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Y, HPLC-Orbitrip Exploris 120 ¥ i 19 m/z £ 45 .
1302.3227.  1300.3071, 12982914, 1296.2757.
1292.2444.  1050.041, 1048.0253.  1046.0097.
1036.0253,  1034.0097.  1031.994,  1022.0097.
1019.994, 1017.9784, L. HPLC-Orbitrap Exploris
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IR R, 4 GDGTs fb& g e 1
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Incubation conditions and concentrations of GDGTs in this study.

BERGE PKiE archacol HE isoGDGTs & brGDGTs & ACE BIT IRyy MBI MBTyp
(%) (ng/g) (ng/g) (ng/g)
A, + 0~10 0.56 0.81 431 19.58 0.91 0.99 0.06 0.87
A, + 0~20 6.98 4.86 1.85 42.44 0.36 0.86 0.16 0.59
A, + 0~30 13.58 11.99 4.82 47.37 0.34 0.99 0.15 0.93
A, + 0~40 8.75 26.73 13.15 19.92 0.33 1 0.07 0.96
B, - 0~10 0.82 9.03 12.75 8.54 0.64 1 0.08 0.98
B, - 0~20 3.93 34.49 5.89 5.17 0.19 0.99 0.03 0.84
B, - 0~30 3.80 48.27 3.39 4.75 0.11 0.99 0.06 0.90
B, - 0~40 3.31 50.26 23.66 3.71 0.45 0.99 0.06 0.97
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Iy ZES I T2 GDGTs #134% GDGTs, 48T GDGTs. ACE f8br NEREEFE R ; BIT 384538 /R TR 5 TRy SBRAYJE: 5-H 3%
brGDGTs il 6-H & brGDGTs AYAHXS Hfil; MBT'HI MBT sy 247 brGDGTs oy il FEF8 47
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GDGT-0. GDGT-1. GDGT-2, GDGT-3. crenarchaeol # isoGDGTs 1453 ##%; Ma, Ma', Mb, Mb, Mc, Mc', Ta, Ta'. Ob, b, Ic,

Ic'. Ta, Ib, IckbrGDGTs 4% FR.

1 HPLC-Orbitrap Exploris 120 _ff) GDGTs i Pl (B4 B, FE&h )

Fig. 1

Chromatograms of GDGTs on HPLC-Orbitrap Exploris 120 (B, sample taken as example). GDGT-0, GDGT-1, GDGT-2,

GDGT-3 and crenarchaeol are isoGDGTs. llla, Ma’', Mb, b, Mc, Mc', Ma, Da', b, Hc', [a, Ib, Icare brGDGTs.
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HAXE S
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SMET TMa+IMa+1Ib+Ic+Ia+Ib+1Ic
IReys = IITa’ + IIIb’ + ITI¢’ + Ia’ + IIb’ + I’
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MS TEIEW TAESAE T, —2 brGDGTs ¥ & Bl 77
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WO VE I 25 5, A TG fE (At IR AT I
— B2, W BRI RS S . AN, P A AR
i Ta 19 €533 € 35 B BE 8 (19 3F GDGTs i T3,
{H Shimadzu 7 ] 4 8 AH €233 - = T8 DU AT 5 3% £ 3%
5 WoR TARWERT RS Ta (3518 B & (& 2a),
Il ThermoFisher 2% 7] (14 ¥ AH €6 13% -2 18 B 3 (0 3%
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5311, ThermoFisher /A v A #IL1HE B 5T 15 GG 1H H:
o RO R i A R, A R R i e DL A B 1 4
5 B . FEE RS 100 ppm 11
T, B2 BER e R, ] BEXE LA 2K 43 5 fof
FUARE A A9, DT AT RE S 2 H0derd s B (& 2b);
SR, Y o K5 2 B v 21 20 ppm B, BRI AL RE A% 12
ML A B AT R 0, DT s/ I A A 3 Ak
YIZ AT, AR s TTTE B i 2B (15 2b),
0 IO VT BT B R AT SR RO, R A R
AT PRI R 2L FE T GDGTs 43 M i v
AIEEVER PRI OCHEIR R . e T A B R IE 1 s )
HEBRPE, 1075 2 PR B DR T 2 T U A I I 43 B, —
HEEE e P LT AT RERY AT 4G
2.2 LIRS KRB R 3 2% v A WY GDGTs ¥

