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Basin analysis using high-resolution magnetotelluric data
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Abstract : A new high-resolution magnetotelluric (MT) survey was conducted for pull-apart basin analysis (Cretaceous
Eumsung Basin), combined with surface sedimentological results. Two cross-basinal MT profiles represent an asymmetric
form with a subbasin in the southeastern part. These basinal architectures are well compatible with paleoflow directions
and facies transitions of surface sedimentology. The results also suggest that the basin fills reflect pull-apart opening with
rapid subsidence of the central blocks. Combined with the surface sedimentological data on asymmetric lithofacies
distribution, facies transitions, and paleoflow directions of the alluvio-lacustrine systems, the MT data help explain basin-
fill processes during the basin formation. For petroleum exploration and basin analysis, the high-frequency MT technique
can be a useful substitute for the costly burden of a seismic-reflection survey on land.
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A71A AT (magnetotellurics or MT) BAPYES Bige] &4
53 dEE AgE: wEs A5 d Sl g8 s A
T E8 ol2F9 A - AIFE $AYSE ol g3t Ashe] A
ZIRES EXTEE qyshe AAEARES dFo)th (Doblin
and Savit, 1988; £33 2|, 1999a). ©] BAMEL 1950 <]
P2 EAE FAT, AR okoX HEH7| AlFEE A2
1970dt] o]Fojrt. 1980t Rt olF, Az} - AFE 71E9
o) wel R A= 237183 A 21710 ol vt
58 Ao Z AFHUA, X|Zhrz, AFHrRe] Rl ol F2
AMEEIGITE B3] AF - 7R AW, 27) BAXY 9] A
Aol AMREAY, B2 &5 BEAS Ze ek, A3,
I B HE Ao, KHAE $A X9 5 @A @At of
& A Yo da] o]2=AT} (Christopherson, 1998). AAZ &
=, B7], A%, v 59 oy AF3AEel s ook A4
A fR oA FAF 8= 90t} (Christopherson, 1999).
gzl AEA 7" 843 271X AF (marine magnetote-

€3 v} 3t} (Constable et al., 1998; Hoversten et al., 1998).
& =RoME, okoA BiA A 4 stestaL olEel &
olgt IMAGEM (EM], Inc) 71715 o83l =55 i #jot
7] §4%Ae] WG A7IAAR ARE, AR HAE Ao T
7, FFHoZ st

FHolF A9 ¥AH S0 T Crowell (1974, 1982) &
% ofgf, thie] FaolE BAY SHS AE AQ AR 2
Askd AFEATT (Aydin and Nur, 1982; Mann er al., 1983;
Christie-Blick and Biddle, 1985; Nilsen and Sylvester, 1995).
Ty, B4 @437 246 g 2R ojsls A A
A% AT} W salsle B el ke 7R AR
2% ABSS) 9 dAe ez ) v FPlF o
% 71¢99] Dead Sea ¥4 (Csato er al., 1997)% Ridge #A
May et al., 1993)°] tiet HZo WAl BT A7 UIA
T A7, S SR BT AE Eabe] Rl et
glo]l F3E & v At AVAAF e AR B4
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o & FR/U AEF EA (pull-apart
basin)°]t} (2% 1; Chun and Chough, 1992; 34, 1996).
A% HASE Ao wl2H, SAEAE FERAEY 5484
7199l HAZog A=Y on, HAA g FA] A= F
T Tl D5l o3 E/AHAT (Ryang and Chough,
1997a). ¥ ArdXe BX]9 ER FHE /IEA 2 2l
A7 AAR AR F e HHEE A, olF EXEY,
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7l $719 Wokr] 5 &5d A5 3 EAE v
wE e A7) uER B EXEE FAAHT (Chun
and Chough, 1992). 21738 wlg=ZE Wepy] 38x (23 1)
= Fle] 9%0] dale (left-stepping) H-F Faols wET)
o o FAE AP EAleltt /Wike MZog Fer] 3t
7%, $FOF A BEoly] Amgs sl FE A4
A 'leaﬂ/“ 3E AAldle FEldElolE (pseudotachylite)
£ Xgsh= Z 50-100 vlEle] oR)9F (cataclasite)} v)Al w2zt
29 (microbreccia) 5-°] A3, ¥4 B55 4F FHAd=
uld 2uo]Ed] (mylonite zone)’t EA|¥TH (FHEA, 1996). =Fd
FUE ) WE vEH 3 Ass BAEA F ©@Fol
A9 F& ZANMME NIZEB2WOlL, X% 73741011*13— N38E/
75E WdolUe-S BoFE, ole F¥elF ¢S e I4:
o] AdE 58 AT} (W44, 1987).

