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Fig.1 Location map of the IwateVolcano leveling route.

Table 1 Periods and participants of the seven leveling epoch at the Iwate Volcano.

Period Participants

1  July 16-26,1998 Kimata, Miyajima, Takayama, Yamamoto, Uchida, Yakiwara, Tsuji, Koyama

2  August 31- Kimata, Miyajima, Takayama, Yamamoto, Uchida, Matsushima, Yakiwara, Sato,
September 3,1998 Tsuji, Mori, Suzuki

3 September 4-7, Kimata, Miyajima, Takayama, Yamamoto, Uchida, Matsushima, Yakiwara, Sato,
1998 Tsuji, Mori, Suzuki

4 November 2-8,1998 Kimata, Miyajima, Takayama, Uchida, Hirano, Sato, Tsuji, Nakabo
5 May 20-27,1999 Kimata, Miyajima, Takayama, Uchida, Nakamura, Matsushima, Hirano, Sato,
Ueki, Tsuji, Koyama, Terada, Yamamoto, Mori

6 October 20-27, Kimata, Miyajima, Takayama, Uchida, Nakamura, Sato, Ueki, Tsuji, Koyama,
1999 Nikolay, Maguskin

7 May 20-27,2000 Kimata, Miyajima, Takayama, Uchida, Nakamura, Hirano, Tachibana, Ueda
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Table 2 List of the heights at the bench mark observed at each leveling epoch. Generally
heights at benchmarks are referred to that at BM 46046 through the leveling period. At the leveling
epoch of no link to BM46046, the benchmarks in the most southern as shown as *, is fixed in the
epochs,. The coordinates at the benchmarks are also listed. The coordinates are Tokyo data system.

BM long. lati. distance Juk98  Sep-98  Sep98  Nov-98  May-99 | Oct-99 May-00
E N km m m m m m m m
46046  140.9683 39.6925 0.00 *0.0000  *0.0000 *0.0000 *0.0000
1 140.9722 39.6925 0.32 0.0533 0.0534 0.0534 0.0535
BM7  140.9708 39.6953 0.63 1.5616 1.5615 1.5615 1.5615
2 1409728 39.6972 0.99 -1.6602  -1.6602 -1.6598  -1.6601
3 1409731 39.7003 1.45 -3.0973  -3.0972 -3.0961  -3.0970
4 1409719 39.7053 1.99 1.4489 1.4486 1.4485 1.4467
5 1409725 39.7094 245 4.9533 4.9530 4.9524 4.9514
6  140.9733 39.7139 2.96 11.8687  11.8672 11.8661  11.8648
BM6  140.9728 39.7161 3.23 14.8299 14.8283 14.8274 14.8265
7  140.8719 39.7181 3.48 16.9581  16.9568 16.9555 16.9569
8  140.9711 39.7244 4.13 22,5182 22,5162 225162 22.5160
9 140.9711 39.7267 4.40 26.6559 26.6544 26,6547 26.6544
10  140.8703 39.7308 4.94 33.6506 33.6493 336501 33.6854
11 140.9700 39.7350 542 404697 40.4685 404690 40.4699
12 140.9678 39.7425 6.23 52,7658 52.7653 62,7687 52,7675 *52.7675
13 140.9675 39.7472 6.75 60.8736  60.8732 60.8756 60.8740 60.8733
14 140.9678 39.7539 7.55 721678 72.1677 72,1697 72.1682 72,1675

