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Palacomagnetism of Tertiary Basins in Southern Korea*:
2. Basaltic Rocks in the Central Part of Pohang Basin

Moon Son** and In-Soo Kim**

ABSTRACT : In order to determine the emplacement time and stratigraphic position of basaltic rocks in
the central part of Pohang basin, palaeomagnetic investigations were conducted on 111 samples collected
from 6 sites. Formation mean built from site-mean ChRM directions is d=340.7°, i=52.2° (0,,;=6.0°, k=91)
in the geographic coordinates. If “tilt’ correction is applied regarding the plane perpendicular to the side
walls of columnar joint as palaeohorizon, the formation mean becomes d=328.7°, i=43.8° (04;=17.1°, k=13).
It is to be noticed that the formation mean is deflected significantly (about 20~30°) counterclockwise
from the Tertiary reference geomagnetic field of Eurasia, independent of “tilt’ correction. This situation
is very different from that of clockwise rotation of ChRM directions which has been ubiquitously ob-
served in other Tertiary basins of south Korea, and indicates sinistral regional simple-shearing during the
emplacement times of the basaltic rocks. Considering previous palaeomagnetic and AMS (anisotropy of
magnetic susceptibility) data from other Tertiary regions of south Korea, the time of this sinistral shear-
ing should be 15 Ma or directly thereafter, and this time point represents inversion from extensional to
compressional tectonic regime. Magnetic foliation data obtained in this study indicate WNW-ESN com-
pression during or directly after emplacement of the basaltic rocks, while it has known from regional tec-
tonic study that the time of the WNW-ESN compression is about 15 Ma, when SW Honshu was rotated

and the Korean strait was narrowed.
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Fig. 1. Geologic (slightly modified from Um et al.,
1964) and sample sites (Table 1) map of the study
area. 1. Alluvium, 2. Tertiary sedimentary rocks, 3.
Lithic tuffs, 4. Basalts, 5. Geologic boundary, 6. Inf-
erred geologic boundary. Closed circles represent sam-
ple sites.

Fo gt 2FA7S AE w5 AFelch o F
#rotzol AAA tajre ATl ure} 7ol
T2 ot} o] AAoA HzE AAZANR Ta-
teiwa (1924)& & A7US Ao AYdFY 2
A1 AL} olol whated HT o] AFREC A WAbe
48 Z2FARES (A 5, 1988 °ldF F, 1992,
1995; 21434, 1994) B5 o] Bt} H#iRl #37] whe] oA
o dag oz yehdz gich e B A3 £ o
Wsdd 2RAANEE A U39 F 15 v
Rtk &, A% T (1988)9] K-Ar At A=z A4
A (1994)9) RXNEY AH L F 19MaZ 435 GX =
Vet Wb o] T (1992)2] K-Ar 93L& %F 15
Ma (14.82+0.40 Ma 2 1516042 Ma)& % 3 A
vehdtt. o] % 3§59 94%%F oAl §&71E 4
e 42 33 A3V EA 9] FAEF AN F83 o E
At} Z, 19 Mad] 3ol A o] ARAFE XF

A19] 7]kl B Rolw, 15 Mas] Aol §ohdl of
ARLRE AUSE HALS BYS Aol o] 344
o 2t} 4912 71 9ok Kim (1990)& £3%4) E-

cored] T3t BHA SFEATE 3l HAaM 2EY
o] AL 17.6MaE Htom Yi (1992) 2 Yi and
Yun (1992)& A3|d Zu|3Pd A7 RE ALEFTY

19
HAXAE 16.7+£1.6 Madt 16.5 MaZ ¥ u} Qith. o|&
T 5 (1992)9 &g A3 (15 Ma)oll et o] ¥4
o FTgtel] ojste] BYEE Flo| Atk vtolrbA o]
15 Ma«] Ag-e 2 F7A] Eaolde] A|37] EAA
2 gEA ohtek-d Rkl 5}4“34 WARs® 19
MaAF (o]AF 5, 1992) B} 453 #& kol Hol
A3 B A 2 dEHH el ME E} F Al719] &
Argrzol] gtk Fo| ®rh ol S EE AHA
atole mlantA e M2 ol A 72A A ol
F&sln YT LEr)

