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Study on the cooling history of Pliocene basalt columns in Kanchanaburi, Thailand

Abstract: [Objective] Columnar joints in basalt are typical structures formed during magmatic cooling and contraction.
However, their formation mechanisms, internal structures, and cooling histories remain debated. This study aims to
constrain the internal structure and cooling history of large basalt columns using integrated rock magnetic and
paleomagnetic methods. [Methods] Detailed rock magnetic and paleomagnetic analyses were conducted on 49 oriented
samples collected from two Pliocene basalt columns (up to 1.5 m in diameter) in the Bo Phloi section, Kanchanaburi,
Thailand. Rock magnetic experiments include hysteresis loops, isothermal remanent magnetization (IRM) acquisition,
first-order reversal curve (FORC) analysis, anisotropy of magnetic susceptibility (AMS), and temperature-dependent
magnetic susceptibility measurements. Stepwise thermal demagnetization was used to isolate stable remanent
magnetization components. [Results] Hysteresis loops and IRM acquisition curves show saturation below ~300 mT and
a two-stage increase with increasing field, indicating contributions from magnetic components with different coercivities.

FORC diagrams confirm pseudo-single-domain (PSD)-dominated magnetic domain states, with systematic differences
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between column margins and interiors. AMS results show that both basalt columns are characterized by sub-vertical
minimum susceptibility axes (K3) and sub-horizontal maximum (K;) and intermediate (K,) axes, with generally low
anisotropy degrees (Pj < 1.05), indicating a primary near-horizontal magma flow fabric during emplacement and no
evidence for vertical melt migration or internal convection. AMS parameters further reveal systematic spatial variations:
marginal samples exhibit lower magnetic susceptibility (Km), lineation (L), and anisotropy degree (Pj), with
predominantly oblate fabrics (T > 0), whereas interior samples show higher Km, L, and Pj values and predominantly
prolate fabrics (T < 0). These differences reflect contrasting cooling conditions, with rapid cooling at the margins and
slower cooling in the interiors. During magma solidification, the margins of the basalt columns experienced faster cooling,
resulting in shorter time available for crystallization and preferred orientation of magnetic minerals, and consequently
lower magnetic susceptibility and anisotropy. In contrast, the interior portions cooled more slowly and likely remained
in a high-temperature plastic or partially molten state for a longer period, allowing magnetic minerals to crystallize more
completely, become concentrated, and align under thermal contraction stress. Paleomagnetic results indicate that thermal
demagnetization isolates stable single-component remanence carried by PSD titanomagnetite. Six marginal samples from
basalt column A exhibit more scattered virtual geomagnetic pole (VGP) distributions and anomalous directions, whereas
the remaining 43 samples show relatively clustered VGPs after tilt correction. Systematic variations in remanent
magnetization directions and VGPs indicate that cooling did not proceed symmetrically or uniformly from the margins
toward the cores, but rather followed an asymmetric, unidirectional regional cooling pattern, which was likely influenced
by a localized heat source. [Conclusions] Based on integrated rock magnetic and paleomagnetic analyses, the main
conclusions are summarized as follows. (1) The basalt columns from Kanchanaburi are dominated by pseudo-single-
domain (PSD) titanomagnetite, and AMS fabrics with sub-vertical K3 and sub-horizontal K; and K, axes indicate a
primary near-horizontal magma flow during emplacement. (2) Marginal zones cooled faster, producing finer magnetic
grains, lower anisotropy, and oblate fabrics, whereas interior zones cooled more slowly, allowing stronger magnetic
alignment and higher anisotropy with predominantly prolate fabrics. (3) Systematic variations in paleomagnetic
directions and VGPs from 49 samples indicate that post-jointing cooling was not uniform or symmetric, but instead
proceeded as an asymmetric, unidirectional process across the basalt columns. [Significance] This study contributes to a
better understanding of the cooling process of basaltic lava and provides new insights into geomagnetic secular variation.
Keywords: basalt columnar joints; paleomagnetism; rock magnetism; cooling history
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ZaCEFRATH R — MR E T Zula i R A TR VERR M IE B MR A T LT T3S 5 R0 G = () R 21
WAL 32550 . BLAE 17 4, Foley and Molyneux (1694) #txt At /R 2 H AR I X ilE kAT 7 V4
g, 20 2Bk, ST Zala FRRAT P AN BT FEAWIRN, SB)afed 72 MiRv, 2RI
4ifecit (Ellwood and Fisk, 1977; Urrutia-Fucugauchi, 1982; Urrutia-Fucugauchietal., 1991; Loreetal., 2000;
Goehring and Morris, 2008; Hetényi et al., 2011; Mattsson et al., 2011; Almqvist et al., 2012; Phillips et al.,
2013; Lamuretal., 2018; J&EF=MZ/R, 2021; Mondaletal., 2022). X{F B iRl (Kantha, 1980, 1981;
Husi, 1989; Hsuiand Riahi, 2001) PAA it B (Guy and Coze, 1990; Gilman, 2009; Guy, 2010) %%,
Horr, A AW R Bt 2 832 o RSB TR RIARE, I JRAER B R h R4, S EUE R TKER,
MTTTERAR T BE . SR, BRALF YA A AR AL M URREAT TG a0, TR R AR L — ot 1, i & s
FEHITTIL 100 PAL (Kantha, 1981); FERTYREFI T H R I BN “FE51” (colonnade) 5 AKRIMI ) “HETH
247 (entablature) ZHRU 2~3 ERALLN . JULAN, BAATR A TCIETE UV ) 7SRRI, B XELU RS
FEARTLZAPAT ) “SOREA " PSR [ AR E AR KRR S (Gilman, 2009; Guy, 2010). Kantha (1980,
1981) 2 XA HOM R, KR AT R L i re i) “ 3487 YRR, DS ARAE 3 ) b A7 AR
BRI 22 5, T 51 A0 BON, TR “Basalt fingers”. ¥ ZIULAE LRIV “Basalt fingers”
RS Y e, RETEHRIRTTE . sl R\, 2 H AR E R 2 5 RIRBUR N &k B A
Iy 5, ARKE RORTERE AR ) S S T0 s o “ g 7, OB e AR AR A A (Gilman, 2009; Guy, 2010).
Gilman (2009) I\ HEAKIA St I ) 0 A1 22 5 2 BREN R 3R, T Guy (20100 MV SREEAE TH % 7,
T AE T R0 BB L A AE—— R I AEAEAR RIS 4, TR RAER i 9571 7

