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SUMMARY

I. Title

Research on the Arctic atmospheric environments and mineral resources

II. Objective and Significance

- A proper assessment of environmental contamination by various trace metals from a
full understanding of the past atmospheric cycles recorded in frozen archives of ice

sheet

- The principal dynamic features of the lower thermosphere and upper mesosphere
regions are the tides and gravity waves. Because of their role of providing momentum
and energy to the upper atmosphere is so important, it is necessary to understand the
characteristic of atmospheric waves and the sources of the excitation. For the continuous
monitoring of the upper atmosphere, automation of instrument is required so as to
perform continuous research work in remote, harch environment such as in polar

region.

- There are more than 20 ultramafic-alkaline-carbonatite complexes in Kola Peninsula,
Russian Arctic, which contain high-grade rare metal deposits (pyrochlore, baddeleyite,
zirconolite, perovskite et al). Because of the economic importance of high-grade rare
metals for high technology in 21 century as well as scientific interest, it is necessary to
systematically investigate the origin and potential of resources of rare minerals in polar
region. The advanced geochemical laboratories are required to perform the geochemical
invesigations for understanding the occurrence and origin of rare metals and associated

carbonatite-phoscorite.

III. Contents and Scope

—11 —



- Investigation of changing occurrences in trace metal concentrations in snow and ice
deposits recovered in high- and low latitude

- Automatic control of upper atmospheric research instrument
: automation of FT-IR system for remote, unmanned operation

: remote-control via network

- Installation and operation of the instrumental systems

: SATI operation at Resolute, Canada

: FT-IR operation at Esrange, Sweden and Dasan, Norway
(in collaboration with British Antarctic Survey operating idential instruments at
Rothera and Halley stations in Antarctica)

- Obsevation and analysis of airglow and atmospheric waves

- Investigation of occurrence and mineral paragenesis for rare metals in carbonatite and
phoscorite

- Determination of geochemical properties for understanding of the origin of rare metals

- Installation and operation of the geochemical instruments with high accuracy and
precision

IV. Results

- The reconstruction of the occurrence of trace metals from various ice cores indicates
that mankind has become a key factor in changes of these cycles. Reliable time series
of variations in trace metals in Antarctic ice provide data on past natural changes in

the occurrence of these metals in Antarctica during the past climatic cycles.
- For the continuous monitoring of upper atmspheric environment, we have configured

a FT-IR system fully automatic, unmanned control system. We have developed a

program which calculates the solar depression angle, hence generating the observing

—12 —



schedule for each night. The remote access via Internet is performed once or twice per
week to check the proper operation of the instrument as well as to down-load the
observed data.

- The lower thermospheric and upper mesospheric temperatures were obtained using a
SATI instrument and FI-IR systems at Esrange, Swedem and Dasan station, Norway.
From measurements taken during two nights in November, 2001 at Resolute, we have
observed a dominant and coherent 4-hr oscillation in both the O2 and OH airglow
brightness and rotational temperatures. Because the amplitudes of the Hough modes for
migrating tides vanish at the poles, the observed 4-hr oscillations at Resolute could be
explained by zonally symmetric tides.

- The new geochemical laboratories and equipments (including clean preparation room,
ICP-MS) are installed for the study of rare metals and associated carbonatites. For the
precise determination of rare earth element concentrations in various rare meals and
carbonatites, new techniques for sample preparations (close vessel acid digestion and
alkali fusion methods) were developed.

- The mica compositions from the Sokli phoscorite-carbonatite complex have been
determined for understanding magmatic process related to the evolution of the complex.
Also Sr-Nd-Pb isotope compositions of the Kovdor ultramafic-alkaline-carbonatite

complex were determined in order to clarify the mantle source compositions.

V. Applications

- The investigation of the occurrence of trace metals in well-dated snow and ice gives
us an alternative way to assess changing geochemical cycles of these metals due to

human activities.

- The schedule program to be used for this automation calculates the solar depression
angle. The system is proven to be very effective for the long term monitoring of the
upper atmosphere. The IR spectrum analysis will be applied to environmental pollution

detection or astronomical research.

—13 —



- The developed sample preparation methods for rare metals and carbonatites is very
useful for the other types of various rocks that contain large amounts of rare earth
elements. The installed ICP-MS is now widely used in geochemical research as well as

marine chemistry, biochemistry and environmental science.
- The skill to identify rare minerals in the field as well as under microscope, and the

technique for interpretation of mineral chemistry from this research are directly
applicable to the Korean mineralogists who are studying rare metal deposits.

— 14 —
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T AREEAT £ Ao A5G njHAAE FolA e EAEEE MM JxE
Y53 A=A Ade dHolHE|t:

1200 350

Zn
1000 — (948.00 m)

Zn
300 -1 (2253.00 m)

23,200 —>|
740 —>
30,200 ——>]

250 —
800 —

200 —
600 —
150 —

400 —
100 —

0 0

210

Cu
180 4 (2078.60 m)

Cd
1 (1205.68 m)

o

12 —>
190 ——=»|
1800 ——=»|

150 —

09 120 -

Measured concentration (pg/g)

0.6 — 90 4

60 —
0.3 —

Namnanl
0.0 0

Inside Outside Inside Outside

Core radius (cm)
23 31 diEH 24 A5dA Jdehve B3N S4ARR 9 T wal
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E 3L g3 HAR QM 248 A8 ol 440 2 B4 dAEY &

Estimated age Pb Cd Cu Zn Al Na S042-
Depth (m)  (years BP) (pg/g) (ng/g)

938.10 65,080 19.0 0.25 37.2 109 120 111 222

948.00 66,045 212 0.36 459 117 145 109 240
1050.00 75,066 1.1 0.22 5.0 9.6 11 68 156
1205.68 86,500 1.2 0.11 4.3 9.4 5.1 37 137
1354.00 97,148 1.0 0.18 4.8 10.7 6.6 65 184
1514.45 108,400 5.9 0.29 9.5 52.9 40 66 171
1652.00 118,500 1.2 0.12 2.5 5.3 4.1 16 123
1815.45 127,800 1.8 0.07 6.3 7.7 7.3 15 348
1879.78 131,200 045 0.02 1.6 3.6 1.6 19 122
1917.45 133,950 4.5 0.27 8.6 17.6 17 65 209
1999.00 142,500 21.3 0.62 333 126 139 105 358
2078.60 151,300 11.6 0.24 225 457 55 63 147
2199.40 165,150 15.6 0.37 30.7 66.7 77 71 234
2253.00 171,520 7.9 0.30 18.5 47.5 58 111 210
2378.40 187,770 11.2 0.34 199 54.6 59 94 224
2504.50 203,100 1.1 0.11 2.8 6.2 4.5 26 116
2534.00 206,630 23 0.16 6.0 9.9 6.9 58 198
2616.00 216,400 1.5 0.07 3.0 6.9 52 32 119
2682.40 226,250 2.2 0.12 6.1 124 8.8 67 162
2751.00 237,280 1.5 0.11 2.0 7.4 5.5 20 88

ol
o,

A3 vFAdALE Fox B3] E(Pb)9] AEEH As Wgdl ug d+2dy
A AR gk 28 32004 Y upg 2], 2T T wEES Aj7)Ql 2
7ol wi-- X FEE Holu Jom HAFEE o 05 pg/ge] BSHIUTE Aoz
g F& A71 MIS 51, 55, 71, 73, 281 759 Al7ldE 2#e FEE fAka ok
Hhde] & A7lels w27t 71T War]Y AR o2 AlZI(MIS 229} 6.6)9
T % 20 pg/g FEOE FUIEIAT kAo sigustel 93 dEE /AL T
4 830l FalskAl Ui la ojee A 1Y 339 adA] F vehua Q)
of miEsta @ & AVI(BDrE 4207 470%)ole @ T=7t wo, D7}
-470% olskQl ofF & Al7lde @ $Trt S48 Sk Adol itk
HFOE FUHE @ AR AdH wEde 2A AZY FEUA, FEF,
a7 RHEEE S KR FEY 4 th olF AAF J]dEe] A V1FH g
e W d7)EE 2 vAe JIS ol Yt FHA YAES o83 7
HELAX Z1dshs g &S FF3AT BA FEUANA 71he Fe Al 7=
Wedepohl (1995)0] A|A& Az B3 Pb/Al HIE o]&3td ALdetdL, sy 71de
2] T Pb/NaQ] H](Capodaglio et al., 2001)E o] &8t Aistdt. 83 it
7199 ] ke non-sea-salt SO;2¢] 10~15%7F 33t A 71948t Qods = J (Boutron
and Patterson, 1986)3} 3}4aF B&EE A A3 Pb/SY BIE o]&-3te] Akttt

L
sy
X=X
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Depth (m)

500 1,000 1,500 2,000 2,500 2,750
-400 1 1 1 1 1
. L‘mt ‘
420 a Last ice age interglacial - pepultimate ice age
—_ Last
Glacial ="
3§ -440 Maximurn oo
A
a -460
©
-480 —

'500l!!lili!([llll]‘!f!]!i!l

0 50,000 100,000 150,000 200,000 250,000
Age (yr BP)

Y 32 95 RAEWEE () Hold wE F4A FHUA WSH(Petit et al, 19999 MIS ME (Bassinot
et al, 1994); (b) 7o)} duld & ¥E EX(@). Boutron et al. (1987) A7oIA 24% F=(O)7} F7i5
es, A7 FEPANA 719 O 719 F(2)Y FHF0] BAIH U

kil
2 A o3 M2 EFA £8HE AdH § AR gl it £

Urhe 47 23E 19 3394 BAG B3t 2F0EY $ANA F tehin Qo 2
Y 33014 uu, FEelES Fo] o 15 ng/g o1FOE Uehbe F& AIs 2 olsal
MEF GES AV JBRAE dehie J4e 71277t Bed Jehdbe R 2
F ok olRe AFAN] WE ty] ¢ ws] s YFow fu=E FEUAL
27} sk, Wekd 2 AVl RUse U § 4R “depletion©] %
B3] B2 Aoz FHAt dFom f9HE URpe FIUA dojzEe v
shearjo}Patagonia) 9] Abet Ao WASE Ao WD, mebd )Tzt 1}
g ¢ wEe Wshe detudels) AuAdgy H43 4%, 293 oY) 2B Wstet
2 BAo) = Aoz AzV:
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80
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g 15 L4
g

gm—

g ®
129 @
=

B

I i I I
-420 -440 -460 -480 -500

8D (%/oo)

Pb concentration (pg/g)

0 30 60 90 120 150

Al concentration (ng/g)
a8 33 9 BAE WEk () ¥ TR 54 T99AHY A, (b) 9 ¢FvE vx oAz
GE0)F $E7} 15 ng/g o149 A9(Pb] = 0138 [Al] + 2267, 7 = 094} 15 ng/g °]3kel Z(Pb]
0265 [Al] - 0.054, ¥ = 0.93)9] 71277} theA vehdz 9L

]

A7\ AFE F AR ol T2)(Cu), old(Zn), 2T A=FCYY ST
o A7 BEBRA 9 34 7199 4 kS 19 340 BAGATG. A FHsd BE ¥
=98l 2AS 1Y, ¢ $AEA 2Y) 2 W] AnRds ke sEE A8}
W8] FREE HISUA FEst Fhlo] Z/1ET TMIS 6266, 42), Wk A4
FMIS 62)0] 71 B¢ $EES HolT itk ©x) F=He] A MS 420 789} of
A7 o) Z71Ee] A on A YeT ok 93 RAE Wajels 24 A=E
o ¥EE TFARE ZoA JbE RS 5 422 Holn Utk MIS 62 A7)E A9
S 3ol 05 pg/g olate ¥E £E& Holm glov, AAEE AEEe o
7} ok 55 AR 7o} ole) of 170] Hls) WA $A yehtn Yok o)A 7)EW
o e FEwse) Aol N dadt AL oujetn, A Q459 AR sgol
N ggA 7R BHeaks AEst £50) Aols YEnn B 4 gl
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Depth (m)
500 1000 1,500 2000 2800 2,750
Last

interglacial . . hi]
Penultimate iceage = L

Last ice age

- =
=~

Last )
Glacial = o- £
Maximum now

o

Holocene

‘500 T 7 1 1 ‘ [N B B ] } T § ¥ 7 ‘ v 1 1 T l 1 1 1

o
(=3
I T T A |

FrrrryrTriT

160

120

80

40

Zn concentration (pg/g) Cu concentration (pg/g)

R

| SUNT I N W T U

0.8

0.6

0.4

02

bkt b4
LN S S S B e

6.0

Cd concentration (pg/g)

(=]

50,000 100,000 150,000 200,000 250,000
Age (yr BP)

298 34 35 RAEWS: Zold WE F44 TG4 Wl (Petit et al, 1999)9F MIS W& (Bassinot et
al, 1994)% did 7, o}, FI=F FE EX(@). Az FEAAGA 719E 34 HO)H L
T4 Hayol Zo] BAHO QL.

Zt QRS dis] AAF wjEdelA 7193 FES B 28 ez g
A3, 719 W) A B¢ FEHANGA 719 °3:~—- T2 ¢ ofde] Ay oF
30~50%] olE2x, Fl=go] AeE 10% wgkelty Wiy FukRols el ofd9)
60~80%¢l Esl= ¥hdo) Fl=gFS B ~25%vho] FEHR| A 7dsty k. 37, 3
7198 Aol 179 Why] Aukid] pElgt okl ¥k 1/3% ~50% AEE 7
Zb ARSI Qi3 WEy] Fukiels F 949 oF 10% pvhe xA|g) whdo) F=g
o] ol AA NHE & B 49s & & Atk 71FRge o
E 78, oFg, Ft=FY T2 EY2& ¥ge a2y 359 BASHTE Fel9) ol W
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ste @3 AR 71371 o F & A171(BD7F -470%,

£ Hola itk AR Fl=Fe] Afele $D7F AsHA
s Holi Qltt o] Jt=Fo] Yt e AdF wE

1
et 4]

B9} w2 o] FrlATE

e A F=E
=8 WstE 7137 FHAEA GFoRY

7] =39
S 2 Alg €t

2

40 -

[~

160

120

3
]
| %)
[ @]
:

)
=]
|
I

Measured concentration (pg/g)
8
I
T

_O'CO
o
©

- 8
o
o

@
3

0.6 —
0.5 — Cd —
04 —

03—

0.2
O
0.1

e® O
®
4 %o

-420 -440 -460 480 -500
8D (%foo)

1Y 35 8D ¥ @& T, ofd, =

o]3h)el

e YustAY wiE

(-4 ;o 3d) xnyy nofeq

79 F=(@)% &9

A s7tete 2%
FE7F AME ke 8
o] 715zt weh A
Fo| Wal= ZA
FdFol MM S7ksk7] HEYd A

2(0) W3k

AATH 2] mFds cFHFE olgsly] Astd AH=AM AL H - A
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AE Fht A sl 6542 WES|A AJF3G o, AlF Hole 130v|Holx Hsl?
o] Adie oF 250000 sjFarHThompson et al, 1998). & @FoME F 14719 AR
E BH3IET & AlgY Heolgh dul, 183 BAAAEY FEE E 32¢] EIISIGT
N AdE /P AT 98tA)7] 22,0008 HAERE ZEA 2 2047] Fuke] Atz
Ve flom, Add a9l ZFHse) zigEe] 3¢S we AVIE AE EFE)
1=

