at least three major stages of
clinoform evolution, with each stage starting from progradational basinward shifts, followed by
aggradational clinothem with decreased thickness. And for shorter (approximate less than 100 k.y.)
time scale, Paleo-Orinoco shelf-margin growth was generated by repeated cross-shelf, regressive-
transgressive transits (>100 km) of the Orinoco delta system, with internal variability in clinoform
architecture and process-regime changes during shelf-margin construction.

The clinoform drivers of the long-term growth of the Paleo-Orinoco margin include that: (1) large
sediment supply and paleoflux driven by Orinoco sediment loading from one of the Earth’s biggest
rivers feed the whole system persistently. The Pliocene sediment discharge is estimated to have been
about 11.3x106 ton/yr based on flux calculation by using clinoform morphology and geometry
parameters; (2) Forced regression at shelf margin during high-frequency icehouse sea level changes
drives the topset deltas across the shelf. And a eustatic fall is considered as the driver of the shelf
collapse into the Columbus Canyon; (3) as one of the most rapidly subsiding shelf-margin prisms, the
Orinoco margin with high tectonic-subsidence rate up to 1000 m/Ma, provides accommodation for
sediments to be stored on the shelf and delivered down to the slope and deepwater area; (4) the
development of northwest-southeast oriented, down-to-the-northeast, extensional normal growth
faults is the dynamic trigger for the coeval outbuilding of the paleodelta system across the region.
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Erosion of the western Himalaya and Karakoram over millennial and possibly longer scales is
largely controlled by precipitation, either directly or indirectly through glaciation. Sediment
produced by glaciation in the Greater Himalaya within the rain shadow during the Last Glacial
Maximum was not mobilized until the summer monsoon precipitation strengthened over the early
to mid-Holocene. High sediment load from mountain rivers resulted valley aggradation and
transient storage, with later reworking during the latter part of the Holocene as precipitation and
consequent sediment supply waned. Sediment storage results in significant buffering of at least 5—
10 k.y. across the northern flood plains and potentially even longer storage in upper Indus river
valleys (103-10* years). Nonetheless, millennial-scale changes in spatial distribution of erosion
and erosion rates can be observed in sediment provenance at the Indus river mouth despite the
ability of the flood plains to buffer sediment signals leaving the mountain front. Since the Holocene
sealevel rise the shelf west of the river mouth has been supplied in part by longshore drift, while
Indus River sediment has moved east to a large shelf clinoform, well as into the canyon. Bulk
sediment Nd and Sr isotopes suggest a relatively close connection between river sediment supply
and delivery of muddy sediments to the Indus submarine canyon. Buffering estimates between the
river mouth and submarine canyon are suggested to be less than 8 k.y. In contrast, sandier material
is predominantly sequestered at the river mouth and the limited sandy material that reaches the
canyon differs in U-Pb zircon and AFT age provenance. Despite this variable behavior, the
submarine canyon preserves evidence for rapid changes in sediment compositions, especially over
the last 100 years. Although the sand supply is not direct between river and canyon it is not fully
buffered and temporal variability exists into water depths of >1300 m. Over longer time scales
(>10° years), sandier sediment supplied to the Indus submarine fan is more stable in provenance
over the last ~1.9 M.y.. This indicates homogenization by reworking in the canyon or upper fan
spanning at least ~100 k.y. The deep-water appears most similar to the interglacial, not glacial
delta in terms of U-Pb zircon ages. This points to most sediment production to the submarine fan
is most efficient when the summer monsoon increases precipitation, river discharge, and sediment
supply. The Indus drainage system underlines that here submarine fan turbidites are useful for
assessing tectonic-scale forcing on erosion but useless for charting continental landscape responses
to millennial-scale forcing such as climatic and human impacts.
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Parasequences are widely applied in the description of shallow-marine strata, and are commonly
regarded as the fundamental building blocks in the erection of sequence-stratigraphic
interpretations. Although interpreting parasequences in sedimentological datasets is heuristic and
in part subjective, their diagnostic criteria are clearly defined, and were effectively established
before the coining of the term to informally recognize regressive shallow-marine sandstone
tongues bounded by flooding surfaces. Parasequence architecture is commonly cited to be
influenced by rates of creation of accommodation space, rates of sediment supply to the
shoreline, and by autogenic behaviours. However, quantitative assessment of these factors,
undertaken with consideration of the genetic significance of parasequences, is to-date still
lacking. This study combines data from several published case studies, with the aims of
undertaking a 4D characterization of parasequences and determining the relative importance of
depositional-system self-organization and allogenic controlling factors on their architecture.

