i-1-3 ) Magnéiie'suwey

1. Fonewond , . _

The' 1ocks, wluch iorm e‘arth s Crmt have magnetlsm accondmg to'species and ftmount of the'
magnetic mincfals coutamed in themselves, Induced magnetuatlon which is caused by the e‘lrth s
'maguetlc ﬁeld, and re31dual magnetlzatxon which is pIOpCI‘ to rock itself, are created by’ the
magnetism. Thc nngnetlc field by such nmgnet:zatlon are very small compared to the cfuths
normal magnetlc ﬁe]d but it is. Doss1ble to dlstuw;sh them by deductuw the carth’s HDII]MI
magnetlc field flOHl the measured nng?netic ficld. : :

_ Genelally, magnetlc susceptlblhty of tlu, 1gneom IOCkS IS lughel than th’tt of the sedmlentary'

_ rocks and the amdm xocks hds Iugher suscepttbﬂ:ty than the bablc 1001\3 Susceptlblhty is in
averagé in the order bf 1074 ~ 1072 CGS/(,(‘ with the i igneous focks, 1075 ~10™ CGS/CC with
the metamorphlc rocks and 10'6~ 10°s CGS/CC with the sedimentaly rocks -

Magnetlc survey is'a method to clar 1fy geo!oglcal stmcturc and features of rock dlstubutlon
by detecimg the d1ff(:1ences of magnetism. Especmlly in the geother mal ale‘lS it is expected to
detect the cl1stubut10n ot 1gneous rocks mcludmg mtruswe rocks, geothel mdl 11terat10u zones and
certain. geologlcal structule 1epreseuted by faults by this mflgnctw mcthod A!so, another
method based upon the Cune point !aw to obtain informations on the depth and the location of
magmas being seqtcd deep in the underground lms been developed

The process. of the works of the magnetic survey, {rom the fleld magnetlc measulcment to the
preparatlon of the final 1ep01[ is shown in the flow sheet (Flg IL1.3-1).
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2. Field survey

2-1 Magne’to'metél . T

The- magnetometels used in tie ptcsent magnem survey are handy type PlOtOIl rmgnetome~ -
fers made by GEOMETRI(‘S analogue recorder and susceptllnhty magnctometex The specmcq— '
tion is shown in the following tabie,

'rock samples |

Locatlon map of" Me asmement of |-
suwey pomts susceptlblllty 1.

I_ ’Iquai ma'gﬁe'_t'ic Tntensity niaP , - SRR .
- . l o ' ' / Model calcnlaf_it)n_ /*

'Trend_surfac_(i analysis of ' - '

~earth’s magnetic field

Base'station || [ - ] | Survey of
obsetvation || - “ Measu.rement p_oi'nts _

- Diurnal
correction

M - 4

Total magnetic anomaly
Filter analysis 7— -
Spectrum anafy'sisj FUpward confinuationJ l Profile einalysiS' '

I _ T
I
Profiles of
Underground structure

, i
l Underground shucture map J

— _ l l i ] .. su.rve'y
‘Synthesized analysis _ '

- calculation

Figure-drawing’
and analysis

REPORT |

_ F‘ig. 11.1.3-1 . Flow chart of magnctic survey



" Table I1.1.3-1 Specification of magnetometer

~Type. = . : ‘ ' Maker - Precision
Proton magnetometer o _ S
- Model G-8066 . GEOMETRICS | Sensitivity 1 gamma -

Proton magnétoineter S : '

Model G-846 - GEOMETRICS Sensitivity 1 gamima
Analogue recorder - L .

‘Model ERP-100A . TOA DEMPA : —SCI}S[HVI‘{)’ ] mV/’;’ Scom
“Susceptibility magnetometer R b '
' Model 3101 - BISON INSTRUMENT 1 X IO 5~ | x 10 1 CGS/CC

2-2 Puncu)ie of Pmton nngnetometel :

Proton’ magnctometei is often’ called to be unclear’ magnetomctel It isa magnetometel by
whlch total magnetlsm can be measlucd employmg plecesmon of p:oton or hydmﬂen nucleus in
hgmﬁed hydmcwrbon Hydrocqlbun nuc!eus in W’ltel or gasoline is :eg'uded to be small ngnctlc .

dipole. Pxecesmon is - generated m magnetlc hcld and the flcqucncy of the ‘precession "is - -

'-_.‘pmportlonal to the 1ntcns;ty of totai mfignetlsm T. The magnetic dlpoles ot hydrogen nuclei
stand in a line in the magnet;c fleld formed by temporary current in a coil. When the cuirent is
cut, hydrogen nucEel change their poutlon fo be in a row.in the direction of thie earth’s magnetic
- field, and precussu)n is generated. The precession of the magnetic dipoles can be perceived in a
deieutmg coil: by eIect;omagnetlc :nductlon Thmugh the me(muement 01 period of voltage in
the coﬂ magnetlsm can he determined by the followmg formula.

N 2nf
LY

' Here ¥ : magnetic rotation ratio
(in hydrogen'nudeus 2. 67513 x 107 sec™! gauss)

The perlod of - the piecessmn has no relation to thc duechon of the detecting . 0011

Accmdmgly, Proton magnetometer is to measure mtenslty of total magnctw fleld that is, scalar.

" The frequency of the plccesmon is.measured by dlgltal countm in the precision ot 1 gamma in the
order of 50 000 gamma of the earth s magnetlc fwld ;

2- 3 Base station-and diurnal cmrectlon _ .

-Earth’s magnetlc fleld at . a point varles regu]arly in the peuod of a day.. Thercfore, it is
requlred to give diurnal conectlon to every values measured at dif ferent time of a day in the
present magne’uc survey, observation of diumal variation of the magnetic fild was. came(i out at .
the base station estabished at the rest house in the west side of the | GAT camp.,

The amphtudc of the dlurml variation of the magnetic field was apprommately 50 ¢ amma
No magnetlc storm, which would have caused remar kablc magnetlc variation, was recognized.

An example of the diurnal variation of the magnetic field is shown in-Fig. 111 .3_»2,3.
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. Fol the observation of the drurnal variation at the basé statlon Proton magnetometer Model _
G-806 and Analogue Recorder Model EPR- 100A wer¢ cnployed, Observatton at the base station
by theé Proton magnetomete: ‘\ziodel G-846 was also carried. out every {ime at around the
begmmng of the suwey, for the comparatwe examination of the two ‘magnetometer. '

- The normal magnetic value at the base statmn was 43, 556 gamma Th]s magnetlc vslue was
that measured at 10°00’ on 10th of Novem ber, 1982 ' '

2-4 Survey pomts and method of survey _ _ .
In the central part of the surveyed arca, “the m’tgnettc survey was camed out 'dong the survey :
" lines prepared by bush- cuttmg by ’lhalhnd srde counterpdrt (EGAT) in'the centtal part of the
suweyed area, while in the penpheral zones 1oads and paths were utrlwed for suwey lines.
By the ‘results of the “geological survey completed before the magnette survey, exrstence of
. many faults of N-S trend hdd been confiried, It i$ general for the most’ effectrve detectron of the -
_ faults of N- S trend to carry out magnetrc measutement along such survey’ lmes as to 01oss ‘the
faults rectanguiarly However, in such low-latitude atea as the present surveyed alca things are
different. Where: magnettc body extends in north and’ south direction unhmrtediy, no magnetic
'anomaly can be created whatever lngh susceptrblllty the magnetrc body has. Magnetrc anomaly
occuis only in hmlted cases as the coitinuation of the magnctlc body is mtenmttent or as the
' su.e of. the magnetlc body varles ]n the present survey, survey lines mamly in the dlrectlon of: '
N60 E were established with spacmg of 100 to 200 meters in the central zone and of 200 to 500
meters in the peripheral zones. o : N : _

The. survey points were located by pegs- elong the survey linés. The points along tlre roads
were surveyed with s1mphf1ed transrt compass and measuring t'ipe arid they were plotted on the
topographlca[ map of the scale of']l to 10, 000 : ' '

. The magnetic measu}ement was carried ont with the Proton magnetometer Model G 846
Aithough artificial nonses are very little in the surveyed area, magnettc varratton was recogmzed to
. some extent. ’lherefore readings were carried out at least 5 times at a pornt ' '

2-5 Measurement of susceptibiﬁty

2-5-1 In-situ nleasmement' _ : _
Thcre were a: few outer ops- where composmg rocks were not weathered so much as to permit .
ln situ measurement of snsceptrbrlrty in the surveyed ale'l Therefore the measurement of
susceptrblhty was carucd out with 84 rock samples 111(:luc11ng drill cmes after sent back to Japan
The results of the. measurement of susceptlbrhty in the field were shown in the following
tab]e (Table 11.1.3- -2
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Table 11.1.3-2 In-situ measurement of susceplibili_ty

- No. . Rock _ Value
S-1 S b limestone ' - 2x 1076
8468 | sandstone tr
85180 e ehert T 251078
- S6 14 . tuff breccia- o
S7-1.26 | andesite - o 32x1078
S-7-2 .4 | tefE _ e 13 1078
$7-3 15 | wff . L 24x10°°
s9 chert 13 x 107®
G-24 49 1 sandstone; chert o 5x 1078

3. Méthod:“of zina'l'ysis_ '

3 1 Dmnal correctlon _ .

The normal mdguetlc value '1t the base statioh is 43 356 gamma, the measured vatue at ]0 00’
on 10th of Novembez 1982, Takmg the average value of 5 readings dt 4 pomt at the time of to bc
" Rst and the m'lgnetlc value at the base station at the same time to be Rbt, the divrnal corrm,tton
value ARt 'md the conected value Rs are shown as follows.

_ ARt— 43, 556 Rbt' :
Rs = Rst + ARt
Rst + (43 556 — Rbt)

In the T'lble ll 1.3-3, are shown the average of me‘asulcd magnetic lellGS Rst, the duirnal
- coxrechon values ARt and the cmrected values Rs at each of the survey pomts
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Table 11.1.3-3 Magnetic v‘a:l‘t-]es_at every stlrvey_ p"o_in't' $))

(unit: )
Suvey | DS | Domnr | Doy | Sy | el | Do | Shienay
pomt valug value value _pomnt value - - [ value value
No. Rst ARt Rs No. | Rst ARt Rs
1 43503 w8 43531 33" 43549 s 43554
2 504 - 31 535 34 . 506 + 8 514
3 491 39 530 35 560 +13 573
4 498 439 537 36 533 +d 547
s 504 438 542 37 51 +6 567
6 495 +33 . 528 38 | 538 8 ss6
7 512 +30 542 | 39 488 20 508
5.1 s00 431 31| 40 50 21 526
9 499 434 533 41 526 prY 548
10 506 +30 536 | 42 1377 26 403
1" 521 +30 551 43 526 22 548
12 514 +32 546 44 572 422 594
13 513 +29 542 45 553 116 569
14 s19 1128 547 46 531 +6 537
15 579 +0 589 47 525 +4 529
16 537 +6 543 48 575 + 4 579
17 533 + 4 537 49 593 +4 597
18 539 0 539 50 566 0 566
19 540 + 541 51 535 0 535
20 544 2 542 52 547 —2 545
21 547 _ 8 539 | s3 541 — 4 537
2 556 10 546 54 547 ~10 537
23 552 ~9 543 55 551 — 4 547
24 559 ~10 549 56 540 -8 532
25 - 556 —12. saa {57 573 -9 564
26 566 17 549 58 615 -10 605
27 5.85- ~18 567 59 575 10 565
28 586 7 569 60 542 - 537
29 - 576 ~ 7 569 61 550 -3 547
30 s64 | -4 560 62 sa1 ~2 539
31 562 ~ 2 560 63 538 7 555
32 566 I 567° 64 532 +20 552
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© Table 11.1.3-3 - Magiletic vz.llﬁes:at every survey point’ (2)

{unit: )

Suey | (e | Dmnt | Doty | Suwver | NGRS R | Srtenay
point L covalue o value | value o | point value - value .|  value
Na. Rst ' K}RE o Rs - .- No. .ﬁst ARt Rs .
65 43532 +22 | 43554 97 43543 +5 | 43548
66 530 +21 551 98 539 46 545
67 521 423 s | 9 547 3 550
68 524 - 925 549 100 ss3 |+ 558
69 533 426 559 | 101 630 19 649
70 528 28 556 |- 102 524 121 545
71 sa3 +26 569 | 103 | 761 R 783
2 1 sso | 426 576 | 04| 322 22 - 344
73 sa6 | 426 572 105 522 +23 545
74 556 | 406 582 106 519 24 543 -
75 | s +30. 603 {107 | 520 124 544
76 Cs00 ] w32 | 02 | o8 S sl0 | 4 535
71 543 g 1 s 109 511 | 426 537,
78 516 27 543 110 - 517 426 543
79. s +10 - 552 i 514. 430 - 544
80 | 533 +0 s43 | 112 sis ] 431 |- a6
8l 556 9 565 13- 534 429 . 563
2 | so4 | +8 s1z | 4 504 - 132 536
83 564 +7 571|115 TR Y 533
84 | 582 - 6 588 | 116 516 31 547
85 579 2 581 117 531 33 564
86 564 +3 567 | 118 s45 1 432 577
87 572 -1 571 | 529 +16 545 .
88 a4 0 - 424 1200 1531 1 415 546
89 543 0 543 BT _ 525 +15 540 -
90 531 0 531 ) 122 S3 b 4 . 545
91 ] 550 0 550 23 | s | o3 ] 539
92 540 0 540 124, s24 |+ 535
93 541 0 541 125 s24 L 535
94 536 +3 539 126 531 +10 541
95 548 ra 552 127 516 ] 410 526
9% s49 | 43 552 128 514 +8 522
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Table 11.1.3-3 Magnctic valhg:sh,t every survey point (3) -

