Chinese Journal of Nature | Vol. 37 No. 2

INVITED SPECIAL PAPER

doi:10.3969/].issn.0253-9608.2015.02.002

HEMRHRHNERIRREANGSIE, TREMWE

RHPYT, A, P, TR
Ol FRFE 07 MR FEFT A FUBER A7 T 49205, 1 510640, @ FE JE 232k 90T 598

B b o ] 5 o i s %, Jbad 100083

HE BEREAEVMRINCARRS A TERRATTE  BESERENE SN , mitRERTILURKERE. 5
FN BT BRI R R RRN S BUENTE | AEXHEREmPERKICROBZNMERITIIIE | FHFEMES
BT AEIME R R RIS IS SR, SIMNRENX  FHEH TR R R RNER 5.

R FBEK KR BSIR ) BME

B (BC) 2 AR ) T RIAK AT IR A5 AN 58 4 1%
B LR — RIVE Y, A AL RIRE)
BRARRIACHK s CA S 3% A M2 5 BT 2 4 Tl )
HE AR RURL 05 3e A ik, o BRI AN I
B — DT bIRE e AT I3, ASHEX
LSRG PO R . PRI RAT e ERRE 1
75 T VR R R e (R A= A 2 1, W] RAAE
HEL ARG TR P R RE A AR,
AT MR, R PTIC 3 ] LUG ) 21 7€ 56
4l e, EILETHERIUUR I ML DI 20
DK KUK AAR TR b, FR RS BIR AT
PRAFDS L of A v SR HEAT OF 5 R AT
AR o . o TR i b R R T LA
SR A 1y 52 B KA R B 24 S (1) ol M AR
RGP A BT AR TR by B T S et
R KIGLFK A LIS NS SRAA S HEY
THRESE M i R S A, B A i b R
R — RSN, AERR Y R AP R
2 EARFR i A (1,

1 uE#HmPRKNSBUNERE

C AT IR BIE 98 4% W 38 B 2 AT AS [ 4L 22 oy
PR — R IE JRR , AR AR W ARURE 5
(K1), RAEXLEAREIE A R B AT — 283k
P, AHE TR BRI TR B S A AN R, AT
M P AV AR R I AR B (R 22 5, 30t
b R R SR 23 1 S AR OK k. LA
K MR JE TARZ SRE 5k, Mt TAER
B, RETE RS LUR PYEE,

11 J¢¥75k

625 05 V5 S R PR 1) D16 2 6 T AN [ R
BEAT P HEANGETE o SEBr TAR R, Al LGl ey B
TS T AT, X FRBRATRL ) KN B
AR AR 2R A 23 3 BEAT I 5E Mg vt,  FBURE A
B, HRECE AR B O R
BRI AT AT RLAR e AT AR S Hk, 7
PRI, IR BB IR . (HIZ VAR
HOREIN, e VA AT B, AR I K (R R
(—MORARAA AN T-10 pm), - ZINFRURSDRL I B 20 1

* | 58 L LUR RIS I THRI(973714]) (2012CB822002) F | 55 [ 4R Rk K 42 (41473104) %t )

Tl E/E4, E-mail: songjzh@gig.ac.cn

T EEEEBE b, WP R AR TR . FREHER b AR R

I N 86



£ 324 syesim mewss

(®)

(©)

BI1 AS[FGURA b R P @RI
BRBORL (I, 95112 pm), K4TB. JRIRGE Y,
LA D> EAEE TN 5T, AT HERE WA
ASEARREE; (0) KSR T S B BURE (I R v B, 5
112 pm), ERJE. AILIREEER, RIEDEH, I T
TR, (C)HFPE TR b SR BRSSO (S 30 O S 1 B
FE56 um), R R AL, AR AR R 2
it

1.2 =2EHEE

V27 1 3T PRI AN A AT ML AE AL 2 4
M B2, AT A R B 2
i, PR E MR K. Al A A ARt
AME. HRAESRS, HLrhERRAARE
PR AR o O R B AT DA o R AR b A

JE S EE RN (B M £ RS R 7 R, SRRk s
R o T EEAR, AU DB R EREUR . T
XA R, ATV M T TR e PR
oy EAE R T BEODEy . B R
LRI EL, M EMIR L BREIR . RS FE4E
SEMRREE T, (A IR A AR 25 bR T B AR S5 AT
GV R e R A SINK ORI N (TN AR 5/
AR E

