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(¥) Preliminary study of mineral resources exploration in Northern

Victoria Land, Antarctica
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SUMMARY

(3 & 2 o B

I. Title

Preliminary study of mineral resources exploration in Northern

Victoria Land, Antarctica

II. Purpose and Necessity of R&D

Jang Bogo station, the second Antarctic Research station of Korea,
was built in northern Victoria Land, Antarctica on February 2014.
The Jang Bogo station enables to study various field of geology on
Antarctica which has a great potential of mineral resources. This
research investigates the mineral resource potential of Antarctica by
geological, mineralogical, petrological and geochemical observation and
analyses. On the basis of these results, exploration system of mineral
resources in Antarctica is discussed and the handbook of mineral in

Antarctica is publisehd.
Il. Contents and Extent of R&D

Previous studies and researches on mineral resources of Antarctica
are reviewed, leading to select the locations necessary for geological
survey. Samples are collected by a field investigation and observed to
identify the mineralogical and petrological characteristics. Geochemical
analyses including major, minor and trace elements measurement are

conducted to identify the enrichment or deficiency of specific



element. These mineralogical, petrological and geochemical results
help to find out the indicator of potential mineral resources in

Antarctica.

IV. R&D Results

The information about potentiality of mineral resources in Antarctica
is investigated by combining the field observation, mineralogical and
petrological characteristics, and geochecmial analyses results.
Ultramafic/mafic complex in Niagara Icefalls region shows higher
contents of Cu, Cr, Ni, Mo, Ag and W relative to average
concentration of continental crust. Pegmatite in Lichen Hills and
Outback Nunataks (U, Li, Ta, Sn), metamorphic rocks near Jang Bogo
station (Be, Sb), and granitoid in Morozumi Range and Daniels Range
(Bi, Sb) show relatively higher concentration compared to average
continental crust. However, these contents are still below the level of
forming mineral deposits. Economical values of these sites are also
very low considering the climatic and geographic, the economic and
technological, and environmental and scientific difficulties in

Antarctica.

The research results on the potentiality of mineral resources in
Antarctica are summarized to publish the <Handbook of minerals in
northern Victoria Land, Antarctica>. This handbook contains the basic
information about mineral resource potential on northern Victoria
Land including geological, mineralogical, petrological and geochemical

research results.

V. Application Plans of R&D Results

This research may offer the basic data which can be applied to the

study of mineral resource exploration in Antarctic region. In addition,



the results can be used in future research on building exploration
system of mineral resources in Antarctica including northern Victoria
Land. If the occurrence of mineral resources is identified, this study
can be basis of study on origin and formation processes of mineral
deposits in Antarctica. Also, by comparing to mineral deposits in
other Continents, this research is further developed to the future
study on the location of Antarctica in the past and its movement of

current position.
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Location

Latitude (S),
Longitude (E)

Rock types

Lichen Hills

73° 19.268,
162° 16.950""

Granitoids with pegmatitic veinns

Niagara Icefalls—1

72° 55.394,
165° 48.240°

Ultramafic complex of Harzburgite and
Dnite
Serpentinized mafic rocks
Syenitic pegmatite
Megacrysticpyroxenite

Niagara Icefalls—2

72° 56.8027,
165° 52.733"

Quartz veins including pyrite and
chalcopyrite hosted in low
metamorphosed gneiss

Mt. McCarthy

72° 35933,
166° 09.983"

Metabasalt with numerous qtz. and
Fe-carbonate veins
Metamorphosed sandstone with qtz.
vein
Altered tuff sediment with qtz. vein

Oakley Glacier

73° 43.521°,
166° 05.279°

Granite, syenite,pegmatitic granite

Outback Nunataks

72° 41.2947,
160° 17.618"

Deformedmetasandstone or metapelite
with much muscovite
Granite with pegmatitic veins

Gondwana St.

74° 38.152,
164° 13.342°

Granite, Gneiss,Pegmatitic veins in
granitoids with green minerals

Daniels Range

71° 49.230"
160° 32.291°

Pegmatitic granite, granite with fds.
phenocryst

Morozumi Range

71° 27.926"
161° 42.708"

Pegmatitic granite

17 -




Bog valley

71° 56.775°
161° 21.795°

Dolerite,pegmatitic granite with lots of
garnet and tourmaline

Reilly Ridge

71° 33.274"
163° 18.932°

Quartz and siderite veins within
sedimentary rocks

_18_
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Sampling position

PACIFIC OCEAN @ Igneous rock

O Metamorphic rock

© Sedimentary rock

71°

Coalman
Island

ROSS SEA

Jang Bogo Station
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TERRANES AND UNITS OF THE ROSS OROGEN  TERRANES AND UNITS GF THE ROSS OROGEN

