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Abstract

We report palacomagnetic and K-Ar geochronologic results of two volcanic sections from Ethiopia. One section, dated around
29-30 Ma and spanning ~1 km in thickness, is related to the Oligocene Afro-Arabian traps. The second ~700-m-thick section
was emplaced during the Miocene in two pulses around 10-11 and 14-15 Ma. We sampled 67 flows (550 cores) of predominantly
basaltic rocks at the Oligocene section and 59 rhyolitic to trachybasaltic flows (500 cores) at the Miocene section. The Oligocene
section was correlated to subchrons Cllr to Clln.1n, with an average emplacement rate of 1m/kyr and instantaneous rates
increasing with time from ~0.5 m/kyr near the base to “1.36 m/kyr towards the top. We combined our results to the available
paleomagnetic studies for the Early Oligocene (N = 4; 167 sites), Middle Miocene (N = 2; 125 sites) and Plio-Pleistocene
(N = 8; 249 sites) to better understand how geomagnetic secular variation changed through time in the Afro-Arabian region.
Recentred directional distributions for all three periods are elongated in the meridian plane (e = 2.7 + 0.4, 1.8 + 0.6, 2.3 & 0.4,
respectively), in coherence with field models for a dipole-dominated field. The angular dispersion S of the virtual geomagnetic
poles, representative of the vigour of the palaeosecular variation, was higher during the Early Oligocene (S=14.2°/13.2°15.4°)
and the Middle Miocene (S=15.0°13.8°16.5°) than during the Plio-Pleistocene (S=9.7°|9.0°10.5°). As the reversal frequency f
during the Early Oligocene is half that for the Plio-Pleistocene, it appears that S and f are uncorrelated in this near-equatorial

region.
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Abstract: We report palaeomagnetic and K-Ar geochronologic
results from two volcanic sections from Ethiopia. One section near
Belessa, dated around 29-30 Ma and spanning ca. 1 kmin thickness,
is related to the Oligocene Afro-Arabian traps. The second ca.
700-m-thick section near Debre Sina was emplaced during the
Miocene in two periods around 10-11 and 14-15 Ma. We sampled
67 flows (550 cores) of predominently basaltic rocks near Belessa
and 59 rhyolitic to trachybasaltic flows (500 cores) near Debre
Sina. We combined our results with other palaeomagnetic studies
for the Early Oligocene, Middle Miocene and Plio-Pleistocene to
better understand how palaeosecular variation (PSV) changed

through time in the Afro-Arabian region. Recentred directional
distributions for all three periods are elongated in the meridional
plane, in coherence with field models for a dipole-dominated field.
The angular dispersion S of the virtual geomagnetic poles, which
quantifies PSV, was 50% higher during the Early Oligocene and
Middle Miocene than during the Plio-Pleistocene. As the reversal
frequency f during the Early Oligocene is twice lower during the
Early Oligocene than during the Plio-Pleistocene, it appears that S
and f are uncorrelated in this near-equatorial region.

Résumé : Nous rapportons les résultats paléomagnétiques et
géochronologiques (K-Ar) de deux sections volcaniques en Ethiopie.
Une premiere section pres de Belessa, datée vers 29-30 Ma et d'une
épaisseur d'environ 1 km, est associée aux traps d'Ethiopie et du
Yémen. La deuxieme section pres de Debre Sina, d'une épaisseur
d'environ 700 m, a été mise en place pendant le Miocene durant
deux périodes distinctes vers 10-11 Ma et 14-15 Ma. Nous avons
échantillonné 67 coulées (550 carottes) de roches principalement
basaltiques pres de Belessa, et 59 coulées (500 -carottes)
d'ignimbrites et trachybasaltes prés de Debre Sina. Nous avons
combiné nos résultats avec ceux d'autres études paléomagnétiques

pour I'Oligocene inférieur, le Miocéne moyen et le Plio-Pléistocene
pour mieux comprendre comment la paléovariation séculaire (PVS)
a évolué pendant les 30 derniers millions d'années dans la région
des traps d'Ethiopie et du Yémen. La dispersion angulaire S des
poles géomagnétiques virtuels, utilisée pour quantifier la PVS, est
50% plus élevée pendant I'Oligocene inférieur et le Miocene moyen
gue pendant le Plio-Pléistocene. Comme lafréquence des inversions
est deux fois plus faible pendant I'Oligoceéne inférieur que pendant
le Plio-Pléistocene, il apparait que S et fsont décorrélés dans cette
région proche de I'équateur.

I- MOTIVATIONS :

I11- PALAEOMAGNETIC AND GEOCHRONOLOGIC RESULTS:

V - FIELD BEHAVIOUR IN THE AFRO—ARABIAN REGION:
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The rate of change of the Earth's magnetic field during stable periods, called palaeose- 4000

cular variation (PSV), is usually quantified by the angular dispersion S of the virtual geo-
magnetic poles! (VGP scatter) and thought to reflect the geodynamo's activity?.
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Ethiopia is an ideal location to investigate the PSV evolution over the past 30 Myr due to 2000

its rich volcanic activity3. It offers the possibility to determine PSV estimates at different
time periods (Early Oligocene, Middle Miocene and Plio-Pleistocene) from volcanic se-
quences emplaced at the same palaeolatitude.
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II- GEOLOGY AND SAMPLING:
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IV - EMPLACEMENT OF THE ETHIOPIAN TRAPS:

(c) Plio-Pleistocene N ® Gamarri cliff - Kidane et al. (1999)
= Dabbahu segment - Muluneh et al. (2013)
. . ¢ Dobi cliff - Ahn et al. (2016) 22— T T T T T T 1 T 11 0.7
stratigraphic height [m] Belessa section (Early Oligocene) A Fentale segment - Kidane et a. (2009) [561] Piio-Pleistocene T
v Kereyou lodge - Kidane et al. (2010) 20 H [ O_]Middle Miocene 4 .
0 500 1000 1500 2000 » Dofan segment - Nugsse et al. (2018) = ol _ / -10.6 5
90 , a ‘ ‘ . * Kenya sections - Opdyke et al. (2010) —18 | [5¥]Early Oligocene , s
BO1 overlapping of chrons C11n and C11r = =
1100 ‘ ‘ 800 i i i ; ; 3387 o o Belessa } S 16 Ho % | 1055
O interpreted sites (N=56) o ® interpreted sites (N=36) | 1o\ o5 o o 45 duration between 0.59 and 1.40 Ma W . B _n_%_ - % | ©
1000 -| @ excluded sites (N=13) o -12650 ® excluded sites (N=23) 11102 Myr —> y o 3 r 4t = 104 3
H O eooaie? o 2 o 700 palaeosols? 3287 2 o- minimum emplacement rate of 1 m/kyr 2 I, =
900 | x phonolite 10'4'4 Myr @ - N E o 121 /7 % =
® 600 - < | 13187 O -45 U ‘ 0] ® 7 / 103
— 800 - -12500 = 23 . . .. . _ 0(10.2° > 10+ / c
£ E = = agrees with the timing of the Afro-Arabian S —E9-619§oo | — 1 Jo2 &
— - 7 = = — -90 . = 1. L = - -
£ 70 z 5 S € traps®, despite the absence of a one-to- e [ *
2 600 - Jogos ' 2 = < Clin.1r ' ima-Li s s p 111 ig4
£ & ER PN / oo 5 one correspondance _ with the Lima-Limo COPESERE OP DO P
S s00|- ; { = £ g Ogg o] section®® ST L e oS
© < e 0 = X .
2 400 2140 © 2300 o et 2887 © 2012 \ - © V@i@“ & & W
g % ° 305 30 295 /29 285 Ma “Riisager, P., K. B. Knight, J. A. Baker, I. Ukstins Peate, M.
? 300 1 20l  *® o] 2| -ene 20 Al-Kadasi, A. Al-Subbary, and P. R. Renne (2005), Paleomag- Take home message
Py 562370flows o - 500 cores > . ‘ netism and 40A1/39Ar Geochronology of Yemeni Oligocene
el =1 ] 100~ ¢ 72687 - tV"lcani? Imp“‘;aﬁo‘t}ihf"fc;l@ing i ‘iurati"“ Of_Ag"l'(f“g‘biaZ 1. The distribution of recentred directions are elongated in the meridional plane, which
®  151+02Myr _ raps and geometry of the Oligocene paleomagnetic field, Eart : . - : :
o ‘ ‘ ‘ 1858 ol ‘ ‘ ‘ ‘ pesr = 451 Planet, Sci. Lett., 237(3-4), 647672. points to a persistant axial dipolar field over the past 30 Myr
0 20 40 60 80 0 10 20 30 40 50 60 q q . . . . .
site count site count E 0 > Hofmann, C., V. Courtillot, G. Féraud, P. Rochette, G. Yirgu, 2. The_ d|5per5|on S Of the VGPs, W_h|Ch qu_ant'ﬁes PSV, |s_apprOX|mater. 50% hlgher
k& E. Ketefo, and R. Pik (1997), Timing of the Ethiopian flood ba- during the Early Oligocene and Middle Miocene than during the Plio-Pleistocene
G -45 | salt event and implications for plume birth and global change, . . .
> Nature, 389(6653), 838841, 3. As the re_versal fre_quenc_y f was more than twice lower durmg_ the Early Oligocene
90 ‘ ‘ than during the Plio-Pleistocene, the two proxies (f and S) might be, locally or at

' Cox, A. (1970), Latitude Dependence of the Angular Dispersion of the Geomagnetic Field, Geophys. J. Int., 20(3), 253-269.
2 Lhuillier, F., and S. A. Gilder (2013), Quantifying paleosecular variation: Insights from numerical dynamo simulations, Earth
Planet. Sci. Lett., 382, 87-97.

3 Kieffer, B. et al. (2004), Flood and Shield Basalts from Ethiopia: Magmas from the African Superswell, Journal of Petrology,
45(4), 793-834.

¢ Rochette, P., E. Tamrat, G. Féraud, R. Pik, V. Courtillot, E.
Ketefo, C. Coulon, C. Hoffmann, D. Vandamme, and G. Yirgu
(1998), Magnetostratigraphy and timing of the Oligocene
Ethiopian traps, Earth Planet. Sci. Lett., 164(3-4), 497-510.

\ \
1500 2000 2500 3000

altitude [m]

times, uncorrelated.

More information at: http://dx.doi.org/10.1093/gji/ggy517