24 W HEA >8km SAFAYE SR @RI, ER9s
:a],;\].ﬁaﬁﬂo]-g _:,gsl-ﬂ._), gﬂ'oul— oﬂol-/x-bwo]ol 2—1)\140] ~.’91J°]°:},
E4.5] o) /3l ALt} ook T 7Y E]’ﬂ?_}%i .
At (27 1). olH 47149 HAES FHAYR], ALY
I 34 37 FoA HAE Aolt). £A AAK A 9
A ZYRE ZFE SHAA] HAE wEE Hol
ALMEYD ol T NP FHAGLE Holgt
Z @ 3 A3d g3zt Zselg Yl X,
gL @37t Aol el EAjgt thekst 5}
A52l, A& (comfers93r ginkgoales), ¥-AF5E (estherids)T
25 1|3k (charophyta) o2 243t /)& B3 gFEa
3L AN (FFG 9, 1990). 53], Bx] G Fao|uS

HER §XF 3 4% Hauterivian-Aptian (2} 110-120 Ma)
A712 F8E @A 9, 1995).
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Fig. 1. Geologic map of Eumsung Basin with magnetotelluric recording sites
(solid squares), paleoflow direction data (P.D., rose diagrams), and the
coring site (solid circle C1, ~250 m deep). Magnetotelluric profiles
ES1 and ES2 comprise 18 and 40 sites, respectively. Inset represents
distribution of Cretaceous nonmarine basins (solid fill) and fault
patterns (solid lines) in the northeast Asia (modified after Chun and
Chough, 1992; Kim et al., 1994; Ryang, 1998; MTL: Median
Tectonic Line). The Izanagi Plate subducted under the Asia Plate,
translating to the northeast at a relative velocity of ~21 cm/yr
(Maruyama et al., 1997).
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2 AAES we Be wasks skEAsE 24EY =353
S FAITE @D, 4, 5, 6, 2F 1). AES HYE (~22km
ZXAFANE T e FAEYE UHRA 2, ole Itk EX)7A

5ol wet El@%ﬁ—‘%ﬂ Bzo g o)FelHAl HiEE &4
A2 =A1F Q) wd g 'GH’E] ©h (Ryang and Chough, 1997a).
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ol Ao FAle] wE3le FAAL] W AHs diMd
T+ (Ryang and Chough, 1997b, 1999).

a2 25 4 99 EAg 55 BE)9 wshe HdAb
3 Ag Aol (BF F4l g8 54 AR AFAER
B (~250m, site C1, ZF 1) 9A Z2F BolA oo 49
Agrgle] EE B8 Bz (HA4, 1996). A BME,
s 339 old #E - 2XE EA5E U] 3 3
SAE BARA 955 uel 988 A U] 15h WEE
RBoiZt} (PD. 7, 2218 1), ZubE<) HEY diw EX5S F
HA7Y GEo 2 sl F4H HEe] 32 54 $Pow W
olghe okabs} U} A e YA FANPAERE
e sEArt $Ag B8 FARNe IFREE (PD. 8,
IF el 2 FA WS ol

R IXHR K&

AANAAF FAPEE AT met Walsle A7 49 A
AFe AEPog olfdled AFurel AN Zlojo EAsh=
AFNWAY T2E W$RIAT) (Vozoff, 1991). H7 18} 2471749]
A B4 PME (A Eidle FaedE B8 M
srl, B el e A7AF B 7 oY BEe
B2 g S40M dojisdl @9km for ES] and 76km
for ES2), 50-200m 7+Eo® 7iztel &M 18 2943} 40 &

EY,

Exg Ex,
T T
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Fig. 2. Diagram of high-frequency magnetotelturic field set-up {(mo-
dified after Shon ez al., 1999b). AFE (analog front end) is for
amplifying, filtering, and A/D converting. Electric fields are
detected by measuring the differential voltage between two
electrodes: Ex, and Ex, for the x-direction electric field.
Magnetic fields are measured by two perpendicular magnetic
sensors. Hx is a magnetic sensor in the direction of x. PCis a
notebook personal computer for data acquisition and digital
signal processing.

xHEE FAedyet Hy (3718 x93 P eAye 9y 1Y
uhskol] WaishA Wgsls whe, Byol Hye o ekl 3
A gt 29 2).