R EIRKER, AU GO IR )3 T3 R R CE R A AR S5 K 5 v A e
HERAL 22 TR, AR MGL G B ORI IS I By 22 7 o MAEIRTL G Z ol B TV (RHC
i An FHE, BB T 585%). MtouRE oA EITER (W Rby Sr) IRESEHRAY —, HEET
RO ESHAARNE . BT TR BAEE X VKGR (Symons, 1967; Mattssonetal., 2011; Almqvist et
al., 2012). BEEAHT AN S 2L Feo Ti, XTREEERHAERT & (4 7%), TMHL Siv Al REFFNMER. 1X—
FRIEMERE N2 5 SRR . RIS (R SR RGBT, UGB T
% (K. P) & Mg, Ca; BRIIRRAIEE (& Feu Tiv Ko P) [AIHIER, TR0 MRS (465 AL 445 1E
(Mattsson etal., 2011; Almgqvistetal., 2012).

WA ZE & e CAMS) BIFFE N R AR T BN (1 8 1 SRS R e S it | B B4 0. X EAL X uls
FERIRF LR, A i/ il (KD IR B, SR (K Sk (K EKF, KRBT RA KPR,
SCRERS G R ) SRR HES AL A (Brown et al., 1964; Ellwood and Fisk, 1977; Urrutia-Fucugauchi,
1982; Urrutia-Fucugauchi etal., 1991). #A10, 7KF XA+ 0 AMS FHESIEAE, Ellwood (1979) KINH Ks
2T EAL, SR AWEEER B K K- CHTHEERKHD AT, BEmfe i Hm kR T 2% B AR
e [ R SER 8], AN XIS A EAE R TR . JEAER, XK XA AMS BFAR UGE R T T E
SEH) Ko Bl ST T KO Koy K Bll, SRR HER A SRR IR AT [R5, mrtbiR iy 1 “Ii i al i R i 7 SR fig
P4 AT 454 (Mattssonetal., 20115 Almgqvistetal., 2012). HLA] UL, N[ X380 R A 7Y 1) 2 oo RE AR RE S5
) e PERFAE S R R T I AE 2 2 2 5 . A, SRRt AR, AEARRL A AAE R G | 22 5%, AT
BE 5 AN )AL v 20 T R A A R B 22 57 9% (Symons, 1967; Radhakrishnamurty etal., 1971). Urrutia-Fucugauchi
et al. (1991) BE— BRI, FAFARA BT S, TARARRINE A 738, w7 Aicde v )
5 J5 SRR B 3 B AR (8] JR G e -
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Fig.1 Geological background of the study area and the Bo Phloi section, Kanchanaburi, Thailand