MEEARR T, %07 VE T LIAT Rt 2 Br A1 L
B, PRERUE PRI R Sk, AL HUEGR
A, G TR R SRR B S . ARINX
PARARAE LB A Bl SRR S, &
ERRCRBRBIR ;s S3oh, R e R AL
T HAT S BHESELR LAV AN R SE 4 Bk
M 8 A8 5 B 1 R il

13 #ERHE

FRYGIREL, ik al DL w2
PRI F B RO . PEEATE AR A ML
BAE— 2 T ) 24 4 0F T 0] DU AL C O, 1T
SRR A EAL BV R LR . 1 SR
#3340 CEk375 ChrEHHK, RIFRHICER
IR AR R I s T A SRR B R T ik
HARERMED R s, B RAAT
ZRE A BRI it R v 2 R AR WL T
eI %, T 5 G SR AR 5 B ) il . ol
TN 2 B AR b B 3ok i A WL T DA TR AR A
SET 7 S0 SRR RE T . AR TS ME AR Ik
I, — A MUK (OC) & FEAL I A BC, kK
MIBCH LAgE it — D4tk . A T XX LB BCHE
IE, M LIS S ul 5 S 5 2 m] 21 R a5 OC
FIBCHI /3 Ftrie &y ik i T b 2
W3 bT, U AE R AR T RN C R R
fh IBC,

Fiah, TR E M, L RN
S Al FH T (TGA) . Rock-Eval#uif /) #r
S I DEy E T SRRy I R s O = Ps: LD N U =T
WA N E R E M. Bol S AR B
SRXFUURFE S I B e, R T B AR
ﬁ,l‘i[n] s

87 [



Chinese Journal of Nature | Vol. 37 No. 2

INVITED SPECIAL PAPER

14 ZFirSTaik

TV T B2 € 5 R A ORI — ek
—RALEWIRIIREE, BETAEWT R R . il
Glaserss (1998)*gt sy 7 —Fhjrik, 1 AT
MEFRAE AT IR K 22 R TR (BPCA)VE b SE Rk (KR E +
R, AR JE I I E BPCAL & M I & ke v B
FEM IR RS . 12O IES I AN R 5
Joi, CVEP I T SRR rBC
e A TVEI ORI U R T A LR T
e B BPCA. J4k, 7ol RS b B
P SRAG D URNC SR PR b SRR 1 F

R, A DUORAN [F) 503 1 B2 K R
FEREALATT B Ok AR P A 2 A, (3
1T AR AL R 28 P, SR iR B A i) SR
N AFR(E2), HRARE XA R N
T TH B SR (5 T VR R I AN g — AN K 22
S, R SRR AN R U ) FR 5T
(IR RITTVE, DL sRARHEAL K 7R (E,
Sl ZFENE A, MRS VPR AAE—
AN PR AE SR B MR e AN R AR
WEFCH T, SRAASIR 1 SR Tk, AANIR]
FBEORWE R, ] e A B 1L S

TBBRBE Partly

Charred biomass

o pRAERIHEY)

R KR JHK
Char Charcoal Soot

S R A —

BRUEHIRE

PN mmBLE K pum

e &

i

Y

HEEE

oy BH

EYiEE &

et &

2ETT

H2ETr

PFETTE (CTO)

W& (TOT/R)

B 6 =

S TAREY

(BPCA)

HopthT7i%

B2 — 55 BRI T EEA 2 P RIAN ) J 42 0 52 s ] 2

2 HEHmPERRICROFAREN

FEREAS M T ) s b, B Y 43 A AR
I/ v 2 S N STEVE A 8 w21 Y TIY A
P50 RHIZ LI AT it (1 SRR SR AT I
HATE LR

2.1 EEIERRINKBE
FEHL TN 0, MRk T AOA N 2 A AR

BN 88

R 1 WS/ I/ AE 7 o S S VA £ e S
R E B, SR T B AR
KGR U AR A SR B, DRI Ml SR
B B E S T LLAR o M B Dy s b B KK R
PR MR E IR IR, JF AR B
AEAE, BRI A KICR A, i 2 ik
(2 B T R, AU R T K

