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Abstract: Background, aim, and scope The study of correction of old carbon is key to reliable "“C
chorology in Qinghai Lake. There have been a number of studies in an attempt to estimate the past
old carbon effects based on the cores drilled in Qinghai Lake. Various corrective methods have been
employed with differing results. However, most of these chronologies were mainly based on a few "“C
measurements on short cores and without considering the '*C variation of the modern water sample in
the drainage basin of Qinghai Lake, which make us lack systemic understanding of the carbon cycle
processes occurring in the lake. Materials and methods In this paper, river water samples were collected
in main rivers such as Daotang, Heima, Buha, Quanji, Shaliu, Haergai, and Lake water samples were

collected at the northwestern and southern lakeshores of Qinghai Lake in October 2009. The dissolved
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inorganic carbon (DIC) and dissolved organic carbon (DOC) water samples were then processed at Xi’an
AMS Laboratory. Firstly, the DIC samples were placed in a container and acidified with H,PO, on a
vacuum line while those DOC samples were processed using the method of vacuum freeze extracting.
The carbonate sample in the 1F core was acidified with H,PO,. Secondly, the evolved CO, could be
collected cryogenically transported to the storage for the further graphitization with a Zn/Fe catalytic
reduction. Finally, the "“C were measured at Xi’an AMS Laboratory. Results Our results indicated that
the distribution of old carbon of DIC and DOC in the river were not uniform. No matter concentration
or "*C of DIC in the southern lakeshore was lower than that in the northern lakeshore as limestone was
widely distributed. However, concentration of DOC in the southern river was higher than that in the
northern river due to humic matter oozed from the grassland, but the '“C age was younger in the northern
river. In short, for river water sample, the old carbon age was younger in the south than that in the north,
for lake water sample, '*C age was modern, Furthermore, '‘C age of a living naked carp (Gymnocypris
przewalskii), algae in Qinghai Lake also were modern, indicated that the older '*C DIC, which is taken by
rivers, have exchanged with atmospheric CO, quickly, when it entered into the lake. So, the older "“C DIC
in the river wasn’t main factor that result in the old carbon effect in the modern lake. Based on correction
of old carbon method described by Zhou et al (2007, 2014), we attained the distribution of old carbon
age with time in the carbonate and TOC of 1F core. After a comparative study, the results show that both
old carbon age were changeable with time, and kept on decreasing since 32 ka. Compared with the old
carbon age of TOC, the variation range of the old carbon age of carbonate got bigger. The average old
carbon age of carbonate is 7000 years older than the average old carbon age of TOC. Discussion Before
the Holocene period, the old carbon age is older than Holocene period, which indicated material source
have changed. Before the Holocene period, the grain size in the core was consistent with that of acolian
loess accumulated in the drainage basin of Qinghai Lake. During this period, a large amount of pollen of
cold-resistant and draught-enduring herb plants, especially Artemisia, Riemannian and Chenopodiaceae,
were predominated in this region; the aquatic plant pollen and Lacustrine Ostracodes don’t existed in
the sediment. All of these features suggested that it was drought in the drainage basin of Qinghai Lake,
the climate was dry and cold, and grain size was coarse, the accumulated loess found in the core. In the
Holocene period, the climate became wet and warm, the grain size was fine, most of material source
derived from river. Conclusions Together with spatial and temporal distribution of the old carbon in the
drainage basin of Qinghai Lake, we conclude that, in the space, the old carbon age was younger in the
south than that in the north, and was younger in the river than that in the lake. All modern samples in the
lake showed "“C age were modern, indicated older matter carried by river was main factor. Atmospheric
exchange of '*C was the main process affecting surface dissolved inorganic carbon (DIC) in the lake,
but dissolved organic carbon (DOC) can be explained as a combination of sources. The old carbon of
carbonate was very intense and changeable in 1F core. In the timescale, before the Holocene period, the
old carbon age was older than Holocene period due to the change of source input. For DOC extraction from
water sample, it’s very possible to be contaminated by carbon from atmosphere during the experiment.
It can be avoided by using the method of vacuum freeze extracting when we concentrated water sample
and extracted DOC in the river and Lake of Qinghai. Recommendations and perspectives Combined the
concentration of dissolved organic carbon (DOC), dissolved inorganic carbon (DIC) with "*C age, which
enabled us to have a better understanding of the spatio-temporal distribution of old carbon effect in the
watershed of Qinghai Lake and shed new insights on the carbon cycle processes occurring in the lake.

