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A seismic refraction and wide-angle reflection exploration
in 2002 on the Mizuho Plateau, East Antarctica
—Outline of observations (JARE-43)—

Hiroki Miyamachi', Shigeru Toda?, Takeshi Matsushima?,
Masamitsu Takada®, Yasuhiro Takahashi®, Daisuke Kamiya®, Atsushi Watanabe’,
Mikiya Yamashita® and Morio Yanagisawa’

Abstract: A seismic refraction and wide-angle reflection exploration was
successfully conducted along a profile crossing the JARE-41 seismic profile on the
Mizuho Plateau, in East Antarctica, in the austral summer season of 2001-2002
(JARE-43). One hundred sixty-one seismic stations were temporarily installed along
a profile about 151 km long and seven large shots with about 700 kg of dynamite
were fired. In addition, one shot with charge size of 20 kg was also arranged along
the profile. The obtained seismic records show the clear onsets of the first arrivals at
distances of less than 100 km from each large shot. In particular, seismic waves
traveling through the ice sheet and dispersed surface waves were clearly observed.
Some later reflection phases were also detected. The obtained first travel time data
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show that the ice sheet is a two-layered structure consisting of an upper layer with a P
wave velocity of 2.7-2.9 km/s and a lower layer of 3.7-3.9 km/s. The thickness of
the upper layer is estimated to be about 36-45 m. The apparent velocity in the
basement rock just beneath the ice sheet is 6.1-6.2 km/s in the central and southern
parts of the profile and almost 5.9 km/s in the northern part. This report describes
basic outlines of the exploration and the obtained seismic data.
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Fig. 1. A map showing the JARE-43 seismic profile (HM route) in 2002, the Mizuho Plateau, East
Antarctica. Stars and open circles indicate the shot points and the temporary seismic
stations, respectively. The solid line is a seismic profile in JARE-41. Shaded circles show

crevasse areas.
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Fig. 2. The height distribution of the stations along the profile (thick line). The horizontal axis is
an offset distance from SP1. The thin line indicates the height distribution along the
Mizuho route.
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Fig. 3. A diagram showing the field operation schedule of the Explosion (thin line) and
Observation (dotted line) parties. Stars show the shot points. Open and solid circles
indicate the camp sites for the Explosion and Observation parties, respectively. S16 is an
advanced base for this operation.
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Table 1. Lists of the temporary seismic stations along the profile. The coordinates are based on
the WGS84 system. The station code HM067 corresponds to the H176 site on the Mizuho
route.

Station | Latitude (S) | Longitude (E)| Height Station | Latitude (S) | Longitude (E)| Height
Code (degree) (degree) (meter) Code (degree) (degree) (meter)

HMO001 70.06424 41.24296 1481.4 HMO041 69.74295 41.71343 1517.0
HMO002 70.05624 41.25485 1480.9 HMO042 69.73488 41.72503 1522.0
HMO003 70.04819 41.26679 1485.2 HMO043 69.72682 41.73658 1525.2
HM004 70.04017 41.27867 1488.0 HMO044 69.71880 41.74828 1530.0
HMO005 70.03216 41.29065 1492.0 HMO045 69.71073 41.75984 1531.5

HMO006 70.02415 41.30254 1493.4 HMO046 69.70273 41.77147 1534.1
HMO007 70.01613 41.31427 1490.8 HMO047 69.69465 41.78287 1537.5
HMO008 70.00810 41.32626 1490.8 HMO048 69.68655 41.79444 1541.3
HMO009 70.00004 41.33802 1493.2 HMO049 69.67852 41.80605 1545.4
HMO10 69.99206 41.35005 1500.7 HMO050 69.67044 41.81742 1547.3

HMO11 69.98405 41.36184 1506.8 HMO051 69.66239 41.82888 1548.0
HMO012 69.97606 41.37359 1506.2 HMO052 69.65435 41.84054 1549.1
HMO13 69.96807 41.38577 1505.1 HMO053 69.64624 41.85194 1547.0
HMO014 69.96000 41.39752 1502.9 HMO054 69.63822 41.86350 1545.3
HMO15 69.95200 41.40938 1497.4 HMO055 69.63017 41.87482 1544.7

HMO16 69.94400 41.42110 1488.2 HMO056 69.62209 41.88633 1547.8
HMO17 69.93596 41.43300 1489.4 HMO057 69.61399 41.89787 1547.5
HMO018 69.92792 41.44459 1490.8 HMO58 69.60996 41.90361 1547.2
HMO019 69.91984 41.45641 1498.4 HMO059 69.60595 41.90926 1547.1
HMO020 69.91183 41.46813 1512.3 HMO060 69.60192 41.91502 1547.7

HMO021 69.90379 41.48002 1515.4 HMO061 69.59789 41.92067 1548.0
HMO022 69.89576 41.49171 1517.0 HMO062 69.59386 41.92632 1550.1
HMO023 69.88776 41.50354 1518.5 HMO063 69.58987 41.93218 1550.2
HMO024 69.87968 41.51532 1516.8 HMO064 69.58579 41.93794 1551.8
HMO025 69.87167 41.52703 1514.0 HMO065 69.58174 41.94373 1551.0

HMO026 69.86359 41.53872 1511.9 HMO066 69.57775 41.94937 1552.6
HMO027 69.85558 41.55048 1509.2 HMO67*| 69.57358 41.95444 1553.4
HMO028 69.84754 41.56215 1509.9 HMO068 69.56972 41.96070 1554.2
HMO029 69.83953 41.57391 1509.5 HMO069 69.56571 41.96640 1553.8
HMO030 69.83144 41.58556 1511.6 HMO070 69.56165 41.97216 1552.1

HMO031 69.82341 41.59732 1514.7 HMO071 69.55763 41.97784 1550.6
HMO032 69.81540 41.60879 1516.8 HM072 69.55355 41.98351 1547.5
HMO033 69.80736 41.62055 1518.0 HMO073 69.54958 41.98928 15443
HMO034 69.79929 41.63218 1516.1 HMO074 69.54551 41.99489 1542.1
HMO035 69.79126 41.64388 1514.5 HMO075 69.54151 42.00057 1539.9

HMO036 69.78324 41.65542 1516.5 HMO076 69.53744 42.00636 1540.0
HMO037 69.77515 41.66702 1519.6 HMO077 69.53343 42.01194 1538.6
HMO038 69.76716 41.67875 1517.8 HMO078 69.52537 42.02333 1540.2
HMO039 69.75908 41.69026 1519.0 HMO079 69.51729 42.03466 1541.1
HMO040 69.75101 41.70191 1517.0 HMO080 69.50923 42.04600 1542.4
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Table 1. (continued).

