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Analysis of water exchange processes at the Subarctic Boundary of the
North Pacific using particle tracking method
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Method to evaluate the effect of obduction on properties in the ocean
mixed layer
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Repeat hydrographic surveys revealed that the warming already extended to the global abyssal waters.
The circulation of heat, freshwater and materials absorbed into the ocean, however, has not been
investigated enough. The ocean mixed layer in the extratropics usually becomes deepest in winter or early
spring due to strong surface cooling and wind stress. In the following warm season, the seasonal
pycnocline is formed in the upper layer, and the remnant of the winter mixed layer below the seasonal
pycnocline is isolated from the atmosphere. While some part of the isolated layer is entrained into the
mixed layer again in the following winter, the other part is transported along an isopycnal surface into the
permanent pycnocline irreversibly. The latter process is referred to as  “subduction” , and one of the
major processes by which properties of the upper layer facing the atmosphere are transferred into the
ocean interior. The opposite process of subduction is “obduction” : water of the permanent pycnocline
is entrained into the mixed layer when it deepens in autumn and winter. This process is also expected to
be important for the atmosphere, especially its long-term variations, since it brings anomalies of
temperature, carbon dioxide, and other properties in the ocean interior to the surface layer. Subduction
and obduction rates are great in regions where the winter mixed layer becomes deeper.

The budget of the ocean mixed layer consists of five components: surface forcing, Ekman advection,
geostrophic advection, entrainment, and residual. The sum of these five terms is equal to the temporal
change rate of a quantity such as temperature and salinity. The entrainment in mixed-layer deepening is
further separated into two components: the erosion of the permanent pycnocline, and the erosion of
water mass that was within the mixed layer in the previous winter. The former is just obduction, and the
latter means that the water mass that was in contact with the atmosphere in the previous winter is again
entrained into the mixed layer within one year, which is referred to as “re-entrainment” in this paper
expediently. The contribution of the obduction on the ocean mixed layer budget has not been examined.
The authors proposes a method to evaluate it, and examines the budget by using the Argo MOAA GPV
dataset. The effect of the obduction on temperature and salinity in the ocean mixed layer is notably large
in the Bering Sea and around 402N west of the Date Line.

F—O—R:FT8502av, BEREE. TVhLAV XAV
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Influence of the interannual-scale Bering Sea ice variation on cold air
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In the Northern Hemisphere winter, cold air outbreaks occur over East Asia and the eastern North
America. Quantitative estimation of a cold air mass was developed recently and this allowed us to detect
two climatological cold air streams (Iwasaki et al., 2014): the East Asian stream and the North American
stream. Cold air incursions are strongly affected by the terrain and land-sea distributions, and the cold air
mass is lost due to diabatic heating over the northwestern parts of the North Pacific and the North
Atlantic, which are downstream regions of the two streams (Kanno et al., 2015). The East Asian stream
passes over the Bering Sea covered by ice. It is expected that the Bering Sea ice would affect the path and
formation/loss of cold air mass. However, the influence of sea ice, including the Bering Sea, on the cold
air mass has been unclear. We investigate a temporal relationship between the Bering Sea ice and the
cold air mass and discuss its cause from the view point of large-scale atmosphere patterns, by applying
statistical methods. In addition, we try to describe an influence of cold air mass on ocean mixed layer
temperature and depth. Following a pioneering work by lwasaki et al. (2014), we calculate negative heat
content (NHC), which is regarded as a cold air mass amount below potential temperature of 280K, by
using ERA-Interim data. We use the Bering Sea ice concentration from NOAA OISST v2 dataset. Analysis
period is 37 years of 1982-2018, and we focus on February because the Bering Sea ice concentration has
the largest value and the largest variance. In order to extract the NHC and atmosphere patterns related to
the Bering Sea ice variation, we perform a composite analysis. Here, we define two categories (high and
low ice concentration years) based on the regional time series of Bering Sea ice concentration (160°
E-150°W, 55°N-65°N); high (low) ice concentration years are defined as years in which sea ice
concentration is above (below) plus (minus) one standard deviation from the long-term mean. In high ice
concentration years, NHC is found in the Bering Sea and the Bering Strait, showing southward NHC flux.
NHC loss is dominated over a region south of the Bering Sea. Composite maps of sea level pressure and
geopotential height show remarkably large amplitude in the central North Pacific, indicating a change of
the Aleutian Low intensity. We checked a relationship between the Bering Sea ice concentration and
large-scale atmospheric patterns such as Pacific/North Atlantic pattern, West Pacific pattern, and El Nino.
Interestingly, the Bering Sea ice concentration is not significantly correlated with climate indices
representing the atmosphere patterns mentioned above. Our result implies that the Bering Sea ice
concentration has a potential to affect the cold air mass outbreak and the NHC. In the presentation, we
introduce an impact of the NHC loss on the underlying ocean.

