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Geomagnetic Polarity Time Scale: Its Present State

and Future Improvements

Masayuki HYODO"

Abstract

O O Geomagnetic polarity time scales for the late Cretaceous and Cenozoic were evaluated,
mainly from a viewpoint of their applications to geomagnetochronology. A composite geomagnet-
ic polarity sequence, which was derived primarily on data from the South Atlantic with fine-scale
information from the Pacific and Indian Oceans(] Cande and Kent, 1992[] is nearly complete
with high quality and precision. However, a time scale generated by using a spline function to
fit calibration points to the composite polarity sequence is not stout, but actually highly vulner-
able to the calibration points. Three time scales with different calibration points were compared,
resulting in a difference of 1.3 My1r] 8 0 Oat maximum during the Miocene time. Such a large
difference signals a warning to geomagnetochronology. The tiny wiggles corresponding to polar-
ity events of less than 30 kyir{] defined as a cryptochronl[]take an important role in examining
the long-term nature of the dynamo. We need to clarify whether they are reversal phenomena.
A time scale covering the last 5.23 Myr constructed using polarity sequences from marine sedi-
ments dated by astronomical tuning is nearly complete. A fairly constant spreading rate in the
South Atlantic since 5.23 Ma, that has been verified by the time scale, may suggest a principle
for future revisions of the time scale. Further improvements can be achieved by more detailed
dating with astronomical tuning, and construction of high-resolution magnetostratigraphy incor-

porating excursions.

Key words[] geomagnetic polarity time scale, reversal, paleomagnetism, marine magnetic
anomaly
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Table 1 Age calibrations.

Cande and Kent] 1992, 19950 Weil 19950
0 M MalOl Chron 0 M kmO 0 M Mal Chron 0 M km0O

2.6 C2AA 0.00 41.75

0 5.23 C3i0.00 84.68 5.23  C3t] 0.00 84.68

14.8  C5Bnl 0.00 290.17 9.67 Cb5nl 0.00 174.47

23.8  C6Cn. 2] 0.00 501.55 16.3 C5Bil 0.00 298.45

33.7 C13t .140 759.49 28.1  C9t] 0.00 607.96

46.8 C21nl.330 1071.62 35.2  C15%] 0.00 791.78

55.0 C241] .660 1221.20 52.8 (C24n.2yr] 0.00 1184.03

©66.0, #65.0 C290 .30 1364.37 65.0 C29 .30 1364.37
74.5 C33nl.150 1575.56
83.0 C34nl 0.00 1862.32

Y Cande and Kent1 19920 0 0, O Cande and Kent0 19950 00, 00000
JddoboO0d ChronDOO0OO0OO0OOOOOODOOOOODOO, B3300000 1/3, 660 2/30
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Table 2 Comparison of the geomagnetic polarity time scales by Cande and Kent] 19950and by Weil 199501