Meander Granite and Syenite Wilson Metamorphic Complex
- Malta, Hallett and Melboume
Voleanic Suetes - Granite Harbour Igneous Complex

POST-ROSS MAGMATISM AND SEDIMENTATION
Dessent Ridge Unit
Eirkpadrick Basalt

- Ferrar Dolerite and Beacon Supergroug - Bowers Terrane
- Admiraity [gneous Complex - Millen Schist
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Hills, Outback Nunataks, Morozumi Range, Daniels Range, Boggs Valley)oll A = %
H s dAel= AR H71A (tourmaline)o] ®ol XE3tE o] AT LH 5).
A714 L 572 33-E (boron silicate mineral) 2% XY3Z5SigB;027(OH,0,F), ol a2
st s st xS 2ha vk X Y, Z &l oul sk YATF Eofrhtel ufe)
A714 ] A2 wi- vFstA v E, X A= Na, Ca, K, Mg7F Y Aol =
Mg, Fe, Mn, Cr, Li¢] Z &gl = F2 Ale] Sof7ith webA] zpzhe] 2ol o3t
Aol wel A7) el 4 et =S Aol A% S A o] At
g AFel= A71A e AR 7hE ke B AR s AV HH, ol & &l
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< Tl Z(zoning)7F FEEHA #E W, o= A7

=
A W
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3. WIkA] AH(Mt. McCarthy)

WIEA] AF ZA] A= A o] W (quartz vein)d} H-¥HAFd 9 (Fe-carbonate vein)

o] v ElH}A}o] E(metabasite), MA RS AFYE R S-3] o (tuff) o WA H A el 2

i
i ek 3). W el =, &, 7] o5 Frshal = FEo] EAsks A el
Sk A ZASESITE o] A9 ojdE|ol Arxlell ofel A ) el A TEFE o
Baug A9y A or 4= AFer 52 HES T8 55 FEo] wid
o] & 7heAol muha AKX, EJF H-gitgy wo] e ks A
25 T € ¢ e SAEJIYOBIF) 53 22 & gl M =2 A5 &2
Aol =AE AT

4, »12 W2 (Boggs Valley)

B Mye 33 (19 6)E low grade HAE Aoto 7 FAE o glon F=
quartzite®} WA EHHES F3EE= phyllitic schists® T4 %o 2t (Rennick
Schists). o]& gt ## ZA3}+= Tessensohn et al. (1990)7} Schoner and John (2014) 2]
AT Aot A G Y At #dge FE H om @9 A8 shaet
(pegmatite) &= o] H A glow W 4 A7|M S E3tstar Utk Ao 23 A
71A el e Ao MHFor AR sk 542 ®9Y. Permian Beacon
Supergroup®ll &3h= ¥ 4 53}
e Aol & yErdTh

5. tty A~ 29 (Daniels Range) 2 =251 A (Morozumi Range)

tty d 2 2k o] Daniels Rangets HH Eglol? = Wilson terraned] <330,
Granite Harbour Intrusive®} WPC(Wilson Plutonic Complex)7} 2+ #zE (19
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Jo] ¢ =& % Yolt}. Daniels Range 2km ©]%4+2] #Ath# plutonC & -4 ¥ o]
Aok Aoz A% S 2AAS HoF, 31734 & (granodiorite) I 585
Edglo] E(two mica tonalite)7} 4FE ¥ Th (Sheraton et al., 1987). s} &2 238
(xenolith) 5& 2&3tal A+ B57F low, AF4d] K-FA S et A+ &
AR g AEEn e shaehd A A, A A WER 5
wRE FAdE glow FA wekEo] & WdE o] th
REFu Ao g7k kA (Igneous complex) THYFsH #dALEZE T4
o] 9t (Rocchi et al.,, 2015)(28 6). Morozumi phylliteo] o] 23+ 3} 7Foka E-gh4)
= ¥ 3star gt} o] HAE A A2 Permian sandstone of the Beacon Supergroup®l
o] FAgo g Pty Monzogranite 2 ] 7 %] &= Morozumi granite©] #HZ 5
H, ARE K-FA & o 23eta e o] SAolr}, g WErel [d7|A S o
%2 ¥3tstn g A s o (leucogranite)o] EF A o7 2 dzEh o] -
31749k Rocchi et al. (2015)°] 93] Morozumi leucogranite&. 2 7 % 1t} 912
SHAFehS 2Ahe qrRE Wdstal low A7) AR A7] JA| s Al HEFd T
6. 2tz 1A (Reilly Ridge)
gde gAo= & m T A 9 ek WMol Bowers terrane®] Sledgers
group (lower greenschist facies metavolcanics)¥ Glasgow formation (Middle
Cambrian meta—sediment) ol 2 Wasla 9 Ao #HATH 1Y 6). Crispini et

al. (2011) Sledgers groupoll Al F=olA Hx=2 a9& JAst= F328S Hal

sk Aol o, #AFE WE F& HES FO 55 dAES X3S Aoz HoAE
Aol WS LGA ] A 282 TS F3AeS dodvks a4
Ao Azt W g A HREE ol Ao dF &=
o] 7HA A& & YAES XFH IS TFsA ol

il
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34 BddA(Ee 25 (b) Boggs Valleyolld &= #7148 o 343