64—

. (unit: )
suaey | el | Concton | Conecton | ey | Averimal” | Gt | Gorston
point value value- value 7_})0““‘ value value “value.
No. Rst sRt Rs No. - Rst ARt 7| " Rs
129 43531 -8 43539 161" 43408 196 43504
130 523 +6 529 162 412 95 507
131 544 +4 548 163 459 194 553
132 537 + 7 539 164 " 445 403 538
133 531 + 2 533, 165 443 84 527
134 532 +5 537 166 457 485 542
135 524 + 7 531 167 460 480 540
136 516 + 7 523 168 - 45] +85 536
137 538 +7 545 169 46l [ 486 547
138 527 + 6 533 170 478" +21 499 -
139 529 +5 534 171 540 24 564
140 535" ¥ 1 536 172 503 ) 525
141 531 + 532 173 513 +20. 533
142 533 0 533 174 509 +9 . 528
143 533 0 533 175 542 +18 560
144 533 +14 547 176 511 +17 528
145 544 116 560 177° 483 7 500
146 503 17 520 178 s08- | #17 525
147 520 +18. 538 179 504 +15 519,
148 510 20 - 530 | 180 508 417 525
149 498 320 518 181 489 +16 505
150 496 +19 515 182" 489 410 499
151 507 121 528 183 497 +9 506
i52- 489 +23 512 184 485 +9 494
153 490 424 514 185 500 +9 509
154 518 +25 543 186 519 46 | 528
155 510 426 536 187 521 + 4 525
156 503 28 531 188 531 +4 535
157 ' -S'_oe" +29 535 189 525 -1 524
158 - Cas 02 527 190 533 . 532
159 430 +100 . 530 191 537 0 537
160 | 433 198 1 53 | Im 530 ~2 528




Table 11.1.3-3 - Magnetic¢ \..'alilCS.flt_ every survey point {(4)

. (unit: ) -

.Su.i-vey | Aife_jra'gc gf | C%;r?(-:ﬁ?h,- . (],‘;j'r;(f;qlilc?!_l, Sl.ll'_Vt’.:).i 1 A;é;age oi[‘ 1 (jgrf:cli?n e C[()Sn_'c_ct‘;?xr-]
point | "GRG | Vawe | vawe | ot § MGRET | Tane valte
No. Rst' AR¢ Rs No. Rst ARt Rs -

. - . o —1
193 43534 3 43531 225 43447 7 43519
194. 541, S 538 226 447 72 519
105 520 2 532 227 448 +72 520
196 , 503 +14 517 228 444 +74 518
to7 agl | 45 496 229 439 478 517
198 - 562 418 580 230 457 +81 | 538
199 -, s07: 20 527 23 466 +85 551
200 506 ¥22 528 232 467, 485 552
201 504 433 537 233 482 479 s61
2027 508 134 542. 234 404 +80 - as4
203 492 135 527 235 368 +81 449
204 470 435 505 236 361 153 54
205 487 +36 523 237 - 372 +150° 522
206 | 466 138 504 238 - 304 +143 - 537
207- 484 - 139 523 - 1 239 401 +130 531
208 . 471 41 512 240 387 +129 516
209 484 442 526 241 414 127 541
210 479 - +42 5210 | 242 386 +126 512
211 444 174 518 243 413 +121 534
212 462 165 527 244 412 +111 523
213 441 7T 518 245 419 +135 467
214 435 +81 516 246 332 #1135 467
215 © 460 +54 514 247 332 1135 467
216 490 | +54 544 248 357 +142 499
217 aat 55 496 249 376, | . 4143 524
218 451 48 499 250 362 | 4146 528
219 472 +46" 518 251 494 +35 529
20 473 147 520 252 504 128 532
221 478 45 523 253 501 129 530
722 478 +45 523 254" 492 +30 522
223 447 +63 510 255 537 +31 568
224 452 +70 522 256 503 433 533
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Table 11.1.3-3 Ma‘gnetic'values'at every survéy point (5)

- {unit: )
Survey | versgs ol | Comsetion | Goneetion 1 survy | ACERS ) et | Dutanaly
1"’“_“ value value - value - pomt value value’ - value
No. Rt ARt Rs | Ne. | Rt ARt Rs .
257 43498 425 43523 289 43478 141" 43519
258 504 124 5287 [ 290 550 | 438, 588
259 486 +22 508 201 502 | 437 . 539
260 so8 | +l9 s21. | 292 499 137 - 536
261 510 +7 527 | 203 498 +37 535
262 511 15 526 294 495 36 531 -
263 514 3 527 295 492 434 526
264 516 +11 527 296 496 £31 527 |
265 507 1 518 237 504 30 534
266 512 H12 524 298 503 430 - 533
267" 495 430 525 299 467 452 519 -
268 485 31 516 300 476 +52 528
269 486 132 sis |- 301 467 +51 518
270 505 - 130 53S0 | 302 469 +53 522
271 500 30 530 303 466 +54. 520
272 497 +35 532 304 471 . +55 526
273 515 36 551 305 460 +55. 515
274 504 137 541 | 306 472 +56 528
275 493 +38 531 307 462 +57 519
276 499 +40 539 308 459 +57 516
277 482 21 503 309 454 58 512
278 526" 19 545 310 459 +61 520 -
279 . 549 +25 574 311 464 161 525
280 483 +35 523 312 462 60 s
281 - 468 +43 . 5'11__ 313 458 61 - 519
282 440 +46 486 | 314 465 +63 528 -
283 467 +45 512 315 458 65 523
284 486 7 s [oaie | a7 465 542
285 440 | 148 488|317 469 +65 534
286 513 46 559 a 318 382 65 447
287 | 476 | - 46 s | 319 346 +66 412
288 S a99 | 446 45 | 320 401 +67 468
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. Table 11.1.3-3 ‘Magﬁeti_c values at every survey point (6) _

7 - (unit: ) C
Sury | AUl | Cpection | Goction | ey | Average of | Consction Dbimally
_point value * value: value .pomt value value - U value
No. Rt SRt Rs No. | Rst ARt ~ Rs
321 43447 ¥67 | 43504 353 43525 +18 43543
322 466 66 532 354 s +17 538
323 464 65~ 520 | ass 519 +16 535
324 - 514 423 1537 356 527 +16 543
325 517 42 539 357 517 15 532
326 518 122 540 358 520 | +14 534
327 513 121 534 359 523 +4 537
328 si4 | +21 535 360 520 114 534
329 520 121 541 | 361 517 14 531 -
330 509 +21 530 362 521 +13 534
331 516 1 537 363 522 12 534
332 516 w1 537 364 520 +12 532
1333 514 121 535 365 516 1 527
334 496 +23. 519 366 518 +11 529
335 518 123 541 367 523 1 534
336 512 +23 535 368 505- +9 514
337 508 +24 532 369. 526 + 8 534
338 504 25 529 370 519 + 7 526
339 549 126 575 371 515 +6 521
340 491 +28 519 372 529 + 6 535
341;‘ 512 129 541 373 529 +3 532
342 521 31 552 374 532 +2 534
343 505, 32 537 375 . 528 +2 530
344 504 36 540 376 529 + 2 531
345 395 +28 433 377 525 +2 527.
346 527 38 565 378 533 2 535
347 503 +40 s43 | 379 | 524 + 2 526
348, 483 447 525 380, 514 + 1 515
349 499 +43 542 381 513 8 521
350 520 44 564, 382 462 + 8 470
351 583 45, 628 383 485 + 7 492 -
352 523 +46 569 384 575 47 582
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Table I_I.l .3-3 Magngtic values at every sur\?ey pdint .

(unit: )
Suvey | Lot | D | Donaly | S | et | “Biat | Doty
-pomt“_ . value value vahie - point vaiue value . value-
- No. .]*ist ARt Rs ~ No. Rst AR Rs’
385 - 43553 + 7 43560 | 417 - 43499 22 43521
386 san v 7 555 | 418 489 | o4 513
387 552 +7 559 419 506 e 530
388 525 + 7 532 420 s3 | ws 536
389 539 + 7 546 421 533 +13 546
390 549 + 7 556 422 522 412 534
391 538 47 545 423 520 +10 530
392 518 r 7 525 424 537 Y 545
393 536 +7 543 425 588 +6 594
394 474 - +7 481 426 533 +5 538
395 584 + 8 592 427 536 + 3 539
396 528 + 8 536 428 527 +2 529
397 541 v 7 548 429 527 0 526
398 536 + 8 544 430 528 -1 527
399 524 + 8 532 431 534 —1 533
400 535 +8 543 432 544 2 542
401 532 +9 541 433 539 -3 536
402 511 +9 530 434 548 10 538
403 526 +1 537 435 538 -7 536
404 522 412 534. 436 550 4 546
405 - 511 +12 523 - 437 514 -5 509
406 502 Rat 513 438 530 ol 529
407 453 +12 465 439 626 4 622
408 476 4 497 440 542 ~3 539
409" 502 H6 518 441 545 ) 543
410 490 +17 507 442 508 0 508
411 500- 418" 518 443 527 +2 529
412 503 +19 572 444 528 +3 531
413 507 +20 527 445 523 - e 527
414 - 5200 | a2 541 | 446 507 +3 s10
415. 486 I 507 447 464 ro 466
416, 502 121 523 448" 556 ¥2 558
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Table IL13-3 Magn

etic values at every survey point  (8)

. _ - {unit: ).
Sy | e o [ Ot | Corielon T,y | el | Gyl | G
polnt 1 - vatue value: value polnt value: Cvalue f - value
 No, Rst ARt Rs No. Rst ARt Rs
449 43528 +3 43531 481 FETER B 43508
450 528 +3 531 482 549 s 544
451 474 +3 477 483’ 515 -5 510
as2 524 - +3 527 484 543 ~5 538
as3 533 +3 536 485 526 — 4 522
454 535 v 4 539 486 533 _ 4 502
455 530 + 4 534 487 515 _3 512
1 456 530" +6 536 488 520 ~3 517 -
457 523 +7. 530 489 554 -~ 2 552
458 520 v 6 526 490 sz | -2 530
459 509 P 521 491 54 1 523
460 504 1 515 492 521 0 521
- 461 - 513 +10 523 493 533 0 533
462 522 +8. 530 494 530 - 529
463 522 + 8 530 495 535 -2 533
464. 523 ‘7 530 496 541 _3 538
465 523 +5 528 497 542 4 538
466 525 +3 528 | 498 551 5 546
467 521 +2 529 499 536 — 6 530
468 521 +3 524 500 542 -8 534
469 523 +4 527 501 533 9 524
470 505 6 s11 502 547 14 533
an 526 +5 531 503 551 12 539
472 515 3 518 504 548 S 537
473 520 +2 522, 505 541 ~10 531,
474 520 +2 522 506 543 =10 533
475, 477 -1 478 507 540° ~10 530
476 474 - 1 475 508 483 -9 474
477 528 _ 527 509 542 9 533
478 489 _6 483 510 540 _9 531
479 520 -6 S14 511 535 9 526
480 487 -6 481 512 s | -9 31|
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Table 11:1,3-3 ‘Magnetic Va_I_ues at every survey point - (9) _

(unit: ') N
sumey [ Avoge | Comtion | Goetion | gy | At sl | Gtction | Gonctn
pomt value . vahie_' . vakue pom.[ ' value “valie © - value_:_ WWWWW N
No. Ret. ARt Rs No. R | 2Rt | Rs
513 | 43541 —9 43532 545 43441 ¥22 43463
514 539 —~9 530° 546 . 495 21 516
sis 535 10 s25 | 547 a2 | w0 512
516 530 ~11 519 - 548 521 20 541
517 533 ~3 530 | 549 536 +20 556
518 530 v 2 532 550 516 L +19 535
519 531 +3 534 551 - 513 419 532
520 526 +3 529 552 513 118 531
21 520 ¥4 524 553 519 118 537
522 513 +4 517 554 544 +16 560
523 538 +6 544’ 555 522 +10 532
524 536 + 6 542 556 505 +10 515
525 486 +7 493 557 518 +10 528
526 499 +9 508 558 522 +10 532
527 530 £10 540 559 532 A 543
528 503 +0 513 560 537 +11 548
529 501 1 512 561 524 - 535
530 522 +11 533 562 520 +10 530
531 509 +11 520 563 537 +10 547
532 556 3 569 564 530 ro 539
533 515 14 529 565 533 +8 541
534 497 5 512 566 528 +8 536
535 511 +7 525 567 530 +7 537
536 486 8 504 568 536 +7 543
| s37 551 438 589 569 523 + 6 529
538 309 +38 347 570 539 +4 543
539 st w7 608 - 571 539 R 540
540 271 136 307 572 533 +2 535
541 215 +36 251 513 538 r2 540
542" 445 | - 435 480 574 540 42 542
543 522 s | ssTo | osis 536 £ 2 538
544" 467 - 433 500 | 576 539 + 2 541
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Table 11.1.3-3. - Magnetic valiies at every survey poihf {10 '