(a) Distribution of Late Cenozoic volcanic rocks in the Indochina Block; (b) Geological map of the sampling area; (c) Columnar basalts

exposed in the Bo Phloi section, Kanchanaburi, Thailand

1 WREFERHE

T (~16 Ma) BIHEIEY IK)E (Lietal., 2014), F§ifE M EZX LA T T2 MW A KNGS,
M) T N BRSO R I (B 1a) o X — BT AT B 37 A2 AR K LA TE 2R B AR R 35 Hh B, LM R TR
PEFERR, M A e S 2 T . B S B Mok AR AR X U IR Hh R AL 22 R AE B R X0 T R ¥ AR & S I P A
AR K s, B B Z il (OIB) MIFFE(Defantetal,, 1990; Anetal., 2017; Yanetal., 2018).
R 2 o Hr R R E M AR X UE FEOH I Z i UE M X 25, B TR, EERKE T HATR
(Rb. Sr.Ba.K)F 53758 76 2 (Nb+ Ta. Zr), JoP (1) Eu =4, HIE B AT GE A0 B Hi M2 43 AH OC (Barr and Macdonald,
1981; Anetal., 2017; Yanetal., 2018; FJ¥, 2019; FLHkSE, 2026). ZREILENKEEEHZHHAKL 1 km?
NI KA Z A A, PR T ERLmERZLZ S (B 1b). DA FRHILZERT Bo Phloi HITH % 5A
B XIE, SHEEEMMEA. BA. BKA. PREAMRSATE R K-Ar 8545 R B KR AR
4 3.14£0.17 Ma (Barr and Macdonald, 1981).

JEZEHF Bo Phloi I % A RIEATEH HEP A BN L BCA =, AN B ATIA 1.55
m, & TEAFRLHEIARZREE 1o). DHA 2 AR X RER (AT B) fEAM NS, BT
OB T AT KRG R AE: EZ AR A FRET 26 g A OFES (24BF36~24BF61), 7E %A
KB FSREET 24 Hug s OREy (24BF62~24BF85; & 2). FHirhRE S 24BF58 i, MU KAE 49 Pty g
FEdh o FTARE STV A OB AE R ALEURE, 5 FH G S0 OK H B 3347 7 1)
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Fig. 2 Schematic diagram of sampling sites on basalt columns in the Bo Phloi section, Kanchanaburi

(a) Basalt columns A and B in the Bo Phloi section; (b) Sketch map of sample collection
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B AW RS A T YR IR R A BERIRES . S ESEE, RITE WML LA At
FLHIEEAY (Dunlop, 1995; FRLLANISEE, 2007). PR FT K ECA HE AR A SR M o 1 25 (A1 AR ALRRAE X 49 HRp
i IT R T VEAN I A ARG SE 56 . T SIS I TE P L R bR B} 2 5 TR 2 B o A o S0 =5 SE il

TENNFAFIA ELFE A, A FIREVER PG AL 26 2 Bl I AR A ] 2B R FRHE . BRIk, REALR IR 2R (r-
T AT CATE R AR ) 0 R 28 R iR e M . TEAMINBESZ VR REVERT 400 ARG 25 1 o R B ()t 2 R AR
— e, PRk T DL A ] 208 AN S I R SR A it 2 B e e B il 2R PR I S R U A . Hod, —
B s e I 2R 16 (FORC) I3 T LAAG 57 B s B P RGO D REBAR S 570040 43 A AR R 1 30K 18] A
AR R S ORGSR, XIS I I X s UE M KRR T - TR WL [R14. FORC BEIFN4E R 8
Th3RAT i 26 1 S R B 2R 55 . - THIZR M= AGICO RIBHr i ZAL (MFK2-FA, #il%: 976 Hz)
AT BER P26 & . FORC BIANEE IR A WG 3RAF it 2 1 = 1) 1B ith 22 10 & 487 F Micromag VSM 3900 JIR 2 55
THSERG BTN E oy +1 T,