BY oA, (c) Boggs Valleye] 3}-(basement), %% (Takrouna Formation) 2 4

Z(Ferrar dolerite sill), (d) Morozumi Range?] &AM, (e) S*& 7|49 AA

A K-FAS ¥£38381 9+ Morozumi granite, (f) M&® e} A7)|AS dHfFatar 9l
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G vEolAE Ao ok dxAE Bal ANE G4 ARE AEF T
IPC-MSE ol§3te] mzda YRS EAd9n

4 DAY EI|FE F2 Za-4ve
(alc-alkaline) wF1whe] A ujAQl Gaks Wol o=z FALHJT (Woo et al,
2013). AFA Y oA Aozl FAEY A A FEo] vlwy HA bt

A
W RE s AS SiOF F7HE el wheEk, KoO/Si0,, Rb/SiO,, Th/SiO; H] 7k
S7Fek AL Ce/SiOz¢t La/SiO; vl 9 ¢+ By A7 F7lets 43S BIh
8], =A% %ol WastA Y AAstE QA A = pegmatitic granites Z=
~<Zhg] A (calc-alkaline magma) vF2vl 71999E AA|skar AqeH(2y 7, 19 B).
Za-gzte] shitew FA4E @50 SuEeordi=e] 49 LILE (high large ion
lithophile elements; <= K, Rb, Th)¥} HFSE(high field strength elements; <=
Zr, Nb, TD)9] u|7} ZAie] F3FS v 82 AqHuus ddHow F3ls i
o} 3719 meltse] 4§ =& F9 LILE/HFSE ¥l & HoFE A2 A7d &
oA g Aol dojypal FHE E2 vtavHmelt) 2FH A2 o FE
g5 doyleE Aeoletn AztETh HdstE b el 4§ LILE/HFSE H]
S7tstAl H =, obvtxe wiamtERE A|EA o7 u| gkl FEo] A7
A Aoty & AFolMe= F3td dEAZe] WEo] £3E LILES 9452 9
o] ofefje] & A tiEF FRFA FJEHHA LILEZL S7FstHA] Za-<7teld vt
anke] EAS Hole Ao® My 9, 1Y 10).
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100

Rb (ppm)

Syn- collision granite

Within-plate

LR =

granite

Volcanic arc granite
Wi . Ocean ridge =
E granites ]
1 | | IIIIIII 1 1 IIlIII| | 1 1 1 1111
1 10 100 1000
(Y+Nb) (ppm)
a9 9. AFAGAA H= Mgl tholo] g, R AR
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Merensky Reef of the Bushveld Complex 2 3 994 e HIY+= o]zt
sgogol o wEl Yt 12). Sulfur-poor systemol] @G E = Fatol A=
S} A 7H(834S)0] WMEQ Zhel 0% <Al ®ol o} sulfur-rich system
3% Fahe B W HAE 7MW 49 o= A3 o= mioint
A7 P02 =& 834S #< zte B2t 33 A7 &9 (crustal
contamination)ol] &l oF7|Hthil o AZI T whepa F7EAQ A= gH o] % o
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2. Yololrte} ofo]~% (Niagara Icefalls)

