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Black carbon record of Loess-paleosol profile and climate change at Heshui site during Holocene

LIAO Bing, TAN Zhihai, SNU Bin, LONG Yanxia, FAN Huichen, LIU Zhao
College of Environmental Sciences and Chemistry Engineering, Xi’an Polytechnic University, Xi’an 710048, China

Abstract: Background, aim, and scope The study site is located in the climate-sensitive regions of the semi-arid
and subhumid Asian monsoon belt, which is in the southwestern part of the ecotone between Chinese traditional
dry farming and nomadic pastoral practice. The region has also experienced a long and complex regional land-
use history, in which slash-and-burn cultivation by means of ignited fire and deforestation for dry farming has
been traced back to at least 8000 year. Meanwhile, many of the Neolithic cultures that practiced dry farming
by means of ignited fire arose on the loess plateau since the Holocene, such as the Laoguantai Culture (8000—
7000 a BP) and the Siwa Culture ("*C cal 3350—2650 a BP). In this research, the Holocene loess-paleosol
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profiles were selected for its proximity to archaeological sites in the region. An interdisciplinary approach has
been adopted to study wildfire history and its interactions with changes in monsoonal climate and human activities
on the loess tableland during the Holocene. Materials and methods A high-resolution sedimentary charcoal
and black carbon (char and soot) records from the loesssoil profile in the middle of loess plateau, combined
with Magnetic susceptibility, Total organic carbon (TOC) analyses, pollen counts and other paleoclimatic-
proxies reveal past wildfire history and the evolution of natural ecological landscape. Results Black carbon (BC)
preserved in accretionary loessesoil profiles recorded changes in fire, which may be due to climatic variations,
changes in vegetation, and human activities. EC-soot contents showed a stable rising trend since 12000
years, although a marked decline occurred in the past 100 years. EC-char contents ranges from 0.031 mg- g’
to 0.179 mg- g '; EC-soot contents ranges from 0.072 mg-g ' to 0.149 mg-g ' since 12000 years BP. More
specifically, EC-char values increased gradually from the early Holocene to relatively high during 8000—7000 a BP
and 3500—2500 a BP and then gradually decrease. In the MJC profile, higher values of the micro-charcoal
content occur at 8000—7000 a BP and 3500—2500 a BP, and lower values occur during at 7000—4000 a BP,
indicating that regional fire activity was high in the early and late Holocene, whereas fire was less frequent and
pervasive in the middle Holocene. Peaks in the macro-charcoal content occur during 8000— 7000 a BP and
3500—2500 a BP, suggesting that local fires were frequent during those periods. Discussion The results suggest that
charcoal and BC influxes with peak fluctuations consistently attest to important changes in seasonal precipitation
variability and mirror with the gradual climate aridity trend of the entire region during the Holocene which are be
strongly controlled by global and regional climate dynamics. Meanwhile, the detail analysis of the BC and charcoal
signals inconsistently were attributed to the differences in transportation mechanisms and biomass burning process
at regional and local scale. Drier and colder than present the late glacial and the early Holocene climates, local and
regional wildfire infrequently occurred with Artemisia and Gramineae-dominated desert steppe landscape at the
north of loess plateau registered by lower value of EC and micro-charcoal content. Wetter and warmer than present
during the mid-Holocene (8500—3100 a BP), Fire episodes largely reduced with the mixed forest and forest-
steppe growth and woodland cover, However, localized wildfires in connection with human activities frequently
occurred during 8000—7000 a BP. Fire seemed to be applied to vegetation clearance for land reclamation for
millet cultivation in the early Neolithic Age. and the subsequent increase in fire-episode frequency during 3500—
2500 a BP is consistent with cooler and drier conditions in the late Holocene and the Neolithic anthropogenic
burning practices such as deforestation, land reclamation, and crop cultivation during Siwa Cuture (cal 3350—
2650 a BP). Therefore, land-use was shifted from arable farming to nomadic in the upper and middle reaches of
the Jinghe River drainage. After 1500 a BP the amount of charcoal and black carbon sharply decreased and fire
occurrence disappeared gradually because of the development to mixed agriculture of cultivation and semi animal
husbandry. Conclusions Combining results from macro-charcoal, micro-charcoal and BC records can provide
information about fire history at local, regional and broader scales. In eastern Asia, where there is a long history of
relatively intensive human land-use, all types of paleofire data may be expected to reflect the importance not only
of fire, but of changes in the seasonal monsoon and associated aridification during the Holocene, as well as shifts in
cultivation and other human activities. Recommendations and perspectives We also must further explore paleofire
records to disentangle the respective roles of climate, vegetation and humans in shaping fire activity the north of
loess plateau, especially, the role of anthropogenic activities in present and past fire histories by charcoal and black
carbon records. A broad and rigorous use of palacoenvironmental mult-proxies will allow a better understanding
of the mechanic link between fires activity, vegetation dynamics and monsoon climatic variability at hundred
-millennial scales.