Data on >30 shallow-marine successions containing >500 parasequences have been coded in a
relational database, which includes outcrop and subsurface datasets (both ancient and Quaternary
examples), spanning both river-dominated deltaic and wave-dominated coastal systems.

The importance of accommodation (A) and sediment supply (S) in determining parasequence
architecture is assessed quantitatively, through analysis of relationships between quantities that
describe these variables and of morphometric parameters of parasequences, notably of their sand-
rich parts. Together with rates of aggradation and progradation, proxies for A/S ratios relevant at
different scale are considered: (i) facies-tract shoreline trajectories, (i1) parasequence-set stacking
patterns, (iii) parasequence progradation angle. Additionally, parasequences are classified by type
of systems tract. Statistical analysis indicates the significance of proxies of A/S ratios as
predictors for parasequence architecture (thickness, sandstone thickness and lateral extent, top
type). Preliminary analysis of linkages of deltaic parasequences with the configuration of
upstream fluvial systems is also presented in the form of scaling relationships with inferred river
hydraulic geometry and size of catchment areas. However, especially where temporal control is
available, results also highlight biases in the ability to resolve parasequences consistently.

Future work will focus on integration of this database compilation with estimated sediment

budgets, data on internal facies architecture, and evidence for process regime.
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Bedding planes — the first-order stratigraphic discontinuities that permeate clastic sedimentary
outcrops — are often excellent archives of palacoenvironmental information. When they represent
true substrates (i.e., the morphology of the sediment-water or sediment-air interface at the time of
deposition), they can host a variety of original signatures of bedforms, sedimentary structures and
surficial trace fossils, emplaced at the time of deposition. Yet clearly not all bedding planes at
outcrop record primary substrates and, where they do, there are often questions as to why they were
preserved at all: the near-perfect preservation of delicate surface textures (e.g., raindrop
impressions, arthropod trackways, adhesion ripples) can seem counter-intuitive without invoking
‘special’ taphonomic conditions, particularly within granular sediments.

In this talk we argue that the fidelity of bedding planes as archives of palaeoenvironmental
information is dependent on the continuity of time over which an original substrate persisted: in
other words, the duration of sedimentary stasis following the depositional or erosional creation of
a surface. Bedding planes seen at outcrop may have been: 1) variably persistent as substrates,
permitting the palimpsesting of single to multiple generations of surface textures; 2) transient as
substrates due to forming under continuous aggradation of sediment (e.g., the rapid migration of
dune lee slopes/foresets, or continuous sedimentation from suspension); or 3) unrelated to original
substrates (e.g., forming post-depositionally due to erosional scour-fill, diagenesis, or
bioturbation). While it is often impossible to quantify the duration of substrate stasis from outcrop,
grouping bedding planes into these categories can permit a refined understanding of sedimentary
outcrops as archives of both palacoenvironmental and temporal information.

Demonstrating this, we present a case study of the variety of types of bedding planes from the
Silurian Tumblagooda Sandstone, Western Australia; some of which are extensive original
substrates yielding delicate three-dimensional primary substrate features. We show that even
erosional bounding surfaces in trough cross-bedded sandstones can, in some instances, represent
primary substrates because they are seen to be colonized by surficial trace fossils: attesting to an
interval of stasis separating antecedent erosional bounding surfaces from overlying cosets. We use
this evidence to develop a conceptual model that argues that the preservation of true substrates,
with delicate surface features, should not be unexpected when it is recognized that stasis is the