Station | Latitude (S) | Longitude (E)| Height Station | Latitude (S) | Longitude (E)| Height
Code (degree) (degree) (meter) Code (degree) (degree) (meter)
HMO081 69.50114 42.05742 1543.0 HM121 69.17765 42.50368 1500.1
HMO082 69.49304 42.06872 1543.2 HM122 69.16958 42.51462 1498.8
HMO083 69.48498 42.08000 1543.0 HM123 69.16149 42.52566 1498.8
HMO084 69.47691 42.09133 1543.0 HM124 69.15338 42.53667 1498.6
HMO085 69.46885 42.10269 1541.0 HM125 69.14530 42.54758 1495.4
HMO086 69.46075 42.11404 1541.5 HM126 69.13716 42.55850 1495.0
HMO087 69.45268 42.12519 1539.3 HM127 69.12907 42.56943 1492.4
HMO088 69.44464 42.13655 1538.0 HM128 69.12095 42.58036 1483.8
HMO089 69.43654 42.14782 1535.8 HM129 69.11287 42.59131 1477.4
HMO090 69.42848 42.15902 1534.8 HM130 69.10477 42.60227 1481.0
HMO091 69.42037 42.17021 1534.0 HM131 69.09666 42.61315 1474.9
HM092 69.41233 42.18148 1535.5 HM132 69.08857 42.62410 1468.0
HMO093 69.40426 42.19266 1539.7 HM133 69.08043 42.63499 1464.6
HM09%4 69.39616 42.20390 1543.2 HM134 69.07230 42.64583 1461.2
HMO095 69.38806 42.21506 1542.3 HM135 69.06417 42.65673 1459.7
HMO096 69.38000 42.22630 1542.5 HM136 69.05604 42.66761 1458.4
HMO097 69.37192 42.23747 1547.1 HM137 69.04797 42.67846 14543
HMO098 69.36382 42.24869 1549.0 HM138 69.03986 42.68933 1448.6
HMO099 69.35577 42.25995 1545.2 HM139 69.03174 42.70014 1445.8
HM100 69.34768 42.27102 1545.0 HM140 69.02364 42.71106 14449
HM101 69.33950 42.28221 1544.1 HM141 69.01554 42.72189 1438.8
HM102 69.33141 42.29328 1544.7 HM142 69.00740 42.73273 1433.4
HM103 69.32335 42.30424 1542.0 HM143 68.99929 42.74351 1426.5
HM104 69.31523 42.31580 1542.6 HM144 68.99120 42.75425 1418.9
HM105 69.30716 42.32679 1541.9 HM145 68.98308 42.76513 1413.3
HM106 69.29907 42.33788 1540.9 HM146 68.97495 42.77594 1405.5
HM107 69.29097 42.34904 1537.3 HM147 68.96684 42.78676 1395.9
HM108 69.28289 42.36013 15314 HM148 68.95873 42.79752 1380.0
HM109 69.27480 4237118 1527.8 HM149 68.95061 42.80841 1380.9
HM110 69.26670 42.38225 1527.8 HM150 68.94250 42.81912 1385.3
HM111 69.25861 42.39331 1526.9 HM151 68.93437 42.82978 1385.6
HM112 69.25054 42.40444 1526.7 HM152 68.92624 42.84056 1376.0
HM113 69.24243 42.41545 1524.7 HM153 68.91813 42.85127 1363.9
HM114 69.23439 42.42646 1522.4 HM154 68.91001 42.86206 1362.1
HM115 69.22628 42.43750 15213 HM155 68.90187 42.87271 1363.1
HM116 69.21819 42.44855 1521.1 HM156 68.89373 42.88339 1358.7
HM117 69.21003 42.45958 1519.1 HM157 68.88564 42.89411 1351.8
HM118 69.20196 42.47059 15114 HM158 68.87752 42.90485 1346.1
HMI119 69.19386 42.48171 1507.7 HM159 68.86936 4291555 1345.3
HM120 69.18572 42.49260 1505.6 HM160 68.86129 42.92616 1344.3
HMI161 68.85313 42.93695 1339.2
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RSO RMNEERNERFER L7z, COMEEE, —HIioRmIc L, @%, B 1 o,
FEWALOWENZ 1 H, ¥4 F <A FOEEBIORMIC 1 HOAEF3 HMZE L. 58S
DFEWEIFA B X VEHESEOIERE 3 3 | RS, & 700 kg O KFEH; SP1-SP7 (&, L
IR O 25 km T ICELE L7z, 3E&E 20 kg O/NSERE SPS (37RO S &
D, KIEBESE TH, SP1 & SP2 DIRIEPRICHME L7z

FREEMALIE, A F— KB EOKRIEH] K1)V (#EER 2 2) [CX DIRRICHRI Sz, 2o
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®2 T4 27y THNEOMEEE (WGS84:%), ACFIMEE Jifof, wBERD) A b
Table 2. Lists of the temporary seismic stations along the lineup profile near the shots. The
coordinates are based on the WGS84 system. The horizontal distance between the shots
and stations and the travel times are also listed.

Site Latitude (S) | Longitude (E) | Height | Azimuth | Distance | Travel Time
Code (degree) (degree) (meter) | (degree) | (meter) (msec)
SP1-0 70.06815 41.23694 1480.5 359.6 5 7
SP1-1 70.06785 41.23742 1480.6 253 42 20
SP1-2 70.06744 41.23802 1480.9 26.3 93 40
SP1-3 70.06665 41.23922 1480.4 26.8 192 70
SP1-4 70.06586 41.24041 1480.5 27.0 292 97
SP1-5 70.06506 41.24163 1480.2 27.1 392 124
SP2-0 69.86589 41.53218 1512.0 359.6 4 6
SP2-1 69.86550 41.53329 1511.8 - - -
SP2-2 69.86509 41.53445 1511.8 26.3 127 50
SP2-3 69.86472 41.53545 1513.1 - - -
SP2-4 69.86420 41.53698 1512.6 27.0 265 89
SP2-5 69.86288 41.54071 1511.7 27.1 471 144
SP3-0 69.66577 41.82258 1549.0 3414 7 6
SP3-1 69.66507 41.82388 1549.0 29.6 97 39
SP3-2 69.66435 41.82524 1549.0 315 193 68
SP3-3 69.66370 41.82641 1548.6 31.7 279 91
SP3-4 69.66308 41.82757 1549.8 319 362 114
SP4-0 69.46512 42.11073 15425 261.4 10 8
SP4-1 69.46574 42.10936 15423 - - -
SP4-2 69.46651 42.10760 1543.1 220.2 205 74
SP4-3 69.46719 42.10615 1542.6 219.2 299 100
SP4-4 69.46797 42.10448 1541.6 218.6 408 130
SP5-0 69.26302 42.38984 1529.5 2333 3 7
SP5-1 69.26376 42.38823 1528.6 217.7 108 44
SP5-2 69.26452 42.38667 1528.4 217.0 212 76
SP5-3 69.26530 42.38504 1527.7 216.8 321 107
SP5-4 69.26602 42.38352 1528.4 216.8 421 134
SP6-0 69.06048 42.66430 1461.3 274.4 11 8
SP6-1 69.06116 42.66282 1460.6 2233 102 42
SP6-2 69.06189 42.66122 1460.5 220.6 206 74
SP6-3 69.06258 42.65970 1460.8 219.9 304 101
SP6-4 69.06331 42.65820 1460.6 218.9 405 128
SP7-0 68.84911 42.94207 1338.5 228.7 9 8
SP7-1 68.84981 42.94120 1339.6 206.4 94 38
SP7-2 68.85063 42.94016 1339.2 205.5 194 69
SP7-3 68.85143 42.93914 13394 205.2 292 97
SP7-4 68.85227 42.93810 1340.2 204.9 395 124
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T3 WA AN, FEIEEIL WGS84 RTHDH. T/, FFD Depthl & Depth2 13, ZNZ
N, WERADSFWSLHDO T AT <A FORTH LR EHETOERS ZRLTWAE.
Table 3. Lists of the shot points. The coordinates are based on the WGS84 system. Depthl and
Depth2 indicate the depths of the bottom and top of the dynamites in the borehole,
respectively.

Shot Local Date & Time Charge | Latitude (S) | Longitude (E) [ Height | Depthl | Depth2
Code (UT+3hours) (kg) (degree) (degree) (meter) | (meter) | (meter)
SP1 | 2002.1.26 19h01m11.127s | 710 70.06819 41.23694 1480.7 24.5 14.4
SP2 | 2002.1.23 17h01m26.223s | 700 69.86592 41.53221 1512.0 23.6 14.6
SP3 2002.1.20 17h01m11.783s 700 69.66583 41.82264 1548.2 243 13.0
SP4 2002.1.17 17h01m10.148s 700 69.46511 42.11098 1542.5 23.8 15.6
SP5 | 2002.1.14 17h01m11.570s { 710 69.26300 42.38990 1528.2 24.4 14.5
SP6 2002.1.11 17h01m10.769s 710 69.06049 42.66458 1461.3 25.7 14.9
SP7 2002.1.08 17h01m11.396s 710 68.84906 42.94223 1338.5 28.7 17.0
SP8 2002.1.27 17h01m11.623s 20 69.97976 41.36661 1506.2 4.5 2.0

R VIZ, JARE-4HZBWTHEH L72d D% N— A TEHRSRE % 25 kg/FE 5 40 kg/lFZ
YURLBDOTHD. BHILOY A XILEEE 35-40 cm, fLEIZFE 25 m THA. 1 AFTFD
FEMAL 2 HREIS 5 DB LIRS 8-9 R CTdp o 72 CPIUHRHIEEE 1S 3.3 m/f) .

BRE L THWY A~ A ML, RRICX AEEZ I 2 7-BEHER I SN/ 200 T
HbH. HE62cm, HEScem (FEE S kgA) L3HE 21 cm, EE20 cm (FEE 10 kg/A) D 2
FEOMEREI YA <4 MEHEL, Fh2h, 1000 kg, 4000 kg DEFEF 5000 kg 2 fHH L
7o F7o, EEIL, JARE4l THHLZZEREEORDYIS, IV RetlEEE0H5
JEELAAEE (NONEL BH) 2w/,

‘o054 F<4 PO LI, FEHFLOIEH] &7 L TAR 2-3 £412 &k o TiThh,
BHICTFE SN TV L EEOWENM A F EE72. S H O, JEER)FNETEDS, F
X U THIAS 200 m RIS T, Wb S AT ORI TN EE T > 72 FFLA

DFTAF<A N OEEEER, BFEHER 6 %) (L Wiro7z $7, EEER % r
FFR LR, BREAOBEEZR/NNRICHE 2 57:0, BEILNICKEOE 2507 (5

WENS). ZOFHICLD, RIS OEEWITHETH ), BIFLELOEE DL D
BEAERPoTz FHEE, B —OREBIIA 7 Y 2 —)ViZEbE, SO 17 K 01
(BB, 1901 7)) 125 M L7-.

