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Magnetic Anisotropy and Tectonic Stress Field of
Tertiary Rocks in Pohang-Ulsan area, Korea.

In-Soo Kim*

Abstract: Magnetic anisotropy of a total of 213 independently oriented Tertiary rock samples from Pohan-
g-Ulsan area has been studied. The sampled strata comprise basalts, tuffs and black shale, and range in age
from Eocene to Miocene. The previous palacomagnetic studies indicate that their magnetic carrier minerals are

titanomagnetites.
Among 23 sampled sites, 11 sites were found to

plane caused by the lithostatic load of the overlying
the flow direction of lava and tuffs. The remainin
vertical to the bedding plane. This magnetic foliation is
which acted nearly horizontally during the solidification st
from the tectonic foliation of the 8 sites can be grou,
trending one and the other WNW-ESE trending one.
associated with the N-S spreading of the East Sea(Sea

preserve magnetic load foliation parallel to the bedding
strata. Other 4 sites showed magnetic lineation indicating
sites revealed the magnetic tectonic foliation nearly
interpreted to be generated by tectonic compression
age of the strata. The compression directions deduced
ped into internally very consistent two group: a N-S
It is interpreted that the former N-S compression was
of Japan) and the dextral strike-slip movement of the

Yangsan—Ulsan fault system. The latter WNW-ESE compression is interpreted to represent the folding and
reverse faulting activity in the Korean and Tsushima straits during middle/late Miocene times.
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ME AZR7E 7V AL Rold, RAE A7x Ao
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A5 A7 drzg Wiz 2441 430y ©
9 ¥E 5L 348N F8H H4L s2us A
A1H Y ¥ (macrostructural analysis)o] g Folm TR
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= X 2AU] APL @A gu vNPoz uy AAl
Ao ol27)7x B9 sHA Uehdth=(pervasive) 229
Aol 42 RogA (48 S0 Tumer & Weiss 1963)
22E2|ote] v|HAAT287} Sander(1930, 148, 1950)
T 342z 39 fyoA 2aY Ao =y olg g
$YE #9% Ramsay(1967) 2 Ramsay & Huber(1983,
1987)9] mAAo) st da) Asgq glon e
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o A7)E de) 72 (magnetic foliation), 7% (magnetic
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60

(palacostressfield), #7Kiff(palacocurrent)®} #3 W33
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AME ofF ol ATHHLE ALF o7t dWlo £
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7] (induced magnetization) ERGL g9 o T z7)
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¥ kg 1 949 thag(magnetic suscepibilty)olet
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¢ 7hte W) BAge 9% 2190 $ee o
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Aol A71H ez 5% (magnetic isotropy)E Rt
@3t 13X ¢ Hfele 713 b5 (magnetic
anisotropy)} & HQItha Tl B, FAA diALY
#E AFoe AR FEL AFY(YF3] L3l
titanomagnetites)o]™ ()& Eo]A Sharma, 1986) AHAH
9 HFHYL F2 2 AA YA =Y shape anisotropy)
o 959 AAET}(Stacey & Banerjee 1974, Collinson
1983). & g 23 HojAd ol e o 2Ry g
AE uts} Zo| FEugro] gEARRIE F AL S
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02 AA $84E HolA dui(Fig 1A). 2y ofg
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Fig. 1. Magnetic susceptibility isotropy and anisotropy.

(A) The case of magnetic isotropy. The directional independence of magnetic susceptibility value
can be represented by a susceptibility sphere. This isotropic property is due to the random orienta-
tion of magnetic minerals. Such a rock was deposited in a relatively calm medium and experienced

no external stress thereafter. (B) The case of magnetic anisotro
tibility ellipsoid. This lineation fabric is generated by
(C) The case of magnetic anisotropy represented by

py represented by a prolate suscep-
lava or ash flow mechanism(=flow lineation).
an oblate susceptibility ellipsoid. This foliation

fabric is due to a tectonic stress(=tectonic foliation) or to the lithostatic pressure of overlying

strata(=load foliation).
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H $3% B9t dok olHF PHEL ooz
Y F4F dAL#E BolAl Hu uly Arjzez §
W9 43¢ 2A do(Fig 1A).