Key words: Qinghai Lake; dissolved inorganic carbon (DIC); dissolved organic carbon (DOC); '“C

dating; carbonate; old carbon effect
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WATTRY BA o B Sk USRIk,
TR RRE, O IS R R AT
AR, MiAEE . TEE R AR R IR B AR B A
WY R o WA TORR Wy e 438 5ol FH Bl D5 A 4 of 3
11 1C A, i TR A A Y
B RS CO,, HMC ARSI KA e Tk
JE—3%, AZUIBUKRLL R DIRGSRE “Ei”
“BORR” BRZUR, DR B R A B AR R
W) C AR R . S T IARDURR R Ay, B
TR 22 2 3 o Y0 A L0 A X A S0 s Bt A=
A D BR AR B AF 8 I 22 R it o, AN [l Holzmaar i)
(Hajdas etal, 1995) . %t Soppensee ] ( Hajdas
etal, 1993) . % 2% Gosciaz #] ( Goslar et al,
1995) | & B DU/R#A ( Natalia et al, 2004 )
H 7 Suigetsu bl ( Kitagawa and van der Plicht,
1998 ) . HUHM ( X535, 1996) , {HZ, ¥l
FHUTRR ) Hh3E & Bk 2 X Y e, U HOR AR TIPSk &
HRBRPE R BEA A TR Z R 8T Bk,
SHCT AR C AR L TR ) S PR AT
1w & MG (RS, 2007) o TEAEAERRIE
SN I R, KRS R JEHLER (DIC ) Ay C B
FHHURHEE (DOC) Y C e B A1 T [ B 49
KA MC W E (Deevey et al, 1954; Hatté and Jull
2007; Yuetal, 2007) o /K H %R E) CO, f2 W]
ARG ALY AR IE ., Rk, F]
FHA AT LR 518 TCHLRR 47 A A 16 Bl 9 2R
Yk, H 2328 “RRPERON” R A AR
P, W EE ST SRS B AR FE AT SR R IRI N
ERETRE, ETRXEEAZ NE T, s
W, WK Z Btk B3RS, RIERN RN
A ( Mischke et al, 2013 ) .

T (36°32'—37°15'N, 99°36'—100°47'E )
TR E R R AR, 2R E R K EKH,
R R 1518 g- L', pH=9.2, WX (i X 4400 kn’,
A F 5 9 = R AR AL, TR 3194 mo T ) I
(36°15' —38°20'N, 97°50' —101°20'E ) J& — 4~ Py
JARF LRGeS N A, FsE iR Ll , b
WO L, ZREEE A, PRI JE L, Rk
Y 3194 —5174 m, 16 FL 29661 km®, M # PG b
W, AR, B = AP (4200 —4600 m,
3800—4000 m, 3500—3600 m) ( HERFRE2
MHUBERTZERT, 1979 ) o Hifi MK S A 5
ep A O I I R O/ O/ e 17 S S T 3 I