WA & SV (AMS) 2F8E A KL B ) RS A 2R AEA [ D7 ) B84k, B BGR T BT A 4R
RSURL IR T PR A SR A 1 &% 1) S Pk DA AT TR 23 TR HEA 1 o KOS IR ZE ARG O DA 7~ 15 5 TR R Bl R S DA %
N JPIRZS o 49 HebrvE i hp e B ) AMS W& AGICO EIHMrRIAL AL (MFK2-FA, #ii3: 976 Hz) ##17T.
22 IRRESCIE
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3.1 FBARHEFER

il [ 2 0B 35 B S P A A o AU RAE 11 £2 24078 300 mT RTIA BB, KT 15N (<15mT), 23
FESL BRI IIAE 5~10 mT Z (Al sh38 4k, 1 DHFE S (24BF58. 24BF59. 24BF60. 24BF70. 24BF81) % /)
It 10 mT (3, &l 8a. 8b). FTAFE M ISR FIREAT ih 22 F S [l 1B 1 it 2% 2 LA —BURRHAE, MM
Wt R 0~50 mT BF, FF & 1RGSR B BEAE A INRE 3% 58 P 3 0 G 3G n s M 4MnRES g it 50 mT 5,
i 2R R R T UR 35 YIS, B S R A 5 P B A IR 3% 5 B PR3 I T B M2 38 0, R4 K40 300 mT IA R, #¢
it R FRNREIFT T )5 AN i 40 mT (K] 4)o FF il I REAC SR BEAE BRI AN N7 58 % (~300 mT) sk i& B M F1 & B
FE S R4 = BN RGN 1) . B A D037 5 5 R 38 o, R S A 8 55 %) 15 T 2 2 S8 o P AN )
) 2 NHTBL (0~50 mT A1 50~300 mT), X3S ] BRAAAE BA A R U] MG RURIR & . 245MminfE
0~50 T I, H570 7 AH KL P R 1 J0RE o) 1 3 1A A8 A S 2 T iU o insziik 50 mT BUJE, B Ju A5 &
(AR SR 1) DT RR BT I . MREARIAZR B oty , FES RSN A8k (B 8a. 8b) i nT BEVE T-#F 5
I R T RGP RORL (VR A LU 22 5 . — B IR G I ZR (FORC) B/ T RS M REWRIRAS, B4k B FE,
JI BRI R I B R 55 (PSD) BURIARFE, BN ELM G SRS AL M T (B 5, B 6).
SR, ANFIRE S FORC B2 [RAF7E—SemT ISR B ZE 5, FEon T A FRE S (M REVE TR R AR 1254k, X AT R
IR R YT i A oo 0 ARV S0 0 e S () VR A BB 25 3, 55 R [ 2 R 55305 TR i 3RS Hi 28 % S [ 38 i
LR

B A FES R - LR (- T) FRIEREAAMML, fEFHRERE g, BRI 2375 K2 200 °CHF LR
EREK, FET 600 °CHTFEZIEET 0 (B 7), KZHAEmNE BIREE R EY 220~330°C 2 [A (K& 8c. 8d). F+
EHERPERMEAT 2RSS, RUEIMASE PR R AT B, 56 R E AR, HREEE
FE 0 LR P R W (PSD) KRR R WAL 2 H G, FE S 1R LR B TR K2 220~330°C2
[ ZA (K 8cv 8d), AIAg/ M T AR AR PRGN Lo BUE B ARk . L5 RENT IR 4R . SRR T RESRAT
ek K S MR 2E . FORC BILLJL - THIZRHIp AT S5 A, X A A oA 3l 25 ot 1) 2% () A8 4 vl g 52 4% T
sty P AN [ 00 R P T PR Y o BB 22 S o T A SR PR 5 70 0 26 S AR AT 6 ER R A ) o BRORE FE T %

