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Abstract: An interpretation of aeromagnetic anomalies of the Northern Tohoku
district, Japan, reveals that magnetic low lines are distributed coincidentally with
inferred tectonic lines which range NNW ~ SSE or NW - SE across the Tohoku Arc.
Geological evidences suggest that these inferred tectonic lines controlled the magmatic
activity of Miocene age associated with the drift of Northeast Japan from the Asian
Continent owing to the opening of the Japan Sea. Some of the lines are expected to be
still active. The distribution of shallow earthquakes in that region is one of the
evidence. Some active -geothermal areas such as Hakkoda, Sengan and Kurikoma are
situated at intersections between the Quaternary volcanic front of the Northern Tohoku
district and the magnetic low lines.

Next, a two-layer model inversion using pseudo-gravity and reduction to the pole
is applied to magnetic anomalies of the Hokuroku district famous for Kuroko
deposits. The resultant magnetic structure indicates a basement structure around
Hokuroku Basin except the area in which Tertiary quartz diorites are exposed. Most
of Kuroko deposits and some vein-type deposits are distributed on the margins of
upheaval of the magnetic structure. On the other hand, some vein-type deposits are
distributed along a narrow subsidence area of the magnetic structure which corre-
sponds to. a magnetic low line trending NW - SE in the district.
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2.1 ® E

b DEEOHUBOM TREEEEE S 7o iTid, Heais
B, ThEECI SRIEVEEOHT, Lok RprE
EHDLOMEMBENEETHS. £IT, AET
WRALFEA B L OWERE O TR 2175 120,
ORI & L THIL LSO MG R Ic> W THliE Y 2
Fig. 1 ic, HIbHAILE O B L OBEME 2R
3. chid, ELMERoELHERRES T -5 S
EREZFRBEHOKEF -5 GEHEES  087-F-001)
LEAREL, BTHE lkm O Y v FF— 5 AR
LERLESDTH S, T/, Fig. 2 KEZHIKO
IGRF (International Geomagnetic Reference
Field : EBREERMIREIE) BELWNRENERT.
COF— 53, FxiRoF— - EEHNRORAEER
(UF NEDO &B{ED) »sisira 2 e LTHUBL
dDTHB. F—FOWEICO>VTIE, Tablel i
AT, & 5T, S ERo FEERE (Fig. 1) oF@E
LIRE U THZ & 57 v ) (REE - 2R, 1987) &b
R EFHEAMARE% Fig. 3RYT. 22T, K
BEOHBEICHA WL /Y 4 — %% Table 2 IT/RT.
Fig.2 & Fig. 3 & 24 5 &, BAMKSEE»HE
ORREEDEERM LD THE0MB0M 5, &5
i, HVE & Hlsd 3 i, 1/100 FHUER] (L,
1982) &b, MSEFCEELEZITws LEbNBE

BB L ORI E L R R i L
&rLic (Fig. 9.

Dbk, HFHUIBOBEESHKRREE AR, H
5bDEBVHDEHTL, TOMEEHHAT 5.
2.1.1 HRKENHZ DD

1) skl fk > BERE - SRIEO 574 ®— V8
WK

74 R—VEOWMKEE 2> Bk LT, &
A, ABHEILZR, AF, FS5l, KBRS E BiE
i, AR, ESl, A, BERELREENSE. o0
55, EAL, EFL, FSL, FEaE ERlsLT
B, Wi Th 5 v BARSEERICEVTA
Bi@ilcx s, chsok0MIRTER, Fig. 2
L Fig. 3 L OHETHMP B L3Iz, KORMH & LAl
KZNTNEMTRE & ERSRE &%t & 12 - THA
T5(FAR-NVBFEIEE) EhE20. Thiddr ek
OHEEHG B 5, FEMALIC X ZHKETE OHE
W78 — v TH B EH D, KEMICREKIAEIE
EOHIRRHE S It L TWB b0 EEZI HN 5.
2) dtbliEmEds & CEESRESRICES IR
BE

Je bl BTk, BKEE R L oMHBEsE &
AERBD SNV, TEREEFEDHH & BIEFITLV—
FoERY (RABRIED, 1985).