MR LR &, ARG A A KA R
HERR 3 B AR bty A TR RIS VDS it
TR E AR kIR . BRI
HERRY . WIARTORRY) S 5, B LRy
7A R, 17 AW (EFE, 2010) o FHEE
JEZ G0 1) TR ) e AL SV 9 PR B, AR 4058+ g Dt
POIC IRV IS B T R X, T AR KR
[ 1 RN P S B 5 il SO O R W 7 S B2 N Y A
SRR, TR, SR A I C SR T Sk B SN Y
Fili 5 42 BRAUMG FR e v AL AL AL ) P 2 )
SEEE . UC AR A SRR SR B T P A
FH, AR AR TR A fik /D AT R4 Bk A OF 1 80
|G AR L L NS S € LY Rl SO S
JET R, AR 225 DA [R] £ B2 B 5 Al P2 30007 i
Py T TR I T S A 2T 1 M C AR R . BT
R RaSE: (1) A FH A AR Z Ak
Mo ZMEFET/KAEMD)EEE (Ruppia maritima
L.) A 73R4T “CAEARAR R & 57 (Kelts et al,
1989; Listeretal, 1991) ; (2) fEAERRIZERN ,
TES A (2007 ) A o 57K 500 i 2615 1 4F i
1549 a; (3) Yu et al (2007 ) M348 75 76 W 3 Sk
T V- A A4 L ) Bk AR 44 1550 a5 (4) Shen
et al (2005 ) SRR EAYEREE - AR M1 2B
SRR IEAER & 1039 a;  (5) Jull etal (2014 )
XoF 7 16 15 JE 320 AT 3 AL /K B9 DIC, DOC ., POC it
TTHF5E & B DIC 52452 T KA 58k, DOC 1R I
HE2k; (6) EFXFMIRIUIRY) “C R IE MR,
Zhou et al (2014 ) $2& 1 09 FF{E M & Rl ) 7 BEx)
DU IR TICE, FF HARAS I 3.2 JT 4R
LA ARARPR IR, 58 R IR AR 1) & e AR
IEFRUE T ARG ik

AR ANTR) 2738 IS [ 1 B X i 355 1o 1 1 7 AF
7%, fH R ke = BRI X8 04 3T g A K
DO"C il DI"C Y & B 1Y 2= 1] 53 A 5 DR 4L FL
HC B BY IS E) o3 A BRI S AR SS A ST, A
6 IGBIK AR LMY DIC F1 DOC 1148 [8] 43 A
AT, SRIGFIA IF fLEBRERER BY C 1%, W4
TR 2 e 2 [ RS ] _E 281k

1 EmRXESZRON
L1 HmRE

2009 4F- 75 75 ] & BRI T BB A
L SR YD MR R HET 6 A% R B R
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SEOKRESN, TEPEIL ARG i AR KRR, (& 1)
JAG K RE 24142 4 0.2 um Whatman J& g 58 590
B3ty 5 4 A8 500 mL (O BEES R, % B
B RS2 % #Ef T DIC 1 DOC [ BUH C 43
Fro 200547 H, TR A 78O 1z
(36°48'40.7"N, 100°08'13.5"E) X 4 T 18.61 m
AT RE 1F (& 1) , Hidh TOC iy C 44
B4 %3 (Anetal, 2012; Zhou et al, 2014 ) ,
ARG T BT B FL AP O RR IR EL (19 1C 4R
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1.2 RW=ES

1.2.1 DIC f{#EH

DIC % £ B 3= BUHE K RE % 1 HCO;,
CO; FHHMIMESMT, L CO, BT AR Hi ok,
TR EIFEE DIC [ H 1.

(1) RHE 200—300 mL AKFEFEIA = Fifir,
B HEREZRE, ZEFT I = S0HATII T,
P35 T T FRBUEALE 20 torr DA, BLEHR A A 7K T

GRS, S = SURATAY IR ] .

(2)FHVEET R 15 mL Yemsia , 1 AZKEE T,
L5 7 P sk T AR T TR AR 8 70 L) CO, T
AR A, HHRA - RS IR % CO, HrrK
R, AR BRA TRIEE CO, KAk,

122 DOC Hy$H

DOC FY$RIR 2% I idekeds (K12)
PRI 5 F e SR Bk 419 DOC v #% I &2 Tk
SRIG HZE K IEBE = Pk, 7E DOC J J # o
A 800—900 mL /KA &, A MBERR 25 mL; K
RN A E R B R Ay b, g s E s, Hm
TR B AE N 8 IS A AR 60 C 24y 1k E 2V ik
TR WM B A R K (1—2d) 5 M a%

WA 5 mL 24K, FTHF B gR T TA 1.6 g
) KMnO,, Rl E 2, S5 AR ae ],
T0CIKIE VI T FHRA - TR R BFA R CO,
IR A e BT, AR BEVS TR IS CO, R
o WRIER B SRS AR LB, fE RS REN
RE4lifk, B AR 5] Zn i CuO [N # Hh4li
fb—A~/INf (Burretal, 2001)

g g
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1 LA R N vy A\ Vacuurj;ii)ilmp
1 L quartz reactor )
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Fig.2 Schematic illustration of the evaporation system
(Modified from Burr et al (2001))

1.2.3 UURRY) TCH Ui R £ 1 fi

VB R 0 0 TC AL R R AR I A o,
b2 HTAL BEAE RN T .

