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Provenance and climatic changes of the Natal Valley, Southeastern Africa since MIS12: the clay minerals records
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Abstract: Climatic and environmental changes have rendered great impacts on the migration and evolution of hominid in Southeast Africa,
since the Marine Isotope Stage 12(MIS12). Clay mineral assemblages, contents and mineralogy of 149 sediment samples collected from the
Hole U1474 by the Expedition 361 of the International Ocean Discovery Program(IODP), have been analyzed and measured with X-ray
diffraction(XRD). The hole is located in the Natal Valley of Southeast Africa, The results show that the clay minerals are mainly composed of
smectite(39.23% on average), illite (26.11% on average), kaolinite(17.79% on average)and minor chlorite(17.19% on average). The crystallinity
of illite in all samples are high and on an average of 0.35°A26(<<0.4°N 20), and the illite chemical indices are as low of 0.30(<<0.43 on average.
The clay mineral assemblages of the Hole U1474 suggest a riverine source mainly derived from the three major rivers (the Tugela River, the
Limpopo River and the Zambezi River)in Southeast Africa. The variation of clay mineral composition and related parameters of the Hole U1474
indicates that the climate changes in the Southeast Africa since MIS12 is obviously characterized by glacial-interglacial cycles and can be
divided into five stages. Each stage is cold and dry during the glacial period, and relatively warm and humid during the interglacial period. In
each period, there are some abnormal suborbital climate fluctuations, such as cold and warm, dry and wet fluctuations, affected by regional
atmospheric circulation and adjacent ocean currents, such as the Agulhas Current.

Key words: provenance; paleoclimate; clay minerals; glacial-interglacial cycle; MIS12 Stage; Natal Valley
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Fig.1 Locations of Hole U1474 and ocean currents®”!

Red star: Hole U1474, yellow arrows: main surface currents, main undercurrents( orange arrows) and in the southwest Indian Ocean and atmospheric
circulation( grey arrows) over southern Africa during austral summer(December, January, February ) with approximate position of the Intertropical
Convergence Zone(ITCZ)and Congo Air Boundary( CAB) ( dashed lines; adapted from Hall et al.*). AC: Agulhas Current, BUC: Benguela Current, MCE:
Mozambique Channel Current, SEC: South Equatorial Current, SEMC: South East Madagascar Current, NEMC: North East Madagascar Current, EACC: East
Africa Coastal Current, AABW: Antarctic Bottom Water.
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Fig.5 Variations of clay mineral assemblages of Site 1474 since MIS12
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Fig.6 The ternary figure for provenance analysis at Site U1474
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Purple Shading: Zambezi River.
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Fig.7 Spectrum analysis of illite chemical index and precession

Blue line: Spectrum analysis of illite chemical index, red line: Spectrum analysis of precession.

FHU, XA AR ICT 5 KI A 78 78 MIS12 H 1
(% 460 kaBP) 1775 FF =1 B9 0% 30, YUY XRF 34

e s b g . T8 9g W /R SEME A 7 R e ik 1] L T
9 [a] I, P A BT I, U0 D 5 A 55 1) S

(1 Fe/K JUE HUAE L AE o B2 AL, H 5 00 A4
A= B8 B PR A0 45 52 22 BAR ) 9 S f i 5, it
B I8 e ] B2 PAY A A R A G R . MITS 12 38 ]
AP 5 B B O R A 45 B 48 7 B v 1 U AR

T 5 B S AT 5 AR X I B0 R A N A
WRUE AR F TR ke KO TT#G 1k b 52 A G o #E )
VK3 MIS11 3, G F 47 ICL A KT 48 504 % 8 e 18
& 7 VR DX T 1) 2 A it o A TR A X R



KRG, 5 AR AR m 1B K8 MIS12 39 LS 1 ) Jo SR s Rty S A2 b

i 41 % 5 4 IODP U1474 fLEk %" ¥ic 5 151
0.35 — - 0.05
034 4 4 - 0.04
0.33 - 0.03
w032 - 0.02
Juicetes | | —
ﬁé 0.3; \ ‘ \ \, \ ‘ 8.01 %
< g = ~ 3
%5 0.29 | \/ l / - -0.01
B 028 - | I\ - -0.02
0.27 — | - -0.03
0.26 - -0.04
0.25 - L .0.05
0.325 — b ~ 0.43
0.32 - 0.425
0.315 7 - 0.42
W 031 4 L
L2 0,305 0415
HEE - 041
o = 0.3 - ja
S L 0.405 Z&
g 0.295 —
B 029 - 0.4
0.285 - - 0.395
0.28 - 0.39
0.275 - L 0.385
0.38 — ~ 0.05
03 4 € - 0.045
- 0.04
mﬁ 0369 - 0.035
=X 0.32 L
o 0.03 5
TF 03 - 0.025
g% 0.28 - - 0.02 =
& - 0.015
026 - 0.01
0.24 - 0.005
0.22 T T T T T T T T T 0
0 50 100 150 200 250 300 350 400 450 500
FAR/kaBP

B 8 U1474 FLAS [R5 28 98 3k ith 26 5 1 2 B h 2 % bl
a: R 45 T 19 ka (B EIE TS5 % 22 IR L, FPDHR=0.0526, 1 55=0.0026; b: THFIA 25 R 41 ka I IEN ik SRERIENT L, Hue
Hi=0.0244, 17 55=0.0012; c: PRI EEAEE 100 ka {3l 8 2k 500 3R XS b, 15 8N PR 45 R eI th 2k, e @ BliE Sk,

Fig.8 Comparison of filtering curves of illite crystallinity and curves of orbital parameters of Site U1474

a: 19 ka low pass filtering curve of illite chemical index and precession filtering curve, center frequency = 0.0526, bandwidth = 0.0026, b: 41 ka low pass

filtering curve of illite chemical index and obliquity filtering curve, center frequency = 0.0244, bandwidth = 0.0012, c: 100 ka low pass filtering curve of illite

chemical index and eccentricity filtering curve, blue line: filtering curves of illite chemical index, red line: curves of orbital parameters.
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Fig.9 the comparison of clay mineral proxies, XRF element scanning Fe/K ratio, global sea level change, the SST , total organic
carbon, solar insolation and the earth orbit eccentricity of 30°S
a: Global benthic foraminiferal oxygen isotope stage MIS( from Lisiecki and Raymond™” ), b:illite chemical index, c: illite crystallinity, d: Smectite/(Illite +
Chlorite ) ratio, e: Kaolinite/(Illite + Chlorite ) ratio, f:kaolinite, g: smectite, h: XRF element scanning Fe/K ratio( from Dabin et al.’*) , i: global sea level
change( feom Bintanja et al.!'"), j: percentage of total organic carbon( TOC) and sea surface temperature( SST) of Core MD962077( from Bard and
Rickaby!'"), k: the January insolation of 30°S( the blue dashed line) , Eccentricity) ( the pink dashed line) ( from Laskar et al.™").
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