ay ol ¥ A Eo] 48 3A HAuAA T
g, 32 Q7YY AY lavad) 3502 sl A9
58Pl A WL 2714 w5 v
WA dckFig 1B). & old @ X9 Ade AN
AE9 AFol $AA AEd Bgog g B U
&S ¥ol= A7)F A T2 (magnetic flow lineation)7} v}e}
.
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3 3994 FEe A3 ¥ SHAY FAREY
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2 4¥(P=pgh:PE 43, P& HIF, g& $944, h
= FE2E 39 ¥)& Wi 2530 2edd 9
AT 2714 )7 Z(magnetic load foliation) & 7}AA €
Rolg(Fig. 1C). Warae 39 H7 Y=t 3,
000Kgm®, BFF77} 0metn Eu) o]} e Ao 9
g 35 9 0.3MPa(¢} 371%t)o] dh. o] @ 3FL
e Ao Ao FEHe FAF Wz A3
< dAES BojA & Aol

vpAjgte 2 oju gt ¢to] AW ArzAQ &
(tectonic stress) & WA E 3¢ FM} fAH ol
T3 H¥goe A7F e T =(magnetic tectonic
folistion) & 7H4iA € Rolt}h. welA o] Agole Batg
o] 71¢ % Wo] ol F ¢ Fgolr). o]y
B3 32 Aoz SHAL AR YA B3 d
st vehd Aoz didd. 138U B4 AT7zEQ
$89 27le A3l 98 dHucks YW gy
AN(FFAA A72A ¢99 aA/]e o 10MPa, = o
10071¢ A=o]t}. Turcotte & Schubert 1982) oj2] & <&
9 ZgojHe] AF9 dFo) oA ZwWoN P
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e AZE B, dATHM A7zE SN 47
q BFoz T2} A4EA .
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A 2 A HE
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o A o2& RE AT FdH A9 A 3724

258 AHE AolHFig 7 #=x). o] AHL Tateiwa
(1924)9] F8E - 94Y - 2FHAE)EZ0] Fsn Y
Fo2M AZANHE EoceneMioceneo|t}), Alza)H 24
2 Fi$ FA71E AHEEt A7 199X]9] FFA) E (core
sample) & EA0H A 59 A3} 239 FFANEAL
AstiMs A2 compassE AHSSIAT. 2 A8 E
L AGAZANA 7Hed WL £37 AW} FeE e
& AU o)FA o] o] NAY B8R 2R 72}
EYHoz A%d F 239 A & (core sample)s AF 3}
At FFor By og F A ARYEAY, BAE
S, Ve 53¢, A ZE NREL AZd
9| ddo] F3F =FoA AHY Aol SR
HA% A9e FeEU 4472 32 58720} vu A
Z Festy JojA AFHY Ado] Loyt HFote
Byole Fle FAWet g AN AAEY BE
Ho] FH Ao AAHY = olHF ASL YA F
o7 FdEd A% BFE ojFn Ik

AAE ABEL YA Fo) /47 v]&] % 0.9
He 453/ dos AdHed B AFdA 9 go| 7
W e oA dizkg 3o Aolrge zAr)v5
JE}- 9 %] (magnetic anisotropy ellipsoid) 9] orientationo] 2
Yol HE Aol AUY Fe7} 24 BAYAE @
£HCollinsion 1983). AT AANA 743 o)Al A)
U Fele Hol oY, v AFo] P £
AR ZHE o] <3 H]5 44 (shape anisotropy)o)
Z# ol glo] AW 27| o] 223 central dipole field
2 BEEY. 45YAEY oA Fol /FAue o
AA e 0.85—0.9%A019] 9ZEo] Bou o] ge =37
719 FR4E #AZ Aok B A7oA A3 Digico
typed] izt HISHA 23719 A$dE o 0.900] 73
oA Fog AT Itk(Sharma 1965, 1968 :
Scriba & Heller 1978). olgAste] % 333709 YEFPAH
< AN HE Fhyolr)E st AEAHA B
A RA A gEoz sl 59 AEFHA A3 Ho)
¢ HEE 249 1 bt NEES ATgPozRE A
=i,