Wt 70 mg 25 A7 BE T A FE i e A RE T A 1R i S
WAe% (B 3) , finA 85%H,PO, 15 mL, fE4k
EZS . MEZSIRF] 13107 torr B G AIRRARAS I
T, BIA HPO,, R ff A HLE 70 °C HL MR I
AN, RJE, H OB R B A2
AREZS, MELESIAF] 13107 torr I, A - WA
R BFalifb IR CO, Sk,

1.2.4 {18805 0

KSR CO, AAAE P 22 I 4 o 1% 0o 1)
24 {4 A A S A RS F R Zn/Fe (Slota
etal, 1987) & lifi 5.

CO,+Zn 2% CO+Zn0O

2C0 % COC(F )
PR NIRRT T, R i ) CO, Btk 25,
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Zn K EBAL AN Fe 3Bz 4348 FH 400 °C F1 600°C J
NEIRIE, DL R PR A S R A e R (R
fHERIERE, 2001) .

85%fi R
85%H,PO,

i
Sample

7

K3 R SOBE R EE
Fig.3 Schematic illustration of the acid hydrolysis unit

1.2.5 il &

B IS A B A VG 2R R B 0 3MV
fns g FEATI A (Zhou et al, 2006) , AiiE4R
18 >k FH Stuiver #1319 #% 3 ( Stuiver and Polach,
1977) .

2 ZERFMVHE
2.1 FHiFHEBRARIMK DIC 5%

T A DIC FEA43EE 4 2,09 +0.33 mmol L
TMiI7K DIC FEH53k B A 1.74+0.22 mmol- L™, 3%
() DIC ¥ & Tk, 917K A% DIC Ay “C 4 A B
£, TN ER TR Ry A Ak, HATATR DIC
() 1C #hges, JUHUEM/R ST DIC 1Y “C i, ik
] 3050+30 a BP, M AT A HU B & 53 A 0] L H
T 21 04 £ ik ] T B T ye] DIC [ BE A C AEAR R
FeAb IR (£ 1) . DIC 284k F1 DIC ) C 4%
RZEFFIA B S A AR

F 1 HIEHEL A AWK DIC WeEEF C 2553

Tab.1 Results of concentration and "*C age of DIC in Lake Qinghai and inflowing rivers

o L DIC ¥REE “C Age/(a BP)'
REEHLL - Sampling site DIC concentrgtilﬁl%é(mmol'fl) “C Age = Err(zr (lo)
i River
834 Daotang River 1.50 Post-bomb
M hl  Heima River 2.04 180 30
AFMYT  Buha River 2.19 910 30
YPHI  Shaliu River 2.40 1410 30
JRTM Quanji River 2.40 700 30
M5 /R#  Haergai River 2.01 3050 30
W7k Lake water
FHIFWITELE  Qinghai Lake Hotel 1.90 Post-bomb
PEdLIZE  Northwestern Lake Basin 1.59 Post-bomb

* A EHEAE T Jull etal (2014)
* Some data are cited from Jull et al (2014)

22 BHiFHELKTREK DOC 2%

LAY DOC M- 0.2540.23 mmol-L ™,
7K DOC Hy 0.20+0.04 mmol-L™", [ i DOC
W BEWE =5 K, B TN LASE, i DOC /Y
AEARE T IO DOC, PRI %) Hb B B 43 A i
A, R DOC ¥R JE w5 FAbid, m e
DOC ¥k FE7E 0.29—0.70 mmol-L ™' 284k, A5{h i BE
A, BT ES S 0.7 mmol-L, b idI i DOC
We FEAE 0.09 —0.17 mmol-L™ 251k, AR b i 45t

/N, UM B e, 1550 0.17 mmol L
A DOC 1y “C AR # A 4R, FiE 3 i 5
W MC 4E AR 240430 a BP 2 AR, dbiii
DOC fy "“C 4FE I % A /R 35T . 517K DOC HY4E
&I AKAES: (£ 2) . DOC ZEfk il DOC K “C
AR Z R I AT B A AR 1
2.3 FHiFHEBRTRF# K DIYC 1 DOYC 4
RN EWHSRIRE
T KA A TR, HSR IR Y SRk
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FIREAK o WA/ INITAT 70 432, U A ARXTHR
I3 o WIHLRE | VAL A R TR 2 , IR AR,
SCLZS s WIARRE R ARG R, AR, £

RZETERR, AR/ FAT BN A
50 5%, EEAAGIET, YRR, WMREEAE, b
WA A AR T Y 83% (&4) .