—7J7, SP8 DIFEMEALIL, FEDS 20 kg L/INSVWI LN, FROATHFETH & X
WHNDEET A AL —H =L o> THEl Sz, COWBIEEE 4.5 m, fLE#IE 12 cm T
o, ZOFWTHEETHAD, EREANERC2O, FEHRCIE, FEBALE H0IE
TS mBEO/NBIELR 7 L—F —DEE LT,

FERVERENL, FEWALA S BN 200 m DL EBEN 73T 1258 KEs 2 7kE L, ToAER L5
WL OB Y A OIFRABEEMENEPES NIz, 72, BHRE 2D 5720, ByA
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ERRA ) 172, S OB, BT A OFKIZ K o TYIWT S A RS & SRR & L7z,
COWEICIE, WRE SO —2 B (72720, 1| BiETH. 7)) SRR 1
kHz) % 7z,

25. (IERIE

BRRFBLALEL, 74 > 7 v 7B S S X U R OZEMERE RO 5720, LRI B T
GPS =% L7-. JARE-41 Tld, WFIZEMAOE T BIEEBED GPS BHllS (SYOG) L0
TWMNL AT o 7285, AN, A ICHHFIEHANIC GPS JHENT (SYWS) ZaxiE L, 5 4
YT T T= 2k BTN R T o 72, L 2 —/¥—1F, Ashtech Z12CGRS TH 5.
Z O SYWS OEHIMARIE 2001 4E 12 H 29 H~2002 4F 1 H 29 HO4EH 0700-2000 LT T
D, MET—2138 3 ICHEIEF SNz, SYWS DEEEIX SYOG % HEE T & L7- Static
O e L7z, RO LN, B 69°00'17.1507", HUkE 39°34'43.2534", 15
41444 m THotz. B, BRI O SYWS OZEEE, A 1 em BN, ETJ51H 5 mm
VIR E 5T 5.

PRATIH E oS R ol 1, BUlSERR, WHPET -7z, W& TIE Ashtech Z-
FX Ly—n—=%fw, $7) 7R s #, @RS DL, Cutoff f 15° DT T 20
SHELLEOWERR & L7z, F72, BFPECLY, F4 07y TSN TE, RUEGTT
WER %2 30 ML E, ZHS Tl 60 57Ul EOWE 247 o 7. Wl o PDOP &
2.1-4.0, FEEIE 6 D EAMRET L EATE. BESTREEINT— 513, $#H,
SYWS L OFHHIMICHV SN, SBHTOBEISFE SN, R I~ 3 ITRSNT05
TEPE - HE - BEOME (WGS84 ) 1, INOOMNHERMETH L. &b, HIEEEDF
Yraasd, SmoTicB LT, ACFEAINC 3 em, SREHIANC S em, T4 7 v TBHITIC
BILTIE, ASFAIIC 6 cm, SRECHTIC 5 em BBETH -7z, —F, I L0l AL DB
HIRClE, ARPBLIUEEAE S 30 cm LT ORGEE 72,

2.6. EUEIABLOT—20ENIT

BRI, AFRRFEAS 2002 4F 1 H 27 HX D, FEFEPHE 2002 451 A 28 H L 0 Bils
L, 129 HIZSET L7z, RIS X 2BERE F2VRKE EE 2 51507 —OBfEEIEA 3
HIFCHE L7z, O — 2588k - BE SN T — 213, NEEILE S16 25 WokiE [ LS5+
R, MET/N—vFarYa—F—limgksh, EET—5 - BEBIEREREDF
v 7 ERfTolz. ZORER, LRI 3 AFTLUSINC 2 AFTOART = R I NI, Th
PAMETRTIERICEEL T, $72, GPS 12X ARBEOES I ICBEL, WY 7
1) ¥ 7T (5 ms) OHIREEE ISR STV 5,
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2.7. % DftbDERE|

NITHFEOBIILANS, WHIETIE, SBSICB W TEDIEZ T, $72, Wit
fl 110 km DX DT A AL — 5 =12 X BIKIREOEellE 29205 L7z, NPT, 419,
NA N L= 8 BB L IREAT AT ETH 5720, B OBERRO-®, RERELHIC
LHE L2, =B, IHNSOBINICOWTIE, BICHETATFETHA.

3. B R

31. 127y JERE

FEWHDT A 2T v THHNE TR S W -BIIRETE A S WIE) OF AR 247 o72. 1551
TERE R 2 ITRT. F72, TN OZERE &R EOFEHE SOEEE OB M ORI A 5 (12
R BRSO GEETIE, APTEE 2.7-2.9 km/s, FEEE 300 m Do Tl 3.7-3.9
km/s DAPTREIES NIz, TRODfEIE, KEOEEI D2 LD 2 BASEY 7o
TWAHZ L2 WL, JARE-4] LFEMZBIIRRTH A, KPEEEZEL, ShH0
WEE A V7= T NI A LD OEHEENLKRDOE 1| BOE XL, 36-45 m OHIFATH
o7z, BELL, TOE 1 BIE, KEETO 74N VBIHIELTWADDEEZ LIS,
F72, KRIE, ZNEROIERNRIC L DRSS HENOREOR, Thbb, 37—V
THAHIREEAEZ S5,

3.2. REANG _EDOERRALER & IEhERS

BEEE OB TR O N OR—A N T v 7% 6 \IRT. ARlOBIHISE o0 7
— OHIEREHRL 300 5 CTH o 7225, BN S NPRRORREE WARY, 0F—ORKEE
900 fEATL VY THo7- L BbN b, WEIOKIZ, KKRFEZEFELTEEEZGEOND
TELEWEASFERE R O BEAE 40 km A2 THIBRICHIN,  IEHE SR LT 2 R b Bk
30 km FEFE CRigRS N, F7o, MRS (2~ 7 v N & BRI 25O D% { DFt
FRPOERTE 2. 612, SEEEDLNLMBASNS. SPS TIE, #E)D 0.9 FEITK
IRIE T O3 11 & DL EGHE g SNDHE LA ONL, #4757 4 V5 —X
AGC ZDOWIIRZ L 5T, X YHHBICEREES M TE 2 THA ).

BEATE S W) B X N0t & Gt - 72, Ok F %3 4 (SP1 - SP2 - SP3), % 5
(SP4 - SP5 - SP6), % 6 (SP7 - SP8) |2, JER%[X 7 (reduction velocity 6.2 km/s) (27”7,
COERT—21E, /A XL, FRHERE, B0 O S ES) OWIRELZE L, L
TDE)%T Y 23N ENTWD (AR ST Atk & 5):

N4 |At] <0.02 s
BJr7 0.02s<|At] <0.05s
CIv7  0.05s<|At] =0.10 s (FPEDHBIHT)
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Fig. 5. Travel time diagrams for the line-up observation for each shot point and the temporary
stations located near the shot point. Values in the figure indicate the apparent velocities

in km/s.
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4 SP1, SP2, SP3 DR
Table 4. Travel times from SP1, SP2 and SP3.

SP1 SP2 SP3
Station | Distance Travel Time Rank & | Distance Travel Time Rank & | Distance Travel Time Rank &
Code (km) (sec) Polari (km) (sec) Polarity |  (km) (sec) Polarity

HMO001 0.497 0.15 A+ -24.737 4.67 A+ -49.717 8.69 A+
HMO002 1.498 0.42 A+ -23.736 4.52 A+ -48.716 8.54 A+
HMO003 2.504 0.68 A+ -22.730 4.36 A+ -47.710 8.39 A+
HMO004 3.507 0.94 A+ -21.727 4.21 A+ -46.707 8.22 A+
HMO005 4.510 1.20 A+ -20.724 4.06 A+ -45.704 8.10 A+
HMO006 5.512 1.47 A+ -19.722 3.90 A+ -44.702 7.92 A+
HMO007 6.513 1.68 A+ -18.721 3.72 A+ -43.701 7.74 A+
HMO008 7.518 -17.715 -42.696