15 140.9678 39.7544 7.60 721473 721470 ‘721470 721488 721472 *72.1472 72.1463
16 140.9675 39.7589 8.08 80.2318 802317 80.23t11 80.2336 80.2939 80.2948 80.2936
17  140.9664 39.7628 8.47 86.2416 862418 86.2411 86.2434 86.2420 86.2431 86.2418
18 140.9636 39.7664 8.98 96.0067 96.0075 96.0060 96.0089 96.0077 96.0087 96.0072
18 140.9611 39.76%4 9.43 106.4275 106.4281 106.4254 1064290 1064282 1064295 106.4281
20 1409583 397739 10.03 118.6319 118.6328 118.6289 118.6337 118.6331 118.6352  118.6332
21 1409567 39.7761 10.27 123.9546 123.9561 123.9514 123.9557 123.9559 123.9574  123.9549
22 1409514 39.7794 10.98 141.3290 141.3298 141.5281 141.5328 141.5335 1415355 141.5333
23 1409486 39.7856 11.58 157.7470 157.7477 157.8712 157.8832 157.8816 157.8830 157.8827
24 1409478 39.7883  12.00 173.9307 173.9311 174.0424 174.0597 174.0582 174.0576  174.0600
25  140.9447 39.7911 12.40 185.6338 185.6347 185.7052 185.7304 186.1587 186.1602  186.1629
26  140.9492 39.7897 12.82 198,7593 108.7595 198.7792 198.7841 198.7800 198.7790 198.7788
27  140.9539 39.7919  13.26 2248800 224.8807 224.9055 224.9154 2249104 2249082 224.9083
28 1409486 39.7956  13.86 2554184 2554193 2554330 2554436 255.43B0 2554378 2554373
29 1409464 398017 14.64 300.5033 300.5057 300.4849 300.4979 300.4911 3004922 300.4912
30 1409486 398025 14.99 321.9026 321.9053 321.9067 321.9233 321.9176 321.9201 321.9171
31  140.9528 39.8044 1544 344.5555 344.5579 344.5573 344.5749 344.5686 344.5706  344.5662
32 1409502 39.8056 16.04 354.7763 354.7784 354.7743 354.7911 354.7847 354.7867 354.7813
33 140.9625 39.8078 16.44 379.0761 379.0780 379.0739 379.0919 379.0853 379.0868 379.0818
34 1409642 39.8103 16.88 400.8023 400.8047 400.8000 400.8179 400.8094 400.8124  400.8064
35 1409697 398083 17.42 411.2384 411.2394 411.2332 411.2496 411.2402 411.2428  411.2362
36 140.9647 39.8117  18.00 432.0424 432.0449 432.0423 432.0595 432.0544 4320584  432.0499
37 140.9600 39.8144 1849 466.8430 466.8467 466.8452 466.8631 466.8535 466.8600 466.8505
38 1409528 39.8136 19.19 480.3996 480.4042 480.4037 480.4236 4804147 4804220 480.4141
39 1409506 39.8183 19.79 507.4737 507.4795 507.4833 507.5039 507.4978 S507.5062  507.5003
40 140.9439 39.8183 2041 537.1896 537.1991 537.2093 537.2305 637.2246 537.2316  537.2256
41 1409394 39.8183 20.76 548.1561 548.1663 548.1597 5481802 548.1728 548.1807 548.1731

42 1409408 39.8180  20.79 551.2689 551.2913 551.28568 651.2044  551.2882
43 1409373 398203 21.29 586.8483 586.8462 686.8529 586.8476
44 1409327 39.8227 21.86 622.9048 622.9055 622.9137 6229170
45 1409287 398243 2224 642.9577 642.9617 642.9713  642.9679
46 1409239 39.8237 2268 665.6659 6656766 6656730
47 1409172 39.8223 23.30 715.3886 71653099 7153974
48  140.9150 3982561 24.04 752.7123 752.7264 7527243
49  140.8170 39.8311 24.78 750.3802 750.3944  750.3927
150 140.9144 38.8314  25.19 775.3476 7753628 775.3636
151 1409115 39.8319  25.60 808.9289 808.9428  808.9497
152 140.9078 39.8326  25.91 818.3407 818.3565 818.3602
153 140.9056 39.8332 26.10 837.5282 837.5438  B837.5479
154  140.9018 39.8344  26.52 871.5496 871.5617
185 140.9057 39.8348 26,87 907.1983 907.2151

