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SUMMARY

(4 B 2 o 7

I Title

Age Determination of Blue ice for Long-term Paleoclimate

Reconstruction

II. Purpose and Necessity of R&D

O A preliminary study to acquire ice samples for study to
long-term climate cycle from several thousand to several hundred
thousand years in blue ice around Jangbogo Station.

O Development of age determination method of blue ice and

validation of availability in paleoclimate research

III. Contents and Extent of R&D

O Field survey and ice coring blue ice around Jangbogo station
O Estimation of age of ice samples using such as water isotope

analysis and ion analysis
IV. R&D Results

O Glacial exploration and ice coring in Tarn Flat and Elephant
moraine blue ice areas

O From water isotope and ion analysis of the ice core confirm that
ice generated from a long distance from the coast and in the

Holocene



V. Application Plans of R&D Results

O Providing basic data for similar research activities in Blue Ice
region

O For blue ice samples obtained, analysis of gaseous components,
analysis of stable isotopes and ion components,

O Reconstruction of past climate change

O Providing basic data for establishing blue ice formation model

O Providing base concepts for operation of multi-disciplinary
research programs based on blue ice such as geology, geophysics,

atmosphere, and glaciology
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Fig. 2. Climate changes from the marine sediments core

and Antarctic ice cores.

Fig. 3. Ice core drilling in Blue ice areas. They used large diameter (9.5
inch, 241lmm) ice core drilling system for recovering large amount of

samples (form U.S. Ice Drilling Program).
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Fig. 5. Location and photos of Tarn Flat Blue ice area. (A) Location of Tarn

Flat blie ice area in a satellite image. (B) and (C) Satellite images of Tarn Flat
blue ice area and tephra layer. (D) Panorama photo of Tarn Flat blue ice area.
(E) Photo of tephra layer in the blue ice.



Fig. 6. Photos of ice core sampling using hand auger(A) and cutting plan of

blue ice samples(A, B and C). (B) A fracture plan filled with recrystallized ice
crystal in a blue ice core. Cutting plan of ice core of depth at 6m(C) and 1lm
(D).



Fig. 7. Photos of drilled hole. (A) A tephra layer at depth of 50cm. (B) a
fracture zone filled snow (C and D) Fractures and cracks are decreasing with

depth increase.
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EM-C, D, E, F, G, H, I, J drilled within 5m of EM-B.
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Fig. 10. A tephra layer in Elephant Moraine blue ice area.
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Fig 11. A sketch of ice coring in a tephra layer.
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Table 1. A sampling list of ice coring in EM-A.

S 76°15'09.03" S 76°15'05.02"
Site 93] B 156°3%'12.05" o E 156°33'12.06"
(REGN T ) Site A |z v wiA, GRS 2ARS
i P =
Run # Ziol {em) 1)
1-1 22 Run # Zeol {om)
= Zlo} {cm) 22 6—1 47
5 76°15'00.02" 8-1 16
Site 97 E 156°33'12.03" S 22
(7h AZ e 2= 5-1 29.5
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1-2 30.5 10-1 12
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(A%ol4 & WA GPS £ 489 18-l 36
L) 152 95
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2-1 18 151 49
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Fig. 12. A photo of ice core drilling in EM-B site.
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Fig. 13. A sketch of dip and
direction of tephra layer
guessed from data of EM-B
hole.
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Table 2. A sampling list of ice coring in EM-B.

Site $14 S 76°15'09.07"
E 156°33'42.04"
Bag # o] (cm) o AR}
g 1 27.5 A 13.5 cm 7FA] tephra 2%
! 2 24 A 2 em AE AA
E 26 AR 20 cm, 1 6 cm
. 4 36 7] 33 (o} A7k = o] Wal)
! 5 24 A 21 cm, 3F% 3 cm (BHRE F 27
T 6 30
i 7 54
! 8 40
9 46 A 97 cm, 8% 19 cm
T 10 45.5
T 38
e 32 A 11 cm, 314 21 cm
© 13 37 AE 13 cm, 8 24 cm
T 14 37
© 15 18
T 16 34 A3 13.5 cm, 31 20.5 cm
T 17 16 A 10.5 cm, 3HE 5.5 cm
T 18 19 2016 119 289 A&
- ;g fi 26 Rune Fow Bl U
T 91 40 A 36 cm, S 4 cm
T 29 34
. 23 27 A 15 em, 87 12 cm (BHF-& vk eh3])
Y 32
© 95 31 AE 17 cm, 81 14 cm
T 26 37 AH5-o] 5 E] 20 cm, 12 cm, 5 cm (W~ 2k7)
T 27 37 AE N EE 15 cm, 12 cm, 10 cm
T 28 27 AR A HE 4.5 cm, 9.5 cm, 13 cm
T 99 36.5 AR EEH 10.5 cm, 10 cm, 16 cm
T30 38 9.5 cm, 18.5 cm, 10 cm (Run©] th&
E 25 10 cm, 15 cm (Run®] o&)
% 7ol (ecm)| 10155
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Fig 14. A sketch of ice coring site in Elephant Moraine blue ice area.
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Table 3. A sampling list of ice coring in EM-C and EM-D.

