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Paleomagnetic Study on Cretaceous Rocks in Haenam Area

Mutaek Lim'*, Youn Soo Lee', Hee-Cheol Kang’?, Ju-Yong Kim' and In-Hwa Park’
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2Deparment of Geology, Pusan National University, Pusan, 609-735, Korea

A mean characteristic remanent magnetization was obtained for the first time in Korea from volcanic and pyroclas-
tic sedimentary rocks distributed in Haenam Area, located in southwestern part of the Korean Peninsula. The age of
the prevailing rocks in this area belongs mostly to Late Cretaceous, with a few exceptions of Early Cretaceous,
mainly based on K/Ar whole rock age dating. Characteristic remanent magnetizations of these have both normal and
reverse polarities with antipodal directions, which were interpreted to be the primary remanent magnetizations obtained
by the ambient Earth's magnetic field at the time of formation of the concerned rocks. The source magnetic minerals
of the remanent magnetization has been identified as magnetite. The mean direction of characteristic remanent magne-
tization obtained from the Late Cretaceous rocks in this study is Dm/Im=21.4%57.1° (tgs= 13.4°, k=350.0). The paleo-
magnetic pole position calculated from this result for the Late Cretaceous, is 72.5°N/199.9°E (dp/dm=14.2/19.5°),
which matches well with those of 80 Ma (76.2°N/198.9°E) and 90 Ma (76.7°N/200.1°E) of the Eurasian Continent's
APWP (Apparent Polar Wander Path). This result strongly indicates that the studied area, belonging to the Eurasian
Continent, have suffered very little geotectonic movement after the Late Cretaceous. The deflection of declination of
remanence from Early Cretaceous rocks in the study area may indicate that the micro-block was counterclockwisely
rotated with vertical axis between the late of Early Cretaceous and the early of Late Cretaceous.
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Flg. 1. Geologic map of study area (after Jang & Koh(1995) and sampling sites.
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Table 1. Sampled stratigraphic units and lithology and age for the study in Haenam area (age is from Kim, I. J. and Nagao, K.

(1992)).
Site _ . No. of L.Ocatiqn
No. Formation Lithology treated samples (nat'l grid) Age (Ma)
{picked samples) (W-E/S-N)
1 Uhangri formation welded tuff g (9 150.75/121.92
2 " green tuff It (13) 143.75/123.67
3 " fithic taff 5(9 143.90/123.42
marl shale (4A-4C) &
4 sandstone (4E-4H) 7 144,37/123.52
5 Hwaweon formation andesitic tuff 3 (6} 140.10/133.92
ithic tuff & .
6 " :::ilesitic wuff 79 143.00/135.1¢ 709+ 1.5 (Kim #26)
7 dyke andesitic dyke 3(6) 143.75/137.32
8 Haenam formation acidic tuff 5(3) 161.05/135.87
11 " crystaline tuff 6 (6) 155.45/137.57
12 Hwaweon formation andesitic tuff 5 (5) 143.62/134.55
13 " basatt 5(N 138.55/136.25  101.9+2.7 (Kim #6}
14 " porous basalt 4 (6) 136.22/13570  103.4%2.5 (Kim #5)
16 Weolchulsan granite granite porphyry 5(5) 159.95/120.77 71.813.6 (Kim #35)
17 Haenam formation acidic tuff 5 (5 147.57/119.60
18 " acidic tuff 1 {5} 150.82/116.00 726117 (Kim #22)
21 " acidic tuff 3¢5 141.52/118.15 742117 (Kim #20)
22 " acidic tuff 4 (6) 137.22/122.37 §1.8%1.8 (Kim #16)
23 " acidic tuff 505 137.85/115.35 74.211.5 (Kim #23)
24 Hwaweon formation granite 4 &) 133.00/114.17 763 1.2 (Kim #19)
25 Sani biotitic granite granite 4 (4) 158.50/127.90 1448 1.9 {Kim #29)
total 85 (125
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wEt MEA-EAM FEE 7T BAE WEAEA
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ERE it