Chron L kmO CK95 W95 Chron L kmO CK95 W95 Chron L kmO CK95 W95
Cln 0.00 0.00 0.000 | | CSA.Bn  255.19 13.302 14.050 | | C12n 674.28 30.479 30.576
12.14 0.780  0.780 260.03 13.510 14.312 686.50 30.939 31.103
Clr.in 15.37 0.990 0.990 C5A.Cn 264.53 13.703 14.555 C13n 742.63 33.058 33.313
16.39 1.070  1.070 273.28 14.076 15.021 755.44 33.545 33.828
C2n 27.80 1.770  1.770 | | C5ADn 275.86 14.178 15.147 | | C15n 784.40 34.655 34.922
31.51 1.950 1.950 285.80 14.612 15.677 791.78 34.940 35.200
C2r.1n 35.04 2140 2.140 | | C5Bn.1n  290.17 14.800 15.901 | | C16.1n 802.15 35.343 35.586
35.57 2.150 2.150 292.24 14.888 16.007 808.87 35.526 35.760
C2An.1n 41.75 2.581 2.580 C5Bn.2n 295.63 15.034 16.178 Cl6n.2n 810.93 35.685 35.909
49.44  3.040  3.040 298.45 15.155 16.320 827.67 38.341 36.518
C2An.2n 50.70  3.110 3.110 | | C5Vn.1n 318.39 16.014 17.289 || C17n.In  834.68 36.618 36.771
52.31 3.220 3.220 324.87 16.293 17.592 858.19 37.473 37.543
C2An.3n 54.10 3.330 3.330 | | C5Cn.2n 325.65 16.327 17.628 | | C17n.2n  859.46 37.604 37.660
58.08 3.580  3.580 329.38 16.488 17.800 865.54 37.848 37.877
C3n.1n 66.44 4.180 4.180 C5Cn.3n  330.95 16.556 17.872 Cl7n.3n  867.33 37.920 37.941
68.23  4.290 4.290 334.88 16.726 18.051 872.10 38.113 38.112
C3n.2n 70.56  4.480  4.480 | | C5Dn 347.64 17.277 18.617 | | C18n.1n  879.83 38.426 38.389
73.56 4.620 4.620 355.45 17.615 18.955 907.31 39.552 39.382
C3n.3n 76.76  4.800 4.800 | | C5En 370.87 18.281 19.603 | | C18n.2n  909.21 39.631 39.451
78.26  4.890  4.890 382.45 18.781 20.074 921.21 40.130 39.892
C3n.4n 80.40 4.980 4.980 Cén 388.64 19.048 20.321 C19n 947.96 41.257 40.898
84.68 5.230 5.230 413.88 20.131 21.295 954.12 41.521 41.135
C3An.1n 98.87 5.894 5.829 | | C6An.1In 422.93 20.518 21.633 | | C20n 977.65 42536 42.064
101.42 6.137 6.051 427.81 20.725 21.814 1008.10 43.789 43.245
C3An.2n 103.92 6.269 6.173 | | C6An.2n 434.18 20.996 22.047 | | C21n 1060.20 46.264 45.731
109.60 6.567  6.450 441.85 21.320 22.324 1094.70 47.906 47.511
C3Bn 116.70 6.935 8.795 C6A.An 452.46 21.768 22.703 C22n 1117.60 49.037 48.778
119.74  7.091 6.943 454.63 21.859 22.780 1130.80 49.714 49.540
C3Br.ln 120.62 7.135 6.986 | | C6A.Ar.  461.59 22.151 23.025 || C23n.1n 1150.80 50.778 50.734
121.30 7.170 7.019 463.92 22.248 23.107 1153.90 50.946 50.921
C3Br2n 124.68 7.341 7.183 | | C6A.Ar.  468.97 22459 23.284 || C23n.2n 1155.80 51.047 51.034
125.35 7.375 7.216 469.79 22493 23.312 1168.20 51.743 51.802
C4n.1n 126.48 7.432 7.271 C6Bn.1n 472.08 22588 23.392 C24n.1n 1179.00 52.364 52.478
129.08 7.562  7.398 475.99 22750 23.527 1184.00 52.663 52.800
C4n.2n 130.83 7.650 7.483 | | C6Bn.2n 477.29 22.804 23.572 || C24n.2n 1185.60 52.757 52.897
139.37 8.072 7.902 483.70 23.069 23.794 1186.30 52.801 52.947
C4r.1n 142.49 8.225 8.055 | | C6Cn.1n 490.61 23.353 24.031 || C24n.3n 1188.10 52.903 53.057
143.15 8.257  8.088 495.05 23.535 24.183 1195.30 53.347 53.527
C4An. 152.32 8.699 8.543 C6Cn.2n 498.54 23.677 24.302 C25n 1234.50 55.904 56.113
159.16  9.025  8.887 501.55 23.800 24.405 1241.50 56.391 56.584
C4Ar1n 163.49 9.230 9.106 | | C6Cn.3n 508.47 23.999 24.573 || C26n 1257.80 57.554 57.691
165.16 9.308 9.191 508.41 24.118 24.673 1262.70 57.911 58.027
C4Ar2n  171.00 9.580 9.490 | | C7n.1n 524.64 24.730 25.191 | | C27n 1303.80 60.920 60.850
172.34  9.642  9.560 525.92 24.781 25.235 1308.70 61.276 61.188
Cbn.1n 174.47 9.740 9.670 C7n.2n 527.29 24.835 25.281 C28n 1325.70 62.499 62.359
177.49 9.880  9.827 536.04 25.183 25.579 1342.00 63.643 63.479
Chn.2n 178.38  9.920 9.874 | | C7TAn 543.97 25.496 25.850 | | C29n 1347.00 63.976 63.821
201.13 10.949 11.089 547.82 25.648 25.982 1358.70 64.745 64.613
Chr.1n 203.44 11.052 11.214 | | C8n.1n 552.30 25.823 26.136 | | C30n 1371.80 65.578
204.51 11.099 11.273 555.55 25.951 26.247 1407.20 67.610
Cbr.2n 213.04 11476 11.738 C8n.2n 556.60 25.992 26.284 C31n 1409.60 67.735
214.28 11.531 11.806 571.04 26.554 26.784 1429.10 68.737
C5An.1n 223.52 11.935 12.314 | | C9n 583.30 27.027 27.214 || C32n.1n 1481.10 71.071
226.81 12.078 12.495 607.96 27.972 28.100 1487.70 71.338
C5An.2n 229.23 12.184 12.628 | | Cl0n.ln 616.12 28.283 28.400 | | C32n.2n 1493.90 71.587
234.25 12.401 12.904 622.16 28.512 28.625 1531.80 73.004
C5Ar.1n 240.65 12.678 13.256 Cl0On.2n 623.90 28578 28.690 C32r.ln 1539.90 73.291
241.35 12.708 13.294 628.29 28.745 28.854 1542.30 73.374
C5Ar2n 24290 12.775 13.379 | | Clln.ln 645.65 29.401 29.514 || C33n 1549.40 73.619
243.94 12.819 13.436 652.56 29.662 29.779 1723.80 79.075
C5A.An 24792 12,991 13.654 | | C11ln.2n 655.31 29.765 29.886 | | C34n 1862.30 83.000
251.38 13.139 13.834 664.15 30.098 30.228 118.000