A
2.2.1 GDGTs A5 A R B 5t k85 75 2 14 () i 1o

A 85 3% 5 B RE A R 2 B A DR GDGTs.
%1 T isoGDGTs 4% 16 & ¥, crenarchaeol. GDGT-0.
GDGT-2, GDGT-3, GDGT-1 {3 AR /N %F F

(a) (b) —0ppm
—— 100ppm
s = p \ /z 1022
by = = _|miz
z Z
/V\ /\_,\”,1/,% 1022 A m/z 1022
I

60 65 70 75 80 85 90 32 34 36 38 40 42
{5 B4 1) ] (min) £ B4 B5f 8] (min)
(a) Ta(m/z 1022) 7E HPLC-MS 8030 b A&, K (BS54 K 2=
TV 5 (b) L1 (0 2 AR5, 23 59 S I e FE 5 20ppm Al 100ppm T
Ta(m/z 1022) 7 HPLC-Orbitrap Exploris 120 H iR, KOS
B2 Al 75 RS S BB R (a7 (B B,
Fedi bl
Fig. 2 Performance of chromatographic behavior of impurity
peaks using different analytical methods (B, sample
taken as example). (a) Chromatogram of la (m/z 1022)
on HPLC-MS 8030, with impurity peaks being shaded
in gray; (b) The red and black lines are the chroma-
tograms of Ia (m/z 1022) on HPLC-Orbitrap Exploris
120 with mass tolerance of 20ppm and 100ppm, respec-
tively, and the gray shading part is the impurity peak.
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2.2.2  GDGTs F8HRX] 55 552 55 1 i

GDGTs $6 #5118 78, MBT, MBT sy IRqve
AL FE 8N (K 5), T BIT #6845 F1 ACE $8 4525 4k,
TE K, BIT $5 bR B9 AL AT 0.11 ~ 0.91
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B3 KEFRPES GDGTs IEEFE

Fig. 3 Average abundance of GDGTs in incubated samples. (+)
Represents artificial soils incubated with phosphate

buffer solution.
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70 t [—=— GDGTs(+)
—e— GDGTs
60
& 50 f
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ik
41 30
20
10
5 10 15 20 25 30 35 40
IR (%)
(b)
50 f——isoGDGTs(+)
——brGDGTs(+) //
40
= ——1is0oGDGTs
= 30 b
g
itz I
pe 20
10 / /
t><;i:;
0L

5 10 15 20 25 30 35 40

FR IR (%)

() fRRAIN T BERR AL e A IR A L
B4 5595 GDGTs SRS R R RIEN X & :
() 2 GDGTs 5 FMERI X R ; (b) brGDGTs fl

isoGDGTs FHIFFIERI TR

Fig. 4 Relationship between concentrations of GDGTs and
maximum humidity. (a) Relationship between total
GDGTs and humidity; (b) Relationship between
brGDGTs, isoGDGTs and humidity. (+) Represents

artificial soils incubated with phosphate buffer solution.

