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Early Maastrichtian (Late Cretaceous) methane seeps and their associated fauna fro

southern Alaska

0000000000 *, 000000000 2%,000038%00004
Robert Jenkins, Andrzej Kain?, Yasuhiro Ibd, Kazushige Tanalie

l00D0o00000000000000,?000000000000,300000000000000000000O00, ¢
gooobooboogo

ISchool of Natural System, College of Science and Engineering, Kanazawa Univénsitytut Paleobiologii PAN?Department
of Natural History Sciences, Hokkaido Universitif;he University Museum, The University of Tokyo

We investigated early Maastrichtian (Late Cretaceous) methane seep deposits hosted by the upper Matanuska Formation in t
Talkeetna Mountains, southern Alaska. During two field seasons (2006 and 2007), we encountered numerous carbonate conc
tions embedded in the mudstone-dominated formation that is exposed along the Alfred Creek. These carbonates can be classif
into several morphotypes, i.e. rounded, irregularly rounded, doughnuts, pipe, and burrow types. At one outcrop, we studied th
distribution pattern of the carbonate types. At outcrop, the pipe and doughnuts type carbonates were distributed in the lowe
horizon, whereas, the rounded type carbonates and the irregularly rounded and burrow type carbonates were found in the midc
and upper horizons, respectively. Carbon and oxygen isotopic compositions of the carbonates range from -41.5 to -6.1 per m
(vs VPDB) and from -10.7 to -0.4 per mil (vs VPDB), respectively. Among the investigated carbonates, the burrow, irregularly
rounded, and rounded carbonates have more negative values of carbon isotopes indicating that these carbonates were forr
under the influence of anaerobic oxidation of methane. Dozens of crustaceans and solemyid bivalves, with lucinid bivalves a
a minor component, were found from the upper part of the outcrop. The recent counterparts of solemyid and lucinid bivalves
are known to host chemosymbiotic bacteria in their gills. The bivalves have been commonly found around ancient and Recer
methane-seeps.

It is worth to note that this is the first record of the methane-seep dependent chemosynthesis-based ecosystems from the Ma
trichtian worldwide. The fauna at the Early Maastrichtian seep of Alfred Creek in dominated by infaunal dwellers: crustaceans,
solemyid and lucinid bivalves. This finding supports previously reported macroevolutionary pattern in chemosymbiotic bivalves,
i.e. after the decline of modiomorphid Caspiconcha at the end of the Early Cretaceous and its last occurrence in the Campania
the ecological niche of epifaunal to semi?infaunal seep endemic bivalves was largely vacant and not reoccupied until the Eocer
with the appearance of the vesicomyid and bathymodiolin bivalves.
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Reconstruction of seepage site wilalyptogenacolonies in the Upper Miocene Morai

Formation, Hokkaido, Japan
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The Upper Miocene Morai Formation, Hokkaido, Japan, consists of alternating beds of semi-consolidated and hard mudstone
and intercalates calcareous concretions associated with abundant fo€%ilgmbgena pacifica This study reconstructs habitat
conditions ofCalyptogena pacifican the basis of field observation of a 20-m-high sea-cliff outcrop.

The calcareous concretion blocks bearPafyptogena pacifickossils are restricted in several horizons in the upper part of the
sea cliff. We surveyed the shape, size and distribution of the concretions and observed the carbonate lithology and modes of fos
occurrence, hanging from the cliff with a rope. The concretion blocks are lenticular in shape, attaining over 10 m in horizontal
length and less than 2 m in thickness, and laterally changed into hard mudstone beds which also yield &lalpimgtena
shells. The concretion blocks have nearly flat roof and base, but its sides sometimes interfinger with neighboring mudstone.

The concretion blocks consist of monotonous muddy dolomicrite, associated with small calcitic nodules, several centimeters it
diameter, just below the blocks. The dolomicritic concretions sometimes show auto-brecciation, which shows break of mudston
into angular pieces to form jigsaw-puzzle fabric. The space between breccia was filled with dolosparitic cement. It is noted tha
the brecciated fabric is restricted to interior of the concretion blocks and does not continue to the surrounding mudstones, whic
does not show any fracturing. These suggest that the auto-brecciation was not due to hydrofracturing by pore-fluid pressure, b
was maybe caused by contraction during dolmitization.