£ 32 Boulo} Alshu} WA g ZHold ddf B EHYLEY FE

Pb Cd Zn Cu Mn Al Fe
Depth (m) Age
(pg/8) (ng/g)
10.15-10.35 AD 1988 780 20.9 1493 1901 7.14 808 86
20.55-20.90 AD 1972 75 <3.01 <207 <208 017 14 15
30.15-30.50 AD 1954 292 5.68 1234 481 415 229 38
40.07-40.43 AD 1905 356 3.50 380 147 3.62 373 118
50.18-50.53 AD 1825 711 927 1225 575 13.6 1425 223
60.00-60.35* AD 1700 57 429 205 58 516 540 165
70.27-70.45 AD 1410 643 549 <2282 3880 122 2004 355
80.70-81.05 AD 790 490 13.2 1438 1366 135 1930 368
90.70-91.05 2800 BP 3950 31.0 12,670 9203 615 21,630 5031
101.57-101.92 8400 BP 90 243 224 240 353 240 74
111.72-111.90 14,160 BP 46 0.61 172 92 1.87 189 37
120.61-120.81 19,200 BP 66 1.00 339 149 2.80 339 86
124.45-124.80 22,000 BP 30 0.74 266 90 246 205 63

TAYAEY st ASEE 10008 o)te] FE¥stE Holil jlon,
FETE Y(Pb) 584 + 1,048 pg/g 7} B(Cd) 78 + 90 pg/g °F(Zn) 1,073 + 3,365
pg/g TEl(Cu) 1,415 + 2581 pg/g °l¥ WZHMn) 101 = 161 ng/g &Fv|E(Al) 2302

+ 5846 ng/g, Z(Fe) 489 + 119 ng/gollﬂr. FEEXY BEAE Z2A 2] o] 52800
BP)9] Fx7} Ad Wa7IRE E2A AZZAY FERET =4 JEhdR Yok olEg
42 Z2A 3710 Aol 743t snow lineo] FEH S Alshel WEtE Y€
ERA oloj2E 9 o] FUig dde A dX3ta ArhThompson et al, 1998). w5
A71Q1 E2A 70 vFAAEY] &t Tk AL g5 diEe A B

rh o gt
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ol ALE AARS =AM 7FHste] wE wFAAE] AgsHE 3ol M=
tg2ve S gt gl

Abstal Wslold Uehvde BAYAEY] sv FEUAY S AT IAE
7FA 3 WEksly] wio] BEHA] 7199 W3] normalizationd}”] st oLy 7o 2l
£ ©]83}o] EF (Enrichment factor)E A4Fslgch

EF = (metal/ Al)ce/ (metal/ Allaust oo 1)

718 Az B FEHE Wedepohl (1995)7} AAS v1E AH8-3lich Adkel EFY) gk
3= 9 3-60 EAISITH

30 TTTT] N R R A1 T TTIT U B R BT  J
T
S - - Pb | -
Q —a— Cd
S 20 O 2zn | —
vhed '""V""CU
5 - —— Mn | |
£
“-
o » i
w

0 pasgl e [

0 10 100 1000 10000

Age (years BP)

I8 3-6. A3tol W3lel A 22,000 years BPRE] AD 1988712 2] Enrichment factor ¥ 3}

18 36004 AuEd, Wi e 2E A7) Foto) &Y gk 10 siga ojAe
2ol FEAAGA Zditke 2AE st g3 ofde AD 19057145 &9 ol
PR o|F el EF o]l A F7sln ok 7l=E o] A9ole AD 1905714
EF g2 &9 @Bt 24|, oA FEUA oo thE 7]99 7t=gd 727t F4s
O":}‘C S YeRdTh AD 1905 o] Foje o] F 4259 FF 3 | ofdy o] 2
Al F7FtE Ak Alsel A9 7E‘°1 FEHR] L9 FEH JEFY Tt &

AR

AGME o5 d2ES FAA ¢ o] g3te] It FeEFolA 7dF AdA
AR FEEY FE FEe 01‘?35} A E2A FIIAE g2l AAH 7Y
AL 7k 20417] Eolx EFgto] AA Zvlele AL, UE cg% Aol AFAR}

AAshs wheh Zo] & AR, FAFLF A T 2L ATFF ST 8
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HEE J98 34 298 9¥e e yrow =PAch

] Y5t W HAENPLE BAGT ¢ HAEYLLE
ph, Pb, “Pb, ®Pbz. o]20]x ¢lowm, ®Pb, ¥Pb, PP zH7] PU, U, PThE Y
AR B3] o) gHEe} Atk @ dAENAA ARuE ¢ FE HF, AdF 7}
T #HE AXE B¢ 2 (Mother rock)e] JEHIE a2 FA8) YR T AR
719 FHA42M A Ao vl F-850A AREER itk BAE AR @
HRTALLE §-53F TFATS 53 5F A2 (Perth)d] YA Curtinf 3 SEE
2]879] TIMS (Thermal Ionization Mass Spectrometer)E o]-&3] E43t4t). 18 3-79]
g s Ada ARue Was FASAT ¥ HFENA2A Pb/Pbe] HlE 20
M7) oJAZAE H1%E BEE Holx itk oA Alstul Wale] $HiE ¢ R ]
o] Z2& WME LA 7Idaldtie AL gujsin FEUAA 9% Ao ATE
Rhdol] 2047]9] SolME *Pb/Pbe] Hl} Frbeke W3e Holx itk olo) tE 3
e FEWA oldd J9e e 7 ARl FYHNT, Pb/TPbHIE less
radiogenic' & 4L 2t3 gl7] WEolth T E9UaME ZE ¥ AR §97 29
BE FF 39 37+ 993 7199 ¥ 292 93 d4s wgdstn oty 238
ot AAH 02 2047 Fulde gulelA fAFEs AHEFo] Zr4EEA girlelAe]
dFo] 2A =734k

1.20 1.0
26pp/@7Pb § ..... ? _gé ‘ 4 0.8
118 + § i\\ |
N
f . \§ 0.6 2
5 ¥ X - §
116 - i ******* L %-— o
Q. 5 § 4 04 @
g : 8
S Pb/Ba . A : ] o
Y |
114 - \A\ - 0.2
A \\ E _
A *\\.g ;
DY St et el 'L Sttt 0.0
1-12 - 1 i 3 i
1 10 100 1000 10000 100000
Year (B.P.)

1 37. Akstul et A detdE ol da w3
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B0 <85t FEDA dojzZe] 7149 wisle dig X315ty A7

—

5549 d712 95932 JE FE A (mineral dust) oo]2EL 7T W gl we)
HARZL Zolzt U, & Al7ldlE dii-Eo] Folr|olEast Asia)e] Alex|elA] Y
= AR geA ok olzd HdA 3 d3e S NdY 994 48 F3
ALsta ok HY Svensson et al. (2000) Aol wEwd TYUW=(Greenland) 3}l
A BA% S Nde] B9)94 B4 Ags 40004 A olF 7)o Way] Eot 1a

A Pste] HHE FRUAT SolAloldln BT T WA F¢ AV 234
o2 §YsHE BBUAL o] Zel trloNe) FEAAE v *—‘:—«1 SELE
S FL A7) Bl e w}e} e AR 2d A% F2UA 4UF W

%
stop Ao i A7e T A A7 Rola ¥ 4 ok } 7HA 7]
o ol F& A7IeM e FEY l Tdx] 24 A7t FE FYHAAT -‘é—a“’ o]
)
E

rE,
M
m\g
>
2

53 Al7le 2R Wt GAEER Pe)lr|R oldAe BE

£ dFdAe 2dds Y3t TR Sr FHLAE B89 Wi
219} HAR Wl i3 AFE SRSt -z

ATEATE T3 2UI= Summitof 4] A FE Wael X F 127) WA
dAdl, 283 Sre) =% 2 SYUAHE ¥ 339 E

] = )35} 7](Last Glacial Maximum)E H] &3] wEEsh A

7120 E2A A7)(730003 A)7kA] £3sba glck

¥ 33 addc 93k AE o), A 4, S %, YSr/%r 2 §%09) w3l

Age Sr 8 /8 18
Sr/%s 70
Depths (m) (ky BP) (pg/g) /
1230.4 7.3 89 0.7145 -33.96
1339.3 8.3 48 0.7153 -34.86
1394.3 3.8 36 0.7146 -34.36
1449.3 9.3 44 0.7140 -33.97
1614.3 114 105 0.7149 -35.93
1669.3 12.8 238 0.7123 -38.21
1735.3 14.2 127 0.7153 -35.99
1765.0 148 975 0.7145 -39.70
1834.3 16.9 1529 0.7124 -39.52
1894.2 189 947 0.7140 -40.73
19245 20.2 1301 0.7125 -40.75
1999.3 23.9 1271 0.7116 -40.80




719 389 24000 A o|F yFuisle] w2 Sro) =t YSr/MSr vl WIS
=A58laTh o] aFgoXE 71ERste proxyql §°0¢] WalE o] EAEYTE o
24,0000d AFE 14,0000d FA74A] Sre) FEE ~950014 1550 pg/glE &S TE FEE
RS YL, o]F oF 140009 HARE FAsHA FastI 73008 A7A ofF B
E TS Bolx jith o3 vk W3t ol A€ Pb, Cu Zn CdF} AlY &
#sto}l wf¢ A AS Ho|i YUck(Hong et al, 1996). “Sr/%r ¥lE LGMREH &2
o AA ~0.712014 ~0715% H}HoZ Zvlehe ATS Hoja ¢

A

MU off o

FEUA G wWEHolUY 20 WHo] FolE ATE AT 5 gtk E UE Aoz
g AZoA FL radiogenic Srg Zt3 §le FEHAQ

3120 (%)
Wt
[«- T« )

! )

h ¢
15
]

- .]
! § I ] | I | I | I i } I }
¥ i i 1 I i I T ¥ 1 T 1 T i 1

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

8
]
&__.._
to...

Age (ky BP)
a9 3-8 2dAE ek AR BN Sr w9} Yor/¥sr v, 1w §%09 w3l
a9 39% TSt/MSr wlsh 713, & 7189 proxydl §°0%ke] JRBAS R
F3 Tk 8°09] gho] EO(~ 33014 36%) Sre) FEst AviHez vm Ysr/MSr ]

= ArAoz gk wwdl §°09) gho] wom(~ B8 A 41%) Srel FEE YA &1
TSt/“Sr Bl ) welAl olejd WAE BEUA dolzEe) s/ S vl slFuse
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LA AuEo) i, Hax WA Wstet FEUX ST Mste 7| Fuse] ¢
g AL oujdth goz AT sFust) b /s 4ru) Wsle g3
ml%

= 97 A0, ES9eR fUFE FEUAY 7)Y Wk oo wE
=9 Agey AF H3E 7Y F UE AR JhEn

da

(11

0.717 5 1600
s o - 1200 7,
g 0.715 - | 1 o
> 3 1 300 %
© (72

0.713 - ”
¢ % é — 400 O

4 o
0.711 - f <leled 0
42 40 38 36 -34  -32

520 (%)

T 39 ABolM BAg Yor/%r )9} §%09] #A.
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A2A 7] o

1. A &

4 37 2 FHE AR 3SUINA dolue FaFFEe] AeHo T
e F83% H7]9 FYo|tk o|X(FHIE ¥ FUE AF) AAFH TRy F&
< TR dHwave)Eo] MZ HAA glom, T3 A 57 1L A7 I H
st ol 2RE HEHE Ho|AY o7|x 3tk o]e ¥F dirie sFH7IEREH A
2= w7 (semidiurnal) Z243ltide)9} 39} (gravity wave)ol]l 23] B2 FFE
W) gty 3 W e alinternal gravity wave)7t o] oA FE ABHW, wHoH
(turbulent eddies)”} LA} |= st Fe& o] A7} FZH7|= SFHAndrews et
al., 1987). 80-150 km Alolel] $JX|3h= o] G F3] /A E €zl Fo| fe ]
o Yoz o} e, 1 otz WA olXd EAEe FEREH v FFAH
H5ol A Frhe AMd 71908 o] ¥H9] BRI wWolde I BE, § X4
s} FE3, 223 P4 K planetary waves)7} A2 4]Q17] o], T3 B 9
& AHAQA 7HEdE ol ERTS gta Utk T8, o] AL J|FE o] &F AHA
#HEE 7ldE UFY 2 159 9X5 33 AFHEE o] S-S e o
& A&7t B7) WEo] #AFAE7 AS Fube glom, meba Bo #5o] 8ol I 9
o] ()l stEU7I(UFE, AFP) R FFoez EAHA F4lo] AUk
T AE 2 99 35 AP F83 93 £ AT 4 g5
EEAY 4589 L& ¢ HEFAUAY FFE AFEHE olHF AFL 3FY i
FHolY AN 2E3te 9FoZ2 AYHY 1L LﬂrE 4z 4= 3 1
Zo] 713lgH o2 AXA Bk AFo MEHE BEe T3 PsA Xt o
A A% (BAREEO] vﬁ.?ﬂ s e FUHAARR-I)AAM SHEHY AFhrld &
% R AUAE Adste TS kB FNUR Y F5EFIt SFF )0l A R v F
o] ZAL 1 Ao A7) Wi 2ok ERFHoR FEH Ax FH AR
A 74 ARl JES o]FA Hrth wtdFy] 2AMut Bo g9F0F A
SHE ALY g 457 2HgRg 2e #AA] didow dAtEHe g 53
Chapman 3} Lindzen(1970)9] A o]$-2 ZAsle] g o84 AFAHE| 433 2
Hatlon, 53] Forbes ¢ Vial(1989)9] A= ejodol 93 wrdF M 0E ol3st=d)
B2 YL ok olgd ol2F RAYPEL FZ 80100 km Apo]e] HAFH TR
(global scale)Z UEhd= 2N A7E FPsigon, orjde Exht 94FSiHeddy

L
N
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diffusion), wEWZ, wiA 7)o 8 AR WE F nAHY AT o]EqA T
FA @& A EYFFE] AAHA
AdeorRed] 94 sHF 9 FHA AF B35 F2 MF oty 47
o, Zolti(Light Detecting and Ranging) 5 AARAMIHoZ zldt=o] it
(Mansoon and Meek, 1984; Gardner et al, 1989). HZol& FA71G AAEA o] W%-3)
7 w(vibration-rotation bands; Meinel bands)E #&3le= WHo g S ASFEE A
st 7 Ee] e ok whode ofs) Xg 1€ viold we(Meinel, 1950) &
< A A3 g WEeE #SHYeH, 1 W] HEITe UF 8743 km
ols, FAE 5~8 km ¢! Aeg ¥ 1 ¢chBaker and Stair, 1988). o] A HAXE 3
Z o] ¢h(rotational relaxation)¥ = Aj7to] FH3] w2 7| wj&-of], 3 X(rotation line)] &
e Y4E dEtke dAY 258 dEE 4 A doh oebs, AReRRE A28 F
719 HEd Yol WEHE 1Ry greEE AFdhe Aot
ZAstet FEuto] o3 fidE O, o OH 7|39 B, Lxiiste oo
U Agdoen e A39 FA7 dolgrh (Siviee et al, 1987; Viereck and Deehr,
1989; Walterscheid and Schubert, 1995). 1 5¢te] #Z2HE W 7)1 2 &5 §
stel 2Mut F7]94e] FAME RS len, 53] 12, 8, 6XZF F7]¢] Wbl @ol
#AEHY S8 € 5 AT (Sivjee and Walterscheid, 1994; Walterscheid and Siviee,
1996; Oznovich et al, 1997; Walterscheid and Sivjee, 2001; Won et al, 2001). o]&3<l
Aol ZASHH, s (wave number)7}t 00] opd FAule] A9 1YER AFE FF]
Padte FRIAE A FEo| Qe 02 =53 Y} (Longuet-Higgins, 1968).
olEigt o] fFE TR AN BFEHE F5Y HFEEL FAGAAN) 43T AFS 2
Lt (zonally symmetric) ZA 32 7HFE I Qlok SEA|RL o] 34 A|3te) F71E
22 243 3 e A glon Yo% o o IEFS vee ZATE X
oF3 o} (Siviee and Walterscheid, 1994, Walterscheid and Sivijee, 1996; Walterscheid
S

and Siviee, 2001). 2 A7oME ZAPFe] O, ¢ OH ti7]% #&02RE 13179
LEE 44T B39 WseRy §58 3% g& =ostn Yok 232 99
=Dk

