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Application of black carbon in sediments in paleoenvironment and paleoclimate studies

JIANG Shoushu'?, ZHAO Debo', TANG Yi', LI Mengjun', WAN Shiming'
1. Institute of Oceanography, Chinese Academy of Sciences, Key Laboratory of Marine Geology and Environment, Qingdao 266071, China

2. University of the Chinese Academy of Sciences, Beijing 100049, China

Abstract: Black carbon refers to a series of continuum of carbonaceous substances from incomplete combustion of biomass or fossil fuels or
weathering of rocks. Its unique physical and chemical properties have significant impacts on the global climate and environment, such as
exacerbating the greenhouse effect, affecting hydrological cycling and carbon sequestration. Due to its relatively stable chemical properties and
small carbon isotope fractionation before and after combustion, black carbon has been used as a reliable proxy for the reconstruction of
geological time-scale fire history and vegetation evolution. We reviewed the characteristics, sources, cycles, extraction methods in sediments,
and their applications in paleoenvironmental reconstruction on different time scales of black carbon, and raised some issues in the current
application of black carbon records for paleoenvironmental reconstruction. For example, the impact of the degradation and transformation of
black carbon on black carbon deposition, as well as the lag in black carbon age, the complexity in black carbon origination and deposition, and
the role of black carbon in carbon cycling at geological time scales, are still unclear. In addition, prospects for future research are presented:
Unlike terrestrial soil, lakes, rivers, glaciers, and other carriers, black carbon in marine sediments are poorly studied. For more than half a
century, international and national ocean drilling expeditions have obtained a large number of high-quality sedimentary cores in the global
oceans, providing a possibility of using black carbon to study the interaction among tectonics, climate, vegetation, fire, and even human
activities since the Cenozoic.

Key words: black carbon; marine sediment; fire history; vegetation evolution; paleoenvironment and paleoclimate
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Fig.1 Characteristics of black carbon combustion continuum®*!
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Fig.2 The role of black carbon in global climate change!
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Fig.5 Reconstruction of fire history during glacial-interglacial cycles

a: Oxygen isotope curve of global deep-sea benthic foraminifera'®’; b: black carbon content in late Pleistocene marine sediments of tropical Atlantic Ocean (data

are from reference [64]); c: the deposition rate of black carbon in sediments of the Loess Plateau (data from reference[60]); d: black carbon content in sediments

of Lake Titicaca in Bolivia (data from reference [62]); e: global sea-level change!
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Fig.6  Evolution of East Asian fire activity in the Holocene

a: 65°N summer solar radiation curve; b: the deposition rate of black carbon in the Daye Lake area of the Qinling Mountains (data from reference[71]); c: The

frequency of fires in the Daihai Lake area of Inner Mongolia (data from reference [69]); d: changes of black carbon content in sediments from the the Pearl

River estuary (data from reference [72]); e: changes in black carbon content recorded by the ECMZ core of the East China Sea continental shelf (data from

reference [73]).
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Fig.7 Reconstruction records of global vegetation evolution history on tectonic scale.

a: The evolution history of vegetation in southern East Asia recorded by black carbon from sediments at IODP U1501 station in the South China Sea "**b:
Vegetation evolution history recorded by tooth enamel carbon isotope of herbivores in northern China *'), ¢: Vegetation evolution history of northern central
Asia for sediment black carbon reconstruction at IODP U1430 station in the Japan Sea *%, d: Vegetation evolution history recorded by tooth enamel carbon
isotope of herbivores in southern central Asia ™), e: The evolution history of African vegetation recorded by carbon isotopes of plant leaf wax ), f: Vegetation

78]

evolution history recorded by carbon isotopes of tooth enamel of South America "gg: Vegetation evolution history recorded by carbon isotopes of tooth

enamel of North America ", h: Changes in atmospheric carbon dioxide concentration %),
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Fig.8 Reconstruction of vegetation evolution history on the orbital-millennial time scales

a: Oxygen isotope curve of global deep-sea benthic foraminifera (data from reference [63]); b: Total organic matter and n-alkane monomer of Bay of Bengal

sedimentary fan in low latitude area §"°C record (data from reference [94]), c: sediments of Medina River in mid latitude area §"°C record (data from reference

[1007), d: soil organic carbon in the Loess Profile of the Rhine Valley in high latitude regions §"°C record (data from reference [103]).
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