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Field Operation of Explosion Seismic Experiment in Antarctica

Akira Ikamr*, Yoichiro IcHINOSE**, Michiaki HARADA®**
and Katsutada KAMINUMA®#%*

Abstract: The summer-field party of the 20th Japanese Antarctic Research
Expedition (JARE-20) carried out the experiments with the explosion seismic
method at the SOya Coast in Antarctica. The purpose of the present experiment
in Antarctica is to investigate the crustal structure and to establish the technique
of the seismic prospecting in Antarctica, such as the laying of profiles and instru-
mentation, development of ice drills, dynamite for the use at low temperatures,
etc.

The observation was conducted by 8 persons for a period of 19 days. The
profile is about 70 km in length eastward from the Ongul Strait near Syowa
Station. Ten observation points were set up every five kilometers along the
profile in the SGya Coast. Shot points are located at both ends of the profile.
Dynamite of 1000 kg in weight was blasted at the depth of 110 m in the Ongul
Strait. On the other side of the profile, a total of 560 kg dynamite was installed
from the depth of 17 m to the bottom (62.8 m). The experiment was successful.
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Table 1. Specifications of the seismometer used in this experiment.

Type Katsujima PMK-110V
Natural frequency 1.0Hz
Outer case dimensions 28cmX22cmX26cm
Moment of inertia of the pendulum 2.0x 10 g cm?
Sensitivity 2.07 V/cm/s
Coil resistance 1.6kQ
External circuit resistance 10kQ
Damping constant ‘ 0.67
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Fig. 1.

Block diagram of the data recorder CJI-N used at each observation point.
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Table 2. Specifications of the data recorder used in each observation point.

" Type

Katsujima CJI-N

Recorder and amplifier

Recording mode
Tracks/channels
Tape speed

Input impeadance
Gain of amplifier
Frequency response
Signal-to-noise ratio
Supply voltage
Dissipation

Direct analogue recording

4/4

0.2375 mm/s

30k

30, 40, 50, 60, 70 and 80 dB
0dB+1dB from 0.3 Hz to 30 Hz
30dB or more

DC 12V

35mA

Clock
Time base
Accuracy
Output

Supply voltage
Dissipation

Crystal oscillator
+5%10-7

Second and minute marks with BCD serial
code of day, hour and minute

DC 12V
75 mA (Display ON), 20 mA (Display OFF)
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Table 3. Specifications of the data recorder with calibration chronometer.

CDHRFRIER Y 2 — & — OFE 2 3 1R

Type

Katsujima CJI-C

1. Recorder
Recording mode
Tracks/channels
Tape speed
Supply voltage
Dissipation

Direct analogue recording
4/4

0.2375 mm/s

DC 12V

200 mA

2. Time code generator
Time base
Accuracy
Output

Crystal oscillator
+2x10-8

Second and minute marks with BCD serial
code of day, hour and minute

Supply voltage DC 12V
Dissipation 300 mA
3. Others
External clock number Set up by digital switches
JJY filter fe=1.6kHz, Q=5
Crystal ) - Time Code CH L
Oscillator > Divider Generator
External _CH °
Chronometer o>~ :
o
Channel Code CH3| ¢
Number > Generator o
iq . . CH 4
Jry o—>{ Anplifier Filter —1 Rectifier
AAA/
Bias
Oscillator

B2 #ERERF—yLa—5— CII-C 7o 7 [X
Fig. 2. Block diagram of the data recorder CJI-C used for calibrating
chronometer.
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Fig. 3. Locations of shot and observation points.
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Table 4. Locations of shot point, observation points and distances between
shot points and observation points.

Shot and Latitude Longitude - Distance from
observation point S) Height Shot-1 Shot—2
Shot-1 (Ongul Strait) | 69°00 27.9” 39°37" 51.4” | —110m 68.3 km
No. 1 (S16) 69 01 46.7 40 03 18.0 540 17.2km 51.3
No. 2 69 02 16.5 40 08 40.2 610 20.8 47.6
No. 3 69 02 40.8 40 13 01.5 660 23.8 44.6
No. 4 69 03 27.2 40 21 17.9 780 29.5 38.9
No. 5 69 04 14.9 40 29 43.0 900 35.3 33.1
No. 6 69 05 01.1 40 37 50.7 980 40.9 27.5
No. 7 69 05 50.3 40 46 24.6 1040 46.8 21.6
No. 8 69 06 37.7 40 54 32.3 1080 52.4 16.0
No. 9 69 07 25.2 41 02 40.0 1140 58.0 10.4
No. 10 69 08 08.8 41 10 04.2 1180 63.0 5.3
Shot-2 (Boring site) 69 08 54.5 41 17 45.9 1220 68.3
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Table 5. The specification of explosive.