F—7— N BRIRE. RJUBFEEER. KRQJUBFRIH, BKEEE
Keywords: Cold air outbreaks, Air-sea interaction, Air-sea heat exchange, Sea ice concentration

©2019. Japan Geoscience Union. All Right Reserved. - ACG33-P03 -



tyviar BAMIKRENFET2019FAR

[ [E] EveningRRZ—%K | v 3 ViEE H (ERARBERZ) | H-CG #IERARBRIZFESEY - —i% ]
#®201985827H(B) 17:15~ 18:30 | MR X 2 —=15 BEX v L ERRRE 84K —)L_17
[H-CG27] BE M- FLETRH S HEBEY - R E T
> E—7F 48| EM(RR TERFIEREFE). B T(REHAFRAFEREFHAER). R EFAUEBERF
RERRLFEAIERR). ME F(EEZRM SISt B FRAZEERFT)
RIAOEBARMORERE. 7707 - HERER% S VIIERFTOERICK D, BEARPCEDR v<br/>K
TA—LICDWTEDRAFT IV IREEDROHID DDOH B, £loo CNSEMBEEERISER<br/>93C
CICED. LWEKTOR—ERA FDIEBEENEATE e ED MU=V =K o<br/>T. HAmNDM
BNRERLRD, Chidgabb. RERNMEDHECHBYOEWVED-5Y, BR<br/>KEDZEM. &
TRRRF. HE - MR OEBRAR Y. BLABIBEICEV T, EBERICOVT<br/>HRL BoBTHN 5851345
HOMENVETH D, COEEEYS 3> T RMER. 7 O<br/>4 - BBEERER. HRET. HE
BRI Y. HE5WINE - FATORERNDT FO—FZ8D<br/>7 3,

[HCG27-P01] The Huapinghsu Canyon (SW East China Sea): morphology and sedimentary
processes

*Cheng-Shing Chiangl. Ho-Shing Yu? (1.National Museum of Natural Science, Taiwan. 2.Institute of
Oceanography, National Taiwan University, Taipei, Taiwan)

[HCG27-PO2] I X —EX 1 MMk BFE b S 7 HERERERICH T /- ERARR
B oAl B EL WO RE! (LERAFEAS B ER )

[HCG27-P03] Flood-induced sediment gravity-flow deposits in varved diatomites
AR EL AR SR (LEMAFEAER BEAER. 2.EMAS RPLR)

[HCG27-P04] EERAKBEMIBICHH I 2 LMABERMREBEHEOZ—ELA 1 FIBEICHASNZFE
TEIBOSH

*REREL R T (LRSAR AR RER AR IRRENFER)

[HCG27-P05] Sediment wave formation on slope base environments: an example of the
Neogene Aoshima Formation, Miyazaki Prefecture, Southwest Japan

ERYFIL. AT BEL. *AE SmERl #)1) =03 (LERAFIEEIHERERFRIMERRIE 5. 2. A
B, 3. ARTEAZIERRIFE)

[HCG27-P06] A flume experiment on sedimentary structures and grain size distribution of
cyclic steps formed by surge-type turbidity currents

1)1 R, BE M4CL. Z& B Robert Fernandez?. Matt Czapiga3. John Berrens®, Jeffrey Kwang?. &

B @AY, Gary Parkert, S EE¥O. R 70 (L APR TEAFIEHMAIFER. 2.University of Hull. 3.Technical
University of Delft. 4.University of Illinois. 5.Hokkaido University. 6.Kyoto University)



HCG27-P0O1 AAMKBRERSEA2019FEAS

The Huapinghsu Canyon (SW East China Sea): morphology and
sedimentary processes

*Cheng-Shing Chiang', Ho-Shing Yu?

