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Distributions of GDGTs and its influencing factors in surface sediments of Lake Chahan-
naoer "
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Abstract: The glycerol dialkyl glycerol tetracthers ( GDGTs) -based indices are increasingly used to reconstruct the paleoclimate
and paleoenvironment. However, the distribution of GDGTs is controlled by both climatic and complex environmental factors, which
causes significant difference in the results obtained by using multiple temperature and pH calibration formulas in the same region,
especially in arid areas. Here we analyzed the composition and distribution of GDGTs in surface sediments and soils of Lake Chah-
annaoer. Our results indicated that isoprenoid GDGTs (isoGDGTs) were dominated by crenarchaeol and GDGT-0, and branched
GDGTs (brGDGTs) were dominated by the pentamethylated brGDGTs (1la and Ila’). The community index (Cl) indicated that
the brGDGTs-producing bacterial community fell within clusters cold, and redundancy analysis ( RDA) showed that pH was
thought to be the major influencing factor for the distributions of brGDGTs in Lake Chahannaoer. The two factors might lead to
differences between the reconstruction results of various climate calibration formulas and the instrumental records. Through this
work , we argue that the investigation on GDGTs’ modern process should be carried out to establish a suitable climate correction for-
mula to obtain accurate paleoclimate information.
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Fig.2 The sampling sites location of Lake Chahannaoer
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(Error bars indicate the standard deviation)



BB R R A B IR CDGTs 5 A 45 2% %o B & 471
2.3 BrGDGTs tBXx15#x 0.8 L5

WK R LB B MBT A L BN, 7 0el @ T an, ®
0.18-025 2 [i], CBT # b5 48 fl 16 B8 kL fr T 04F | ) s
0.58~1.04( [&1 5) ; Ji - HEfy MBT' (i35 520,10~ & O2F - & TL .
0.32,CBT %¢{E )y 0.27 ~ 1.16, MBT's, 7E WA %2 %5:, . “osl -*
VLB AR e B T 4 B 0.58~0.83 A1 o % SR .
0.15~0.89; Wi 22 2 VLB 9 CBT'7E 0.35~0.63  _ogl_a &+ 1 = I
20075 b, Fe PR b HE @ CBTY 45 b A 96 1 7 O s M0 DT

~0.58~0.69 Z M. S W10 R UR R MBT o, i

3 itig CBT' MBT' I CBT #7se SL[

. e N Fig.5 Cross plots of MBT';; and CBT", MBT’
3.1 ZiFERMANKRY R EEE L% GDGTs iy . .
- and CBT for surface sediments and soils
Z N

GDGT-0 /2 isoGDGTs ki iz ik &4,
‘B A B & & 5 ( Thaumarchaeota) | & 1ty 7 ( Crenarchaeota) F1J™ 1 1 ( Euryarchaeota ) %5 fy B #f A Hop
e GDGT-0 B E B TTHRIE ' | T crenarchaeol K Fo A & 42 A AL 23 oty 11 OHRAiE AR 7L 1N
I GDGT-0/ crenarchaeol FCAE 7] KT isoGDGTs (1) jﬁfﬂé?}ﬁm] o RN, A FES GDGT-0/ crenarchaeol H
HAE 0.2~2 Z ], P X A iy i | F AL, BATO A E LA A 3, — MR ek £ 5
i) Group 1.1a™*) ; 58 —Ff 27 4 48 AT 7= 4 55 £ crenarchaeol’ ) Group 1.1b7" /] F| ] crenarchaeol/
crenarchaeol’ FW{E X 4+ A 55 &7 1 B 25 8. 24 crenarchaeol/ crenarchaeol’ FU B > 25 B, v i B A 2R F 38 2
Group I.1a 8 G5 HAf <25, W)k Group 1.1b U251 ' . #¥F Wi/R T4 KL i crenarchaeol/ crenarchaeol’ [,
fE <25, RS X T8 EZ N Group T.1b BUAFHTH

