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Abstract; Twelve short sediment cores were collected from Lake Lugu to analyze the particle size composition, magnetic suscepti-
bility (X;;) , metal content and chemical index of alteration ( CIA) in this study. Referencing to the 2'°Pb and '’ Cs dating results,
natural factor such as precipitation on the sedimentary characteristics, and human activity records such as agricultural expansion
and deforestation, the temporal and spatial variations in sedimentary characteristics of Lake Lugu in recent 150 years and were dis-
cussed. The results indicated that the sediments of Lake Lugu were mainly (> 80% ) composed of clay and fine silt. The fine frac-
tions (such as clay) showed typical positive correlations with X;; and CIA. The sedimentary proxies showed similar vertical changes
in the cores from different lake areas. Before 1920s, X, and CIA remained low values and the grain size compositions were stable,
suggesting weak human disturbance and stable particle input from the catchment. The clay content, X;; and CIA increased gradually

since 1920s, which were more remarkable change since ca.1970, indicating enhanced erosion of well-weathered and fine-grained
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topsoil probably relating to intensive agricultural development and deforestation in Lake Lugu Catchment. The X;; and CIA tended to
decreasing and median grain size increased since around 2002, which suggested decreasing topsoil erosion attributing to the imple-
ment of environmental protection measures such as vegetation recovery in the catchment. Study between the sedimentary proxies and
instrumental data showed that climate factors such as precipitation had a weaker effect on the sedimentary evolution of Lake Lugu
when compared to human perturbation. Spatially, the sedimentary proxies showed obvious heterogeneity. There was higher clay con-
tent in the surface sediments in north and south lake areas where they were near the pluvial-alluvial plains. The mean mass accumu-
lation rates were 0.020-0.043 g/(cm? - a) since 1964, which showed higher values in the south Lake Lugu than in the north Lake
Lugu. The high accumulation rate in the south lake should be ascribed to a fact that are influenced by inflow and outflow rivers and
the strong soil erosion from the south catchment caused by intensive human activities.

Keywords; Lake Lugu; deposition features; temporal and spatial variations; human activities
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Fig.1 Samping sites and numbers of the sediment cores from Lake Lugu
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Fig.2 Variation of 'Y’ Cs activities in sediment cores from Lake Lugu
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Fig.3 Variation of grain size, magnetic susceptibility and CIA in core LGS from Lake Lugu
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Fig.4 Vertical variations of magnetic susceptibility in the sediment cores from Lake Lugu
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Fig.5 Normalized curves of magnetic susceptibility and clay content in the sediment cores from Lake Lugu
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Fig.6 Contour maps of the average mass accumulation rates and clay percentage since 1964 in Lake Lugu
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Fig.7 Contour maps of clay percentages in sediments of Lake Lugu at different periods
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Fig.8 Variation of annual rainfall in Lijiang weather station from 1951 to 2012 and median diameter of core LGS