£ s #2717, 53 Faleel A%E Fad FHBEIES 717189
7%, 230 2FHT itk gy, B3] £ AE (53] B

AA7Y) ARG LGATE DA Wl £AYS skt B9t gl 1%
1975 98 PARD HAUEAFTR)Y £A% ool opr), B3¢ %) A

1 BEAY Yot oY 7118 AFLIRAE WS AT ) gick A
294 glol 71719 AFBELGS FUAED PP ABFYTZIYS BEofok
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FolAeA] dAAoR AT Pavt ot oY HES
2 FIN2EE FAseH ol 93 +9 ZEaHe WA
FA2EFEY MAo] o]FofHrh AEdEd 8 o 209 E¢
QA A& FgAgpon, ofF AW YAe F - 55 vad
7o doz 2quii=e] A VA g2HJAAIIA (670 54 N 21° 05 E,
Esrange, Sweden)ol] %], 2931 it} 20013 G314 717H5<E E= Rothera7]X|(67°
34 S, 68° 08 Sz FFY 7717} AAEALH ol dz#UA 71X A=hYHE
O] FIL glo} - HF HluwATe S glo] L 210§ A5 ok &Y, $F9 7]
717 F7t2 Fujge] wage] B2 xulms el thizA(78° 50 ' N, 11° 55 " E)o] A
2], =1 Yok

-

2. #5717
7V A9 E3A (FI-IR)

£ a7 ARE HA B34 Al2Ee Aytte] Bomem, IncolX FHEHAL
o, 22 Huel vr~a—°1 £0]3k EAS AU Stk F 34904 B ups} o] AlAaF9)
FEFWE 5000 cm” o)A 10,000 cm’ & T3 o] Yol THHE 4] vholdd]
(OH Meinel bands): vlo] Lg WE =291 A, = (42), (31) W=7 =33 (95), (8-5),
74), (63), (5-2), 1) WEL T3 Y} Lowe(1991) Sof &5hd P1(1), P1(2), 1&]
3 P1@) AL A7 e 6}-»: (31), 42) o FolM Rl s F5HA e
7w AdolEtam €A Aok BHAL HA|(detector)= ARV W4
nGaAsE AH3hT §lom, o] AA7IE 1~ 165 imold Az wgsh) wgach 2
ATE A3 mold Wl 47 (3-1) W F £37} He Al 3)3M(rotational lines)S ©]
3R @2WE ol &3A Fe olfE TAY whEo] 42w FHdA FHEA W
5}3}7] uﬂ—:‘:#olt}.

o, "l?‘éﬂ 3 i% % BSAIZPo] dojx ARHA adEe 7;:}&_?‘5}73] 5 o] & A3
-r—ﬁr/\]% »art °‘f3r &7 %oﬂ e 2R %3]1%—.%

71 87] Y8 Ba%S 4 cm’ o] 23} o] 3
(interferogram)7} "b—tqr 21503451 (signal-to-noise ra’ao)E =ol7] $J3) ztzte] 71
AREE UE et AU 2 A5-g-FHE #4817 3 B drilxe o
50 749 AARE BF ARE ARG leH, wEbA of Sl & e Asrt A

_,,
F{E
2
olr
: Y
rlr

9} 5% 7tA0 = 7HdA

r-

M oo

N3
=
=

)
7
93 ok ol AsE BANE A3 259 0} + 7K I #AY vE 3

= B
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€ 2 g0 50707 dai AAEE oAl ZAR(cosine) FE ©]
st} o] E}olA o] H(apodization) S Al71EE, olfE FEd WE A FF 7PEAE
= Z0]7] H¥olth A7 A4S HEE= BT (calibration lamp)
AREEET], AMEE BATE I3ETATAdN 93t HYMERAE BT
RSt BES HludTe AAEE o itk
TS5 AHEYAN 44719 H2E ARe Zzbe] 3% H(rotational lines) ]
ANREZRY FeAg JHAEL ExvE £ ¥ (Boltzmann distribution)S zt=tha 7}
AH AT (Siviee 1992), olHF Fefol M FHAAES AVle v 2L ez Yehl
A 4 UthMies 1974):

0t o o r
N

(K
m[m

- E,
2(2] +1) %7,
I(f,v'—ﬂ",u") = NA(]' VT v Q (Tmt) (1)

714 T & 9 A9 F AT g (upper-state total angular momentum), I & J, vV
BeEjoll A 17, v el 2 JE-3)H A o)Al 9] Wlo] AlY)(intensity of the vibrational-rotational
transition from the state J, v/ to the state ]/, v’), k & E&7 }4(Boltzmann
constant), Ny & ¢ AEAEY YA S (total concentration of molecules in the upper
vibrational state), A,V — J'V) & ZF-FAHole 2ApEH oRIFEIR] WAL
(spontaneous Einstein emission coefficient for the vibrational-rotational transition), 12|31
Qv & thad 2ol Fos= Hal g4 (partition function)Z A o€}

_if_
QAT = ZJ(ZJ’ +1)e 2
714 Ev(Ne A A HAE Jepdch ofH AejolAe] ofiiA](energy of a state)

= F2 AEvuel9] H<r(reciprocal centimeters; em™)]  Fef’ ) £ AR E) = B
J'y100hc 2 Ef o] Rtk o714 h ¥ Z%3 AFFE(Planck’s constant), ¢ & W] &%
o|tt.

A (1) T 2o Hgyos A

n Lvor } _ [ Ny }_ﬁ — F,(J)100Ac )
2(2f + 1)‘4 (T, =T v QV( T;«O{) kTrot
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R 34 HYUEJA(FI-R) A=) ALY

g s 5000 cm ! to 10,000 cm * (detector response)
=35 1,2 4, 8 16 cm © (selectable)

744 7] 05 mm diameter InGaAs detector module

" (TE-cooled operation)

2% 3-10. HYAEFA 2D 2908 2 ARA V)R
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I8 311 gA7IA S azd#Ea

. o17)33E37 (SATI)

AUtk gadste] AgxsFAFidA Adst FDBZI) dr1RERA

(SATL Spectral Airglow Temperature Imager)E 200133 108 U&= =T AxH,
gt ok AU #HEZFo)e vl= NSF(National Science Foundation)o] As}i
SRI (Standford Research Institute)7} %98l= 1FU7|AFHASA(ECPO; Early Polar
Cap Observatory)?} A8tz Sty o]Xole v|==ZYd7]#8td 14 (NCAR; National
Centerfor Atmospheric Research)7} kvﬁ_’—ogé}-‘—;:« A7 e 2HAll-Sky Camera)9} #H B.g]-# 2
7+ Al(Fayry-Perot  interferometer), 7yt K23 thde] ERWIN(E Region  Wind
interferometer) §9] TEU7|A=E F3777F E9H o, 2001 10€d)E jSA
—',1° FAATER ] 7| F T EBA(SATI) 7 A3 Q‘}}E}. g 2FL F#(Polar Cap)y
]0}5’— Aol A7) B o] A - AN FFe] deF ARG EHEA YE)
T e Xo® uFYrIAFAME WS Fa A Fagy & F glon, 3
e B A7 AR AgHa e Xo|rlx 3tk 717] = e
9 =

)
A vlE=dd|ged oty #EATE A 2YET &

rlr
uc!
Ay
mlru

ol Fo |

N
i\‘»_,

ol H
o2

x2

. H7)%
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S 0 AR 2 gAsRe) OH (8368 nm, o 87 km) ¢} O, (867.7 nm,
% 93 km) BA7L FEdte 29N Pui71Re BSI SATIE F3, HE, CCD
FHErt B35 e B4, ¥E 9} CCD siets Alojste AEEH, FAA 717
gste A2" PCE ZA 7R 4 gtk (29 3-12). Conical mirrors JFozy
B oF 29° @l whaksle We Rod (1Y 313) T IAZE 5 PPFL 3
AZEE AA CCDFW ] RolxAl "ok o]2A Robxl 42 rpEe] Zxe wet
FTEEEY A d(interferogram)E FAsHA €k CCD7Hetd]l A" T o] AV
EXe B84 ARE /A =Y o2 A3 A5 e 332X (rotational
temperature)$} FE ¥l 7]|(emission intensity)E FE3] ¥ 4 Uth (Wiens et al, 1997).
SATIS #EE 7]71542 X 3-50] B} AAsHA A

. ol . S
L (63km < ' 02
N \*::@(m s

SATI

e

CCD
= . oY 3-13. SAITERE F2HE 4 2 &
a9 312 ti7|FERA s 2A71E A Aok g Bhbd 19,



Resolute

CRWIN
Dome

(74°N , 94° W)

SAT!
ciLro DomMe
Dom e

I 314 W1 REE

£ 35 ti71FEFA 9] 717] detoig

A7y d=8 A

A

yoEs gz

e O, OH
e A YA ¥ HE (FWHM; nm) 0.231 0.182
% 34 (nm) 867.689 836.813
2% 4= (°K) +2
LERFT (°K) +5
WEF AT +2 %
A= (minute) 2
342z} (annular)
W3}zt (deg) 4.169
3]83} (deg) 4.998
CCD =& KAF260 512x512 (20m pixel)
CCD FAEE 0.29

0.34
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3. A5 4%
7} A2 Ao

£ dFdXe FAHEZAY A5E A% A" AREE T o]eh A
2099 £, HAAR}E AHRy|Z . 71Ed ARREHUD AadHe] zpg A4
< Ao, AFE2 Y9 AMES e ARHE S HHA0F uptofo}
gict o]& 3 Al BEAE Baslie] @Y AeASS HIAow A3y
o A& ZjEANG A vlERE2RE YeoE Aol T WA HES F3W
A AAY AEAFo] &olg APz vy A P A|ZFAL2] Bomem 3jARSHY] FEI Y
°olE AA *L’:Eél% WeEztg d4o] HA AASIHTE ofg YA mlHR=e) WE-2
g3 Fles 717 AXE o (2¥ 315 X)), B FAPE A3 A2EHE 2
g, = WA w%xlsﬂ Je HE-AEHT 7128 AXA ¥ viHEE2REH Yo+ Ao
ES SAolEH A AZse AL S8 o] E2A W, yIAWA] xgst
FEHE Hgdch 34, AFE g FFHRAD DSP 96000 B (g A 24 tA]
g Alad T2AN)E ¥WEAEgS 98 SEQ5100G DMA FH== ojA)stac).

Ribbon Cable

Parallel to Serial Card Compute

Y 315 AAAEBA A29H AFHZ A5AE FAE AFFAR).

U g3z ad 53

71719 AERE A3 st 2ol WAPAe A=t J)7)ZHEH ARHZ A5
W $9T2aY = A2o] S Bk o]F U3 EUE ARe ZRIYY 5

& thew} o] ojFojny.
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RUN22B SCHEDKOR.EXP

RUN22B TMAIN SDA.DAT

AWA T2 729¢) RUN2B SCHEDKOREXPE #ZAAE
o2 v #FAE A (v HFEVE A o) HAFEY ATE dolEod 129 H
E7& ANS F 57T ARES AReHA " FEESe ool AR Mol R
3] Wl#H7E & (solar depression angle ~4° ©|3}) 7153l Bl =2 Aol 27
YA o] PA4lo] Ert. AR Y= ZrE Al 98 #5F4AY s, Ax, 1
T #¥"E ARU} 974X30E INFOSDA (Solar Depression Angled] ¢Fz}) #4dS ¢
£°]9 INFOSDAS T4& o7 £t

o
‘_[}‘i
ox,
ofr
fr
[H
i
{
201

o
Mr K

BN ofe

<Remark> :Up to 32-character field inserted into the FIS header
<Latitude >  :Real = the latitude of measurements in degree (+=N)
<Longitude> :Real = longitude of measurements in degree (+=W)
<Elevation>  :Real = metres above sea level
<Max [FG>  :Maximum number of interferograms (scan-pairs) to be written

before opening new file
<IFG Path>  :Path for the interferogram data file
<FFT Path> :Path for transformed interferograms file, Not used, set to 0
<IFG> Integer= number of interferograms (scan-pairs) to be co-added
<SDA> :Real= measurement are made when solar depression angle

is lower than this number

RUN22B SCHEDKOREXP¢] 435 SDADATE = €32AER o] A
ol Sdele g #IUFeT Aol BAAM o ZAZ BFo] FIPHU:
SDADAT #4942 INFOSDAS] W-&& Egatn, ok&g AXtE #57bsd A AR
7t BAAA Aot SDADAT #Hd e} 742 t&3 2k

<Remark> :Up to 32-character field inserted into the FIS header
<Latitude >  :Integer = the latitude of measurements in arc-seconds (+=N)
<Longitude> :Integer = longitude of measurements in arc-seconds (+=W)
<Elevation>  :Integer = metres above sea level
<Time> :Flag (spare) to select time source, set to 0 = DOS time
<Max [FG>  :Maximum number of interferograms (scan-pairs)

written to file before opening new file
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<IFG Path>  :Path for the interferogram data file

<FFT Path> :Path for transformed interferograms file, Not used, set to 0

<IFG Plot> :Flag (spare) to plot interferograms. Not used, set to 0 = No Plot
<FFT Plot> ‘Flag (spare) to plot transformed interferograms, set to 0 = No Plot
<Start time 1> <End time 1> <Number of added interferograms per write>
<Start time 2> <End time 2> <Number of added interferograms per write>
<Gtart time 3> <End time 3> <Number of added interferograms per write>

A2 A2E Fste =279 RUN2Z2B TMAINE & H o]2o0jZlt}. o] =

2aY9e 99 FFIF A (British Antarti Survey)olA 95 FF9] 7|7|#S0] A
€51 v Z2aYPo T SDADAT AF #ZAIZA| 7Y }%‘/\VJO] FojAd o 7|7k
T ASHLZE 77N BUFE A8 E AFEY Adshe d8S Ik AFAL o)
9] Azt d7IHE AU & 22 aPF 8 HA AP 5 Aok #50] F4
A HYE FFASE ydddaOifg 2= X9 o]Fo 2 AFHEH o714 y=1 (20014),

ddd=day number, 18]35l a0= a¥¢1d HAH= A7 £H(a0, bo, <0, .. al, bl, cl,
..... )= 9jujdit). gdolE 9 extension?] ifgis interferometer file 9] Az F=HE A

EELR B & Qe uelvdhas Agdt A8c Y3l= F(interferogram)THE
sfbel ol A4 4 dor, BAL S5 AABSASE DY o] AP
A so] otk (dd o; 1300a0.ifg, 1301a0.ifg, etc).