W30 YUY brGDGTs B W] L 2 J5 437 K FE 7

Pentamethylated N
0 v HEAE Dy

AR AT L S e 9T O L S A A 1.0 . BRATEW)
Ay TR R B, A B0 T AT R 02 e

FRATRESS biGDGTs 222 T =58 (18 6) L3 5
AL 77 42 SR ) B £ 0 H
P 6 %, BV LA BE i LA B B 0 T AL
brGDGTs, 1L K 1 % 4 /b g U 00 2 i1 5 11 3%
brGDGTs, S T 5t I 422 - HEA DL 43 A 2t 08
T ELAT IS bGDGTs S 10 0 50 LA o 3 v/
brGDGTs HIR B o HLAH, brGDGTs Al X6 A 1 58 0
N (K S5) iR, Bl 8RS MBT' CBT \MBT 4, LA
e CBTHEhRECH AL B, T30 22 2 R
AR X bR IR AU 56 PR AR X BN, P 98 0
S, L RLE A BV LR Y36 4 2 R
brGDGTs ATl 3 %54 T Bl -8, th Tk 2 Ak
BE T B A 74 brGDGTs 4M A BB
3.2 M % 4% GDGTs S HMHMEE
LG pH {25 K R B0 903 R
¥) brGDGTs 4} T3P 2 425775500 Gri 1] RDA 447 Ko 00 5k L6 55 2 R BEVF /5 brGDGTs 401
BTk, Z5SLUIFE 7 B TR RDA ST 3 T broDGTs 4355 1 88 Ak IR/ (P=0.06) , 4%y
435 pH (EHx# (P=0.02) . 13 pH{H5 Ila’ IMa Ja EFRIEME, 5 Ila Mo’ 2 HAAHE, @8 T CBT 5+
e pH {2 i) (ORI PERE 5 (R=0.1, 1 7) . 3k—BLG s 5 LA BFFEARRE , A7 A5 JEH0 22 2 - R

0.2 0.4

Hexamethylated

P 6 BT It /R it 0 R BEAL T AR S B Al
brGDGTs £ = JT I h [E L7 3
T R VU R A

Fig.6 Ternary diagram of the fractional abundances of

Tetramethylated

tetramethylated, pentamethylated, and hexamethylated
brGDGTs from the different sample sets' "



472
10F
e
Hc'ma Mlc
1l '"b\\ ;
a Ma'~— "°_ 1b b ITa
& CBT[ ¢
I / MBT'
Ma’
SWC
10k pH .
-1.0 i 1.0

€ 7 BrtGDGTs JUA 434 (RDA) [, iR T
A F (LLE k) 5 brGDGTs fb&
Py B R (B GRSk ) Z AR 5
Fig.7 Redundancy analysis (RDA) showing

relationships between existing environment

variables (red arrows) and compounds and

indexes of brGDGTs (blue arrows)

J. Lake Sci. (#:a#+3) ,2024,36(2)

pH {15 CBT B Rt TF- 28 5 % F v B ALy 1
WPk 4 (pH>8) , CBT 5 pH {0 IEASCHER B35 0 A
SCHTATRES pH TE 7.9~ 9.2 22 [a] A2 A, B PE B0, 3 ] fE A2
FE pH (S CBT AHA RN RN Z —.
3.3 ETF 1% MBT'/CBT s E@IREM L1 pH &
TR IR R Z DR KR ]+ 3 brGDGTs 5
T3 )2 RSO AR — B, R A R A pH B I
BT LR EA XIS (18 8) . HIEF] a A1 Tla'7E
WATUR AN LS LA A AN ], 554 P Al B R pH
{E B BEAT I . TEWRATURRY) b, 20l 1 5L 0h 42 2R 13
R A S (A (3)) i, R A9 R BEJE B AE 1.0 ~
4.9C PN 2.7°C, L AF IR E 4.0°C; Ay + 5 pH
H(~(4)) H 5.8~6.8,FHJE 6.3, KT F il i pH K
(8.9) o MHMEITG By 2BR IR MEA (A7) BTt
RN T 9.8~ 17.5C SR N 13.4°C, R M T B
(B 5 pH A (A (8) ) Y fE 7.7~8.2 Z[H], P2
7.9, 5B AE AR HOAR AR o 4 00 FH 5 e DX A v e
(A3(9)) BN 7.5~ 11.9C P2 9.8°C, BARE
TR o 32 HIAE 77 DXk i B8 A e 2 3 (A 5K (10) ) 7%
FIWEERN 4.1~ 12.1°C B R 7.8°C, WK T4 03t