ZIa] (GR 1, B 5), IABERR R 52 wh s R A Ik £k
ZE MR IR A9 N T 3 ACE (53 510 19.6 ~ 47.4 Al
3.7~8.5(% 1, Kl 5). SE4 R R SWC 5 brGDGTs
Frm It oW E A, (B crenarchaeol ¥R 5 i
Y IE MG (R=0.90), X 5 £ % W 4 3 40 1R
brGDGTs 5% i W AR 54 crenarchaeol AN 32 5
() BIT #5455 SWC L W6 R, 5 MR EER
SREFEE FRLEE B BIT #5455 SWC sifF/K 2 5 1E
RGBS 20T R, X KB SWC R R
BIT W H R R, AAMEE T SWC 1] BEJ23# 11 5% 1w
A IR S (368 SR X BIT $8 5774 5%
M) 119, 58I Ay 38 5 AR BT DUAIE 1 o S A S i T
o J3—TJ7 I, BT3RS0 i AL+ 0 AT
— KR AL, J5 23G9 TR T Ae K e Uk

+ =" GDGTs (R BEA ALK, MiABEFR A
WHir” GDGTs W FEA S 41 Rk, e BIT
FEPRIEA T SAEBESE AT, T5 B LR A 5 IR - R D)
R HABEREE DR 2, DL v Aff b A o AR 4 i oy 4 4%
Fo TEIMABERR AR 22 vhifs W 1Y) 1 58 h ACE $h i 4
T B (L O v, JH D PR RT R R R 6 2 v I W = B -
SRR BRI, Fh B B A SR W 0 A K R R
FEIRETR AL AL 1 Ak, ST R R A
XF GDGTs & (520, 764 J5 1 s R Se g vh 22
VTR 22 vhEh U, 25 B TR B IR R v O T
GDGTs RHEMUEMIRITER . BIRBERRER 2 i =
— PR P S0 v R G R R SR, T AT R ik
RS SEEG pH AR Ak, (HAE ] BCME 257K 1 L1, B
MR R 22 whIA OIS Y Na©, K448 e B BS 178 + 358
FHRAETTRER M GDGTs P4 Hvs e 2 10
Bk ACE F8 541, BERREE 2 AT MBT, MBT 55
IRove 55 AR PR LT A — & (& 1, Bl 5),
H 3 SR AR AR A0S BBl AN R AR 0 3, LR R 1
E—HRE

o248 B, IR B SRR A A —
125 5, B IR B2 — AR RN A R FE il 0 2508, B
SRS Ty 5 0 T A5 F T AR A 0 R SR AR R
FAERK R, (A AARMIEA RV AES RGN A
S, Heip e 2 B BR A N sh S E, WA
DX Sl 1 3 AN ] A BT L 2 0 R I
o J3Ah, AR BARIREE D, AR W i g S HAR AR
Yz a8 2R sap A EAE R (BAGWERTE 4 Ak
KFR . SEGEPERNEI 4, 5L AH BLARE AT g S X s
YA s . B, 784 e A Y vh R i [R]
F B R FEAET N A SR EE, DA 4 T b R A R
LRI RE
2.3 6-H13L brGDGTs HiFR45 94 brGDGTs ifliE

PR SR
2.3.1 4l 6-H1 % brGDGTs 18557

ABFFELE R R, ol 3E o AR R 75 L0 kAT
Ay 6-F 3 brGDGTs, XF T R/ kE b, 0%
6-H %t brGDGTs 5 5-H %t brGDGTs #H X tb 1] 1
IRove TR =0.99, BN, A G INBEIR +h 22 vh i W 1
N T B % SRR (B, ~ By) Y, 76X B AV L
N (0% ~40%),6- 3 brGDGTs &5 (10.35ng/g)
BFEET 5-H 5 brGDGTs(0.05ng/g). il A5 #E
M 5-H 3 brGDGTs 1 6-H 3 brGDGTs 1 it FH AN []
(A P 335600 3 % Candidatus Solibacter
usitatus WIS B F2 45 R IR, % B MRAEAS [ IR E

— 321 —



" N
A Ao W R
%521 2025 4F
http: //www. ykes. ac. cn
1.0 50
(a) sl (b)
0.8 r T 40 F
L 06} I 830-
R 04t < 20
02 | . 10 | ‘
0 0
© 09-E§?] =]
L - (d)
;02 o6}
s — &
0.1 . = 03
R — .