1. National Museum of Natural Science, Taiwan, 2. Institute of Oceanography, National Taiwan University, Taipei,
Taiwan

The Haupinghsu Canyon (also known as the Mienhua Canyon) is a multi-head submarine canyon which
indents the shelf in the southwestern part of the East China Sea. Using seismic reflection sections and
bathymetric mapping, we reveal erosive sedimentary processes responsible for entrenched thalweg and
sediment dispersal of the canyon that are closely related to turbidity currents in the canyon during the
late Pleistocene. The canyon system consists of three distinct units: (1) tributary canyon heads which cut
into the shelf, (2) wide trough cut by entrenched thalweg, and (3) narrow V-shaped canyon with steep
walls on the slope.

The Haupinghsu Canyon head incises into the shelf for a relatively long distance of about 100 km. During
the last lowstand of the East China Shelf the canyon head was located in an area with sediment supply
close to the paleo-river mouths. The second segment of the upper reach is dominated by a deeply incised
canyon pathway with trough-like morphology. Canyon morphology is interpreted as a result of erosive
sediment flows along the entrenched thalweg that caused downcutting into the canyon floor. We infer
that erosive flows in the canyon resulted from hyperpycnal currents at the river mouths during periods of
lowstand sea level. Moreover, sediment-gravity flows may be generated from the collapse of V-shaped
canyon walls that may be over-steepened by tectonic deformation.

Keywords: Haupinghsu Canyon, turbidity current, East China Sea
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Towards understanding the seismic history of the Nankai Trough using
fine-grained turbidites
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Flood-induced sediment gravity-flow deposits in varved diatomites
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Based on differences between inflows and lake water, lacustrine sediment gravity-flows induced by floods
can classified as hyperpycnal flows along the bottom of lakes, homopycnal flows mixed with lake water,
and hypopycnal flows that spread along lake surfaces. Lacustrine sediment gravity-flow deposits that show
an inversely grading unit overlain by a normally grading unit have been recognized as hyperpycnites. A
depositional model is presented where the lower inversely grading unit is deposited during an increasing
phase of the flow followed by the upper normally grading unit overlaying in a decreasing phase of the
flow. That process based sedimentary model established in marine environments has been applied to
sandy inflow deposits of lakes. However, there are only a few reports of fine-grained hyperpycnites, and
there is no consideration of lateral facies changes associated with sediment processes of silty
hyperpycnites. Also, there is no observation associated with homopycnites and hypopycnites, although
these deposits are expected in a depositional setting, including hyperpycnite. In this study, we described
detailed sedimentary facies of hyperpycnite, homopycnite, and hypopycnite from lacustrine varved
deposits considering their sedimentary processes. We examined several formations including the
Hiruzenbara Formation in Maniwa City, Okayama Prefecture, which can easily be used to define flood-
and slope-failure deposits. The formation deposited in the paleo-Hiruzenbara Lake includes varved
diatomite with more than 95% fossil diatoms. Therefore, inflow materials can be easily identified in the
formation. Fine-grained hyperpycnites identified in this study show a set of normally grading and inversely
grading units or a normal grading unit. As previously discussed, it is suggested that these deposits are
deposited in an increasing phase of inflow followed by a decreasing phase of inflow. The deposit of a
normally grading unit is deposited from a flow completely eroding the lower unit. Due to the occurrence
of rip-up clasts, the lower inversely grading unit might erode the lower layer; whereas, the upper normally
grading unit is suggested to be dominated by more depositional flows that have a higher organic matter
content. Hyperpycnites tend to thin out toward the downstream ward and change their sedimentary facies
with the occurrence of rip-up clasts and organic matter. Fine-grained homopycnite and hypopycnite are
present as structureless thin deposits of less than 1 mm composed of inflows of fine materials with no
erosion. These deposits have lower organic matter content than hyperpycnites and do not include rip-up
clasts. It is possible that flows of these deposits mixed with the lake water or were spread along the lake
surface, after which the materials slowly settled. Thin fine-grained homopycnites and hypopycnites do not
exhibit any sedimentary facies change over several kilometers, except in cases where they are pinched
out.

