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The Late Miocene C, vegetation expansion and its relation with the partial pressure of carbon dioxide in

atmospheric
WANG Zhen, TIAN Jun
State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: A large number of terrestrial and marine geological records has confirmed the global asynchronous expansion of C, vegetation in Late
Miocene, which started in the eastern and northwestern Africa as early as 10 Ma, and then spread to South Asia, South Africa, North America
and other areas in a wide range around 8~ 6 Ma. Finally, the C, vegetation expanded again in Pliocene, and the present ecological pattern is
basically formed. However, the mechanism of the C, vegetation expansion in Late Miocene still remains unclear, with the major debate
concentrating on climate and CO, changes. The recent atmospheric partial pressure pattern of carbon dioxide (pCO,) reconstructed shows a
downward trend of the atmospheric CO, concentration during Late Miocene. Considering the late Miocene C4 vegetation expansion areas, the
proxy-derived atmospheric pCO, is consistent with that needed for the C, vegetation expansion in a numerical simulation experiment, which
highlights the role of the atmospheric pCO, in the Late Miocene C, vegetation expansion. The low time resolution of the existed proxy-derived
atmospheric pCO, records determines their low reliability on both the long-term trend and the absolute values. The next step should focus on the
reconstruction of the reliable high-resolution record of the atmospheric pCO, for Late Miocene, the key to unlock the relationship between the
atmospheric pCO, and the C, vegetation expansion in Late Miocene, which has guiding significance for the study of future climate change.

Key words: C, vegetation expansion; atmospheric pCO,; seasonal climate; numerical simulation; Late Miocene
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Fig.1 The reconstructed Late Miocene C, vegetation expansion areas based on numerical simulations and geological records

Middle, the geographical map shows the global distribution of C3/C, vegetation under 400x 10 atmospheric pCO, in the experimental simulation. Upper and
lower, the geological records!**!( 3"*C values of soil carbonate, leaf paraffin, etc.) indicate that the C, vegetation expansion areas in the Late Miocene mainly
include the east and northwest of Africa!'*??!( eastern equatorial Atlantic site 659, 959, the equatorial western Indian Ocean site 241, 235), the south and
southwest of Africa®2"'( South Atlantic site 1081, 1085), the southwest of India®’( Arabian sea site U1457), Nepal'®, Pakistan!", The Great Plains'", the

northwest of Argentina'”, and the northwest of China"”.
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Fig.2 Atmospheric pCO, and C, vegetation expansion and the LMOCS(Late Miocene Ocean Carbon Shift)

A. Atmospheric pCO, reconstructed by different proxies?='>*>***7 ‘including leaves of the ancient plants®®>***", paleosoil carbonates'

3236571 planktonic

algae®'*2°*7 and planktonic foraminifera ©'<>°**"; B, C. C, vegetation expansion indicated by different indices'****Y: §"*C values of leaf paraffins®** from
> > > 4

South Atlantic site 1085, Arabian Sea site U1457, and soil carbonates!'® in Pakistan. D, E. LMOCS recorded by planktonic®'®! and benthic foraminifera®*”*

8"C values: eastern equatorial Pacific site U1338"!, South China Sea site 1146/, eastern equatorial Pacific site U1337®, South China Sea site 1143, North

Atlantic site 982, and Caribbean Sea site 999", In the figure, the light colored column represents the critical period of the C, vegetation expansion(8~6 Ma),

and the dark colored column represents the LMOCS( 7.7~ 6.6 Ma) . The curve in A represents the Quaternary polynomial fitting trend, and the light and dark

curves in D and E are the original data and the 5-point moving average data respectively.
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Fig.4 CO, concentration mechanism of C, vegetation

27]

C, vegetation carries out C4 cycle in mesophyll cells, enriching and transporting CO, to vascular bundle sheath cells for C; cycle( Calvin cycle), while C;

vegetation only carries out C; cycle in mesophyll cells. PEP: phosphoenolpyruvate; PEPC: PEP carboxylase; OAA: oxaloacetic acid; MDH: malate

dehydrogenase; MAL: malate; NADP-ME: NADP-malic enzyme; PVA: pyruvate; RuBP: ribulose-1, 5-bisphosphate; RuBisCO: RuBP carboxylase; PGA: 3-

phosphoglyceric acid; TP: triose phosphate.
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Fig.5 Proxies of rainfall, monsoon intensity, fire intensity, and C;/C, vegetation ratio

A, B. 8D and 8"C of n-Cs alkanoic acid from plant leaf wax in the Gulf of Aden site 231°%7); C. 80 of soil carbonate in Pakistan™”; D. Polycyclic alkane

concentration/ n-C;; alkane concentration in paleosoil of Pakistan

C, vegetation expansion caused by seasonal drought in Northeast Africa. C

; E. 8°C values of soil carbonate in Pakistan®. In A and B, the shadowed part explains the

, D and E highlight the relationship among the Asian monsoon, the fire activity and

the C, vegetation expansion.
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