% A583ede 98 AFEA

¥ 71718 ¢9Z2ade 7R SAREA FFaH 5 ok wEb =
27F AAE AFEIE 71718 I Gk AT, AR 71717 72 AsEeA
AFsiHd JHUS §F AEL o vk old Wt EAHFHE FFaAug YE
A3ste] EAAFHAAM QoA ZE ARE HH2AMd A s WHE AL
SIATE o127 HH vEYeR o=} Zs2Aud F&ate Agd olRF-E A2
& W B BY, E2HFHe A Aoz HY 2GBY stEv2I8FES
AR 5 A Ho] gle] ASA #5ARE AFE)dE FEF] AT HEs
FEIoke YEHIE Fo BE gu2Ad AFgeEN &% FAE 5
52 4 e E0E AHo] Atk =AAFEHS H5age UEYS 3 223 2AE
AA3) AR AL S

o

=
s

a MEYAES 93 BodA e 9 24 (S2AFE)
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24 ¥9E Az MSDOS 6228148 Axsitlh A AU 2GB {371 dh
AX3A ZIEE Paglo] 880 & J=iag MR YTtk EAAAE 0] HXA]
=™ MSCLIENT NETWORKING T2 1#8 Ax|gich o] Z2aRL QIEdA A the
S Aok (DISK 1, 282 o]FojA Uf). AAg AAEE o3 2o

2

=

P MSCLIENT NETWORING 4x] ¢

1. MSCLIENT NETWORKING DISK 19[4 "setup"S A 3)3lch
A:\setup [ENTER]

2. MSCLIENT NETWORKING Z213o] AXd teEgE A3}
C:\NET [ENTER]

3. USER NAME Z#
User Name:  FTS (o281 A] 2 7 1AHFE Y 4)
% LINUX A& 2 samba server user$} TUsHA AA3c)

4. o Al 7HA FEd g ARe AAPT
- Change name
- Change Setup Option
- Change Networking Configuration

5. Change name
User name: FTS #LINUXY samba®] AQ7 FA3tA H8#
Computer name: UPPER1 #DOSE AFE o|E#
Workgroup name: AERONOMY #samba 2] workgroupd} FY#
Domain name: AIRGLOW #LINUX 7378 ¢} HOST NAME#
[ENTER]

6. Change Setup Option
Change Repair Option: Use the Full Redirector
Change Startup Option: Run Network Client
Change Logon Validation: Do Net Logon to domain
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Change Net Hot Key: N
% Default MejZ £33}

7. Change Networking Configuration
# 7} vy Tab KeyZ o]F3te] Meldic) #
[ =]
3Com EtherLink IIl #A7}= £574
NELink IPX Compatable Transport #3272 ¥-2#
[sh ]
Change Settings
Remove
Add Adapter
Add Protocol
(1) %= w59 3Com EtherLink III A3t ¥
(2) 3tFOZ 0|53 Remove {78/ [Enter]
(3) Option:
Add driver for network adapter.
(4) Select adapter
Network adapter not shown on list below....
(5) % =eholn) T2A At
(6) A:\NDIS2\DOS [Enter]
55712 =28FE = 3Com FC EtherLink XL PCI 3C900B-TPO(PCI*H4Y)
¢} 3Com EtherLink III ISA 3C509B (ISAY}H4]) 5714 AAFt=S ALL-3LTh#
(7) 74 w2 NELink IPX Compatable Transport 1%/
(8) 3kt W7ol A Remove & [Enter]
(9) Microsoft TCP/IP {1¥] [Enter]
(10) 4= w7l A Microsoft TCP/IPE {18
(11) 3tk vyl A Change Setting X1¥ [Enter]
(12) o3 2] 32 Ale 92 F [Enter]
Disable Automatic Configuration = 1
IP Address 193 45 77 235 #ol| 29 Q1A o]
IP Subnet Mask 255 255 255 128 #ol| 27 Q1A o]
Default Gateway 0 = 193 45 77 254  #9) 2| Q1 x|
(13) A7l= =gtol¥E A A & Netclient disk 1 AM¢]
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(14) Netclient disk 2 (OEM disk) 4+¢] [Enter]
(15) A Al w} diskl 444, [Enter]

(16) 2R AR F AR

17) &=

8. e/t B8 HAA YEYI HEe] $13 IDS) PasswordE Eo]Er)

PASSWD: yyyy

# G52 AR 2 AL M) ARERF A= YA dih

# AR o|8L FISE ot C\NET\FTS.PWL o] AAETH

wiek o] UL AASHE AFE ¥ Ao] Al H2Y=E 4P

9. & FAS L T2 YEYIE 37 Y3k ¥AFo) Wad Aok

c:\autoexec.bat

c:\config.sys

c:\net\Imhosts

c:\net\system.ini

c:\net\ protocol.ini

AUTOEXEC.BAT

CANET\net initialize
c:\dos\smartdrv.exe /x
@ECHO OFF

PROMPT $psg

PATH C\NET,C:\DOS
SET TEMP=C:\DOS
DOSKEY

CANET\netbind.com
CANET\ umb.com
CA\NET\ tcptsr.exe
C\NET\tinyrfc.exe
CANET\nmtsr.exe
C\NET\ emsbfr.exe
CANET\net start
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# AgATL $EOE AYIE B 4

c\net\net logon fts yyyyyy [IDS} Password]

c:\net\net use /persis:no

c\net\net use & \\AIRGLOW\DATA

# AIRGLOW Z3FEje] DATA UHEZE D =dlo|BHE A #

CONFIG.SYS
DEVICE=C:\DOS\SETVER.EXE
DEVICE=C:\ DOS\HIMEM.SYS
DOS=HIGH
FILES=30
LASTDRIVE=Z
device=C:\NET\ifshlp.sys
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LMHOSTS

: samba server7} X linux AFE]S] IP F49) host o]&& 7Y%}
: AFLE AXEHE Aol oplBE 507 5de dof /Y3t

# Copyright (c) 1994 Microsoft Corp.

#

# This is a sample LMHOSTS file used by Microsoft TCP/IP

#

# This file contains the mappings of IP addresses to computer

# (NetBIOS) names. Each entry should be kept on an individual line.
# The IP address should be placed in the first column followed by the
# corresponding computername. The address and the LAN Manager name
# should be separated by at least one space.

#

# Note that the utilities will only recognize a finite number of

# mappings. This current limit is 59 for Windows for Workgroups.

#

# Also, comments (like these) may be inserted on individual lines or

# following the machine name denoted by a ‘# symbol.

#

# For example:

# ip-address hostname

# 149124104 serverl # main office server

# 18210293122 joe3 # joe's database server
193.45.77.234 airglow # o =g 7)x] 2] A%
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SYSTEM.INI

[network]

sizworkbuf=1498

filesharing=no

printsharing=no

autologon=NO #Default YES#

computername=UPPER1 #DOS computer name#

lanroot=C:\NET

username=FTS #linux A3} samba server user name}
YANA Foh#

workgroup=AERONOMY #samba server workgroup®} UX|#

reconnect=no #Default YES#

dospophotkey=N

Imlogon=0

logondomain=AIRGLOW #samba server computer(linux)9] host name#

preferredredir=full

autostart=full

maxconnections=

[network drivers] # LanCardol wie} da}zich#
netcard=ELNK3.DOS
transport=tcpdrv.dos,nemm.dos

devdir=C:\NET

LoadRMDrivers=yes

[Password Lists]
FTS=C\NET\FTS.PWL
*Shares=C:\ NET\ Shares.PWL

[386enh] # LanCardo] wa} gabzich#
TimerCeriticalSection=5000
UniqueDosPSP=TRUE

PSPIncrement=2
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PROTOCOL.INI

[network.setup] # LanCardo] we} 2} ch#
version=0x3110

netcard=ELLNK3,1,ELNK3,1
transport=tcpip, TCPIP

lana0=ELNKS3, 1,tcpip

[TCPIP]

NBSessions=6

DefaultGateway0=193 45 77 254 #ol| 29| 21 2] 7]1A]
SubNetMask0=255 255 255 128 #ol| 29| Q1 ] 714
IPAddress0=193 45 77 235 #o)| 28 91 2] 71 %]

DisableDHCP=1 # Automatic Configurationol A 004 12 v}l ¥

DriverName=TCPIP$
BINDINGS=ELNK3
LANABASE=0

[protman]
DriverName=PROTMAN$
PRIORITY=MS$NDISHLP

[ELNK3]
DriverName=ELNK3$
IOADDRESS=0x300
MAXTRANSMITS=6

[MSSELNK3] # LanCarddl] we} @e}zlth#
DriverName=ELNK3$
IOADDRESS=0x300 #ol| 29 Q1 A 7 F-E]

#Dasan7|A] AFE 9] A$ 0x 210



(3COMS509 ISAHE-4))
b MEHIE AT oA W8 R 44 (FA523H7H)

RedHat 7.1 71502 38 524X F
Security: high, medium(default), no firewall% no firewall £ 3ttt
%3, CUSTOMO.Z 3] FULL 2 4%)§th (sendmail w)1)

P fipo} telnet 4% o

cd /etc/xinetd.d/

3 & dAEZ WY telnets} fip B HlE 9o A disable = yesE disable=noZ v}
t}.

/etc/xinetd.d/telnet

# default: on

# description: The telnet server serves telnet sessions; it uses \
# unencrypted username/password pairs for authentication.

service telnet

{

flags = REUSE
socket_type = stream
wait = no
user = root
server = /usr/sbin/in.telnetd
log_on_failure += USERID
disable = no
}
/etc/xinetd.d/wu-ftpd
# default: on
# description: The wu-ftpd FIP server serves FIP connections. It uses \
# normal, unencrypted usernames and passwords for authentication.
service ftp
{
socket_type = stream
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wait = No

user = root

server = [usr/sbin/in.ftpd
server_args =-1-a

log_on_success += DURATION USERID
log_on_failure += USERID

nice =10

disable = no

}
* ThE FIPH|E-2 disabled 13 yes® 3} Fojof it}

P olma B B8 WA 4

/etc/hosts.allow

#

# hosts.allow This file describes the names of the hosts which are
# allowed to use the local INET services, as decided
# by the "/usr/sbin/tcpd’ server.

#

in.telnetd: 210.98.53.191 210.98.53.195 168.188.99.179 168.188.99.185

infipd 210.98.53.191 210.98.53.195 168.188.99.179 168.188.99.185

#ES A AR PFEE AY9 A HFATAPS St PS )
o PF4E #1835T gtk

/etc/hosts.deny

#

# hosts.deny  This file describes the names of the hosts which are

# *not* allowed to use the local INET services, as decided
# by the ’/usr/sbin/tcpd’ server.

#

# The portmap line is redundant, but it is left to remind you that

# the new secure portmap uses hosts.deny and hosts.allow.In particular
# you should know that NFS uses portmap!

ALL: AIL
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o

% hosts.denyoll A} ALL:ALL EXCEPT ip-address®] A% HM4& 5% g& %
7} glemg 98} Zo] Melsict
% ftphostsoll A AAshe AL A9 Wro e oA Helto|th

P =AAFEHGY sterjia FHE ¢35 Samba Server A3 o

Samba server®] 714 7HhsE AAabHe 2l A A A] ‘custom’ FA4S AEIBle] HA)
Ae-E 3] AA3h= o] Stk ‘workstation’ o]y} ‘server’ T ¥4-2 sambaz} 43
Al AAHA] et o] ¢ dad 442 dut 2,

/etc/samba/smb.conf

# This is the main Samba configuration file. You should read the

# NOTE: Whenever you modify this file you should run the command "testparm"
# to check that you have not many any basic syntactic errors.

#

# Global Settings = ======= =
[global]

# workgroup = NT-Domain-Name or Workgroup-Name

workgroup = aeronomy #DOS2] workgroup=} Y x}#
# server string is the equivalent of the NT Description field
server string = Samba Server
# This option is important for security. It allows you to restrict
# connections to machines which are on your local network. The
# following example restricts access to two C class networks and
# the "loopback" interface. For more examples of the syntax see
# the smb.conf man page
hosts allow = 193.45.77.235 #o| &A= A2AFE
# if you want to automatically load your printer list rather
# than setting them up individually then you'll need this
printcap name = /etc/printcap
load printers = yes

# It should not be necessary to spell out the print system type unless
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# yours is non-standard. Currently supported print systems include:

# Do not enable this option unless you have read those documents
encrypt passwords = yes # 5 AASY 248 soh#
smb passwd file = fetq/samby/smbpasswd # .5 AAsI 843} o4

.......

# = Share Definitions =====
[homes]
comment = Home Directories
browseable = no
writable = yes
[data] #AFERL] S} ] 9] Stot#
comment = Dos
path = /data
read only = no
writable = yes
public = yes
# A publicly accessible directory, but read only, except for people in
# the "staff" group

.....

smb.conf &} AAS Ed 3

[root@airglow /root|# samba restart

samba user A3

: samba®] users linux A3 2] user®} dosol| A9 user$} FYU3}A sk
[root@airglow /rootl# smbadduser linux_iddos id

[root@airglow /root]# smbadduser fisfts ()28 AAFAFE o)

glEad B2 Ff "AEe] 44

[root@airglow |# mikdir data
[root@airglow |# chmod otx data
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[root@airglow |# choun fts data
[root@airglow [# chgrp fts data

Linux 5-€lA] samba server A% A3JAA

: Jetc/rc.d/rclocal & W wlx|gt Zof samba start & F7}gH)

: relocal Q9] I8 A9 autoexecbatd} B]S3d}C
#!/bin/sh

#

# This script will be executed *after* all the other init scripts.

# You can put your own initialization stuff in here if you don’t
# want to do the full Sys V style init stuff.

if [ -f /etc/redhat-release ]; then
R=$(cat /etc/redhat-release)

arch=$(uname -m)

a="a"

case "_$arch" in
._a*) a="an";
~1*) a_._._.nann;;

esac

NUMPROC='egrep ¢ "“cpu[0-9]+" /proc/stat’
if [ "$NUMPROC" -gt "1" ]; then
SMP="$NUMPROC-processor "
if [ "$NUMPROC" = "8" -0 "$NUMPROC" = "11" ]; then
a="an"
else

a="a"
fi

# This will overwrite /etc/issue at every boot. So, make any changes you

# want to make to /etc/issue here or you will lose them when you reboot
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echo " > /etc/issue
echo "$R" >> /etc/issue
echo "Kernel $(uname -r) on $a $SMP$(uname -m)" >> /etc/issue
cp £ /etc/issue /etc/issue.net
echo >> /etc/issue
fi
touch /var/lock/subsys/local
samba start

4. A3 4 29

AN E2BAFTIR)E o8-8 $3d 45 4471(0H)
TINANA FEHLRE 237 Y] g o]F 77 F LY

T2 AsASTAE AZoA BHENEE v Aoy, 2L AEE A3 AE3E
F A FETEIYE FFETATAY TROE HX|, H2EFAUT: 8, WY #5
AZ A Ao R By 1x7he Aldtetd BEAE AAse 2AlEd s FAdse
ZEIO9E stk BE A5 3Ll 23 H2EVE AX FAedY
MFAEE IRlstHen, & 855 vadyy 4oz 244 859 oA 7R
(67° 54N, 21° 05" B)Z &A Az, €932 Aok X3, FFA979] d@o=z F7} 7]
717 A= e2dolE 2dutsde] tibrIA|(78° 50 ' N, 11° 55 " E)oll HY g 43
o8 MdAHY FYHIL Ut FAR FPHE APES T A5Y JAEH 717ed
olgel MAHI om A FAAELHL AFH 2R o]FolXT Qi
W718E2A AT E 20019 1086 zH7] vt BlzRe] AX =] AlE &5
e AEE AA ARAER] 58 38 BA D5 viusA e B2 F9
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S
2}
N
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o Aao| AXE v|= FYHW7]

Hatdra Aastuete] olvlx] BEATE o Witel WAL BRSS Yehion] 53
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Ao,
4

g &

£% 4 AUtk Lomb-Scargle
.
5] &

24

€73t
Al

K

A
s
=y
=
=

q1

./

S SAE (¥ 3-16b) 4XTF71Y HFo] &
ERaL flo Hagd 4x7F F719] sbEnhe TS AR #
2R ik (2E 3-16a).
7191 BEe 2re g 2391 317)d=
o] NZ3 AL ¥ 3-69] R 4X7H
Ao o} o]FA B3 4AHFe] #
T Aok F A 7] ¢
YA viagto 24 gEo F£AA
59 FANAL 747] 76 + 22 km$} 164 +
2 Add

HA 2L g #F0] o|Fojzor

R 36. 20019 11¢Y HEZAAN BESE AT71959 A2 94
Dat O; Mean | O; Wave | O; Wave | OH Mean | OH Wave |OH Wave
ate
Temp (°K)| Amp (°K) | Phase (hr) | Temp (°K)| Amp (°K) |Phase (hr)
11. 12 191.8 6.5+ 03 10.11 £ 0.03 188.4 39 + 03 |048 + 0.1
11. 23 188.2 46 £ 03033 £ 0.1 187.1 34 + 03 1050 = 0.1
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O, Temperature, Nov. 12/13, 2001
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Q, Temperature, Nov. 23/24, 2001
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1. 224 Fehvie I % A B3A 9] Sr-Nd-Pb $994 A
7t 2% 2Q7IAY-FIRYEO|E B3R 9]

- BS54 EThiisde 1A 13]%’:7] of A48 oF 204709 2EVEE-LEGTEY
ElolE E?}ﬂ]ﬂ dgeted o5 AY dogle]l 1EHY RIHEEE TR ©]
A4S Kola Alkaline Province(KAP)g} HF2tH1g 3-18).