olE@A ME g FAEE 7Y
v A A a7EEe %6}04 AE
4, 7313 (1989) 2l x 7914 (1992)+ A 371#A
oA ZAFA7Ie] AA L EF il?ﬂ«l =AA7]1S 16 Mazh L
g dt gtk ook 2A7) He dRge dARREA
717} AARERe 2 £ AEAEA ] ARE dohde
24 o] @ete] dAgdo] 16 Ma] ©]IA o] FAAE
B F 3E Aotk 3 A3y FH B2 AFA
71 |k, 53] wzte] "olel2 R e o] ¢ YA
E Yol thAE ¥ AT E A AAIEH BA
of Zgstiw A 72 S| F8E s ol
ok &, dAALA F 4 7ot w5 (DRAAH; &
23], 1986, p. 582 AFA FZ)e AAF, 7HEH (1989)
o] Ao AAsHY wHizb %l: Aotk (BAldle
DADA Yoz 7)), BAlY A7ATE o] dFLY 5
ARFA7) Hdo] 1WA Ao R HE Aoz v}
gttt (AAIEA A ChRM: d=339.0°, i=47.9°, 0=
8.5% AR A% ChRM: d=325.0°, i=21.1°, 0t;=8.5°).
oYy RGeS diEoz g ASATEE e
3, A9 AFolMe AARAME UEEkE AJg30]
] s (sample orientation)ol] AH&3tHU7] W& &
ok AAle] Ar|go R g vhavte] exrt oA E
£ vl gtk oyl QoM E o] A Wpalwte] TS B
gale B Y-S o] 83to2H o] 23 E glo
st

3, 2% ZUBAAH (passive rift basin)ollA] 9714
npavlel BRI} &2 2] 7o] waA $AEHE BAA
she] Z71gA A WA FAsE Aoz gEA o
o} (McKenzie, 1978; Artyushkov, 1981; Zorin, 1981;
Allen and Allen, 1990). Z8{E2& T A|37] mlol e
A G714 tFEe) BFL BAl9 e F5AZ
o] &2, Z A37] vlo] oA HA R So| 7MY its] &
A 21719 EHE BAE 71 Flolnh. k3 o E
FAAFES BF FAAVE A7 HEAEX S B3R

ARAA A A
Eal2 4 gtk 4
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Table 1. Summary of study results
Treat. Before ‘tit]’ correction After ‘tilt’ correction
i Lithol . ] o Polarit;
Ste Lithology pemog N IO 10 oe® k40 1O aw() & Fomrity
DR Basalt AF, TH 31/37 346.8 50.5 2.5 98.0  331.0 19.7 3.9 41.0 N+R
DRA  Lithic AF, TH 6/17 358.2 61.6 7.8 53.0 345.8 43.7 7.5 58.0 N+R
tuff
DRB  Basalt AF, TH 14/17 335.7 52.8 2.0 360.0 3234 440 4.2 78.0 N
DRC Basalt AF, TH 15/19 337.6 50.8 4.4 67.0 339.7 39.1 54 45.0 N
DRD Basalt AF, TH 6/12 328.3 53.1 5.5 106.0 279.3 63.9 5.5 110.0 N+R
DRE Basalt AF, TH 7/9 341.2 42.4 5.3 99.0 N
Total mean 6 340.7 52.2 6.0 91.0 328.7 43.8 17.1 13.0

N; Number of sampled specxmens, n; Number of specimens used in site-mean ChRM calculation, AF; AF cleaning, TH;
Thermal cleaning, “Tilt" correcton was attempted by treating the plane perpendicular to the columnar joint surface as
paleo-horizon. This increases, however, scatter of site and total means. We regard, therefore, the mean direction

without ‘tilt’ correction as mean ChRM direction.

