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Deterministic Nonperiodic Flow!

Epwarp N. Lorenz

Massachusetts Institute of Technology
(Manuscript received 18 November 1962, in revised form 7 January 1963)

X'= ~oX+o¥, (25)
V'=-X724+X-7, (26)
Z= XYV —bz. 27)

When our resuits concerning the instability of non-
periodic flow are applied to the atmosphere, which is
ostensibly nonperiodic, they indicate that prediction of
the sufficiently distant future is impossible by any
method, unless the present conditions are known ex-
actly. In view of the inevitable inaccuracy and incom-
pleteness of weather observations, precise very-long- Edward N. Lorenz
range forecasting would seem to be non-existent. (1917-2008)

https://en.wikipedia.org/wiki/Edward Norton Lorenz
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LIH| 21} (Butterfly effect, Edward Lorenz 1972)
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TX| 0| 2 2 (numerical weather prediction model)

Changes in the Atmosphere: Changes in the
P i Composition, Circulation Hydrological Cycle
' Changes in
‘Solar Inputs 7~
P
\. fﬂ—r\ 4 3=
Clouds * )5
. Atmosphere (,,; T
) VA A // /
R LS
N, O, Ar, 7 /i
9 Y 3 ’ /
H,0,C0, CH, NO, O, oic.  'Ci3mclctviy /
Aerosols Atmosphere-Biosphere
Atmosphere- Interaction
Ice Precipitation
Interaction Evaporation
\ Terrestrial
Heat Wind bt VRadlatxon
Exchange Stress .

A

y

Hydrosphere: L § 3
Ocean : - Land Surface
- Hydrosphere: Changes in the Cryosphere:

R?(,J,?E |_e;:es Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Changes infon the Land Surface:
Orography, Land Use, Vegetation, Ecosystems

Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry

Mid-1970s Mid-1980s

Rivers Overtuming-
Circulation

*=X: UCAR

Surface radiation

Incoming
solar 4,
radiation

©The COMET Program

Interactive Vegetation




=M 8= 0| & (seamless prediction)
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# (source of predictability)
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S Model Predictions of ENSO from Mar 2023
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(source of predictability)
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Kim, Son, Yoo (2020)
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Understandi
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Lithosphere

. ~1atm -14 GPa (410 km) R
1atm kbar 25 GPa (670 km) Outer core |
2950 km Ultra-low velocity
~120-130 GPa zone (ULVZ)

Lee Phys. Rev. Lett. 2019
Understanding Kim Geophs. Res. Letts. 2019

Earth 2020
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Quasi-equilibrium melting of quartzite upon
extreme friction

Sung Keun Lee' ", Raehee Han?", Eun Jeong Kim', Gi Young Jeong?, Hoon Khim' and Takehiro Hirose*

Frictional melting of quartz rock revealed the extensive
melting of quartz at ~1350-1500 ° C Understanding Earth 2020

Comminution and ’
Model Wall Rock Extreme Fragmentation

Disequilibrium Melting

Phase Transition of A during

Rapid Frictional Heating Q%ggsi—equilibriim M‘ﬂ'ﬁ




Quasi-equilibrium melting of quartzite upon
extreme friction

Sung Keun Lee™7, Raehee Han?", Eun Jeong Kim', Gi Young Jeong?, Hoon Khim' and Takehiro Hirose*

Metastable Melting +
Equilibrium Melting =
Quasi-equilibrium Melting > Disequilibrium Melting

= Melting temperature depression
= Lubrication of fault plane

= Friction coefficient 21 &2

= Easier slip on Fault plane

= Generation of large-magnitude Earthquakes Shortepme———

Understanding Earth 2020
Lee et al. Nature Geoscience 2017
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Sung Keun Lee’

plicity in melt densification in multicomponent
gmatic reservoirs in Earth’s interior revealed
magnetic resonance

School of Earth and Environmental Sciences, Seoul National University, Seoul, 151-742 Korea