0
AT M) AT
() IRFRIN T BERREL B AT T 43

0
AT+ AT A5

Fls BEREERZEMIAION BIT (a). ACE(b). MBT'(c)Hl MBT sy, (d)HRARIIEN
Fig. 5 Effects of phosphate buffer solution on BIT (a), ACE (b), MBT' (c) and MBT'sy; (d) proxies in artificial soil. (+) Represents

artificial soils incubated with phosphate buffer solution.

pH & A N ¥R~ 4 5-H %L brGDGTs A1y H
AL brGDGTs, {0746 6-F1 2 brGDGTs 3192,
A S0 260 6-H1 3 brGDGTs HYRE I8 41 A7
P ST T 5-F 5L brGDGTs 1Y BER A0 w3 55, s
IS 1 B HE— 2 S HET S-H L brGDGTs Al
6-H 3 brGDGTs R IE T AR RIFP B EY A, A
WFFE 4l 6-F L brGDGTs K 7 A= 14 J5 P ] fi 2
77 6-H1 J brGDGTs (14 4t & A X T HAth 7 brGDGTs
(R 200 TR A R BT TR, w0 ™ 6-HT L brGDGTs Y4
[EISTINAT S B iaoM v L N ¢ TR/ g o RS S o
WARSME) . ZATHIAFFE R R TR T R0
JEFIPE LT 5LIX, 6-F 5 brGDGTs 17 i T 5-H
3£ brGDGTs, MAERRIE R 7 AR dbib X e
218, 5-H1 3 brGDGTs i i [98)  [H e,
A 6-H 2L brGDGTs Mt T 78X FhFREEE J1 R,
AR 7= X P GDGTs (s A= A X 45 22 R %o 1
WK 125 PR 2 S I Ao T AT LA IR A S
B, FFER UL S i R
232 4l 6-F B brGDGTs X MBT'sy A1 MBT'
AR BRI

X Al 6-H1 £ brGDGTs £ U5 4 B 7™ A= 1
GDGTs 2143 %t F brGDGTs i i & 8 hp th 2 7= A —
SEFZ . 0, MBT sy, 8hr2 H 7Y H 354k brGDGTs
(145 Ta, Ib, Ic) A 5-H 3 brGDGTs A AH X L ] 22
St B T 5 6-H1 3 brGDGTs £, 4R
1M, $5c 3 — 26 R AR FE i s RO 78 3% A S5-F S
brGDGTs Hf, DU H 3 fk brGDGTs th & 5 6-H %
— 322 —

brGDGTs —[RI4E A 12, H 2403 6-F1 3 brGDGTs
L) IR g > 0.5 B MBT'spe(8% MBT') 595 2Z 1]
A e 2 L2004 | BT LI 6-F1 3 brGDGTs A
brGDGTs {84 1 5 5 i A 25 FEHC X AH 5 U i
£k brGDGTs HIFZM I AN A3E

03T, Wang %58 £ FH AR 22t BSB89 47
T brGDGTs RREGUAE YA E A5k (B 48 5-H B R
H16-H LB & ) T 801 IRy 28 1623 5 i MBT sy
A MBTYIR B F8 bl F P, B FEE TR FYBE I,
X} MBT s Fll MBT'Y 5200 {25 3808 . R, HARER
i mh %) brGDGTs #A R £ /DR LIy A O 5-H
J GDGTs 41, fu#f 5-H 3 brGDGTs LA KA R 1) Y
H 24k brGDGTs(Is); @ 6-H % GDGTs 4, fuff 6-H
J brGDGTs LA KA N (1 1Y H JE AL brGDGTs(lg)o 47
MARZE 5-H B brGDGTs 2 Al 6-F & brGDGTs 41
MBT'[) MBT's Fll MBT's 8455 1R IEAHE, H4
K RER R LS L ABIRGE A 352 S 06 4 £ i i —
X HFT Wang 45 1O 00, SRS REA R TR,
TCIEMARE IRy -5 MBT sy, 5 MBT' 2 [8] 8 DI AH 5%
PE, (HRE IR 5056 25 5 WoR7E IRgye $6 8030 T 1 1,
MBT'sy; 48 FR1ELAR &5 1 MBT'$8 br (i 3 & % (% 1),
%5 Wang 25 10 pmp Rz 5,