===
P

J(o



£ 324 syesom mewss

2.2 BEESANMERIEMEE

PRBRAT N R AN e AR N R
(KRR AT DLORAF AR M I T SRR AIE, DA i
X FRBRBURL ) SR AR TEREA T A0 A, W AHDR
IS S AAE AR 1k A K BT B R K SRR ik 481
LIBTBUNS R UWD Ve LD VR VIR 7w\ = S}
R 7 S 20 ) S RORE = SR YT R R
KW, LA™ AR, e
AL, EURETHRREE A B SR BTSRRI
He BT HYE I, Shh el o)
e FRABRE S ORAF IR AR R AR B, RAPRE AR

A,
BEA, AN TR SR R )
f #AEOHC). HADAE MBI, T

J S B AR R R AERK, AN 5 AN TR EA TR A e,
PRI 1] S50 A R B - (R A7 4 I R A 1) B G 155
JEAER830 e SRR AN T DL AR A 1 S A
BN CAMCIHEY) LUK EATI U i b, 7] — 3%
T O CAEAR AL P] AR IR (AR 1k, oK
(R FH PN B R AL S

2.3 [EEBREEERSFHESIKE

MR R R PR AR, AT TR
BT A 5 R . AEBRE RN, AR
SCREARMBIBERE, AU B BRI, #Reemh
SRR, KK TCIEELE . PR R 2 B )
HELAT DL KA AR R BRI RS . AH DG
WFFURIN, SCRERIGEFN K I G P 5 B B K
R SR IRE KL 12% 0 8 # 15% 7 . T igik
FERAARAE, AR ) H IR A S| Tk B T —
SE K-

3 B P R 2 R H &SR
BHEEX
3.1 PEEITRRY
311 EritiE
R S B L R AT
SERIETURL B DK R L I AT TR
B, ARAET RIS B 5

PUELL IS LR AIRE S %, MRS E TR T
IR 2 BB VTR ST, Sk E gl R s
WA A IREE AR A gk B2001)
Ipc B DABE VGV e B L T 21 ka Aok () 3 LR
BFFON G, T IR R R R B T AR A
PAAEIE T BT S SRRV FE AR A 1) A R
AR 3. RO ClE AR L TE
H-11.71%0~-21.34%0, WL T CAREHY) N E 1 [H
BB AR, W 24 e SRR A S DL
JE oA A S Ah, B ) T B AR R
RN X 5 A% B 2 GRIPYK U 48U R A7 2230 5%
LA ARARLE o) RO B A A W Al R
A A FAE. BondJiE M4 BT 1)
M, ISR T v R b R XK RO SRR RS
15AR Ab A AR i 3

FEHE KR b, FERKE2006) % 1 BT AR A
REHE 370 kabhk, B8 bl LR Rk
WS HEAT TS, ISR = Bk b B 1)
T, TRE R T TR N 4
Bt R A T B H P KU, et T #E 4 £96000
SRR R FAE DL NI 81 P B I T A A
B . AR A (2009) 4 o - v
TSR 25 DU 20 LISKC AR Y5 0 1) B BRI 0k [R) 47 35 1 5%
AT THF9E, R HiZ X HC3. CAMYIIE
BRI, K2 B BLLAC3HE b
3.1.2 RIS

WAV I8 5 BATIR s o e, ey
SR S AR U Hb ST — AN X KK g s AR
5. MaxwellZ55%(2004) 1 i %A o 37 28 4
JEEB A DOR P () R ARG S AT G, T
I KRR KR BN BFF R I
T K G B/E80004FH &5 e, B i 1) 4ttt
FEI A 3 Z ) R 2 AR ) KK FiE .
550041 FFafi,  ARMRLBNAIK KT B B 5 0
TIAMIF TR I I 05 Bl KI5 1
S0 . ReddadZ5P(2013)H3 4 B v B G Bl 47 o 357
Hu X IfraniBIAHDTRR P AR R I %, FEgE T VLR
73t 2:13 0004E (1) kK i% 5. ManfroiZ™(2015)
DU 28 — YR AT VG R BT B IR B A KK R