Used in sea water

Used in inland

Apparent specific gravity 1.55-1.65 1.60-1.65
Detonation velocity 6500-7000 m/s 7000-7500m/s
Sympathetic detonation 8-11 8-11
Relative weight strength 70%

60%

Quality of water and pres-
sure proof at low tempera-
ture

Perfect explosion at 0°C,
10kg/cm?, 5 hours

Perfect explosion at —35°C,
7 kg/cm?, 48 hours :

Peculiarity

Tokugiri-dynamite with water
and pressure proof.
Pressure of detonation and
impact against rock and
water is hight.

Can be used till —10°C.

Sakura-dynamite with water
and pressure proof.
Sensitive.

Freezing temperature is from
—35°C to —40°C.

Shape, etc.

Installed in carton box
(250 350X 155 mm):
20 kg/one block.

Installed in pafaﬁincarton
cylinder (101.5 ¢ mmXx455°
mm): 5 kg/one cylinder.
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Fig. 4. Installation of dynamite to sea water.
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15A1)], KC-20 THHY®F|EFE—) v 2744 Mcn- THREL, 21 BEEER L.

21H, I RTCOLALF~4 P ERFENBHL, A—=v 7o — D R~

221 228530 )7 6 628 m DFLTH] X A DM TARBIG L. 8544 OWTAIL, A
Wit T HR SIeD I RSOV TO2H LTANRS FETH-7ed, NHREEAHDOHY
=FUVF 7L, TohEETIER.

PR ERCIOZAT N BN IR W X S B BIEIAE T 20m ZFE L. HE TR 1
<4 PO TATRRIL 460kg THHeD, FEIWCKTALTARS L, 560kg AlLs
EMNTE, HENDEFEF T 1Tm Lisoie. Z ITAEE PRI A I LIAAK D Lic

B, WMAENCIN N TELFEREN T I ND. A4 F =14 P DOIETAT 23 K45 iz
#T L.

VAERIZMEOB KL A R Lic. HERIZZ 4 F <4 b OHIciilbiAL, o skl
LSl CoffRRAERRC 4RHEE L. TRIEF20 4125 LT
T A L.

FWBE OFGW, ¥ a2 v b7 OWMY I, A v I/ UHROIRE & Rk L.

17 15 50 5» 560 kg D& A F <4 + ZRP 7. 500m JER AT TRk Lichd, 80
W wy PR URRDT, TG B2, BRAADE ot SR EH ST ot

Hx o TOREERUT, Tk BT R TIER I 0L L.
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51 0B E N
ﬁ%mklw%@@m%ﬁ5tb,@%%f&%%%%&%ﬁﬁf&&<&%wmnﬁ
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KFEEIFIED AT, LPRMETE B 2HRFTHR L2 7 =20 ¥ v (BHRNE
Bl TH .

KD DEOFERBRARRIE, »—=<4 F Y EKIERE) 248 L 150m F ToHEH)
T o7ehy, W25 T B THAEE R 1.2-1.5m/h BETH -7 (LM,
1972; piH - BF, 1973; §30, 1975; &M, 1976). 5520 REXO AT HERBRWIE O
HENCAT 5 eod, WHIEEOE EAE TR, 27 =54 F Y ATRBRE S hi.
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1) XEToEETE, Bl YEBUBCRERREKEHTELVW0T, BIVER=27
AU ERcERT 2 L5 T 5.

2) moy ¥ (B RER LT~y F @EHE) CBNEEL5EE TR, ry M
FHTHDN ) DERBITIABDT, »y FORLICENr —7AEB TR L~
9 FEDODTFBARNICTS. ZhicXh~y FARBREED HET 5.

3) 2O TR FYAKENEE LewX 5 eE 2 TH 7 v bvy (R 2
BT, Y41 V9 Z—, ANV I, V=727V v I7rD3 202 EL .

4) HECEIRBNIRIEE (—40~ —50°C) 1= 5.

Dlbomiz®E@B L, #it FHlInAEoMEL2R S R L.