o] A9 =W Aol E(Harzburgite), B Ye] E(Dunite) 522 F4H 2974
5 ¢ A (ultramafic complex)7t AbE 5™, ARt 3 2H8& W2 AREoE A E
A714d/2997144 4A= chromite deposit, base-metal Ni-Cu sulfide deposits, PGE
sulfide deposit & LEAIZA & e 2] A4S gl toJolrte} ofo] =& A
Ao A A Az JEF YAE #Aste] CI Chondrite, Silicate Earth 2
Continental Crust®] normalizing 3+ ¥ ZA|SAtH e 13). 2 A&7} CI
chondrite®} Silicate Earthol normalizing 3} S Wl A3 EF{F7} T3 EF H & F
b7 Bol ¥ BEES BoFH, 53] Al FAert 2 As & dn 28y
continental crustel] =A|8t91S wjE= 2709 A& (NI2¢F NI6)7F 1 2319 3hs zba o}
HZz] 5719 Algs 235ld 29 A4S e 4 =4, o]+ Niagara Icefall %]
Aol A AEH = A7/ 27 dAE dEALS dEetes =420] ofy L WE Y
. Niagara Icefall Aol A &= & A714/
D714 A ATEety 54 stvbe= AF(Cr)ol ol & dasol H]’GH
= Aelth 279 =2 7872700 ppm W E Helw 53] NII63} NII8S 747
22003} 2700 ppm #& RolFErh F AR E2 AF FFE o] AeA chromite
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19 13, Yololrte} ofe] 2E A HoA] AFE 24 EFAY s EF 24 A
normalizing®l] AF-&% (9]) chondrite, (Z7}) bulk
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A 22 AR AR AS Ao, W A, UA 2 ng 5o BAR Qe
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T Sl ZE7hA walyl AeE R E39h el Niagara Icefalls # 9ol
A Aol AAdeGA ATE FFS A Fe] e ATEHA AF A AYS TS
of H[-&I AZEAR Ag ALY oEwS =0]7] 9% =9o] Fasivty A7
Hoh

2. 2Fo]7l 3 =(Lichen Hills) ¥ o}%¥ 1 (Outback Nunataks)

gholzll = A9 AAA 37 (granitic pegmatite)o] FEe 1A F
Aol abZEtt 1990t Z kel wx e AT AdolA e EFS YAbs A
7F =AU o] SlE itk webs ARZA el w82 F A s, 2E
7 AEFALY R3S ARzt sk A8 wEl Ta(H W 4274)), Nb(H o)
4080), Ag(Fd 2141), Bi(H h 284]) To] F-3stHe] A= As gdstdvi (4 15).
71 AZA et vh2A Th(H o 118D UH D 12v)) 2 A7 F3t FFuvs =

N

< FEE BIAA Rt e ShEF(eF 2v))S B lth B8 REE w4 A3 o
A BIEFIF FIEFRT 52 FFS Hol= Unkdl AAA s7Feke] xt3}s)
q EAS BT, Aol 3 A= B34S A4S F e FACAE B A
= dukHQl A7 shegR Yy A =X g2 ghol FA4HY

of--1l FLFERX] o of A= W25 7} B2 metapelite 52 MAE XS AHGA 3}
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=
BE g1 2 A 249 Alme] FL4 3k
é;ﬂgg? Si02  AI203  Fe203(T) MnO  MgO Ca0 Na20 K20 TiO2 P205 LOI Total
535%01 % % % % % % % % % % % %
LHI1 71.69 14.55 2.27 0.03 0.76 1.30 255 6.13 0.294 0.13 0.63 100.3
LH5 74.97 14.14 152 0.24 0.12 0.59 3.17 4.03 0.045 0.11 1.13 100.1
LH7 72.40 14.23 1.62 0.02 0.44 0.94 2.63 6.05 0.26 0.13 1.01 99.74
LH11 74.42 9.92 7.43 0.20 2.34 1.20 15 2.24 0.618 0.03 0.83 100.7
LHI3-2  71.32 14.01 2.79 0.04 0.63 1.39 2.64 5.38 0.362 0.09 0.56 99.21
ON5 78.03 13.79 1.21 0.03 0.14 0.62 4.65 15 0.087 0.04 0.73 100.8
ON3 76.22 14.04 1.77 0.16 0.19 0.69 4.00 2.03 0071 < 001 0.72 99.89
ON7 72.93 1391 1.71 0.03 0.25 0.97 3.26 473 0.158 0.20 0.82 99.02
OK1 72.95 14.44 1.23 0.03 0.42 1.47 3.00 5.36 0.162 0.07 0.76 99.19
Ok10 70.25 14.82 4.02 0.07 1.25 3.25 3.46 1.89 0.453 0.10 0.75 100.3
OK13 89.99 5.87 0.81 0.03 0.34 121 1.15 0.81 0.094 0.01 0.33 100.7
MC3 4522 11.15 7.88 0.15 451 19.51 1.65 0.04 0.616 0.06 8.03 98.81
MC5 51.22 14.86 5.56 0.09 2.52 20.37 0.49 0.05 0.419 0.05 4.32 99.96
MC14 68.72 12.01 4.98 0.06 3.69 1.90 2.47 2.15 0.533 0.15 3.13 99.79
GW1 70.32 15.17 2.88 0.05 0.83 3.37 3.84 2.54 0.326 0.13 0.46 99.96
GW7 75.22 13.45 1.27 0.02 0.29 1.38 2.39 5.16 0.109 0.06 0.67 100
GWS8 84.71 8.20 0.90 0.02 0.17 1.71 1.49 145 0.044 0.23 0.66 99.58
NI3 67.46 13.89 5.07 0.04 2.86 3.29 2.58 3.16 0.695 0.19 1.07 100.3
NI3-1 57.58 1850 778 0.06 3.45 0.47 0.39 7.21 0.913 0.15 2.33 98.84
NI4 67.10 13.71 5.15 0.04 2.46 2.91 2.53 3.72 0.638 0.17 159 100.1
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NI6
NI7
NI8
NI16
NI18
CR1
PP2
BR14
BR12
BM1
BM2
DR1
DR2
MZ1
MZ2
BV1
BV2
BV3
BV4
ER1
BV5
CAMP