Chron:Chron 0 000 0000O0OO0DO0OO, DOOO ChronO0O0O0O0DOODO
L00000000001.29km0O000000000000O0OMCK95: Cande and Kent[] 19950001 W95: Weill 199500
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Fig. 1 Distance-age curves for the three geomagnetic polarity time scales] GPTS[
The vertical axis shows polarity boundary ages for the GPTS's by Cande and Kent
019920 CK92[] Cande and Kent] 19950 CK95[] and Weill 1995[11 W95l The hori-
zontal axis shows distances from the spreading center, corrected for a 1.29 km Cen-
tral Anomaly offsetl] Cande and Kent, 1992[1 W95-CK95 and CK92-CK95 represent
differenced] O Oin polarity boundary age. Large symbols represent calibration points.

opooocKeSSOUOooooouooooooog
00100 CcKe2000 160, W50 00O
guioooowesoooooo, oo, ooo
ocCcKSODoooooooooono 148Mald
wos000Oo00O0000C00oo0oo0nO 16.3Ma
gooocsBrOOOCSBn2n000M0MO0O0OO
ooooooooD o, O 1™

OWeill 199500 0000000000000
CKS O W50 0OOOopoooooooooon
gboobobooooooooo, boboobo
gooooboooooooooboo, bobo
goooboobobooooooobooboobobo
oo0o0oO0ooo0o 20 5Ma0 35Mall 0

oboooooooobooboboboo, boobooo
gboooooooboobobobooobooobogon
gboooooooooboboboobooobogoo
booooobooboobobobooooboooboon
goooo, ooboobobo, ooooooo
gboooooooooboboboobooobogoo
ooooooooo, 70MaCd0OODOOO
oooooooo, 000 CK9500 C3Bnl,
wWos 00 C3Br.lnO0O0O000O000O000DOO
oboooooo, boboboboooobooobooo
gboooooooboobobobooobooobogon
O00119Ma0 0 247Ma0000000OO
goooooog, 263Mal00000O0OCOO