S 76°15'09.08" . 5 S 76°15'09.060
E 156%93'42.5" Bie Hi E 156%3342.05"
Bt (EM-D R,
altitude: 2026 m attitude: 2026 m
Zol (em) HE A Bag # |Z¢] (em) HE AR
1 245 2.2 Run 1 27 (17 em + 10 em). (18 em + 14 om
2 55 - 2 32 2= Run
! i Z<Run . ?D — -
4 24 4 51 25 em + 18em + 8 em (HpAEAD
5 42 AE (3x2) 5 51
£ — P& Rung B0 BH e = . 2&Run
8 40 8 435 20 em + 25 em (8p2 )
g 35 8 45 Bpem+ 10em
10 25 10 34 (12em+ Idem+ Bemy). (ISem+ 10 om)
i 13 11 a5 Z2Run
32 2 48 g5 vpaEkd
13 43 13 3 (1lem + 1lem + 11 cm)
14 13 14 46 (15em + 22cm + Sem)
15 25 13 21 A7em+ Idem, Fem+ 1lom+ Geny)
16 21 16 38 =
17 38 17 27 (1icm+ 16cm)
18 14 18 7
19 35 1y 38 (15¢m + 15 cm + 8 cmy)
20 11 20 50 e et |
21 44 2lem+ Gem + 14 cm (128 149 AlF) 21 28 (18 em + 10 em)
= 2ol (em)| 6705 22 43 (iBem +5em+ §om + 10em)
28 34 (6em+ 1lem+8em+ dem + 5om)
24 36 PZem+Z2icmtsomt Hom)
25, L Fomedom Yhony Som ok Liem
26 5T (Jem+ Qom+ 10cm + 14 cm)
oy 7 (bemt10em +Bom+ Z2com + Gom)
22 21 (Fem+4em+ 10 om)
B Zol(em) 1014

Table 4. A sampling list of ice coring in EM-E, F,G, H, I, J.

e 21 S 76°15'09.6"
A - - 5 ”
Site #HA E 156°9342.05" Zo] (om) oz A
(EM—E) e
gltitude? 2026 m
Bag # Zol {omy HE AE 1 40 40 cm, (30 em + 15cm)
5 45 TE£Run
1 B3 22 Run 2 15
2 49 Z 26 om) 85
= Ziol{em) 102
Bag # Zlo} ¢ 2 ALG}
Bag # 267 fom — EnM-p | 20 lem) HE A
EM-F) 28] fem) B2
1 42 (19cm + 23 em) — 13 em G4 B84 %
1 50 (17 cm + 10cm), {18 cm + 14 em) 2 43 {80 em + 13 cm}, T& Run
3 50 22 Run = o} (em) 25
F Zolcm) 100
Bag # 216} =
Pt ol (em) 2 Apg
Bag # 5 ; 5 (EM-]) =
5 Zie = A}bst
EM_G | FC tem W= AME
1 30 (12 em+ 18 cm) — 25 em 244 &
1 42 2 42 £2cm, TL Run
2 37 Z Zollem) 72
3 35
= Hollem) 114
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Fig 15. A satellite image of Elephant
Moraine and drilling site of EM_K.

Fig. 16. A photo showing stones around EM-K drilling site.
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Table 5. A sampling list of ice coring in EM-K.
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Fig 17. A route of GPR survey in Elephant Moraine blue ice area.
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Fig 18. A basement structure analysed from the data of GPR survey.
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3 6. A sample list and some information of Tarn flat blue ice cores.