JEE(4°C) s A A+ pH E (A (1)) 7 7.5~8.0 Z[A], B T I A

M T 5, fi Tt ah MBT'/CBT A5 (22 30(3) ) BHHRAE R N -2.1~9.1°C P10 3.4°C W T2 Il
LR BE (4°C) s FER A 198 pH (L (230(4) ) 2 5.7~ 7.4, SR T3 (pH=8.5) . BAEITIR I+
HER A (AS(T) ) FEAEAYIELE H-3.8~19.2°C P42 5.8°C s 1155 Y 1 pH E (A5 (8) ) {EHITE 6.2~
8.2 Z A, E i A T br il ik (. A Yang 55 £ 57 T S XA HE A X (A (9)) BRI R 7.5~
12.0C, FHJIRE H 9.8°C Iy TARKJIREE 4°C ™ oAby KR v A 20 (2420 (10) ) 7 58 1 B2 3 [ K
T -10.0~14.0°C 2 [0], 20 -0.1C s B Y £3 pH E (A (11)) N 6.0~ 8.1, 5P HEEAR EL A% o

(a) (b)
WA | AR | Wha | AR | WA | AR | Ea | AR WRE | | WA | EE | WA | AR
’s ORI LaE U R (U I (OB L . DU 15 DI | L (DU 13
20 -
15+ } o { T e
[ ] LJ
J10F 3 { 1k O. % o’ % °,
& °o © PY °
< as) L) o® °e
B '} ————————————————————————————————————————————————————————— MAAT & o )
mg o
= ok 25 o oo ® %
.~ .. % .
5} - & L)
-3r e ...
_10k
-15 -4
Peterse%5”) De Jonge45') YangZ§M  WangZ§H2 Peterse%”)  De JongeZ'  WangZ2)

P 8 LT AN J] A A TR R AR () A8 pH R 2E(H (D)
(ApH J& CBT-pH (-5 B 1 22 {H)
Fig.8 Comparison of reconstructed temperature based on different soil calibrations (a)

and the differences( ApH) between CBT-inferred pH and the measured pH (b)



B R IR R A ERARY GDGTs oA M AL & %o B & 473

25 Lk, B4 Bk MBT'/CBT 480 v 15 3] 1 25
g B O AR AR A — (R 22, DX BURE i 45 S :
FER ARk A M BOR A (HAS R AR, R 08
HBESY R T 5-Me il 6-Me SEARURSS 00 (0 BB RMESRAF 10T o6f
JELE AR 3 5 A T 5 T IR L — B A R
H T AE BRI 10 9674 b I, brGDGTs 28 77 40 7 1 1) T 76 52
é?ﬁﬁ;f([m,fﬁ: R 0.2+

Sy T b AR T R 7 A R 0 PR A5 R o— TR
CLHECT A5 20 B E S5 6 biGDGTs 447 9™ . De Jonge R e
S\ A 49 brGDGTs 43 A Bt {2 4 7 75 Ak T A5 4 , AR 36
VA TR 0 A TR RO U PO 2 Bk - M 40 4 o B 4 ( CI>
0.64) FIAHERE(CI<0.64) ™ 0 23145, i1 R LT /R )
TR L AN RS AR S ARk TR A5 Y
BT (B 9). LIEEHFI £ W, 2805 5% + A
brGDGTs 43 15 R FEAR 6 VLB 59 o R 2 T £ 5552 + 98
pH (R3] X GEETFWUR 45 SR — B, AR, A0 TR RE VS 4SRN 38 pH (7T BE 5 1 1R T 2 45 1 Hh Bt
e

4 gt

0.64

CI

9 ST IR A2k T 5 b X+ 5
R TREL(CD) A8 LA
Fig.9 Boxplot of the community index (CI)
values for the sediments and soils from Lake