HMO009 8.524 2.03 A+ -16.710 3.37 A+ -41.691 7.41 A+
HMO010 9.525 221 A+ -15.708 3.18 A+ -40.689 7.22 A+
HMO11 10.526 2.37 A+ -14.707 3.00 A+ -39.688 7.04 A+
HMO012 11.524 2.49 A+ -13.709 2.83 A+ -38.690 6.86 A+
HMO013 12.530 2.65 A+ -12.704 2.67 A+ -37.684 6.71 A+
HMO014 13.536 2.80 A+ -11.698 2.51 A+ -36.678 6.57 A+
HMO15 14.537 2.96 A+ -10.697 2.34 A+ -35.677 6.40 A+
HMO16 15.537 3.13 A+ -9.697 2.17 A+ -34.677 6.22 A+
HMO017 16.542 3.28 A+ -8.692 1.98 A+ -33.672 6.04 A+
HMO018 17.543 341 A+ -7.691 1.82 A+ -32.671 5.89 A+
HMO019 18.552 3.61 A+ -6.682 1.68 A+ -31.662 5.76 A+
HMO020 19.553 3.79 A+ -5.682 1.50 A+ -30.662 5.60 A+
HMO021 20.559 3.94 A+ -4.676 1.24 A+ -29.655 5.44 A+
HMO022 21.561 4.11 A+ -3.674 0.98 A+ -28.654 5.29 A+
HMO023 22.562 4.29 A+ -2.673 0.72 A+ -27.652 5.15 A+
HMO024 23.570 4.47 A+ -1.667 0.46 A+ -26.644 4.97 A+
HMO025 24.571 4.64 A+ -0.671 0.20 A+ -25.643 4.80 A+
HMO026 25.578 481 A+ 0.360 0.11 A+ -24.636 4.65 A+
HMO027 26.579 4.96 A+ 1.350 0.38 A+ -23.635 4.49 A+
HMO028 27.582 5.14 A+ 2.351 0.64 A+ -22.632 4.32 A+
HMO029 28.584 5.29 A+ 3.353 0.90 A+ -21.630 4.13 A+
HMO030 29.592 5.46 A+ 4.359 1.16 A+ -20.623 3.99 A+
HMO031 30.596 5.62 A+ 5.363 1.43 A+ -19.618 3.82 A+
HMO032 31.592 5.78 A+ 6.360 1.65 A+ -18.622 3.66 A+
HMO033 32.598 5.96 A+ 7.365 1.82 A+ -17.617 3.50 A+
HMO034 33.603 6.11 A+ 8.371 1.99 A+ -16.611 3.33 A+
HMO035 34.606 6.29 A+ 9.373 2.17 A+ -15.608 3.17 A+
HMO036 35.605 6.43 A+ 10.372 2.33 A+ -14.609 3.00 A+
HMO037 36.613 6.60 A+ 11.380 2.49 A+ -13.602 2.84 A+
HMO038 37.613 6.75 A+ 12.380 2.65 A+ -12.601 2.67 A+
HMO039 38.617 6.92 A+ 13.384 2.82 A+ -11.597 2.50 A+
HMO040 39.624 7.10 A+ 14.391 2.99 A+ -10.590 2.33 A+
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Table 4. (continued).
SP1 SP2 SP3
Station | Distance Travel Time Rank & | Distance Travel Time Rank & | Distance Travel Time Rank &
Code (km) (sec) Polarity (km) (sec) Polarity (km) (sec) Polarity
HMO041 40.627 7.25 A+ 15.394 3.16 A+ -9.587 2.16 A+
HMO042 41.633 7.39 A+ 16.400 3.30 A+ -8.581 2.01 A+
HMO043 42.637 7.56 A+ 17.404 3.47 A+ -7.577 1.85 A+
HMO044 43.640 7.74 A+ 18.406 3.64 A+ -6.575 1.68 A+
HMO045 44.645 7.89 A+ 19.412 3.80 A+ -5.569 1.48 A+
HMO046 45.645 8.06 A+ 20.412 3.98 A+ -4.569 1.22 A+
HMO047 46.649 8.23 A+ 21.415 4.15 A+ -3.566 0.95 A+
HMO048 47.657 8.40 A+ 22.424 431 A+ -2.557 0.69 A+
HMO049 48.660 8.57 A+ 23.426 4.48 A+ -1.555 0.43 A+
HMO050 49.663 8.70 A+ 24.430 4.62 A+ -0.553 0.16 A+
HMO51 50.666 8.85 A+ 25.433 478 A+ 0.454 0.14 A+
HMO052 51.670 9.01 A+ 26.437 4.95 A+ 1.457 0.40 A+
HMO053 52.677 9.19 A+ 27.444 5.11 A+ 2.463 0.67 A+
HMO054 53.678 9.35 A+ 28.445 5.28 A+ 3.465 0.93 A+
HMO55 54.679 9.50 A+ 29.445 5.44 A+ 4.465 1.19 A+
HMO056 55.684 9.68 A+ 30.451 5.61 A+ 5.470 1.45 A+
HMO057 56.693 9.82 A+ 31.460 5.77 A+ 6.479 1.68 A+
HMO058 57.195 9.90 C+ 31.962 5.84 A+ 6.981 1.76 A+
HMO059 57.694 9.96 C+ 32.461 5.93 A+ 7.480 1.84 A+
HMO060 58.196 10.06 C+ 32.963 6.00 A+ 7.982 1.93 A+
HMO061 58.697 10.11 C+ 33.463 6.07 A+ 8.483 2.02 A+
HMO062 59.197 10.22 C+ 33.964 6.16 A+ 8.983 2.09 A+
HMO063 59.697 10.32 C+ 34.464 6.24 A+ 9.483 2.18 A+
HMO064 60.204 10.43 C+ 34971 6.32 A+ 9.990 2.26 A+
HMO065 60.710 10.49 C+ 35.477 6.41 A+ 10.496 2.36 A+
HMO066 61.205 10.55 C+ 35.972 6.49 A+ 10.992 2.44 A+
HMO067 61.710 10.64 C+ 36.477 6.58 A+ 11.496 2.53 A+
HMO068 62.204 10.71 C+ 36.971 6.67 A+ 11.990 2.61 A+
HMO069 62.705 10.83 C+ 37.471 6.75 A+ 12.491 2.69 A+
HMO070 63.210 10.88 C+ 37.977 6.85 A+ 12.996 2.78 A+
HMO071 63.709 10.96 C+ 38.476 6.90 A+ 13.495 2.88 A+
HMO072 64.215 11.08 C+ 38.982 7.01 A+ 14.001 2.97 A+
HMO073 64.713 11.16 C+ 39.479 7.11 A+ 14.499 3.06 A+
HMO074 65.216 11.24 C+ 39.983 7.20 A+ 15.002 3.14 A+
HMO075 65.714 11.33 C+ 40.481 7.30 A+ 15.501 3.25 A+
HMO076 66.222 11.41 C+ 40.989 7.39 A+ 16.008 3.34 A+
HMO077 66.719 11.50 C+ 41.486 7.48 A+ 16.505 3.45 A+
HMO078 67.723 11.68 C+ 42.489 7.67 A+ 17.509 3.63 A+
HMO079 68.727 43.493 7.81 A+ 18.513 3.75 A+
HMO080 69.730 12.05 C+ 44.496 7.93 A+ 19.516 3.89 A+
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Table 4.  (continued).
SP1 SP2 SP3

Station | Distance Travel Time Rank & | Distance Travel Time Rank & | Distance Travel Time Rank &

Code (km) (sec) Polarity (km) (sec) Polarity (km) (sec) Polari
HMO081 70.736 12.24 C+ 45.503 8.06 A+ 20.522 4.06 A+
HMO082 71.742 12.40 C+ 46.508 8.23 A+ 21.528 4.23 A+
HMO083 72.743 12.56 C+ 47.510 8.42 A+ 22.529 4.40 A+
HMO084 73.747 12.70 C+ 48.514 853 C+ 23.533 4.56 A+
HMO085 74.750 12.87 C+ 49.517 8.71 C+ 24.536 4.70 A+
HMO086 75.757 13.01 C+ 50.524 8.88 B+ 25.543 4.85 A+
HMO087 76.758 13.17 C+ 51.525 9.00 C+ 26.544 5.02 A+
HMO088 77.759 13.33 C+ 52.526 9.21 C+ 27.545 5.19 A+
HMO089 78.765 13.49 C+ 53.532 9.36 C+ 28.551 5.35 A+
HMO090 79.765 13.68 L 54,532 9.51 C+ 29.551 5.51 A+
HMO091 80.771 13.76 L 55.538 9.70 C+ 30.557 5.68 A+
HMO092 81.771 13.97 L 56.538 9.87 C+ 31.557 5.85 A+
HMO093 82.773 14.12 L 57.540 10.02 C+ 32.559 6.01 A+
HMO094 83.778 58.545 10.24 C+ 33.564 6.17 A+
HMO095 84.783 59.550 10.40 C+ 34.569 6.31 A+
HMO096 85.785 14.65 L 60.551 10.54 C+ 35.571 6.47 A+
HMO097 86.788 61.554 10.68 C+ 36.574 6.66 A+
HMO098 87.793 62.559 10.86 C+ 37.579 6.84 A+
HMO099 88.795 63.561 10.95 C+ 38.581 7.01 A+
HM100 89.796 15.25 L 64.563 11.16 C+ 39.582 7.17 A+
HM101 90.810 15.45 L 65.577 11.30 C+ 40.596 7.34 A+
HM102 91.812 66.579 11.51 C+ 41.598 7.51 A+
HM103 92.810 15.77 L 67.577 11.65 C+ 42.596 7.65 A+
HM104 93.824 68.590 11.80 C+ 43.610 7.80 A+
HM105 94.823 69.590 44.609 7.96 A+
HM106 95.826 70.592 12.12 C+ 45.612 8.12 A+
HM107 96.831 16.43 L 71.598 12.30 C+ 46.617 830 A+
HM108 97.833 16.63 L 72.600 12.45 C+ 47.619 8.45 A+
HM109 98.835 73.602 12.62 C+ 48.621 8.62 A+
HM110 99.840 16.89 L 74.606 12.79 C+ 49.626 8.79 A+
HM111| 100.843 17.04 L 75.609 12.96 C+ 50.629 8.95 A+
HM112 | 101.845 17.15 L 76.612 13.13 C+ 51.631 9.11 A+
HM113 | 102.848 77.615 13.26 C+ 52.634 9.26 A+
HM114 | 103.846 78.612 13.41 C+ 53.632 9.44 A+
HM115| 104.850 17.64 L 79.617 13.74 L 54.636 9.60 A+
HM116 | 105.853 17.82 L 80.620 13.76 C+ 55.639 9.75 A+
HM117 | 106.864 17.98 L 81.630 13.93 C+ 56.650 9.89 A+
HM118 | 107.864 18.14 L 82.631 14.19 C+ 57.650 10.06 A+
HM119 | 108.869 18.30 L 83.636 14.33 C+ 58.655 10.23 A+
HM120 | 109.875 18.48 L 84.641 14.44 C+ 59.661 10.38 A+
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Table 4.  (continued).
SP1 SP2 SP3
Station | Distance Travel Time Rank & | Distance Travel Time Rank & | Distance Travel Time Rank &
Code (km) (sec) Polarity |  (km) (sec) Polarity |  (km) (sec) Polarity