Run Bag top bottom weight diameter  Density
No. No. (cm) (cm) () (mm) (g /m°)
1 0.0 92.0

2 92.0 175.0

3 3-1 175.0 226.0 2952.0 93.80 0.84
3 3-2 226.0 233.0

4 233.0 298.0

5 298.0 366.0

6 6-1 366.0 390.0

6 6-2 390.0 428.0 2250.0 94.03 0.85
7 428.0 505.0

8 505.0 565.0

9 9-1 565.0 605.0

9 9-2 605.0 659.0

10 659.0 733.0

11 11-1 733.0 765.5 1772.0 91.40 0.83
11 11-2 765.5 798.0

12 798.0 859.0

13 13-1 859.0 896.0 2218.0 94.13 0.86
13 13-2 896.0 933.5 2216.0 94.00 0.85
13 13-3 933.5 979.5 2750.0 93.88 0.86
14 14-1 979.5 1009.0 1928.0 94.84 0.93
14 14-2 1009.0 1043.0 1968.0 94.12 0.83
15 15 1043.0 1070.0 1600.0 97.00 0.80
16 16 1070.0 1126.0 3236.0 94.00 0.83
17 17 1126.0 1151.5 1560.0 94.08 0.88
18 18 1151.5 1192.5 2476.0 94.07 0.87
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RO : Archive (Visual Stratigraphy)
Rl : Gas

R2 : Ion

R2-1: Water Isotopes
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Fig. 19. A cutting plan of ice core sample of Tarn Flat blue ice cores.
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Line Scan (b)
Camera

Focused

!llumjnalicn '- l l '

Fig. 20. (a)Intermediate Layer Core Scanner and optical scheme. (b) Scheme

of the LASM and optical scheme of bright—field illumination.

Fig. 21. Photos of image scan of blue ice samples. Depth at 6m, 8.7m,

10m, 12m from top to bottom.
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Fig 22. Photos of high resolution image scan.
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Table 7. Analytical conditions of ion analysis.

ol (ICS-2100 with
AS)

o] (ICS-2000 with
AS)

Analytical Column

Ion Pac™ CS12A 4mm

Ion Pac™ ASI15 2mm

Guard Column
Eluent

Flow Rate
Temperature
Detection
Suppressor
Applied Current

Injection Volume

Ion Pac™ CGI12A

20 mM MSA, Isocratic
1.0 mL/min

30°C

Suppressed Conductivity
CSRS 300™ 4mm

59 mA

500 ulL

Ion Pac™ AGI15

6-55 mM KOH, Gradient
0.5 mL/min

30°C

Suppressed Conductivity
ASRS 300™ 2mm

69 mA

500 uL
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Table 8. Analytical result of cation composition (unit; ug/L).

Run = lop  bottom  Na'© NHY K Mg  Ca®
1755 1815 5353 120 3.90 796 12.58
1815 1865 4622 222 3.08 9.15  10.78
1865 1910 4820  1.03 2.60 5.40 8.32

., 19L0 1950 5052 134 313 1029 10.42
2000 2050 2151 0.75 2.58 5.94 8.81
2050 2100 13055 243 1201  19.99  36.23
2100 2155 16777  1.47 6.68 2164  11.90
2155 2210 11667  1.36 536 17.65  20.56
3905 3955 7863 1.0l 898 1452  23.80
3955 4005 11042 134 1551 2037  57.67
4005 4055 5658 102 1354 1591  42.80

% 4055 4105 7060 116 6.71 1301  21.33
4105 4175 5463 1.2 431 1235 11.36
475 4235 5621 143 309 1081 1118
6095 6145 11332 18 1633  17.17  62.60
6145 6195 8252 103 6.28 1372 14.63

2 6195 6245 5500 108 438 1331 951
6250  631.0 8659 140 1595 1625  188.40
7335 7385 11355 146 1650  13.92  67.15
7385 7455 2699  0.89 539 1233 17.54

111 7455 7505 5669  0.78 517 1185  16.51
750.5 7560  37.64 085 1420 1489  28.22
756.0 7610  108.00 141 4451 3041 19453
8595 8645 6111 155 834 1272 27.55
8645 8695 2197 087 8.49 6.71 2547

|5, 8695 8745  10Le5  Lo7 3066 2057 22562
8745 8795 7585 157 1278 2785  89.94
879.5 8855 3572 084 6.86  12.86  18.40
8855 8910  83.02 144 1682 2203  78.14
9005 9045 6310 195 1419 2430  61.05
9045 9085 14431 187 2706 3024  276.18
9085 9125 2515 1.3 706 1365  21.30

13.2 9125 9175 6030  1.40 384 1098  12.63
917.5 9225 4854  2.93 575  12.66  20.51
922.5 9275 4909 156 532 1363 21.06
9275 9325 3763 190 1129 1237 3551
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934.0 939.0 19.49 0.90 2.50 5.38 6.79

