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N-alkanes distributions and compound-specific carbon isotope records and their paleoen-
viromental significance of sediments from Lake Sifangshan in the Great Khingan Moun-
tain, Northeastern China
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Abstract. Lake Sifangshan (49°22'32.97"N, 123°27'49.90"E, altitude: 933 m asl) is a nearly dried up volcanic lake, located
on the central-northern part of the Great Khingan Mountain, northeast China. This study obtained n-alkane samples from Holocene
sediment cores in the lake, and analysed their distribution and compound specific carbon isotope compositions. The distribution of
n-alkanes showed the four following characteristics: (1) a homologous series of n-alkanes was detected with carbon numbers ran-
ging from nC,; to nCy3; 2) Most samples show a single peak, while others have double peeks; 3) For single peak samples, the
peak is nC,; , and for double peak samples, the first peak is nC,, and the second peak is nC,; ; 4) For short chain (<nC,,) n-al-

kanes do not have obvious carbon number characteristics. For middle (nC,; ~nC,s) and long (>nC,;) chain n-alkanes have an
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odd-over-even carbon number predominance. These characteristics show that the organic matter in the lake came from both terrestri-
al and aquatic plants, the former of which is the main input. The isotope ratios (8'3C,; ;) of n-alkanes in these samples are nega-
tive, and gradually decreases along the time, in good accordance with changes of summer solar radiation in the Northern Hemi-
sphere during the Holocene. This implies that effective precipitation changes on the orbital scale were directly controlled by changes
in summer solar radiation. Based on above proxy indicators, the environmental evolution of Lake Sifangshan during Holocene is di-
vided into five stages: (1) In the 11.2-8.0 ka BP  effective precipitation was low and proportion of woody plants in terrestrial Cs
plants increased slightly. The lake water level fluctuated frequently, but the primary productivity and nutritional status of the lake
deteriorated. (2) In the 8.0~6.4 ka BP  effective precipitation increased and proportion of woody plants in terrestrial C plants in-
creased slightly. The lake surface area shrunk and water level dropped.The primary productivity and nutritional status of the lake
were stable. (3) In the 6.4-3.4 ka BP, effective precipitation was higher than that in the previous stage, and the proportion of
woody plants increased but that of herbs decreased.The lake surface area expanded and water level rised.The primary productivity
increased, and the tropical level of the lake started to be lower; (4) In the 3.4-2.4 ka BP,effective precipitation continued to
rise, and the proportion of herbs increased. The lake surface area shrunk and water level dropped. The primary productivity de-
creased, and depletion of nutrition occurred again. (5) In the 2.4-0.9 ka BP, effective precipitation was in a high level and the
proportion of woody plants increased gradually. The lake surface area expanded and water level rised.The primary productivity in-
creased and the tropical level of the lake started to get lower. The climatic evolution produced by this study is in good agreement
with other high-resolution climate records of Northeast China, and the differences show unique regional climate characteristics of the
Lake Sifangshan.

Keywords: Great Khingan Mountain; Lake Sifangshan;lake sediment;n-alkanes;compound-specific carbon isotope ;lake evolution
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Fig.1 Location of Lake Sifangshan and other paleoclimate records in the northeast of China*"*’

(Inset: The panorama of Lake Sifangshan(a) ; Location of coring point of Lake Sifangshan(b))

DO 75 L L A S Tty At P AR ¥ - o R P s IR by, B AE A R A A DX o5 2 %
SHAE Y A3 A B L B M TE AN (Larixs sibirica) (5% 15 Bk ( Quercus mongolicus ) \ BHE ( Betula davurica) |
FI#E ( Betula platyphylla) 11145 ( Populus davidiana) , MK NN UL — @818 F ( Lespedeza bicolor Turcez.) | 1
FES 235 ( Spiraea pubescens Turcz. ) M (Sorbaria sorbifolia (L.) A. Br) FISEH2 Corylus heterophylla) ]
| ARIENEAFE Y FBAT K2 ( Deyeuvia langsdorffii (Link) Kunth) %% ( Fragaria ananassa Duch) (Kl
( Spodiopogon sibiricus Trin. ) F1HAEES B (Iris uniflora Pall. ex Link ) %&. 78 PUJ7 LR 8 11 A KA IR iR A=
Y, FERAPSESAAE B ICE ¥ ( Carex schmidtii Meinsh) \HEF 1€ (Iris laevigata) JKE S ( Glyceria maxima
(Hartm.) Holmb.) FIRM-FE ( Deyeunia langsdorffii (Link) Kunth) 4. 7£ 2012 4F 7 A 12015 4F 10 A (4 EF7M#
A rp R I R TR E Y A K