dominant reason behind ‘missing’ stratigraphic time at the scale of any individual outcrop.
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The evolution of the Sibumasu Terrane forms a principal component in the history of the Tethys
and the development of Southeast Asia. The Sibumasu Terrane is a ribbon continent that is often
oversimplified in palaeogeographic reconstructions [1, 2]. During the Proterozoic to early
Paleozoic, previous studies have located the Sibumasu Terrane off the northwest margin of
Australia in the Gondwanan supercontinent [2]. Sibumasu rifted northwards away from the
Gondwana margin in the early Permian, and subsequently collided with the other terranes that make
up Thailand during the Triassic Indosinian Orogeny [1, 2]. Overall, there is little specific
information known about the older palacogeographic setting of Sibumasu and its neighbouring
terranes. However, analysis of detrital age populations, geochemical signatures and statistical
evidence can help us better understand the evolution of the Sibumasu Terrane. Therefore, this
study uses U-Pb geochronology and Lu-Hf isotopic information from the Paleozoic and Mesozoic
detrital zircon record of the Sibumasu Terrane in northwest Thailand. This study has found a
significant change in source material from the older Paleozoic sedimentary sequences sourcing
from the Sibumasu Terrane and other older sources, compared to the Permo-Triassic zircon sources
associated with the Indosinian Orogeny in the younger sedimentary units. These temporal changes
in the isotopic systems reflect the movement of the Sibumasu Terrane from the northwest
Australian margin of Gondwana to its collision with the terranes of present-day Asia. In an attempt
to better constrain this evolution, we have also compared our new data to those published from
Sibumasu, Indochina, Sukhothai, West Burma, South China and Western Australia. These results
have implications for understanding Thailand and its present-day neighbours and also their position
within the Gondwanan supercontinent.
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Numerical modeling and field studies have proved that delta topset aggradation can occur
during period of relative sea-level (RSL) fall. Such a process is interpreted from a geometric
point-of-view as a fluvial equilibrium profile steeper than the descending regressive shoreline
trajectory which numerically corresponds to high amounts of sediment supply allied to low
diffusion rates in subaerial environments, the sediment supply hence exceeding the river
carrying capacities. It has, additionally been showed that variable parameters such as RSL fall
and subsidence rates or basin physiography may promote a transition from topset aggradation
to degradation during a period of RSL fall. The influence of changing sediment supply,
presumably preponderant, has been comparatively less explored. Constraining the stratigraphic
signature of delta topset aggradation to degradation forced by changing sediment supply during
sea level fall is hence crucial because fluctuating sediment supply is a process arguably common
among sedimentary processes.

In the present contribution, the depositional sequence of a deltaic system emplaced in
postglacial times under conditions of RSL fall forced by the glacio-isostatic adjustment,
inferred from the well-constrained stratigraphic architecture and timing, has been successfully
modeled numerically (DIONISOS) and validated. A particular emphasis was given to the
influence of sediment supply on topset aggradation and subsequent degradation. It has indeed
been suggested that initial proglacial sedimentation was characterized by topset aggradation in
spite of the RSL fall which rates attained several cm per years while topset degradation initiated
when the ice margin retreated from the drainage basin, resulting in an abrupt drop of sediment
and meltwater supplies reaching the delta.

Our findings indicate that 1) topset aggradation can occur even when RSL fall rates are
outstanding and without equivalent in non-glaciated settings, provided that huge amount of
sediment are supplied to the delta; 2) the transition from topset aggradation to degradation,
when forced by an abrupt drop of sediment supply, can occur any time in the RSL fall history,
even when falling rates are decreasing; and 3) the stratigraphic record of such a transition,
largely uncoupled to any signal of RSL reversal, may be in the ancient geological record
mistakenly interpreted as a turnaround from normally to forced-regressive system tracts.
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There is a fierce debate on the timing of the final closure of the Paleo-Asian Ocean (PAO). Four
floras including Eurasian, Cathaysian, Angaran and Gondwana floras were prevailed around the
world during the Permian Period. The mixture of the Cathaysian and Angaran floras signifies the
evolution of the PAO and the Solonker-Xar Moron-Changchun-Yanji (SXCY) suture belt!'’.
In this study, we present new zircon U-Pb ages from two samples JFC-22 and WQ-1 from the
Jiefangcun (JFC) Formation in the Yanbian area in eastern Jilin Province (NE China), along the
SXCY suture zone. The top of JFC Formation is characterized by the mixed flora known as JFC
flora, which is dominated by the Angaran taxa, and mixed with some Cathaysian elements. Based
on the paleontology study, the age of the JEC Formation is widely accepted as Permian %/,
According to our research, the youngest detrital zircon ages of the two samples JFC-22 and WQ-
1 are 244-245 Ma (n = 13). Therefore, we argue that the age of the JFC flora should be assigned
to Middle-Late Triassic, which is in accordance with the special taxa Neocalamites discovered by
Yang et al. ®. Our results also suggest that the mixture of the Angaran and Cathaysian floras
occurred before or during the Middle Triassic in the Yanbian area, and the extinction of the
mixed floras should occur during or after the Middle Triassic. Moreover, detrital zircon age
groups with peaks at 1.80 Ga indicate an North China Craton (NCC) source, whereas the ages of
1000-800 Ma or 440-360 Ma most likely indicate a source in the Jiamusi-Khanka Block (JKB).
An extensive late Pan-African orogenic event characterized by zircon ages of 500 Ma occurred in
the JKB and not in the NCC. Thus, the detrital zircon ages of 1.8-1.7 Ga (NCC), 964-737 Ma
(JKB) and 528-429 Ma (JKB) from samples JFC-22 and WQ-1 suggest that the JFC Formation is
derived from bidirectional provenances in the JKB and the NCC. Thus, the final closure of the
PAO most likely occurred during the Middle-Late Triassic.
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The Tian Shan, located in the southwest of the Central Asian Orogenic Belt (CAOB) and the
middle of the Asian continent, can be divided into the West and East Tian Shan roughly along
longitude 88°E. The West Tian Shan is divided into three tectonic units by two Paleozoic sutures,
from south to north, the South Tian Shan, the Central Tian Shan and the North Tian Shan. While,
the East Tian Shan consists of the South Tian Shan, the Central Tian Shan, the North Tian Shan
and the Bogda Shan, from south to north. The Junggar Basin is located in the northern West Tian
Shan and Bogda Shan, while, the Turpan-Hami Basin is an intermountain basin located between
the North Tian Shan and the Bogda Shan. Both of them are important Jurassic coal- and oil-bearing
basin. However, source to sink relationships between the Tian Shan and Junggar-Turpan basins are
still controversial and lack of systematical analysis. In this paper, the Tian Shan-Junggar-Turpan
basin system was divided into four sections, northern Western Northern Tian Shan (WNTS),
northern Bogda Shan, southern Bogda Shan, and central Turpan. Then, a combined detrital zircon
U-Pb chronology and depositional environment study of the Jurassic strata in each sections was
presented.