T T T T T
320 34 36¢ 38 40

Barents
Sea

(o]

—z

68:—4

67

tegend

Proterozoic alkaline
gabbroid rocks

Bl Paleozoic alkaline Z  dikes deep factures
complexes
Paleozoic intrusive alkaline ] . 1‘ Kontozero
and carbonatite complexes boundary faults Graben

a9 3-18. £33 FEhiE R GRYd-TtR U EESA 2R

- A4 FEpitzdAa A4EHE dEF AFFEIEEY Ao FAR TEE: o
23zt . 20384(100%), phlogopite and vermiculite(80-90%), magnetite(12%),
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copper(14%), nickel(43%), cobalt(40%), baddeleyite(100%), nepheline and ceramic
concentrates(35%).

- ZE X (Kovdor) &A= KAP Fo|A] ofejolA] & 7158 =57t Ba, 234348 2
I s Bk oplE) oF 6004F0] ANF FEo] RuEo] XF7HR] sHF Hol d3d ¢

A o]thKogarko et al, 1995). &A) ZBE 9A¢ ¢13]A, AHA, baddeleyited] & vj#
g o 4ATE AxE FHI, did JINAWOTE), AHAEYTE),
baddeleyite(6A] HE) & AAkala 9Th,

- ZBE HAE oF 40 km’e] 7R B¥ dAZ 7Bl Aty sukete BYs
I glod, gust e HoFEd, 7)o olivinite®} pyroxenite 5 2 @714
dA ] FAFA FYe A3, o]F g 2L eLEIGY] BYo] dReH, FHErd
= JFE5RYE ST JHEUE|ES} I2FoET} ojHe] HFES #HYstn A

Mepheline syenite

liclite-melteigite
Monticellite-bearing . ¢ A i
- meliltolte o P hiogopite-diopside-olivine rocks
[0 melilitolites Dunit efoeridot ke (Olivinite”)
- Pyroxenite ::l Archean basem ent

19 3-19. ZEEUA ] AT
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- o] gAY ¥A  Avle o2FE(baddeleyite, zircon, apatite, phlogopite,
tetraferriphlogopite)ol] tha] kgt EA(U-Pb, Th-Pb, Rb-Sr)& o] &3] Agdz s =3
St A3 oF 380 - 376 Maol] HAH Ao F 88 A HAmelin and Zaitsev, 2002)

. 43

- ZET $AE AN vlarky) 7)19E AREa PEE dEHQ AEE AR

o Sr-Nd-Pb AMY 994 S B4

- Rb, Sr, Sm, Nd¢] AFEML 9% sqgoz AA &Y} A8(100-150 mg)e HZ
€ §7]d ¥ HF-HAOS &tez &8A7]l ohg ol wd HYdA Rb, S,

Sm, Nd& Eeatrh F A@FFNM St Ndo] vz 22k 25 x 107 g3} 5 x

lﬂ*ngO]E‘r.

- Pbe HBrg& 0|83t Zol& a#APA Lesict. AFAA T Pb vpae 1 x

10707 ZHE)on, RFAR NBS 818 uE 245 dojd goz =39 Pb 59
94 S BASYTE NBS 9819 tiigtm 9 g9 Atole 1% olstelth

- FH94L 2L FF AZ-ATEYATALY Ho|sAFRAI|(VG 354)E o]&3te

zRsgoH, 239 Ysr/Ymlg} ™Nd/MNd v 2z ¥or/¥sr = 011949}

YNd/™Nd = 072195 23} slgt).

- Wi 249 FFAE NBS97S ¥Sr/¥or ghe 0.710208+0.000009(N=10)0]31, La Jolla

Nde] "*Nd/™Nd & 0.511826+0.000008(N=12) o]t}

- ¥AA%E ¥ 37, ¥ 38, ¥ 392 Ueh)th
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£ 37 559 FEhiis ZEEAAY Sr YL =4

Sample | Rock | Rb S| Ryt | sy % (St /%5t £5r(t)

No. type | (ppm) | (ppm)

KV16 | Du 06 14 01175 | 0704632 = 20 | 0.70399% 08
KV20 | Du | 242 613 | 01143 | 0703838 + 13 | 0703220 118
KV30 | Px | 145 990 | 00424 | 0703847 + 15 | 0703618 6.2
KV32 | Px | 459 511 | 02597 | 0705075 = 7 |  0.703670 54
KV5 | P2 03 972 | 00010 | 0703246:16 | 0703241 115
Kv7 | P2 22 684 | 00091 | 0703241 7 | 0703192 122
Kvi | 28 2618 | 00031 | 0703426 11 | 0703409 91
KV3 | C2 | 383 | 2556 | 00433 | 0703718 * 11 | 0.703484 81
KVi4 | P3 25 1058 | 00067 | 0703503 + 9 |  0.703467 83
KV15 | P3| 349 678 | 01489 | 0704268 + 6 | 0703462 84
KV39 | P3 36 851 | 00123 | 0703681 = 7 | 0703614 6.2
Kv9 | 3 1.0 4414 | 00006 | 0703461 = 9 | 0703458 85
KV8 | C3 28 3181 | 00025 | 0703415 + 17 |  0.703401 92
KV35 | C3 71 9649 | 00021 | 0703498 + 14 | 0703487 8.0
KV37 | C3 2.0 4541 | 00013 | 0703551 = 15 | 0.703544 72
KV19 | C4 | 212 | 4792 | 00128 | 0703507 = 9 |  0.703483 87

X 38 B3 itz I B EYH e Nd 5994 %A

Sample| Rock | Sm | Nd i rsgg|  0ng/MNd eNd() | Tom(Ga)
No. | type | (ppm) | (ppm)

KVi6 | Du | nd | nd nd 0512348 + 22

KV20 | Du | 115 | 757 | 00915 0512546 * 7 33 08
KV30 | Px | 89 | 555 | 00974 | 0512443 + 10 1.0 0.9
KV32 | Px | 33 | 211 | 00947 | 0512464 12 16 0.9
KV5 | P2 | 34 | 229 | 0089 | 0512591 + 11 43 07
Kv7 | P2 | 20 | 141 | 00879 0512604 + 9 46 0.7
KVi | <2 | 110 | 772 | 00860 0512514 * 5 3.0 038
KV3 | C2 | 105 | 729 | 00873 | 0512511 = 13 28 038
KVi4 | P3 | 85 | 583 | 00884 0512609 * 7 47 07
KV15 | P3 | 40 | 305 | 00782 0512541 = 6 3.9 07
Kva9 | P3 | 28 | 170 | 01009 0512565 + 7 32 08
Kvo | <3 | 122 | 847 | 00873 0512467 * 7 20 038
KVi8 | C3 | 85 | 596 | 00865 0512564 £ 9 3.9 0.7
KV35 | C3 | 204 | 1494 | 00825 | 0512592 t 10 46 0.7
KV37 | C3 | 104 | 500 | 01260 | 0512622 = 13 31 0.9
KV19 | C4 | 125 | 86 | 00886 0512507 + 4 27 08
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¥ 3-9 B39 Zevie 3EserHe] Pb 3494 24

Rock type C2 C2 P2 C3 3
Concentration U (ppm) 0.04 0.03 0.24 0.12 0.01
Th (ppm) 0.13 0.55 0.84 1.22 0.20

Pb (ppm) 1.41 1.74 1.21 223 1.93
Measured ratio 206Pb/204Pb 18.754 18.481 19.138 18.674 18.668

207Pb/204Pb 15.482 15.454 15.533 15.479 15.495
208Pb/204Pb | 38.373 38.765 38.859 38.971 38.261
u 238U/204Pb 1.81 1.03 12.58 3.41 0.33
k 232Th/204Fb 6.27 20.76 46.47 36.26 6.77
Initial ratio (at 380 Ma) | 206Pb/204Pb | 18.645 18.419 18.380 18.468 18.648
207Pb/204Pb | 15476 15.451 15.492 15.468 15.494
208Pb/204Pb | 38.254 38.371 37.977 38.283 38.132

L= -

- % 709 olivinite, F7]¢] pyroxenite, S+7§¢] P2 phosdcorite, 5712} C2 carbonatite, A}
78¢] P3 phoscorite, Y] 7§12} C3 carbonatite, 3+ 7} ¢] C4 carbonatite 5 F 167]¢] A&
Ao 2 RbSrit Sm-Nd 5994 2A4L Yt g 3-20).

- 239 Yor/Yro] wmizlEe 0703240705078 =¥ Nd/MNde 3=
(051246-051262) 2.t} =ty #Y A 380Maz AL Sr 2ARE 0703190703612 2
FE F99L XA L Hh

- BE A8 ZA9 "5/ 5 “Rb/*Sr ghe A ARBAE HolEw, o 380400
Ma®] SAAHE THEAT o] errorchron® 2 Xzt

- w239 UNd/YNdF Ysm/MNde ojd JudAT HAFA gEr o
Yom/Nd9) WgtEo] YR A7) i Aoz Az

- 339 517 Nd $994 24L& 2AAEZ A4 F Nd-Sr giuxd] =A8E Z&
o] Z¥E HE 99 S UehdS & F JHa¥ 3-21). 71E9 A7EHs) I

e RE ol ANAE FANGY vhavierE gEdtnE 4494 @
= Aol 7 PEel 9L HoE BFAAYY
%) 7} vhavke e FUASAEA, ohIE T oY /1 AuE eyt Tl <

s FAEAE 7Hee AA Pk

2L
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- Kramm(1993)& Zehts 7R UEl]ES] old EAo] FE3lo] Kola Carbonatite
Line(KCL)-& A|¢tstd=Hl, KCL& EACLS Hl3) Sr A7 2% 49 Nd 2271 =
& 2232 39lth. Dunworth and Bell2001)& 7126] B1¥ 2E 2A82S 2¢std B}
AZE KCLE AAsde 2 d7olA SAHE ZHESA 9 Sr7p Ndo] 2A8A]< A3
o2 N2 KCL &40 2 FAjwch

- oJAE FAHA AFE o]&sd FThiix A9 dZYTEUEIE EdAE
FANZ 71QAEY] 24 EAo] R T agedA e} 2o] Fehiie A H9 4"%’
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- Pb FH94 2AAE St Nd S92 A7 AABHA] Bshe 2o ohedsk 719
WE A AT & Aok ol 53] F&E VddEdA Pb 94

TFstr] mEoltad 3-22). o] a¥dle HwE 3 Folzelst FlEUEE, A9}
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o2 A77h Bol Ay Fokxest JtEYE|ES] e dAHLR F)e
=& & yehdnk o] @48 T R3d WEe 7
EMIQ] Zo] 4, 29® WEY 7= HIMUY 7Feiol vie Ak sohzes} 7t
HUetolES] Nd TH94 2449 %4 HMU 7|diE9] gt 2 As HokE
e, o|2%H Fotzels} stuvelo| 29| 4o DMM HEE A9 #HAsHA] Akt
I AzrErh
- FAoL ERe] wEshe Ao FlEUEO|EY] e Folzedl FHEUECIES F
194 240] vis ThEd, o]&2 HIMUSH & shite] 7|diE JETe] &l o3
FAHAL 7hed e BAET o A= V|99E 242 DMM, EML, HIMU 249 &
7ol X8tz i), Hauri et al(194)& o] AE-g 'FOZO o2 AHsta, w4 94
ARl sHE 24e Rt sk
- ZEE Y FHdE 2 Z-M FHEUE|EAY EFRAE T HAFAE %A
T AH ez FOZO A& ¢ FARE 248 zteth @74 KAPA= Pb 594

O
T

& A} FA3A ) A 20 Q9D T WhsHAL 2uEAAS 349
FOZOSt frAlgt & WMEAEC] #ARE 7H5AL wis Itk wehy 5 Hop o
HAE ez AAHA FH994 =4 ‘5?7} Zasitt
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2. B34 gehute £RA 9 stuuUeolES} ¥23Fo BN HEHE $EF

- Y8R FEHE ¢Zed-FlEYEolE BEYA F YA HE= R 93
she GAIRA F2 2G7IAST OhFet stageolA] FAJE phoscorite$} carbonatiteZ

J

- &g -5-«] ) #-5-S ZA5l= phoscorite$} carbonatite= AAHCZE wj$ F&

AAE A8k, I olf= o] YAE0] ST AFAM M 2 Faasd

(Nb Ta, Zr 5)% &H3ta A7 Eolth

gelgholA vho} Aske BAslo] H4BEBEY Y S
T77F 84 vt gtk

2 phlogopite$} tetraferriphlogopite)= &2 EA S BE oA JH&EEHL
5 WS ZAgRe), £2RGAY Zebavte] ABHAH ol #AH)
FRAANZ vFIEY EE3ety EAS Z AAE £ AR JjdEn.
T okl 5 gt wig- B#slr] dEd 19673%F AFEY BA
7} BrsAl . ©]%F niobium, apatite, iron 7S 913 =EFo] Bo] £
o] AAE} tEo] 3AAHQ PHEEEE TR HTHIIEY 3-23).