Wit R & TR (AMS) 4538 5oR, XA (A 1 B) BES IR /N (Ks) AR, i fh#am &
S, MR EE I KR (Ky) AR a6l (Ko) BB &K, R E 2B RRmeE (XA A
181.9°/21.6°; X EUAAE B: 232.9°/20.2°; K 9). XA (A F1 B) M m, TR E (Km)
3R 5.4X 10281, 5.0X102SIe 2 MR X AL M S YERE (P)) MWRIK (<1.05), ZXEUEHE A #EM K P £E
1.018~1.044 Z [E]%3), ~FHMER 1.029; XA+ B A Pj 7E 1.015~1.047 Z[a1E5h, P58 )9 1.033. &F
WER R MR & i PR (Pj<1.2) MR R TURRAN 556405 (Hrouda, 1982; /N5, 2011). [,
2 M Z AR AMS R AT RE R BRI R GG A sl BhAbh, R0k P SR REAL SR ER S 80 2 1A) A8 4 S e 1 4
TR R AR R EATAE RS E R (B 10)e 2 R EE R AL (Km). BEZEBERE (L) AN
WS R S (P)) Bk LB BAR TR SRS I (B 10). B EEESAIREF (T) 2/ TF,
T DR KA REAC RO 325 TR R SR (T) E2 K T%F, KRR MIRBAEERCN 3
(K 10).
3.2 MREGER

B RSN, FERIBHIRERESTE AL, RIREARIy R 2R E (B 1), 2 R ZERE
FERE S R ARF LR (NRM) B, A A BES I NRM 7E 2.56~9.71 A/m Z [A13 5, “FIME N 4.85A/m; # B
FEMH ) NRM 7E 2.30~7.38 A/m Z 850, “FIME R 5.15 A/m (B 13¢). £E~200 °CHl, TR0 BE R T
MIGE T, $IK2) 200 °C RN NRM [ 20% 4475 IEEIS 200 °C2 J5, Tl hd o 5 8 55 5 B T v 1 2% 12 ek
5§59, FEAERZ) 550~600 CCHL IR il A 49 Hebf a2 B9 th 1 R IRFIERIE (R 1. A mAaRshid Y, #
P )2 e T30 AT TSN B 77 W€ [ HES, AR el 3 (Hrouda, 1982; Tarling and Hrouda, 1993;
Gurioli et al., 2005). HEIER 1T 77 7] EHREAL 28 B Rl (Ko) ATHpEl il (Ko) B RSP IR R R . Bk, wf
DB S T B LA S RV TR SR ) I BT B, PR ECSE T M7 ). shARAR R, KA



FEA (BAHFE: 181.99/21.6°) M1 B (RAMFL: 232.9°/20.2°) HIRLTH B IEAR —E, (HRM R AAAE SR 2,
XA RER T 2 AR AL S R AEA R T ARG . XU A B IORAETER 43506 2 ASFEAR IR dl gk
ITBIRHIE . GREIR, 43 PURE A R IERIFL T M EEBR T (= 83.4, aos = 2.4°), T ZulatE A I EH)
6 BUFES (24BF36. 24BF37. 24BF38. 24BF39. 24BF40. 24BF41) [IRFHERIRE 7 1) 5 oAt 43 Bpe i B B AN,
R AR FE R AG S v T AR (] 120 & 13).
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Fig. 3 Hysteresis loops of representative samples from basalt columns
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Fig. 5 First-order reversal curve (FORC) diagrams of samples from basalt column A

(a) First-order reversal curve (FORC) diagrams for eight samples from the western side of basalt column A; (b) First-order reversal curve



(FORC) diagrams for eight samples from the central part of basalt column A; (c) First-order reversal curve (FORC) diagrams for eight

samples from the eastern side of basalt column A

The color scale represents the numerical magnitude of the FORC distribution density function.
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Fig. 6 First-order reversal curve (FORC) diagrams of samples from basalt column B

(a) First-order reversal curve (FORC) diagrams for eight samples from the western side of basalt column B; (b) First-order reversal curve

(FORC) diagrams for eight samples from the central part of basalt column B; (c) First-order reversal curve (FORC) diagrams for eight

samples from the eastern side of basalt column B

The color scale represents the numerical magnitude of the FORC distribution density function.
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Fig. 7 Temperature dependence of magnetic susceptibility (y—7) for representative samples from basalt columns
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Table. 1 Characteristic remanent magnetization (ChRM) direction of each sample from basalt columns A and B