DESSEN
T

JBS1
JBS2
MZ3

68.18
52.99
37.33
52.30
50.99
75.15
4715
79.53
93.77
65.17
73.21
70.38
70.81
73.43
52.63
o4.75
72.28
58.82
74.31
63.6

79.09
75.84

47.17

77.16
65.45
o17.74

13.43
2.75
18.46
3.46
3.63
13.44
6.46
9.38
1.43
16.03
14.58
15.49
15.89
14.04
15.19
13.81
14.99
22.712
14.32
14.75
9.74
11.0

21.46

11.59
14.99
18.66

3.98
9.86
9.51
7.88
793
1.02
9.79
3.27
0.94
495
1.67
2.17
0.77
1.22
9.52
11.28
0.35
451
0.93
3.25
3.45
3.08

10.73

2.87
6.98
7.9

0.04
0.27
0.12
0.30
0.17
0.06
0.18
0.05
0.10
0.06
0.05
0.03
0.02
0.02
0.156
0.156
0.03
0.07
0.01
0.05
0.06
0.03

0.11

0.08
0.20
0.07

3.13
18.58
17.72
24.07
24.61

0.13
19.36

1.05

0.20

1.57

0.23

0.60

0.10

0.23

6.36

4.42

0.07

1.50

0.25

1.66

1.31

1.23

0.91

2.09
3.29
3.27

1.84
11.31
0.78
7.27
7.68
0.85
10.29
1.3
1.44
2.61
0.91
1.63
1.19
1.01
11.29
8.32
0.38
0.91
0.51
3.07
1.57
0.95

4.66

0.58
1.97
0.48
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1.96
0.42
0.11
0.11
0.15
3.74
0.51
2.61
0.21
3.07
4.57
2.75
3.33
2.74
1.66
ZS )
3.18
4.09
2.26
3.31
2.25
3.06

3.98

1.13
2.01
0.41

593
0.27
9.03
0.03
0.07
4.69
0.12
14
0.19
4.07
3.76
6.23
7.86
6.33
0.92
1.55
7.37
4.29
7.07
3.95
1.56
3.5

2.17

3.1
2.97
6.87

0.719
0.048
2.234
0.066
0.052
0.078
0.071
0.442
0.03
0.8
0.183
0.309
0.035
0.084
0.597
0.889
0.016
0.294
0.041
0.397
0.43
0.534

0.506

0.012
0.698
0.84

0.19
0.02
0.29
< 0.01
< 0.01
0.01
< 0.01
0.09
0.06
0.25
0.19
0.22
0.22
0.12
0.09
0.15
0.22
0.28
0.12
0.21
0.14
0.05

0.1

0.04
0.07
0.2

1.07
2.11
3.04
4.09
461
0.31
0.711
1.02
1.24
1.52
0.42
0.61
0.36
0.61
0.65
0.99
0.53
1.17
0.39
0.68
0.55
0.71

1.78

141
1.13
2.34

100.5
98.63
98.62
99.58
99.9
99.47
99.63
100.1
99.61
100.1
99.78
100.4
100.6
99.83
99.06
98.66
99.41
98.64
100.2
99.93
100.2
99.99

98.58

100.1
99.35
98.77



DR3
LR1
Sed1
Sed?2
Sed3
Sed4
Sedb5
Sed6
Sed7
Sed8
Sed9
Sed10
Sedl1
Sed12
Sedl3
MC3-1

60.63
44.47
71.78
77.23
51.24
69.52
34.48
4.58
46.12
46.37
50.92
3.08
82.18
52.40
62.75
47.61

17.64
15.98
12.78
9.41
14.98
12.52
3.66
0.96
155
17.11
17.90
0.58
3.54
4.68
16.34
11.59

7.28
14.07
4.26
0.65
9.74
1.72
2.47
0.41
15.40
10.12
8.26
0.44
1.54
8.95
5.86
8.10

0.07
0.23
0.03
0.01
0.17
0.05
0.01
0.03
0.27
0.16
0.14
0.10
0.03
0.15
0.08
0.16

3.19

8.05

1.99

0.11

6.47

0.32

0.38

0.44

6.44
10.96
7.24

0.69

0.38
17.86
2.21

4.67

0.63
10.32
0.44
2.19
10.27
4.29
2.46
50l.84
11.01
12.19
12.41
52.26
5.45
12.21
1.7
18.64