- ZEYAIE oF 360 Ma(Z AW H &7 MFHEE ol Ao ZReS AP, A=
TAEH 24 EHE Hole cone FEj9] AE o|FnUTh AFAME HF 64 km
AL HolA|ut A3l AFE FAHAE A9 A7} FoRth dAle A FEFe
metacarbonatite zone®} Z413-9] magmatic core®2 FAFH o] e, SAFE GA7F O
Sl phoscorite$} carbonatite2 FAj 5o} ATt
- Z4BEY 2o wEl FREE HA 5649 phoscorite®} carbonatite® FEE
Aed 2719 A @A FIRUElEE 25 W) X(calcite)S 33} calcite carbonatiteZ
A 24z Cl 7hEGEllE, C2 FEUE|E, C3 7t UEe|ER FE-HTh o]d FulHe
phoscorite= Z}Z} P1 phoscorite, P2 phoscorite, P3 phoscorite2 &8¢ttt FRbE <
phoscorite9} carbonatiteE T.0} phoscorite-carbonatite complex(PCOZ F2t}. $7] F
@Al9] ZtEUElO]EE phoscoriteE FuFeA] @il dolomiteE ¥H3-8}7] W] dolomite
carbonatite2 23} Z+zZF D4 FlEUElO|E9} D5 FHHUEIER HE
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(@)

+, TEENITE

., AUREGLE

+ 4+ 4+ ¥ -
T

(b)

= i
- METAPHOSCORITES ,27. CENTRAL FRACTURE ZONE

7~ LOCATED BY SEISMIC
== CARBONATITE DIKES SOUNDINGS

O¥ 323 gAY Adxe dHEE

- P1-P3 phoscorite®} C1-C3 carbonatites S£H2 Uxe ZEE Aoz 7 H§)4,
A3, AN, FEA, EFEZ P ok Eide] FF Ajolo] o3 A
phoscorite®} carbonatiteZ FHE X9}, phoscorite] 47} dutA oz AN, FibdAF
£ 112]3l Nb-Zr 3E(baddeleyite, pyrochlore, zirconolite)e] d3Fo] &t}

- ZHAE PICL 25494 FE IEFERE 4S5, P2Q2 2E9Me dinohumiteZ
It EEFE F7) PCCE 242 AR =1, tetraferriphlogopite] 7 $-+= P1C1
aENME EAERA &1, P2C2 2Eo) A= phlogopite®] FW R vehln, P3G 18
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>

2 A=dEh

SAEE EAHY FERFE B PICL aFdAME
baddeleyitett 2+&E 31, P2C2 18 A S0 % pyrochlore7} LERY, o] FEo] &3
2 P3C3 a§A 71 Zoldth D5 FHRUEO|E M= Sr-Ba-LREE B4 835 33}
FEo| Jednt

. £u59 A2

- &% (phlogopite) ] Fele AP AFFE(HUN 5 cm)oll A FH B AEE FE71
A uf¢ otk tiERY] FES AEAIl 9% FUTFRE Btk

- 2719 PIC1 23} P2C2 g4 phlogopite= dutg oz ¥ oln, &4g NS
Boldh dAgt P2Q2 184X AEHE phlogopitesq rimo| A= QAR TAAE B
o]=t] o] tetrahedral site®} Alo] A{E FEE Hgr| w&Fojoh

- 27 QAR AFE tetrafemphlogoplte ABo] Z7}elm, P3C3 1E o]Foxe
tetraferriphlogopite7} FH $EE AEdn

- A3 o]x}A Q] tetraferriphlogopite’} P2C2 IgolA Uehded], ole #EAY JMF
(pseudomorph) © 2 AHZEt} o|¥ o]x}3 <l tetraferriphlogopites &3] A& Fuls}
31, YA} tetraferriphlogopiteS}= 318124 zjo|7F A7|wjio] |A FEETh

o 43 Wy
s A&dde de RS & F LEFY FgRAE AAEREN

- AAE o] BA(EPMA)S Zx we]VI tighe] A CAMEBAXSF CAMECA SX500.2 44

- AAENEA)e 4E 2Ae 08T 2Tk
accelerating voltage : 15 kV
beam current : 10 nA
spot size : 10 pm
counting time : 20 seconds

- 443 ¥ 3102 Jehidth

G =
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- &2]QtA|] phoscorited} carbonatitecl] 9] A2] BE EF phlogopite-tetraferriphlogopite
g g8tz BATHZY 3-24). phlogopite®] Mg-number(Mg/Mg+Fe™)E B

F
5
-

2l

2 H9l9] WES HolxXu PICI 22X H3F7]9 D5 JFHUECER Z4E 7HA
o TiO29) FF= vlwd QAR F7) o R A4S hdte F¥e HAnk

Eastonite AlT Siderophyllite

[3C1 calcite carbonatite
[ P1 phoscorite

A C2 calcite carbonatite
A P2 phoscorite

{) C3 calcite carbonatite
# P3 phoscorite

@ D5 dolomite carbonatite

Biotite Annite

\/ M. b4

AV LV ¥
Mg Tetraferriphiogopite Fe*
I 3-24. £ A FEF Mg-Al-Fe =AWz}

- phlogopite®] tetrahedral site®] ZAJWM3l5 R phlogopite-tetraferriphlogopite A g 2]
BE ZAYWIE BYS ¢ JUTH2E 3-25).

Si

(IV) Al

29 325, &t SRR AlSiFe 2AW5
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= on=ol zAuWsloA 71 2 EAL tetrahedral site?] Alz} Fe''o] X3aAA L &
Atk E dutAo g %7] Gr¢lphoscorited}t carbonatiteo] 9] $EFE £ @A
R

- P3C3 1§ P2 phoscoriteol] ] wjmj 2 phlogopiter} vl & ZAHSE HAHTHY
3-26). o] 7% 3] FEoA phlogopited]A] Al-deficient phlogopite7te] 2 FAIW3SIS

Holzd, o]& tetraferriphlogopite”} vlzvl2 B8 AE3SE A A8tk

1.0 ' T T T T
Tetraferriphlogopite
0.8 - TN -
06 -
>
©
u
04 ] -
rim
O AV
0.2 |- §00 i
{ jcore
N
Phlogopite
00 ] | : I 1
0.0 0.2 04 0.6 0.8 1.0

AIlV
a9 3-26. &2 27 Fe-Al 243

- FEFOA tetrahedral site®] W3} 9o % interlayer site®] ZAAWHIE HlwH AtH1HY
3-27). Cl1 F}RUelo]ES] A9 interlayer site®] 2040%E Nao] A3l U= sodic
phlogopite7} 2531, P2C2 g9 o] sited] Nao] 10-15% AE=E Hotx gow,
(3¢} D5 ollMe 5%ol3tE EoETh T SRR/ Bad AlY] FAHAE duEd
PIC1 259X Ba &% FI7 F=de ¢ 4 Aok wepA Bad 543 F7ke
eastonite X3t FulES & 4 Qo
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0.4

! T I T
(a) {1 C1 calcite carbonatite
] P1 phoscorite
O A C2 calcite carbonatite
0.3 L & P2 phoscorite _
{ C3 calcite carbonatite
¢ P3 phoscorite
® D5 dolomite carbonatite
[3v]
S 02} -
0.1
0.0 i I i
04 0.5 0.6 0.7
K
0.08 , :
] (b)
0.06 - -

a9 3-27. £ X579 (a) Na-Ke} (b) Ba-Al ZAW 3}
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1 square = 1 point

08
F / (F+OH)

% 3-28. HAA EFE F/(F+OH) wx=93}

P1
K

- o] AFEHRE HYUYANA viarte AFgAAE A F AAII Jv FELS FA
TEFIS ¢ F A3, TEFY A WHsle) 34 Nb, Zrg 3 IJHa53E9
e A4 g & & ok P2Q29) P3C3 1, & U|ELE ZAFE FUY
A¢] phoscorite®} 7}EUEFO]ES|A] phlogopite2] rim *é‘ﬂﬁ}?’} %ﬁﬁ AZRE & F U

£, ot $AZ VAN BF viavle) 24 Y ARG AN B
- A8H 02 FIHLUEE -phoscorite E3A oA 57 §}§}7- HalEs AlFFHoR
4 =

FA5E SVHE JRFEBEY THE ANT & W] R, £ERY 24 W
IR FEBBY PHANAZ BEE 5 Uk
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E 310 £e4A $RFY Ry

Sample 434R206 469R194 537R166 393R224
Rock Type C1 C2 2 C3
core rim core rim core rim core rim

Si02 39.66 39.72 42.26 41.92 42.92 41.12 42.26 41.27
Al203 15.22 15.06 11.60 12.11 10.99 271 9.16 3.56
Cr203 0.00 0.03 0.10 0.09 0.16 0.00 0.00 0.08
TiO2 0.42 0.28 0.16 0.22 0.09 0.06 0.11 0.06
MgO 2492 24.85 26.97 2641 27.49 25.46 27.04 25.73
FeO* 4.49 4.35 2.86 2.74 3.06 14.62 5.69 1342
MnO 0.22 0.20 0.13 0.12 0.07 017 0.05 0.00
NiO 0.00 0.02 0.12 0.00 0.00 0.06 0.00 0.05
CaO 0.01 0.01 0.00 0.03 0.01 0.08 0.05 0.03
BaO 1.10 1.05 0.09 0.22 023 0.34 0.17 0.09
Na20 2.07 212 0.28 0.42 1.01 0.55 0.23 0.22
K20 6.98 6.75 10.05 10.06 9.20 945 10.39 9.89
F 0.37 0.20 0.78 0.64 0.89 0.56 0.99 0.76
Total 95.45 94.63 95.39 94.95 96.12 9518 96.14 95.15
Si 2.800 2.810 2.990 2.980 3.010 3.040 3.010 3.030
AllV 1.200 1.190 0.966 1.020 0.909 0.236 0.769 0.370
Fe3+ 0.000 0.000 0.047 0.001 0.079 0.727 0.223 0.603
AlV1l 0.060 0.073 0.000 0.000 0.000 0.000 0.000 0.000
Ti 0.022 0.015 0.008 0.012 0.005 0.003 0.006 0.003
Fe3+ 0.114 0.083 0.000 0.010 0.000 0.000 0.000 0.000
Mg 2.620 2.620 2.840 2.800 2.880 2.800 2.870 2.830
Fe2+ 0.151 0.175 0122 0.153 0.101 0.176 0.116 0.163
Mn 0.013 0.012 0.008 0.007 0.004 0.011 0.003 0.006
Ca 0.001 0.001 0.000 0.002 0.001 0.006 0.004 0.006
Ba 0.030 0.029 0.002 0.006 0.006 0.010 0.005 0.006
Na 0.283 0.291 0.039 0.057 0.137 0.079 0.031 0.033
K 0.627 0.610 0.906 0.913 0.824 0.891 0.944 0.922
AlT 1.260 1.260 0.966 1.020 0.909 0.236 0.769 0.370
Fe3+T 0.114 0.083 0.047 0.011 0.079 0.727 0.223 0.603
Fe** 0.264 0.258 0.169 0.163 0.179 0.903 0.339 0.766
Mg/(Mg+Fe2+}| 0.946 0.937 0.959 0.948 0.966 0.941 0.961 0.946
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£ 3-10. £2gA SRF FgGRAALS)

Sample 550R196 434R203 5§82 387R73
Rock Type D5 P1 P2 P2

core rim core rim core rim
Si02 40.33 40.62 40.78 41.33 41.88 4195 4213 41.60
Al203 0.00 0.00 14.39 13.73 10.74 8.14 10.70 7.87
Cr203 0.04 0.00 0.05 0.00 0.05 0.00 0.00 0.00
TiO2 0.06 0.04 0.27 0.29 0.21 0.06 0.10 0.11
MgO 23.15 23.29 26.23 26.24 26.37 25.91 2713 26.57
FeO* 17.99 18.75 2.59 2.99 5.04 7.76 3.02 7.72
MnO 013 0.05 0.07 0.05 013 0.14 0.04 0.08
NiO 0.05 0.10 0.01 0.00 0.00 0.00 0.00 0.06
CaO 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01
BaO 0.14 0.05 1.39 0.71 0.08 0.03 0.03 0.12
Na20 047 0.39 2.06 2.05 0.62 0.74 0.18 0.44
K20 982 9.56 7.10 7.27 9.63 9.75 10.63 10.05
F 3.19 241 0.17 0.15 0.79 0.31 1.25 0.66
Total 95.36 95.25 95.12 94.81 95.53 94.79 95.23 95.28
Si 3.130 3.120 2.870 2.900 2.980 3.030 3.010 3.000
AllV 0.000 0.000 1.130 1.100 0.900 0.693 0.902 0.668
Fe3+ 0.869 0.882 0.000 0.000 0.125 0.275 0.086 0.337
AlVI 0.000 0.000 0.061 0.042 0.000 0.000 0.000 0.000
Ti 0.004 0.002 0.014 0.015 0.011 0.003 0.005 0.006
Fe3+ 0.000 0.000 0.032 0.034 0.000 0.000 0.000 0.000
Mg 2.680 2.660 2.750 2.750 2.790 2.790 2.890 2.850
Fe2+ 0.299 0.322 0.120 0.142 0.175 0.194 0.095 0.128
Mn 0.009 0.003 0.004 0.003 0.008 0.008 0.003 0.005
Ca 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001
Ba 0.004 0.001 0.038 0.019 0.002 0.001 0.001 0.003
Na 0.070 0.057 0.281 0.279 0.085 0.104 0.025 0.061
K 0.973 0.936 0.637 0.652 0.872 0.899 0.970 0.923
AlT 0.000 0.000 1.190 1.140 0.900 0.693 0.902 0.668
Fe3+T 0.869 0.882 0.032 0.034 0.125 0.275 0.086 0.337
Fe** 1170 1.200 0.153 0175 0.299 0.469 0.181 0.465
Mg/(Mg+Fe2+)| (.900 0.892 0.958 0.951 0.941 0.935 0.968 0.957
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® 310, A SRR SR (A %)
Sample 528R107 537R153A!393R164B 550R200
Rock Type P2 P2 P3 P3

core rim core core rim rim
Si02 41.81 41.36 42.47 39.88 40.99 40.05 40.61
Al203 10.82 5.97 10.79 0.06 2.58 0.02 13.86
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TiO2 011 0.00 0.07 0.06 0.04 0.01 0.27
MgO 26.71 24.68 27.28 23.57 2530 23.26 26.15
FeO* 4.87 1253 3.33 18.64 14.69 20.70 2.89
MnO 0.01 0.11 0.02 0.09 0.16 0.20 0.08
NiO 0.00 0.00 0.03 0.06 0.02 0.01 0.00
CaO 0.00 0.05 0.22 0.02 0.01 0.01 0.01
BaO 0.15 0.04 0.00 0.05 0.03 0.04 0.85
Na20 0.50 0.27 0.48 0.33 0.23 0.18 0.38
K20 10.13 10.23 9.80 9.77 991 9.85 10.14
F 133 1.38 1.35 110 1.66 131 1.83
Total 96.45 96.60 95.82 93.62 95.60 95.64 97.07
Si 2.970 3.020 3.010 3.070 3.040 3.040 2.880
AllV 0.905 0.514 0.901 0.005 0.226 0.002 1.120
Fe3+ 0127 0.462 0.089 0.923 0.730 0.959 0.000
AlV1 0.000 0.000 0.000 0.000 0.000 0.000 0.034
Ti 0.006 0.000 0.003 0.003 0.002 0.001 0.014
Fe3+ 0.000 0.000 0.000 0.000 0.000 0.000 0.066
Mg 2.830 2.690 2.880 2.710 2.800 2.630 2.760
Fe2+ 0.162 0.304 0.108 0.278 0.183 0.354 0.105
Mn 0.001 0.007 0.001 0.006 0.010 0.013 0.005
Ca 0.000 0.004 0.017 0.001 0.001 0.001 0.001
Ba 0.004 0.001 0.000 0.002 0.001 0.001 0.024
Na 0.069 0.038 0.066 0.049 0.032 0.027 0.052
K 0.917 0.954 0.886 0.961 0.939 0.953 0.916
AlT 0.905 0.514 0.901 0.005 0.226 0.002 1.160
Fe3+T 0.127 0.462 0.089 0.923 0.730 0.959 0.066
Fe** 0.289 0.766 0.197 1.200 0.912 1.310 0.171
Mg/(Mg+Fe2+) | 0.946 0.898 0.964 0.907 0.939 0.881 0.963
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3. ICP-MSE o83 Jgalote] AEFAS AFEA
7t oA e