Pressure-induced changes in properties of multicomponent silicate
melts in magma oceans controlled chemical differentiation of the
silicate earth and the composition of partial melts that might have
formed hidden reservoirs. Although melt properties show complex
pressure dependences, the melt structures at high pressure and the
atomistic origins of these changes are largely unknown because of
their complex pressure—composition dependence, intrinsic to multi-
component magmatic melts. Chemical constraints such as the non-
bridging oxygen (NBO) content at 1 atm, rather than the structural
parameters for melt polymerization, are commonly used to account
for pressure-induced changes in the melt properties. Here, we
show that the pressure-induced NBO fraction in diverse silicate

PNAS | April 26, 2011 | vol. 108 | no. 17 | 6847-6852

and hence, natural silicate melts in the earth’s interior (22). Most
of the previous studies focused on the pressure-induced bonding
transition in simple model melts (e.g., from single component, to
ternary) (e.g.. refs. 3, 23-26) and references therein). NMR
spectra of simple melt compositions are subjected to less inhomo-
geneous broadening due to a relatively small number of melt
structural components: For the quaternary oxide glasses, the
expected number of binary correlations is up to 16; inhomoge-
neous broadening associated with such complexity obscures the
otherwise useful structural information such as coordination
number and degree of melt polymerizations.

Although the degree of polymerization in melts originally de-

4 ML o1 R FE=2
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Magmas Beyond Megabars

100 GPa,

100 Gigapascal,
1,000,000 atm,
HHI:II'_IIO F

—— =,

Megabar 100 GPa

100 GPa

~ .. Densesilicate

Core-mantle

boundary melt at
Outer core ~120-130 GPa

Understanding Earth 2020
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Magmas Beyond Megabars

High-Pressure Diamond Anvil Cell (DAC)

Advanced Photon Source
HPCAT (16-ID-D), GSECARS (13-ID-C)

Magmas Beyond Megabar?

Amorphous boron oxide at megabar pressures via
inelastic X-ray scattering

Sung Keun Lee*?, Yong-Hyun Kim?, Paul Chow*, Yunming Xiao, Cheng Ji%, and Guoyin Shen®

2School of Earth and Environmental Sciences, Seoul National University, 08826 Seoul, Korea; PInstitute of Applied Physics, Seoul National University, 08826
Seoul, Korea; and “High Pressure Collaborative Access Team, Geophysical Laboratory, Carnegie Institution of Washington, Argonne, IL 60439

Edited by David Walker, Columbia University, Palisades, NY, and approved April 30, 2018 (received for review January 16, 2018)

2N\ A

Structural transition in amorphous oxides, including glasses, under  novel structural transitions in low-z glasses under extreme environ-
extreme compression above megabar pressures (>1 million atmo-  ments, its application has been limited to the maximum quench
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J. Am. Chem. Soc. & @) A C S - May 28
Pressure-Driven Changes in the Electronic Bonding Environment of GeO2
Glass above Megabar Pressures @SNUnow #Pressure #Electronic

#Banding #GeQ2 #MegaBar

B0

Y0

bo!

Crystal Glass v

- "’ J
148 GPa 0—#

108 GPa 1056 GPa
-
- *

1 atm 1atm

526 534 542 550 558 526 534 542 550 558
Energy Loss (eV) Energy Loss (eV)

pubs.acs.org

Pressure-Driven Changes in the Electronic Bonding Environment of Ge...

Noncrystalline oxides under pressure undergo gradual structural
modifications, highlighted by the formation of a dense noncrystalline ...

1 atm

High pressure
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Lee et al. PNAS 2020
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Lee et al. PNAS 2020
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Probing of pressure-induced changes in medium-
range structures

Short-range structure Medium-range structure

What we got

Densification in glassy networks has traditionally been described in term
s of short-range structures. While changes in medium-range structures be
yond the second coordination shells may play an important role, experim
ental verification of the densification beyond short-range structures is a
mong the remaining challenges in the physical sciences. Here, a correlati
on NMR experiment for prototypical borate glasses under compression u
p to g9 GPa offers insights into the pressure-induced evolution of proximit
y among cations on a medium-range scale. Whereas amorphous network
s at ambient pressure may favor the formation of medium-range clusters
consisting primarily of similar coordination species, such segregation bet
ween distinct coordination environments tends to decrease with increasi
ng pressure, promoting a more homogeneous distribution of dissimilar st
ructural units. The results highlight the direct link between the pressure-i
nduced increase in medium-range disorder and the densification of glass
es under extreme compression.