B DO 5 L R (9 S 5 5 5 ——/N 04 (49°9'467N, 123°337507E ) I BAC AR BER /R | 121X i 9€
T Bl 2 S, BRI 22K AR IR 0.3°C  FE I /KR 513 mm. 78 KRG MR IS a2 T
DX /NSAGARFAE W e, B R (4 DU SRR AR, BB 7 , R IEA U], & RIER B K. 7 AR RS
(5 20.4°C) 1 FIREERAT A BiE-23.57C) ,68% MFEK A1 6— 8 JI ([ 2) , B H KRR I 1 HE
iE, 3% 5 5 27K KRR L 2 XU B S AT O (T 1) i X PR EEAE 51% (5 ) ~81% (8 H) 2
224k, 55 7 IRk B 22 MR EEAR S OCZR  BH IU J7 L Rt b X X880 800 B AN L R K i ARG
W AZ BRBE A2, PUJ5 1L K FRRAE 10 A RBIRAE 4 7 400080 1 wk vk i 7 2.
2B EHIE

2012 4F 3 H A5 ZE4G B A (piston drilling) , 76 PUJ5 LU 5t (4383 .0 SRASHE B 43 31 R 342.5 A1 505.0 em
B 2 APATHG. Sl bR & 2 AT PR B A PAT IR BE T 450 em WIESETUARY) 4. e i doe TR Ay
FERIE ] 10 em , TR ER IR )y 460 em. 2T LK BYZE TR EE S 361 em, 25 B & % A HLTT 1Y) 5 58 24
Ve 41 nl.




X BT F . KIS W L R A R Y B IE S SRR B R FERFRHREEL 501

2.1 AMS"“C &
iR =fkR iR _ a5

YA TSRS Sk 13 sk SSp 1607 o
AR 38 PR 2 W R RO ez T s
(Poznan radiocarbon Laboratory ) #£1T AMS™ C 4EAX; < 550 élOO I 1(5) 5
W52, AT IntCall3 B4 4 19 CALIB704 B s, 58 o | 0 &
R AT AR IR E, SR BRI, M T 5|8 ol =5 O
T SR D7 L W SR AR 2R R ol aol B
A LR TR EE AR th & an il 3 s, 1 20F -20
2.2 FrmREM WA ’ i ; 3456789101112 -

TE 11.2 cal ka BP(HOIRE 351 em) LASERY
: — A 03 _
WAL 4~6 om BRI 67 Aoeg o (2 UTRICR(1981 2011 )

SO ELE 47 TF 4052 4 401 45 43 B 1 86 1K B 7] f3r 22 Fig.2 Averaged morllthly precipitation in
e Xiaoergou during 1981-2011
P E.

SAEIE - R EEEH (GC-MS) /T B DU o 1 2 3456 7 8 91011,

PIRER R E 80 H, FREL 20 g, 05 76 & K4 ' ' L

B A SEAE 72 b K 5 L R 1 sof 150
HE P R R R B AL A S L A 5 B o Lol J100
H3E AR N PRI — SR A (0 B T I : sl liso
ALA Y. BEG LR IR AR DR e | B4 04T =

LU GC-MS 5347, A HLALAM 4B 75 oh L RL 25 Bt 2008 7200
Hi R 5 H BRI ST T 2 M S IR ST A 2501 4250
DU A 53 D7 55 00 58 5 1, 008 o 26 [ 3 2 300 e sop mAMSICiER 100
FIZE 7SO G R - TR R AL, RS R VI :
HP6890GC/5973MS. {0454 . HP-5MS A E Bop o R0
Y HE (30 mx0.25 mmx0.25 wm) , K B4 5 BE - U TR NS

80°C , A 3°C/min F2JF T+l % 300°C , A RAEE 30
min, JEAE TR FE 300°C , A W &R RS &
FL B FUR OEL B BE S 70 eV, B IRV
230°C ,GC-MS MR 280°C.

3 - [F) 5 2R LB BT ( GC/C/IRMS) « TEAR e R A e W] 437 2% A I 2 o 2 7 v IR 2 e b o 15t 35k
Py I =2 P SRR 58 v O R IR 28 40 A S8 9 238 58 Y. AU/ REISAE (IR RR LR 1:4) X
2258 A GC-MS A3 AT PR Py aE AT e 4 400 25, I ZEA8 ] Finnigan 23 B A/ /9 MAT253 BTl 1 iF47 1E
Fa 958 08 P B (A RIR TR) (o 280 A . bt R bt 5 R R 0 7 — SR R N B 4B A4 1 B 25 4 vh k5%, ]
BB I S R AZ IR TE 850°C . (i i MR AE 45 A0 SR W M & v AT Jie i AR B2 TR 1450°C. A4S
IER RS B 7R 50 SE-54 (WA JE B A4S (A TPlE A7 (60 mx0.32 mm,0.25 pm &) A NAS, iR
91 ml/min. EFELGIR 80°C , fHIR 5 min, 485 LA 3°C/min B2F THE 2 300°C , B 30 min. FFI BTSR[]z
REER S R E PR VPDB bRifE, BEAEEM AT 1~3 W, X T4 45 S A B 2 A ok sl w (B 0 87 C
) 230 ARESET 2 BATTAN , AR 22 /NF £0.5% .