939.0 944.0 79.21 1.80 8.41 11.66 28.23

944.0 949.0 58.31 1.18 6.21 9.13 27.98

13_3 949.0 955.0 37.06 0.66 2.58 8.70 8.99
955.0 961.0 62.42 1.47 6.98 13.91 24.09

966.0 970.0 52.99 1.46 3.96 10.31 25.36

970.0 974.5 38.35 0.67 3.14 6.79 20.82

984.0 989.0 34.57 1.19 4.15 10.51 24.31

989.0 995.0 21.41 0.74 2.78 5.82 10.41

14_1 995.0 999.5 31.10 0.70 4.91 12.12 12.22
999.5 1004.5 65.38 0.85 7.67 12.01 27.05

1004.5 1009.5 78.43 0.92 7.21 9.14 26.43

1013.5 1019.0 25.05 1.15 2.55 5.13 14.22

1019.0 1024.5 19.36 0.44 1.87 5.71 6.28

14_2 1024.5 1029.5 95.95 0.72 3.34 10.53 10.52
1029.5 1034.0 34.49 0.66 4.99 12.17 18.24

1034.0 1038.5 32.67 0.37 3.97 6.10 11.11

1047.5 1054.5 28.24 0.63 3.02 8.61 9.24

15 1055.5 1060.5 31.10 0.77 5.72 6.65 25.06
1060.5 1065.5 29.81 0.86 3.31 6.75 16.68

1074.5 1078.5 23.38 0.69 5.58 6.87 16.41

1078.5 1083.0 54.07 0.61 15.04 14.76 46.14

1083.0 1087.0 22.25 1.07 7.22 10.52 14.08

1087.0 1091.5 87.42 0.90 13.85 12.99 72.26

1091.5 1095.5 33.58 1.54 4.66 10.05 14.13

10 1095.5 1100.5 55.89 1.11 6.75 9.42 22.87
1105.5 1110.5 37.78 1.05 3.89 10.22 18.43

1110.5 1115.5 31.40 1.25 8.84 12.58 28.05

1115.5 1120.0 4481 1.11 6.76 10.85 21.80

1120.0 1124.0 46.08 1.41 6.94 7.05 17.56

1130.5 1135.5 35.56 1.03 3.86 11.68 12.80

17 1135.5 1140.5 23.85 0.75 2.31 5.59 6.04
1140.5 1146.0 31.82 0.56 4.03 8.34 14.26

1146.0 1151.0 83.73 0.63 12.49 12.05 29.67

1156.0 1160.5 39.04 0.94 5.93 9.90 23.97

1160.5 1166.0 19.83 0.47 4.23 7.18 16.17

18 1166.0 1172.0 31.43 0.97 3.78 9.29 12.34
1172.0 1177.5 27.04 0.74 2.68 6.62 8.98

1177.5 1182.5 45.16 0.87 4.10 9.16 19.94
1183.50 1188.00 31.88 1.46 4.60 12.09 17.61
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Table 9. Analytical result of anion composition(unit; ug/L)

Format

Wun o op) DOTOM F o Acefate _ Msa Cl o s0f NOy
1755 1815 070 093 158  7.33 100.66 93.43 71.15
1815 1865 049 079 170 811 8770 96.67  58.96
186.5  191.0 022 1.26  1.82 1359  90.49 4927  47.19

o, 1910 1950 050 123 201 903  97.28 7547 4225
2000 2050 032 079 181 223 5051 7259  50.79
2050 2100 091 080 211  21.65 229.46 206.16 61.56
2100 2155 031 136 226 550 296.12 166.77 42.93
2155 2210 072 141 235 2358 21574 13505 4551
390.5 3955 105 145 241 1388 16297 7575 64.23
3955 4005 170 1.68 239 2881 20457 156.56 134.20

o, 4005 4055 161 176 276 3060  99.91 153.77 113.43
4055 4105 1.18 160 274 1567 141.38 106.36 73.23
4105 4175 111 126 217 466 12922 133.35 68.87
4175 4235 142 110 269 1278 129.61 8077  72.10
609.5 6145 178 129 308 27.17 172.60 140.40 136.78

o, 6145 6195 062 127 236 674 15392 8204 5788
6195 6245 107 138 273 441 11778 79.24  40.30
6250  631.0 1.90 216 308 2040 156.36 119.17 90.63
7335 7385 297 198 253 3216 22321 118.45 94.05
7385 7455 258 080 209  6.87 133.34 81.07 39.24