R Lat Long Dip azi./dip Step n Dg Ig Ds Is MAD
°N I°E ° range ° ° I r P

ZIlAHE A

24BF36 1433 99.52 181.9/21.6 T250-T600 12 50.4 342 65.9 46.4 33
24BF37 1433 99.52 181.9/21.6 T220-T600 14 53.1 373 70.7 483 1.4
24BF38 1433 99.52 181.9/21.6 T180-T600 17 47.4 38.4 65.1 512 15
24BF39 1433 99.52 181.9/21.6 T190-T600 15 385 542 703 68.0 1.6
24BF40 1433 99.52 181.9/21.6 T350-T600 10 237 214 292 41.1 4.9
24BF41 1433 99.52 181.9/21.6 T250-T600 12 24.7 13.5 287 332 33
24BF42 1433 99.52 181.9/21.6 T300-T600 11 72 9.7 8.0 30.5 3.1
24BF43 1433 99.52 181.9/21.6 T250-T600 12 173 10.7 19.7 314 35
24BF44 1433 99.52 181.9/21.6 T250-T600 12 16.5 16.1 19.5 36.9 22
24BF45 1433 99.52 181.9/21.6 T210-T600 14 10.1 9.5 113 30.9 32

24BF46 1433 99.52 181.9/21.6 T190-T600 16 12.9 11.0 14.7 32.1 1.9



24BF47 14.33 99.52 181.9/21.6 T250-T600 12 10.3 7.4 114 28.7 2.0

24BF48 1433 99.52 181.921.6 T200-T600 15 11.3 8.0 12.6 29.3 2.0
24BF49 1433 99.52 181.921.6 T210-T600 14 152 8.7 17.1 29.7 1.8
24BF50 1433 99.52 181.921.6 T250-T600 12 16.1 0.4 17.2 21.3 2.4
24BF51 1433 99.52 181.921.6 T250-T600 12 13.8 44 15.1 25.5 35
24BF52 1433 99.52 181.921.6 T250-T600 12 9.1 0.2 9.6 21.2 22
24BF53 1433 99.52 181.921.6 T250-T600 12 125 2.2 13.5 234 3.0
24BF54 1433 99.52 181.921.6 T300-T600 11 10.8 1.1 11.5 224 43
24BF55 1433 99.52 181.921.6 T220-T600 13 16.6 8.3 18.6 29.1 1.7
24BF56 1433 99.52 181.921.6 T350-T600 10 13.9 3.7 14.5 17.4 6.4
24BF57 1433 99.52 181.921.6 T250-T600 12 6.1 7.8 6.7 29.3 1.6
24BF59 1433 99.52 181.921.6 T170-T600 18 354.4 5.8 353.5 272 2.4
24BF60 1433 99.52 181.921.6 T220-T600 13 5.4 11.7 6.0 333 2.5
24BF61 1433 99.52 181.921.6 T200-T600 15 358.9 113 358.4 32.9 2.7
ZRAHE A (Q4BF 42-61) FRL 51 25 16.1 13.7 18.7 34.1 7.0
ZAHEB