89 NI



Chinese Journal of Nature | Vol. 37 No. 2

INVITED SPECIAL PAPER

fE o AATT R IIX L SRR g 2 LR T SR R
FereAe, IEJE AL T R R . T3 Ak,
Hong Rl Lee™(2012) % tfi [ X 1 4 dth {1 3% 20 9 A
PURA T SRR AR5 B RIS P CAEIEAT T 40T
RIBAE T =9 SR e 1) B 2 DA ) i AT BLs
() LA 8 o 3K 20 AR RE g PR A A M Y
ffr, AN, TS BT SR 0 C
18 5 RIS AR A 3R 1 i (RO B CAY A7 AE — S8 2 5

] P L G B X I I RN A R T B
PSR TITJE TR 2 5y, il nwang 2t
(20135 PN 5ty AU A O AR A L ) R Bl 5
AT TS0 KK Bt o R R R 3R
L I B B TR . AE82004F R, K AATIIK
M/INT-5 110004 14 i 21 ~ 107K /10004F, X
TH1IE 2 M PRV REL ) DN S A 4 A AR, Ak AL
AR ORI ARG AE28004 /T, K I ATk T
B9~ 13K /10004F, 3 B HACHE P R HE AR AR
BT AR, SRR T o IR IR K 1
TR U1 DR 3 — B BT AL SR 2R 4= A
Wit T3 . 34N, BEEROSCAE Ny —-23.7%0 ~
—29.2%0, W T AN HE DX AE 4Bt = LLC3
R0 A= OPCIETT LAFR R AE 4 1) 2 /D F1 28 X B¢
Y, AT DAY by S0 S T b X 2 IS8 Y o 1 —
Fh B R bR o

3.2 [BAEITYD

TR DCR ] SRR H LT R 32 330 1)
PURE K, S AMEE TR T B — A R
& AN 28 sk X SR TR ), PR S 5
TR 5 b T g S BT T AR s AR S T
1h. Bird%:R¥ (1998) L 4R A K P [ 45 15 ODP-
668B XI5, JFRE T kAT, KREHKK
SR ISR AR o WFIT R B, SRR
JEEAE M TRT DK 16 K 0T 3o 3 1ol 00 HE TR LA AR, S
T R KR F A XK A AT R P
SR K

FEE P, B AR B Vb I IX (117962
FER DT R e 1L 356 () ODP1147 f1 114845 LT
T LB IR B TR 35 AT S s SRR (10 CHL
P AR G b S R R YA A b X s b A 25 R G R

I N o0

FEwE AR, R, Li%ERN(2011) 05T 1 P V0 BE &
o AN B BB ERUIRBC S, R B BRI
720120 AR (R FFAR XS BRI KT, 19004F LA
SRR SRR LT, S s VAR 20140 704E
o HERITM30Z4E, BEICR EIL T
#e, sunZEl7(2003) %201 40 BR VLI H pi A Hy
MR TIISY, RIS AL .

3.3 EASHRLE

T SEAEZ166 MafT [ K-T(K-P) A B & LL— 4
AERME AR L B ER, IR IR AR K
e FRD J5 DR 22 A0k DT R T A R s ok Kk, R
NATTRF I K 248 1) B 1 A AT AR AT AR R i
B AEK-T A FRYTAR ) R 1R Bz vy T I 2 3
SRR BRI i, R T AN R AR AR K AT
BEVE™; oAb BB A T2 P AR AL B A I 2 T AR AL
— 5, R T K KORT e S B A R
Harvey251(2009) 75 K-P 5 45 [ AR 4 v K il 1) 7
2] IR MR AR R P R B W B vy, X SR T 2
L F P I AEK-P IR T i AR ROk e
MR E . BEFERHME, EEANE
FHLIX [P LA i PR AR R R AR >, K
R EAEAR IR B R . X5 A BRYE R B AR AR AR
KKZETEW . HAMUATAER A, PHERNE
RITK-PIEZERE i AR R BT R 3 1R il Joa B
B o IXLEERTE R JTRIORE = B AR T H0ky R 5k
FAAT BRI A SE AR . BT o I A
VR N VAL RSN e e = i S oS T
K-P Sk J2 e UL Kot 4 280 £ DR A ACRURL A A A
A]RE A v I B B AT E S AT ALK ) B 52 (14
R~ PRBEPTIE R, A A ERYE AR K .
7% 18 B e A6 36 1 LG RE b A R I T TR
it s, DI IT 45 A SCRF R ERAR MO K 1
",