MESEE & OHESEY 5 h 2R bEERE, BT
OBV TH D, MEHOAE, HE, KHOSER &

W1R Fxr¥— « EEBITRARTERE (1982) ARILMGILMTITE » L EhHSHE L MK ETE ORE

DR

Table 1 Aeromagnetic survey and compilation of an aeromagnetic anomaly map in the
Tohoku district, Japan, conducted by NEDO (1982).

Line spacing 3 km (traverse line, E-W direction)
Survey 20 km (tie line, N-S direction)
Flight altitude 1,370 m (4,500 feet) above sea level,
except highly mountainous region.
Upward 2,440 m (8,000 feet) above sea level
continued datum
Projection UTM 54
Compilation {Origin 273.304km (East), 4168.656 km
(North)
Grid spacing 0.508 km by 0.508 km (E-W by N-S)
Data number 829 by 917 (E-W by N-S)
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Fig. 1

BHIGILER & 2 o D HE R o #TE.

B+ 3t R 0 B L BEE SRS 7 — 5 L ERATOKET — & L OfEK. 2 v 5 —RR: 200 m. HREWHRO = ¥
y—i3, BRECHELADMEERT.

Al H B

Topography on and around the Northern Tohoku district. Contour lines indicate
altitude of topography at the interval of 200m. Solid and dashed contour lines

.indicate positive and negative values, respectively. Solid triangles denote summits of

mountains. Stars show the borehole sites for oil prospecting.
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Fig. 2

0 100km

Bt LMo B K EE (2R,

xR F -« EENRROMABME (1982) LofmE vy —RlR:50nT. BEMT LTSS, +50nT LLED
MKREMESOT 2HEERT. oMy, B 1KEEE

Observed total force magnetic anomalies (after NEDD, 1982). Contour interval is
50nT. Solid and dashed contour lines indicate positive and negative values, respec-

tively. Shaded areas denote magnetic anomalines higher than + 50 nT. See also the
captions of Fig. 1.

— 196 —




SRAEHS LA O RESUIHERE & @BIRAS A (KRETEHE)

%3 oK (FE1IR) KL 3HERSEER.
Bifba v b5 2 2.5 A/m. oM, B1REERE

Fig. 3 Calculated magnetic anomalies caused by topographic relief (Fig. 1)
magnetization intensity is 2.5 A/m. See also the captions of Fig. 1
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®2E BUbAILROoME (1K) Kk AMKEFOHBECHV NS A -5,
Table 2 Parameters used for calculating magnetic anomalies caused by topographic relief

(Fig. 1).
Magnetization Intensity 2.5 A/m
Inclination of the Earth's magnetic field |53.0°N
Declination of the Earth's magnetic field |7.0°W
Inclination of magnetization vector 53.0°N
Declination of magnetization vector 7.0°W
Projection UTM 54
Origin 275.0 km (East),
4170.0 km (North)
Grid spacing 1 km by 1 km (E-W by N-S)
Data number 416 by 461 (E-W by N-S)
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&, mEdpdb b omE, A, HIEL, KW, EH
T, E0REETH S CEERGIIAHE (974 ik
3). LEd-T, BEAEDEBEKEMTRETIZ]
S 1 isting 5.