{unit: )
suriey | QR RT L Ceent” | i | Survey | Avorageof, | Conection | Coneetion
' -p.om.t_ value value value ipomt value value vallie”
No. Rst ARt Rs Ne. Rst ARt Rs .
577 43543 - + 8 43551 610 43521 +4 43525
578 526 +8 s3a | 6n 530 +4 534
579 519 +9 528 612 53] + 4 535
580 524 +9 533 613 1532 +3 535
581 503 - 1 514 | 614 525 o 526
582 506 | +2 518 615 525 - + 526
583 499 +13 512 616 540 0 540
584 507 14 521 617 | s3s 0 535
585 510 +15 525 618 534 0 534
586 510 +17 527 619 539 ~1 538
87 510 +18 528 620 542 -2 540
588 498 +19 517 621 535 ~- 2 533
589 489 122 511 622 537 -3 534
590 555 +24 579 623 565 34 531
591 487 +26. 513 | 624 568 36 531
592 507 - +26 533- 625 567 37 530
503 557 126 548 626 561 28 533
594 522 +26 548. 627 559 -26 533
595 sil +26 537 628 552 24 528
596 515 +27 542 629 548 24 524
597 502 28 530 630 561 24 537
598 504 - +29 5337 | 631 555 35 530
599 554 £29 583 632 555 25 530
- 600 511 +29 540 633 579 25 554
601 487 +29 516 634 567 —26 541
602 490 +30-. 520 635 574 27 547
604 533 + 6 539 636 562 22 540
605 529 6 535 637 560 —21 539
606 527 £S5 532 638 555 20 535
607 524. + 4 528 639 552 ~17 535
608 528 +a 532 640 548 15 533
- 609 © 540 + 4 544 641 549 —14 535
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' _Table I1.}.3-3 Magnetié values at every survey point - (11)

(unit: )

Surey | G| Dl | Dty | Suvey | e of | Cpection | Conreation.
point © value value value polnt value - value value

. No. Rst ARt - Rs No. Rst © AR Rs
642 43551 12 43539 674 | a3ss | 2 43543
643 550 - ~-13 537 675 565" 10 556
644 547 -13 534 676 510 ~10 500
645 554 . 14 540 677 585 11 574
646 547 ~12 535 678 621 11, 610
647 543 =i 532 679 so3 | —11 492
648 543 -9 534 680 550 16 534
649 547 — 8 539 681 583 T 564
650 - 543 e 536 682 656 19 637
65 546 —6 517. 683 496 18 478
652 523 —6 517 | e84 505 32 537 -
653 502 426 528 685 507 34 541
654 511 +24 535 636 504 435 539
655 558 a2 580 687 506 435 sar
656 534 +20 554 688 504 +35 539
657 525 +19 544 689 515 +36 551
658 505 +18 523 690 505 437 542
659 500 +16 516 691 508 139 547
660 516 +15 531 692 494, +40, 534
661 513 +1S 528 693 493 +43 536
662 509 +16 525 694 498 +46 544
663 520 +6 526 695 490 +50 540
664 519 0 519 696 501 54 555 -

665 525 _5 520 697 488 - 61 549
666 531 11 520 698 497 164 543
667 537 12 525 | 699, 488 430 518
668 534, 11 523 700 488 128 516
669 534 | —~10 524 701 © 501 26 528
6_7__0 656 —6 650 702 493 226 519
671 587 Py s85 | 703 502 25 527
672 549, . i 550 | 704 507 124 531
N 539 +2 Cosa | 705 497 423 520
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Table 1L.1.3-3 Magnelic values at every survey point  (12)

(unit: vy -
Sirvey | Averagool | Coeotion | Coriceton | gyyyqy | Average of | Comom™ | Sotenay
point value value _value polal | yalug | - value _valug
F‘ No.: | ﬁ_s.j ' ARE - Rs - No. Rst ARL Rs
706 | 43494 +23 43517 738 43494 445 43539
707 500 +23 523 739 494 +45 539
708 504 +23 527 740 491 5 536
709" 460 +34 494 741 490 +45 535
710 - 507 33 533 742 512 £26 538
711 512 43 544 |- 743 509 127 536
N2 479 | w32 511 744 478 ¥27 505
713 700 431 731 745 526 ¥27 553
714 523 430 553 746 516 27 543
NS 494 ¥30 524 747 490 e 517
716 522 131 553 748 452 27 479
717 446 31 477 749 393 +25 418
118 76 131 747 750 500 ¥23 523
719 708 2. 740 751 508 1 529
720 543 +33 576 752 664 +15 . 679
R 525 +33 558 753 535 +14 549
722 498 34 532 754 539 +13 552
723 538 35 573 755 556- 8 S64
724 509 36 545 756 449 +10 459
725 495 +37 532 757 546 +12 558
726 494 - +38 532 758 526 4 540
727 505 38 543 759 522 +16 538
728 494 138 532 | 760 525 +16 sl
729 486 437 523 761 510 416 526
730 510 436 546 762 517 415 532
731 500 +35 535 763 530 +15 - 545
732 498 +36 534 764 413 +8 421
733 489 42 531 765 523 + 6 529
734 494 43 537 { 766 521 4 525
735 467" +44 511 767 502 13 505
736 487 145 532 768 527 4 531
737 470 +15 535 769 551 + 4 565
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Table 11.1.3-3 Magnetic values at every survey point (13)

(unit: ) '

Suney | fremage ol | Cpmeein | ot | Sorvey | enste | et | oinain
point. value value value point value value: . valiie,
No. ~ Rst ARt Rs No.- © Rst ARt Rs
770 43485 | - +3- 43488 802 43545 ¥ 1 43546
771 519 +13 532 803 539 +2 541
772 508 - +12 520 804 532 +3 535
773 523 12 535 805 535 + 4 539
774 524 +11 535 | 806 - 534 . £ 5 539
775 528 1 539 807 525 +6 531
776 573 + 8 581 808 518 £ 6 524
AL 534 + 6 540 809 524 +7 531
778 534 +6 540 810 527 18 535
779 537 . +5 542 8l1. 460 +16 476
780 534 +4 538. 812 473 +16 - 489
48 530 3 533 813 519 +16 535
482 521 . 522 814 494 +17 s11.
483 550 0 550 815 513 117 530
784 539 o 538 816 512 417 529
785 539 -2 537 817 493 £17 510
786 498 —4 . 494 818 498 417 515
787 553 ~6 547 819 391 17 408
788 550 -7 543 820 506 18 524
789 534 8 526 821 512 19 531
790 539 —-6 533 822 47 T421 492
791 542 -6 536 823 494 424 517
792 541 ~7 534 824 479 +24 - 503
793 540 — 7 533 825 464 25 489
794 527 .| 4 523 826 473 127 500
795 540 0 540 827 - 493 30, 523
796 543 0 543 828 526 +19 545
797 535 ~ 1 534 829 525 +18 543
798 533 —1 532 830 520 +17 537
799, 529, — 1 528 831 521 +16 537
800 534 0. s34 | 832 528 6 544
80 539 41 540 | 833 486 5 501
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'.Table 11.1.3-3 Magnetic values at every survey point (.! 4)

(uait: v):
suney | Avrsgeof | Comcton | Coneotion |y [ v of | comtion | Gomtion
point - value - _ value value pomt value. value value
No. _ ﬁs_t ARt Rs Nao. st ARt Rs’
834 43546 +13 43559 866 43531 ~6 43525
835 532 116 sag. | 867 536 -12 524
836 521 ¥ 536 868 534 14 520
837 536 17 553 869 548 20 528
838 564 +22 586 870 529 -17 512
839 569 128 597 871 528 15 513
840 523 29 552 872 523 1t 512
841 537 +1 568 - 873 534 12 522
842 496 +32 528 874 545 . —11 534
843 499 i34 533 875 534 — 8 1526
844 496 33 529 876 546 ~ 3 543
845 514 +0 524 877 537 —1 536
846 513 +11 524 878 524 0 524
847 529 + 8 537 879 541 + 2 543
848 489 +6 495 880 520 +9 520
849 494 T4 498 881 511 1 522
850 497 1 498 882 516 13 529
851 512 1 511 883 510 +15 525
852 513 1 512 884 508 +17 525
853 500 0 500 885 505 118 523
854 485 0 485 886 489 419 508
855 513 1 512 887 507 +20 527
856 570 —.2 568 888 502 +22 524
857 498 _3 495 889 506 +22 528
858 530 4 526 890 521 T 527
859 635 ~5 630 891 508 +8 516
860, 551 -6 545 892 521 + 7 528
861 483 -6 477 893 533 +7 540
862 538 _ 4 534 894 512 r 6 518
863 538 — 4. 534 895 513 +5 518
864 523 —4 519 896 524 + 2 526
‘865 . 538 -5 533 897 - 527 - +3 530
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Table I.1.3-3 Magnetigvdlues at every survey po

int (15)

. - (units ). S

sy | honated | i | Seton [ suey [ vt | et | Concton
point - vatue. value valug P (_)l_m value vatue  value

No. Rst AR Rs No. | Bt | oRe. Rs
© 898 43515 43 43518. ' ' '
899 513 +3 516.

900 531 1 530,

901 524 . 519

902 623 -3 620
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3-2 Magnetno maps
By mputtmg the locatlon of the suvey po;ntq -and the dnnnnlly eouected valucs into -
- coinputer, maps s‘tated hercundet were drawn up

3. 2«1 Total magnetnc mtensnty map (PL. XL 1 3 1) .
The total: m'tgnetlc mtenmty map' was (l;awn up - based upon the total magnetlc vqlues Rs

obtamed after diurnal correctlon of thc meaeurcd magnc’tlc values at eaeh survey poml

" In the first place 1esh gﬂd of 150 m X ISO nt was cstabhslled in all over the smveyecl area. A
- fan with the mteuor angle of 170° s dl‘dWl‘l around cach_grid point. The radius of the fan is
determmed 50 that the fan could in clude more than 6 magnetic quwey pomts in whlchwm
ditection the fan may tum lhe avelage of the total magnetle V’lhl%S of evety survey pomt by
weighing the rec1proca1 of squfne of the chstdnce from each survey pomt ta the grid point is taken
to be the magnetic’ value of the grld pom‘[ By thls mothod momalous values and the wave length :
of extremely sholt perlod are made rather smooth Total magnetic intensgity map was drawn by
tying such pomts a:: to have equal grid nngnet;c value. Values of the iso-magnetic contours on the
-map, PL. II. l 3-1, are expressed as the values after deduction of the average total magnetic value
43,536 gamma to make it easy to 1eacl the map. '

3 2-2 Total magnetse anomaly (PL II l 3-2) -

Value of. magnetic anomaly is calculated by 1educmg earths magnetm field from total
'. magnetic value, and the mdp of total maguetlc anom'ﬂy was drawn by tyung the above values by
iso-value contour. :

Tlle carth’s magnetlc ﬁeld in whole of the’ surveyed ared is obtqmcd by'a trend surface in first
0rde1 polynonual of the total mdgnetlc mtensxty map. By deducting the grid data of this trend
surface from the lattice data of the total magnetic intensity map, lotdl maghnetic ahomaly map
has been drawn up. _ : : o :

The t1end surface in | first” 01der polynomtal (Flg ll 1.3 4) is a plane expresscd by the
followmg formuld which gentle dlppmg in the dlrectson of north and south Accordingly, shape
and form explessed by the Iso-value contours on the magnetlc a1101mly map are almost same as
those shown on the total magnetic intensity map.

Z(X.Y)= 43,556 — .0.647 X+0- Y v

3-2-3 Upward continuation rmap (PL. I1.1.3-3) _

As the: mﬂuence of magnetlsm near the surface is s1g111f1cant in the’ magnetlc survey, the
upward comtlnuatlon ‘map is usually employed for the analysis’ of underground structure, The
upward contmuatlo_n map has an effect as if the magnetism had been measured in the air above
the survey point. It is useful to extract anomalies of long wave length caused by large scaled
undcrground structure at clepth eliminating anomalies of short wave length owing to decr ement

of such wave causcd by small scaled underground Stru(,ture in the shallow part below surface.

The upward continuation map was drawra with the values obtained by mulhplymg thc
magnetlc value of each gud point on the m'lgnetm intensity. lnap by the continuation coefﬁment
'accordmg to contmuatmn law. As the 49 gud data of 7 lmes by 7 rows around the grld point are
required for an upward value at a grid point, some sholtage of data occurs in the peripheral zone
of the surveyed area. In case the numbel of data is less than 25 against 49, trcatment was
suspended.
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Fig. IL1 .3-4 Magnetic trend (First order p.olynomial)
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3-2+4 Spectrum analysis

Various wave lengths are contained in the totql magnetic dnomaly map. The speetnum
analysis is a methocl to d}stmgulsh shdllow undelgmund structure from deep underground
striicture ’;ccordmg to the sizes of the wave length. . ' .

The spectmm "malysw map is expressed by logargythm of energy spectrum Log E at various
frequency t (Fig. I1. 1.3 S) ' :

_The energy spectrum E can be obtdmed as a function of the following factors on the
© miagnetic momaly rmp, the fxequencv in X direction: fx, that in Y direction; fy, zmd eomplex_'-
number spcctrum concerning amphtude and phase: S (fx, fy).