Distribution characteristics of the detrital zircon ages in the Jurassic in the WNTS can be
divided into two distinctive stages: 1) Lower to Middle Jurassic, showing multimodal ages. Except
for the late Carboniferous peak age (301-329 Ma), there are many Precambrian and early Devonian
Peak ages (416-988 Ma) from the Central Tian Shan, and the proportion of the Central Tian Shan
ages peaks in the Middle Jurassic Xishanyao Formation (74%), indication gradual exhumation of
the Tian Shan. 2) Upper Jurassic, characterized by abundant Late Jurassic (151-161 Ma) and
Carborniferous to Permian (256-357 Ma) ages, indication uplift of the Tian Shan with relatively
large scale volcanic eruption. In the northern Bogda Shan, distribution characteristics of the detrital
zircon ages in the Jurassic can also be divided into two stages: 1) Lower to Middle Jurassic, all
characterized by a unimodal age (300-315 Ma). The Lower Jurassic strata contain relatively rich
Precambrian to Devonian ages from the Central Tian Shan. 2) Upper Jurassic, bimodal ages of 159-
162 Ma and 293-331 Ma. The detrital zircon ages of the Jurassic strata in the southern Bogda Shan
are dominant by Carboniferous to Permian ages, while, the detrital zircons of the Upper Jurassic in
the Central Tian Shan are all characterized by a unimodal ages of 438-441 Ma.