FEA7)2 A4S shle] $ad 2V B Aoz
ok,

ATCHY BFARS AlRO| A

AT ARURE T ME AFF AY9F EH
AR B2 Ferks doie}h Fle] 52 d9le] ¥ae
A FHo AFEE B¥sta it (Fig 1). 2= A
ARz A% Y S o) Fn glon] 2 FELS F

AZ T AF3he 571 vto] 24 HHZ 9sle] M=
Az 5o} gick. ¢ 23 DRAA AT A7E
o] guldoz YehtE DREAE S A28 T2 w55
& FAErE & e S R E3)4 ] A
Z =500tk (B33, 1986, p. 582 AR Fz). F4H
2ol £z AE wetM e faae & %‘%cﬂ gy
o] gith. XRDEA A3} o] JE
o]Fo]A glom olgy Ao
o e Aoz waA)

o] 2 dZe] Alde dF
1995) ¥E2 o2& (DRAXNA %) op_w ]
39hE ol Fx gith ARG 71de nFA Y3
v AR AP, A, Sen g BR
AU BEe 32 N 4F
T 5, 1992). obd 4HA 23U
74 1~3 cme| EFo] B3]
wedtn glon ol AT
o 10°~207 A4 itk ARt 4HA 23
A Az aA e A2 e Bt

ATE A3 AREL BT 679 AHORREH 2
111747} AF = At (Fig. 1, Table 1). RE A &E

=
iT?_

UN

o =
= T

ololEE HES A2 FAE HP1S clgll 42
2.4cm, 8ol % 6cme] AEHCZ okolx A A4
930k BE AREE NS HABeT AT

BE¥EAe 2 A W oAl BYg W (sun
compass) 2.2 HEH T B A BAIEY S ¢ st
AE @Rge A8 F4AEd] 39l Wo] Wzt g
9] 529 (isothermal surface), & HFHHEQ Aoz
HA 33 (Best, 1982) ©] We] ARAHE ZF s
o} 3o} 7ol mlshinl Sede] Yehaa
ol E9] F¥I} HALE s
NIV EFSE-:|

aAEdE Ao dAEFFE EFDFAI N
(ChRM) S &ohli7] ailA 2t AR S mFA7IAM A
I daARE AgsEn. mRAIAYe 9
Molspm/\}«} AFAHZE o] &alF on 7|

W3 SchonstedtAl2] TSD-1 GAH71E A3l

. 2E ZFA7IE5%& Molspintte] spinner mag-
netometer 2 st Hch Al AP 7904 (1984)
o Este] AN o 7t Al HwA Fo] WEtholola
B (Zijderveld, 1967), AH7x= w2 e Wt
T4 agla SHFEFG) EAE AFHe AAANS
SuEi b=

TR RS S -E 9= MolspinAle] Minisep&
ARgate] AAletdct. sl 2d S flstd e AR5
g e 3%, £ K, K, Ks (&, K > K, >Ky) 9] Waks
Foted ARG Fgsken K/KS K/KE Al
Atste] Flinn diagramell EAIZo 2 A7Z2e} Wz
o] $-A=E IS (A4, 1990).
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Fig. 2. Example of AF (a-c) and thermal (d) cleaning
of basalt specimens from DR site. (a) A single charac-
teristic stable endpoint (SEP) direction could be easily
isolated at 15 mT. All the vector diagrams in this pap-
er are depicted in the geographic (in-situ) coordinates
with closed (open) symbols projected onto the hor-
izontal (vertical) plane. (b) Some specimens showed
remagnetization circles and revered RM on AF clean-
ing. All the stereonets in this paper are equal-area
lower hemisphere projection in the geographic coor-
dinates. (c) Application of Halls' (1976, 1978) great-
circle method. (d) Example of thermal cleaning of
basalt specimen from DR site.

M=AE Zat

2 AHE AFE ALE PP A7 DUATA AY
° L2 A =FE
o} siek. F4ae)e
28 U e
AR ARAR
of mlo] oM HAF T S Ag] 4Holc,
% 370e) AHE F 10709 Aol dahd mRAIA
492 AAelEn 1% Pl HeHes F

A (SEP)E o] F& 9 SARFAILEE 58 3
& dSleh Uz 3 570 A5G AzE
(remagnetization circle)S %+ u}, Halls (1976,
1978)¢] AR & o] &3l SRFAILGFE &
olfiitt. Fig. 2at: 21BAIHS] WErhejol 13 o 224
15 mTe] wFAAZ A A HFE 2ol dH &
greta k. Fig. 2bi= 2BAH] A A A A A=
7} golAel| wpe} B{FA] HEko] vleg g9 o F3t
T glom 80 mTAXNTE Gakslrt vehd& Bl o]
T B A Azt 9atskd & A Alghe Aol th

ol o] MFAHARA AMLE 10718 A& =]
27709 AlEE] teire AFAE S AAEch &
AHdede Azprert Add7271 (NRM)2] 5%0] 3}
2 AR EE oF 580°C7HAl 10 WA 139 Ao AA A 2
ok Addda) e A9 < 3000074 A3
7t 23] Zo18t} 300°C WAl 400°C AtejolA
g gate TR et (Fig. 2d).