V1ewmg ‘the d}stubutlon of the logargythm values of energy spechum dg'unst tlequency f _
(eyclefkm) in the spectium amlysis shown in- Fig. 11.1.3-5, two straight lines are approximated.
From the gradients of these regression lines, average depth of the source of the anomalies causing
the magnetic bodies in -th.e sutveyed area can be known by the following formula.

t AlogE -
I-I:_——-....—_._g__

4w Af

By the above, the"magnetic stiucture in ‘this surveyed area is divided, on the whole, into the .
' Regional Component (HR)-at the aw)erége depth of 760 meters and the Near Surface Component :
(HN) at 't'l_ic average depth of _'6'5 ineter.s'. Based on this result, the deep magnetic componént map
(PL. 11.1.3-4) and the shallow magnetic component map (PL. II. 1.3-5) were drawn up. The d'eep
- and the shaliow magnetic component map were prepared by convolution of the magnetic dat'l_
- and the weighted function caleuhted fwm ‘the elemients on the spectrum analysis.

The relat10n of the Deep Magnetw Component HR (X, Y), the Shallow Magnetic Component
HN (X, Y) and the magnenc anoma!y G(X,Y)is shown as follows,

G (X, Y)—HR(X Y)+HN(X Y)

3-3 Model calculatlon : ‘

The response by the magneﬂc bod1es changes vauously by tluee elements of the magnetlsm
(total magnetlc mtens1ty, declination; 1nchlmtlon). Therefore, it is necessary to get inforination
- of the specific character is each survey areé, Hence thiee dimensional oalculatiou was carried out
with prism model, which is most widely 'épplicable as a shape. of magnetic body, while two
dimensional calculation was performed with clyke model and step model, by having declmatlons
and inclinations varied,

" The results of these model calcu!ation are ex]nbnted in Flg 1i.1.3-6, 7and 8. _

By the result of the Caluculahon with prism model it is shown that positive and negatlve
magnetic 'momahes appem in pau wtth the dlsmbution of magnetlc anomahes vaued according
to the forms of the surface of the magnetic body. In case of step mddel or dyke model magnetlr‘
anomalies expressed on the “profiles pelpendlcular to the strikes of the structulc are varying
accmdmg to the duectlon of the strikes.

'Ihe express:on of = 0° d1splays along the sectlon “the dnomaly in N»S dlrection wh:ch is .
created when a magnctic body lies in east and west direction. -
~ The express1on of & = 90° dlsplays along the section, the anomaly in the direction which is
cncatcd when a magnetic body lies in north and south direction.
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Fig. 11.1.3-6 Maghétic"responée of prism model
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Fig. 11.1.3:7 Magrictic responsc of step model
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tnclination - 15°N

Declination - O 7 .

" Total lntensity 43,500 gammas
‘Magnetic Susceptibility 107 cgsemu

Fig. 11.1.3-8 Magnetic response of dyke model
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'lhe ‘main goologlcal stmctmcs in the plesent surveyed area have trend ot N-§. system
Accoldmgly, it is: thought that the models of o= 90° ~ @ = 45° or o =135° 'uo most dpplopnate
From the results of the above model ca]culatlon comparatwoly small positive anomaly or
positive anomaly accompanymg negatwe auom'dy W1th decp pr adient with short wave length are
thought to be distributed in this surveyed area, in case of dyke structure. , :

Meanwhile, in case of step structure, it is thought that anomaly in smdllest w1th a = 90° and
that posuwe and nogatwo anomalies are associated each other with o= 45° or o= 135°%,

3-4 Pifile analysns (PL 10.1. 2-6,7,8) _

Along the three proflles (A—A’, B—B’ and C—C") shown on the magnet;o plans (PL. 11.1.3-1
etc.), two dimensional profile analysis was completed. o

Reading the magnetlc distribution along the lines for the profiles on the magnctlo phns tho- '
:magnetm profiles are pleparod in the first place. Considering the geologlcal mformatlon the tock

susceptibility and the results of the varions model ca_lculatlon, a model of unclerground structure

containing pIurétl magnetic bodies is compose‘d"' Ihputting the . location, the form and the
susceptﬂnhty of the underground structure model into the electronic computer, it calculates
mdgnetw response on the surface with gwen under glound structure. At such point as the result of
calculation does not coincide the valne on the magnetic profile, renewed magnetic values are
d;stnbutod on revised underground structures by the dutomatloai variation of the input values
which are expressmg the underground structure (Iocatlon form and susceptlbihty), and the. most
approxnmated underground structure model is obtained as the output Usually, it is difficult fo
get high coincidence in the above process by a single operation, Therefore, consmenng the results
of the Calculatlon the analyst would gwo rcv1sod model of underground StlllCtl!le ‘to the
electronic computex agam But the repetmon of this operation; such model of underground
structure as to have hlgh comoldence to the values on the magnetic profile can be expressed.
However, as there would be numerous undergrouhd structure models to have the same magnetic
distr.ibutiou, it is necessary to gtve careful consideration for the elucidation,

The method of the magnetic proﬁlé énalysis is shown in the flow chart of Fig. 11.1.3-9,

3-5 Result of susceptlblhty measurement _

After the collected rock samples were glound and soreened wnh SIeves to homogeneous grain
snze susceptibility was measured by enclosing the powdered material in non-magnetic pIastlc'
pipe. The results of the suscept1b1]1ty measurement is shown in Fig. 11.1.3-10 and Table 11.1.3-4.

_ By tho results of the su_sooptibility measurement, the following items have been'clz.ur'iﬁed.
(1) The suceptibility of the basaltic rocks is sca_ttered as widely as 107* ~ 107% emuv.
(2) Values of suscebtibility are scattered in wide range, as a whole, The variation of susceptibility
is fairly wide even in a smgle specnes of the rocks, |
(3) Values of the suscept1b1hty of the sedimentary rocks suoh as shale sandstone and limestone
are mostly as small as less than 10°% emu,
_{4) The susoeptlblhty of the gramte is as low as ]0 -5 emu.. _
: (S) It is basaltic’ 1ocks belonging: to the upper part of the Kiu Lom Formation wh:ch are reveal-
_ing high susceptlblht_y among the rocks dlstribtlted in this surveycd area,
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Ta.ble 11.1.3-4 Results of 'sus_cept.ibility measurement (1)

Rock Resived | Apparent suscep- | ‘Correction - Trye su;céf'ti-_ _
No. tibility (cgs/ce). coefficient bility {cpsjcc)
Bosalt 20 62x107% | 0984 | 203 1.24 x10°¢
" 21 4.0 x 107° 0984 - 197 7.75 x 107
" 22 . 43%10° 0.984 1.96 8.29 x t07°.
" 23 3.88 % 107 0.984 - 1.85 7.06 % 107°
" 24 2.8%107 0.984 1.99 548 x 107
25 3:0x%107° 0.984 1.93 S0 106
,, 26 4.1x10° 0.984 2.0t 8.11x 107"
" 27 6.8x107° 0.984 1.99 1.33x107° -
3 28 1.62x 107 0,984 1.99. 3:47%107%
” 29 6.0 x 107 0.984 1.98 117 x10°
" 30 58x 107 0.984 1.99 .14 %1078
" 8 33x10° 0.984 2.00 6.49%107%
“ 82 121 %107 0.984 1.96 | 233x10°¢
Tuff ! T 43x 107 0.984 1.87 791x10°
" 2 S 5110 0.984 2.07 104 x107¢
" 3 33x107° 0.984 1.88 610 %107
" 4 3.6%107° 0.984 1.77 6.98 x 107%
Basaltic. tuff 5 35x10°° 0.984 2.06 7.09x10°°
Tuff 6 60x107 0.984 186  Llox10®
" 7 34x10° | 0984 200 | 6.69%107°
e 8 37x107° 0.984 1.97 7.17x10°
" 9 7.0x107 0.984 2.00 138x10°°
" 10 3.9 x 107 0.984 1.93 741 x.10°
" n 6.4 x107° ©0.984 1.98 125 x 107
j 1,3x10° 0.984 185 | .237x107°
Tuff breccia 12 875 x107° 0.984 2.04 1.76 x 107°
o 13 720X167° | 0984 1.88 133 x107¢
i 14 25x107° 0.984 1.94 477%10°
” 15 32x10° 1 0.984 1.99 6.27%10°
" 16 7.0x107° - 0.984 - 2.09 144 x 107
" 17 59x%x107¢ 0.984 1.92 1.11x10°®
" 18 6.1 x10°° - 0.984 1.90 1.14x107®
Limestone 52 1.4 x107° 0.984 248 342 %107
» 53 | 13x10® 0.984° . | 205 2.62x10°
" 54 0.8 x107° 0.984 1,94 1.53 x 107
" 55 0.9x107° 0984 | 2.0l 178 %107
" 56 1:4 x 107 0,984 1.96 270x107°
Limestone 57 2.0 %1078 0.984 1.92 | - 397x107°
v 58 14x10° |- 0984 1.99 274 %107
Silicified limestone 83 2.0x107 0.984 1.95. 3.84x107°
‘Limestone 59 C43x%10° 0.984 1.93 8.17x10°°
" - 60 1.3% 107 0.984 197 - 2.52x10°%
" 61 1.2x%10°%" 0.984 191 226 x 107
” 62 33x107° 0.984 2.10 6.82x 107"
" 63 1.9 %107 0.984 2.01 3.76 x 107

_87 _




Table 11.1.3-4 Results of susceptibility measurement. (2)

. Rock Revised Ap[.:a}renl‘ suscep- . Correction True suscepti---
T _ No. tibility {cgsfcc) - “coefficient” - bility (cgs/cc)
- Chert (weathered) 47 12107 | 0984 .| 208 | 246x10°
B 48 19x10°¢ 0.984 1.95 3.65 x10°°
Chert 49. 08x107° | 0984 | 183 144 x107%
" . 50 14 x107° 0.984 1.86 2.56x 1078
: o 51 39x107° | 0984 1.88 S 721 %107
" Calcareous shale 31 21%10°% | 0984 .91 263 %107
- Black shale.” _ 32 Lax10® | 0984 2.15 571 x107°
Shale S 33 4.6 x 107 0.984 217 | 982x107°
Calcareous shale ({resh) 34 22x107° 0.984 1.90 4.11x107°
n . (weathered) 35 43 %107 0.984 1.91 8.08x107°
Shale . 36 7% 107° 0.984 191 | 133xt0®
Brocky shale 79 2.6 %107 0.984 1.88 4.81 x 107
Shale 84 3.0x.107° 0.984 2.07 6.11 %107
: 37 36x10° 01.984 215 | 7.62x10°°
" _ 38 3.8x107 0.984 1.93 722 x 107¢
" (weathered) 39 0.6x10° 0.984 1.98 1.17 x'10°®
" Sand stone : 40 3.0x107¢ | 0984 1.98 5.84 x 107°
v _ 4t 0.7 x107 0.984 1,93 1.33x10° .
" _ 42 S 1.6x107° 0.984 2.06 3.24x10°°
" 64 05x10°¢ 0.984 1.93 9.50x 10°°
65 L 0.9x107 0.984 1.95 1.73 107
. - 66 1.7 x 107 0984 1 204 341 x107
v ' 67 . '
" 43 Lix10® | 0984 2.04 221%10°
" . 68 09x107° | 0984 1.99 1.76 x 10°°
" ' 78 0.7 x 107 0984 1 207 143 x10°¢
" 04x107° 0.984 1.92 7.56 x 10
v 80 0.6x107° 0.984 2.00 118 x10°
" 44 0.8x107° 0.984 202 | 167x10°
" . 45 4.1'%,107° 0.984 212t 855x10°°
_'_' _ 46 [4x107® 0.984 2.01 2.77x 107
s ' 69 1.2x107 0984 | 201 237x10°
Granite : 70 15x 078 0984 | 204 301 %107
: " 71 0.8x10°° 0.984 1.95 1.53x 107
72 0.8x107° 0.984 2.03 1.53x10™°
" Quartz vein - ' _ B | e7xi0® 0.984 1.85 240 %107
" g 74 0.2x107° 0.984 2.05 403 x 107
O ' 75 1.8x%10° 0.984 1.93 342 %107
. 76 L 03x107° 0.984 1.99 5.87x107°
W 7T 1.1 X 10 ' 0.984 2.03 220x 107"
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4, Results of the analysis

4- 1 Pians 'md plofiles of analysm _ : .
"lhe followmg plans and plofllcs wele drawn up by the rwuitc; of the analysis.

PIL. 1[.1.3_—1 Total nngnetlc mtenslty :
PL. 11132 Total m‘xgnenc momaly
‘PL.1I.1.3-3 Upward Lontmuatron
PL.IL1.3-4° Deep magnehc component
PL. I1.1.3-5 ' Shdiiow mftgnetlc com ponent
PL.H.1.3-6 Result of magnetic. modelling
PL.II.1.2-6 Underground str uctm_e profi ile (A—-A"
CPLILL.2-7 Und‘mglo'un'd structure profile (B—-B')
PL. 1.1.2-8 Undergronnd stmcturc profﬂe {(C-Ch
© PL.11.1.3-7 =Undelground stru(,ture .