CK95 W95 CK95 Wa5 CK95 W95

C3n.4n 10 5

] c3nan JcsBn.2n
] * % Calibration ]
1 point 1 C5n2n C5n2n 1 C5ADn
Jc3An. 1n C3An.in 11 16 ] C5Bn.1n
’ ] q o C5r.1 jcscnin C5Bn.2
] r.in ] n.2n
1c3an. 2n C3An. 2n ] Jcscnan *
] - C5r2n -
] ] 1C5Cn3n
] C3Bn ] Cbr2n ]
74 c3en C3Brin 12 ]C5Anin 174
1G3Br.1n C3Br2n ] ]
= ) {C5An.2n 1
= _%3‘:3"'12: Cén.tn E C5An.1n 1 csbn €5Cn.1n
S 1 4n. 1 05Ar1 ]
< otz Gén2n ] Gsarzn C5An2n ] C5Cn.2n
] ] ]
87 cartn 137 osaan 187 osenn
] Céarin ] C5Ar.1n ]
1 _:CEABn C5Ar.2n 1 osen
] CdAn 1 1
] Céan 1 csAcn C5AAN ] C5Dn
9 aAr 1 14 19
164Ar. 1n T 1 C5ABn ]
1 ] c5ADn 1.
Jeaar. 2n C4Ar. 2n ] 7 ®n
] Gsnin Chn.in 1 c5Bn. 1 X C5ACn ] CSEn
102 C5n.2n C5n.2n 15 20 -
Overlapped same chronozone
CK95 W95 CK95 W95 CK95 W95
20 C5En 25 7 307 cizn C12n
E Cn.ln ]
11 C7n2n E
C6An.In o ] ] cin o13
1 C7A 1 n
21 26 4 " 31
C6An.2n ] GC8n.1n g
N ‘: C8n.2n _:
E C6AAN C6An.1n 1 5
22 - 27 4 32
. JcéAarin C6An.2n 1 ]
I ] ]
2 JcsAArn ] h
o ] ] c9 ]
) ] C6Bn.1n C6AAR 1 n 1
23 _: C6Bn.2n CoAArin 28] * 33 4
1 1 N
E C6AAr.2n b 4 Cl15n
Jcecn.in G6Bn.1n JCi0nin C10n.1n ]
1 1C10n.2n ’ ] C1Sn
JcsCn2nfm C6Bn.2n ] C10n2n ]
] 29 34
% ] ¢6Cn.3n C6Cn.In ] 1
1 C6Cn.2n ] ]
B -] Clinin Giind ]
] C6Cn.3i ] n.in ]
1Cn.In [ nEn 1 Gitnzn 1 C16.1n
951 C7n.2n 303 - Clin2n 35 ] e C16.1n
0O 206Ma00 3Mal0ODODODOOOOOODOO
goooog, booboobobbb, o000 UUo
0000000000000 00D0D0D0000CKYSUOW OO OO0 10000
Fig. 2 Comparison of geomagnetic polarity time scales from 5-35 Ma by Cande and Kent[] 19950 CK950 and Wei

019950 W9501
Black/white colors show normal/reverse polarity. The hatched zones represent where the two time scales agree, and
the blank(] absence of hatched zonelJshows where the two time scales disagree.



gooooooooooda
godooooboboobobobobobooo
goooooOoooooboboOoD199s0 00O
Joodoooooooooooog, CK9 O
wosooooooooooooooooooo,
goooododdoooooooog, ooog
goooodddoooooooooooooo
0000000000000 00dTakahashi et
al.,1999; 0 0 0 0, 20020

ooo, oodoodoooooooooooog, o
g oooooooog
0oooooooo, Sawada et al., 2002; O 0O
00, 2002; Benammi et al., 20040000, O
g oooooooog
0o0ooodo, 0O00Sawada et al., 20020 0 O
0o, doddddoooooooooooooo
oo, dddddooooooooooog
gooooooooooooda
goooodddoooooooooooooo
gooooddddoooooooooog, oo
goooododdooooooooooooog
ogoooooo

g200000000

0 Cande and Kent]1 199200 0 0000000
0000 s40000000000000, Cobb
Mountain 0 00 530 00000000000
ogooooooooog, boooooboooog
0o0oDoooooooo 24, 25, 260 0O 50—
60MaD ODOODOODOOO, DODODOO 120
gos-1o0000000000, oooboood
goooodddoooooooooooooo
goooooodododoooooood
g3oonooooo
goooodddoooooooooooooo
oood, 0ooooD KArdoooooooo
000000 Mankinen and Dalrymple, 19791
goo1on0o0o0od, ooboboooooo
ogooob, oboguooooobobobooo
gooooddddooooooooooooog
00000000, Brunhes/Matuyama O [0,
Jaramillo 0 O O, Cobb Mountain, Olduvai O

o

] 8
1 1n £
7] 2
] o
] ©
1 1r. 1 r
1 ": —n: g Jaramillo
] Ir r.2 r «
- E
|
17 W° odwai 3
~ 27 Tr 1 r e =
% ] 9 N= —@ Reéunion
g 1 T 22
f — <)
£ o] 0.1 m
% 3 — © Kaena %
1 2An  2An.2—- © Mammoth O
] 2An.3 n ©
1 2ar
4
N n- Cochiti
] 31 T, £
p no Nunivak =
1 % a2 &
5 5 3.3 —n- Sidufjall
] n4 n Thvera

0 30s523Mal 0 00O0O0O0DOOOOO
ooooooooo, ooooooooo0oo
MDo00D00Mo0O00000 “Ar/fAr00000
gooooomoooooobooo

Fig. 3 The geomagnetic polarity time scale for a du-
ration of 0-5.23 Ma.

The polarity boundaries are dated by astronomical

tuningl] see text[l The double circles show polarity

boundaries with ages that are also confirmed by

Ar/Ar dating.
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