Chahannaoer and global arid regions

AWFFX TR R IR EZ R IEATT GDGTs 4347, &5 R B/n By L H B S RE+
1 GDGTs 434 AR, isoGDGTs L crenarchaeol Fi1 GDGT-0 5 3, brGDGTs 1 11 1 34k brGDGTs( Ia 1la’) F &
05,8 Ha A1 Oa' fEP0ARY) Al 4 BErp A 3 AR [R] . GDGT-0/crenarchaeol HL{E AT 0~2 Z[i], crenarchaeol
5 LLIEANT 25, 3] isoGDGTs 2 iy Group L1b BIRF il g™ A L4 pH {EJZ R0 brGDGTs J3 A
B EZEIRER R, CLEE R /R BIFE X 7™ brGDGTs 8 TV iK%, FIREEAH S MR 59 sl 38, 3k 2638 1 T B
FZ R R MEA BT ES R 5 2800 AN —3, F A 13 pH BRItk , fEX FRR ok i) 987% T 5
Wi, GDGTs S5 A A 52 A, W TE R BRI IE A s LASRAR R 1) R F R o
B B P B B ERIR ST AT ST A 5K I TAR SR Y I

5 &% 3k

[ 1] Karner MB, DeLong EF, Karl DM. Archaeal dominance in the mesopelagic zone of the Pacific Ocean. Nature, 2001, 409(6819) : 507-
510. DOI; 10.1038/35054051.

[ 2] Yao P, Yuan ZG. Advances of intact polar membrane lipids as chemical biomarkers for extant microorganisms in marine sediments. Advances
in Earth Science, 2010, 25 474-483. DOI: 10.11867/J.ISSN.1001-8166.2010.05.0474.

[ 3] Powers L, Werne JP, Vanderwoude AJ et al. Applicability and calibration of the TEXgq paleothermometer in lakes. Organic Geochemistry,
2010, 41(4) : 404-413. DOI; 10.1016/j.orggeochem.2009.11.009.

[ 4] Woltering M, Johnson TC, Werne JP et al. Late Pleistocene temperature history of Southeast Africa: A TEXgq temperature record from Lake
Malawi. Palaeogeography, Palaeoclimatology, Palaeoecology, 2011, 303(1/2/3/4) : 93-102. DOI: 10.1016/].palae0.2010.02.013.

[ 5] Qian S, Yang H, Dong CH et al. Rapid response of fossil tetraether lipids in lake sediments to seasonal environmental variables in a shallow
lake in central China: Implications for the use of tetraether-based proxies. Organic Geochemistry, 2019, 128 108-121. DOI. 10.1016/j.
orggeochem.2018.12.007.

[ 6] Lill, Pancost RD, Naafs BDA et al. Distribution of glycerol dialkyl glycerol tetraether (GDGT) lipids in a hypersaline lake system. Organ-
ic Geochemistry, 2016, 99 113-124. DOI: 10.1016/j.orggeochem.2016.06.007.

[ 7] Foster LC, Pearson EJ, Juggins S et al. Development of a regional glycerol dialkyl glycerol tetraether ( GDGT) -temperature calibration for
Antarctic and sub-Antarctic lakes. Earth and Planetary Science Letters, 2016, 433 370-379. DOI; 10.1016/j.epsl.2015.11.018.

[ 8] Weijers JWH, Schouten S, van den Donker JC et al. Environmental controls on bacterial tetraether membrane lipid distribution in soils.
Geochimica et Cosmochimica Acta, 2007, 71(3) ; 703-713. DOI; 10.1016/j.gca.2006.10.003.

[ 9] Peterse F, van der Meer J, Schouten S et al. Revised calibration of the MBT-CBT paleotemperature proxy based on branched tetraether



474

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

(29]

[30]

(32]

J. Lake Sci. (#:a#+3) ,2024,36(2)

membrane lipids in surface soils. Geochimica et Cosmochimica Acta, 2012, 96 215-229. DOI; 10.1016/].gca.2012.08.011.

Xiao W, Xu Y, Ding S et al. Global calibration of a novel, branched GDGT-based soil pH proxy. Organic Geochemistry, 2015, 89/90 . 56-
60. DOI; 10.1016/j.orggeochem.2015.10.005.