I3 Ah, MR B 55 S AR AR B Ll 6-F
brGDGTs 4115 %, AWM — 10 T R 2 T
6-H 3 brGDGTs 2H i) MBT'% JG{H (MBT'), L 36
WEHSARKIRENERCR . WT Reyp=0.99 1Y
RS (B A, 19 H Ml 7 A4S FE ), MBT' ¥ {E N


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%24

BT, S N TIAR LR IR0 T GDGTs 1975 - 5 70 Ak

0.07+0.04(N=7). X5 Wang % [ K45 AR A
- IERE S HEWTE) 0 ~ 25°C T RN % 0 AR Y MBTY
B —E, fE— B R L UESE T MBT' S UG Y
ATEEME . SR, Fe B B R, AR R LIRSS R E
) 6-H FE4] MBT' LIl RARFE St HE T AL
() MBT' s JC{E A I I (&1 6). PRI R T 24 TT i
2N FSAAE T B35 R L5k WA MBT, 5 iR B9
K g R R, E— R IERT MBT's il MBT's Y
R R

3 &g

FIH T & 197G GDGTs A JiE T3R5 7+
SR R J AR 55 4% GDGTs 75 it DA KGR 43R
FHABARISE I o X K5 F2 4 i 64T GDGTs 40 M &
T RG4S B 4 BT, H AR HPLC-APCI-MS
(0,385 5523 50 GDGTs 2% BRI i (4 38547y, T s
Oy PRI S5 A T A R 25 R 2% R A GDGTs /&
T, IR T @ 53 355 61T GDGTs B
T . GDGTs & ft /3 Br 45 R Wos : LI &4 F
BIT f8455 SWC F-Jo B AR S, 260 - By g mr
REAN 520 BIT 1Y HAZK &R I3 4h, BEIRER 92 i i
PN 23 245 35 97 R Gealy R T 2 i 3h 88 7, S il
isoGDGTs Al brGDGTs 1 7= 4=, {5 #]F archaeol
(7=, 30 ACE (TR o F— 25X Al B A 11
brGDGTs, A 5% & B ] LA o 55 77 52 56 1 A5 45 4l
1 6-F1 2 brGDGTs, Jf- I35 7% 52 50 1Y £ JE B0l 1 7™
6-H1 %&£ brGDGTs 11 o 2B W 1Y) BT R 25 52 i) MBT sy
FT MBI B HE bm (4 2 £ 0 H o

AN TR A JCA I 33647 GDGTs #5575

%44 5
1.0 MBT', .
0g L 1=0037x-0.052
© [ =098, p<0.01, N=15 ¢
= 06
/m
2 04 -
0.2 . MBT:
. L =0.012x-0.036
or =087, p<0.01, N=13

5 10 15 20 25 30 35
AAIRLEZ(C)
MBT's fil MBT's 435140 5-H1 5 brGDGTs 41l 6-H 3% brGDGTs 21
B MBT', SR (ORI IR ABITE 57 B0 MBT' Bodfs ,  HeAth
BOAREK F1 Wang % 1) ORI AC BBl 5 @ @)
Fl6 MBT' fil MBT', 52 KRS ERALR
Fig. 6 Quantitative relationships between MBT's (or MBT/()
and growth temperature. MBT'y and MBT'y represent
MBT' of the 5-methyl brGDGT set and 6-methyl
brGDGT set, respectively. The green boxplot represents
the MBT', data for the incubation soils in this study, while
other data are from previous studies [31-33, 60, €2, 66:70]

used by Wang, et al Les]