24BF62 1433 99.52 232.9/20.2 T250-T600 12 152 8.9 113 24.8 2.0
24BF63 1433 99.52 232.9/20.2 T180-T600 17 10.6 103 6.1 25.0 1.5
24BF64 1433 99.52 232.9/20.2 T210-T600 14 15.5 10.6 112 26.5 1.9
24BF65 1433 99.52 232.9/20.2 T200-T600 15 11.0 9.2 6.8 24.1 23
24BF66 1433 99.52 232.9/20.2 T300-T600 11 11.7 7.0 8.2 22.1 4.0
24BF67 1433 99.52 232.9/20.2 T350-T600 10 16.0 12 14.5 15.1 3.0
24BF68 1433 99.52 232.9/20.2 T190-T600 16 11.8 12.3 6.8 27.3 3.0
24BF69 1433 99.52 232.9/20.2 T400-T600 9 7.6 8.4 3.5 224 3.0
24BF70 1433 99.52 232.9/20.2 T350-T600 10 8.2 2.5 7.0 12.0 42
24BF71 1433 99.52 232.9/20.2 T250-T600 12 7.8 11.7 2.8 25.7 2.8
24BF72 1433 99.52 232.9/20.2 T250-T600 12 10.5 5.6 73 20.4 3.0
24BF73 14.33 99.52 232.9/20.2 T200-T600 15 73 12.7 2.0 26.5 2.1
24BF74 14.33 99.52 232.9/20.2 T250-T600 12 0.9 6.3 357.3 18.6 5.5
24BF75 1433 99.52 232.9/20.2 T200-T600 15 10.1 13.6 46 28.1 1.7
24BF76 1433 99.52 232.9/20.2 T220-T600 13 8.9 115 4.0 25.8 22
24BF77 1433 99.52 232.9/20.2 T200-T600 15 2.9 102 3582 229 2.1
24BF78 1433 99.52 232.9/20.2 T250-T600 12 6.5 49 3.4 18.8 1.8
24BF79 1433 99.52 232.9/20.2 T220-T600 13 8.5 8.1 45 224 1.9
24BF80 1433 99.52 232.9/20.2 T250-T600 12 0.7 6.8 357.0 19.0 2.1
24BF81 1433 99.52 232.9/20.2 T250-T600 12 6.1 14.1 0.3 27.5 2.7
24BF82 1433 99.52 232.9/20.2 T300-T600 11 358.8 1.4 356.7 13.3 2.7
24BF83 1433 99.52 232.9/20.2 T350-T600 10 23.0 1.6 21.7 16.0 7.1
24BF84 1433 99.52 232.9/20.2 T300-T600 11 358.3 2.9 355.7 14.6 2.8
24BF85 1433 99.52 232.9/20.2 T300-T525 7 353.7 3.9 350.9 142 3.4
Z AL B (24BF 62-85) FfF-2 7514 24 8.0 7.8 42 21.5 3.0

1¥: Lat/Long, KA L6 5/ ; Dip azi/dip BETFEEMIMA/MIF; Step range, BHIDHE: n, HTSurHRRERIRE T 19/ 5550
Dg/Ig(Ds/Is), HiEE(HEZ )RR N IBIE/MGMA: MAD, SRR 2
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ZECEAE IR R AT DL AT R S REVERT 0 I E ( HEFDIRES 387 R Bl S FLAE VA 20k [ A% o 1
JPRES . ZEH A fI B BIRELRE S W 7% (AMS) G558 R LA A WA EE 181.9°/21.6°, XA B
WAL 232.9°/20.2°, REALFR /NG (K3) BIBUHR SRR B, iR (Ko Arbiefl (Ko) BT FKF
(F 9). %45 R 5 WICHR W H /R BN R B A B XA . SR 7 aF S U M ot BT & A
FUK B AL Z A R AMS 25 525401 (Brown etal., 1964; Ellwood and Fisk, 1977; Urrutia-Fucugauchi, 1982;
Urrutia-Fucugauchi etal., 1991). CA B FURXFPREAL 3 % 1) S P AREAE U1 DR T2 R D A i Bl Bl X i 14 0t [
TREA AR GER S, SIERIERIEFEAT (Mattsson etal., 2011; Almqvistetal., 2012)A [, BRI FTH AMS
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Fig. 13 Declination (Ds), inclination (Is), and natural remanent magnetization (NRM) of samples from basalt columns A and B
(a) Variations in declination (Ds); (b) Variations in inclination (/s); (c) Variations in natural remanent magnetization (NRM)

Green shading indicates the spatially overlapping portions of the two columns



— SN
50cm

ittt /

/

s

A

Lg% A0

BF41

ZiNE R

AT I

|
) ;
o, /e
4
7
20 °N =

\'-'“r:.%:::_—:::: / RETET R HE IE /5

® %A HEA(24BF36-61) e X7 HB(24BF62-85)

ZREPIRANER 2 A HEAR 2 (8] o BAR ELASHE 78 23

a— ZpUEAERE LI R IERT 9 VGP; b— X iUE HERE ST BEAR IEJS ) VGP; c—HEIR Z0UE BvA 1R

Bl 14 Z 38 A4 6 8 VGP AL FAE TR 2 38 % AT X

Fig. 14 Virtual geomagnetic poles (VGPs) of samples from two basalt columns and cooling history models of columnar basalts

(a) VGPs of samples from basalt columns A and B before bedding tilt correction; (b) VGPs of samples from basalt columns A and B after
bedding tilt correction; (c) schematic cooling process of the columnar basalts

Green shading indicates the spatially overlapping portions of the two columns.
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