CE-CaANLFE R s B A
(R AERYE AWK Ltk v A%EP(2007) LA
KL A B T =8 - — S @ A
ORI PTRE S, X B AR
AT REIRI K G . LR =TS S BB ) ]
AP BRSBTS s B i 22 AR B



£ 324 syesim mewss

RS2, W T AR R AT i A S AR 5
IR A . SRBOE S AL AT AR E K
KRR, P-THL I A BB AP SR T — &
AR AES RGBT RARM R, KAET
SRFURIR K K o SBBR IO CHE A 2 I A
P12 B 73 59 H DGR 1) B AR S 18 (1 A,
N FRIR RS %0, IR K I IABE IR R T FHL 4%
Ab, WTREILA VR . KA EE K S A% s i
Yoo WK L T (0 SRS %, SR T B
=B A AT BRI ) 2 A4, A BY TR
figp AN 7 AL ) R K A8 1) I RE AT K]

4 ERGRMRE

SRR T AE W AR RN AL AT BRBL A B R 58 4
e, HAAR MR e, AT CAER TR S K
WA TR, ST g Ml 3 I 8 40 2k ¢ g sk Tk
A TR A EENPIUE . RIMIX
LERIEFATY SR THI I — LSk ik o

(1) AR AT 2 3857 T 4R £ 77 Wont b 5o
At SR BRI AT A BRI s, JRECAS TR Sk
Jig, AR T T 2 TR ke, SRR R S —
6 R AR S T AR TSR AR ), Xy
FSCEAET WL 2 I S8 M R b TR b B ) )
2 o DRI A A 0 B0 SR A 7 vk — 0 it
VY, DA A il e v 2 oA i i R
PRI MeAh, SRS TRR S
VER B SRR e A, s Bt — 2 PR
SEFRLAL o

(2) B AL — & 4 PF N AT LARR A, RO I B
FERAT D 0TI TR i 1R R A K KA s R
KIGFEN o BRI D EEX AN ] AR PR R T 4%
PR PR ) B AR L RERAT AT RGBT )
AMEDTRUEARERE R, PRAR RS e Bk R 38 215
RANAE, Hurbiz KGN, XL
e EBSGF  FA LE AF fRE HH JTRE o F SR A R L
HEENR TR

@)X F L TR UIK-THA RGBT, BAR
CA TIRZ R, (B EADGL ik
BRI R IR (BRI 2 SR X)) 2 Kk

A
o]

PR DRLRT 5200 2 AF 2R 0 B AH U B S 15 T e Ik
2 XEEHFIM G E R, EE— P ARGHT
o

(201542 A 13 Bl AR)

SE R

[1] GOLDBERG E D. Black carbon in the environment: Properties and
distribution [M]. New York: John Wiley & Sons, 1985.

[2] SCHMIDT M W I, NOACK A G. Black carbon in soils and sediments:
analysis, distribution, implication, and current challenges [J]. Global
Biogeochemical Cycles, 2000, 14(3): 777-793.

[3] CONEDERA M, TINNER W, NEFF C, et al. Reconstructing past fire
regimes: methods, applications, and relevance to fire management and
conservation [J]. Quaternary Science Reviews, 2009, 28: 555-576.

[4] KNICKER H. Pyrogenic organic matter in soil: Its origin and
occurrence, its chemistry and survival in soil environments [J].
Quaternary International, 2011, 243: 251-263.

[(] SCOTT A C. Charcoal recognition, taphonomy and uses in
palaeoenvironmental analysis [J]. Palaeogeography, Palaeoclimatology,
Palaeoecology, 2000, 291: 11-39.

[6] WOLBACH W S, GILMOUR I, ANDERS W, et al. Global fire at the
Cretaceous/Tertiary boundary [J]. Nature, 1988, 334: 665-669.

[7] WOLBACH W S, LEWIS R S, ANDERS E. Cretaceous extinctions:
Evidence for wildfires and search for meteoritic material [J]. Science,
1985, 230: 167-170.