Calyptogendossils form shell concentrated beds associated @ihchocele bisectaAcharax johnsoniand Lucinomasp.

The shell beds continue laterally more than 20 m. The thickness attains more than 50 cm in the concretion blocks, but become
thinner (ca. 15 cm) in the surroundings. It is noted that all the bivalve species show high ratio of conjoined valves (ca. 60
% in case ofCalyptogena pacifiga In particular, almost all ofonchocele bisecttpssils preserved their life position. Most

of Calyptogenaconjoined valves show life position or reclining orientation with their commissural plane horizontal, but some
show an inverted orientation from life position, maybe fossilized on the way to escape from rapid burial. These suggest that the
Calyptogenashell concentrations were not due to transportation, but preserved the original colony condition due to rapid burial
maybe by muddy turbidity current.

Localized distribution of carbonate concretions a@dlyptogenashell beds indicate that th€alyptogenacolony was not
formed by reducing mud due to oxygen-depleted water-mass, but was supported by methane seepage. The outcrop observat
suggests that the seepage was not channelized but diffusive. The seepage influence expanded the bottom surface area over
in diameter, but was repeatedly interrupted by rapid burial of muddy turbidite.
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Predation pressure is one of the important factors controlling community structure and evolution, but only few attempts have
so far been made to quantitatively estimate predation pressure in chemosynthetic communities.

We analyzed breaking pattern 6falyptogenadead shells in a living colony at a cold-seepage site off Hatsuhima Island,
Sagami Bay, central Japan. The sampling site is located at 856 m in bathymetrical depth, on slope of western side of Sagar
Bay. The dead shells were collected by submerdiléKO 7000I! (Dive #546, KR12-05 cruise) using a Kumade-sampler with
15 cm x 18 cm mouth, 13 cm depth, and 7.6 to 7.8 mm sieve openings.

The dead shell assemblage consists of a mixture of various conditions from complete conjoined valves to abraded shell frag
ments. Among them, we paid attention to open valves with umbo intact, some of which are not abraded, preserved sharp ar
fresh break edge, and show remarkable contrast in preservation between the right and left valve. Almost all part of one valv
(right or left) is missing except for the strong hinge and dorsal margin connected with ligament, whereas the other valve is nearly
complete with notch-like injury in ventral margin. This breaking pattern is difficult to be explained only by non-biological fac-
tors. We judge the shell breaking pattern to be a predation mark, and estimate the predator as decBaoalanals multispina
which were frequently observed to gregariously habit around the sampling/iteultispinawas reported to catch and eat Ca-
lyptogena by Fujikura et al. (2008), who attached the photograph showing. thatltispinainserted its right crusher chelae into
the ventral margin of &alyptogenashell and tried wrenching open it.

In order to quantitatively estimate the contribution of predation to all death causes, we calculate the ratio of numbers of
predation-mark specimens to all attached valves in each shell size class. We exclude detached or fragment specimens in 1
calculation because it is difficult to judge whether the specimens are results of predation crush or physical break.

Total 75 attached valves are examined. The predation marks are recognized from young to Galgptagenaclams, shell
length of which varies from about 2 cm to over 12 cm. The ratio of predation-mark specimens in each shell size class varie:
from 17 to 83%, and its average is 40%. This data shows no size-selective feeding behavior, and that the predators have crushi
force enough to break the stout shells of gero@a&lyptogenaclams. The predator, mayl®aralomis multispinacontributes
40% to all death cause @alyptogenaclams.