ol o] AAAHANEE THANEH Arixle] Angt
| vebdth HA, afA7INAAE S S T
o]l FEH Il AlHe EARFAIEFES THEA
A2 (Fisher, 1953)3 H#ghe ZALEA A d (HZ)
=346.8", 1 (E2})=+53.7° (06;=7.0°, k=132)°]H AL R
HE d=321.5", i=36.9° (0=32.6", k=6)°]t}. ER| =,
AFAZIAHLEE Bl Lol Aztsld g o] 43t vl
LEAY (Fig. 200% S8 73 F73e ZA A7
BRFo| 74zt d=167.5", i=-54.0" 2331 d=155.4°, i=
-24.2701ch. vlA|Bto 2 A HAH o7 277) AlHe
AN AR AT BTl 247} d=346.8", i=
50.0° (0=2.7°, k=94) 1831 d=331.7°, i=18.0° (0ts=
2.5°, k=113)c]t}. o|g ANYE F BARAPAY RE
< BIAHEWA A BT FUI o2 5 ¢ o
o AAZHA} (reversals test) = $33c), 2t} AAMR
FFel AEL daziAll] AsfiGich ofgel HAtEA
Fo] BAREL 184 37°9) W& WSS Holn Fol
Alote] AlATh A A7k (Irving, 1979)3) @A1E 2ol
g ERdL) o2 Hol AAIRA S &) AEE A
ol =29 A (Fewog FEAd W)L 2 A5
o] EF Ao FEHer YEd 57} gle Row A
ZhEint, webd B d5gke Aglgto 2 HAHUAY =
H3 AYAg wet BEsIgo] GrE o3
o oA, ¥ AForME dAAAE e Hot
HAEE Kol A9 AAEFA" o) EHRFA
S DRAAS HF Ao slnh o588 BT
P FREAANE G BEUE d=346.8", i=50.5" (0=
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Fig. 3. Example of AF (a, b) and thermal (c) cleaning
of lithic tuff specimens from DRA site. (a) A single
characteristic stable endpoint direction could be easily
isolated at 15mT, (b) some specimens showed re-
magnetization circles and reversed RM on AF cleaning,
(c) example of thermal cleaning of lithic tuff specimen
from DRA site.

2.5° k=98)°|t} (Table 1). ¥ #Fgto] #3lgto|a} ahny,
FE HAZ Fe7t A FHolehs AT AR
o 2482 AAsh= Zo] drt

DRA X|&

B AR AYE P Adzs AAnke A9t
vhtbe A AR mFoln (Fig. 1) 98 $3)
ez P4 g,

3 17709 A8 3 618 Udem aRAARAY
& AN TRAZARYYe] G4 6rlel Al
F Vhe 25 FA%E o 20mToN 3 EH el
=280 (Fig. 32). B 119 Aol e Axsa e
Fohd 4 ted o] AU E ARFEI Bl
wet PAsel akshe Mseke Felth (Fig. 3b)

e 1UHS] AHES oz IR AAe
Aok 1709 A8 3 e SRRl wasse
o Rl E Aol Ueksdth. @ SRR

o] fEld 7] ale] ARE F e GAEL UeA|
e Azl 34& BoEth Fig. 3ct 3 AlH9
HAHEE AFHEN FA3le] AARFAT] Aol
AH7ZE 350°Cel o128 G} HmA A F e
o =ego] Bojzich &, o] DRAANHES IA H
e 23t ee] WA E A4ed DRAIEESS] 2o
A ek A9 2t AAex < 300C7HA A= 34
3] Zo]ETh7} 300°C A 340°C A A HEZ Ak
o =8 =y o 570°C9) 7t exel o|2W s}
Ev 27] AARFAP] e 5%rlte g FolE9ld).
o|R Hol F AABEL EHEE thA A F43 Het
AHRAGY] AolA Elgnladnlo|ER th4 WA H
o] Q= Ao g F2H)