Weijers JWH, Schouten S, Hopmans EC et al. Membrane lipids of mesophilic anaerobic bacteria thriving in peats have typical archaeal
traits. Environ Microbiol, 2006, 8(4) : 648-657. DOI: 10.1111/].1462-2920.2005.00941.x.

Zheng YH, Li QY, Wang ZZ et al. Peatland GDGT records of Holocene climatic and biogeochemical responses to the Asian Monsoon. Or-
ganic Geochemistry, 2015, 87 86-95. DOI: 10.1016/].orggeochem.2015.07.012.

Zheng YH, Pancost RD, Liu XD et al. Atmospheric connections with the North Atlantic enhanced the deglacial warming in northeast China.
Geology, 2017, 45(11) ; 1031-1034. DOI: 10.1130/g39401.1.

Xie W, Zhang CL, Wang JX et al. Distribution of ether lipids and composition of the archaeal community in terrestrial geothermal springs:
Impact of environmental variables. Environmental Microbiology, 2015, 17(5) : 1600-1614. DOI; 10.1111/1462-2920.12595.

Schouten S, Hopmans EC, Schefull E et al. Distributional variations in marine crenarchaeotal membrane lipids: A new tool for reconstruc-
ting ancient sea water temperatures? Earth and Planetary Science Letters, 2002, 204 (1/2); 265-274. DOI. 10.1016/S0012-821X (02 )
00979-2.

De Jonge C, Hopmans EC, Zell CI et al. Occurrence and abundance of 6-methyl branched glycerol dialkyl glycerol tetraethers in soils: Im-
plications for palaeoclimate reconstruction. Geochimica et Cosmochimica Acta, 2014, 141: 97-112. DOI: 10.1016/j.gca.2014.06.013.
Sinninghe Damsté JS, Ossebaar J, Schouten S et al. Altitudinal shifts in the branched tetraether lipid distribution in soil from Mt. Kilimanja-
ro (Tanzania) : Implications for the MBT/CBT continental palaeothermometer. Organic Geochemisiry, 2008, 39(8) : 1072-1076. DOI; 10.
1016/j.orggeochem.2007.11.011.

Ajioka T, Yamamoto M, Murase J. Branched and isoprenoid glycerol dialkyl glycerol tetraethers in soils and lake/river sediments in Lake
Biwa Basin and implications for MBT/CBT proxies. Organic Geochemistry, 2014, 73; 70-82. DOI: 10.1016/]j.orggeochem.2014.05.009.
Wang MD, Liang J, Hou JZ et al. Distribution of GDGTs in lake surface sediments on the Tibetan Plateau and its influencing factors. Sci-
ence China Earth Sciences, 2016, 59(5) : 961-974. DOI; 10.1007/s11430-015-5214-3.

Hu JF, Zhou HD, Peng PA et al. Seasonal variability in concentrations and fluxes of glycerol dialkyl glycerol tetraethers in Huguangyan
Maar Lake, SE China: Implications for the applicability of the MBT-CBT paleotemperature proxy in lacustrine settings. Chemical Geology,
2016, 420 200-212. DOI; 10.1016/j.chemgeo.2015.11.008.

Li Q, Liu X, Wang Z et al. Distrubutions and environmental significance of GDGTs in modren past samples from eastern Tibetan Plateau.
Quaternary Sciences, 2016, 36(2) . 388-395.

Naafs BDA, Inglis GN, Zheng Y et al. Introducing global peat-specific temperature and pH calibrations based on brGDGT bacterial lipids.
Geochimica et Cosmochimica Acta, 2017, 208 285-301. DOI:10.1016/j.gca.2017.01.038.

Tierney JE, Russell JM. Distributions of branched GDGTs in a tropical lake system: Implications for lacustrine application of the MBT/CBT
paleoproxy. Organic Geochemistry, 2009, 40(9) : 1032-1036. DOI:10.1016/j.orggeochem.2009.04.014.

Bechtel A, Smittenberg RH, Bernasconi SM et al. Distribution of branched and isoprenoid tetraether lipids in an oligotrophic and a eutrophic
Swiss Lake: Insights into sources and GDGT-based proxies. Organic Geochemistry, 2010, 41(8) ; 822-832. DOI: 10.1016/j. orggeochem.
2010.04.022.