1.32
2.01
2.97
1.83
2.37
2.86
0.5
0.21
2.9
1.91
1.52
0.1
0.4
0.52
1.93
1.74

5.44
0.25
2.18
2.23
0.47
3.26
0.99
0.19
0.09
0.05
0.53
0.13
0.82
0.32
4.25
0.05

0.766
1.627
0.522
0.162
0.626
0.179
0.051
0.037
2.99
0.737
0.438
0.042
0.311
0.321
0.716
0.654

0.16
0.1

0.17
0.01
0.09
0.04
0.66
0.03
0.44
0.01
0.06
0.05
0.08
0.03
0.17
0.05

1.99
2.13
2.2
5.25
4.56
4.39
441
41.02
-0.65
0.09
1.01
41.98
474
1.61
3.22
6.98

99.12
99.23
98.92
99.09
101
99.13
99.68
99.76
100.5
99.71
100.4
99.47
99.48
98.67
99.22
100.2
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BE E 2 B AToA BAH 94 Aol vi@ds §e (290 ppm).
Eelrelrtn Sc Be A% Ba Sr Y Zr Cr Co Ni Cu 7n Ga Ge As Rb Nb Mo Ag In Sn Sb Cs
LHI 4 1 26 424 117 10 172 5 4 5 55 40 15 1 <5 20 8 <2 06 5 2 o5 68
LH5 3 5 <5 31 15 16 38 160 <1 49 15 30 20 3 <5 307 32 4 5 o5 11 09 35
LH7 3 3 17 340 78 10 153 40 2 45 q, 50 17 1 <5 207 11 <2 05 5 2 5 25
LHIl 27 2 92 51 47 41 35 200 11 3 2 100 15 2 <5 18 6 5 12 5 4 5 129
LHIS 5 2 20 349 141 24 218 10 4 5 5o 40 15 1 <5 200 5 3 07 o, 4 5 52
ONs 2 9 <5 18 10 5 9 9 <1 o5 10 40 28 2 <5 174 2 <2 5 o5 23 o5 96
ON3 2 10 <5 18 14 9 15 200 <1 o5 g5 50 24 2 <5 230 54 3 5 oy 37 5 201
ON7 1 10 6 147 51 10 98 200 1 55 g 50 18 1 <5 3% 38 4 5 o5 23 5 513
OKIL 4 3 9 511 119 46 124 5 2 5 10 a0 12 1 <5 28 5 <2 & & 3 5 5
Oklo 8 3 5 108 163 17 174 180 7 55 q5 40 20 2 <5 12 3 4 = o5 6 g5 102
OKI3 2 1 13 94 66 6 34 .55 32 5 10 4 5 <1 <5 33 2 <2 & & 1 5 15
MC3 30 <1 200 9 42 16 41 190 27 70 8 70 13 2 <5 <2 4 <2 o 5 <1 09 07
MC5 19 <1 171 9 20 9 27 8 14 40 40 70 21 2 <5 <2 <1 <2 5 o5 <1 109 :
MEL 13 2 80 512 194 22 246 280 16 9% 30 60 12 1 <5 8 7 <2 07 ., 3 Ll 34
GWI 4 2 32 35 38 10 17 5 4 55 19 4 16 1 <5 60 6 <2 ,x o5 <1 46 43
GW7 3 1 9 38 168 16 73 5 1 o5 19 3 14 1 <5 M0 9 <2 o 5 3 08 27
GWS 1 2 12 343 114 11 19 150 2 5 10 5 6 1 <5 5 7 2 o & <1 g5 07
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NI3