Fig. 11.1.3-4 M‘lgnbtlc tlend (Fnsl 01der polynomﬂl)
g 11.1.3-5 Spectmm analys;s
Flg IL. 1 .3-6,7,8 Magnetic response (pums dyke step)

4:1-1 “Total magnetlc mtens:ty (PL Il 1.3
- Forms of iso- magnenc conters are a]most same as those of the magnetic anomaiy map (PL.
11.1.3-2). '

4-1-2 Magnetlc trend of first order poiynomml (Flg 1.1.3-4)
This plan expresses roughly the earth’s magnetlc tleld m the surveyeci area, Thc:e isa t‘fentle
- slope Soathward_from the north,: but no var iation is fournid in the direction of east and west,

4 1-3 Magnetlc anomaly map (PL. IL1 3 2) :

The magnetlc varialion on the Magnetlc mtensuty map 18 from the hlghest value of +112.5
(+43,556) gamma to the lowest of —184. 6 (+43,556) pamima, wlule on the magnetie anomaly
- map the highest value is +113 (43 556) gamma and the lowest value is —175 (+43,556) gamma,

taking 0 as thé base. _ : .

- Positive and negatlve anomahes arc explessed as.small cIosed circle of 1so-magnetlc (,onloms
which are wide}y,_dlstnbuted_ in whote of the surveyed area. The individual areas occupied by such
closed circles are as smafl as 200 to 800 meters in major axis.. The closed circles of iso- magnetic
conters are found pledommantly in the ared where basaltlc rocks are (hstubuted but they are not
always correspondent to the dlStllbllthll of the basaltic rocks It can be said that they are
dlstnbuted along the Ban Mae Khu Ha iau[t and along the Huai Mae Khuha fault as well as in the
area surrounded by these faults. The closed _zso-magnetic contours are also found along tie Hual
Wai fault. Negéit_ive anomalies which have _ra_th_er lai‘ge area are distributed along the above faults
or along the faults eblique to the above fauits. In the areas where shale, chert and sandstone are '
distributed, almdast no r’hagnetic anomaly has been found.

As for the distribution of néga_tiv'e ‘anomalies, an anomaly surrounded by the iso-magnetic
contour of 10 gamma of the approximate length of 1,000 meters in major axis is found about
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| 800 meiers west of the EGAT camp. Also, about 700 m north of the site of the geothérmat.
exploration well GTE-4 and along the upstream of the Huai Ko Pong River in the eastéern part, are
distributed negative anomalies of the approximate size of 1,500 maters in major axis.

4-1-4 Upward continuvation map (75 m above the surface) (PL. 1.1.3-3)

"As the upward continuation treatment has filtelmg character to cxtract decp component the
pattern of the upward continuation map is similar to that on the det,_p compone_n_t map (_PL.
Ii.1.34). It is thought that this upward continuation map would show the structure in shallower
part than the deep component map, because waves \'vit_h rather smaller wéveﬁlength'appear on

the former, although they arc basicaly of the same character.

4-1-5 Deep component map (PL. IL1 .34) _ '

This map has the following characteristics compared to the total magnetié intensity map.

Variation of the magnetic énomalics is from the highest of 47 gamma (o the lowest of QSS
gamma, The individual areas expressed by the closed iso- magnetlc conters are rather wide, though
number of the anomalies is smaller, : '

Locations of positive anomalies and negative ones on this map are almost coincident with
those on the total magnctic.intcnsity map. The anomalics are distributed along: the Huai ‘Mae
Khu Ha fault, along the Ban Mae Khu Ha fault, along the Huai Wai fault and along the Huai Mae
Koen fault, _

A negative magnetic anomzily whose major axis is approximately 1,000 meters is distributed
about 800 m west of the EGAT camp and about 700 meters north of the geothermal exploration
well of GTE4.

4-1-6 Shaltow component map (PL. I1.1.3-5) .

There are many émall c'losed circles of crowded iso-magnetic conter lines, with approximate
distance of 200 meters in minor axis. They are distributed especially along the Ban Mae Khu Ha
fault, the Muai Mae Khu Ha fault and the Huai Pong faults oblique to the former two faults. Also,
they are found along the Huai Wai fault.

4-1-7 Result of magnetic modelling profile

It is necessary to consider the direction of the anomalies for the analysis of magnetic
anomalies. With .the remarkable anomalies shown on the total magnetic intensity map (PL.
11.1.3-1), model analysis was completed. By the results of this model analysis and by the results
of model calculation; plan of underground structure (PL. 11.1.3-7) was drawn ilp.

4-1-8 Undergrouhd structure prdfiles (PL-. 11.1.2-6,7.8)

' LOC'it"iOns of the three profiles; along which the analysis has been completed (A—A’, BB’
and C—C’) are shown ‘on PL. 11.1.3- 1 They are the same’ prof!les as were employed for the
anaIysm in the gra\qty survey . ‘ '

Along these profﬂes the magnetl(, anomaly map, the filtering profiles and the underground
structure map have been dlspiayed, as shown below,

Magnenc anomaly map. e S

F'litermg prlflles are expressmg prohles of the spectrum analys;s deep component and shallow



componenf) and the upward continuation.

Unde:glound stmctule profiles are expressing tthtmctmc model obtained by the resulis of
the smmlatlon .

The ‘magnetic bodles auaiysed are- dl‘:tubuted in the shape of dykes in the shallow to deep
part below surface, seated. in the Kiu Lom Formation.

The calculated susceptibﬂity is 3 ~ 37 x 10“‘_ cegsenmu, which is in- the range of the
susceptibility of the basaltic rocks in the Kiu Lom Formation.

4-2 Magnetic distribution and underground structure
Viewing from the analysis results of the magnetic survey, the underground structure in this
surveyed area is divided into three blocks (PL. 11.1.3-7).

{11  block o thé area east of the Huai Mae Khu Ha Fault and the Huai Wai fauli

[II1 block ; the area from the Hu'u Mae Khu Hd fault and the Huai Wai fault to the Ban Mae
) _ Khu Ha fault '

(111} block ; the area west of the Ban Mae Khu Ha fauit

In the {1} block, the upper part of the Kiu Lom Formation is distributed widely.

Number of the magnetic bodies analysed in this block is comptuatnely small and the
regularity of the distribution i is uncertain,

In the [II] blocklthe upper p'lrt of the Kiu Lom l-'ormatlon is dlstnbuted in the eastern part,
‘bordered by the limestone bed of the middle part of the Klll Lo_m Formation, while the middle
to lower part of the Kiu -Lom Fo_rnmﬁon is distributed in the western part of the limestone bed.
There are faults of N-S trend suchlas the Huai Wai fault, the Huai Mae Khu Ha fautt and the Ban

.Mae Khu Ha fault, in addition to the other faults crossing the above laults in the NW-SE
direction. ' _ ' :

The mapgnetic bodies analysed are numberous, and. most of them are distributed along the
around the above-stated fﬁtllts. Other than those found along the fauits, there are magnetic
bodies located in a row in the direction of north and south, near Ban Mae Khu Ha.

The {I11] block is the area where the sedimentary rocks of the middle to lower part of the
Kiu Lom' Forination: are distributed. By the _reéults of the susceptlibility measurement, the
susceptibility values of the sedimentary rocks are smnll,-'and no remarkable magnetic body is
recognized in this block. The things are same in the arca east of the Huai Mae Koen fault in the
eastern part.of the survcyed area.

It has been clarified that the magnetic bodies in this block are distributed, as afore-men-
tioned, in the area where the middl_e part of the Kiu Lom _Fbrmation 15 foﬁnd,'anc[ that most of
them are 'f_ound in the area south of the Huai Wai fault, e_ll'o'ng"thé Huai Mae Khu Ha fault and
along the Ban Mae Khu Ha fault. As there is intimate relation between the distribution of
magnetic bodies and that of the faults, it is possible that séme subsurface faults would exist in
the vicinity of the area around Ban Mae Khu Ha where magnetic bodies are distributed.

‘By the results of the measurement of the susceptibility, the susceptibility of the upper part of
the Kin Lom Formation is higher than that of the other beds, and the values are scatiered in fairly
wide range. However, no relation has been l'ecognized b_etween the distribution of the magnetic

‘bodies and distribution and its shape of the upper part of the Kiu Lom Formation, but the
distribution of the magnetic bodies is thought to be related intimatély with the locations of the
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fauits. . , .
As the magnetic bOdlCS eeltam layers in which magnetlc mmemls are coneentrated certain
parts in basaltic rocks where magnetism is specially strong and certain high magnetic 1ntruswe
rocks. are thought to exist in this area. In case the magnetic bodies are the former two,
~ distribution of the magnetic bodies would corlespond to the strike and distnbutlon of ceitain
beds, However, the distribution of the magnetic bodies is corresponding to the locatlon of the
_fdults actually. Therefore the magnetic bodies are thought to represent existency of some
magnetle intrusive rocks along the faults, or to represent difference of the geological components
like beds, bounded by the faulis.

5. Summary

(1) The magneiic survey was carried out w1th the cooperatlon of 'Ihalland side counterpait
(EGAT, DMR) and w1th the Jomt of students of the Khon Khaen' Umvermty as a part of the1r
field practice. Number of the total survey points was 901 in the p_lesen_t magnetic survey. The
in-situ measurement of rock susceptibility was completed at 9 locﬁlities, while the
measurement of rock piece susceptibility was completed with 84 rock samples collected in
the field.

(2) The survey points were located by the land survey with snmpllfled tlanslt compasses and by
the bush-cutted survey lines prepared by EGAT.

(3) After the diurnal correetmn for the measured magnetic values ‘the total magnetic intensity
map was drawn up. That 1s by reducmg the values of earth’s magnetic fields which were
caught as the trend surface of the first or der polynomlal from the total magnetic intensity,
the magnetic anomaly map was t1gmed up. This map is to express magnetlc anomalies due to
the underground structure. Based on this magnetic anormaly map, various filtering plans and
profiles were drawn up.

(4} In order to get information on the character of the magnetic anomalies in this surveyed area,
the modellmg calculations were performed with vauous models apphcqb]e to possible: forms
of the structures; and the results of the calculation wers 111ust1ated Refering to the modeliing
calculdtlon _profile analyses were executed on the representative magnetic anomalies. Based
on the results of these analyses, the three profiles and the underground structure map were
figured up.

(5) By the 1esu1ts of the 1bove~ment10ned analyses the followmg 1tems have been clarified.
1. The magnetw bodies analysed are found in the arca where the middle part of the Klu
Lom Formatlon is distributed. '
2. Vlewmg from the dlstrlbutlon of the magnetie bodies, the. .surveyed arca 1s dmded into
three blocks of {13, 1] and [III], as is d1sp]aye_d on the plan of the underground
- structure (P, 1L l 37). . R . .
3. No dlrect reIatlon has been 1ecogmzed between the d1str1but10n of the magnctlc boches
and the strikes of the layers or the dlstrlbutmg shapes of the Kiu Lom Formatton but it
l_l_as,bee_n recog_mze(_i that -they are found dl_str_i_buted rather densely along the Ban Mae
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Khu Ha f‘mlt along the Huai Mae I(hu Ha fault and around the south of the Muai Wai
fault. _ '
According to the resilts of the measurement of susccptlblllty the basaltlc rocks of the
upper part of the Kiu Lom Formation have high values of magnetism though they are
scat_tei‘ing, while other rocks in the surveyed area have low magnetism.
It is dif{icul_t to extract demagnetization zone due to geothermal activity, because the
sedimentary . rocks, distributed'in the arca where the geothermal indications are loéated,
have very small values of nngnensm
From thf: fact that the distribution of the magne’uc bodles has 111t1mdtt, wLitlon to the
locations of the faults, it is thought that thesc magnetic bodies thus (lcllmatbd would be
_represenling existence of certain mwagnetic intrusive rocks along the faults; or dlfl‘eiem,e
of the geological components such as beddings bounded by the faults. Therefore; it is
possible that such faults along which the magﬁetic bodies are concentrated are composing

tectonical fractured zones.
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-2 Secondary invéStiga!ion'-
-21  Deep Electric Survey

1. Introduction” ‘ g .

The- deep electric suwey ‘was cartied out for th’ pulpose to obt'un mformdtmns on the-
geothermal reservoirs thxough the dlstrlbutlon of resnstmty (of conductance} in the surveyed area -
by measunng ratios of- eleclrlc field to mwgnetlc ﬁel(l by the ‘execution of magnetotelluuc_
method  (MT. méthod)- and - verlical - électr omfignetlc soundmg ‘method (CSAMT method:
Controlled Sour(,c Audioﬁ equency M'wnetotellunc method) '

The componbntq medsured m the MT method are two components of undexglound natural -
_ electric’ ficld (Bx, Ey) and three’ componentq of natural Thagnetic field (Hx Hy, Hz). Nuinber of
tofal soundlng pomts in this survey by MT method was 33." _ .