Key words: wildfire; climate change; Holocene; black carbon; charcoal
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Fig.1 Map showing the study region in the northern part of the Loess Plateau in Heshui County,
Gansu Province (The study sites are marked as MJC: Majiacun site.)
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175—210 cm M & b 982 (L) 3 210 cm DL F
MR g (L) o HBHERAE LR 1, Akt

5 8 4

S i) 11 3 I R Sh 1 25, AN iR
FEAL BB L ik DX A1 X
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Tab.1

Description of the paleoesoil profiles at Majiayuan site (MJY-A) and Majiacun site (MJC) on the

Longdong Basin loess tableland in the northern part of the Loess Plateau (Tan et al, 2008)

MIJY-A {1 MIY-A site

MIC #|fi  MIC site

H)Z 30 53

)23 5

WA : : TIEERE A W . . R & LR 5o
Stratigraphic . e Stratigraphic . e
Depth /cm L. Pedological description Depth /em .. Pedological description
division division
e, BRSEH, &K W@, BRSSH, SR
RTE2E YR AR Py YRR
0—45 Topsoil (TS) Pale orange, granular 0—40 T 1 (KT S) Pale orange, granular
structure, containing a large e structure, containing a large
number of plant roots number of plant roots
iy ; & et "
FIRE e, s MR,
45—88 Holocene loess . 40—75 Holocene loess .
Pale yellow-orange, silt Pale yellow-orange silt
(Lo) (Lo)
hERe, BYiL, BIRSS Mk, BYiE, FDRiGS
o B, LB - HERE, LB
e WA, AR g WA, ARLLER
88— 180 Pale brown, Chernozem, 75—170 Paleo brown, Chernozem,
Paleosol (S,) Paleosol (S,)
abundant granular structure, abundant granular structure,
macroporous macroporous
T, B, K R, RN, &K
R IR TS A 22 14 e HIRPREG (B R 22 1
FUR/ 97 /TS SR R /NS 2R
180—210 . . . 175—210 .. . .
Transition (L) Pale orange, silt, contains a Transition (L,) Pale orange, silt, contains a
lot of pseudomycelium with lot of pseudomycelium with
calcium carbonate calcium carbonate
. g ﬁf#‘ , Kb T , Ao~ ” M /ﬁ\: Lk bR H , A
P i %@, ,%me & s 2 i Fé@ /*J}/Q:\H; &
AR ELEE AR ELEEH
210— Malan loess . 210— Malan loess .
L) Pale yellow-orange, silt, @) Pale yellow-orange, silt,
1 1