FRAEAR SR AR AR T E S A X T3 DA J 9 R e /0N, 6 4 v e g 16 s B
SR TIEE AT R B XL 20 TR R DOk BEAR IR 5 A1 VA I Y RN D L A2 h
ot P SRER B 5 M FF LG ], 33X 0T BEXF N 1920 47 22 A7 WA IA DURUHR bR JF 4f A AR 78 Ak, i o B B Sr LAk o oy
TR SR N ZEE Bl B 3 — AL, 5 B 5 KRR R A Al % 8 K R Il 25 S B Bl A
T ISR 2R SR R HE B RS IR, 2 A ISR B RE 5, KUk S R AR R Y
YIBURE R - W SSA LE3 n, F e S B DO RR A B S o | P R AR N, WA TR =
FH.1970s F1 1980s H1 U I IR & A T B ORISR AR 3T RS 1970 4F 5 TR ZL 1 & i S i
AR T 0 E B R AR 22 R S E AR TR (AR RIOR) R R
1 575%107° m’/kg, T EARE G REALTR TR 41107 m*/kg; 1970s LISRITARYIRE AL 3 5 F 0L R H
FEUT, S T R ke L AR s v IR R B AR . R AR 1986 AT YT IS S 1 SRR AP X T, (A
W) B S IR L A R R Bai %50 AFST R, 1995 — 2005 AR5 ik AL A M P b/ T 44.9%
PH S RN T 54.8% 5 3T AF Y 1 I I S8 AR MO 25 3 R 2003 4E Y 54.5% 3N E 68.7% 7. 2002 4F LA
ok, ABRLDURRY) & i BEALARS CIA (EA BrRRAR (151 3.4) , WTRE 5 U It 9 it del s 4 f b AR 1l 1 i R 52
CEPRBE IR R I A0 S S ORI R AR IR A 0. BEAh AT 10 4E LUK/ R SR AR TH S B LR S
CIA {EREAS , 8T BB -5 2SI Sl 52 W el 55 , B4 /K X 3t ok 080 A0 s A ) 52 i 38 R A O (181 3.8) . i i T o %
FRMBRAR AR % S 4R et 2% P e B HOGF A DT AR R B8 BB A 5 Wang 255 b 5% M HUBR K
PERUVINFTK PRI TR 25318 — 3%, 0F 5 B = TRTE 1 I3 R0 ( AD 500 — 1050) ZRARAR R Bl & J 45 AT
SXHSTIA DU B AR M AR L (2R B9 LTSI S 30 380 55 0 T DR IR B 5 IR TE 57 i 0+t 1K
B A Rl — 5.

3150 A4 ik AT AR B S e A8 5 3 11 74 g b DX %y At A Y LA AR AL AR AE , Al A3 AR TR B
TGRS T 1930s, FEEAZFNFI R | J 8K R4S A T8l 3% 3h B9 5 mi > 5 T3 A & A8 TR R B A5k
1950s DA IAR 35 3 AR T FR B E 8 B EDT . SR, 78 A3 307 28 S0 8 S X A A S FR B
Wi A B 457 T AE AR — B M 25 52, A8 3R b M A 5 AP ofe R (1 51 AR TR | 52 183 S H0 A1) 380 568 77 30 20 A 4
TS A A IR R A 2 RIS 1) B BRI R 3 00 S T4 A A SCRIAH SR 72 ) A A 0 3 ) A S IR B 8 1k
B BN AR AR AT AR SR AR T Y5 K A B R I JEL v 28 e 5 0 R 4 43 B 3 S B K
B U RS2 1970s — 1980s LI Il A 7K A6 A P R IE L RN 4544 2% A B2 1) BRI R 22— 1.

3.2 A MR AR RES T

YT TORE dak R R S Pl R X [ R X W AR A A (T 6) . AR B RS0 Z A
IRGES KT MBI T A5, P 30T e DX 0l 20000 % T S0 40 SR AR iy e Y S R R, DUBLE &
— B R K X K X G 0. ST 0 0 T g I A W X R R A 22 5 KRR 1 A 2 R IR AR AR B R Y
T X A 2A 0 1964 48 LR (1 T34 TR it 5 R AE s K BREEAT AH DG 24T, 45 SR 3R B 38 JC L AH



254 J. Lake Sci. (#ia#H3) ,2017,29(1)

FE(n=7, r=0.52, P=0.23) , BEHTK IR o4 i i1 00 FR 0 825 1) A8 AL R R 45 /0N , 3 5 R AN 43 9 405 R —
BV BR T WA ERIA R R | Bl VR A ST A R e I DR E 0 R R DA I A ek e R
R R A PR R A RS i, 20 400 301 1 8 U TR i R S TR ek P 2 B ARl S (B PR T )2
H T, A SRR AR RAC R AT M LUK - B R R T I XA K A R T A
7K R HR i FE T A ST ( = SRR LT ) 43 S0 T R S50 0 X G VG R IR AR . Rk, FRATTIACH AR
15 3N CHNARARIRAL AN T B ) B AW 35347 7] B2 5 S50 50 0 DX ORI 450 o 1) 2SR AL b, 95 3 )
ME— B4 R K 7 T AR R, WK 28 B S0, AR R R XK A A 4ol R B, K AR AL Y BHLE VR T R T
TURR A3 AR L 5 A A i F ) XU AR S 5 s B EE B R N 3. 30T 50 4F SR U T I VAR k23 )
ARk B2 AR T U A I Sl R ek DR A 5 T AN A AR SC o 26 B, FLUTRR o 32 B A2 KR K
T HLIE L AT A3 A