A ic B B ERAEOMLRIE, 42x1x107°
(SIHfL) 28X 2bDOMEL, —H Qnltk (F—=2
~v A -t BEEAL/HERL) &, 0.1-0.4FBE L
INEWfEERLTWS (KBE« &7, 1990). L7=A-
T, SR oLEEGREE 2 2 WEAEE ERRT 5
Kl -> TR, BERORELERL THRELEY
o,

—%, dbETemR A A O BRI 3 E - %E
BEBNGT B, 0L, BFHEFOESEESYE
EiRE, bt cROBHEROKRZLEFTHS
(#5120 km?) (4858, 1978). < DRI - T, 1,000 nT
A AERECHIBERLOGT 5. Uty v
7Y v 7L ECE O S ARSRIERR L, KRIEO
WEEEAFESE L7, BUORMLERE HARER
fLBEAERL TS CKERED, 1990). 7Y XAEF
MEEL, BEREOT— 5 #ZE L -line it
BTR, ETEAOESR, B4 lkm BELRED
N3 ZoHIOVTE, BlOBASICEL s, &
Biz, ColtlEERT, BETES O HEERT, JLbIE
EHigic B WTh, HHE -EESKESRoSm (FH
E, 1984) &G L CTRHEREELDHT 5.

(3) HHREEDL S TIABICELME E-W HRIOE

i B S FARERIR I B LT, 1ZIERD
FREERESEENSHET 5. OMKERR, Fig. 3
KHRABOHMIEENRONTWE I &L, HEOR
BAZITVWBI LN DB, MREEE, BERYE
BOTRE=SRLOS) vy 7E, TIREEIBLTR
SRS — vy 7B LR LEAD OSSR AR
DHTIHIE L TH/HT 5.

(4) BEREBEBHROEL I MAEE

HABHEBHOESKE, EE/NG, ARE RES
FUOEBMERE, WIhbERAEEBTVWL S K-
NVBIOWSEEMNSHT 5. KBNIEAHES, Thd
OWEEFREESY LEEME oS v icdind 3.
7272L, Fig. 2 & Fig. 3 L OB THM S X ) i
BAEBLUAABAIEZR &, TohoB4 DREZ
Tk, BIEOHBRBGE S RNCREL U i R+
&8 OFEVOAHTE, BARSKEE 2HETERV.
INEFIAYT B0, REOHBRBIS AR E JXH7I
D B3 - 1RO G PSR O o O kg’
OB E 0 &—F LISWAEREE 2 BRI AN 5 LEH
5.

—%, BiD 5 B3, WFhbkliEoRLTH 5.
EEREE, FOCORRE - RUED»SIBEKUET
5 (B o L8, 1970). EE/NBRE, BEALHH
EERORAEFELINEBLS I v VALREB L
DEME O IEE, OB - TWSE (FHH, 1966). A
ANEEBERT 0, BblclUBEkRETHE B
A, 1968). MREDOEMIT, TNCHEBR-EREDCS Y

— 198 —



BRALHTT LA DRSS & £BILROT CRAEERD)

[ TR )

zana\

HBAS

2o

A

_ s W
B %/ 2L ® _pamEm
3

RS, o D4

e

(1)

RS NF

100km

HAK RGO (1D SBEERlE s Q) EB=EB & CE=IOIERE 0N 7.

WiEEA (1982) &Y ER. A1l

Fig. 4 Distribution of (1) Quaternary andesite, and (2) Pre-Tertiary and Tertiary granite in

the Northern Tohoku district (after Yamada et al., 1982).

summits of mountains.
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Reduction to the pole magnetic anomalies (after NEDO, 1982). Contour interval is
100 nT. Solid and dashed contour lines indicate positive and negative values, respec-
tively. Shaded areas denote positive magnetic anomalies. Thick solid and dashed
lines (a, b, ¢, d, ¢, f, g, h, 1 and j) show magnetic low belts which are boundaries of
magnetic high belts (I, II, III, IV, V, VI, VII and VII). V.F.
Quaternary volcanic front. See also the captions of Fig. 1.