E At sy AAAFe oS EMIAEe] IMAGEM 717
(Nichols et al, 199H& M-8, ©] 717l AEHY A7)
ARG Gl Fale YRt 52 10-10000 Hze) Fajg
Yg-g olg-3th o] g Fase & HRuE oy A%
ST EAE & Y, rMEdERE e e ] o
s AAHETEH d=500(pMH" (d, skin depth; p, electrical resis-
tivity; f, frequency). M2 A& #71w A1 gue 8idd
dms M (impedance tensor: Z=E/Hye A71AERH AAE
oM ] 7kx 2484 (Bx, By, Hx, Hy)?] A34aks <74
foargl gt (Swift, 1986; Vozoff, 1991), zhzte] #A&
Ao 1 dam mdgol os) Ao (man, 1975). 27
9 98 (¥ 3; &4 ES1 ES2, 18 1% EMAP (electro-
magnetic array profiling) BE (Bostick, 1986; Torres-Verdin
and Bostick, 1992)3 138 Bostick G4t 2le) Hak. FAAER
k. EMAP ¥}7)&2 =8 AR (static shify® Feizl,
AEg ol e NHAd ol o8 o= 4% HE7
B A g HEe] B E AR-Ert (Jones, 1988). 23444 ApEA
218 28], TE 2T (transverse electric moders EARWY w2
e A FEg A7)ge] B ko wWidd g, ™™
RE (transverse magnetic modeys 2710l 24 Fe] £
g ko @ wdart 2¢ 98 @9 )2 ™™ R=g A}
Bl sy dpxigel sl HEggtel iy ¥
2w (>5000 ohm-m), 10 Hz o2 Fu4rt ARSI 25
o jge o438l IMAGEM B4R, 21989 #8-8 AA
&7 98 948 715678 (remote reference)S £F8R ¥ )
Al A9 A 7183 (local self reference)?] 7]15-2 2HESITE
SRS BHel 2RE slgA2e ¥ A 23 XY o
o (ES1E ES2, 29 3, 4y BAEAY 3xA sME Tk
sl# gl (Ryang, 1998; Ryang ef al., 1999).
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& o gFEAE, ~250 m), 7 A7miAE A8, S5 3
27 ZAgst A7 22Xz Bl geiAE AAET Kim e al,
1998).
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Fig. 3. Two-dimensional resistivity cross-sections, constructed from TM mode (cross-basin lines FS1 and ES2 in Fig. 1). Dark-gray tones (high electrical
resistivity: >5,000 ohm-m) indicate basement rocks of granite (Jurassic) and gneiss (Precambrian); pale-gray tones (low resistivity: <5,000 ohm-m}
represent sedimentary rocks of conglomerate, sandstone, and mudstone; bright-tone areas, concentrated in the upper part of the profiles, exhibit a ground-
water reservoir in the basin fill. Maximum depth of the basin is ~ 700 m deep in ES1 (A}, whereas it is ~4 km deep in ES2 (B). There is 2 significant
change in basin thickness (~3 k) between the two lines which are only ~ 4 km apagt (Fig. 1).
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Fig. 4. Calculated TM mode pseudosections of the recording cells in sections

ES1 and ES2. Note two basins in section ES2 (a main basin and a
subbasin). In the main basin, the basement shows a high slope gradient
in the western part and a relatively low gradient in the eastern part. A
subbasin in the east occurs as a graben-type depression to a depth of
I km. Thin arrow indicates a basement high in the central-eastern part.
Open arrows indicate low-resistivity areas in the western part, and
solid arrows indicate circled blocks of high resistivity in the upper part.
5000 indicates a contour hine of 5,000 ohm-m resistivity.
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Fig. 5. Reconstructed basinal form and filling madel for Eumsung Basin.