Lee etal. J. Phys. Chem. Lett. 2022
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Intermediate-range nanoscale structures of
glasses at high pressure?
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From Nuclear Spins to Planetary Evolution

Funded by Leading Researcher Program from National Research Foundation
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Highlights
Super-Earth interiors from pressure-driven changes in electronic bonding s °
environment of GeO, glass above megabar pressures . :hllt %H"
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Configurational entropy of basaltic melts in Earth's mantle
Proceedings of National Academy of Sciences (2020)
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From Nuclear Spins to Planetary Evolution

Funded by Leading Researcher Program from National Research Foundation
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Stakeholder analysis to improve implementation ratio of

Groundwater Charge in South Korea

Minha Lee!, Heejung Kim*, Jae E Yang®
"Department of Geology, Kangwon National University, Chuncheon 200-701, Republic of
Korea (minha_lee@kangwon.ac.kr),
“Department of Biological Environment, Kangwon National University, Chuncheon 24341,

Republic of Korea

ABSTRACT

Groundwater charge was newly introduced in 2005 to enhance groundwater sustainability in South
Korea. Although the fee was designed to be coupled with the groundwater management special
account to cover groundwater guality management and other relevant activities for sustainable use,
the actual operation rate of the charge and the special account is remarkably low, and
groundwater quality and quantity has deteriorated in South Korea. In this study, we used the
stakeholder analysis theory to map the major stakeholders of groundwater charge on
power—interest matrix with an aim to improve governance system. Accordingly, farmers, as the
persuasion target, need to be persuaded not to exert their power to defend their negative interest.
Additionally, the policy operator requires the support of local governors, city councilors, and
congresspersons, as the conciliation target, for a successful implementation. Furthermore, the
general interest in groundwater is relatively low in South Korea because of the well-established
water supply system, leading to the failure of groundwater charge in gaining public attention.
Consequently, the policy operator failed to secure public support to persuade the negotiation
partners such as government officials, legislators, and service providers of groundwater pumping
system. Thus, this study recommends the policy operator of groundwater charge in South Korea
to enhance public awareness on the current status of groundwater and exert public pressure on
negotiation partners to support groundwater charge implementation at the national level.
Keyword : Groundwater Charge, groundwater management, stakeholder analysis, power-interest
matrix, policy implementation effectiveness
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D4olut S0l BED WS XA U e o4l
B sl olxE ¥y
AA & FHA?
'u}o] %l 31 %5 8k 3w (jwwon 1031 @naver.com),
2k 8}
ABSTRACT

The aim of this research is to create an educational program that enhances students’ awareness
of sustainable parks and wilingness to participate activities through
place-based learning, and to evaluate its effectiveness. In the program, participating students focused
on designing an eco—friendly and sustainable park by studying how existing sustainable parks had
been planned and developed, through researching various information and field trips to local
sustainable parks. The study involved 29 male students in the 3rd grade of middle school. Students’
understanding of sustainable parks and willingness to participate in socio—environmental activities
were assessed through their designs of local sustainable parks, environmental literacy measurement
results, and their perceptions of the program. The results indicated that the program expanded
students’ concept of sustainable parks’ ecological roles and increased their willingness to participate
in socio—environmental activities. The environmental literacy measurement test scores increased in all
categories after the program, but only the categories of cognition and problem-solving (inquiry)
showed a statistically significant increase. The study also found that the students had a high level of
satisfaction with the program. This study is significant because it provides evidence of the positive
impact of place—based learning, which utilizes the local environment familiar to students, on their
environmental literacy and willingness to participate in socio—environmental activities.