HMI121 | 110.876 85.643 14.57 C+ 60.662 10.54 A+
HM122 | 111.876 86.642 14.97 L 61.662 10.72 A+
HM123 | 112.879 87.646 15.09 L 62.665 10.89 A+
HM124 | 113.884 88.650 15.07 C+ 63.670 11.06 A+
HM125( 114.884 89.650 15.20 C+ 64.670 11.21 A+
HM126 | 115.891 90.657 15.36 C+ 65.677 11.39 A+
HM127 | 116.892 91.659 15.54 C+ 66.678 11.55 A+
HM128 | 117.897 92.664 15.88 C+ 67.683 11.67 B+
HMI129 | 118.898 93.665 16.07 C+ 68.684 11.82 B+
HM130 | 119.902 94.668 16.24 C+ 69.688 12.07 C+
HM131| 120.905 95.671 1638 C+ 70.691 1235 B+
HM132 | 121.907 96.673 16.54 C+ 71.693 12.51 B+
HM133 | 122913 97.680 72.699

HM134 | 123.918 98.684 16.74 L 73.704 12.84 B+
HM135 | 124.924 99.690 16.91 L 74.710 13.06 B+
HM136 | 125.929 100.696 17.07 L 75.715 1320 B+
HM137 | 126.928 101.695 17.28 L 76.714 13.36 B+
HM138 | 127.931 102.698 17.48 L 77.717 13.53 B+
HM139 | 128.936 103.702 17.58 L 78.722 13.71 B+
HM140 | 129.939 104.705 17.85 L 79.725 13.84 B+
HM141 | 130.940 105.707 17.97 L 80.726 14.05 B+
HM142 | 131.947 106.714 18.12 L 81.733 14.21 B+
HM143 | 132.949 107.716 18.29 L 82.735 14.35 B+
HM144 | 133.949 108.715 18.42 L 83.735 14.54 B+
HM145| 134.953 109.720 84.739 14.71 B+
HM146 | 135.958 110.725 85.744 14.89 B+
HM147 | 136.961 111.728 19.00 L 86.747 15.05 B+
HM148 | 137.964 112.730 19.16 L 87.749 15.20 B+
HM149 | 138.969 113.736 19.32 L 88.755 1535 B+
HM150 [ 139.970 114.737 19.48 L 89.756 15.53 B+
HM151 | 140.973 115.740 19.68 L 90.759 15.68 B+
HM152 | 141.978 116.745 19.78 L 91.764 15.83 B+
HM153 | 142.980 117.746 92.766

HM154 | 143.984 118.750 20.09 L 93.770 16.12 B+
HM155| 144.987 119.754 20.25 L 94.773 16.27 B+
HM156 | 145.992 120.758 20.39 L 95.778 16.43 B+
HM157 | 146.992 121.758 20.55 L 96.778 16.59 B+
HM158 | 147.995 122.762 20.78 L 97.781 16.75 B+
HM159 | 149.003 123.770 98.789 16.88 B+
HM160 | 149.999 124.765 21.02 L 99.785 17.00 B+
HM161 | 151.008 125.774 100.794 17.20 B+
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Table 5. Travel times from SP4, SP5 and SP6.
SP4 SP5 SP6
Station | Distance Travel Time Rank & | Distance Travel Time Rank & | Distance Travel Time Rank &
Code (km) (sec) Polarity (km) (sec) Polarity (km) (sec) Polarity

HMO001 -74.771 -99.846 17.21 L -124.933

HMO002 | -73.770 12.85 L -98.845 17.01 L -123.932

HMO003 | -72.764 12.58 L -97.839 16.88 L -122.925 20.64 C+
HMO004 | -71.761 12.46 L -96.836 16.52 L -121.922 20.51 C+
HMO005 | -70.758 -95.833 16.45 L -120.919 20.35 C+
HMO006 | -69.756 12.12 L -94.831 16.15 L -119.917 20.18 C+
HMO007 | -68.755 -93.830 16.12 L -118.917 20.03 C+
HMO008 | -67.749 -92.825 -117.911 19.91 C+
HMO009 | -66.744 -91.820 15.71 L -116.906 19.76 C+
HMO010 | -65.742 -90.818 -115.904 19.59 C+
HMO11 | -64.741 11.30 C+ -89.817 1527 C+ -114.903 19.38 C+
HMO12 | -63.743 11.10 C+ -88.819 15.11 C+ -113.905 19.21 C+
HMO13 | -62.737 10.89 C+ -87.813 14.99 C+ -112.899 19.05 C+
HMO014 | -61.731 10.76 C+ -86.807 14.88 C+ -111.893 18.96 C+
HMO15 | -60.730 10.63 C+ -85.806 14.69 C+ -110.892 18.80 C+
HMO16 | -59.731 10.48 C+ -84.806 14.53 C+ -109.893 18.64 C+
HMO017 | -58.725 10.29 C+ -83.801 14.35 C+ -108.887 18.44 C+
HMO18 | -57.724 10.07 C+ -82.800 14.20 C+ -107.886 18.31 C+
HMO019 | -56.716 9.95 C+ -81.791 14.05 C+ -106.877 18.16 C+
HMO020 | -55.715 9.75 C+ -80.791 13.86 C+ -105.877 18.03 C+
HMO021 | -54.709 9.62 C+ -79.784 13.68 C+ -104.870 17.86 C+
HMO022 | -53.707 9.46 C+ -78.782 13.52 C+ -103.869 17.72 C+
HMO023 | -52.705 9.24 B+ -77.781 13.40 C+ -102.867 17.59 C+
HMO024 | -51.698 9.08 B+ -76.773 13.23 C+ -101.859 17.42 C+
HMO025 | -50.697 8.92 B+ -75.772 13.04 C+ -100.858 17.20 C+
HMO026 | -49.690 8.75 B+ -74.765 12.89 C+ -99.852 17.03 C+
HMO027 | -48.689 8.58 B+ -73.764 12.72 C+ -98.850 16.89 C+
HMO028 | -47.686 8.43 B+ -72.761 12.52 B+ -97.847 16.72 B+
HMO029 | -46.684 -71.759 1235 B+ -96.845 16.53 B+
HMO030 | -45.676 808 B+ -70.751 12.17 B+ -95.838 16.38 B+
HMO031 | -44.672 7.92 B+ -69.747 12.00 B+ -94.834 16.21 B+
HMO032 | -43.676 7.76 B+ -68.751 11.86 B+ -93.837 16.07 B+
HMO033 | -42.670 7.62 B+ -67.746 11.68 B+ -92.832 15.88 B+
HMO034 | -41.665 7.45 B+ -66.740 11.52 B+ -91.826 15.73 B+
HMO035 | -40.662 7.31 B+ -65.737 11.36 B+ -90.823 15.56 B+
HMO036 | -39.662 7.16 B+ -64.738 11.27 B+ -89.824 15.39 B+
HMO037 | -38.655 6.98 B+ -63.730 11.13 B+ -88.817 15.25 B+
HMO038 | -37.655 6.84 B+ -62.730 10.96 B+ -87.816 15.07 B+
HMO039 | -36.651 6.71 B+ -61.726 10.81 B+ -86.812 14.93 B+
HMO040 | -35.644 6.55 B+ -60.719 10.63 B+ -85.805 14.76 B+
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Table 5. (continued).
SP4 SP5 SP6