NI3-

NI4

NI6

NI7

NI8

NI16

NI18

CR1

PP2

BR14

BR12

BM1

BM2

DR1

DR2

MZ1

MZzZ2

BV1
BV2

13
19
12

12

30

32

49

30

40

38

<1

<1

<1

<1

<1

81

123

85

76

19

258

74

110

<5

134

42

54

11

25

<5b

236

243
<5

530
123

690
101

771

<2

295
11
486
23
825
136
984
576
754
191

334
374

223

72

211

156

26

110

48

207

131

627

38

190

136

167

127

125
91

26

26

25

22

42

19

16

30

13

15

44

18

25

250
178
238
271
10
816

23

65

389
16
285
84
134
38
44
90

147
58

90

90

70

70

134

310

263

288

20
237

60

30

20
20
20
20

20
120

70
<

13

18

14

11

37

68

57

52

<1

68

39

38
<1

30

40

30

90

760

111

350

320

20

540

20

20

20

20

20

20

20
80

60

190

10

600

20
295

10
10
10

10

30

10

10

30

10

10

10

10
90

100

30

110

30

30
100

250

50

30

30

60

30

30
40

40

30

30

30
70

90
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15

22

15

15

19

16

14

14

12

11

12

14
12

<1

<1

<5

<5

<5

<5

<5b

27

<5

150

318

160

195

12

431

< 2

228

136

117

135

241

295

215

33

58
316

10

17

10

10

30

<1

11

10

<2

<2

22

<2

0.7

0.5

0.8

0.7

0.5

3.2

0.5

0.5

0.5

0.5

1.2

0.5

0.9

0.5

0.5

0.5

0.5

0.5

0.5

0.2
0.2
0.2
0.2
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.2

<1

<1

<1

<1

0.5

0.5
0.9

1.2
<

0.8

9.9

13.7

10.3

105

14

46.9

1.3

1.2

3.4

0.5
203

0.9
0.9
3.2
189
4.9
0.6

24
18.8



BV3
BV4
ER1

BV5
CAM

DES
SEN

JBS1
JBS2
MZ3
DR3
LR1
Sedl
Sed2
Sed3
Sed4
Sedb
Sed6

Sed7
Sed8

40

<1

17

18

17

ol

10

41

<1

43
41

<1

<1

<1

44
10
61
42

55

231

<5
105
120
112
275

67

236
12

25

276
205

334
966
729
289
540

162

338
165
118
391
17
356
527
129
734
134
35

11
11

73
216
282
161

151

163

81
113
66
102
37
81
85
150
106
52
297

156
227

14

27

22

10

33

28

28

28

22

19

27

34
12

104
31

152
328

289

87

101
148
175
133
97
142
81
79
143
11
22

231
19

20
40

20
40
40

60

80

20
80

100

100

180

100

20

120

20

20

20
110
310

31

17
17
18

49

<1

40

12

58
55

20
20
20
30

20
20

40

20
50

40

50

50

40

20
80

20
20

20
130
200

10
10
10
20

10
20

170

10
10

10
20

530
20
10
90
10
10
10

20
100

30
190

30
40

30
40

80

40

90

100

110

110

60

30

70

30

30

30
110
150
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35

12

11

11

16

13

23

25

20

10

12

11

11

<1

10
10

<1

<1

<1

<1

<1

11

<5

<5

<5b

<5

<5

<5
<5

197
202
202
8

120

45

98
154
299

231

107
64
22

138

<2

<1

11

16

17

15

0.5

0.5

0.5

0.5

0.8

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5
0.9

0.2
0.2
0.2
0.2
0.2

0.2

0.2

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.2

16

<1

<1

<1

<1

0.5

0.6

0.5

0.5
1.2
11.2

6.7
6.6
10.2
5.7

77

4.7

5.9
75
13
11.7
0.5
4.1

0.5

115

0.9

0.5

0.5



Sed9
Sedl
0
Sedl
Sedl
Sedl

MC3
-1

34

38

12

31

<1

<1

<1

<1

<1

193

20

182

83

209

124

42

119

45

538

120

109

67

55

159

45

12
11
16
11
27

17

52

11

170

35

167

40

200

20
50
166
60

170

35

13

28

90

20

20
310

30

70

60

20

10

90

30

70

50

30

40

70

90

70

<1

<5

<5

<5

<5

252

<2

15

<1

<2

<2

<2

<2

<2

0.5
0.5
0.5
0.6

0.5
0.5

0.5

0.2
0.2
0.2
0.2
0.2
0.2

0.2

<1

<1

<1

0.5

0.5
8.7

4.3

0.5
3.2
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0.5
0.5

0.5
11

0.5
21.3

0.7



= % 2. (Continued)