.

indicates the

— 202 —



FLH A LI O RERIIHEE & @IBILR A (CREERHED

BEEIO HENZVE—o TRV, HENICE, ERT
FAE-SILTEE ] it - TOEBThESSHRESNT
W3 (G8%, 1978) »5, BETOMSREY R, BRIE
FE b M ETAESE L Eb00D, ThEERELT
ERTNAAELTVA I ITRRARL W,

EHSEER c 3, BIl%E NW-SE HFRICENd 2
EHEREHEVOVIEOBERETHY, BEEENS
NW-SE Ao, EiLRE2RECHBEXEOMT
BT £ 5,

EHSERR 4, BREMcBLYTRREREAD
HAGREGS OEMEomitEosE % b ORERICHE
ML, KEEMicBsVTE, IRhT IAR-ILLEES
NV OFENREET AMAIIEETE 5.

BRSEER c BLU d kioshik BHESRE
HEWVL] &, TA&E-BiELHES K& 19540) 5
Wit TRE-ARTER (k- KE, 1960)] OALERIZE
YT 3. KF (1954) 13, BEREE - #5200 KLTE
B o Wi - HEO L LWHAL, BENEBNEOKHICE
SWT [RE-BELBEE] 28E Le. £t X3
(1960) 12, [MAB-ARHE® | 2EPIXE VS HE 0K
WocBE I HEEZ 1, SlitoREHEEI . &
7o % OEENFHIEPFHKED SHERCKATVL S &
Z 7z,

BHSETER e ik, ORBHMOREEIEADS AL
LHIREOMER T, BELROIE % EE LRETL
HicE 5.

BRSEEE {13, Bl NW-SE Hrlicils 35
BKEFEHWOIMOBEFETH Y, BARBRETON
Ltk s RE LS 2K, BELEAAEICE S,

BEHSEER e 3, Bl%2 BE-W Hrictilrds 2 S5
SEEENoMOBERE TS, BEEEIHEE,
LER R BT U, TIREEREBER ORI E 5.

BHSEERhE, Bz B-W FRICEKT S
WEEEHIOREMoBERETHY, LBEOHIETE
(AT 57497 R Ve /EERES, 1986) %
BE T, [E-JE R~ ] &8s 2 6
MDD B,

ERISEER i 13, BIlE NNW-SSE 7 i #Eur
THEMKEEEIVORH > T, AELoItfliciz
i E-W ARICEY 3 BEHMSERRTH 5

BEWMSEER ] b, BIlA NNW-SSE Hhic i
THEMSEEHVORICS > T, FiiEissEicdn
g 5.

T THEREVDIR, FE, NNW-SSE & % Wi
NW-SE Alaic BAL H A 4§ 4 2 #&Ric>» T

DEROHERDEEF: O FHERTRAICKE > TELIETH
5. A (1985) BLUEFHES, (1988) 3, FHIbHCH
DHA REFH b=y & [BE-HEELE] &0
RICODVWTIHLETWVS., Thbicks s, [BE-HREH
R TR TEAHBOBERAGSEDONELEES

i, BENEBICBVTS, [BE-HEREE] (b3
Wi TASHE-RER D 10> TREMSED O E L0,
T, HALHDF I EET ko BE & R,

BEHREOZIREA NW-SE JFIAIC 24351 % 1 L
TH#HT 5 ER « KH, 1988). 050 B4
R | LT S OlAR, H3EE -1
DTHY, BERMEBARELLbDOTRIVA, KR
FEFE D & d THIh MK ZIFBANTS .

PEDX3ic, B0 7Y — vy 78 L 0 iEEEE
Wi, HILAAIN%E 121E NW-SE ik d 2 i
EAMBIICREINTEY, OBEEIIRIMERE
BTRSN 2L CHALTEIhTH 2 T EMHEHS
TWw3, —F, BHAREKTS, ChooBERoE
Ricdih LT, SHREETOBERAOBHKEER» S
5. L, BRKEEHESHTERBOMRBICHIET
5105, THERETIFIBMBPECKES, ~7
2 OBERIRE 12D, HETKLTESSR S0 5 a6k
Ddh 3, BHIKEERORTTERE « SRIBOHSRE
EOERLTHHT S, AFHEHLR /ABEFLRBLU
BEN LR OZ KL, Coflrd LAk,