& AAAEE ATE A5l olE dFEel o
glod, AR 20 7] Fdsitels 2t AL 4~13 7Y
H, 3 125 9] Zol F oA AP EE AFsige
L olE F AER|gel A2 e 9)sk] A
ZE7F & TEE ¢ de T2 2 A A Bast
Sith(Table 1). NEAHHAHLE dANZ2 Fig. 19
A= Yo Ao, Table 19 5 9], )&
B, &, AH AlET 22 A shishel tisie
olu] Bwirsle]l ¥ KAr Hu(Kim and Nagao,
1992)5 vehigich

ARAF o2 Fulg AR 2 A L}
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24 mm == XEFTOMA| S (standard core specimen,
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AellA b4 el 2l P fracture) 502 2l
40 e E4o] UATKTable 1).
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At Fol|m AFABTE 10~20% o) doldle 2%
g Ao w3g AlRe] tside DA d 27
2@ wasle] Asiact. 9AE d SabEEE 4
A doll= 71 Aol BAE 5 e AEHE
o) gjetael wWsle ARE] fatd, o dAlalot 2
FAEE 534 Al tiAE 547 (Bartington Co.,
model MS-2)Z thA-&-S &4 sth

GAY 4xpddoen dolx AZEE vector
diagram(Zijderveld, 1967)2 53k ¥&He= 3 &
A olide] AxlRlES et FAHE EHHPCA
(Principal Component Analysis) method : Kirschvink,
1980y H-g3kd BAZFASHChRM, Characteristic
Remanent Magnetization)}®} "Wke Alakatdlch. £,
oby A4 o) Fe] HmE 23 FRASMIES 12 &
FAEHIEl QAN dddEeR vehiA FE o,
T WE] HRE A7 7Be Ude gk &3
oA =, 7t el I oo MESEYE ol
7 YEe] TEHE WH AR uiE B4 AR
3} JES ou)sA gch(Halls, 1976). oA ¥ A&
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Fig. 2. Some examples of magnetic susceptibility (A) and
remanence intensity (B) variation against demagnetization
temperature, Different variation types suggest the existence
of pyrrhotite and magnetite as main magnetic minerals.
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o] Higko] i, AA7F 60°~90° =R FlA
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Fig. 3. Step-wised AF (thermal) demagnetization results for specimens of typical sites. Specimen number consists of site
number and specimen name (i.c., Specimen 1B denotes specimen name B of site 1). For (A) and (C)-(L), Zijderveld
diagram(+ and square signs are horizontal and vertical components respectively) in the left, remanent magnetization
diagram in the middle. and equal area diagram in the right. For (B), Zijderveld diagram in the left, equal area diagram in
the middle and right. All directions in Zijderveld and equal area diagrams is in geographic coordinate, See text for further

explanation.
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3, SDv} PSD2l 7%= NRMe| zle] o] & A%
o] gt} Als 8Eol tidh wAE TFAAL FajelA
BelZ=Eo] Zolgkzla (median destructive fieldye] <F
30 mT ARE v|xd gAge] 5& AFES 37
& (Fig. 3E, middle), & @A 7hdabte} =}
Aol 71HE AeR Algdn) 3 7 AEREE T
3 EA4RFEAY #HIL Dg=119, =571
(095=50.3%, k=7.1)2 LteRgch.

B 12: 0] Fae A FH 48 E ek
obatebal g3joke B4, A4 69 o} IHE Y
ooz BEEcKFg 1). Fg 3Fe ARz qkiket
MRS EIENE AR 12CH] tiF AFEHY ARAF
o] 2, A2 gellM AP o2 Yehhs AR 6F
o] AE(Fig. 33 frAlsich oiel, o] AlgodAMe
400°C o)A74x]9] A-2zkad =t 400~600°C viRb7}
A vellbe F2ARCEY 02 AlRHISR e
2 £ glom 600°C oldollA delsls 10% vRte)
AR HAYe JRoz AxE 5 AT
AR AFAstEAe Zlode e, 2 Ahe] 47
NEERE 2 e SAARA e g daw
e Dg=296° Ig=52.3%0p5=26.2°, k=133)°|c}h.