ABI YL, w2 r, VA VFHIOBEERIRTVE. FIARIO YA vF Ot
BFE6 TR LK. | ,

FU VORI, TYF b sEREXAES, -2 —Bd IR RS S
WE (27-vn) pnbiesd., PERKCIIEEC y P 2HE XV 2T7H 2%, 20
HEEZ I D IBEIER A S A SARMIIF VAT, FIAMEr — 71T A) » 7Y v
7 (HEREGEF) THEEIRTWS. BB, AEINEDRA L ML >THMY,
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sheave
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/cable
/-lower tower
winch ' @
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drill

antitorque system
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BS5 ©ovoE
Fig. 5. Outline of the ice drill.

X6 FIVLBIOY AL v FoOllrk
Table 6. The specification of drill and winch.

Drill
Winch
Standard Ability
Outside diameter 137 ¢émm | Drilling depth 150 m Winding capacity
The maximum breadth Drilling speed 400 mm/min ] .1f2-mm><2-00m
(part of antitorque sy6s(t5errnnr)rl r.p.m. 130~100 Maximum lifting well%l}( .
Antitorque system . o
Bore 140 4mm (1) side cutter Maximum hftmgzglzrelc;?n "
Core diameter 107 gmm {(2) side drill
Core length 1000 mm (3) leaf spring Motor 100V, 1.4kW
(The shorter drill 700 mm) Core cutter method— Total weight 180 kg
Total length 3130 mm reversal cutter
(The shorter drill 2530 mm)
Total weight about 60 kg
Motor
200 V, monophase, 450 W

AD, FUILG[EHBFRC2T7H o 2—THW I BT oh 5. 1[EIOHEEIEL,
1000 mm (%5~ K Y 4 Tt 500-700 mm) TH 5.

5.2. R=U2IEhE
197941 HOR ISERE — ) v 7oA MicBEE L, 105 T THR-Y v 77
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EBEBOBRE, M, HRSIOEERY ., MED 1T -7

FHEC v vF0 ZBHHZREL, FEROERBEOWHAL L STz (X
40%200cm?) 3 EHE, Tobkev A vFEBEW. VA VFRHIEICD 2 520D
Ko TV B= A FARRE L, hic~a b Till, LHMBL0y —72E LALE. &
—~FE=ANEBDOBEIZ VAV —"3AENT, ThEAMOODREHADOMCE L3 AD
BEAWETY A Y —%ED <A PREE L.

DERVAVFDOr —TARBEH LY — 7T TEVT, 2ATYA M 2RHBET,
ZD2 Ay — 7RO NG I AT —%5|E-> T~ A RRBI L, TAMERV AV
FRCALVMED L. 3KDAT —D5B2ARIZVIC ok, Hhol AL 1Im Tic
HD - ERIZ2DRE < A+ HEE L.

V= ThBENTHRSTWD Ty —TADWDAY » 7Y VNIV ERE Y 5 » 20
T YT, IbwritEr €Ak L.

ERAE SKkW BEE»SEER, TV br— Ry 7 A% LAKAN LR L.
X6l AT T~ v 7 ¥EBE—R 2R,

VA vFHIGCIBEIEES A S X 5 2m, k& 27m, %X 13m off¥AY
y P oN. oYy FMEDIIX 6 ATS-6 ReEI R L.

FEOBRECRIFE L TR=2YIREZILT, EHEREy MEDTT ey 7RO
LB BEAH T, B 7 —-A2LFEHEKD609 § A LiF& LTHHLLXTEZR).

FTRTOEfIE 10 B 13 R 40 BRI X B Lc. VY AXRE2AAEL, X0

Bl 6 MIHW5ET LK~ vIrEE
Fig. 6. [Installation of the ice drill.
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B7 AXirHoZE07oy 7
Fig. 7. Snow pit and snow block for protecting wind.

5HEWSH (1.8m) R L. HEit 4mm, 7V F A2 3% A Fh, 2 —Th5.
RN 4 [ H % CIERc#ES:, hc2 70k 312 398 m L. Lal, o
FEENZT 232 72 EIRTERWE WD b7 7ARMIADE. 6EIEE 27 DH Y HIFx
a%tﬁ,7@am%o&@m?5:&ﬁf%t.:@ﬁ@n7@ﬁé@12&nf@o
oo DBARICZ EDEE, DLW FIYARBITFAZ ENTERLL T FYADEM
BERIELTWE DI T7 vF b v 2 03 07 7e ), NV AKREDOFHHE D iRdT.
FYADENIEET 6.62m TH- .
FYAREIRTHRDEOEYDR A2y Pl T, ANTORBILEA L. B
13m Tholety M, SHIEL TTFHh, 2OR28m FTELL. 1A, b
S EHEWIIT Sm ETHED FYAXERT S EMNTER. SMEORMETIR, REE%
LEDBI LWL, WENTEOT 7 r VELZ S 4 SN LT (K8, 9).
HENER TNz E BHEFT 5 &, DI AEO LM A, ¥ ADEEL
B 7 VBIAAL SARD 20D, ZORETN Y LOEMELYR D RT 5 BICis
ELRBEL, ThOPHFRKZVIRAATE I VDG & EIFATREIR i -fedb D Bhbh 5.
FRETEIEALIIMB X /s I 7D T, RAFHICE—Y v I/ EBELHRE LEL,
BAXLIWEIAZFERA L. vy d2m) ZAV, ARRSIO7 v+ b A 213 FhF
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B8 LSy y +Fa—7
Fig. 8. Broken jacket tube.