156 140.9050 39.8355




Table2  (continued)
BM long. lati. distance Jul-98  Sep-98 Sep98 Nov-98 May-99  Qct-99  May-00
E N km m m m m m m
35 1409697 39.8083 17.42 411.2384 411.2384 411.2332 411.2496 411.2402 411.2428 411.2362
51 1409731 . 39.8075 17.74 403.1472 403.1480 403.1460 403.1633 403.1530 403.1568 403.1507
52 140.9833 398047  18.56 372.0529 372.0517 372.0505 372.0676 372.0560 372.0602 372.0535
53  140.9900 39.8053 19.18 380.1774 380.1752 380.1744 380.1908 380.1782 380.1809 380.1762
54  140.9975 39.8053  19.97 393.9054 393.9031 393.9021 393.9171 393.9045 393.9070 393.9014
55 141.0022 39.8047 20.30 368.1422 368.1395 368.1376 368.1531 368.1403 368.1426 368.1369
56 141.0081 39.8033 20.80 3459502 3450484 3450453 345.9621 3459488 345.9522 3459460
57  141.0150 39.8028  21.46 314.3328 314.3313 314.3270 314.3453 314.3311 314.3355 314.3292
58 141.0175 39.8008 21.86 293.0381 293.0370 293.0325 293.0510 293.0362 293.0544 293.0464
59  141.0133 39.7981  22.29 282.3643 282.3641 282.3588 282.3780 282.3626 282.3678 282.3602
60 141.0125 397964 22.56 271.4201 271.4199 271.4053 271.4228 271.4061 271.4102 2714009
61 141.0200 397958 23.26 255.9006 255.9018 255.8967 255.9159 255.8997 2559043 255.8982
62 141.0261 397944 2385 248.9595 248.9587 248.9541 2489717 248.9585 248.9622 248.9550
63  141.0331 397908 2449 245.5652 2455653 245.5590 2455757 245.5504 2455613 245.5537
64 1410392 39.7931 2518 254.9400 254.9400 254.9347 2549521 254.9368 254.9396 254.9340
65 141.0486 39.7986  26.08 269.0046 269.0055 269.0001 269.0181 269.0025 269.0062 268.9991
66  141.0553 39.8022 27.02 245.8264 2458278 2458224 2458410 245.8229 2458265 2458192
67 141.0608 398061 27.72 208.7119 208.7134 208.7080 208.7276 208.7094 208.7135 208.7063
68 141.0669 39.8092 28.10 192.3335 192.3350 192.3297 192.3497 192.3310 192.3347 192.3271
69 141.0719 398103 28.76 171.0472 171.0495 171.0441 171.0643 171.0443 171.0477 171.0418
70 141.0689 39.8128 29.13 187.5354 187.5372 187.5318 187.5526 187.5329 187.5300
71 141.0644 39.8158 29.55 2057211 205.7218 205.7165 2057370 205.7182 205.7157
72 141.0803 398189  30.06 227.2455 227.2461 227.2408 227.2599 227.2417 227.2403
73 141.0561 398222 30.58 263.2232 263.2232 263.2178 263.2365 263.2172 263.2157
74 141.0508 39.8256  31.21 311.3201 311.3197 311.3144 311.3351 311.3144 311.3139
75 141.0464 398289 31.73 368.8393 368.8389 368.8335 368.8557 368.8329 368.8331
76 141.0425 39.8317  32.24 426.7231 426.7228 426.7174 426.7308 426.7168 426.7175
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Vertical movements in each period

10
:‘ : 1999/10-2000/5
0 ey WA g
a0 -N'"\v""" et
20 .
1999/5-1999/10 2
0o} Mwm‘wwww |
10
, poo e 1998/11-1999/5
Y AL

N
S

S

- KN W
QO

3}

Vertical movements, mm
>

k\f c.ﬂ‘l\.""w,
1998/9/7-1998/1 1

200 1  1998/9/3-1998/0/7
100 9 ; . i .
0 4 mnn—i Prrmgsrmeumarves .
20 1

1998/7-1999/9/3

10

\'\.‘v,-\...»-\-....

e
« 1000 -
8 1% ~ //\
= ! .
- I
0 10 20_ 30 40 50
Distance, km

Fig.2 Vertical movements observed by precise leveling on the Iwate
Volcano leveling route since July 1998 to May 2000.

TEBNEHEE S U THEETELLESR
3,

1998 £ 9 § 3 B OHBMIZESTBZRTIE, #
Fah=-Bres, MU TRAEMAICHL, BFEA
W, EDHTEFARUERETORED L TEH &
LT, BRimE=@EL TRAISNhTLS, LiL,
FORERIIBATY 199849 AN S 10 A DRI
D 2em IZBET, HOMMIT Icm BEETH S,

BEFAURESRICAERT S HELBILOTIRAE
MEEL, S L TERRRAETNTWS,
1998 £F 10 BT 2em OBEVSBRAZNZ0IZHL,
ROFURARE, SHEAIIC 1999 4E 5 A Tl 2em DL
ERBERIXN TS,