Keyword : problem-based leaming (PBL), place-based learning (PBL), sustainability

in  socio—environmental
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Incidence of harmful algal blooms in the coastal region of Jeju

Island: A satellite remote sensing approach

oA, w7 o 2

ICity University of New York, NY, USA,

& et A 28 w5 3} (kapark@snu.ac.kr)

ABSTRACT

Despite the increasing numbers of red tide events in the pristine subtropical ocean, a paucity of
previous observations has limited understanding of harmful algae in the seas around the Korean
Peninsula. Therefore, using six years (2012 - 2017) of Geostationary Ocean Color Imager (GOCI)
satellite data, we characterized the red tides around Jeju Island, a volcanic island located near the
paths of the Jeju Warm Current and Tsushima Warm Current, using the Normalized Red Tide
Index (NRTI) method. The seawater around Jeju Island has for a long time been considered to be
very clear, with relatively low suspended particulate matter concentrations and few harmful algae.
Nonetheless, the satellite-based NRTI detection method used in this study detected and supported
the existence of red tides in the coastal region around Jeju Island. Analysis of the red tide
distribution showed that red tide first began to appear near the western coast of Jeju Island, then
developed in the northern and eastern coastal regions, and finally vanished in the eastern coastal
region. The monthly averages of the NRTI demonstrated a bloom event from April to May in every
year. Additional fall blooms were detected in August - September, particularly in 2013 and 2016.
The NRTI revealed strong interannual variations. The longest blooms occurred in 2015, and the
most comprehensive and strongest event occurred in the spring of 2016. The latter three years
(2015 - 2017) had much higher NRTI than the former three years (2012 - 2014). The probability of
red tide occurrence at a given point during the 6-year study period revealed spatial differences.
Relatively high probability of 0.3 - 0.5 was determined along the northern coastal region, whereas
low probability of less than 0.2 was found along the southern region. Ground truth data also
showed more frequent observations and higher red tide cell densities along the northern coast.
Changes in NRTI in spring are positively correlated with changes in ENSO indices in winter. This
study is the first to use a satellite-based approach with a vast long-term satellite database to
elucidate the existence and probability of red tides near Jeju Island. We anticipate that this study
will provide a useful strategy for remote monitoring of harmful algal blooms over wide regions
using optical data.

Keywords: red tide, Geostationary Ocean Color Imager (GOCI), ocean color, red tide index, Jeju
Island
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BT =2 (EAE) 2

o M ™ | Changes in Geochemical Composition of Groundwater Due to CO, Leakage From
=H) a Carbon Capture and Storage Site

2% 38tw | Gyeonggi Suwon International School

st M3 | Brian Yoonwoo Jeen

X = At | Mr. Ulrich Muller

=0k (1) | O tizIztstCly), O ?FoeiE =), M XA nteh [0 sfefntet, [ x[Fotet 2 SHSTEAM)

Carbon dioxide (CO. ) is the one of the main greenhouse gases in the atmosphere, and
there have been attempts to reduce CO. in the atmosphere through various methods.
Carbon dioxide capture and storage (CCS) is one of the promising technologies that can
reduce CO, in the atmosphere by storing it in geologically stable areas consisting of rocks
that are less likely to leak. However, there is a risk of CO, leakage due to unintended
conditions such as corrosion in the injection pipe or defects caused by the heterogeneity of
the subsurface. If the stored CO. is leaked into an aquifer, it will deteriorate the quality of
drinking, agricultural, or industrial waters. Therefore, it is necessary to evaluate the effects of
CO. leakage from a CCS site on the groundwater quality. In this study, the changes in
the geochemical composition of groundwater produced by the reaction of CO, with a
geological material were evaluated through a column experiment. A column with a length of
40 cm and a diameter of 7.62 cm was filled with geological sediment. The influent solution
was made by bubbling CO. gas into distilled water. The influent solution was introduced
into the column using a peristaltic pump. About 50 ml of water sample was collected from
each sampling port located at 0, 5, 10, 15, 20, 25, 30, 35, and 40 cm from the influent end
of the column while the influent solution was passing through the geological sediment.
Subsamples of the collected water samples were measured for pH, oxidation-reduction
potential (ORP; expressed as Eh value), electrical conductivity (EC), and alkalinity. The
remainder of the collected water samples were filtered with a 0.45 um cellulose acetate filter
and reserved at a refrigerator for measurement of concentrations of cations using an
inductively coupled plasma-mass spectrometry (ICP-MS). pH increase was due to buffering
by mineral dissolution. pH and Eh had opposite trends. EC increased due to increases in
ion concentrations caused by mineral dissolution. Alkalinity increased due to the conversion
of H2CO3 to HCO3- (alkalinity is normally considered to be the same as the concentration
of HCOS3-). Increases in Ca and Mg concentrations were due to the dissolution of Ca- and
Mg-containing minerals. Ca and Mg concentrations might also be affected by
cation—exchange reactions after mineral dissolution. Increases in Na and Si concentrations
might be due to the dissolution of alumino-silicate minerals. In conclusion, leakage of CO»
induces increases in ion concentrations in groundwater due to mineral dissolution. However,
it does not threaten the quality of drinking water and public health.
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BISTRO: Magnetic Fields of the Serpens Main Molecular Cloud