AFH R BRI EC] F42H 67] AJHY A
HZAHES SAAINE HARAH AN d=358.2°, i=
61.6° (065=7.8°, k=53)°]™, ZAALRY Foll= d=345.8",
1=43.7° (0=7.5°, k=58)°] €t} (Table. 1). o] EAZ
FA71= 944744 B3t

DRB x|

EANE A ¥ AAnkE 22 FA) A3 )
FaTh ok =ALE BEAM B w B =Fo) e HE
ol 437 DRAM# A= gAloltt. gA] F43
g7t & ddso] lon FAee 320l Wg wat
wage] wala gl o) Wl gl

Z 1709 A F plel gislid e aRrApAdd s,
W2] 13706 disire AR A E S AAEI of
=9 A¥EE2 DRANS 249 A9 FUsc) £
17708 Al F 140 ZAste) SAS Kol oy E44
Foll =t on, 2709 AlH GrFAH= DA He) 2z}
HR)M = AR ot AlRlEe S 2yt o E
Hutakol] EEshe Al 1470 AHES] SAIFA
FEL EAAYSA AAEAA =337, i=52.8°
(0=2.0°, k=360), AL T d=323.4", i=44.0° (0=
4.2°, k=78)°] Bt} (Table 1). o] 2HX = &9 F327A}
(negative fold test)E ©|F+ o T, 9A] FAHA S ¢
& 33 Fdele £ AL 2 dRcle] FAdE 9
Ale] £HEE R & gle A= Jehdul oebd 2
AR = ARG A ghs 2T AR 2 AHgeiT).

DRC X|F
€ A"

QUE Froe B PR A o

rlo
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Fig. 4. Example of AF (a) and thermal (b) cleaning of
basalt specimens from DRC site. A single characteristic
stable endpoint direction could be easily isolated at a-
bout 15 mT (a) and about 300°C (b), respectively.

F&t (Fig. 1). ©] =%
Z‘:;]E]‘ﬁ"il AR HE U?E}i o ?SH’S] %’*"“5°1 13=
glo] gtk B @Rote] 2o A 10 mEX FH] nlo]
oA B8 F W 23HEA (concordant) FAH Vel
Uedl 2 Efko]l BEAK (extrusive sheet)QUA] &)
IR (sil], intrusive sheet)1A] oke]o A A&t 2
e AL @3t}

AAE F 19719 ABEE F e AFAIARAL
£ 1670 SA7IAAAE LS HAEnh dAH_x o
350°C el A 470e] AJHo] Eg dozl=d) o] & A
Aot UeA] AHEL 25 < E Falsle) dd S
TGS Bt £ A AlHEY] 27FA|A
A 54 o 15mT Ule]e] B¥& A A=A g $3
WHeke] mgdbedlel vt (Fig. 4a). ol & A7A4
A5F4S] AFAZ|AH Dol A 2] UntE
o} g, dapiA A B 9A 7
AlREY AHFET i AolE 7P %-
300°C7HA 23] A3t Ert 2A4sta gA X *% =
2] o 500°CHA % 1/301739) A8t =rt FAHAT
a8y ¢F 570°C) ol28 = Astest A 2717 9]
5%vTte g 2EHE §4& A 2t (Fig. 4b). 0|2
Ro} o] 29| HFLM T E|RAAEAAG BEo] F 2}
3359 ZAoz A4Ey Eegtao] Ajog 27
Y iAP e @ Ao g =

®)

Fig. 5. ChRM directions from DRD basalt site. (a) Be-
fore 'tilt correction, (b) after ‘tilt’ correction. The
reason of quotation marks for the word ‘tilt’ is ex-
plained in the caption of Fig. 9 and Table 1.