calcium nodules-containing

calcium nodules-containing

2 KWHE

B SR KT B RE fh 4 ) AT R 2R P sk
T H IR AR SR R R PRI
RFHREAG 10 g, JWFERIF 2 Hi 42 /N T 2 mm J5
Bartington-MS-B2 B {3 & HLpifb %, Bk
ME LKA TN RBUAT 4 5 g, WFEE = 200
HUT, B 0.5—0.6 g A 20 mL 2 M #2747
KON, #E 24 h D EUTR Y, FOA 20 mL
(6 M HCL/48% HF ) ¥, ' 24 hJ5 &0
TORY, ZJEHMA20mL2 M iR, % 24 h
BD BT s sl A, RAPOER T, A
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JH DRI Model 2001 Thermal/Optical Carbon Analyzer
BTG TBRZH 73 B9 70 BT , 2R FH IMPROVE PR
M TR B M, TR A2 He B AOAS [A]R
JETT, A4 MAEBLKRZ 7 (OC1, 0C2, OC3,
OC4) , fE£il A 2% 0,/98% He At A /] i & F 4=
W =A TR A 5 (ECL, EC2, EC3) , Hg
SCECT BRI I — 73 #fig ik g POC, fE7% N EC-
char=EC1-POC, % R EC-soot=EC2+EC3 ( Han et
al, 2007 ) .
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SESEEARIR, i HL b2 2 [N G R, YT
SRR BOE B ARy R (R 1) o RIE
B L kGl A R Rl sk, HEreprtti A (A
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( Mayewski et al, 2004 ) . i &l 2 7] &l: 210 cm
i MIY-A Fl MIC 1|1 i g St =5 22 8+ (L))
Hepit R iR (L) % (Roberts,
1992) ; MIY-A fil MIC | 1 4% 5 £ 180—
88 cm Fll 175—75 cm & & T MBIy M + 4 5
o T 1 (Sy) o MIY-A | TE JZE
170—165 cm & BUHA - R 2 F & 5k
W, NG, W ErFE B (8000—7000 a BP)
(Hung et al, 2004) , 7 MIY-A %] 1fg & § &
168—170 cm [ OSL [ 4t &y 7470+260 a BP,
WA 52 170 em S MIC 1) 17 42 37 T K 18 191 1 ik
R, AEACH 8500 a BP; 1 MIY-A | T 4 i 88—
86 cm Ab & L T TEH ik (ALIERY C AR
3350—2650 a BP ( H i, 1960; %6,
2002) , BEEF A4S, AR, fE MIY-A |
[fii 98— 100 cm f¥) OSL 4Lk 32504220 a BP,
HHf 5 MIC ) 16 75 cm iy 3100 a BP;  7F MIY-A
1 VR B 50—52 em B4 OSL B9 424X &y 2000 +
100 a BP, #k # 22 MIC | i 40 cm ¥5 J& ky id £
1500 4L iR )2 (|2, K3) .

4 HR5HM

SRR XK A B AR R /R ] ((Wang et
al, 2005) . f1[E 4 %0, MIC )T i BB m rh AR Ik
5500 53 e 5 AR AR B 43 3314 0.031—0.179 mg-g
F10.072—0.149 mg-g ', Hop, FERHE MR RIK
$ 5] 4 H L0 0 fe) (IR {E (0.052—0.11 mg-g ™)
% W 8, 4y 5 ZE 8000—7000 a BP il 1500—
1000 a BP [ B 45 5 6 i 1A (i (0.179 mg-g ™)
Jo BT 5 TR 52 R B AR AR IR KD R AR T R
19 B AIK M (0.073—0.11 mg-g ') % Wi 3 fn, 7F
4200—4000 a BP [} Bt ik F 08 (0.149 mg-g ') fij
JaID o XEER B X At Dok U R 3T R4k
e (LIRS, 2015)
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Fig.2 Stratigraphic subdivision and chronology in the MJY-A
(Tan et al, 2008) and MJC profiles in the
Longdong Basin in the northern part of the Loess Plateau
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The Roman numerals (I, II, Il and IV) indicate respectively the Laoguantai Culture (8000—7000 a BP), the Siwa Culture (cal
3350—2650 a BP), the period of Sui & Tang Dynasties (1500 —1000 a BP) and the period of Ming & Qing Dynasties (600 a BP—
present). a: EC-char influx values at the MJC site; b: EC-soot influx values at the MJC site; ¢: Micro-charcoal influx (<50 pum) at
the MJY-A (Tan et al, 2008); d: Macro-charcoal influx (>50 pm) at the MJY-A site (Tan et al, 2008); e: Low-frequency of magnetic
susceptibility data at the MJY-A site (Tan et al, 2008); f: Value of total organic carbon(TOC) data at the MJY-A site (Tan et al, 2008);
g: 0'°0 data from the Dome Fuji Ice core (Kawamura et al, 2007) indicating the change of temperature in the northern hemisphere; h:

0'*0 data from Dongge Cave (Dykoski et al, 2005) indicating regional moisture variations.
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Fig.4 Comparison of various proxies in the northern part of the Loess Plateau with other records during the last 12 ka
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