Woojin Kwon (#-%-21)"1 on behalf of the BISTRO team

'Seoul National University (wkwon@snu.ac.kr)

ABSTRACT

Cold and dense molecular clouds in the interstellar medium are the natal place of stars. We
study the magnetic fields of the Serpens Main molecular cloud composed of two subclusters
and six filamentary structures, as part of the B-fields in Star-forming Region Observations
(BISTRO) survey, which is a large program using the James Clerk Maxwell Telescope (JCMT)
to study the roles of magnetic fields in molecular clouds on intermediate scales (a few
thousands au or larger scales). Using the Histogram of Relative Orientation (HRO) technique,
which compares polarization directions with density gradients, we find that magnetic fields are
parallel to filaments in less dense regions, N(Hy) < ~10% cm™ but perpendicular to dense
filamentary structures. Furthermore, applying the HRO technique to denser core regions we
identify the density regimes in which the relative magnetic field orientations change again. These
transitions are understood to happen where core formation occurs (N(Hy,) ~ 4.6 x 102 cm™)
and where magnetic fields are dragged-in by infaling material (N(Ho) = 16 x 10% cm™). In
addition, the magnetic field strengths in filamentary structures are estimated by the
Davis-Chandrasekhar-Fermi method and compared with turbulence and gravity.

Note: BISTRO (PI) D. Ward-Thompson, (co-Pls) P. Bastien, R. Furuya, W. Kwon, S. Lai, and
K. Qiu

Keyword : molecular clouds, magnetic fields
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ABSTRACT

A hazardous noxious substance (HNS) spill accident is one of the most devastating maritime
disasters as it is accompanied by toxicity, fire, and explosions in the ocean. To monitor an HNS
spill, it is necessary to develop a remote sensing - based HNS monitoring technique that can
observe a wide area with high resolution. We designed and performed a ground HNS spill
experiment using a hyperspectral sensor to detect HNS spill areas and estimate the spill volume.
HNS images were obtained by pouring 1L of toluene into an outdoor marine pool and observing
it with a hyperspectral sensor capable of measuring the shortwave infrared channel installed at a
height of approximately 12m. The pure endmember spectra of toluene and seawater were
extracted using principal component analysis and N-FINDR, and a Gaussian mixture model was
applied to the toluene abundance fraction. Consequently, a toluene spill area of approximately
24317m2 was detected according to the 36% criteria suitable for HNS detection. The HNS
thickness estimation was based on a three-layer two-beam interference theory model. Because
toluene has a maximum extinction coefficient of 1.3055mm at a wavelength of 1,678nm, the closest
1,676.5nm toluene reflectance image was used for thickness estimation. Considering the detection
area and ground resolution, the amount of leaked toluene was estimated to be 0.9336L. As the
amount of toluene used in the actual ground experiment was 1L, the accuracy of our estimation
is approximately 93.36%. Previous studies on HNS monitoring based on remote sensing are
lacking in comparison to those on oil spills. This study is expected to contribute to the
establishment of maritime HNS spill response strategies in the near future based on the novel
hyperspectral HNS experiment.