W |H|SYAel 53 ¥ WXBEIHC] THHELEE

AT 53¢ A5 A4 NRAAE 92
MolspinA}l 1 <1 Minisep ¥159434710ch. o] 717}
Ale 2840z Digico magnetometerd} ¥|5@ 728 7}

A AT it Aol Hole REL SAAe 342
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t o] R % o Nz Awshs Helmholtz coil2# +
450} . B4 cole o 10KHz Rl G3te] 0.
s5mT Ax9 g4 A71F HE HAAI 1 EH?:—_\ Ll s
ol& & A7 el Ao FE8 FEA] JE 3
=g 5o ok o FA FL A FdAe AFEY FH)
o] m& demagnetizing factor& 37} FA| €t} o] coil sete)
oA 9453 A¥o] ¢ THzY &=z A we}
pickup coild] 3] A&x9) 207} H FHEE ZE sinewt
7} =9t o] sinedt= 4% computerd] dlgltali 7184
3 Fourier analysisE #g2o 24 A|Hd 58 J9 %%
o Wgo] 2L, olg He izl golmz gshe k
% 4 7 Utk FFAIE YA FAHE signalS
Aue FAFRe YT FH5E IR 22 A filter
out Al 4 ok

Aol z71H oz A 39 gAE ke second
ordere] A3 tensorr} A}, 95 AW A2 $33g
€ AFo2 AN ZHN o] anisotropy tensor kE T4
e BE Q450 29U o] A AZ IFL A8
o 95343, BYFA (orientation mark)WHg 18w o
€ 7 3 73 gFoly niz o] AjZo] AW 4
AEREE J1Ede /1EFE S0 d. EFo] And
¥ Yo} & anisotropy tensor k=

ke ky ko
<kyxkyykyz>
kn Koy ks

S 2L matrix7} H9 o] FRAFHIMY stress TL
strain tensor9} L Heloju}k. o] B9} npHs}
A2 A7INE ky=kpy, ke=kn kp=k;, 9 vA7 4"
@t} o] anisotropy tensorg A8l $=4713 Het 4
=471 Joke) BAE HAHR T=killfi, imaym ki=ky)
7h "ok ZE dAEE ARG L A8 BENRAYA
of JAHA.

SN AP vhoto] 929 2R L FyxgEy
159 onentationg AR Aol o] @ AL 7=
A A8} (Ramsay 1967, Suppe 1985, 5)oju} otA¢j st
(Jaeger 1969, Jaeger & Cook 1979, Goodman 1989, %)l
A% g AHE T ge RoegM 159 folz wds
A oW o) o] 43T e $H AHE Mz
Hudhe AR $488(=%34, principal stress) 0.3
WA & e Ao oAL uz dg ¢HA
Anderson(1951)9} @3 Fol29 7|9 o]2x Y= A

otk o]& AIY FLHLE 7] &A wet 5y, 42
081> 82> 0308 FAEY T F3EFL 3X3
dingonal martixe} 24 Q4olnz 4820 27)8 A
Age AYe 48202 matrix diagonalizations] T3] 9}
2o 2y 29 Afole FEY%9 A7) Bt oy
2 W WA Aol dug 2H¥E(eigenvector)
9 53 (eigenvalue) & T3k £4)7H rHAE EoIA
Boas 1983, Davis 1986 #%). 9714 n{YEHEe 2 ¢
839 W, 14X F4Y39 2718 B3 Ao
o A7M5EAY AT F2AAs| N uhzt
Az N2 Audte Aol thatgo] AW ani-
sotropy tensor k7 AelH 1 nHHNE Y mHAo) 25o
HFAH g z7]H) 5 e A (magnetic anisotropy
ellipsoid) ] X%} Al F3:9] orientationo] AR A Hrh.
ol Al #5& 4% ky, ky, ks2 EAEY o]5L Z7 g
A&l Mg £E F, FUE, M 2 38 T3Hk >
ko>ks)(Fig 1). o] A7lul5HetdAe Fej(gaty A3
9 A7t A7y Aize QAT2E AR
Azt Ao