Station | Distance Travel Time Rank & | Distance Travel Time Rank & | Distance Travel Time Rank &

Code (km) (sec) Polarity |  (km) (sec) Polarity |  (km) (sec) Polari
HMO041 -34.641 6.35 B+ -59.716 10.44 B+ -84.802 14.63 B+
HMO042 | -33.635 6.18 B+ -58.710 10.27 B+ -83.796 14.45 B+
HMO043 | -32.631 6.03 B+ -57.706 10.08 A+ -82.793 14.30 B+
HMO044 | -31.628 5.90 B+ -56.704 9.93 A+ -81.790 14.14 B+
HMO045 | -30.623 5.71 B+ -55.698 9.75 A+ -80.784 13.95 B+
HMO046 | -29.622 5.57 B+ -54.698 9.60 A+ -79.784 13.85 B+
HMO047 | -28.619 5.44 B+ -53.694 9.44 A+ -78.781 13.66 B+
HMO048 | -27.611 5.23 B+ -52.686 9.26 A+ -77.172 13.53 B+
HMO049 | -26.608 5.04 B+ -51.684 9.12 A+ -76.770 13.36 B+
HMO050 | -25.605 4.86 B+ -50.680 8.94 A+ -75.766 13.23 B+
HMO51 | -24.602 4.72 B+ -49.677 8.81 A+ -74.764
HMO052 | -23.598 4.57 B+ -48.673 8.65 A+ -73.759 12.90 B+
HMO053 | -22.591 4.41 B+ -47.666 8.48 A+ -72.753 12.76 B+
HMO054 | -21.590 4.26 B+ -46.665 8.32 A+ -71.751 12.57 B+
HMO055 | -20.589 411 B+ -45.664 8.14 A+ -70.751 12.46 B+
HMO056 | -19.584 3.92 B+ -44.659 7.99 A+ -69.745 12.26 B+
HMO057 | -18.575 3.79 B+ -43.650 7.83 A+ -68.736 12.16 B+
HMO058 | -18.073 3.68 B+ -43.148 -68.235
HMO059 | -17.574 3.58 A+ -42.649 7.67 A+ -67.736 12.01 B+
HMO060 | -17.072 3.51 A+ -42.147 -67.233
HMO061 | -16.572 3.44 A+ -41.647 7.53 A+ -66.733 11.83 B+
HMO062 | -16.071 3.37 A+ -41.146 -66.233
HMO063 | -15.571 3.28 A+ -40.646 7.37 A+ -65.733 11.68 B+
HMO064 | -15.064 3.19 A+ -40.139 -65.225
HMO065 | -14.558 3.12 A+ -39.633 7.22 A+ -64.719 11.50 B+
HMO066 | -14.063 3.05 A+ -39.138 -64.224
HMO067 | -13.558 2.97 A+ -38.633 7.08 A+ -63.719 11.38 B+
HMO068 | -13.064 2.90 A+ -38.139 -63.225
HMO069 | -12.564 2.84 A+ -37.639 6.95 A+ -62.725 11.23 B+
HMO070 | -12.058 2.77 A+ -37.133 -62.220
HMO071 -11.559 2.70 A+ -36.634 6.82 A+ -61.720 11.06 B+
HMO072 | -11.053 2.60 A+ -36.128 -61.214
HMO073 | -10.556 2.50 A+ -35.631 6.62 A+ -60.717 10.87 B+
HMO074 | -10.052 2.39 A+ -35.127 -60.213
HMO075 -9.554 2.28 A+ -34.629 6.40 A+ -59.715 10.64 B+
HMO076 -9.046 2.18 A+ -34.121 -59.208
HMO077 -8.549 2.09 A+ -33.624 6.21 A+ -58.710 10.45 B+
HMO078 -7.546 1.91 A+ -32.620 6.03 A+ -57.707 10.29 B+
HMO079 -6.542 1.73 A+ -31.617 -56.703 10.08 B+
HMO080 -5.539 1.47 A+ -30.613 5.68 A+ -55.700 9.97 B+
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Table 5. (continued).
SP4 SP5 SP6
Station | Distance Travel Time Rank & | Distance Travel Time Rank & | Distance Travel Time Rank &
Code (km) (sec) Polarity (km) (sec) Polarity (km) (sec) Polarity
HMO081 -4.533 1.21 A+ -29.607 5.53 A+ -54.693 9.80 B+
HMO082 -3.528 0.94 A+ -28.601 536 A+ -53.688 9.56 B+
HMO083 -2.527 0.68 A+ -27.600 5.20 A+ -52.686 9.42 B+
HMO084 -1.524 0.42 A+ -26.596 5.04 A+ -51.682 9.24 B+
HMO085 -0.529 0.16 A+ -25.593 4.88 A+ -50.679 8.99 B+
HMO086 0.501 0.15 A+ -24.586 4.70 A+ -49.673 8.87 B+
HMO087 1.494 0.42 A+ -23.585 4.55 A+ -48.672 8.73 B+
HMO088 2.494 0.68 A+ -22.584 438 A+ -47.671 8.62 B+
HMO089 3.499 0.94 A+ -21.578 421 A+ -46.664 8.40 B+
HMO090 4.499 1.20 A+ -20.578 4.03 A+ -45.664 8.23 B+
HMO091 5.504 1.46 A+ -19.572 3.85 A+ -44.659 8.07 B+
HMO092 6.505 1.69 A+ -18.572 3.69 A+ -43.658 7.86 B+
HMO093 7.506 1.86 A+ -17.570 3.52 A+ -42.656 7.72 B+
HMO09%4 8.511 2.03 A+ -16.565 3.35 A+ -41.651 7.53 B+
HMO095 9.516 2.18 A+ -15.560 3.21 A+ -40.647 7.38 B+
HMO096 10.518 2.34 A+ -14.558 3.05 A+ -39.645 7.17 A+
HMO097 11.521 2.53 A+ -13.556 2.88 A+ -38.642 7.00 A+
HMO098 12.526 2.72 A+ -12.551 2.73 A+ -37.637 6.85 A+
HMO099 13.527 2.88 A+ -11.549 2.58 A+ -36.635 6.70 A+
HM100 14.529 3.05 A+ -10.547 2.42 A+ -35.633 6.56 A+
HM101 15.543 3.25 A+ -9.533 2.24 A+ -34.619 6.39 A+
HM102 16.545 3.41 A+ -8.531 2.08 A+ -33.617 6.22 A+
HM103 17.543 3.56 A+ -7.533 1.91 A+ -32.619 6.07 A+
HM104 18.556 3.71 A+ -6.520 1.73 A+ -31.606 591 A+
HM105 19.556 3.87 A+ -5.521 1.47 A+ -30.606 577 A+
HM106 20.558 4.03 A+ -4.518 1.21 A+ -29.604 5.60 A+
HM107 21.564 422 A+ -3.513 0.95 A+ -28.599 5.44 A+
HM108 22.566 437 A+ -2.512 0.68 A+ -27.597 528 A+
HM109 23.568 4.54 A+ -1.510 0.42 A+ -26.594 5.12 A+
HM110 24.572 471 A+ -0.511 0.16 A+ -25.590 4.96 A+
HMI111 25.575 4.87 A+ 0.508 0.16 A+ -24.587 4.80 A+
HM112 26.577 5.03 A+ 1.505 0.42 A+ -23.585 4.64 A+
HM113 27.581 5.20 A+ 2.507 0.68 A+ -22.581 4.48 A+
HM114 28.578 534 A+ 3.504 0.94 A+ -21.584 432 A+
HM115 29.583 5.54 A+ 4.508 1.21 A+ -20.580 4.12 A+
HM116 30.586 5.68 A+ 5.511 1.47 A+ -19.576 3.94 A+
HM117 31.596 5.84 A+ 6.521 1.73 A+ -18.566 3.76 A+
HM118 32.596 6.00 A+ 7.522 1.89 A+ -17.566 3.59 A+
HM119 33.602 6.15 A+ 8.526 2.05 A+ -16.561 341 A+
HM120 34.607 6.32 A+ 9.532 2.23 A+ -15.555 3.25 A+
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Table 5. (continued).
SP4 SP5 SP6
Station | Distance Travel Time Rank & | Distance Travel Time Rank & | Distance Travel Time Rank &
Code (km) (sec) Polarity |  (km) (sec) Polarity |  (km) (sec) Polarity
HM121 35.609 6.47 A+ 10.534 2.38 A+ -14.554 3.10 A+
HM122 36.608 6.62 A+ 11.533 2.56 A+ -13.554 2.92 A+
HM123 37.611 6.84 A+ 12.536 2.76 A+ -12.551 2.76 A+
HM124 38.616 6.97 A+ 13.541 291 A+ -11.546 2.60 A+
HM125 39.616 7.13 A+ 14.541 3.10 A+ -10.546 2.42 A+
HM126 40.623 7.28 A+ 15.548 3.27 A+ -9.539 2.23 A+
HM127 41.625 7.47 A+ 16.550 3.42 A+ -8.538 2.06 A+
HM128 42.630 7.60 A+ 17.555 3.58 A+ -7.533 1.89 A+
HM129 43.630 7.75 A+ 18.555 3.74 A+ -6.532 1.72 A+
HM130 44.634 7.98 C+ 19.559 3.93 A+ -5.529 1.47 A+
HM131 45.637 8.23 C+ 20.562 4.10 A+ -4.526 121 A+
HM132 46.639 8.43 C+ 21.564 427 A+ -3.524 0.94 A+
HM133 47.646 22.570 -2.518 0.68 A+
HM134 48.650 8.70 C+ 23.575 4.62 A+ -1.515 0.42 A+
HM135 49.656 8.95 C+ 24.581 4.80 A+ -0.516 0.16 A+
HM136 50.662 9.14 C+ 25.587 497 A+ 0.511 0.16 A+
HM137 51.661 9.26 C+ 26.585 5.15 A+ 1.502 0.42 A+
HM138 52.664 9.49 C+ 27.588 5.31 A+ 2.504 0.68 A+
HM139 53.668 0.00 28.593 5.48 A+ 3.508 0.94 A+
HM140 54.671 9.86 B+ 29.596 5.64 A+ 4511 1.21 A+
HM141 55.673 10.00 B+ 30.597 5.82 A+ -4.526 1.21 A+
HM142 56.680 10.11 B+ 31.604 5.99 A+ -3.524 0.94 A+
HM143 57.681 10.28 B+ 32.606 6.16 A+ -2.518 0.68 A+
HM144 58.681 10.49 B+ 33.606 6.32 A+ -1.515 0.42 A+
HM145 59.686 10.61 B+ 34.610 6.49 A+ -0.516 0.16 A+
HM146 60.691 10.75 B+ 35.616 6.67 A+ 0.511 0.16 A+
HM147 61.694 10.90 B+ 36.618 6.84 A+ 1.502 0.42 A+
HM148 62.696 11.14 B+ 37.621 7.00 A+ 2.504 0.68 A+
HM149 63.702 11.31 B+ 38.626 7.16 A+ 3.508 0.94 A+
HM150 64.703 11.43 B+ 39.627 7.34 A+ 4511 1.21 A+
HM151 65.705 11.57 B+ 40.630 7.50 A+ 15.544 3.30 A+
HM152 66.710 11.72 B+ 41.635 7.65 A+ 16.549 345 A+
HM153 67.712 11.86 B+ 42.637 7.80 A+ 17.551 3.59 A+
HM154 68.716 12.07 B+ 43.641 7.96 A+ 18.555 3.76 A+
HM155 69.720 12.22 B+ 44.644 8.12 A+ 19.558 3.93 A+
HM156 70.724 12.39 B+ 45.649 8.27 A+ 20.563 4.09 A+
HM157 71.724 12.64 L 46.649 8.44 A+ 21.563 4.25 A+
HM158 72.727 12.81 L 47.652 8.60 A+ 22.566 4.41 A+
HM159 73.735 12.98 L 48.660 8.76 A+ 23.574 4.59 A+
HM160 74.731 13.16 L 49.656 8.92 A+ 24.570 4.75 A+
HM161 75.740 13.23 L 50.665 9.09 A+ 25.579 4.92 A+
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6 SP7, SP8 OWIELE
Table 6. Travel times from SP7 and SPS.