Ele

Ele cs La C Pr Nd Sm Bu Gd Th Dy Ho Er Tm Yb Lu Hf Ta W T Pb B Th U
LHI 68 507 103 117 408 86 093 59 08 32 04 08 009 06 009 45 13 1 1 5 y 334 52
LH5 35 96 241 319 118 46 01 33 07 32 05 13 025 22 036 2 29 10 11 22 51 13 151
LH7 25 452 971 113 407 96 067 68 09 35 04 09 01 06 009 4 09 2 14 48 o, 344 71
LIL 12 368 736 823 286 58 041 47 09 66 17 63 116 89 154 83 486 2 1 13 16 211 8
LUl 52 778 18 18 639 13 0 94 13 62 26 035 22 034 54 372 2 1 48 15 602 78
ON5 96 28 51 048 17 03 55 03 o7 04 o7 02 .55 02 o5 o 25 4 06 16 07 13 103
oN3g X 4 85 094 3 08 006 07 01 1 03 11 025 22 037 03 408 4 08 16 12 41 36
ON7 3 332 671 762 262 55 043 38 05 23 04 1 015 09 013 27 2724 2 21 39 11 265 116
OKI 5 51 101 114 389 79 08 76 14 84 17 53 079 51 078 32 08 1 L1 47 ., 384 62
Okt 10 215 417 476 161 33 097 31 05 3 05 13 017 1 016 4 155 3 05 18 06 66 24
ORl 15 117 222 246 85 16 046 13 02 11 02 06 008 05 008 09 04 <1 01 8 . 47 12
MC3 07 17 43 073 42 15 066 22 05 3 07 2 03 2 033 09 25 <1 oy <5 o4 02 02
MC5 o5 09 27 047 25 1 042 15 03 19 04 13 019 13 021 07 ,; <1 o7 34 o4 01 o3
MEt 388 744 871 309 59 L1 49 08 46 09 26 038 24 04 58 08 2 03 20 o, 147

GV o5 113 233 207 12 27 071 23 04 2 04 12 016 L1 018 28 04 <1 01 15 ,, 35 06
GV 27 207 387 417 144 3 064 26 05 3 06 19 028 19 031 22 L1 1 04 26 5, 97 19
GV 07 38 8 104 44 14 073 18 04 23 04 12 017 1 015 03 64 <1 02 9 , 04 08
NI3 99 338 661 78 293 61 131 54 09 54 11 32 046 3 049 57 08 14 05 <5 < 127 3
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NI3-
1
NI4
NI6
NI7
NI8
NI16
NI18
CR1

ppP2
BR1

BR1

BM1
BM?2
DR1

DR2
MZ1
MZ2

BV1

BV2

13.

10.

10.

14
46.

1.3

3.4

0.5
203

0.9
0.9

3.2
18.

49
0.6

24
18.

49.9
45.8
44.2
9.9
126
1.8
14

7.9

33.4
6.2
494
7.7
36.3

11.7
16.1
11

199

2.3

98.3
87.6
85
33.1
226
6.2
4.3

147

99
9.2
94.8
15
75.2

252
30.1
22.8

411

4.4

11.3
10.2
9.86
542
23.3
1.13
0.67
1.77
0.25
6.69
1.32
114
1.81
8.69

3.13
3.25
2.82

4.92

0.5

40.4
37.6
36.8
25.2
78.5
5.7
2.8

6.8

23.2

43.6
7.2
31.5

119
11
11.3

20

1.8

7.7
7.1
6.8
7.8
9.9
1.7
0.7
21

0.2

8.6
19

6.4

2.2
26

4.5

0.5

1.08
1.38
1.03
0.63
0.79
0.23
0.12
0.16
0.05
0.8
0.25

1.7
0.29
1.05

0.82
0.81
0.78

1.13

0.29

6.1
5.8
5.6
7.6
55
1.8
0.7
2.4
0.3
3.2
1.3
7.6
2.3

49
19

0.5

0.9
0.8
15
0.5
0.3

0.1

0.3
1.2
0.5
0.8

1.1
0.3
0.6

0.8

0.1

5.5
5.3
49
94

2.5

0.6
3.3
04
3.1
1.8
6.7
2.8
3.6

7.3
1.7
3.6

5.3
0.6

11

0.9
1.8
0.4
0.4
0.1
0.7
0.1
0.6
0.4
1.3
0.5
0.6

1.7
0.3
0.7

11

0.1

34
29
2.5
55
1.2
11
0.3
27

0.3

11
3.5
1.3
15

5.1
0.9
22

3.3
0.4
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0.48
0.4
0.34
0.81
0.16
0.16
0.05
0.34
0.05
0.29
0.17
0.48
0.18
0.21

0.79
0.13
0.32

0.48

0.07

3.2
2.6
2.2
54
12
1.1
0.3
2.5

0.4

1.3

11
1.3

53
0.9
2.2

3.3
0.6

0.48
0.45
0.34
0.8
0.2
0.16
0.05
0.39
0.07
0.31
0.22
0.42
0.16
0.18

0.81
0.14
0.35

0.51

0.1

45
54
6.3
0.3
20.7
0.6
0.3
2.3
0.2
8.4
0.4
59
2.1
3.2

1.1

22

3.5

1.2

0.9

0.4
1.3
0.3

0.5

14

13

<1

14

0.6

0.5
0.9

1.3

0.2
0.2

1.3

13

<5

<5

<5

46

<5

14

<5

21

33

57
44
<5

13

44

04

04

0.4

04

0.8

0.4

0.4

0.4

0.4

0.4

0.4

0.7

0.4

04

04

0.4
18.2

0.4

0.4
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