The compouents measured in the CSAMT method are two components of magnetlc field (Hx
Hz) and-a component ‘of electn(, field (BEy), which are: mduced by loop Five loops were prepqred
from A to E. lotai number of the sounding points is 33. The same points as ‘used for the survey
by MT methocl were employed for the sounding. points of tiie deep electric survey,

2. Field Survey
2-1. Method of measurement of MT survey

2-1-1 Apparatus for measurement
The specification of the apparatus employed in the present MT survey is as follows,

Table [1.2.1-1 Apparatus for measur ement of MT smvey

Apparatus Amount R Spemﬁc'ltlon '

(] st Stage)
Input Level | micro \Y
Amplifier unit Max. Gain 2 x 0%+
for electric field 2 1.00 Hz High Cut Filter
: : (2nd Stagé,) ) _
Max. Gain 10?
0.33 Hz High Cut Filter

Amplifier unit 5 Max. Gain 2 X 10°

~ for magnetic field o * .33 Hz High Cut Filter
SRR - _ _ - Full Scale £ 5V .
Wave form Recorder 1 Chart Speed 0.085 cm/s, 0.17 cmifs

" (2 Stage Varldble)
Full Scaje + 5V

: Dgta_giogger i O - Sampling Rate 100 ms/1 DATA
( ou. facrasse e) : _ : 5 Samplc Mult1plexe1
‘Battery - .. 2 12V, IOOA

Magnetic sensor ~ - . 3

: i L ab. 10 k
_ (Indu_ction:type:_coii) 1]5 mm ¢ X 1050 mmL a g

(At:cess'o_ry)'_ M.T. cable "a suit, - E_lectrode a suit-
Tools ‘ a suit, . Others a sel
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2-1-2 Method of n_&eas_uren'lent._ :
“The method of measurement in this MT survey is as shown in the following Fig ll.2.1-1. -

. Hi—Eigetrode
@

Selection of soundmg pomt
CE

Determmaﬂon of the 100'1t10n of the base
|

Determmatlon of the Lx Ey dlrectlo_n

selection

Electrodes hymg

Prepa-
ration e @\

GRND @]

Conncctlon of cable to electlode 3

\90' gy

0o

Hi— Electrode

,l
I Point’
|
I
]
|
|
|
I

[
|
L
L ,
I_‘ - Settmg of magnetlc Sensor-
L
|
|
|

Armngement of measurmg 'tppdratus Measure-
ment.
“\ueasurement
oGy
Removmg Remo
' ing

Flg 1I1.2.1-1 Measmement of MT smvey

(1) Selection of soundmg pomts : .

_ Measurable point were selected around the progiammed point, avoiding steep slopes and
confining the bushcuttmg to weeding. Also, the base points were selected in most appropriate
sites in the actual field condltlon where it 1s posmble to ‘establish survey lines. Two survey lines
of the length of 100 meters were lated out m a L shape array. Directions, topoglaphlcal
wndulation and conditions of surrounding area were rccorded on the field note at each point.

‘Relation of the locations of Ex base and Ey basc is as shown in the following figure (Fig. 1.
"2.1-2). In the left- hand side. from the base is Ex line and in the right hand side-is Ey lme

| Magnetic North
Wi
-

8y=6x+90°

Ey

Fig. 11.2.1-2 Distribution of survey lincs
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2) Prep'uation . R . _

Sensor was placed in i ww as: shown in hg 1L2.1 -2. The electlocles were placed at 5 s;tes 3
at the base and one each at the sites of Ex and Ey. The way of Iaymg these clectrodes i is shown iy
'Flg 1L.2.1-4. A hole 30 cm deep with diameter of 20 cm was sunk, in which water and soil were
thrown in to make mud, After laymg non- pohmed electrode of CuSO, — Cu system, ‘;011 was
pited as hlgn as 20.-cm,

Hx and Hy coils were placed on thc wooden stand ‘with the coil axes Also, cml for Hz was
' buried as deep as about 60 cm with its’ head upward To stand it VPI‘thﬂlly, level W'!S used After
conf‘xrmmg the directions of coils, levelling and peipendlculamty, wooden box or poiyethylene
bucket was put on them 'md fixed with so0il cover to avoid ducct sunbeam and wind. (Flg
11.2.1-5,6).

ceso: f V[[ :
o R 7 . !3'(21’11
7777777; 7
7 | B
R :'."—'/7(;_',Mud
[ _,.“/
/."'. "-_-/ ;
' ﬂ Y
; ..‘ ..
A v
/////77/ "

Fig. 1L.2.1-4 Way of laying clecirode

) Polyeihylene bucket:

Level meter

\_ M/ Wooden box
il | R
. Soil

/ .
i i |

Waoden table

Coil

GOmb

Fig. 11.2.1-5 Way of seting Hx, Hy coils Fig. 11.2.1-6 Way of setting Hz coil

The connec,tion of cables to the electrode was by wire-nuts. To avoid direct sun beam bucket
was put on “connection box as‘a covermg and we1ght like soil or stone was placed on it (Fig.
11.2.1-7). : :
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Stone weight

Connection box

Bucket

-----

7TTTTI7 AT

Fig, 11.2.1-7 Way of connecting electrode to cable

(3) Measurement .

As the process of the measurement, appaxatus were connccted in the first place, followed by
the measurement of coil remstance and ealthmg resistance. After connection of the cables to the
pannel, -adjustment of the ampllﬁel and settmg the cassette tape to the data logser, mgnals were
checked for a while. Then recmdmg began by staitmg the data logger,

In-the course of the measuremenl the gr‘lphtc paper was being watched to check noises, For
the analysis of. electromacuetlc ﬁeld of the period up to 200 second, recording of data was -
continued for more than 2 hours and for more than 4 files of nojsefess data, taking 21 minutes’

record to be one file in case of single measurenient.
2-2 Measurement of CSAMT method

2-2-1 Apparatus for measurement
For the measurement of CSAMT method the following 'tppalatus were cmployed.

Table I1.2.1-2. Apparatus for the measurement by CSAMT method

Apparatus Amount 7 Specification

Frequency 280, 140, 70, 35, 17.5,
Transmitter : 1 875 4.38 2.19 1.09 Hz
' Power | kW

Input level 10 micro V

Receiver 2 Output Display Digital 4 figures
: Band Pass Filter, Notch Filter
50 Hz/60 Hz
| set Telluric Current Sensor x |
Sensor ' Magnetic Field Sensor x 2 ]
(Accessory)

Tools aset
Others aset
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2-2-2- Method of measmement -

Mcthod of measurement by CSAMT sulvey is shown in I*lg 11.2.1 -8, roughly _

After generatmu p0w01 by | kw gcnerator electnc current of 9 steps of 280 140; 70, 35,
17.5, 8:75, 438, 2.19 and 1.09 Hz were input mto a square loop of a side of the appiommate
fength of 300 meters, to genelate altlflclal magnettc fldd

3 }..._.__‘- o —— 4

LGop

Generator
00V 50/60MHZ

W08 ——mmcf

—

’l“/1 ,000~1 500"

EY

o - _ ' : ’GRND .

Fig, 11.2.1-8 Method of measurement of CSAMT survey

Setting’ the recelver alow 700 to 1,500 meters flom the loop, the 31gnals were recewed by senscus
of Hx, Mz and Ey. As the 31gndls were as small as 10 micro V to 20 micro v, they were amplified’
by the amphﬁer After passing the band pass filter, which was tuned to the same frequency of the
loop current, and p1551ng the knotch filter of 50 He, they were finally read on the display as the
digitalized value averaged
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3. Met‘ho.d: of analysis
The processes of the arialysis ave exhibited in the lollowing figure (Fig. 11.2.1-9).

CSAMT method MT metliod

I Data ’ _ : D‘IFEJ.__'_ |

]Spectl um analysis ]

: ! Impedance analysis ]

Sounding curve — Appatent 1es1st1v1ty
naing pp
- : 8 : 1soc0nt0urs AR

IOne—difnension inversion'}—H—>-| Total conduclance |
~Structure iso: contoius

for the'top of
(.onductwe formatlon

f Division of layers |

Isopachs of the _
‘overburden

___‘H’u . Electric basement _” '

I Classification | . - Classification of -

~of‘thickness ~ | total conductance
of overburden |+ - - Coyalue :
Subset map Two dimensional model anulysi{”«—‘

Fig. 11.2.1-9 Analysis'ﬁrocess o.f CSAM rﬁethod and MT méthod

The results of the data processmg of the’ measu: ed values recorded in the fleld and the d1g1tal
data obtamed by the analysis of the results: are shown on Fi ig. 10.2.1-10 ~ 42..

In the above figures, the apparent resistivity V'llues actually measured at every soundmg pomt
are expressed with the ~apparent re31st1v1ty curves  which were obtained by the executlon of
~ inversion program based on the horizontal multl—layeled models,

. The apparent reszstmty valués arc those after the axes of the coordinate are rotated. to the
main axes or to the main trend. The average of the 1otat10n angles was also noted by the unit of
degree, _ _ ' _ _

The results of the CSAMT method were also ploited on the same plan of the MT method.
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3-1 Results of the CSAMT method ,
- The dpparent 1esustlv1£y was calculated Trom the ficld leCOI(IQ of the me’tsu;ed -values,

according to the following formula.
pa= (Kfuof) [Ey/Hx]?

Here pa : apparent resistivity (ohm—_m)
2o : miagnetic permeability
f @ frequency (Hz)
K : cori'ection'coefﬁcicnt :

This formula s smnlal to that used as the basc for the MT method Howeven in this case of
the formula for CSAMT methoc[ correction coefficient K which is a function of (Hx/Hz) is
included. The apparent resistivity is obtained accordmg to the following formula, too. -

pa = K'ug1? 21rf/(9Hx/Hz)_

Here pa : appz‘irent'resiétivity'(ohlﬁ—m)
© po ! magnetic permeability
f o _freqtléncy (H1z)
K" cotrection coefficient _
r @ distance betWecll the receiver and the center of the loop (m)

In this formula, K” is also a function of Hx/Hz.

3-2 Results of MT method

“The resuits of the digital calculation on the measured values recorded in the ﬁcld are
summarized respcctweiy al every survey poini and are exhibited in the Fig. 11.2.1- 10 ~ 42, 1t is
only' the most appropriaté values of the outputs fi rom the computer that are listed there.

Details of the items listed are as follows. '

(1) Piot of the frequency (with error bar displayed) against the measured values of apparent
resistivity, af_fer rotation of the coordinate system.

(2} A’pparent resistivity curve by the calculation based on the columnar distribution of the
resistivily obtained from the inversion analys:s

(3) Average angle of rotatlon

) Total conductance value .

(5) Co}umnar distnbutlon of the resustmty obtamed from the mversmn analyms (horlzontal
multi-layer ed model)

(6) Digltal list of the above (2)

N D;gttal list of the above (1)

~ I some cases (I) and (2) dre not comcldent in the area where the peuods are rather long
(near T = IOO sec). The reason is that the r031st1v1ty distribution af the-extrene depth (40 to 60

~ km) was not considered.
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3-2-1 Rofation angle

1 2Re[(Zyy — Zxx)(ny*% Zyx#}]
gz =-— arctan , - : ;
4 1Zxy + Zyx|?2 — |Zyy - Zxx|?

According to the above tounula the ang[e Bz 18 detcumned so that the chﬂgondl Llements of
the nnped‘mcc tensor Zxy and Zyx could take the maximum v'\lues (note 1). Flus angle
represents the dngle between the X axis actually measured and the (}u getion in which the greatest
earth s cuuent is flow (in the axis dnectlons) The values of the. wtatmn angles enicled on the
digital lists are the wemge values of the rotation angles in each period. ’llns dnectlon is called to
be main direction. '

{note 1) The basic formula for the MT analysis is given as below.
|Ex Zxy| [Hx

Ey Zyyl " IHy

The matrix: of the coefficients connccting electric field and magnetic field is called

Zxx

Zyx
_impedance tensor.

3-2-2 Apparent resistiifity
pax =0.27T |Zxy]®

The apparent resistivities are the values calculated from the diagonal elements (Zxy and Zyx)
of the imbédnnce teﬁsbr after the rotation of the coordinate system by such angle as equal to the
rotation angle. The parame.lers were obtained after the impedance tensor was calculated in two
Ways. '

The first way is to solve the following equations of Jmpedancc cmploying power spectrum

against magnetic ﬁel(i

<Ex 1x#> = Zxx <Hx Hx=> + Zxy <Hy Hxs>
<Ex Hy*> = Zxx <Hx Hy#> + Zxy <Hy Hys>
<By Hx=>= Zyx <Hx Hx+> + Zyy <Hy Hxs>
<Ey Hy=> = Zyx <Hx Hy=> + Zyy <Hy Hy:>

Here < > stands for poWer spectrum 1'11d (*) meﬁﬁs paired coxhplex number,
The other way is to solve the fol[owmg equations using powcr ‘spectrum against eleciric field.

<Ex Exx> Zxx <Hx Exx>+ ny <IIy Ex*>
<Ex By#> = Zxx <Hx Ey*> + Zxy <Hy Ey#>
<Ey Ex#> = Zyx <MHx Ex*>> + Zyy <Hy Bx=>
<Ey Ey#*> = Zyx <Hx Ey=>+ Zyy <Hy Ey=>

If the values of the ih'lp_edancc obtained by the above t‘}vo ways are close each other, it can be
said that noisc was small or none in the field of the iﬁmsmemént If these two values are
different, they were affected by fair amount ofnome Here, it is a condition that, in thc magnetlc
'.md electrlc fields, the 110136 has no correlation to them. . '
In casc there is big discrepancy in the results obtained by the above two ways, such valucs
were not employed as. the data. Reversely, if they were very close each other, bbth values were
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p_lott'e_(l on the pﬂ_-T_curve, (Fig. I.1-10 ~ Fig. I1.1-42).