ELIFX

SP7 SP8
Station | Distance Travel Time Rank & | Distance Travel Time Rank &
Code (km) (sec) Polarity |  (km) (sec) Polarity

HMO01 | -151.012 -10.539 237 A+
HMO002 | -150.011 -9.538 222 A+
HMO003 | -149.005 -8.532 2.05 A+
HMO004 | -148.002 -7.529 1.89 A+
HMOO0S5 | -146.999 -6.526 1.73 A+
HMO06 | -145.997 -5.524 1.46 A+
HMO007 | -144.996 -4.523 1.20 A+
HMO008 | -143.991 -3.518

HMO009 | -142.985 -2.513 0.68 A+
HMO10 | -141.984 -1.511 0.42 A+
HMO11 | -140.982 -0.512 0.15 A+
HMO12 | -139.984 0.491 0.15 A+
HMO013 | -138.979 23.42 L 1.496 0.41 A+
HMO014 | -137.973 23.18 L 2.501 0.67 A+
HMO15 | -136.971 22.99 L 3.502 0.93 A+
HMO16 | -135.972 22.94 L 4.501 1.19 A+
HMO017 | -134.966 22.67 L 5.507 1.41 A+
HMO18 | -133.965 2271 L 6.508 1.55 A+
HMO019| -132.957 7.517 1.72 A+
HMO020 | -131.956 22.37 L 8.517 1.90 B+
HMO021 | -130.950 22.20 L 9.523 2.08 B+
HMO022 | -129.948 21.96 L 10.525 2.29 B+
HMO023 | -128.947 21.85 L 11.527 244 B+
HMO024 | -127.939 21.61 L 12.535 2.63 B+
HMO025| -126.938 21.39 C+ 13.535 2.82 B+
HMO026 | -125.931 21.24 C+ 14.542 299 B+
HMO027 | -124.930 21.08 C+ 15.543 3.14 B+
HMO028 | -123.927 2097 C+ 16.546 3.33 B+
HMO029 | -122.925 20.80 C+ 17.548 3.48 B+
HMO030 | -121.917 20.65 C+ 18.556