sliAdaielel 8

Zt A EE N M2 Jushe Ageez dagoe)
ZRE I A71u LT AR Al Tk, k, k9] 27
9} whko] AAEW Fig 29] A% wa} 420 0] 43
g $49) g5 Z NHENAY A5 &
A R g a5 Az 2718 WHsiy uEeAe)
A7t ¥ NREL AYA7EE Rojgd. a8y =
€ ABE] v Ax BAQle] xS uitio) X A
2 9AsE 58 Y A7z ¢ geE7zRE neF
At 75 A719 A4 A7z 2 Q7=
o AR E 7HsE) fst AMSEE TAL d7lR|
7h A=l 2 glth(Hrouda 1982, Tarling 1983). & Q7o)
e 49 olF ZEE Adsigoy ou 346 713
HA7I AN E AFAEDY Ao QYA §
Holng o|F 3 /Mg 1ae FAL Adsr)= sun
= ANMFHAEY AEE Jhsdt] st E Nagata
(1961)9] A=k / ks &, A7=Z(L) 2 J&)72(F)E 9g
3 712224t Balsley & Buddington(1958, 1960)¢) L
=ki /ky, 22] 3 Stacey et al, (1960, 1961)8] F=k,/ks&
ol-83t4th. o]& F4¢& Collinson(1983)7} Sharma(1986)o]
Nx 451 Y= Aot}

olg} Zo] zt A We) o] A, L, F7} ANd Foe
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Kt flov
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Fig. 2. Flow chart showing the working proce-
dure. See text for more details.
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HAET. o ¥R T VYL k; Fo] A 2We) 57
B Y oA osto] 2HY 4 gl

A7ioole] Fg
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foliation) 7} AU k7t ZejWe] 5403 YehiA 8
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Fig. 3. A typical example of load foliation.
The rock samples are andesitic tuffs from Yak-
jon near Pohang city. Lineation is calculated
according to the formula L=k,/k, and foliation
according to F=k,/k;. Lower left(lower right)
equal area projection represents kj directions of
individual sample before(after) bedding correc-
tion. Black(white) dots represent positive (nega-
tive) inclination. Note that the k; directions are
nearly vertical to the bedding plane after the
bedding correction.
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gam 24 7709 AUE 2FN JYTE7} $ATS
BoqFn Qlek. o} 9 streonetS L o] 59 kybie A
Aoz HZ9 AL 7 ABEe] TG ¥4
© Y IR (in sitn)9) WS BaFT glon $xo
AL A 718017 B A% L Q99 $uyhz 2
2% 79 3%, dALHN A2AA8 A (bedding
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comection)& A% ¥ A4HE FAHL Yok $29
streoneto] Ve who} 2] 2t AMES ket A3H
3 448 21 sled ol & 479 /1% ol &
the 28 FFE Aot 39 kot ki das 9xs
A(Fig. 1C) 23 Agl 49 ¥2te UM Nz 78
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Fig. 4. A typical example of tectonic foliation
caused by N-S stress. Basaltic dyke near
Kuryongpo. All conventions are the same as in
Fig. 3. Note the nearly horizontal ks directions
after the bedding correction.
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Fig. 6. A typical example of tectonic foliation
caused by WNW-ESE stress. Congromeratic
tuffs from Jitong near Waiipri. All conventions
are the same as in the previous Figures. The k;
directions make low angle with the bedding
plane.
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H2727F et 22 ARl olF AYAA Ue
¢ 59 AEPFL AN o Ag NSE= WNW-ESE
BF AT sl &3n doH $99 Ae4gEE
FHUA HI o A°Atole) AR, o AT 3
Ade e AFgolgen duA slae $3Y, &
Oe Vide 8233l Ack(Tab. 1),