' 3-2 3 Error bar R .
- Error bar is deternuned as the product of calculated value of apparent resistivity and multtple
_ coherency determmed by the followmg formula

[EQ E¥]
[(EQ FQ*)(E B9

- multiple coherency = -

_ The E 1s the electrlc field calculated by the basic formula of amlys1s of the 1mpcdance tensm
obtamed as- shown in.3-2-2. “The- multlple coherency is. the coherency between thé measmed
eleetnc ﬁeld md the calculated elcctuc ﬁeld This. valug’ e)q)lesses thc rel'mon between ihe
electric field and the magnetlc ﬁeld wluch are measured. In.case this value is 1, it can be sald that
the . calculated 1mpedance expresses the 1elat10n between electric field -and. magnehc f1eld
comipletely. On the other hand in case this value is 0, the calculated nnpedance expresses nothing
" about the above relation; In the prescnt survey, if the V‘lll.le of multiple coherency is less than 0.9,

such data are not employed

3.'2-4 ;'To:t'll .cbr:atiuctance value' ; : _ B : _
The total COnductance value listed next o the 'wel age rotation angle, is calculated, 1fter the
depth analy51s by the 1nvelslon program, by the t‘o]lowmg fonnula : '

ct= 2 (AHi/pi)‘ -

Here symbols stand f01
Ct : total conductance (mho)
CAHI tlnckness of i layer (m)
_ ,01 : 'resistiyity of i layer (ohm-m)

4. Results of analysis
4-1 Apparent resistivity isocontoii_rs

4- 1-1 Apparent resxstlwty isocontours (Period 0. 1143 sec) (PL II 2. 1 1)

This plan is expressing the dlstnbutwn of the apparent 1es1st1v1ty in comparatwely shallow
part (shallower than 600- m in average) as the frequency is relatwely high. PN o

© Three “low: re51st1v1ty Zones are: recogmzed in. this surveyed area, around the respectwe
soundmg pomts of 0-1; 2-2 and 27! Falrly high resistivitics are revealed in the other’ parts of the
surveyecl area. Extensum in NW SE dlrectlon is recogmzed except in the northéern part:

4-1-2 Apparent reststmty isocontours (Peuod 11.1304 sec) (PL II 2. 1-2)
Thls ‘plan is expressing the distribution ot the-apparent res:st1v1ty along the main direcnon

obtained by the rotation of the coordmate axces by the MT method. . : ‘
. The shape ‘and the distribution of this apparent resistivity isoconters are roughiy 31m1lar to
the distribution of the apparent resistivity (PL. I1.2.1-1) drawn.from the. results of the CSAMT
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mcthod . T R,
Targe conductwe zone is recognized around the soundmg pomt 2-2, which is same in the PL‘
11.2.1-1. In the’ eastern part (mcludmg the soundmg points of 3-6, and 4-5), larger conductive
zone is. recogmzed In Flg AL2.1-1, the sounding point: 2-7 is in the center of the conductive
layer; but in this plan the point 2-7 is not found in the centel because the eastern part is
correspondcnt to the large1 conductive zone, :

4-1-3 Appment resnstmty (Peuod 39 384 qec) PL 11 2 1-3) . .
The trend of the apparent. 1651stw1ty isocontours in tlus plan reveal guite 51m11m pattem as
" shown in PL. 1L.2.1- 1. However, the high apparent remstw.lty zone found in the northeqstem pa1t
of the surveyed area in PL. [1.2.1-2 is not recogniied in this plan,

. 4-2- Resulis o_btaiu_ed .from the oile-dimensionai model analysis.

4-2- 1 Basic mtenpretatlon of depih and standard clasmflcat;on of resistmty ol

One-dnnenmonal model analysis was executed at every sounding point, based on the apparent
remstmty curve drawn from the’ actually measured values, This analysis was to compare the
apparent resistivity curve of the measured values fo that of the theo; etical values obtamed from
assumptlon of 11yer model. If the above two curves are not comcldent the comparison was re-
peated until théy get certain comc1dence each other, by varying: layer modei automatlcally “The
underground layer model was determined, after this process, as shown in the 1e_sults of the data
processing.. Resistivity of each layer is represented by 'average of the valtes ofrestt_ivjty at each
point. In this Survey the following table of standard resistivity was applied (Table 11.2.1-3).

Table f1.2.1-3 Standard classification of resistivity

Average resistivity (ohm-m)  Corresponding layer

876.0 _ Ra
3.0 Ca
1,098.0 “Rb
5.0 ' Cb
4,551.0 : - Re.

- 38.0 - Cc
High resistivity - o Basement

Here R repfesents such layers as having high resistivity while C_repr_esents conductive layers,

s The; analysis was completed here on the basis of the assumption of one-dimensional model, as
the: ﬁfstlStep of_ the geological intei_'p_'reta'ti_on‘ In th_e paragraph 4-3, another analysis was executed
on th'e—;; ba_sié".of . the cor’npreliejnsioh'- by--two—dimensional model, upon the consideration of
geofher'mal pé't't_cms" (for _example, hig‘nly conductive fractures to work as geothermal reservoir).

42-2 Total conductance (PL II 2 1—4) _ _ : _
. The values of the total conductance in lhls plan are those obtamed from the sum of the
conductance values of the 1espect1ve layerq in ‘the shallower part than the R¢ layer, based on the
: ,mterpretation by the one- dunensmnal model.
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“There are” two conductwe zones in tlns plan. The one is a small anom'ﬂy contammg the
sounding pomt 2-2 whlle the other is an 'momaly found in the southeastern part of the surveyed
area- containing the sounding - points 4- S and 3-6. ln the other part of the stiveyed area,
_conduc_tan_c_e value is low, generally,

4:2- 3 Structure 1socontoms fox the fop-of conductive fornmtlon (slmllow and dcep) (PL. 11, 2 1-
5,6) _ . ‘ .

The boundaly betwcen thc Ra layer and the Ca ldyBI of avcmgc 3 ohm -m, 'md the top of the
Cb layer of averftge ohm m are expl essed in elevatmn (m) above se'1 level ' .

The Ca iayer (conductlvo layel in shallow pfnt) is d1stnbuted ar ound tiie soundmg pomt 2- 2
. and the thickness is less than 400 meters. InPL. 1.2.1 -6, a zone of the deepest top is 1ccogmzed_'
in the northern ‘pattof the qtlweyed area, while in the other p'u ts, the tops are shallower than 0
meter above sea level: N R -
_ The Cb layer is (hstubuted in deepel palt than the Ca layer, dnd the tlnckness of the. Cb l'tyel
-1s generaliy more than that of fllb Cb layet The pIan of the Top of Deep Conductlve For{nanon
is expressmg similar pattern as scen in the Total Couducta-lce distribution map. Especmlly, in the
' ar¢as revealing lugh conductance vqlue fmticlmes are 1ecogmzed in this illustration. Vlewmg from
this Tact, it is thought that 'the increase “of thlckness of lﬂyers has some influence to the
conductance auomahes pdrtly, although the undutation of the top of the conductive layers is
responsﬂ)le f01 them Tlus 1csult came from the one—dnnensmml prof;le analy31s and is
conflrme(l by the two—dlmensmnal profjlc analysis.

4-2-4 Isopachs.of the overburden overlying highly conductiveé formation (PL, II-.2.1—7)

- Var.iatien"of thickness of the overburclen with high lesistﬁity overlying the conductive layer
Cb is expressed here (The thickness of the Cb layer is theught to be negllglblc compaled to'the
depth of the top of the Cb layer). It is rennrkable that there are two small areas (mcludmg the
soundmg pomts of 2 2 2 3, 3-6 and 4- S) dwided by the 1sopach of 3 ;000 meters .

As there are big d:ffeienccs of elevafion of the surface in this suweyed a;ea lt is. more
effective for the preparation of subset map to employ this isepach map rather than the Structurc
Isocontour map for the top of the conductive format10n By the subset map (PL. 1.2 1—9),_
conductive anomalies explcssed in the TOt‘]l Conductance (PL. iL.2. 1-4) and shallow anomalies
'arc comparcd whethcr they can be compat;ble For this purpose, the Isopaches of the overburden
Ovellymg hlghly conductive formation are divided into the followmg three groups, basically.

D, : the group in whtch the range of the thlckness AH is less than 1 000 metels
D, o the group in which the range of the thickness AH is between 1 ,000 and 3,000 mctexs
Dy : tllc group in which the range of the thickness AH is over 3, 000 meiels

4-2-5 Top of eIectrlc basement (PL .2.1- 8) :
Depth of the top of the eléctric basement tlldt is, the top of the: lugh resistivity layel Rb s or’
Re is expressed by the results. of the one-dimensional model '111'1|y31s stated in the paragraph
4-2-1. It is remarkabié in thlS map that there are two areas where anticlines are d1str1butcd the
area around the sounding point:2-2 and the area mcludmg the points ‘of 3-6 and " 4- 5 and that
there are two areas where- synclmcs are dlstnbuted the area including the points of 2 0, 3- 0 3-1
and 4-0 ancl the area around 3-4. There are faults between each of the two anticlinal zones and
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the synclinal zone,
43 Subsetimap and two-dimenSional analysis
4-3- 1 Classification of {otal conduchnce

Based on the Total conductance dlstnbutlon map (PL I1.2: 1-4) mcnttoned in the paragmph
4-2-2, the total conductance values are divided into the foIlowmg three gmups

TCI © the § group in whlch totat conduct'mce values are less thm 100 mho '
TC, : the group in wluch total wnductance v*tlues are between 100 and 200 mho
TCy the group in whlch total conductance values dl’B ovel 200 mho

These th'ree'groups are use‘d as the fundamental conc&ption t'ogethcr with the gr dups of D;",-
D, and D, of the thickness of the hlgh resistivity ovelbmden determined in the paragraph of

424, :
The distribution of the Conductance values in such gloups as TC, , TC, and TC, is shown in

Table I1.2. 1-4

Table 1121 -4 Average Coxldttctailce__valtles

43- 2 Subset map (PL

11219)

Ciassifics_tion. of Average conduc- 7 Sounding Poi;ltt : .
" conductance values tance value (imho) Number Composition (%)
TC, 70 14 42.4
TC, 135 15 454
TC; 261 4 12.2

Combsnmg three groups of the total conductancc vaiues with another three groups of the
th}ckness of the hlgh _resm_tuuty overbur_den, t_h_e fo]lowmg 9 subsets are d_etermmed. '

© Subset A; ; D, andTC,

~Subset Bj ; D, and TC,
Subset C; ;" D, and TC,
Subset Ay ©; D, and TC,
Subset B, ;.- D, and TC,
Subset C, ; D, and TC,
Subset A3 ; Dj and TC;

Subset'Bé- i D3 and TC;,

Subset C3 ;- D

and T C3

- Of them the subset Ay is not apphcable to this surveyed arca. Excluding this subset A, , basic

explananon is given ‘here on the other-8 subsefs.

'(1) Subset B, and C

_ T he: max1mum assumed thlckness of tlle h]gh res1st1v1ty overburden of these two subsets of

' 31 and C1 is 1 OUO meters, wh1ch expresses that they are extremely shalIow conductwe layers;
= It is -estimated that the average conductance value of the subset B, is 135 mhos and the
avelage tlucl_cness of the _conductive layeis is 675_ met_ers. As _thls average thickness is
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compnatwety ]alge it is lughly possible that fractures are contained in these shallow conductwc
layers, ' _ o
The avemge conductance value of the subsez Cy is 261 mhos and the average thickness of the
conductive layers. is ‘approximately l 305 meters. I is thought that ‘there would be favorable
fractures in the layem

In thcse subsets Bj dild Cy, there are several pomts where it is difficult to assume one-
dimensional. model, Therefore the followmgs are noted. ' X S

In the’ area where conductive layers are distributed in a shallow p'trt and the topogxaplucql'
variation is’rather dbrupt there isa posmblhty that local high conductance- anom'llles would
appear reflecting. the existence of the “conductive layer in a shailow part. Accmdmgly, it'is
thought to be highly possible tlmt hydzothennal solution:is contained in the subsets of B; and
Cy, but the calculated average of the thickness is, in some cases, dif ferent f10m the actual vfllue
especially when the subject soundmg point is located at the outcrop of the conductive layer and
when the jcopogra_p!ucal variation is quite abrupt around the sounding pomt.

(2) Subset-A,, By and C, . _ _ S _ .
These three subsets of A;, B, and C, are those where conductive layer is overlaid by.the
compiratively thick overburden of high resistivity (1,000 ~ 3,000 m). Because local conductive
anomalieé are not recognized to appear by outcrops of local conductive layers, they are not
inﬂu'enoed 'so much By the undulation of oonducti\}e layers as thé subsets B; and C,,
' Accordingly, there is:almost no- restnctlon as seen in the subsets B, and C,. '
* The average conductance of the subset A, is 70 mho and the average thickness is ahout 350
meters. - These figures are thought to reveal that therc is little possibility for the favorable
geothermal reservoir to.exist in the subsets of B, and C,. '

(3) Subset Ay, B, and C, o _

The matters mentioned as for the subscts Ay, B, and C, are applicable to these subsets of
Az, By and C3, and the subscts By and C; are thought to compose f'wor"lbie areas for deve]op—
ment generally, _ _ .