A78e Eopoll 3loiM EFALE A7) ARy Wi st g A
= AFst7] W o}F Fasith 2 AR X JEFALY Jah.
Appboll A FHippmo 2 o} 7] Wi HEFLE FES A BAsrIE
B A EFLS: 248 9 AHHE BAVIVIZE fRARETR0 A%
A 7)(Inductively Coupled Plasma Mass Spectrometry: ICP-MS), go]&3} AZE A7
(Thermal Ionization Mass Spectrometer: TIMS; Nagasawa 1970; Kay and Gast 1973;
Fujimaki 1986), ©]zjo]-2 ZzFE2]7](Secondary Ion Mass Spectrometer:SIMS; Metson et
al. 1984; MacRae and Metson 1985; Fahey et al. 1987, Shimizu and Richardson 1987),
SHRIMP(Sensitive High Resolution Ion Microprobe; Mass et al. 1992; Hoskin 1998;
Sano et al. 1999; Sano and Terada 2001; Sano et al. 2002) .B=& INAA(Instrumental
Neutron Activation Analysis; Potts et al. 1973; Murali et al. 1983; Heaman et al 1990)
Fol Abgslm Qe

m&t—b

):L

r—{m

ol B47]7] Fol ICPMSE T 2477)9) Histe] 8% 3ol 2294 9l
o] B P2F HE A BAT & o] ADARY nFALY NERALY B4
o gol olg

Hi gtk 53] ICP-MSe AEdHAI7E Y1 U=yt Fof A 49 A8
A43E 4-& 4 Slth(Lichte et al. 1987; Jarvis 1988, Jarvis et al. 1992). 1
2t ICP-MS9] EAe] SlME 3] FMAEE §933le] 89 2 AEE
EAgorsty] o] AIER] AslEo|y SR o FIHEFAY AR
e A EFILY FE 2Hd ojHSS F1 th(Vaughan and Horlick 1986; May
and Wiedmeyer 1998; Aries ef al. 2000). ol #o|HE o] &3y 13 A& FH
A= 7Y (Bea et al. 1996; Gao et al. 2002)0] 7jatslo] A8 Az EAe A=t
Aol B8 A& F7I1H2E AAHIUAT oA oAl ojzst E47Ho] &dslAl
SE5 1 QAR Rk
o] A9 AL gt UA Y] ICP-MSE o] &3 ¢4y JEF
olX Alg9 HAMz W FHHuld] wE ENAF Fo], A& 9
B HE AR OF V|gdA 249 279 45 Blus F

AP Adste Aol

A
A

=

(2 oo

o e
Loz
oo 2

Hmizk.z
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. By
wA7] 719 Ao

Ao ALgE ICP-MSE =3 o] B3 Elan 6100(Perkin Elmer Sciex)©]
AN TP1E 20e & 3% 2o 2471719 HHARAS FEHT] A
pb Mg, Ba, Rh, Ce, Pb, U ¥z} §4& AMgate] A#FFd(Mass Turing), &7}
& 24, oAz AYEAS AASYL, Ba”/Ba HIE 2%0l5}, CeO/CerlE 3%0]
o 2oz ZH2n A7 FEtAgE 243t Elan 6100 ICP-MSolX < H
TE HAY daE T BAs] A8t 29 JRRE Bo @2 Fre B4 A
718 AHESlaL o|BT ¥ FEE oldERI AEVE A oF A&V ANE
AREBIAL 3Tk olF AEV] ARl @E AT 1FE EFEY HAAFHY 24 B
FE H%td 200ppbe] RE JEFYLE o]&3lo o]F E7] EA(Dual Detector
Calibration)& A5ttt WREFEEE 10ppbe) Rhg AHEsHgTH

AR AMAE A3 AHEE ZFELYLE Inorganic Venture(W]=m)ollx  AlE3H
100ppm F=9 tEd FFRYCCS)S ARG s EE5894L 24540 &
AL Y8 wt% AAS o838l 1ppb, 3ppb, 10ppb, 50ppb, 100ppb, 200ppb, 500ppb
¢} 1000ppbe] 2] T2 343ttt 347 Alg &3 AHEE FA4HE Supra pure
H(65%, MerckrAh)E AREsen|, 434 ALgd BL xeg AZFA(vHA2H,
F)E o83t 182M2-cm o3te] ZEFE AMEEATE AR HAFE Supra
pured E4H48%, MerckA}), Supra pured BAH30%, MerckAl), 18]3  Acros Organics
AHEIE) Y] BRI EFNaCO) e AHESITH

Mz

s

e 2

W o 9 [

¥ 3-11. ICP-MS9] 24 x4

Instrument operationg parameters MS acquisition setting

RF power 1300 Dwell time (msec) 20to 5V
Neblizer gas flow rate 0.96L/min Number of sweeps 20
Auxiliary gas flow rate 1.2L/min Nomber of replicates 3
Plasma gas flow rate 15L/min Scan mode Peak Hopping
Lens setting Autolens MCA channels per peak 1
Neblizer type Cross-flow Detector Dual
Interface cones Nikel

Algo] 54
A ALSE 44 AlgE Ao} ZtulEe(Kola Peninsula)] B % (Kovdor)#3Atell
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zka1

QBEL) R= 24o] 50% o4l HYFoE 2PV FBeR YAdes
A AR AEEG. FrmElolEE shutelelEg IO WYY B

Z5 7R UEo)E(carbonatite) 9} E A5 2}o] E(phoscorite) o]t} FHEUEl|E

lo ruE rlr

howi 134, AdNT FAEFER olFolA Stk olF ¥Hdde Ba, Nb, Sr,

Ta Th U, Zr9} ESA259 §o] o} %7 g2 1E99 J4T4B4e 5
HksttHLee et al. 1999; Balanganskay et al. 2000; Verhulst et al. 2000).

Al 2 HA 2]

s s g3y

AN E &alsty] A DA 4 ESEE AlEAE HAAd o Jlestd the
7} 2t}

L oHOlE R2El2g o83l SN RE 2004 o5t T BT BED,

2 Busld AlgE AZ76) B3l ¢ 60TA 2447 o] AX3I.

3. AlHE 60ml HZE &7)(Tefron bomb, Savillex, ¥]=)d]] EZAGE ¢F 100mg 4
=t

4. GAHB0%) ImlE Wi 2 2 ths 7GR HelAl o 150T HxolA 1243t 9
& 7t :}E}

5. Qe whgo] B AEE 48 /WS ¥ ¢ 80T FE= stgsdAN Az
A7t

6. E2H48%) HiH65%)S 27t 11111@' Yy B8 A2 o 71Ed HoA ¢
150C A=2 7FEadA 39 A= §kAZith

7.

TS 91 189S YolA] ¢As] A=A
AZ9 AN8%& 60ml LDPE §7]9] 1 wt% AirgAS olgste] 33 o) AF3}
o S ¥ 1 wth BA0E o] Ago| 50go] HEF gt

HHIEFN2CO) £§
L AxE g4 =ridd &4 B Alg oF 100g3 BAUESF B2 40mges Wil

& e

A87} & g4 =/ E 1.8 7Hd 26 ¥3 1050ToA ¢F 30 #3F 7HE gt

7hdol B Algd] 656% FAF 9 1mlE Y1 JFEH YoM 200CE 34 A
T 7tdste oAl shd bdd] S8)Al7a dRAIZIGH

239 AlEE 1 wt% Fakgd oz 120ml LDPE &7l ¥a &9 A
100go. &2 gt}

i

il
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o 43 a3

ICP-MS9] 74%?]115‘— AggafAle AHEE FAR TRV} e REWAY 39 ge
2 BN AERAY AR Iwt% FiHE, dH4 AEaHA AE 94-E
-2k Gyt %’&‘45%— S5 AHE AV EETH A g v=E S
RFURY 3] gog HEIAE EASATHE 3-12). o|wf WA 10ppb EE SAo=
AR & Tk FAE $EE FHsNMeH, HMuFE Fok HF v=9 HE
AL FIATE Ao ALEEE Iwth FAHEAY] AESIAE Ced At EF
Ippt oJ8t2 A ofF FZsitt. W4 AEAH] FAIE FEE EF lppb oJ3t2A &
A Mg FEE0] ZF ppm @99 $EF RHojER EAAM ¥nE 9UE vAA
%o ZoE Hn a3y SAYEF §8UY FARE FppbilA 4 ppbel HE
FAE HAth ol BUEFC] & o Higt B B2 EEEd TRt 37
HEoR dHA RS FEFANAM FARGGE EASIAT

X 3-12. 3ERY2Y FETA
Element Analytical  Solution Sample Blank (pg/T)

mass (g/) with 1 Cloge vessel Na,CO;
wt.% HNO;3 (x1000 fusion
dilution) (x2000

dilution)
La 139 0.53 0.21 18.50
Ce 140 1.10 0.70 29.34
Pr 141 0.81 0.23 3.20
Nd 146 0.35 0.42 5.28
Sm 147 0.51 0.30 2.04
Eu 151 0.88 0.33 0.72
Gd 157 0.85 0.34 2.48
Th 159 0.29 0.30 0.60
Dy 161 0.46 0.23 1.76
Ho 165 0.63 0.16 0.94
Er 166 0.54 0.15 2.10
Tm 169 0.29 0.19 0.30
Yb 172 0.29 0.40 1.42

Lu 175 0.46 0.12 0.68
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4 2y

ICP-MS 4 A% ¢4 Age A8dAE AL 53 &431" AN8E A7 F
AFAE B8t ZARH "ok 2AE A8 ol2F Zgkzut ZeoA o]e3 gu
= 78 o= £ i 93 AEE By F418HE0] YAE] AT 7HYS Yo

A Froh otz EzvfdlN A EE AsE T FAsLE e FH9t AAduEd A
= B2 9745 93 Q7 =R eH, olFE e A7t JYPH1 JYiTan
and Horlick 1986; Vaughan and Horlick 1986; Date et al. 1987; Shao and Horlick 1991;
Evans and Giglio 1993; Reed et al. 1994; Minnich and Houk 1998; Lam et al. 1999;
Hieftje et al. 1999; Becker and Dietze 1999; Houk 1999; Aries et al. 2000).

ol ATAE YJ3H otz ZElzuliAM ASE T FAEEC] FAEE de
Foizute] A7), &9 b9 f9#E AR FYAAY FHEE Zdg 42
Ay AEZolv 271 E F7)ol wel AA " EXAY o]E RAEL 47
Eobe BT #EE Y, BAZRE FoWA A4 AslEeY s Eo] 1
HA BAEHE 20& Fotordit}. g AF3 nke} Zo] FFHYAFAY ICP-MS 2
Hell A= 10ppb Ce &4& o]&3te] CeO/Ce HI7} 3% ©]3tE HEE ZEt=vl Al7|9}
of2E b FhAjtE 2AS BAS S35t glth

AREARQ A B ol FefEvldlA PAH = 4H5E] o

oo & HAHFEL ofF wln|std EA AR Be 4

B JEFALY FEFo] ol &2 AMAFNME o2 FEl=uidA FAH 4 E
I FAEIES BAZAA B 9% Frth E3)

o] 8 ppmollA] 4+ ppm FHEHO] 01, La, Ce, Pr, Nd 5

ppmol X ¥ ppme] FE HAE RHoli 9o ojs did] 3t AstEy 418 Ee
FE7F 4 ppmolde] S EFYELY FEge] 93-S nAA "ok

R 3B E JEFALY w59 9FS vRe AstEolY 48 E FH9) o
o ME REAAE FASIHTE ¥3-134) AAE 4HEEoy
& BYd s & & Uv AdgEY FAFgES v B oE 54, e
15798 o] &3l Gdg 4T 79 ase A Plao, “ce'og “pror}
slom, #aggzE La®0H, ®La’OHe “Ce*OHs) Ytk a3y A s 173
189] AkhE AAAE A Easle Hlt 160 HIE o}F W] WE-9(°0=99.762%,
Y0=0.038%, *0=0200%) ©|Ed] 3] FATE FHEH F5E L FAG F ATk E
& Last PLai= 22t AFAAlo) 0.0902%9F 9.9098% 9] EAHIE Bolmg PLad) o
AFNME ol mrlsith ayEg YGde Exd s 2 4%L HXe AEH
'}F‘ /1\_1'§]' o 141P 16094_ 140C9160HO] q_

O

o
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#3139 At maw 249 $=9 Mg Gdt Tme o 20%~30%2] F=7} 7
23843, Toot Bre 10%~20% HE 74 whd, Eu, Host Ybe A we wsZol
10%0]8}01‘:}'- o|lH3 HAATE ?}EL}E}O]._Q} Ei’:ia}o]_E_g] _-a;]g_n.%]_/;\_ x5 9
A|¢-4)(Chondrite) o2 FAT3I EASYS W FRE HEL Ho|A HEZ F9
ok 3tk =, 1P329A2] RASA ¢ Ergow FAI TRAME Gd9 o)At
A7k F3o]l Yehds, TmolME ke o)Az} #asy, AFTHE RAF 2¢
3-29BolME Gdolu Tme] o417k A9 viehix] gtk

B 3-13. :E]E—rr-(__,__,] 7]—)‘\3)\} al y_;g/\]

Element Mass Interfernces Correction equation

La 139

Ce 140

Pr 141

Nd 146 °Ba0 -0.000080*°Ba

Sm 147 "’BaOH -0.000005* *°Ba

Eu 151  'Ba0, **BaOH -0.000754*'>*Ba-0.000189* **Ba

Gd 157 "'Pro, "ceoH -0.02031*'*'Pr-0.000515*'*°Ce

Tb 159 'NdO, "¥CeOH, ""NdOH  -0.0133349*'**Nd-0.000144*'**Ce-0.000592*'“*Nd
Dy 161 "Ndo, "**NdoH -0.009086*'*Nd-0.000373*'*Nd

Ho 165  'smo, “*NdoH -0.002118*'*Sm-0.00010***Nd

Er 166 *°NdO, ’SmO, "’SmOH  -0.00560*'**Nd-0.002118*'*’Sm

Tm 169  '“Eu0, "*SmOH, ?GdOH  -0.00067*'*Eu-0.00032*"**Sm-0.000032*'**Gd
Yb 172 156Gdo ‘Dy0, 155GdOH -0.001256*°°Gd-0.00001*'**Dy-0.000073*'°Gd
Lu 175 "’1b0, **GdOH, '"*DyOH  -0.01235*' P Tb-0.001159*'**Gd-0.00462*'**Dy

&3y 540 @2 Ha Hlw

rx

o S b4 AR Sl A B, AT, 484, S0 W EEAN
o] ol AHSETh 53 AN A B4 ASFoH FAGREBE S
A% RolEdh e} A 2 0§49 ARAWE PR o

[

o Brogle a
mlm

LA AEIAT ARFULY FAIS ofolgel Aok o LEAYA 9T
ANg SololE BEY BB AT BA7L 95 A4 92 FE B e FE
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e F8d FES Bol T FHNEE FRAHLRE FET AEFILY FE
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Rock/Ghondrites
=)

Rock/Chondrites
o

vl ol

e

k.
TTTTN T

S S SNV N T ES VOO HNNG N VOO SN S T S S OSSR SN VOO SN NN NOUN: AU SUUNNE UUUUN SRS SRS NN S |

laCGe A NiRTBnEUGITO Dy Ho B TmYb Lu ’ LaCe r NdRvSMEIGITb Dy Hb B TmYb Lu
a9 329. BAARS 240 REHT # () FHED RAY, (b) PHETF B
A%

itk 2oE 8718 ot 87 Ul EE H9FeEA &IAEE wolE
TS AMEte e FEABES R Fr)HoR HolAAE g
FEAEAS A9 &sty) A% yoEE S8l 4 AET £83e
FHAEG SAf)E A FI T2A }%ﬁ}a} % A3 g7l Wgelth o
W AREHE AT S8 Y EEDG §842 230 et etk M 9 /\}%
H& #A4Z& Lithium borate(Cremer and Schlocker 1976; Sholkovitz 1990; Tang et al.
1992; Smirnova 2003)1} Lithium metaborate(Ingamells 1970; Burman et al. 1978; Walsh
1980; Thomson and Walsh 1989; Jarvis 1990; Chao and Sanzolone 1992; Panteeva et al.
2008)7} AHEET. $4WT ARG N2 Mg AT odshE Aoldaut 7
JEFILE F “ﬁoﬂf‘i M2 & dAgte AHE HolAT FIHEFILT AR
o 93 EXAF} ¥e 55 Belthn ukSholkoviz 1990; Smirnova 2003).
SEHE AEAHA s FALNIt st Aol e W, vlgo] Bel &
3, 80} ol TDS(Total Dissolved Solids) dt#Fo] ol Az FYAA ] 48 FA3tY
ZAx7t 2AEA HA olF Y3 A& Bo] sjof &y] YRl HEIAV BoAE @
Aol Atk B3 gAY =R F4HE AP old IRAF wEd B4
7t H71e gtk dF £¥ ¥IEE M E AHEE B¢ 2/ERE UE Rhely
Pd di&o] WHREEEE &3] AHE-HE Rholt} PdE AHEE & gla, §RIZFH o=
1559 Livt B ZFaF wEo 1 ICP-MSME © o4 Ligt BE EAskx] 23
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ol|gt FAAES FE3] H3 ol dToMe FId=/ Y BEFS &A=
o] &3 FHE A=A F S3de] g E4FE= § 3149 2k

EAZFM s &3 e @2 F318 Zols Hojd FAT AEHHoR &3S
Alge] sldujgeo] me} BHA97} S e AS & 5 Uk o] Ao AHEE F)
HUEEY IAFHE ARoe Zr F57F S A ppme] o]21 3l A
AZE Xt 84T EC] Bo] Fidtn IS Ao JASEAT, o]E ABA
Zr& TS FEL uld]olo]E(baddeleyite, ZrO)o]1l, Fd4E FIEYUE|ES}
FxFgolES] 2R BB SAABELAY S2rolE)N faE Aotk A
A= E371d9 B399 JEFHARY F FFLE 200ppm o]3lo]A|gL FtRVE|EE
500014 10,000ppme] F IAEFHLE FHsle Aoz g#A UrhEby 1975 Moller
et al. 1980).