Finally, we concluded that source to sink relations between the Tian Shan and Junggar-Turpan
Basins in the Jurassic can be divided into three obvious stages: 1) During Early Jurassic, the
Junggar Basin and the Turpan Basin developed into a united continental sag basin. The Tian Shan
was eroded gradually with parts of drainages reaching the Central Tian Shan. 2) In the Middle
Jurassic, a peneplain occurred in the Tian Shan area and the Central Tian Shan became the main
provenance. At the same time, the Bogda Shan began to uplift and transport detrital materials to
surrounding basins. 3) During the Late Jurassic, the West Tian Shan uplifted again with large scale
of volcanic eruption along the North Tian Shan fault. The Bogda Shan continued to uplift. However,
the East Tian Shan inherited the Middle Jurassic peneplanation. The rudiment of the Tian Shan-
Junggar-Turpan basin system began to form until now.
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Tracer methods represent an efficient way for tracing material from source to sink, which can
quantify the transport patterns and processes within the system consisting of the river, the coast
and the continental shelf. In the field of marine sediment dynamics, it is quite important to identify
the sediment source. The radial sand ridges on the inner continental shelf of the southern Yellow
Sea, with complex dynamic processes and multiple sediment provenances, was selected as the
study area. The distribution characteristics of grain size, heavy minerals, and geochemical elements
in the different grain size sediments and clay minerals in the different sediments from the modern
Yellow River, Yangtze River and abandoned Yellow River are analyzed, to display the spatial and
temporal variations in the different tracer fingerprints from the three environments. Differentiation
analysis is carried out to determine the best tracer fingerprints for the three terrestrial sediments;
on such a basis, the sediment sources on the inner continental shelf are quantified by using the
sediment fingerprinting method and mixing model. Specifically, (1) Analytical procedures are
established for selecting the best tracer fingerprints of the coarse and fine sediments, respectively.
Nonparametric significance test methods, i.e., the Mann-Whitney U and Kolmogorov-Smirnov
methods for two independent sets of samples, are applied, in combination with the spatial and
temporal variations of the different tracer fingerprints from the abandoned Yellow River, modern
Yellow River and Yangtze River, to indicate that the best tracers are garnet and zircon for the heavy
minerals, Ni, P, Zn and Co for the muddy sediments, and Ba, K, Ti, P, Mn, Fe, Ni, Co for the sandy
sediments. (2) Based on the identification of the best tracer fingerprints and mixing model,
quantitative analysis has been carried out to trace the sediment sources on the inner continental
shelf of the southern Yellow sea, which shows that the muddy sediment is mainly from the
abandoned Yellow River delta, including both Yellow River and non-Yellow River materials. The
sandy sediment is mainly the materials from the abandoned Yellow River and the Yangtze River.
These results imply that the sediment sources are quite different for the different grain size

sediments on the inner continental shelf of the southern Yellow Sea.
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A source to sink approach was performed at the scale of a continent — Africa - in the frame of the
TopoAfrica project, with three main objectives (1) the characterization of the relative importance
of deformation (uplift) and climate (precipitation) (2) the quantification of the deformation, its
nature and causes, (3) the effect of those deformations on the past African topography and on the
sediment routing system. We mainly focused on Western, Central and Austral Africa,
characterized by anorogenic relief (plains and plateaus) record of long (several 100 km) to very
long (several 1000 km) wavelength deformations, respectively of lithospheric and mantle origin.

The sink measurement was based on the seismic stratigraphic analysis of numerous regional
seismic lines (from the upstream part of the margin to the abyssal plain) merge of industrial and
academic data, calibrated in ages and lithologies on reevaluated wells to get the best possible
ages. Volumes measured between successive time-lines, were compacted for a comparison with
solid eroded volumes. Uncertainties were calculated (including ages, time-depth conversion law,
porosities...) using the VolumeEstimator software (Guillocheau et al., 2013, Basin Research).
The source study was performed using dated stepped planation surfaces (etchplains and
pediplains) - key morphological features of Africa - mappable at catchments-scale (Guillocheau
et al., 2018, Gondwana Research). During Late Paleocene to Middle Eocene times, Africa
experienced a very hot and very humid climate leading to the formation of an African-scale
weathering surface (etchplain) known as the African Surface. This surface today deformed and
preserved as large plains, domes or plateaus, can be used as (1) a marker of the very long
wavelength deformations and (2) a reference level to measure eroded volumes since 40 Ma.
Some other younger planation surfaces were also mapped of (1) Early Oligocene and (2) Late
Miocene ages.

(1) Deformation (uplift) is the dominant control of the sediment budget. Climate (precipitation)
changes only enhance or inhibit a deformation-controlled flux.

(2) The sources of clastic sediments are or closed marginal bulges or far field domes due to
mantle dynamics with by-pass (transfer zones) along long-lasting polygenic surfaces located in
between.

(3) Africa-scale deformations occurred during Late Cretaceous (Turonian-Coniacian) and around
the Eocene-Oligocene boundary with a break contemporaneous of intense chemical erosion from
75 Ma and mainly from 65 to 40 Ma. Most of the African relief and topography are younger than
40 Ma. Late Cretaceous relief are only preserved in the Guinea Rise and the Southern African
Plateau.
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The completeness of the stratigraphic record has been theorized and tested using numerical and
theoretical models, with relatively few case studies in real-world settings. In a seminal paper by
Peter Sadler in the early 1980s, he documented that rates of net sediment accumulation in fluvial
environments are inversely related to the time scale over which they are measured (“Sadler
Effect”). Using net sediment accumulation rate homogenized the processes responsible for
preservation (i.e. deposition, non-deposition and erosion). In order to untangle these formative
processes, we consider the deposition, erosion and final preservation of meander-belt deposits
through paleochannel migration reconstructions. We quantified stratigraphic complete