B9 BHBLIcF7ov®/R, {50
Fig. 9. Broken teflon spiral band.

TEAULOFFALL. fFEAYy MXER 415m 2ich, FER—RIERATH .
1EN 15-20cm (2 EHEEIT 2 L FY AR A A —A T el e, D LES FFCEi
BATEWS Z LR DR LTHAL. 1EO =27 0f 211 30-40cm, £{kE LToOHEY)
HEL, 2m/h BFEThH 7.

LaL, BA1TRIOSE N Y v 25| EHF T &P TREBERSILTI > TLE .
EEE 1348 m TH5H. WAWLWABELRLLD, BERER S FIEMIL~ERE Y
OB DIRELEE Lic. BRBEMoEEEKE A ~) v 744 Miefvkeoi 15 g 21
BHHT, LOROA—) v 7 ERIPIEE T2 2Bk ok,

REEOKFIIRBBIGRT, BEIZTQCET L. Bl RZ & 2HEMLD
WHIZBEMG Lic. SENGEH -t T ATEHER, WELRZARELTL &5 HEH
REL. Lal, 16H3 A Vo 2~ EHEL o v EvoBEFIA L5l & BT
T, F#r» OB TEL.
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Ml s 15Sm 3EDEZATHDD, FRETRIHELTF Y ARAA-AREET,
SESC P VNV DECAREHE > T2 EEVRIDECEZ . 1 EORFEIR R
10-15 7y, P2 7R 25em T, FHEEERIEFITE VDI EA TV,

18AZT;, FYADE - L BFIUIFEEREI B2 D O TIlRisW 2 & F 2, HEHITRED
O0m Bz AT, MBI LEEVCF Y ARZBEHELTHEMN L. LaL, 20HIC
FUADE&E EFMRTIEL e ote. KU AR DT, LRI (60%) %I LA
72 400z ET LIAA R, F Y AVDEREFREZFE DR LTS E, VY ARREEKT S X
SITIe DBIE BT EMNTER. AL TMR, STLOFH LTV ZORFORES
X 4lm, =7 O 0.69 glem® TH -7c.

19A 5 BsFe e O K Y L THEN R 5E3 7 2Y, TRBROEAIC L D44 FAhy 2 ~0
WORPELTLEY, FUIADRENR L —RARCWTERL oot

FUCREEE T, Lad VYA 0RBCHES Lich bIEERFTWwis, 200477 K
YARERE Licl oot BIXEHTTHRDE, FRL, WEENMEORICH b B2
lied THote. WELIE LR T T ENTERL, REH 7~ ARDORATED T
b BEE,S LTIRDIRT L.

FEL e 2 ON THEEEIRETL, 2700hdBEL/D. 40m DIETIE, Fyr
a7 LTHN 2T BT EMNVTT Dotz F—Y Y I/EFL 22 HOBWE THE,
b — T AEIZ X DIEEL 62.84m Lic o7, YEE 6lm To =7 0L 0.81 g/em® T
BT,

T[HT 4.15m 25 OHEHIRILLE 7 1R L.

Ferho =2 7EIREE, N Y AREMEGCRT 2 = 7THRIRDEOE DT\ TH .