VA SHERERICEZKMBRIT, L 0bitZ
BANSEFHEE TIHEBLOEBEE ICKESR

EZRELE. LAL, BRERELZERITRRS
NTREGBRS, AFRABEILHERERICIIZ < OF
NERBEREZN TS, DAIIC, HBOEELICEK
DR MR F TEBOMAERNKREER S,

FIT, BRERNSBELRBILEICESHEAS
MDA I BT 2 KMEH 62 2 7B EREL
TR LTEE% Fig3 I2RT. RENZEHZ
HRTDD, 1998 4F 7 AICHRELAEACR
EBLUTRYT. BEICITRIRBEND 1998 £ 7 ANS
EBRAABMETOLESHE, HECRAER
36,37,38,39,40 IZH1F5 1998 £ 7 ALIED L TER)
Z2EMOBKELTRY.

Fig3 5, FFEBICEL TROZSHNHART
HD. 1) KEER 62 KD ILTESICAET S KHERIT
TART, 1998 £ 7 ALUEICEE O L TEB A RS

— 357 —



Cumulative Vertical Changes at BMs

Referred to BM62 Since July 1998

Time Serias of Vertical Changes
at BMs 37-52 Referred to BM62
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Fig.3 Vertical movements at the benchmarks in the northwest part of the leveling route referred

to BM 62.
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vertical movements along the leveling route in each leveling epochs since July 1998 and

time series of vertical movements at BMs 40,39,38,37,51 and 52.
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Observation Calculation

” T 3 T -

E 1998/7 -1998/9/3 98/7-98/9/3 98/7-98/9/3
d: 1.6km Mi [w . i

" ) R e ¥
® ) T
AN ”"“ e 1@
2 2 < .
g OL‘,‘,QQ - 2 "l-. "s

30 v ——
g 1998/9/7 - 1998/11 | 98/9/7 - 98/11 98/7 - 98/11

: 1.5km Mi Iw

E 20 s 00 I A . 2:{1‘00 o 1w
o 0.5cm (. -
S -
8 10 :.."- .t u-‘q..- 1:,',@-::'." e
& " :_ .:‘.,
S o a“"‘.k.. e * "-._

0 5 10 15 14050E  14055E IR TNE  IWSE 1A 00E

Distance from the source, km

Fig. 5a,b Vertical movements observed and calculated from the point pressure model. Left figures mean the vertical
movements observed and calculated as the function of the distance to the benchmarks from the pressure sources.
Middle figures show the vertical movements calculated in the period of epochs, and right figures mean the vertical
movements calculated since July 1998. Pressure sources estimated from SAR Interferometory (GSI,1998) is also

plotted as gray circles in right figures

Uppere(a); in the period of September 3, 1998. A gray star means the location of the pressure source estimated by

Miura et al.(2000).
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Observation Calculation
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Fig. Sc-e Vertical movements observed and calculated from the point pressure model. Expressions are same as in

Fig.5a,b. Uppere(C); in the period of May 1999
Lower (e); in the period of May 2000.
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Fig.6 The locations of the point pressure sources
estimated from the vertical deformation in the period
of each leveling epoch. The location of the pressure
source estimated from the SAR interferometry
analysis(GSI, 1998) in the period until September
1989 is also shown.
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Fig.7 Time series of intrusion volume at the pressure
sources since July 1998. Open circles show the
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Iwateken-Nairiku-Hokubu earthquake on September
3, 1998. Open circle mean the results removed the
data.at the earthquake.
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Estimation of the Point Pressure Source at the Iwate Volcano, Northeast Japan from the Vertical
Deformation Detected by Leveling in the period July 1998 to May 2000.
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Synopsis

Volcano earthquakes and volcano deformation had been observed to be active around the Iwate
Volcano since 1998. Authors have repeated precise leveling seven times on the southern foot of the
volcano in the period July 1998 to May 2000. Uplifts of 1 to 3 cm at the volcano are observed in the every
survey epoch. Authors estimate the point pressure sources from the uplift using the Mogi solution.
Estimated pressure sources are shifted to northwest of 5 km with the depth of 2 km from the Amihari Spa.
The total volume of  intrusion is estimated to be 1.4 x 10° m® and the rate of intrusion is decreasing with
time.

Keywords: Iwate Volcano, leveling, Vertical movements, pressure source of volcano,
migration of pressure source
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