YIS 7K Bl 1 2 R S R MR IA TR A B A R =N 2 1A K B BRI PR B
W0 URR AR B 4 B2 T A0 20> SR, 5 1ok 090 i S R 308 X T X SR AR B - A s (B 6.7) , R
[] A SO R 2 B R KR 3 A e (BRI X, n=7, r<0.05, P>0.90) ,3f H. 1964 4E LKA ZE +
-4 2 B AT PO RUE B TE MM (n=12,r=0.40, P=0.21) , 35 F3RIA TR PRLE 23 ) 254k 3=
FLZWIAKIR S 7K B JI 5 0 0 A — 380 S5 61T SCAM T, A U W T T B R B s (R AR A6 v] g - 2232 )
RIX - S 5 21 J3 4 B2 I, W 408 357 3N 28 355 3 58 2002 i) A9 08 DX 0 R e 20 1 T 4, 00 3 R T S R R
Y T BB X R I X TR B A R s (R 7).

WFFE AT WIAIK T O BE <3% (3 BE & 43 e, RIS FE 3 B S KBS 2 H ) A X 3 32 B oM 3 AR
X, GO HE R s /K N I3 RE > 10% (TR IX, DUR iz 7 F o 3. s i oG 2 526+ 5 i3t
I KGRI I T = R bR TS A TR A SCZ A, S R X DU R A SUK IR KT
20 m, JLFFWI X TORA ERAE KR KT 40 m, 535 & XA b, ASBIF G SRR s /K T Hi B AH X 28 (%% <
3.3% ) A 5. VTR R MO R K A9 3 e X SR S A7 A — 2 B sh IR T, FEDORGE 2 TR
SRR X ] BEAF R — 8 2 57, B 75 A R RARE— 2B 9T

4 &g

T 150 4E Y5 WU AR B AL HLA B B B B BEERRAE , 1920 45 2 817, VTR AL | CIA 50 8 4 AR
ARHBEN I T A B R, LT A Shag 55 e 1 AR AL B B 5 1920 4R TF 4, RR002 1970 48
DI DU S+ O i AR CIA (3 S T e, Bl T JRUA R 2 e ) 240 JURE 2% - 4 o A=l I o | 3
FEH RN OGN S S 2 Can RO B RS ) A 5. I T AN R KGR X U AR A
AL AR, B ASMRATS A AR 878 T ULV (1928 (8] 22 5. 3 50 4E 5 B 0 DX 1 - 24 POARGE
R LRI X, 5 PR N K R 3 A0 RN ST Bl Y 2 (R AE — 350 DOBR) ok B A 32 B 5 AR TR B
I NEREY/ D5 3P S0 Tl w2 1 T A s = | o o DV ) A NS SR ) =AU R
X P 2 AN AT R SRR X B — 5 IR DU AR AR A8 S T B A SR i Ak 3 (B TR
5 UURR RS ) 2 8] 5 o |, 76 G BURT 8 42 IR 4575 Yo ) SRR S AF 5 TR FH 2 4 22 B 0 i
B F R AR R A R Ao B SN R A S B AT AL R AT, R B ATRIAR T R AN
B TR T F M B B R AR RRITAR B SR | A IR RO

5 &% 3 #Ek

[ 1] Shen Ji. Progress and prospect of palaeolimnology research in China. J Lake Sci, 2009, 21(3) : 307-313. DOI10.18307/
2009.0301. [ L7, WHAVCRBITIRY T S e 5 2. WIARY:, 2009, 21(3) : 307-313.]

[ 2] Bindler R, Rydberg J, Renberg I. Establishing natural sediment reference conditions for metals and the legacy of long-
range and local pollution on lakes in Europe. Journal of Paleolimnology, 2011, 45(4) . 519-531. DOI.10.1007/s10933-
010-9425-5.