Sun Q, Chu G, Liu M et al. Distributions and temperature dependence of branched glycerol dialkyl glycerol tetraethers in recent lacustrine
sediments from China and Nepal. Journal of Geophysical Research, 2011, 116( G1). DOI.10.1029/2010jg001365.

Loomis SE, Russell JM, Heureux AM et al. Seasonal variability of branched glycerol dialkyl glycerol tetracthers (brGDGTs) in a temperate
lake system. Geochimica et Cosmochimica Acta, 2014, 144 173-187. DOI; 10.1016/].gca.2014.08.027.

Naeher S, Peterse F, Smittenberg RH et al. Sources of glycerol dialkyl glycerol tetraethers (GDGTs) in catchment soils, water column and
sediments of Lake Rotsee (Switzerland) —Implications for the application of GDGT-based proxies for lakes. Organic Geochemistry, 2014,
66: 164-173. DOI; 10.1016/j.orggeochem.2013.10.017.

Dang X, Ding W, Yang H et al. Different temperature dependence of the bacterial brGDGT isomers in 35 Chinese lake sediments compared
to that in soils. Organic Geochemistry, 2018, 119 72-79. DOI; 10.1016/j.orggeochem.2018.02.008.

Blaga CI, Reichart GJ, Schouten S et al. Branched glycerol dialkyl glycerol tetraethers in lake sediments: Can they be used as temperature
and pH proxies? Organic Geochemistry, 2010, 41(11) ; 1225-1234. DOI; 10.1016/].orggeochem.2010.07.002.

Loomis SE, Russell JM, Ladd B ez al. Calibration and application of the branched GDGT temperature proxy on East African Lake sediments.
Earth and Planetary Science Letters, 2012, 357/358 . 277-288. DOI; 10.1016/j.epsl.2012.09.031.

Russell J]M, Hopmans EC, Loomis SE et al. Distributions of 5- and 6-methyl branched glycerol dialkyl glycerol tetraethers (brGDGTs) in
East African Lake sediment: Effects of temperature, pH, and new lacustrine paleotemperature calibrations. Organic Geochemistry, 2018,
117 56-69. DOI: 10.1016/j.orggeochem.2017.12.003.

Peterse F, Vonk JE, Holmes RM et al. Branched glycerol dialkyl glycerol tetraethers in Arctic Lake sediments: Sources and implications for



Bl B T I R AR AR GDGTs 4 H 45 fE X vl B & 475

paleothermometry at high latitudes. Journal of Geophysical Research: Biogeosciences, 2014, 119 ( 8 ). 1738-1754. DOI. 10.
1002/2014;2002639.

[33] Zech R, Gao L, Tarozo R et al. Branched glycerol dialkyl glycerol tetraethers in Pleistocene loess-paleosol sequences: Three case studies.
Organic Geochemistry , 2012, 53 38-44. DOI; 10.1016/j.orggeochem.2012.09.005.

[34] Wang H, Liu W, Zhang CL. Dependence of the cyclization of branched tetraethers on soil moisture in alkaline soils from arid-subhumid Chi-
na; Implications for palaeorainfall reconstructions on the Chinese Loess Plateau. Biogeosciences, 2014, 11(23) . 6755-6768. DOI. 10.
5194/bg-11-6755-2014.

[35] Menges J, Huguet C, Alcaiiiz JM et al. Influence of water availability in the distributions of branched glycerol dialkyl glycerol tetraether in
soils of the Iberian Peninsula. Biogeosciences, 2014, 11(10) : 2571-2581. DOI. 10.5194/bg-11-2571-2014.

[36] Dang XY, Yang H, Naafs BDA et al. Evidence of moisture control on the methylation of branched glycerol dialkyl glycerol tetraethers in
semi-arid and arid soils. Geochimica et Cosmochimica Acta, 2016, 189: 24-36. DOI: 10.1016/j.gca.2016.06.004.