[8] VRS, MAZHE, PhKEE, &5 WA K BB & -=8 R
T 2 A R SR A HC TR L[] A1, 2008, 24: 2404-
2414.

[0 #d%, vhoitl, ZyMERR, 4. 21 kalLRiH r 24 450 1 1) Je 2 Ak id sk 9],
Rl 104K, 2001, 46: 688-690.

[10] JEN, vhakt, o0k, 2. 370 kablok 2 & o Ll i o 2 i 5t &
FERPAA o RS AR (Vi B[], R I8, 2006, 5: 1211-1217.

[11] JDwE, phpcs, Aok, 4%, o b e s 58 O 40 ASKAR Bl Ak 1)
TCE MR RO 203 [J]. Fh738 R, 2009, 54: 1262-1268.

[12] BHEZR, 272, BEYE, 5 iR B By Bl
SE[J]. Bl 4, 2000, 45: 646-650.

[13] JIA G D, PENG P A, ZHAO Q H, et al. Changes in terrestrial
ecosystem since 30 Ma in East Asia: Stable isotope evidence from
black carbon in the South China Sea [J]. Geology, 2003, 31: 1093-
1096.

[14] WANG X, DING Z L, PENG P A. Changes in fire regimes on
the Chinese Loess Plateau since the last glacial maximum and
implications for linkages to paleoclimate and past human activity [J].
Palaeogeography, Palaeoclimatology, Palaeoecology, 2012, 315: 61-74.

[15] WANG X, CUI L, XIAOQ J, et al. Stable carbon isotope of black carbon
in lake sediments as an indicator of terrestrial environmental changes:
An evaluation on paleorecord from Daihai Lake, Inner Mongolia,
China [J]. Chemical Geology, 2013, 347: 123-134.

[16] WANG X, XIAO J, CUI L, et al. Holocene changes infire frequency
in the Daihai Lake region (north-central China): indications and
implications for an important role of human activity [J]. Quaternary
Science Reviews, 2013, 59: 18-29.

[17] SUN X S, PENG P A, SONG J Z, et al. Sedimentary record of black
carbon in the Pearl River estuary and adjacent northern South China
Sea [J]. Applied Geochemistry, 2008, 23: 3464-3472.

[18] LEYS B, CARCAILLET C, DEZILEAU L, et al. A comparison of
charcoal measurements for reconstruction of Mediterranean paleo-fire
frequency in the mountains of Corsica [J]. Quaternary Research, 2013,
79: 337-349.

91 [ [



Chinese Journal of Nature | Vol. 37 No. 2

INVITED SPECIAL PAPER

[19] LIM B, RENBERG I. Determination of black carbon by chemical monsoonal climate of the British Isles: evidence from growth rings in
oxidation and thermal treatment in recent marine and lake sediments fossil woods [J]. Geological Magazine, 1999, 136: 177-187.
and Cretaccous-Tertiary clays [J]. Chemical Geology, 1996, 131: 143- [30] BIRD M I, ASCOUGH P L. Isotopes in pyrogenic carbon: A review
154. [J]. Organic Geochemistry, 2012, 42: 1529-1539.

[20] SONG J, PENG P, HUANG W. Black Carbon in soils and sediments: [31] WILDMAN R A, HICKEY L J, DICKINSON M B, et al. Burning of
1. Isolation and characterization [J]. Environmental Science & forest materials under late Paleozoic high atmospheric oxygen levels
Technology, 2002, 36: 3960-3967. [J]. Geology, 2004, 32: 457-460.

[21] GUSTAFSSON O, BUCHELI T D, KUKULSKA Z, et al. Evaluation [32] BELCHER C M, MCELWAIN J C. Limits for combustion in low O,
of protocol for the quantification of black carbon in sediments [J]. redefine paleoatmospheric predictions for the Mesozoic [J]. Science,
Global Biogeochemical Cycles, 2001, 15: 881-890. 2008, 321: 1197-1200.

[22] ZHAN C, CAO J, HANYY, et al. Spatial distributions and sequestrations [33] MAXWELL A L. Fire regimes in north-eastern Cambodian monsoonal
of organic carbon and black carbon in soils from the Chinese loess forests, with a 9300-year sediment charcoal record [J]. Journal of
plateau [J]. Science of the Total Environment, 2013, 465: 255-66. Biogeography, 2004, 31: 225-239.