SE7x0| uraH(Flow lineation)
718 A7z Yehde AQdAe 4444 &
Stolu} sHaAle] A3 B Eo] AU Aoz FHAEY o
of WA kidko] o]E 529 Wk AR 3A (=flow
lineation) 3 E}. Fig 62 o] & F49 & o5 Jeh)
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Fig. 6. A typical example of flow lineation.
Acidic tuffs from Sukiip in Yangnam. All con-
ventions are the same as in the previous Figures
except that the equal area projections represent
k; directions. The k; directions are nearly para-
llel to the bedding plane.
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o ¥ BZoz NESWHES o231 9o,
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B AT EeE RN E k B85 ky B3] Az
TEHA gor EF 05L& k W] AT Fu)
A random] W&zhe 71X o] £¥8A @k AAz A7
27} WEE V19 ARF ARAME k, ko] o]
AdE EXE Byt 23Y NS 83 AS
AME kptFeo] WNWESERZo 2 359 4g7zE
BN Boln Yk 3 dAY FeTFRENMY o
% 97 A72E Bole x%E9 Flin diagramo) A&
A3 W&y NP JYFRIFE plotdn YA
o g2 A7z 28 gETR A sty
A 2o d Fse o wedogn gdsuA d.
9 A2 AFA Aol o} F-E AdTA
7h EAEA sk

an ¥ EE

o} d7AREL Tab. 17 Fig 7d) 2¢4a5e)
At & AT7E F3o F 23429 ATAR F 19
AR AZ8t5o] 98 HelF2(load foliation) S sy
3 Wle se) NN A7z Lo 9F Fa) T
Z(tectonic foliation)E, 47§19 AW 2o og A7
Z(flow lineation) & #83) Witk Fbe] 5 H3o) )
A 259 FFPYghe Tab. o) Resgic). o= 3
@82 Fisher(1953)9) TAEASH Ahgo] g8 Ro)
o A7ISRAE 2] 98 ANFEe) AL
AFA7] vectors] 90N Bk v ZEH0)7] W] 2}
BERYE0) Bk & Bk eg)S Bolm A a8y
A717E 58 QelFze YEUgEL Fig TN 2 &
AE v} 2ol A ATLX Yo AAN dBY Y=
(intemally consistent) W& Bolm Yt} ol& ATAY
of AURA, PNEA, YRR, FHEASY Fe o
HEAET 729502 2822 T4 glo
U Zgste A724 399 JHe EHoln gasiy
€ A& WHEL EF ol d NP FAPME =9
@ vk e AEFY 4B HSPNEA} BAER @
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Table. 1. Summary and Fisher(1953) statistics of the study results.

1) Tectonic foliation

Stratigraphic unit Sample locality  Lithology Number of

Mean k; direction

Samples before  bedding correction  after bedding correction
D() I) ax() D() I() o)
Yonil basalt SUB basalt 12 359.6 8.3 2.1 13 1.8 20.1
KDY basait 7 349.5 ~21.6 10.8 353.0 -8.8 10.8
YAB basalt 10 296.4 28 13.1 301.0 31.0 13.1
Pomgokri Group JCT congr. tuff 9 290.9 -36.3 212 295.7 -10.4 212
Changgi Group STD acidic tuff 14 310.0 6.3 129 305.7 29 129
Has®ri Group HOT andes. tuff 7 3121 315 19.0 316.6 13 19.0
Tertiary basement YTD welded tuff 5 3185 332 35.0 358.1 329 35.0
rocks KAT andes. tuff 4 273.6 -16.0 13.0 3119 =503 128
2) Flow lineation
Stratigraphic unit Sample locality ~ Lithology Number of Mean k; direction
Samples before  bedding correction  after bedding correction
D() 1) 295(’) D() 1) ag(’)
Yonil basalt IAB basalt 8 13 -87.2 4.6 3147 18.5 28.6
Pdmgokri Group JGT acidic tuff 2 267.3 78.7 - 3314 125 -
JAT acidic tuff 9 298.2 63.6 1.9 324.6 6.2 1.9
Changgi Group STD acidic tuff 15 3.8 -6.7 9.4 373 9.7 9.4
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