[ 3] WangR, Dearing JA, Peter GL et al. Flickering gives early warning signals of a critical transition to a eutrophic lake state.

Nature, 2012, 492(7429) ; 419-422. DOI:10.1038/nature11655.



o BHE P FEREARR RN T TAF IR R B > 255

[4]

[5]

[6]

[7]

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

Dearing JA, Yang X, Dong X et al. Extending the timescale and range of ecosystem services through paleoenvironmental
analyses, exemplified in the lower Yangize basin. Proceedings of the National Academy of Sciences, 2012, 109 (18) .
E1111-E1120. DOI;10.1073/pnas.1118263109.

Zhang EL, Tang HQ, Cao YM et al. The effects of soil erosion on chironomid assemblages in Lugu Lake over the past 120
years. International Review of Hydrobiology, 2013, 98(3) : 165-172. DOI;10.1002/iroh.201301468.

Wang Junbo, Zhu Liping, Ju Jianting et al. Environmental changes reflected by a comparative proxy study among multiple
cores from Pumoyum Co, Tibet in the last 200 years. J Lake Sci, 2009, 21(6) : 819-826. DOI:10.18307/2009.0611. [ -
B, RV, BEEESE. PG SR AN R A IR TR AR XS FUAT 5 B H S B3 200 4ER FREEAEAL. WIIARE
2%, 2009, 21(6) : 819-826.]

Engstrom DR, Rose NL. A whole-basin, mass-balance approach to paleolimnology. Journal of Paleolimnology, 2013, 49
(3): 333-347. DOI:10.1007/510933-012-9675-5.

Rippey B, Anderson NJ, Renberg I et al. The accuracy of methods used to estimate the whole-lake accumulation rate of or-
ganic carbon, major cations, phosphorus and heavy metals in sediment. Journal of Paleolimnology, 2007, 39(1) : 83-99.
DOI:10.1007/510933-007-9098-x.

Yang HD, Rose NL, Battarbee RW et al. Trace metal distribution in the sediments of the whole lake basin for Lochnagar,
Scotland; a palaeolimnological assessment. Hydrobiologia, 2012, 479(1/2/3) ; 51-61. DOI;10.1023/A ;1021054112496.
Wang JB, Zhu LP, Nishimura M et al. Spatial variability and correlation of environmental proxies during the past 18,000
years among multiple cores from Lake Pumoyum Co, Tibet, China. Journal of Paleolimnology, 2009, 42(3) . 303-315.
Wang Junbo, Zhu Liping, Wang Yong et al. Spatial variability of recent sedimentation rate and variations in the past 60
years in Nam Co, Tibetan Palteau, China. Quaternary Sciences, 2011, 31(3) ; 535-543. [ TR, K31, EHS. 74
TN A B AR A ) 25 [R] S AT PR AE S I 60 4R RYASARBITIE. SR IHALHESE, 2011, 31(3) : 535-543.]

Wang Y, Zhu LP, Wang JB et al. The spatial distribution and sedimentary processes of organic matter in surface sediments
of Nam Co, Central Tibetan Plateau. Chin Sct Bull, 2012, 57(32) : 3090-3099. DOI:10.1007/s11434-012-5500-9.
Dearing JA, Jones RT, Shen J et al. Using multiple archives to understand past and present climate-human-environment in-
teractions: The lake Erhai catchment, Yunnan Province, China. Journal of Paleolimnology, 2008, 40(1) . 3-31. DOI.
10.1007/s10933-007-9182-2.

Wang Sumin, Dou Hongshen eds. China lakes record. Beijing: Science Press, 1998. [ THE s E g hEAR. b
= BRE R, 1998.]

Shi Zhengtao, Ming Qingzhong, Zhang Hucai. Investigation of the evolution and envirnoment change of typical lakes in
Yunnan. Journal of Geomechanics, 2004, 10(4) ; 344-350. [ IEW, APCIE ) SKEEA. 25 i I i Y 30 YA 1ol £k S 3R
BRI 5. U224, 2004, 10(4) ; 344-350. ]

Liu GH, Liu ZF, Hu HF et al. The impact of tourism on agriculture in Lugu Lake region. International Journal of Sustain-
able Development and World Ecology, 2008, 15(1) : 3-9. DOI;10.1080/13504500809469762.