[37] Cao JT, Rao ZG, Shi FX et al. Lake-level records support a mid-Holocene maximum precipitation in Northern China. Science China Earth
Sciences, 2021, 64(12) ; 2161-2171. DOI; 10.1007/s11430-020-9833-3.

[38] Pei HY, Zhao SJ, Yang H et al. Variation of branched tetraethers with soil depth in relation to non-temperature factors : Implications for pa-
leoclimate reconstruction. Chemical Geology, 2021, 572 120211. DOI: 10.1016/j.chemge0.2021.120211.

[39] Wul, Yang H, Pancost RD et al. Variations in dissolved O, in a Chinese Lake drive changes in microbial communities and impact sedi-
mentary GDGT distributions. Chemical Geology, 2021, 579 120348. DOI; 10.1016/j.chemgeo.2021.120348.

[40] Wang HY, Liu WG, He YX et al. Salinity-controlled isomerization of lacustrine brGDGTs impacts the associated MBT’ y; terrestrial tem-
perature index. Geochimica et Cosmochimica Acta, 2021, 305 33-48. DOI. 10.1016/j.gca.2021.05.004.

[41] Yang H, Pancost RD, Dang XY et al. Correlations between microbial tetraether lipids and environmental variables in Chinese soils: Optimi-
zing the paleo-reconstructions in semi-arid and arid regions. Geochimica et Cosmochimica Acta, 2014, 126; 49-69. DOI. 10.1016/j. gca.
2013.10.041.

[42] Wang HY, Liu WG, Lu HX. Appraisal of branched glycerol dialkyl glycerol tetraether-based indices for North China. Organic Geochemistry ,
2016, 98: 118-130. DOI: 10.1016/].orggeochem.2016.05.013.

[43] Sinninghe Damsté JS. Spatial heterogeneity of sources of branched tetraethers in shelf systems: The geochemistry of tetraethers in the Berau
River delta ( Kalimantan, Indonesia). Geochimica et Cosmochimica Acta, 2016, 186 13-31. DOI. 10.1016/].gca.2016.04.033.

[44] De Jonge C, Radujkovi¢ D, Sigurdsson BD et al. Lipid biomarker temperature proxy responds to abrupt shift in the bacterial community
composition in geothermally heated soils. Organic Geochemistry, 2019, 137. DOI; 10.1016/].orggeochem.2019.07.006.

[45] Woese CR, Kandler O, Wheelis ML. Towards a natural system of organisms: Proposal for the domains Archaea, Bacteria, and Eucarya.
Proceedings of the National Academy of Sciences of the United States of America, 1990, 87 (12) . 4576-4579. DOI. 10.1073/pnas.87.
12.4576.

[46] Blaga CI, Reichart GJ, Heiri O et al. Tetraether membrane lipid distributions in water-column particulate matter and sediments: A study of
47 European Lakes along a north-south transect. Journal of Paleolimnology, 2009, 41(3) : 523-540. DOI: 10.1007/s10933-008-9242-2.

[47] Schouten S, Hopmans EC, Sinninghe Damsté JS. The organic geochemistry of glycerol dialkyl glycerol tetraether lipids: A review. Organic
Geochemistry, 2013, 54 19-61. DOI; 10.1016/j.orggeochem.2012.09.006.

[48] Schouten S, Hopmans EC, Baas M et al. Intact membrane lipids of Candidatus Nitrosopumilus maritimus, a cultivated representative of the
cosmopolitan mesophilic group I Crenarchaeota. Applied and Environmental Microbiology, 2008, 74(8) : 2433-2440. DOI. 10.1128/AEM.
01709-07.

[49] Pitcher A, Hopmans EC, Mosier AC et al. Core and intact polar glycerol dibiphytanyl glycerol tetraether lipids of ammonia-oxidizing Ar-
chaea enriched from marine and estuarine sediments. Applied and Environmental Microbiology, 2011, 77(10) : 3468-3477. DOI . 10.1128/
AEM.02758-10.

[50] Jung MY, Park SJ, Min D et al. Enrichment and characterization of an autotrophic ammonia-oxidizing archaeon of mesophilic crenarchaeal
group I.1a from an agricultural soil. Applied and Environmental Microbiology, 2011, 77(24) : 8635-8647. DOI. 10.1128/AEM.05787-11.