Coarse-grained alluvial systems in the northeast converge into an axial
channel system in the northwestern part of the basin. The axial channel
systern on the west progressed southward, interlayered with dark-gray
mudstone beds of lacustrine origin. Solid arrows indicate transten-
sional faulting with left-slip motion; open amrows show dominant di-
rections of sediment fransport.
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Tt olYF stEAls TedHe] AulFHoz koI U
el B4 FAF W R wasin (2¥ 5).

@ ES2 (@ 4elME, F e BRI EAsket), A% A
AF-NM FYF7IA BARE F2A] (main basin)$} 52 774
o] B2A (subbasin)olth. FRXA|NA, 7R Hu] Zol=
oF 4km°]‘:'4 MZAME F3 BAE BHolT FEAME AT
o2 YU ANE RATL AZ AR Yo mAY Ay
(open arrows, IH 4)2 EHF AN F&o]T ¢ (tran-
spression)?] AFE )4 Ec) DHE G (solid arrows, 1Y 4)
M F& BAARE Role 98 BY IYPY AL g%
e HAHSA R BdgeR s 52 AR By
Ae dE BAAEA 2Fe] 92 F 1km Holo] A7F
Bl (graben-type)?] FETZE FAH] Ut Be Nt X
(thin arrow, 28 4)2 obil% WHgZ EHA9] 2Hd HHEo]
MEFog gwtEl= AL e PoE JTL 2 Aot oy
& 9E HAAe X A7 93-S uE 2Eog wdshey),
olgdt siHe BE wo g Alse TaF Ee a4 A
o] AFe] T3} (Ryang and Chough, 1997a) (29 1, 5).
WE oF 4km A=lellM (& ESIz ES2 Afol), X7 &
ole] AT Wk (°F 3km Aol AFH 1P BAo)A
748 AAste FEE EHoR M} E3 T )
o HA AR RIS BAFE EXYEHE, 28 EAES ¢
EAZE BA A% Hog X9 9E oz Aue
FEE vHE Aotk (2 1, 5).

E =

19909t 2k o], WEHQ AIXNAF b M0 gy
< ol&3le 2 4 (lithosphere) = (~40km Z°])Q]
Aol AREEIATE (of, A A7uAgke] B4 Jones
et al., 1993). o= HAuFor =& Fikk (o (0003 40
Hz)E o}-&3 A7 1247 g }7} A=y Zolo Y4z E
setstedl §89 v vt (Unsworth ef al., 1997). Ezf} *H%
Al g FFas 2}7111 IR/ AP S BEXTRe B
23 FEE gofshet, A% v eAdsl gxpel u)asted
dFez Ae 9auled 48 3 SARgo) 7%6}4. o]
HE PAPES FAE dFgor HiEE A A= (west
Greenland) 013163 A (@ek)-Al 37] 2719 HREatolME
HE vgod AFHoz AE¥ vb 2t} (T. Tankard, pers.
commun,, 1999). £&, =, AL &4 BEXE9] AfEal)
JFar AZIA-F Al de] 45T vt (S, Lee, pers.
commun., 1999). £ A7 = XX FHEHE Axdael
FTHHOR siNE wFue AT IRAR B2 (10-10°Hz) A4S

AAY FA9 EAFA HHE sjased -8kt
SAEANA, F el AZIRAF GRS 22 B3R (ES])
g T (ES2) Holdl FHI Aol (~3kmyE BTk ¢AIE
HAgol BRe 2yor Y& ojdts} e AYA
95 0L TlEle 25R 1 5L

dez ‘%Elolo = P
A 57 HHAS) 9F AR Mk Aot F e v
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7 ES2, 19 4)oﬂx1 BAEz
-7:37]94 T @59 olFS AIEAE o= siEn. 29 <
Asglel] 3 Bt 4 ZEAA AANE ule}h 7F

9] (McClay and Dooley, 1995), BAIZES 7tBAZE F &3
(longitudinal cross-basin faults)®] S3EA|MME BA A A
4 Ao Fagk AEs P& Aoz sEn g2 d99
BT AR BEAE, BABA $7l0 FEA 839 A,
F4E Aoz A¥EY ¥ 5).
M2 T AAAR Hike EXEAEe] 24 12
EHHog motaly, F¥golFEA e AFH HHPe 2y
& TR g 83 Zlos ddEd. ol ANARE
AP B2 st w29 A% 9¥e Eye A
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