Guo XC, Potito AP, Luo L et al. Twentieth century human and climate impacts on a large mountain lake in southwest Chi-
na. Hydrobiologia, 2013, 718(1) : 189-206. DOI:10.1007/s10750-013-1615-5.

Zhang YD, Su YL, Liu ZW et al. Long-chain n-alkenes in recent sediment of Lake Lugu (SW China) and their ecological
implications. Limnologica, 2015, 52(1) :30-40. DOI.;10.1016/].limno.2015.02.004.

Wang Q, Yang XD, Hamilton PB et al. Linking spatial distributions of sediment diatom assemblages with hydrological
depth profiles in a plateau deep-water lake system of subtropical China. Journal of the Czech Phycological Society, 2012,
12(1) :59-73. DOI: 10.5507/0t.2012.005.

Bai X, Ma KM, Yang L et al. Simulating the impacts of land-use changes on non-point source pollution in Lugu Lake wa-
tershed. [International Journal of Sustainable Development and World Ecology, 2008, 15 (1). 18-27. DOI. 10.
1080/13504500809469764.

Wan Ye, Guo Laixi. Crisis factors and control approaches of the special natural-social ecological system of the Lugu Lake
area. Resources and environment in Yangize Valley, 1997, 6(3) . 211-215. [HH{,’Q, 2o, YT X R B Rt A
BREMMEILH R LIAERE. RICHEPHRS3REE, 1997, 6(3) : 211-215.]

Nesbitt HW, Young GM. Early proterozoic climates and plate motions inferred from major element chemistry of lutites. Na-
ture, 1982, 299(5885) : 715-717.

McLennan SM. Weathering and global denudation. The Journal of Geology, 1993, 101 295-303.

Last WM, Smol JP. Tracking environmental change using lake sediments. Volume 1; Basin analysis, coring, and chrono-

logical techniques, 2001.



256

[25]

[26]

[27]

[28]

[29]

[30]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

J. Lake Sci. (#ia#H3) ,2017,29(1)

Yang H, Turner S. Radiometric dating for recent lake sediments on the Tibetan Plateau. Hydrobiologia, 2013, 713(1) .
73-86. DOI:10.1007/510750-013-1493-x.

Wan GJ, Chen JA, Wu FC et al. Coupling between 2'°Ph,_ and organic matter in sediments of a nutrient-enriched lake
An example from Lake Chenhai, China. Chemical Geology, 2005, 224 (4) :223-236. DOI; 10. 1016/j. chemgeo. 2005.
07.025.

He Huachun, Ding Haiyan, Zhang Zhenke et al. Grain-size characteristics and their environmental significance of Hongze
Lake sedments. Scientia Geographica Sinica, 2005, 25(5) : 590-596. [ fij4e#:, T ifFMe, TR va 45, e R it e
BTBIATTR R R BT ER S 5 3. BB, 2005, 25(5) @ 590-596.]

Chen Jing’an, Wan Guojiang, Zhang Feng et al. Lake sediment environmental records under different time scales—a case
study of sediment grain-size. Science in China: Series D: Earth Sciences, 2004, 33(6) : 563-568. [ Bffifi4¢, JTEYL, 5k
W 85 AN [ I 1) RUBE T B A TTCRR A IR SE 1 Sk —— LADTAR PR B ). th R AR27 . D 4. HuBRRL 2004, 33(6) -
563-568. ]

Wang Xiaolei, Yang Hao, Zhao Qiguo et al. Recent environmental change inferred from grain-size records in Fuxian Lake,
Yunnan Province. Acta Sedimentologica Sinca, 2010, 28(4) : 776-782. [ £/N&, Wik, X HEZ%. =iz s
IS AR DT R e 5%, DR, 2010, 28(4) : 776-782.]

Wu Ruijin. The magnetic susceptibility, frequency magnetic susceptibility of lake sediments and its paleoclimatic signifi-
cance. J Lake Sci, 1993, 5(2); 128-135. DOI;10.18307/1993.0204. [ 5Z&Hii4x. WIVAUTRUI I #E L3R IR RE fL 2% K
Holr S . WiARkE, 1993, 5(2): 128-135.]