The pufpose of the subset maps is fo help and guide selection and classification of favorable
area. |

The subsets of Cy, C2 ,C3,B;, B,y and B, are such areas to be recommended as the hvowb]e
area for geothemal rcsmvmr (though subsets C, and B, have some lestuctxons as afore-

mentloned)

4- 3 3 Two dlmensmnal model 'maiys:s

The profﬂe 1 and 2 wh]ch are obtained by the two dlmenmonal analysis, are shown in Fig.
1L.2.1-10,11. Also, the locatl_ons of the profiles are.shown on PL. 11.2.1-10. On the profiles, are
displayed surface, éonductive layer, top of high resistivity layer and t'op of the basement (in most
cases,. Re layer). Fur thermore, in some cases, several.layers are added to them, for their
_congruence fo both of the theoretical and the measured conductance values. .

The present two—dlmensmnal model analysu; was executed along the two ploﬂ!cs The prof" les
and corresponding two-dimensional models are qhown on the same figures. :

The two-dimensional model analysis was executed for the purpose to determine the depth of
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the reservoirs where favorable fractures exist "md ‘the dcpth of the conductive fayers, in the area
where conductive anomalies were recogmzcd on the Total conductance distribution map. (PL
11.2.1-4). In -order to- obtain theoretical values-of conductancc m thc main dlrechon on the
assuniption of a resistivity- dlstubutlcn a- model program- to calcilate amplitude in thc :
electromagnetic field which is lead from the two-dimensional structure was employed.

- Actual geological structure.can be treated as three-dimensional structure. Therefore, in the
two dimensional modcl amlym conducmncc v*aluc was taken to be constant along the
‘perpendicular directon to the Y’ OZ plane. . o

The niost_cffectlve way to apply- the two-dimensional m‘o‘dcl is to select such area where the
variation of the conductance values is quite rapid on the Total ccnductath-distribution map.
This variation is also coincident with the contrast of the 1esis[ivity In this two-dimensional
model analysis, ‘the model was determined so that the theoretical conductance values in the
direction of OY’ axis could be as close as possﬂ)le to the conductance value obtained from tIle
measured value, by 1cpeqtmg the model calculations. '

It is noted that columnar symmctucql structure is assumed, as a precondition, on the
geological structure in the surveyed area. However, real geological structure does not have such
ideal condition necessarily in the volcanic -area, and it was tried to point out the deglee of
influence by the variation .of the two-dimensional model caused by the distribution: of total
conductance in the direction of OY” axis. :

By the results of these analysis, several intereéting'concluéion have been obtained concerning
the locations of fracture zones which are capablc of being geothermal reservoir.

Of the symbols used in the two-dimensional model, such symbols as Ra, Rb, Re, Ca, Cb, Ce
were determined in' the pa1ag1aph 4-2-1. Two more symbols of F and BB were used -there. The
symbol I stands for fracture zone, indicating extr emely conductive narrow shape. Its resistivity
was assunted to be 0.1 olim-m. The other symbol ER stands for electric bdsement with extlemcly '
high resistivity. Its resistivity was assumed to be 10,000 ohm-m.

Under the restriction concerning the two-dimensional model analysis, the fracture zone (F)

was traced to be vertical or horizontal.

(1) Profile 1 (Fig, 11.2.1-10)

The theoretical conductauce curve which is well correspondcnt to the measured ccnduc[ance
values is shown at the top of the lﬂg II 2.1-10. It is obwous that the fractures exist below the
soundmg pomt 4-5, which is located in the narrow subset belween the subset Cy and the subset
Cy.
- Tc compare this result with the Electric Basement (PL. 11.2.1- 8) highly co'nductivc fmctures
are distributed dlong the s1de of the antlclme axis found in the southeastern margin’ of the
surveyed area. ‘ | '

As this model and ‘the followmg model are concerning the layers shallower thzm 1he Re layer,
the “C¢’ layer whxch is seated in cxt:cmely deep part and whlch would be a heavy clmrgc to the
model program was not takcn into cons;deratlon '

Howevcl as afore- mentioned, it was neccssaly to assume several chiar acteristic layers which
| were not listed in'the table of the: standard classification of 1631st1v1ty (Table 11.2.1-3).

_ That is, a conductive 1ayer Cb-c was . assumed to be-at the depth of 6,000 meters. The
thlckncss of ‘this’ layer is 500 metc1s and its iesmtmty is 25 ohm—m Also, it was necessary to
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-assume thc lngh resistivity overburden of Ra-a layer in addition to the Ra layu The 1cmstw1ty of
This R’1 -a layer is ftom 60 to 150 ohm-metcr

(2) Profile 2. (Fig 1.2.1-1 D)

It can be sald ‘that the basic geologlc'ﬂ structure is almost same as the shown on the profile 1.
hactures exist below the point 2~2 The calculated values and ‘the measured values of
conductance are well commdent and fractures are recognized at the depth of | 000 mcte;s In
addition to the characteristic layers which were ‘mentioned in the paragraph stating about profile
' I, two more layers wele necessary,; the Cb-b laycx of the ;e&stwny of 16 ohm-m to 20 ohm-m,
‘and -the R’l-b layer of the resxstmty of 30 ohm-m to 50 ohm-m. Apparently, it is out of the
conception of the table of the standard classification of 1631st1v1ty (Table [1.2:1-3) to cstabhsh
such- assumed layers as Ra-'t Ra-b, Cb-b and Cb-c, but the reason is that the table of standard
_ classification of resistivity had been prepared on the basis of the values at 33 sounding points,
' rogistering high resistivity generally, except for the points 2-2, 3-6 and 4-5.
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5. Summary

5-1 Method of the survoy . . _

The deep electne suwey was “carricd out for the purpose to obtam mfommtlons on the
geothermdl reservoirs tluoug,h the vertical and hotizontal dlstnbutlon of the resistiviliss in the
suweyod arca by meqsuung ratios-of the eleetue field to the maﬁnetlc field,

Total 33 soundmg points were establlshed on the grid of the qucmg of 300 meters

The survey was composed of :mgnetotelluuc 1nethod (MT) and ve:tieal electlomagnetle ;
soundmg method (CSAMT) The t‘01me1 is to measure components of natural eleetue f1eld and
. magnetic ﬁeld \wth the fiequency domam of 1 Hz ~ 0.01'Hz {period 1 sec ~ 100 see) whlle the
latter is to~ measule such electuc field ancl nmgnetic fleld as mduced by ertlﬁcml ;mgnetlc ﬂelcl
with the frequency domam of 280 Hz ~ 1 Hz :

The basic formula to calculate appalent 1es;st1v1t1es from the- me'lsured values of the e]eeti ic
field and magnetic field is common to these two methods of the sutvey.

pa=0.2 T‘{'E/H] 2
Here pa apoarent resistivity (ohm-m)
: T o period (sec) . _
E - electric field (nV/km)
H : magnetlc field ()

The results of the d'lta treatment obtamed through the VIT method and the CSAMT method.
are summarlzed in the apprent 1e51st1v1ty curves, which express the relation of the peuod to the
apparent resmtwmes Vanous dll'llYSIS were executed by the appa1 ent 1esmtmty curves

52 Analysis 're'sul_t_s

S~2 1 Apparent resxstmty xsocontours (PL 1I. 2 141 2 3) _
' These plans '1re expressmg the dlstnbutlon of the apparent 1eslst1v1t1es dgamst the frequenoy
or pe11ods of 8 I-lz (11 sec) and 75 Hz (39 sec) on the apparent 1eslst1v1ty curves. By the charac-
ter1st1cs of the e}eetlomagnetle wiaves, the lon;_,ei the per iod is (39 sec in tlus analysis), the deeper
' part. the underground structure is reflected to. On the contrary, the h1g11e1 the f1equency is
(8,75 Hz in this ana]ysm), the slldllowel 1estst1v1ty stlucture is reveeled _

It is obv;ous from these mqps that the values of the resmtmty in this suweyed arga are fanly
hlgh The low reSJStmty areds commnon to the maps of PL. Il 2.1-1 2 ;3 are’ the area around the .
soundmg pomt 2- 2, where the plesent geothermal md:catlons are distributed and ‘the alea'
including the soundmg peints of 2-7,3-6 and 4-5 in the southe’tstern part’ of the suweyed area,
This anomaly found in:the southeastern part is though_t 1o oceupy pretty big area, bul as the
location is-along the margin of the surveyed area, the extension is unoertain. ' '

5-2-2 T()tal Cenductanoe (PL IL. 2 1 -4)

The values of the total conduct'lnce in the plan are those obtamed fmm the sum dccordmg
to the lollowmg formula, of the’ conductanee values of tho 1espeot1ve layers in the shallowel part
than the electric basement (Rb layer Rec layer) which’ 1s obt‘uned from the results of the
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one-dimensional model analtysis on the resistivity curves.

. hi
TC = E —
i=1 pi
Here - TC @ total conductance {mho)
hi : | thickness of i Iay'er_ (m) - -
pi t  resistivity of i layer (ohm-m)

By the cllstrlbutlon of the lotal conductance values, anomahes of the hyel es in the shallower
part than the electl ic b‘wement ale clarified.

As seen in the apparent resistivity Isocontours maps two conductive’ momahes are recog-
nized m this plan. Howcver, it is remarkable that the values of the total conductance are low as a
whole, "m(l that it has a little contrast. These f'icts are thought to reveal that the hlgh resistivity
layers are ptedomm’mtly (hstrlbutcd in the suweycd area,

5.2-3 Structure isocontours for the top of conductive formation (shallow and deep) (PL. I1.2.1-
5,6) '

These plans express the forms of the top of the conductive layers found by the results of the
one-dimensional imodel analysis. As there are conductive layers in the shallow part as well as in
the deep part in this surveyed area, two structure isocontour maps for the top of the conductive
formations were prepared in each ol these parts.

In the structure isocontour map for the top of the shallow conductive layers the shalkowest
péll is recognized around the sounding point 2-2, where the depth is O to 400 meters dbOVt sea
level. The most of the other parts are included in the area delineated by the 1socont0ul of 0.-.
meter above sea level, and no rerarkable undulation is iecognmed

The pattern shown in the structure isocontour map for the top of the conductive layer is
similar to that displayed in the Total conductance distribution map. The areas where high -

conductance values are ¢xhibited are correspondent to anticline structure in this map. This
undulation.is as steep as 3,000 meters to —9,000 meters. l“herefme the ﬂssumptmn of the
horizontal multi- layered stmctuxe the precondition of the one-dlmensmnal modcl analys1s can
not be applicable. The profile analysis was executed by the program with the assumption of two

dimensional model.

5-2-4 lsopachs of the 6verburdeh Overiyihg conductive formation (PL. 11.2.1:7).
Variation of the thickness of the overburden ovetlying the conductivc 1aycrs is expressed in
this map. For the preparfitlon of the subset maps, vaiues of the thlcklless are divided into the

followmg three groups

| Dy : the group in whlch the range of the [}uckness AH is less than 1,000 meters
D, : the group in which the range _of the thickness AH is .between 1,000 and 3,000 meters
D, . the group in which the range of the thickness AH is over 3,000 meters

5-2 5 Eiectn ic basement (PL II 2. I -8} . _ _
_ Depth of the top of the Rb layel 01 Rc laycr which was taken as the basement in the
cﬂculatlon of the total conductance valms is expressed m tlus plan in meters above sea level.

Th1s phn reve'ils smuh] pattern to the structure isocontour map for the top of deep
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conductive formation (PL. 11 2 1- 6) Tlns fact is revmlmg that the undulation of the deep
conductive layer is corrcspondent to that of the basement, :

However, in the central part of the anticlinal zone or of the synclinal zone, the depth is-
diffﬁl_‘ent, ‘which is sugge'sting the difference of the thickness of the conductive layers, -Also;
viewing from the fact that there is fair amount of difference of the level between the anticlinal
zonc and the synclinal zone, existence of a faull is estimated there,

5-2-6 Subset maps (PL. 1L.2,1:9) _
Total conductance values are dmded into the fol[owmg three gloups fm the plcpmatmn of
" this map. : '

: TC.I' © the groupin which total conductance values are less than 100 mhos,

TG, . the group in wlnch total :,onductance values are between 100 'md 200 mhos
TC, the group in whu,h total conductance values are over 200 mhos.

Combining three groups of the total conductance values with another three groups of the
thickness of the overburden down to the deep conductwe formation, the following 9 subsets are
determined. '

‘Subset A; ; D, and TC,
Subset By ; D, and TC,
Subset C; ; Dl and TCy
Subset A, ; D, and TC,
Subset B, ; D, and TC,
Subset C, ; D, and TC,
Subset A; ; D, and TC,
Subset By ;. D, and TC,
Subset Cy ;° D3 and TC3

Of the above subsect dividion, it is hardly thought that favorable geothermal reservoirs would exist
in the subsets Ay, A, and Aj;, as their {otal conductance values are low. Also, as the depths of
the subsets B; and Cjare fairly decp, it is difficult to take them as the objects for geothermal
development, even if there would be some geothermal reservoirs.

' 5-2-7 Two dimensional model analysis
This analysis was executed for the purpose to detcrmine the depth of the layers containing
favorable fractures and the -conductive layers in the areas where conductive anomalies were
recognized on :the Total conductance map.
The two-dimensional analysis was actually performed with two survey lines (PL. 'II.2.1wlO).
The results are shown in Fig. II.2.1—10,I 1. Fracture zones were recognized in two Jocalities;
around the sounding point of 4-5 and that of 2-2.
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