3. HREFROEERN

3.1 2BESFINAN—=D3 Y
AEITBVTI, JLEEEHET O RIBRE SRS AT
BEEAET A EE2ENET S, 2ok, BERW
HTHEE TEBZRIBIRLLTRET S, $4bB,
T TR, MRS BRSEE S B0 FAED 2
BHETH B EIRET S, 1, BMSESE EUEORH
{tav szt GERLEEZERILEAEDELLD)
i3, —ETHBEEETH. bELOBEELR, KED
SERMERI S 0 A s, dLEEEH Tt E R L 2R
BESHEESNTEY (KB 1978), AT FVEHL
KHUSEEOMFTIc Ly, KENSHEREET S L
MHEEEBbN 3.

PLEoFE:E S L CHSEED2BET VA vN—Y
a v (KEEED, 1989) %175

4, Rk H ETAHTREE, BRI
B (HSER) LHMEo FAEL 13 2 BT cER
PTcxzbDET 3 (Fig. 6 BR). 1B, ARKTHE
BooNHi%, z BISRETHO T AV FEERICEVT

— 203 —




WERARERTAE GMUE BT

FOX MIEFEOEERTCHAVL 3KTHEN 2 E
g€ 7.
BEMT LEAVHEESEERT.
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Table 3 Parameters used for the inversion of magnetic anomaline (Fig. 8).

Magnetization Intensity 2.5 A/m
Inclination of the Earth's magnetic field |54.0°N
Declination of the Earth's magnetic field [8.0°W
Inclination of magnetization vector 54.0°N
Declination of magnetization vector 8.0°W
Projection UTM 54
Origin 419.339km (East),
4405.047 km (North)
Grid spacing 0.5 km by 0.5 km (E-W by N-S)
Data number 200 by 200 (E-W by N-S)
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Fig. 8
1989).

Observed total force magnetic anomalies. of the Hokuroku district (after NEDO,
Contour interval is 25 nT. Shaded areas indicate positive magnetic anomalies.

H and L denote high and low magnetic anomalies, respectively. Solid triangles show

summits of mountains.
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Fig. 9 Reduction to the pole magnetic anomalies of the Hokuroku district. Contour interval

is 25 nT. See also the captions of Fig. 8.
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Fig. 10 Radially averaged logarithmic power spectrum of the reduction to the pole anomalies

(Fig. 9).
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Fig. 11 Magnetic basement of the Hokuroku district. Assumed magnetization intensity is
2.5A/m. Contour interval is 500 m. Solid and dashed contour lines indicate positive
and negative values from the sea level, respectively. Solid circles indicate Kuroko
deposits. k 1: Nurukawa, k2: Towada, k3 : Furutobe, k4 : Ainai, k5: Kosaka, k6:
Hanaoka, k 7: Matsumine, k 8 : Shakanai, k 9 : Matsuki, k 10 : Eduri, k 11 : Fukazawa,
k12 : Hanawa. Solid lozenges denote vein type metal deposits. v1: Namariyama,
v 2: Funauchi. v3: Oppu, v4: Dira, v5: Takarakura, v 6 : Komaki, v7: Raiman, v8:
Shinfuroukura, v9: Furoukura, v10: Osarizawa, v 11 : Okuzu, v 12 : Tatemata, v13:
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Fig. 12 Vertical cross sections of the magnetic basement map (Fig. 11). Upper : Cross section
of north to south. Lower : Cross section of west to east.
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Fig. 13 Bird's-eye view maps of the topography and magnetic basement of the Hokuroku
district. Upper : Bird's-eye view map of the topography (Fig. 7). Vertical exaggera-
tion is 10:1. Lower: Bird's-eye view map of the magnetic basement (Fig. 11).
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Fig. 14 Distribution of volcanic and plutonic rocks in the Northern Tohoku district (after
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Bouguer anomalies of the Hokuroku district (after Komazawa et al., 1987).

Contour
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and low gravity anomalies, respectively. Solid triangles show summits of mountains.
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