3 &R
3.1 IEHKE /2 5> T HHE
VU5 Ll 2R A TURR A oA D B A IE A e KR BRI AT VL LA .y, ~ nCay  BEBEIERIBERE (<nC,, ) AR

HAWL, FHE(nCoy ~nCos) MK BEIEABERE (SnCoy ) WIEAT WS 1 AP BR LS (P 4 FIIET S) . IEAKe ke 2
BB AR AT 4 B (18 5) 2 (1) AL, LA nC,, g 0 RTBEAR X F BERUIT, h ik IE M e ke 5 K BE IE AR bt

P 3 I 11 0 TR~ R P
Fig.3 The depth-age model of the

Lake Sifangshan sequence:*"!



502

52.5cm
3.0 cal ka BP

A
®)
(J]
=
S
W
<3
=
S
W
Ul
=
3
B
S
P
3
B
U\
=
3
W
3
=
3
wn
Ul
=
S

21 C27

22 24 26
117 A..L .J J.J J\‘UL

25.00 30.00 35. 00 40.00 45.00 50.00 55.00
B} E]/min

K 4 lmﬁm%?mwﬁﬂ%ﬁi%ﬁﬂﬁffﬁ’éi%

Fig.4 Representative gas chromatogram of

351.5cm
11.0 cal ka BP

Cy
C28 Cso

n-alkanes in the core of the Lake Sifangshan

J. Lake Sci. (#ia#H3) ,2017,29(2)

S nCoy ~nCy BIFEXT FEEAHZEA K (I 52) 5 (2) 5

T DL nC,, Ry 35 06, 8 Bl A1 H % B4 AR X =F B 2
%, Al 1F 44 e 8 AR X 3 BE 45 v (181 5b) 5 (3) il
B, LA nC,, b FE 06 JE4E AR X F B B0, v B IE A8 e
S X BE A TR IR A R AR R B nCy ~
nCy ([ 5¢) 5 (4) WA FTGERELL nC,, Hy T 06 5 I
BELL nC,, i EWE (& 5d).

AT K DUR A o (B R 50 I A o e 1) R VR 58
PR A= P o) 98 2 1 I 1 e it | T o He A g 2 Ak
AP JFEAE B A SO P B A IR
A H O DU 1L K3 380 37 U v A B O
Pl ke A 2t LUK A28 AL .

W BARET GS-MS 3 A 1) 45 i S5 R ot s 06
TR 100% | F44 25 B K0T AL g J e i AR XS T
B R 04 3 A R AR X T A B (% ), A X
S TH SR AT e A0 M o e AR Xt T 5 T ) T Y
AL HEA TG 0T (] 6) 45 3R R B A b ke
BORE R BEANR] , AR B A S i 22 AR K. &t
PSR 45 TE A 5298 (nCy, ~ nCy, ) 8L 3 K 1A A
[\, PEEIERIBERE (nC,y ~ nCyg ) ZEABAR 2 K EAR T ,
KBEEALEIE (nCyy ~ nCyy ) HTE AL DU T 43 Ay 5 b 245
BLE =B EE (nCy) AL $ S5 1E — + JUke

(nCyy) — B, IE=F—%E(nCyy ) W S IE =1 =HE (nCyy ) ALK AR .

100

100

52.5cm a 249.5 cm b
3.0 cal ka BP 6.8 cal ka BP
75+ 75+
50 50
251 251
°
= 9 J l 0 l
.,H_—, 17 19 21 23 25 27 29 31 33 17 19 21 23 25 27 29 31 33
= 100 100
* 307.5 cm c 3515¢ d
9.2 cal ka BP 11.0 cal kaBP
75+ 75+
50 50
25 251

0
17 19 21 23 25 27 29 31 33
IEABERRR R

0
17 19 21 23 25 27 29 31 33
IEA bR A

BS PUT7 Rt OB AR e ke o A 2K

Fig.5 Distribution pattern of n-alkanes of the sediments from Lake Sifangshan
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Fig.7 Variations in carbon isotopic composition of individual compounds during the Holocene
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