B 13: 2 dFede K-Ar(whole rock) Ao

P

iz o



A ge] wepr] el tigh Alabr) 127

Az 101.9+2.7MaKim and Nagao, 1992)2A], ¥
W0 s A3 BATEeY] e B dy
e} shietRe] ARG 20 sgFe Ak
olt}. Fig. 3G= ¥ ¥79 A& 13AY Wid wR{
a7t AEA, 20 mT o|3elr Yepts A4
o] AAR Zol(Fig. 3G, left) AFABIEE tha
ApFrEon ksl 90 mTrkA 272518l
90% ©]’do] A=Y (Fig. 3G, middle), vector dia-
gram “deiA el FRAshgale dd4ES Jehiy
AEE Rl Aok & Ade] 47 A5ERE 73
BNz R o] e Dg=12.2°, Ig=55.7°
(tgs=15.2°, k=37.6)0]t}.

A4 14 AL 1300 Mg =E 2oF 1.5 km G
ol 81, Kim and Nagao(1992)7} £ =529
SHo2HE T K-Ar Hgddle 1034125 Mas
M e 139 AR FA71Y BE dEgeE A
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slo] Aakala] ARe] AFE F 90 mTrA| 27|25
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oM A 4 F ARERE T3 BRI
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26.3) °[v},

B4 17: & 4L digE b g ddlo g
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712:24e] (K= 17DYE EAIBKELL o] AgelAME
30 mT ]34 AP 8] A7d F, 90 mT
7H] FgE dEatEbdes dg 4 uklen(Fie 31
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Ag. 4. AF demagnetization results of site 3 (specimen 3B). (a) Zijderveld vector diagram (+ : declin,; <> - inclin.), (b) Remanent
magnetization variation against demag. steps, (c) Direction variation along demag. steps on lower hemisphere equal angle net

{bigger square is NRM).
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Table 2. Sitz-mean ChRM directions of the investigated sites of Haenam area.

before bedding correction

after bedding correction

g ste NN T e () K 4 i) sk T
1 719 26.8 333 7.3 51.2 26.6 583 7.3 552 N
K2t 2 8/11 11.4 44.0 20.6 8.2 16.5 55.6 20.6 8.2 N+R
Mean 19.7 389 357 501 214 57.1 134 350.0
5 313 20.3 4.5 12.8 94.0 N
6 417 14.6 64.3 8.6 115.7 N
8 3/5 1.% 571 50.3 7.1 N
12 4/5 29.6 523 202 133 N
K 17 35 264 553 143 753 N
21 3/3 138.6 -51.6 52 556.6 R
22 44 6.9 49.2 13.7 46.0 N
Mean 125 56.0 8.3 533.6
K 4/5 12.2 55.7 152 37.6 N
Klu 14 4/4 18.5 378 18.3 263 N
25 3i4 13.0 51.9 18.5 454 N
Mean 15.0 48.5 14.9 69.7

Note ; Nch=number of specimens to calculate direction of characteristic remanent magnetization

Nt =total number of demagnetized specimens.
d  =declination
i =inclination

g and k are measures of precision associated with the mean direction (Fisher, 1953)
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Fig. 5. Site mean directions of the Cretaceous rocks in
study area. The 95% confidence ovals contain each other,
implying statistically indistinguishable. All projections are
on the lower hemisphere. See text for further explanation,
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Fig. 6. Comparison of the Late Cretaceous pole positions.
Large cross denotes geographic north pole axis. H, this
study; K, Kang et al. (1996); 90 Ma and 80 Ma, Besse and
Courtillot (1991).
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Ag. 7. Comparison of the Early Cretaceous site mean directions
between study area (Haenam) and the Gyeongsang Basin,
Symbols of squre (with shaded 95% confidence oval) and
triangles (with white ovals) represent K1u (Haenam area) and
the previous studied directions (Gyeongsang Basin) respec-
tively. All projections are on the lower hemisphere, See text
for further explanation. Klu, this study; 1, Lee er al
(1997); 2, Lee et al. (1987); 3, Kim ez &l (1993).
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