2 AAQA 328 15719 EARFTAILFE] B
%S AAEAA d=337.6", i=50.8"° (0g=4.4°, k=67),
AR F d=339.7", i=39.1° (0es=5.4°, k=45)c|ch
(Table. 1). o1& AF} T3 ZAAEA A ] Hglo] TR E
7} ot AR g HFTAAX R 7|2 gt

o]t} ofe) gt
# Aol ARe T APEd vls) A4}
A9 e B

o 18
ol
O

Y
o
|
4z
314
2
lo
t
Ay
ol
o
Hm
£
ol

Ak,

% 12719 A1 F 2l afA|AE S 104E 9
71AA & AAsIETh ol F 67l 400°C el FA
HofA Zur-g doFth ol &S A7 U A] 67401
€ AT A& & Utk TFRAIA A
Me O APEY 459 Zo] dRE 20mT #Fe
G2 AL R A EHEES FE 5 3T A
A48 A3= DR, DRBAEEY 7 $-ollxlgh o] &
# 350°C o]delA A3 A= rt ol e g
HaFgl o} A8 A FEAE 400°C o]l o] 22| A
of At Az sttt oF 570°Coll =EEW
AR e 9 Ao AEEAT.

6709 SAAFANLE £ 5le FARE e 9
Azke] $4E Bl glew o] Fxislel dxlgle A
2 Qg3 (antiparallel)stAl Vebdt) (Fig. 5a). o] & W
FE Y FARA M d=328.3°, i=53.1° (0=
5.5°, k=106), ZAPRAFo] d=279.3°, i=63.9° (0=
5.5°, k=110)°]t} (Table 1). BALEY F2] =7} oF
2t w71 s 2 e Bolrlole] Al A b dhek

N
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Fig. 6. Anisotropy of magnetic susceptibility (AMS) data from DE basalt site. (a) Flinn diagram indicates that fol-
iation is dominant magnetic structure in this site. a; liniation, b; foliation, (b) K, directions in equal-area lower hem-
isphere projection, (c) K; directions in equal-area lower hemisphere projection.
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Fig. 7. Anisotropy of magnetic susceptibility (AMS) data from DRB basalt site. (a) Flinn diagram indicates coex-
istence of lineation and foliation structures in this site, (b) K, directions in equal-area lower hemisphere projection,

(c) K; directions in equal-area lower hemisphere projection.

(Irving, 1979)°lv £ A7AGY T2 d7UAHE9]
Bz e}k go|sA thE2A =Hof (Fig. 5b) AAMRA M
$E HTAHAX 2 A3

DRE X|H

2 e 9anke B% of 500 mA3 02K, rlol &
A B2 BUan e o 6me AR oo
(dyke)olc}. F4delE Wwaslo] gl 9 EA 2]
RAYY PEYEE BBY 5 g 5 ANRAS 9
A7k A8 glol AARAL ANSA Wt 5 H
Azl Felt Ad 43090

& o7lel A F 0ol deldE ZRAHE, 70
YalAE dAHE AASEY GAAEE 2Ed
Ph ABE ASE AN SHRRA IR 2S5
S19ith. IS4 DRDAY A RSe) AHEAH Ae)

=

4

frAe, PaSAA G AAAE FAHA glo] d=
341.2°, i=42.4" (05=5.3", k=99)°|t}.

CHALE BISYY HF

i zH& v 54 (AMS: anisotropy of magnetic sus-
ceptibility) A9 A3 7He8L dFUEEMe] F &
ABEo] Feu| Aol e HEENAEYE | &
oflth, FA A AFYHA vie} o] B AT i ¢
A5 gFE HEAEAAE S 2383t ol drE
HI S AT 2718 Aoz 7ldE Tt

A28 AFzet gl F ojx3lo] pAERAE ¢
ohfi7] HalMe 4 diakg vRErdAlY F35 K,
K Ks (9714 K >K,>K) & Fali K/K, 2 Ko/
K; 42+9] &% Flinn diagram®] M 253} 712 %)) A
e WHS AR (AR, 1990). o1 25E 7t A
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Fig. 8. Anisotropy of magnetic susceptibility (AMS) data from DRC and DRD basalt sites. (a) Flinn diagram in-
dicates more dominance of lineation structure in the DRC site. (b) K, directions of the DRC site in equal-area lower
hemisphere projection. (c) K directions of the DRC site in equal-area lower hemisphere projection. (d) DRD basalt

site shows load-foliation structure.
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Fig. 9. Site-mean ChRM directions of the study area.
Note the counterclockwise deflection of ChRM direc-
tion of about 20°. Bedding-tilt correction is not applied,
because convincing tilt data are lacking and the sur-
rounding sedimentary strata maintain their horizontal
attitudes.
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