2 HIEWIRLERTRAIEIK DOC HREER C 455

Tab.2  The results of concentration and "*C age of DOC in Lake Qinghai and inflowing rivers

N L DOC ¥ i "C Age/(a BP)"
RFEHEAL Sampling site DOC concentration/(mmol-L™) “C Age Error (10)
W River

{8l Daotang River 0.70 240 30

MW Heima River 0.29 1140 40

fiM47  Buha River 0.09 1420 30

YPHI]  Shaliu River 0.17 1430 30

SR Quanji River 0.11 1240 30

M5/RT5  Haergai River 0.13 2365 30

7K Lake water
FHFH NS Qinghai Lake Hotel 0.17 790 100
Vit 4E  Northwestern Lake Basin 0.23 700 30

* S BAEAIE T Jull etal (2014)
* Some data are cited from Jull et al (2014)

o AT
Buha River

o IOHT
Shaliu River
W5 /K 75 7]
Haergai River

§ R
Quanji River

o B
Heima River

o {5kt
Daotang River

B 10°m’
Unit: 10'm’

K4 HlpimRsine (FiE TRE .G, 2001)
Fig.4 The main rivers discharge in the drainage basin of
Qinghai Lake (Engineering Consulting Center of Qinghai

Province, 2001)

TV R T R A A, TR A S YT R R
W, R RSN, M XN F, R
YN8l )z, Yeme 28 i 5 58 Jox 28 10 it 4%
AW, B i R B A JB B T (A5 RT JE i) DOC
W B S LA, #EAF R 2R DOC, T
T EHL, JFJoA KA ML BT X s, DIC ()% &K
%, B F R AR R 0.2%, XN DOC
F1 DIC BTk it A B

EF AL X8, RIS, A

JRBYUKII, vkl R 45 12 X 38 PN A 3 T3
R AR AR, 3] 98% LA b, A I
FE BRI X B, Wi Kae vy, DOC
SR, (B2 DIC fafe, RZXENE
KA KA FEA A (FUBER T EAK, 1996)
T A1) DOC H1 DIC #E A MBI, B2k
() DIC B, BT AW X 2 J5 AR At
froesisc e, i r DOC #EAMIX 2 )5,
PP scHe, AR,

TR R BE (1) DIC wp 6C i 7E R W, H
R4 T I 51 7K 5 K CO, A 3 B Y A8 (]
PR [0 2 B IR S . 75 TR0 A SR T
WK B A B — 1 6°Crc AR, FEZHET KK
CO, FIKIRMsc#e (FEVESE, 2013) , HEZEH
AT, W DIC, KE AL C AR F1igI K
() C AR I —BUBUE KA MCO, PR IRBESES T
A, DR | A T VTR A e 1 i R A
A T RESE f T b S B RO R N A S R A
WX 5
2.4 i IF LR “C £/

AT 1F FL 13 MR ERAY “C ARURES, BR
TAHEILANZ0 BRI B8, L C AR RETR 1 AR
fb, AREFH (£3)

MU FRER 19 “C 1Rtk TOC 4R mE,
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PR 7000 2247, Hirp 605 cm DL T (R ™,
B2ik%) 21950 a; 605 cm P I, ZERESHAFR,
FAFFRIRE] 265 a,
i i Anetal (2012) F1 Zhouetal (2014) 3R
P8 ) IF FLAS R R B T S 4P AR: AEIRE 1 —
499 cm, A EEARACTFR AN y=23354x+1345; 7£

RN 499—901 em, 8 AN y= (19973x+
2830.8 )—1143; {EIRREE A 901—1860 cm, 1B/ N:

y= (12.666x+10794 ) —2523, Hihx HIRAEE, &
DL B SEUAT DA TR LA R IR B i A] SE4EAR,
BRERERAY C SRR IR M T SRARARZ 22, R
BREh “C BT Z R BIARR, IR 4,