% 330c MRS o) 8a] £33 Az sty FMu)E 22t 1,0004, 5000
Hj 12|31 10,000u] 3Aste] B3 ARE S50 23 EAdnet ME vlwd A
o7 oF 34 wjg F 500002 NG AUt A F X3 gtk o)e 34 )
F7F #A5 Agole TDS o] Eol A8 FUR(ES] AEFZoY &79F)E g2
X E7F BRI EEA B gEoz AZtdch durEQl Y Al A
= o 10008 BES] Moz TDSH 93 wye Wxsm BAHo] BT A
FEE FAT F Atk 28U FHEUECEdE QutEel FaE3E ] o
Ta Aol 2T 3EEo] AAR v glagEoME Gatd
& 2R3 Jlem=E TDS/F d4 =oh 232E oF 50000 A= 43 4

< A7 & HolA Fok w47t 10,0008] =] A= FIEF
o &4 FE0] olF wol XFEAA} Fobd Byt ople} Ao Wit A
9 FEE BY & Atk

>
4

o
i

«10

% Difference
% Difference

»n
<
[

s
=1
J

-15 1 T T T i T T T T 1] T T T T T T T T H T T T T T T T T T
La Ce Pr NdSmEu Gd Tb Dy Ho Er TmYb Lu La Ce Pr NdSmEu Gd Tb Dy Ho Er TmYb Lu

7Y 330. NaOs §8°83% A8almte] 24257 o], + 1,0008 34, 0; 50008 3|
A, A; 10,0008) 3],
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E3-14. A48} §88 < o4 ¥R FA R

Sample No. 434R206 387R160

Method acid digestion fusion acid digestion fusion
Dilution x1000 x5000 x10000 x1000 x5000

ia 296.93 291.12 283.90 293.83 121.76 113.76 114.54
Ce 701.38 684.69 627.81 691.13 266.90 250.58 254.33
Pr 86.03 86.60 84.17 85.84 31.89 29.79 29.70
Nd 303.07 32941 327.66 334.17 116.22 110.80 112.03
Sm 53.26 53.19 51.86 5328 1829 17.81 18.27
Fu 14.99 14.62 14.16 14.85 541 5.10 5.30
Gd 52.04 50.16 49.49 51.37 18.03 16.77 17.37
Tb 532 525 5.26 529 1.82 1.84 1.88
Dy 22.53 2217 21.84 22.87 7.79 7.80 7.86
Ho 2.87 290 2.79 2.90 1.00 1.01 1.04
Er 7.25 7.29 7.07 7.10 2.54 2.50 2.58
Tm 0.61 0.63 0.63 0.62 0.17 0.24 0.25
Yb 3.53 3.56 343 3.58 124 1.26 131
Lu 043 043 0.44 045 0.12 0.17 0.18

247]7]9] & d3 Hlw

ol dydxe FYF AEY distd = AFAL HEFH(Natural History
Museum: NHM)2] ICP-MS(VG Elemental PlazmaQuad PQ3)¢} Zgtx A Elql Fitry
gt A7&8t#SPIN, Ecole des Mines)9] ICP-OESthigh resolution sequential
spectrometer, Jobin-Yvon JY138)E o] &3l FA48 AAISYY ¥ F 71#L ohdt
a2 o] A ATE FHFEHAA o)F ¢4 dF 1Y BAVIeS ET"r'}E’— A7
& EA4Z2FAE vlasty)d] A8tk NHMe] ICP-MS £4dAe BE 3
Aol o]Folxl ¥hd SPIN®| ICP-OES #4oAxe AHEHS 1Hd)

ol La, Ce, Nd$} Eu ¥+ 245Uk 19 331 F 7}4011 A B9 23 3]
FaTFdA A 2AE Aot vwd Aotk djEe JEFIA

095042 Holx|t Yb(R*=091)} Lu(R’=0.77)¢] A}%ﬂ&ﬂ}—‘a )
Lug] 571 19 2] gEos AZan. £3 d3da7ds) (CPMSE $49 7
97} TEEAN 23 e FEES Holed ok QAARY SAAEY Ae] EE
BAAY 0l27E7] uAe] e B4 gEoz AzEd. A A9 sewes
&3 Axo WE JEFALY F& Aol FaddT oA AAZ R
g Aoz ZQl HAY T2 AS I dAT e ICP-MS EAAdlE ofF
Z7] BEAE ANt 1pbbellAl 1,000ppb 7448 Ao AHE olFA HAo
RomZ AE7] Aolo] e v= WHEE AAEAe geth o] FAYS dog ¥
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1% 331 HYATY ICP-MS$ FAAAEJHINHM) ICP-MS, =2 A el
3AFSHSPIN) ICP-OES$te] B4 A# ¥lmw. O; sYAT+93} NHMe] v, 4;
AT+ 47 SPINF 2] v

4. 4 &

ICP-MSE o] 43 FEFUA AL B A& wE ST ofF 783}
oh. ¢ZEge] sy e 88yl A% FA Y AEIAE ppb @9 olEtEA F
Wy BF JEFUA B4d APt ayy ol2d v AAHe vdd
A3t A EF AR 53] Badl HIAEFULY TRV 22 ¢FEYNAM FIE
Fo49 2427 B JgE ok AAHe AsE A EY] HE B B
H ke =Rk v Gd® Tme] FEE20~30% 31, Tbe}t Ere 10~20% o, Eu,
Ho#} Ybe 10% ouj9) wsbgt weldh ArEsyst S-gHol o3t 2427 2ol ¢l
oo, TDSS} AETFAE 2T o) of 50008) 3|48t} EA% Ao 7P FL& 23
& HQlth = FATde ICP-MSe} T2 |gol B4 598 A5 #4429
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2. 299 558 A74
(Institutet for Rymdfysik, IRF; Swedish Institute of Space Physics)
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Rolz thgdt b 4 Atk

- 1} 7] &3] (Atmospheric Physics)

- B] % A &g (Solar Terrestrial Physics)

- el ¢A E2]8 2 A &2 (Solar System Physics and Astrophysics)
- $-3 7]% (Space Technology)
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3. CRESS (Center for Research in Earth and Space Science), York University, Canada
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CRESS= Aiuth EREY QENE 48878 o] 7A€ d7aHE aatishy
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33taL g} 53] AA 2] 7H4J(VLBL Very Long Baseline interferometry) 7]&-& 083 3=
1} (supernovae), A} (pulsars), P¥t Joig 2] HAE & 7|2 7|15 59 978 #9312 Aok
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198 6-3. Cressoll Al 47338} VLBIE Aut47

- th7)3kekEof

713 okol A A HAS o] 83 APAT F-E JeH 53| &¢
ODINQIFH A S o] 83 29, AT, TAolol FFATE F33t T o] IF
OSIRISZ}= 71718 B33t AHe] 33 Ao)d #5-& #3311 lom 558 2E&E3F
5 el = -’Ff@?}ﬂ}. w3 nFr|aT AFHIAS UARS (Upper Atmosphere Research
Satellite) o] #Z-7]7]¢] s}l WINDIIZhE RAAIE 7Hd8ted A 3d d7) 33 S5LETE,
Az D AE A A 5 5 7)9 31 AE ] SV ES BSS ATH R 7Y
ST o] Yol dFHd R AF A SE AT FHE A8 A EY EAE I e
H o] 2R A S st Qi

21 A2 = 2ho] H(LIDAR; Light Detecting and Ranging) 7§38 53 7159 2
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Weridional Wind {IHS}

JFNAMJJASOND
TIME (MONTHS

18 6-4. WINDIIZ #H2d 31Zdj7] FEusk whake] AWy
FZ

t7188H 2 ofo) A E AFH WINDIAHES o] §5}e] 13h7) (980300 km) ) vheh& 3
03] 2AEE 245 B 45el 2L UrInEe] A€ ATsn o] AATH Bad
A9 el Bl wRe) FReA ST A7 Shiols|= stek A Aiere 3
AT ABslel 370 L 4E D WSS B25 Y 7171E AEHT V1% St

- $7 873 Q7 R0k (Space Environment)

SRR Rk S YA o -5 Feh 20335 A H o] 2 BARAATT} 3

=1 9lon 53] 93084 o LAGHAR ) e A3 FAGY h EA7F oo

A3 ek g SFEFEoRY o] 23, AP AT E APH 2 e 53] 2+F84

X Fa7IAES] He|#HAH #HAY A7/ APHI Yot o] F 1A EY FAMIE A

I $FAA BEs 849 Bl AL fFda Jlon astrEe]Y FEERL
ZARE F UES d7E JYea o

- 9AYAL Y x]E] A B A2 Eof (Remote Sensing & Geographic Information System)

AAPBAA T Ao A EAste T-& WEHE AAVIEAE B3 19 R
#A g Fety) 71eo AEe XT3 BEy A #AY, 34, AYFRALHS FE
AR wd=97 AFSo ATFE 937 it E3 SAR (Synthetic Aperture Radar)E ] &
st 059 A4S 1ok st e aRF 02 FE3h= g & gt ok
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1. 95 AQAPHER BE3F
(Department of Mineralogy, Natural History Museum, UK)
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AArttE g FESEE AAAZRY 13 AAT &4, 3E 5L BHEsn 4
T AA eSS T oot 22 4EorE TAHY o F 03 Asi(ag,
d74, 47 gig Aol Fodsta ik
1) A}-9-87433-5-8H(Economic and Environmnetal Mineralogy)
2) AR B E(Electron Microscopy and Mineral Analysis)
3) F&3-E38HMineral Sciences and Systematics)
4) 28k 8(Petrology and Meteoritics)
- A7 &
BEIHY dFe A ATY B, 94 223 3HE dFde 2|72+

S 7ok "o ey, Fd A7 FAE 2o ofest 2k
1) Earth Materials, History and Processes theme
- Mineral Systematics
- Petrology and Petrogenesis
- Meteorites and Dust from Space
- Mineralogy and Origin of Ore Deposits
- Soils
2) Environmental Mineralogy
- Environmental Mineralogy
- Organisms and Metals
o] Bof 5 SHEFEFET FIRYUE]E 9T+ Petrology and Petrogenesis o}
M RAsHLR A7sta glon, o FoklXe ofdt 2 4 Eok d+E FE 7YY
o
Petrology and Petrogenesis
- Extrisive carbonatites
- Phoscorite and carbonatite
- Mantle xenolith
- Alkaline rocks and carbonatites of the World
324 7hB U Elo] E(Extrusive carbonatite) G o} gy} ghAjuolo] U= AlA
Y9 7tEUElo]E #3141kl Oldoinyo Lengai 3tell AZFela low, wjd RAE ¥
o Srgel ATR Bohld S Aol B PR RUHYE AAsT Ao
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aF 67. AA FLe JtHEolE #3}41¢l Oldoinyo Lengai Volcano(o}:
27} gzio})

¥ 23 7}o] E-7} B 1}E} o] E (Phoscorite and carbonatite) A7 A 5 ATAIYC
M= F383l Qe 537 galo} Ehilno @ddls GAE Udez st 7] gE
o o] ot g - %11]"‘5"4‘7"*5 FAE gaAo] Aok 53] o] AHL AAAF
o2 7P B AFREC H1HI e ZEE FAE It of 209749 FZYY
-ZtRUE|E BIA7L ddsta 1o, 1 F 2 Y Sl AR AY I ¢
H AEE Ao}t Zehlxo] waélE Kola Alkaline Provinces FolXg|7lo] wdsdl=
Be FuugelEETe Be Aga-Ad-gRdtdes T4 ) xaze
OIE—% ek, o] 9L JlHUE|ERGE N B IFES5dES T
IR UELO|EC 50% o] T WAL WEZHE fiE ©i(carbon)d] FE
AZA o] A7} F1H0E AR FFEA wE A7EFHUS & 4TS U]
o webd ZhRuolEE FEAY S YR Bople) edne BAE A
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OY 68 B2 Il 3B EgAdgA AEE

e XAFFOlE

WE ¥ 39 (Mantle xenolith)& 2|7 i TAHEAL o)3s)y] $J3 Al A
2 AT A GAE BorillA g T893 AF tiidolth o] FokoMe ojgg e}
A2 3, $REFE, ACZ vlad SolM Aed T AEREYS g
2 742 F7 =48 24 §8 @798 O 2AVE 598 d7E
T8t gtk

4429t A(Alkaline rocks and carbonatites of the World):= AA Aoz #49
Alan Woolley w7} g T3 lon, AMAY i dZed AEE Basia
Atk E3] Woolley v €Zeds 7lHUE|E AFE g8 7|2 FHog FE3)ord
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- Electron probe microanalysis(EPMA)
- Inductively coupled plasma spectrometry(ICP-AES)
- LA-MCICPMS
- Infrared spectroscopy(IR)
- X-ray diffraction by position-sensitive detector(XRD)
- Field emission scanning electron microscopy(SEM)
- Conventional scanning electron microscopy(SEM)
- Low vacuum scanning electron microscopy(SEM)
- Transmission electron microscopy(TEM)
- Confocal microscopy

- Cathodoluminescence

19 6-9. EPMA (Cameca SX50)
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1% 6-10. SEM (Jeol 5900LV)

1% 6-11. LA-MC-ICPMS (Micromass IsoProbe)
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19 6-12. ICP-AES (Varian VISTA PRO)

1% 6-13. TEM (Hitachi H-7100)
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198 6-14. Field emission SEM (Philips XL-30)
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