He Xiubin, Zhang Xinbao, Walling DE. The basin erosion rate calculation model based on deposit profile ¥ Cs changes of
lake and reservoir. Progress in Natural Science, 2005, 15(4) : 495-498. [ %7535k, k{55, Walling DE. J& T PEUTAR
P Y7 Cs AL AR 2 R AR RS . FARFL2AHERE , 2005, 15(4) : 495-498. ]

Huang Zhenguo ed. Red weathering crust in southern China. Beijing: Ocean Press, 1996. [f&"'l:‘fﬁ[il H [E B 7 41 @ Xk
e, bmt: WA, 1996.]

Little MG, Lee CTA. Sequential extraction of labile elements and chemical characterization of a basaltic soil from Mt. Me-
ru, Tanzania. J Afr Earth Sci, 2010, 57(5) ; 444-454. DOI.10.1016/].jafrearsci.2009.12.001.

Wang H, Xu L, Sun X et al. Comparing mineral magnetic properties of sediments in two reservoirs in

“

strongly” and
“mildly” eroded regions on the Guizhou Plateau, southwest China: A tool for inferring differences in sediment sources and
soil erosion. Geomorphology, 2011, 130(3) ; 255-271. DOI;10.1016/j.geomorph.2011.04.003.

McDonald MA | Healey JR, Stevens PA. The effects of secondary forest clearance and subsequent land-use on erosion los-
ses and soil properties in the Blue Mountains of Jamaica. Agric Ecosyst Environ, 2002, 92.1-19. DOI. 10.1016/50167-
8809(01)00286-9.

Codification Committee of Ninglang Record ed. Ninglang record. Kunming:; Yunnan Nationalities Publishing House, 1991.
[THRESREE RS, THRERAGREE. BY: SfRENMA, 1991.]

Chen Chuanhong. Algal records in sediment of Lugu Lake and its response to climate change over the last 200 years [ Dis-
sertation |. Wuhan: Central China Normal University, 2012. [ FREIE4L. JT 200 45§57 935 S TR st M Hxh < 2s b
BRI o7 [ A0S ] RO BRIl R, 2012, ]

Wu D, Zhou AF, Liu JB et al. Changing intensity of human activity over the last 2,000 years recorded by the magnetic
characteristics of sediments from Xingyun Lake, Yunnan, China. Journal of Paleolimnology, 2014, 53(1) : 47-60. DOI,
10.1007/510933-014-9806-2.

Gong ZJ, Li YL, Shen J et al. Diatom community succession in the recent history of a eutrophic Yunnan Plateau lake,
Lake Dianchi, in subtropical China. Limnology, 2009, 10(3) . 247-253. DOI;10.1007/s10201-009-0282-8.

Liu G, Liu Z, Gu B et al. How important are trophic state, macrophyte and fish population effects on cladoceran communi-
ty? A study in Lake Erhai. Hydrobiologia, 2014, 736(1) :189-204. DOI.10.1007/s10750-014-1906-5.

Xu H, Liu XY, An ZS et al. Spatial pattern of modern sedimentation rate of Qinghai Lake and a preliminary estimate of the
sediment flux. Chinese Sci Bull, 2010, 55(71) : 384-390. DOI.10.1007/s11434-009-0580-x.

Li Heng, Xu Tingzhi. The geobotanical expedition on Lake Lugu. Acta Botanica Yunnan, 1979, 1(1) : 125-137. [ Z{H,
TRAEAR. YIRS 5. MY IS RRAR, 1979, 1(1) + 125-137.]

Zhu Jinge, Hu Weiping, Hu Chunhua. Distribution of deposition rate of Lake Taihu and its health assessment. Resources
and environment in Yangtze Valley, 2010, 19(6) : 703-706.[ R 4:4% , $H4EF, SHFME. K TURLE R 401 4k L H:
TR E (R B ITA . VLIS S5 3055, 2010, 19(6) : 703-706. ]