Keyword : hazardous noxious substance (HNS), toluene, hyperspectral, detection, thickness
“Atel 2
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EXstHelT si+H2E E =2 JtsstA sich metA olo|3 2at #fM sl g8
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H 3EEEH 20214 128€71X] 2F 84-F¢9t Global Precipitation Measurement (GPM) / GPM

Microwave Imager (GMI) olo|3 25} sfs=H2zo M E & Z7| Fo| =2 X=
0y HESIHCE GMI Sl F=H2E

=
—
ol 7|& A+ &=

RAE 2R, toll Hiah cha =2 LIEHTEEL O 2ol = GMI s +H 2z 2o
A EH2 /E, Aot HEl, saE 2 sEUIEn 22 F#EH ol e dol floh 2
A= S X0l A 300km OfLh2| AHZ|ollAM s of X[ofl Ttz X[zt DelE X|HolM SItst=
Aol ACk £ ol = ofet (< 6ms-1), ol Zet E5(> 10ms-1) HelolAM Mo
2 =2 At HERRCL 7] 57| 30mm olgke| o2 <2 He| £ 60mmEct 2 o9
=2 HelolM siH2 2 Atolofl 7|43 CE o2 5t 2AE2 MF20M GMI AR | HEtz Tt
HOX[ £ 7|& ATt LRSI, dete 2R E | HEl, X5, 3T et 22| 42 |X|
ot sff kol drAbz xtol & HiZfol| ofet si=H AFHZ| Hal +F7[2 olo|m2 20 th7] S0
M 71elste Aoz FHET
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Coastal switching of dominant depositional processes driven by
decreasing rates of Holocene sea-level rise along the macrotidal

coast of Gochang, SW Korea

Woo Hun Ryang
Jeonbuk National University (ryang@jbnu.ac.kr)

ABSTRACT

To investigate the sedimentary response of this macrotidal coast to decreasing rates of RSL
rise, we acquired four cores up to 32 m in length and Chirp seismic profiles along the west coast
of Korea. Core sediments were analyzed in terms of sedimentary texture, structure, and facies.
Nineteen optically stimulated luminescence (OSL) and fourteen 14C accelerated mass spectrometry
(AMS) ages constrain the timing of deposition in the sandy sediments. Results show that the
evolution of the Gochang coastline switched from a tide—dominated environment to a
wave—dominated environment during the latter stage of transgression as the rate of the sea-level
rise decreased. Rugged antecedent topography likely led to the development of tidal currents and
the formation of a tide—dominated tidal flat during rapid RSL rise from 10 to 6 ka. As the tidal
channels filled with fine—grained sediments from 6 to 1 ka, tidal amplification likely waned leading
to a greater role of wave energy in shaping the formation of the sandy open—coast tidal flat. Since
1 ka, wave-dominated environments formed sand-rich tidal beaches and flats. Decreasing
changes in rates of the RSL rise resulted in changes in depositional environments from a
tide—dominated intertidal flat to an open—coast tidal flat and finally a wave—dominated tidal beach.
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Characteristics of Surface Topography and Sediments before and
after Typhoons Soulik and Kompasu in the Gochang Donghori

Intertidal Flat, Korea

Woo Hun Ryang®, Sol-ip Kang
Jeonbuk National University (ryang@jbnu.ac.kr)