HMO031 | -120.913 20.51 C+ 19.560

HMO032 | -119.917 20.36 C+ 20.556

HMO033 | -118.911 20.19 C+ 21.562

HMO034 | -117.906 20.04 C+ 22.568

HMO035 | -116.903 19.81 C+ 23.571

HMO036 | -115.904 24.570

HMO037 | -114.896 19.52 C+ 25.577

HMO038 | -113.896 26.577

HMO039| -112.892 19.20 C+ 27.582

HMO040| -111.885 28.588
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Table 6. (continued).
SP7 SP8
Station | Distance Travel Time Rank & | Distance Travel Time Rank &
Code (km) (sec) Polarity |  (km) (sec) Polarity
HMO041 | -110.882 18.89 C+ 29.591
HMO042 | -109.876 18.73 C+ 30.597
HMO043 | -108.872 18.59 C+ 31.601
HMO044 | -107.869 18.45 C+ 32.604
HMO045 | -106.864 18.21 B+ 33.610
HMO046 | -105.863 18.03 B+ 34,610
HMO047 | -104.860 17.89 B+ 35.613
HMO048 | -103.852 17.72 B+ 36.621
HMO049 | -102.849 17.60 B+ 37.624
HMO050 | -101.846 17.41 B+ 38.627
HMOS1 | -100.843 17.27 B+ 39.630
HMO052| -99.838 17.10 B+ 40.635
HMO053 | -98.832 16.94 B+ 41.641
HMO054 | -97.831 16.77 B+ 42.643
HMO55| -96.830 16.60 B+ 43.643
HMO056| -95.825 16.46 B+ 44.648
HMO057| -94.816 16.27 B+ 45.658
HMO058| -94.314 46.159
HMO059| -93.815 16.13 B+ 46.658
HMO060| -93.313 47.161
HMO061| -92.812 15.99 B+ 47.661
HMO062 | -92.312 48.161
HMO063 | -91.812 15.87 B+ 48.661
HMO064 | -91.305 49.169
HMO065| -90.799 15.71 B+ 49.674
HMO066 | -90.303 50.170
HMO067| -89.799 15.55 B+ 50.675
HMO068| -89.304 51.169
HMO069 | -88.804 15.41 B+ 51.669
HMO070| -88.299 52.174
HMO071 | -87.800 15.27 B+ 52.674
HMO072( -87.293 53.180
HMO073| -86.796 15.06 B+ 53.677
HMO074 | -86.293 54.181
HMO75| -85.794 14.91 B+ 54.679
HMO76| -85.287 55.186
HMO077 | -84.789 14.71 B+ 55.684
HMO078 | -83.786 14.59 B+ 56.687
HMO079| -82.782 57.691
HMO080| -81.779 14.26 B+ 58.694
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Table 6. (continued).
SP7 SP8
Station | Distance Travel Time Rank & | Distance Travel Time Rank &
Code (km) (sec) Polarity |  (km) (sec) Polarity
HMO081 | -80.773 1404 B+ 59.700
HMO082 | -79.767 13.87 B+ 60.706
HMO083 | -78.766 13.75 B+ 61.708
HMO084 | -77.761 13.55 B+ 62.712
HMO08S5| -76.759 1336 B+ 63.715
HMO086| -75.752 13.19 B+ 64.721
HMO087| -74.751 13.06 B+ 65.722
HMO088| -73.750 1287 B+ 66.723
HMO089 | -72.744 12.75 B+ 67.729
HMO090 | -71.743 1257 B+ 68.730
HMO091 | -70.738 12.39 C+ 69.735
HMO092 | -69.737 12.21 C+ 70.736
HMO093 | -68.736 12.05 C+ 71.738
HMO0%4 | -67.731 11.86 C+ 72.742
HMO095 | -66.726 11.76 C+ 73.747
HMO096 | -65.724 11.56 C+ 74.749
HMO097| -64.721 1139 A+ 75.752
HMO098 | -63.716 11.20 A+ 76.757
HMO099| -62.714 11.00 A+ 77.759
HM100| -61.712 10.88 A+ 78.761
HMI101 | -60.699 10.71 A+ 79.775
HM102| -59.697 10.54 A+ 80.776
HM103 | -58.699 10.38 A+ 81.774
HM104| -57.685 10.19 A+ 82.788
HMI105| -56.686 10.04 A+ 83.787
HM106| -55.683 9.89 A+ 84.790
HM107| -54.678 9.72 A+ 85.795
HM108| -53.676 9.57 A+ 86.797
HM109| -52.673 9.41 A+ 87.800
HM110| -51.669 924 A+ 88.804
HM111| -50.666 9.09 A+ 89.807
HM112| -49.664 8.92 A+ 90.809
HM113| -48.660 8.76 A+ 91.813
HMI114| -47.663 859 A+ 92.810
HM115| -46.659 8.49 L 93.814
HM116| -45.656 8.25 A+ 94.818
HM117| -44.645 806 A+ 95.828
HM118| -43.645 7.89 A+ 96.828
HM119| -42.640 7.72 A+ 97.833
HMI120| -41.634 7.56 A+ 98.839
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Table 6. (continued).
SP7 SP8
Station | Distance Travel Time Rank & | Distance Travel Time Rank &
Code (km) (sec) Polarity (km) (sec) Polarity
HMI121 | -40.633 7.41 A+ 99.841
HMI122 | -39.633 725 A+ 100.840
HM123| -38.630 7.08 A+ 101.843
HMI124 | -37.625 6.92 A+ 102.848
HM125| -36.625 6.75 A+ 103.848
HMI126 [ -35.618 6.58 A+ 104.855
HM127 | -34.616 6.41 A+ 105.857
HMI128 | -33.612 6.25 A+ 106.862
HM129 | -32.611 6.09 A+ 107.862
HM130 | -31.607 591 A+ 108.866
HM131| -30.604 5.75 A+ 109.869
HM132| -29.602 5.58 A+ 110.871
HM133| -28.596 542 A+ 111.878
HM134 | -27.591 5.25 A+ 112.882
HMI135| -26.585 5.08 A+ 113.888
HM136 | -25.579 4.90 A+ 114.894
HMI137 | -24.581 4.74 A+ 115.892
HM138 | -23.578 457 A+ 116.895
HM139 | -22.573 4.40 A+ 117.900
HMI140 | -21.570 422 A+ 118.903
HM141 -20.569 4.07 A+ 119.905
HM142 | -19.562 3.90 A+ 120.911
HM143 | -18.560 3.73 A+ 121.913
HM144 -17.560 3.56 A+ 122913
HMI145 | -16.556 3.40 A+ 123.918
HM146 | -15.550 323 A+ 124.923
HM147 | -14.548 3.05 A+ 125.925
HM148 [ -13.545 2.87 A+ 126.928
HM149 | -12.540 2.69 A+ 127.933
HM150( -11.539 2.52 A+ 128.934
HM151| -10.536 2.34 A+ 129.937
HM152 -9.531 2.18 A+ 130.942
HM153 -8.529 1.99 A+ 131.944
HM154 -7.525 1.82 A+ 132.948
HM155 -6.522 1.64 A+ 133.952
HM156 -5.517 1.46 A+ 134.956
HM157 -4.517 1.20 A+ 135.956
HM158 -3.514 0.94 A+ 136.959
HM159 -2.506 0.68 A+ 137.967
HM160 -1.510 0.42 A+ 138.963
HM161 -0.501 0.15 A+ 139.972
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4. GHDOHE

A OBFATI, KRIEWDOIHEZ JARE-41 @ 600 kg (FHT 5, 2001) %*5 100 kg HEE L
700 kg & L7, L L%ah s, #ERELT, 2ORHIZIZIEAE, -7 BRI, SKE
% 2RCLTY, 20 V2 BORE LRV zD, AEOBE, 100 kg FREOHEL LT
1.08 51 ARETH A, 72, HEIEE 25 m BEOFKBALTIE, FHE 10 m #ZET
AL, 700 kg FEE OB HFEIE 2 A ST IHLTILMATHA ) LEZ NS,

FEWALOIEIGEE 1R $h 720, AF—L FYVESLR LYY, 1 BENSD 3 m F2EO
SEIGHIEEREE Tdh o 72, KED X VIRV TR, FRMIBHICRY, HEEEE O T
Hans, EfFE VI RONA-HEOHT, #HEIC 1| HU O 2ERLT 2 &3k,
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LREETH Y, IKKEERD 7 1 IV V@ %8 2 HIRME (40-50 m) [ SET S DIEES Tld % \».
Wi OREE DG REED S S 21X, BES0m 2825 L) RIEHIICL2EE 1t 7T AD
KEMEL D b, FEE 600-700 kg DEIDFME T EAG LI AR TH 5.

JARE-41 BIX S HOHEETHL MR o725 912, S 25 m BEOFBILL K&
600-700 kg DFERETIL, JEITIEWIBIBABEICEBII S L5 DI, HEE 100 km FEE L TTH 5.
L7255 T, WBIEITIEIC L A ERFITCH O TE 5013, FHIE LT, JKEE T O
O LEBERE 2 e 2k b, LELEAS, SROEERE S, koI
EREITIE, BAE ORI RE SR B IR SR, BEFS L, W)
FIETHbDEEZHSND., MENHHBIZEIN S N A XIS SN 525, HEEREEE &K
DB, JEIEEESENTH S, —77, Mo X ) IEEOREZ ST 57201213,
P2 BN 208 H 5. v, HARENOMBRGE & LR L, ATIEEETO
HoB A (IAR I I C AT A L FREN L 720, MO T E AR R A S O S OBl
PIHFCE 5. FEEE, JARE-41 BLOARIOEAETYS, 227 v FE& TRMED S OEGHHE
EHEE END BB A EIEM CHB I B ST b, IS DORGHEZ AR EDPT 720
23, BASE OB SR 2 BT 2 0B D A, ANl OFEART 2B RIS 1 km
ThHAHH, WHOHIEROK) 10 km DX DA 500 m FIFETH -7z, TASTHXHCBII S
NI MO E BB A O OREFE L 72354, 1 km OFHS R HIUE, FEA
SR DB ST RE T B, 72720, &0 EEM & SENEIT 217 ) 7201218, LD EH&E
AT FFEATE £ L,

JARE-41 B L UARIOD &5 IATENMASEINICBRE S o N THESRA DG, B, W
%, BEIOWD SO A5, FEEHIRE ZOHEITRE S NS, Ik, FIziE, T LIl
MRHIED & 9 72 & Y AR CRBROERRZ EiT 2 2 & 13, BAEOAAH & AT O
TTI, KEWEETH L EBbhsb, Lizas->T, RikPkE O EBHIAH 2 a3 2 258
oA, F72, JARE-43 TlE, WIS KEEIZEEN, fTHIFGHASDOA S ¥ 2 — )
D HENZZIZO 22D ET, BEMIITPELD SR CEREE TTHILTE Ly
L35, —#IZ, FIMTENIRBEICRECEAENL 20, L OABEFTOTETIE, %
BRI O IER A ET 5.

S ONEATEI, FFEIHEHOSE FH 1 GOBEY » 7 ICKERVUEIRAFAEL, A
THIFRFEZ O b OOFATHWEENC 2 BIRPUE- 72, vy, BFAIEHO 42 KBFB L0 43
REDIGEZAS I XY, ABEEBIC SRR ORREL Y > 7 Z/NEIAN) a7 % — 12X o> T2Ei L
TIHHE, BIHTRRT L2 LA TE . WEETOZD LX) 4F LHOIEEIL, PRAITIEE
W AR D 5. L72hs > T, KRR EOfl 4 ORI T B3tk 2 Fanic b
RCHER 5 2 EHIHETH 5.
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188 JARE-43 N THFREGH 7V — 7O & 3725048
(Frleld, 2001 4F 11 H 28 HHEMN).
Appendix. A member list with the main works of the exploration group in JARE-43.
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