[23] ASCOUGH P L, BIRD M I, BROCK F, et al. Hydropyrolysis as a [34] REDDAD H, ETABAAI I, RHOUJJATI A, et al. Fire activity in
new tool for radiocarbon pre-treatment and the quantification of black North West Africa during the last 30 000 cal years BP inferred from
carbon [J]. Quaternary Geochronology, 2009, 140-147. a charcoal record from Lake Ifrah (Middle atlas—-Morocco): Climatic

[24] GLASER B, HAUMAIER L, GUGGENBERGER G, et al. Black implication [J]. Journal of African Earth Sciences, 2013, 84: 47-53.
carbon in soils: The use of benzenecarboxylic acids as specific markers [35] MANFROI J, DUTRA T L, GNAEDINGER S, et al. The first report
[J]. Organic Geochemistry, 1998, 29: 811-819. of a Campanian palaeo-wildfire in the West Antarctic Peninsula [J].

[25] ELIAS V O, SIMONEIT B R T, CORDEIRO R C, et al. Evaluating Palaeogeography, Palaeoclimatology, Palaeoecology, 2015, 418: 12-18.
levoglucosan as an indicator of biomass burning in Carajas, Amazonia: [36] HONG S K, LEE Y I. Contributions of soot to 6*°C of organic matter in
A comparison to the charcoal record [J]. Geochim Cosmochim Acta, Cretaceous lacustrine deposits, Gyeongsang Basin, Korea: Implication
2000, 65: 267-272. for paleoenvironmental reconstructions [J]. Palaeogeography,

[26] HAMMES K, SCHMIDT M W I, SMERNIK R J, et al. Comparison Palaeoclimatology, Palaeoecology, 2013, 371: 54-61.
of quantification methods to measure fire-derived (black/elemental) [37] LI J, MACKAY A W, ZHANG Y, et al. A 1000-year record of
carbon in soils and sediments using reference materials from soil, vegetation change and wildfire from maar lake Erlongwan in northeast
water, sediment and the atmosphere [J]. Global Biogeochemical China [J]. Quaternary International, 2012, 290-291: 313-321.

Cycles, 2007, 21(3): art. no.-GB3016. [38] BIRD M I, CALI J A. A million-year record of fire in sun-Saharan

[27] SCOTT A C, GLASSPOOL 1| J. The diversification of Paleozoic fire Africa [J]. Nature, 1998, 394: 767-769.
systems and fluctuations in atmospheric oxygen concentration [J]. [39] LI X, XU L, SUN L, et al. A 400-year record of black carbon flux in
Proceedings of the National Academy of Sciences of the United States the Xisha archipelago, South China Sea and its implication [J]. Marine
of America, 2006, 103: 10861-10865. Pollution Bulletin, 2011, 62: 2205-2212.

[28] SCOTT A C. Coal petrology and the origin of coal macerals: a way [40] HARVEY M C, BRASSELL S C, BELCHER C M, et al. Combustion
ahead? [J]. International Journal of Coal Geology, 2002, 50: 119-134. of fossil organic matter at the Cretaceous-Paleogene (K-P) boundary

[29] FALCON-LANG H J. The Early Carboniferous (Courceyan—Arundian) [J]. Geology, 2008, 36: 355-358.

Black carbon record in ancient geological samples and its responses to the

paleoclimate and paleoenvironment

SONG Jian-zhong™, HU Jian-fang”, PENG Ping-an®, WANG Xiao-giao®

(DState Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou
510640, China; @)State Key Laboratory of Biogeology and Environmtal Geology, China University of Geosciences, Beijing 100083,
China

Abstract Black carbon (BC) are a series of carbonaceous products of the incomplete combustion of biomass and fossil fuels, that
have both high armoaticity and high resistance to degradation, thereby they can be preserved in the geological sediments for thousands
to millons of years. Firstly, this paper briefly described the chemical properties of BC and the methods for iaolation and determination
of BC in geological samples. Then, the paper summaried the scientific values of BC record in ancient soils and sediments and
reviewed the distribution of BC and their significances in paleoenvironments and paleoclimates in various systems. Finally, the new
directions in BC biogeochemistry in ancient geological samples were discussed.
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