WF9E B — 2 et Tk, BN R e 3R S 56 fn 3t F
GDGTs WA A R FE R 0 b R 2R~ . (EA
S AT AE — BB, BN, BT S, et
i v R B BT S B A TR AN WU, Bk = B A 4 i
Eo RN U B — SRR TRLR, SIAT L
S GDGTs A B R R AR A il AR &, A Bl T
BN 4 T HUTAG GDGTs 784S [R]85 214 A9 AE K
S, HFET GDGTs 17 BR5E Tl TR i
R PES A S 0 A S

— 323 —



" NN
5 2 1] Ao Wt 2005 4

http: //www. ykes. ac. cn

Abundance and Distribution of GDGTs in Incubated Artificial Soils with No
Fossil Pool

MIAO Rui'*, ZHAO Zenghaol , CAI Zeyuan] , LIU Xu'?, WANG Huanyel*
(1. State Key Laboratory of Loess and Quaternary Geology, Institute of Earth Environment, Chinese Academy of
Sciences, Xi’an 710061, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;

3. Xi’an Institute for Innovative Earth Environment Research, Xi’an 710061, China)

HIGHLIGHTS

(1) No fossil GDGTs were detected in the artificial soil used in the incubation experiment, and therefore the
obtained GDGTs were completely newly produced and can better reflect response to incubation conditions.

(2) The results of the incubation experiment showed that there was a positive correlation between SWC and
concentrations of GDGTs, but no direct correlation between BIT and SWC.

(3) In this incubation condition, 6-methyl brGDGTs were more abundant than 5-methyl brGDGTs, and the brGDGT
distributions confirmed that IRy could affect the applicability of the MBT'sy,; paleothermometer.

ABSTRACT: Glycerol dialkyl glycerol tetraethers (GDGTs) derived from microorganisms are important tools for
the study of paleoclimate changes. Incubation experiments are helpful to clarify the mechanisms for the responses of
GDGTs to environmental parameters, and to test the reliability of related climatic proxies. However, previous
GDGT incubation experiments were mainly conducted on a single strain or suffered from the influence of a
background signal, hampering systematically understanding the precise response of this biomarker to environmental
factors in a soil environment. In this paper, artificial soils without GDGTs were incubated under the same
temperature but different soil water content (SWC) conditions. The results showed that: (1) The abundances of
GDGTs were positively correlated with SWC, but phosphate buffer could inhibit the production of GDGTs; (2) The
branched and isoprenoid tetraether index (BIT), a soil moisture proxy developed in natural soils, was not
significantly correlated with SWC; (3) 6-methyl brGDGTs were more abundant than 5-methyl brGDGTs, resulting
in extremely high values of MBT'sy; and low MBT'". The results suggest that the BIT soil moisture proxy may
indirectly (rather than directly) respond to SWC changes and confirm that high relative abundance of 6-methyl
brGDGTs can affect the applicability of the MBT'sy; paleothermometer in soils. The BRIEF REPORT is available
for this paper at http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykes.202405240120.

KEY WORDS: GDGTs; incubation experiment; high resolution mass spectrometry; soil moisture proxy;

temperature proxy

BRIEF REPORT
Significance: Glycerol dialkyl glycerol tetraethers (GDGTs) are a series of microbial membrane lipids produced by
archaea and bacteria. They are widely distributed in a range of natural environments including soils, lakes, oceans,

1-15]

peat bogs, stalagmites, and fossil bones!'"'”), relatively resistent to degradation, and sensitive to environmental

variables. Therefore, they have increasingly been used as a popular tool in the study of past cliamte changes''®'"\. In
soils, the distribution of brGDGTs are significantly correlated with soil moisture condition and temperature,
therefore, many GDGT-based paleotemperature and paleohydrological proxies have been developed. Particularly,
for soil moisture, modern investigations suggest that, the branched and isoprenoid tetraether index (BIT) which
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represents the ratio of bacterial brGDGTs to crenarchaeol, can track soil water content (SWC) changes and thus can
be used as a soil moisture proxy**. On the other hand, soil mosture condition can also affect the applicablity of
brGDGT-based paleotemperautre proxies*'**). The mechanisms for the effect of soil moisture on the BIT soil
moisture proxy and other paleotemperautre proxies, however, remain inadequately understood.