ABSTRACT

In the macro-tide intertidal flat of the Korean western coast, this study has investigated typhoon
effects on variation of topography, surface sediment, and sedimentary environment, appeared
before and after the typhoons Soulik of 2018 and Kompasu of 2010. Along the southwestern
coasts and across midlands of the Korean Peninsula, the typhoons Soulik and Kompasu moved
from 23 to 24 August in 2018 and from 1 to 2 September in 2010, respectively. Topography and
surface sediments before and after the typhoons were measured and sampled along the survey
line in the Gochang Donghori intertidal flat. The intertidal area was divided into upper tidal zone,
middle tidal zone, and lower tidal zone on the basis of mean high water level, mean sea level,
and mean low water level. Surface sediments of the intertidal flat consists mainly of very fine to
medium sands, and the ratio of fine sand is the largest both before and after the typhoons.
Surface sediments after the typhoon became finer in mean grain size showing well sorting and
very fine skewness rather than those before the typhoon. It is interpretative of strong wave effect,
caused by the typhoons.
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Molct o8 ?—ISH Six 8 HT7l2 2 Y HKT 2 BANSS 1 23 175
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S F, Variance Scaling
gHo =2 HESH ZAnrt J[Eo dHls| 2EFD FARSHA LEG 2N s2 MEtde=z
O01RUNT05RUNOIl st 7t&5%E& F11 Host AoHENS)HIA =7 LEHGEL ENSOIA 2
28 (Me2s8l)ol o st HR2 HSS= MSA[Z7|H 2 0.4570.75, 0.0270.10 (0.4970.76, -0.0470.11)<]
HelE Jilch. 22822, PNU CGCM-WRF chainel 01RUNT05RUN % ENS= =t X[ Hof

et Sof |AZIH 126 & M2HE e = Us 452 7M1 Uk
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Kim and Kim 2013; Lee et al., 2013; Kang et al., 2014; Park et al., 2014, Shim et al., 2014, Lee
et al., 2019; Jang et al., 2021). EEst &+ X|H2| 52 MeEjA= E H 7Tt 22 Fo7 &4
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7| 2154 Tmax2t Tminel B & % 242 E X35 3= Variance Scaling 718 & AF25EACHKIM
et al., 2021). PNU CGCM-WRF Chaing At&3t0{ 3~10& 2l Tmax ¥ Tminoll ChsF NSDef
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= et g 2 5 ok 39 M|ATY
CGCM-WRF Chaine| ol &M 2 HRIt HSSe| A3 S Sl

A=Y 25 RUNO mhzh xtol= UX|cH HREE D267 glfistH Wy st= of

g —'?'——ErEI ESTY
M o E4o| A= HA2R HECE 01RUN~05RUNOY Hls ENS= 287t =27 LMst=
Ao Mz o F40l =H HHEHRCE M 2oie|l B9, ZE stot=z 37|, 7Het7] R d=7]2] BE
MEAIZ[0M XM2oli7t BIHSHA Ldsts ME, Sat e, 2 th2d S| X[&EolAM RUNO
2t AFol= AKX ZE HEA|T|0M FE2 o F4H0| As A2 2 LIEGCE D26ie &<
of oiEIIXI 2, ENS= M 267t =224 Edsts XSGz o 5do| =4 LtEtRCt ol2fet

ZAES S5t0] 3o YUAIZ|YH D26 X NM26i LU0l et ol 42 01RUN~05RUNO
HI5H ENSOlAM H|WA =7 LHERCHCH

3. 88

2 AT A= PNU CGCM-WRF Chaing Sall &St Tmax 2 Tmin AA2 & 0[-&35t0{ f2[Lt
2 2 A F Sl o MSAT|H oAV LU S ZY|Hl | FZARE
At ASSH ol 2 2|27t U ﬁ“’*ﬂ ol 54 50| &=o|Lt 2= MIA|T|0f e}
Ato| 7t AUX|BH | FHS0| MEFFAM Tl LEIHEZ MAE o SXEE oAV 22
2 2%t s Il E zlAsstedH TS £ 7 Uk 2 AFAAM = X E@o| 5FE Lt
of M &t Z& el PNU CGCM-WRF Chaing &all M &S Tmax & Tmin2 AFEstod 9 M=
CHAlg D28 2 26 HMAF-E MHEoLt 2Y SHAJF EXstch &% &7 of & 23}
£ ez MAMSID HSsts Cf2 2HES 8 Jtssi =Eotd ofE 2y AMST|fHE X
&olo] 2o MIAZ|H D25 ¥ X226 LU0 st o SMH 2 XFECH S SMAZ
= Qe Hoz ARECH
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ABSTRACT