These suggest th&lalyptogenaolonies off Hatsuhima Island have been maybe under high predation pressure in spite of the
deep-sea condition. Methane-seep sites are deep-sea oases not only for chemosynthetic animals but also for the predators.
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Biodiversity of deep-sea hydrothermal vent fauna and its relationships to environments ir

Okinawa Trough
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Flourish assemblages of deep-sea hydrothermal vent fauna associated with steep environmental gradient formed by high te
perature venting fluid containing high concentration of metals and the other kinds of chemicals. The Okinawa Trough, is a
backarc basin which has started rifting from the southern part 2My ago, and at least nine hydrothermal vent fields has bee
discovered along the NE-SW spreading axis. Multi-disciplinary investigation was carried out in five of nine vent fields to find out
the relationships between biodiversity and environments in the Okinawa Trough.

In the five hydrothermal vent fields, quantitative faunal sampling and simultaneous environmental measurements using ser
sors including a newly developed D-Pote (a Deep-sea Potentiostat) were carried out at more than two points in each vent fiel
during the NT11-20 cruise of R/V Natsushima / ROV Hyper-Dolphin. Biodiversity was evaluated based on the collected faunal
samples and the relationships between faunal composition and environmental factors such as temperature, depth, salinity, a
concentrations of oxygen and sulphide compounds were examined statistically.

Biodiversity of the vent fauna was relatively low in the northern part of the Okinawa Trough, where vent fields are located
in relatively shallow area< 1000 m depth). On the other hand, in the southern, relatively deef000 m depth) and older
part, vent communities of relatively high biodiversity corresponding with great variation of concentration of sulphide compounds
were observed. The present results suggested that the correspondence of the biodiversity, environmental diversity, and geologi
history of hydrothermal vent fields in the Okinawa Trough.
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How can environmental DNA help understanding chemosynthetic communities evolution
and ecology?
How can environmental DNA help understanding chemosynthetic communities evolution
and ecology?
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Chemosynthetic environments in the deep sea harbor highly specialised communities. Those communities are often dominat
by a few characteristic species. While the dominant macrofaunal species received lots of attention from the scientific community
other groups such as the meiofauna remain largely unknown. Benthic meiofauna groups organisms between 500 (1000) and -
(31)micrometers living on or in the sediments. Meiofauna has been reported to be rare or less diverse in chemosynthetic env
ronments such as hydrothermal vents compared to bathyal or abyssal plains. This is likely explained by the little availability of
sediments samples as well as environmental characteristics of hydrothermal vents ecosystem. In shallow environments, meiobe
thic communities have been shown to be sensitive to a variety of environmental parameters. In response to the steep gradiel
in multiple environmental parameters encountered in hydrothermal vents fields, it is expected that the patterns of chemosyr
thetic communities will be complex and meiobenthos will be reflecting such environmental changes accurately. However, low
abundance of organisms and difficulty to collect samples from these environments are a major issue towards the investigation
meiofaunal diversity and biogeographical patterns.

Metagenetics is the part of metagenomics consisting in sequencing one homologous marker from environmental DNA. Thit
method offers new perspectives to investigate the taxonomic composition of the communities inhabiting ocean seafloor. In conr
parison to more traditional methods based on sorting of organisms, environmental DNA allows to detect rare species in al
environment, even if only fragment of organisms or DNA are present in the sampled sediments. Moreover, metagenetics ar.
proach allows the estimation of taxonomic richness and distribution across multiple phyla in parallel.

Our study focused on environmental DNA extracted from sediments samples collected in the lheya North hydrothermal ven
field in the Okinawa Through. In the research cruise NT12-27, eight sediment cores were obtained from 3 sites within the ven
field. One is located near a site of active hydrothermal venting, while the other two sites are distant from the active vent. The cor:
samples were sliced in five layers of 1cm thickness, and three replicates were sub-sampled from each layer. Environmental DN
was extracted independently from less than 1 g sediments from each replicate.

Large amounts of DNA were obtained from the core sample from the active area covered by white matter, while the sample:
collected in inactive zones yielded very low amounts of DNA. Here we will present the preliminary results obtained from the
sequence data of this environmental DNA, and discuss on the usefulness of this metagenetic protocol to determine the diversi
of meiobenthic community.

0O 0O O O O : Biodiversity, Environmental DNA, Meiobenthos, lheya North
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A fossil cold-seep assemblage from the Pleistocene Shioda Formation, Nakatsu Grou

central Japan
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