11.1 7455 7505 0.69 126 254 827 117.84 101.80 69.66
7505 756.0 072 111 222 1632 57.14 130.72 78.81
756.0  761.0 327 259 669  36.17 128.87 147.57 168.67
8595 8645 039 375 283 433 102.09 114.03 78.29
8645 8695 040 091 327  6.00 3355 57.04 57.50

|5, 8695 8745 252 147 618 3189 13530 13200 16453
8745 8795 235 138 294 969  109.14 388.99 94.19
8795 8855 243 113 232 221 9670 116.16 59.16
8855  891.0 360 181 312  19.90 123.09 234.08 131.63
900.5 9045 345 216 374 1421 10567 210.71 90.08
90045 9085 146 224 577 3475 19245 43400 228.23
908.5 9125 085 125 345 340  59.87 12528 67.93

132 9125 9175 121 1.33 2.78 500 116.17 85.38  81.59
9175 9225 278 072 175 628 11156 167.19 71.86
9225 9275 320 121 295  1.93 11012 200.41 42.32
9275 9325 178 141 379 1889 7353 161.41 63.19
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934.0 939.0 0.14 147 3.52 1.19 4591 83.99 4579

939.0 9440 093 1.79 4.13 18.44  133.17 113.88 82.05

944.0 949.0 1.76  1.93 3.12 19.43 116.55 93.47  85.22

13.3  949.0 955.0 1.73 1.37 2.35 1.66 144.21 100.00  40.10
955.0 961.0 555 1.50 2.63 14.21 178.94 14579  74.05

966.0 970.0 1.79  2.00 3.51 5.60 173.26  58.77  59.24

970.0 9745 341 1.79 2.93 11.26 191.59 71.58  58.95

984.0 989.0 6.43 0.96 2.05 13.03  243.32 143.65 68.39

989.0 995.0 3.76 0.72 2.24 9.67 177.68 62.43  65.13

14.1 995.0 999.5 456 143 2.86 10.52  205.84 98.98  48.69
999.5 1004.5 5.62 1.19 2.44 18.62 19580 133.96 86.30
1004.5 1009.5 2.33 1.29 2.00 12.24 17428 114.39 102.58
1013.,5 1019.0 1.11 0.74 2.27 10.24  61.02 67.07 79.71
1019.0 1024.5 0.50  0.99 2.35 2.09 4769  98.29  68.26

14_.2 10245 1029.5 1.10 1.07 2.46 9.58 182.71 78.34  60.02
1029.5 1034.0 2.29 1.36 2.69 19.25 87.80 95.44  66.60
1034.0 1038.5 1.36 1.29 2.65 6.27 82.79 5149  61.99
1047.5 10545 2.11 0.81 2.04 2.47 76.26  85.83  41.87

15 1055.5 1060.5 1.05  0.96 2.70 1494 64.85  73.81 65.42
1060.5 10655 1.51 1.32 3.08 10.98  67.27 7549  56.71
1074.5 1078.5 0.42- 1.36 3.33 5.71 5436 45.70  47.59
1078.5 1083.0 1.63 1.44 2.95 19.59 8137 11596 86.69
1083.0  1087.0 0.50 1.40 3.06 2.57 53.31 83.74  51.81
1087.0  1091.5 1.70  1.57 3.11 2560 110.27 164.59 130.90
1091.5 10955 0.67 1.11 2.93 2.08 86.00 107.27 66.42

10 10955 11005 2.83 1.46 2.66 4.79 161.81 113.83 63.78
1105.5 11105 1.60 1.46 2.89 5.05 103.76  95.83  69.45
1110.5 11155 3.87 1.62 3.59 13.86  125.19 119.50 67.13
11155  1120.0 2.66 1.33 2.95 10.07 14272 72.779  68.09
1120.0 1124.0 1.88 1.57 3.44 7.67 150.49 43.98  79.79
1130.5 11355 2.23  2.47 3.76 5.39 110.59 118.08 86.77

17 1135.5 11405 1.83 2.16 3.67 5.39 82.85  57.78  67.58
1140.5 1146.0 2.62 2.79 3.24 8.99 113.40 78.56  68.50
1146.0  1151.0 3.31 2.53 0.72 16.14 214.34 102.47 80.41
1156.0 1160.5 2.82  3.18 4.02 9.61 139.55 91.80  76.03
1160.5 1166.0 2.43 1.54 1.95 13.72  55.68  70.79  88.44

18 1166.0 1172.0 2.02  0.95 2.67 11.59 111.81 83.52  48.52
1172.0 11775 1.12 1.24 2.90 7.67 79.81 72.21 56.73
11775 11825 1.81 1.64 2.92 14.32 102.07 111.68  70.99
1183.50 1188.00 0.95 1.96 3.53 7.82 78.10  130.46  83.92
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