In recent years, studies on multi-dimensional magnetotelluric (MT) modelling and inversion in
anisotropic media have become a topic of significant interest. Consequently, an accurate and
stable computation of electromagnetic fields in 1-D anisotropic layered model is a necessity to
satisfy the boundary condition of multi-dimensional MT modeling. In this study, an algorithm for
stable computation of electromagnetic fields in both 1-D isotropic and anisotropic layered models
is proposed. The algorithm is based on Maxwell’s equation and boundary conditions at the
boundaries of the entire layered model and two additional strategies are implemented in the
algorithm. The effectiveness of the algorithm with the two strategies is demonstrated using a
synthetic 4-layered anisotropic model.
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Fluid Inclusion and Ore mineralogy Study of the Phayaung Taung

Deposit, Mandalay Myanmar

Naing Aung Khant®, Heejung Kim,
Kangwon National University(khant_8@kangwon.ac.kr)

ABSTRACT

Myanmar is gifted with a wide variety of metallic and nonmetallic mineral reserves, some of which
have lately been developed as world—class mines. Phayaung Taung Gold deposit is located within
the Slate Belt and Chaung Magyi Group. The Phayaung Taung gold deposit from the Slate Belt
is hosted in phyllite, schist, and quartzite. Phyllite and Quartzite are the most important
stratigraphic units in the Phayaung Taung gold mine area. Phyllite and Quartzite are the most
important stratigraphic units in the Phayaung Taung gold mine area. Gold is not related with
silver minerals and mostly occurs with Chalcocite and covellite. Gold in the Phayaung Taung is
from the secondary origin and is formed mostly in the sulfide ore stage. Gold occurs in
tourmaline—quartz and sulfide-bearing quartz veins. There is also an additional paragenetic oxide
ore stages of Iron Oxide and Titanium Oxide which is not connected to gold formation. The
Phayaung Taung fluid inclusion system contains a lot of bi-phase liquid rich inclusions. The
melting temperature of the Phayaung Taung is —-2.26 to -9 °C, while the homogenization
temperature is 225-450 °C. And the salinity level ranges from 3.39 to 12.85 wt.% NaCl equivalent.
The TmCO?2 of these inclusions are fixed at —49°C and ThCO2 is 28 to 29°C even though the
standard TmCO2 should be at -57°C. The Raman analysis of the CO2 inclusion show that there
is no water content inside the bubble and the density of the CO2 inclusion are ranging from
312.1881 kg/m?® to 302.8516 kg/m?.

Keyword : Orogenic deposit, Paragentic stage, Gold, Fluid inclusion, CO. inclusion
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T7\ ol gk Fo Helg dYsty| 2o Taet 2dE Sall ofaVA MefeE Al £
ol =357Ie, 712, 5712 L=(BU &5)o 2AHE U 5 Ack Lot Fig 2.8 Sl ‘2
Tt ZX 2 Hof g0t E2f =572l Xo|7F A= g9 oled 2 8w, HY S0t
SR 2ETF el =F7( ol Ao[7t A= Z?2f ol2dH 2 H|W'E Soff ‘AU 52t
Ol£d 2Lt Hleletch's 2id dd8 YR = Ut

If the water vapor mass is the same but the volume is different
water vapor pressure & 2)
water vapor pressj (e9) .
Water vapor water vapor | C — “
pressure at the S Vv
same high water vapor density low water vapor density

saturation curve

temperature
but with
different water

If the volume is the same but the water vapor mass is different water vapor
\

vapor density
watervapor pressufe (e;)  watervapor pressufe (e;)

es=ep

high water vapor density low water vapor density ec

water vapor pressure(hPa)

water vapor pressdte (€;) water vapor pressdre (€;)
Water vapor 4 0
pressure with by’ z — T
the same water gy & (e / Pc =g
vapor density = \ A temperature(°C)
but at different : . ) ;
temperatures Jow Semperatinre W ere—— Fig 2. Saturated water vapor pressure curve

(Ta=Tc<Ts, pPA>pe=pPc, €a=€s>€c)
Fig 1. Variables affecting water vapor pressure

21D 28

Kang, D.-H., 2001, The patterns of students’ conceptions and teachers’ teaching practices on
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Korea.

Park, S.-J., 2009, Analysis of pre-service science teachers’ mental model about concept of
atmospheric water. M.S. thesis, Korea National University of Education, ChungBuk,
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