53 S & ORAE
5.3.1. #% B & pr
SEIDOA— Y v 7EFETEMOBEEMEINL, ROX5EZATH 7.
D #CABAESRRERZE DD L BB L.
2) ERIEDLETF7r VA AL S AR L.
3) AT Ay 2= ELMERLLNZ ENED ST
4 HEY 21 v+ EVOEBHEITEY TH - .
5) YA VvFTV—FnFTRB LS.
6) FEEBEDOEIFALT- L 72 - .
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Table 7. Drilling situation.

i Mean

e hours of | Deph | Drlling | Driling | oS | nmber | core | core | driling
drilling (m) (m) (m/h) of of coreless | collection length one cycle

(h m) elevation collection (%) (cm) (min)

January 13 5:40 13.48 | 9.33 | 1.64 35 9 74 35.9 9.7

14 work off (due to generator trouble)

15 1:00 14.53 1.05 1.05 4 1 75 35.0 15.0

16 5:50 22.85 8.32 1.43 34 1 97 25.2 10.3

17 9:00 33.81 10.96 1.22 40 2 95 28.8 13.5

18 7:20 41.09 7.28 0.99 28 4 86 30.3 15.7

19 8:50 44.98 3.89 0.44 33 22 33 35.4 16.1

20 9:00 50. 54 5.56 0.62 22 5 77 32.7 24.5

21 8:40 57.69 7.15 0.82 26 3 88 31.1 20.0

22 10: 30 61.82 4.13 0.39 25 12 52 31.8 25.2

X&g&) T 65: 50 T8 T 57.67 | A 0.9 T 247 T 59 A76% | A3LS A 16.7

* Cable length=62.84 m

I OMEEMTY @ L8F 2 {0861 ‘OL "ON

LLT
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OB 1)-5) ik, FYAKGOEEDD TR ERSERLDT, SHREM IR BN
ERTH2. 6) TRBEILEAEORBICLZ 0L Bbh 3.
5.3.2. BEBRORTE A

5.3, 1278 U7 bt LAk iz, Sl (i

HREMELTRDL ST EDBITBRS.

1) mbﬁ%lOXA~\kmﬁél)LWL%IUﬁh@beébi%ﬁMItE
RAT 5

2) HIDIBO% L L ROME L X O xS THRHET 5.

3) HWORIMEEREEILH 2T LSm 2AFEE Ebhb.

LT U A — ) v 7l oiED R &

4) AW EXTMUAATH A Vh o X — ORI LIk DI dIS, H oy & —5A4
FOLiwd oy & — 2203 Jid B,

5) AL FGAKE[EDIEDHTOHEIZ C AN SE D, AL = 7k LIt &
RAHDT, Il TXRETHS.

6) E—zx—{RIBIKIC LA .

7 w4 vFix 180kg LD T, T HIfif I EE LT .

8) HRHHLOFERILL RO KENED LD X S HER h A& LicTini .

6. H W © E

1979451 F 6 H, ATHTBIGEOHEN (%5 C) 25 S16 ~AZEi X, A THhEEE N
DAV -y g VBB S . 1 JUEA Y 2 v ERER T, 23 Bk T o
BWAELY L, MR E 0@+ 2 LR TEL.

1 J24 15420 816 TEFEE L, 27THTHERE s L O° 1.6 U) ~oZEihfibh,
NRTCDFRV— v 5 VHIMET LT

ISR 5 AR S L OWEDOBI I E O HR 10 ik L. ¥4, FhFRD
LTI BT 2 T E R X OV SE fi R A 36 8 1R L.

7. &k & Bz
£ 20 Y H AR MU X b S S ure, ATHuEEEIN o 9 o RA S L.
BohRERE, T 2TETH L. AR 2 ALUIEMMNE, ARGEEL OB
DEETY, Pisl L TEAOENREROHEMEKL, MAMEEOLIEHENLITHD,
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Seismograph site Drilling

site
SYOWA S16
FUIL STATION Nal 2 3 4 S 6 7 8 9 1
L v T T T
Jan| 6
7
8 :
. Installation
i 1 of drilling
10 | rig
1 | Opening of Start
j lee hole drillin
o ! gwitch on seismo-recordel msag g
13 i pmmmmmmmmmmm T
14 Detonation [}
i Recove .
1 rea SITII o recording of tapes
------- -
16
17 --==:q
B I ke
ro--=-=--
19 Sw
[V itch on gej
200 TTTTE=ell iy is-mghrecorder
Al T T Installation
of dynamite
recording of tapes
23 RecoverY_gf_ ......... :;-;b petonation
Fm—————
24
25
26
27 T

——— BOring party

------- Observation party

——— Explosion party

B 10 HAEHEOHERIX
Fig. 10. Diagram of the field operation.

= 8 BHUWEERK
Table 8. Summary of the field operation.
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HHE | R& K=Y ¥ ¥ N 1 G # B I 1§
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Table 8 (continued).
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Table 8 (continued).
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