F3OIF fLBRMRERIY “C AR
Tab.3 The "C results of carbonate in 1F core
ZEAN
- it Orgﬁfffibon BRI C At
Depth /cm MC Age/(a BP) “C Age/(a BP)* The "C age dlfferen.ce between carbonate and
o I organic carbon/ a
CAge Error (lo) CAge Error (10)
1 1220 30 30 30 1190

1785 30 200 40 1585

1990 35 1430 30 560
284 6650 40 5680 40 970
413 9940 100 8560 50 1380
456 10350 55 9410 60 940
477 10020 55 9755 60 265
480 10930 60 9900 45 1030
605 17080 90 12010 60 5070
901 39780 1130 18820 130 20960
1363 39960 1210 23900 90 16060
1550 49200 2000 27250 335 21950
1773 47800 1500 28670 300 19130

* FHEHE IR T Zhou et al (2014)
* Organic carbon data are cited from Zhou et al (2014)

#*4

THHF] 1F LB TE A [RIR BE A AT SE AR AR 2
Tab.4 The reliable *C age and old carbon age of carbonate at different depth in Qinghai Lake

. TR ., &IEIPR ﬁﬁ@ﬁ#‘ﬁiﬁ;ﬁﬁ$ IR BRERERAY C AR
TR Dating C Age/(a BP) Calibrated age B AT SEARAR, %}f’}%
Depth/cm . /(cala BP)  The reliable age by age model Old carbon “C age in the
material n .
CAge Error (10) Median /(cal a BP) carbonate/ a
1 B%fREL  Carbonate 1220 30 1143 23 1120
5 ikfREL  Carbonate 1785 30 1707 117 1590
9 B%fREL  Carbonate 1990 35 1939 210 1729
284 fifiREy Carbonate 6650 40 7530 6633 897
413 B%fREL  Carbonate 9940 100 11436 9645 1791
456  fifiREr Carbonate 10350 55 12207 10649 1558
477  BREREL Carbonate 10020 55 11514 11140 374
480  fikfiREy Carbonate 10930 60 12789 11210 1579
605 B%fREL  Carbonate 17080 90 20603 13772 6831
901 ikfREL  Carbonate 39780 1130 43563 19684 23879
1363 fikfREL  Carbonate 39960 1210 43709 25534 18175
1550  fixfrEh Carbonate 49200 2000 53000 27903 25097
1773 #%fREL  Carbonate 47800 1500 51000 30727 20273
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NS AL LLE RS TRBE N, Bk R h 2 ik
IR —MMEE M E, A RE SN, JFH
75 1—480 cm % B F {5 N 990 a, AR fH N
374 a Y BLTE 477 cm, 480 — 1773 cm & 1) 5
RIS, SEY{E K 18851 a, fimly 25097 a, il
PFE 1550 cm,

30000

20000
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BRIR Eh 2 h
Old carbon in the carbonate/a

0 500 1000 1500 2000

R Depth/cm

KSR EmREETRE A S i
Fig.5 The carbonate of '“C data with depth in 1F core

ME 6 BT, 3.2 T34 LISK A LA RNk R £k 1)
Lt It AE— A EE AR, TR BE A I RS AR A
HOANW/N, I AR FA LK, RiREhr) 21k
IREERCKR, 2t DS A MR I 20k R 135 a
(Zhou et al, 2014 ) , i o 715 K15 1F fL &
Bk R Eh 1Y - 24 Ry 990 a, 4Rt LUHET,
FHLBR B 8% A 1833 a, M fRAR R AU -2 & h N
18851 a, 7E4BTETE, ANISJEA PR Ak R R
iR IE RS, A0 LIS R Y
TR IR A4 T SRR, % X
TEAFH LART, SURBEAE T%, LR,
il R EE MR (Anetal, 2012) , KK
UK (~32—19.8 ka ) M), ¥ HFHIA0 DT RLE
222 5 TR - A —3, H o3 —
FogE; WHEBME, Z B URIE R (Artemisia ) |
e & ( Ephedra) F1ZEF} ( Chenopodiaceae ) iX Lt
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