[51] Pitcher A, Rychlik N, Hopmans EC et al. Crenarchaeol dominates the membrane lipids of Candidatus Nitrososphaera gargensis, a thermoph-
ilic Group I.1b Archaeon. The ISME Journal, 2010, 4(4) : 542-552. DOI: 10.1038/ismej.2009.138.

[52] Damsté JS, Rijpstra WI, Hopmans EC et al. Intact polar and core glycerol dibiphytanyl glycerol tetraether lipids of group I.1a and I.1b thau-
marchaeota in soil. Applied and Environmental Microbiology, 2012, 78(19) : 6866-6874. DOI. 10.1128/AEM.01681-12.

[53] Wang HY, Liu WG, Zhang CL et al. Distribution of glycerol dialkyl glycerol tetraethers in surface sediments of Lake Qinghai and surround-
ing soil. Organic Geochemistry, 2012, 47 78-87. DOI;10.1016/j.0rggeochem.2012.03.008.

[54] Giinther F, Thiele A, Gleixner G et al. Distribution of bacterial and archaeal ether lipids in soils and surface sediments of Tibetan lakes:
Implications for GDGT-based proxies in saline high mountain lakes. Organic Geochemistry, 2014, 67 19-30. DOI: 10.1016/].orggeochem.
2013.11.014.



476

[55]

[56]

[57]

(58]

[60]

(61]

[62]

[63]

J. Lake Sci. (#:a#+3) ,2024,36(2)

Zhao C, Rohling EJ, Liu ZY et al. Possible obliquity-forced warmth in southern Asia during the last glacial stage. Science Bulletin, 2021,
66(11): 1136-1145. DOI: 10.1016/j.5¢ib.2020.11.016.

Peterse F, Nicol GW, Schouten S et al. Influence of soil pH on the abundance and distribution of core and intact polar lipid-derived
branched GDGTs in soil. Organic Geochemistry, 2010, 41(10) : 1171-1175. DOI: 10.1016/j.orggeochem.2010.07.004.

Tierney JE, Russell JM, Eggermont H et al. Environmental controls on branched tetraether lipid distributions in tropical East African Lake
sediments. Geochimica et Cosmochimica Acta, 2010, 74(17) ; 4902-4918. DOI; 10.1016/j.gca.2010.06.002.

Duan YW, Sun Q, Werne JP et al. Soil pH dominates the distributions of both 5- and 6-methyl branched tetraethers in arid regions. Journal
of Geophysical Research; Biogeosciences, 2020, 125(10). DOI. 10.1029/2019j2005356.

Sun MM, Yang SL, Xiao JL et al. BrGDGTs-based temperature and hydrological reconstruction from fluvio-lacustrine sediments in the mon-
soonal North China Plain since 31 kyr BP. Quaternary Science Reviews, 2022, 277 107268. DOI: 10.1016/j.quascirev.2021.107268.
Loomis SE, Russell JM, Sinninghe Damsté JS. Distributions of branched GDGTs in soils and lake sediments from western Uganda: Implica-
tions for a lacustrine paleothermometer. Organic Geochemistry, 2011, 42(7) ; 739-751. DOI; 10.1016/j.orggeochem.2011.06.004.

Xie S, Pancost RD, Chen L et al. Microbial lipid records of highly alkaline deposits and enhanced aridity associated with significant uplift of
the Tibetan Plateau in the Late Miocene. Geology, 2012, 40(4) : 291-294. DOI. 10.1130/¢32570.1.

Ding S, Xu Y, Wang Y et al. Distribution of branched glycerol dialkyl glycerol tetraethers in surface soils of the Qinghai-Tibetan Plateau:
Implications of brGDGTs-based proxies in cold and dry regions. Biogeosciences, 2015, 12 (11). 3141-3151. DOI. 10.5194/bg-12-
3141-2015.

Raberg JH, Harning DJ, Crump SE et al. Revised fractional abundances and warm-season temperatures substantially improve brGDGT cali-

brations in lake sediments. Biogeosciences, 2021, 18(12) : 3579-3603. DOI. 10.5194/bg-18-3579-2021.