F—T7— R HEE. ENRERY. N NRX—ETFILR. REEVFILR. N RETFILR, FigiEst

Keywords: lacustrine deposit, sediment gravity-flow deposit, hyperpycnite, homopycnite, hypopycnite,
varved diatomite
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Features of parallel lamination in turbidite sandstones in the Upper
Cretaceous Izumi Group in the southern part of the Awaiji Island,
southwest Japan
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Sediment wave formation on slope base environments: an example of
the Neogene Aoshima Formation, Miyazaki Prefecture, Southwest
Japan
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Sediment waves with a wavelength of a few hundred meters and an amplitude of a few meters are
observed in a turbidite succession of the uppermost part of the Neogene Aoshima Formation, Miyazaki
Group. Sediment waves, a type of large sedimentary bedform in deep-sea environments, are frequently
observed on levees and in channels of modern, deep-sea floors, and shallow subsurface areas. The
Aoshima Formation is suggested to have been deposited on a slope-to-basin area offshore of a fan delta.
However, because a turbidite succession of the Aoshima Formation shows a rather monotonous, detailed,
and precise depositional setting, the sedimentary waves have not been clarified. To clarify why the
sediment waves were in the limited area and horizon of the Aoshima Formation, sedimentary logs were
measured at turbidite successions, including upcurrent and downcurrent regions of the sediment waves.
Also, the sedimentary logs were carefully correlated together and sedimentary facies of the succession
were analysed. The results are as follows: (1) Sediment gravity-flow deposits of the sediment wave horizon
have relatively variable thickness. Facies could only be traced between a few hundred meters, even
though most sediment gravity-flow deposits of the Aoshima Formation can trace more than 10 km along
the paleocurrent directions. In addition, sediment gravity-flow deposits in the sediment wave horizon can
trace between the upcurrent and downcurrent sections, except for an interval of the sediment wave
formation. (2) Rare, thick sediment gravity-flow deposits including slump-fold beds are observed just
under the downcurrent area of the sediment wave horizon. (3) Sediment gravity-flow deposits overlaying
the beds, including slump-folds, are relatively thicker than other areas. (4) Sediment gravity-flow deposits
in the sediment wave interval show oblique paleocurrent directions against sediment gravity-flow deposits
in the upcurrent and downcurrent regions. (5) Small-scale slumping deposits are located at the most
downcurrent part of the sediment wave. Results (1) to (3) suggest that the sediment waves of the Aoshima
Formation developed on an upcurrent area of a slope change-point near the slope base. Also, results (4)
and (5) suggest that the sediment waves were in a depositional channel on the slope base.
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A flume experiment on sedimentary structures and grain size
distribution of cyclic steps formed by surge-type turbidity currents
A flume experiment on sedimentary structures and grain size
distribution of cyclic steps formed by surge-type turbidity currents
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In the submarine canyon and the vicinity, continuous step-like morphology is often observed. Many of
them are inferred to be formed by turbidity currents. In this study we investigate the sedimentary
structures and grain size distribution of cyclic steps formed by surge-type turbidity currents in an
experimental flume. Two kinds of plastic particles, whose grain-size distributions differ from each other,
were used in this study to observe grain size distribution and sedimentary structures of the cyclic steps,
with an eye to application to sediment waves in the modern sea floor and in the rock record.

The experiment was conducted at the Hydrosystems Laboratory of University of lllinois,
Urbana-Champaign (UIUC). In the experiment, a flume, which is 14.5 m long, 0.5 m deep and 0.1m wide
was suspended in a larger tank, tilted at 2.5 degrees. Salt water (density: 1.17 g/cm®) and two kinds of
plastic particles (specific gravity: 1.5, D,: 68 um, 206 um) were mixed at a weight ratio of 20:1:1 in the
head tank, and then introduced into the flume as a slurry. In Case A, slurry filling the entire volume of the
head tank, 58.7 L (5.87 L/cm), was supplied for single surge, which took 40 seconds to flow out. We
repeated 40 such surges. In Case B, slurry filling half the volume of the head tank, 27.4 L (2.74 L/cm), was
supplied for each surge, which took 10 seconds to flow out; we repeated 80 surges. The total amount of
supplied sediment was about the same in both cases. The flow rate per unit time gradually decreased
during a single surge.

At the end of each series, 4 steps were formed in the two series. Those steps moved upstream during
the series of pulse runs. The mean values of wave steepness of the resulting steps were 0.06 and 0.05.
The sedimentary structures observed in the cyclic steps of these experiments were mainly laminae gently
dipping toward the upstream side. These laminae were truncated at the downstream side of the step.
Moreover, the grain size analysis of the cyclic steps showed that D, of the surface sediments tended to
decrease toward the downstream, with the tendency being more prominent as the total discharge of the
surge increased. It was also found that the D, on the downstream side is smaller than on the upstream
side of each step. This distribution is inferred to be caused by a hydraulic jump at the upstream side of
each step.
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