Incubation experiments are helpful to clarify the mechanisms for the responses of GDGTs to environmental
variables, and to test the reliability of related climatic proxies. Two recent studies incubated Candidatus Solibacter
usitatus and observed abundant brGDGTs"'**, but the results of this single-strian incubation cannot fully represent
those for all brGDGT-producing microrganisms in the soil matrix. Some other works tested the correlation between
incubated parameters and brGDGTs by in situ experiments in the field®®*"! or laboratory incubation
experiments”**'**] but the interference of fossil signals cannot be exluded.

In this paper, we performed a 4-year incubation experiment using artificial soils without fossil GDGTs. By

incubating these artificial soils under the same temperature but different soil water content (SWC), the response of
newly produced GDGTs to incubated parameters was explored, and the impact of brGDGT distribution on the
applicablity of the brGDGT paleothermometer was assessed. While the abundances of incubated GDGTs were
positively correlated with SWC, the BIT soil moisture proxy was not significantly correlated with SWC, suggesting
that this index may indirectly (rather than directly) respond to SWC changes. Additionally, 6-methyl brGDGTs were
more abundant than 5-methyl brGDGTs, resulting in extremely high values of MBT'SME and low MBT,
confirming that high relative abundance of 6-methyl brGDGTs can affect the applicability of the MBT'sy;
paleothermometer in soils. To our knowledge, this is the first work that incubates GDGTs using artificial materials
to imitate soil matrix conditions, but excludes the interference of fossil GDGT signals. The results will provide
important implications of the study of GDGTs and their related paleoclimatic proxies.
Methods: Wheat bran, combused sand, and red clay were mixed in a ratio of 5:93:2 to create an artificial soil. Sand
and red clay can provide a soil-like condition while wheat bran can provide organic carbon for the growth of
microrganisms. No GDGTs were detected in the artificial soil and therefore the GDGTs obtained after incubation
should all be produced in situ. A total of 8 samples (each 53g in a 250mL beaker) were used in this experiment.
These samples were divided into two groups, and phosphate buffer solution was added to one group (A,—A,) to
adjust pH during incubation but not added to the other group (B,—B,). Each group was incubated under relatively
constant temperature (21.3+£2.3°C) with a maximum SWC gradient from 10% to 40% (Table 1). The incubated
samples were harvested after 4 years.

The incubated soils were ground after freeze-drying, and ultersonicly extracted 3 times with
MeOH:dichloromethane (1 : 9, V/V). The total lipid extracts containing GDGTs were dried under nitrogen gas, re-
dissolved in hexane and filtered through a PTFE filter. GDGTs were analyzed on two high performance liquid
chromatography/atmospheric pressure chemical ionization-mass spectrometry (HPLC-APCI-MS) systems
(Shimadzu HPLC-MS 8030 and ThermoFisher Vanquish Core HPLC-Orbitrip Exploris 120) in Institute of Earth
Environment, Chinese Academy of Sciences. The separation of lipids was obtained with coupled silica columns
following the chromatography methods capable of separating 5-methyl and 6-methyl brGDGTs!****), MS scanning
was performed in selected ion monitoring (SIM) mode that targeted specific [M+H]" ions for GDGTs. The
chromatograms of GDGTs on HPLC-Orbitrap Exploris 120 are shown in Fig.1. The uncertainty for peak area is less
than 3% for continuous measurements. C,, GTGT was used for quantification of GDGTs and archaeol on the two
HPLC-APCI-MS, assuming that their response factors are identical.

Data and Results: There are impurity peaks which cannot be fully resolved with GDGTs in the chromatograms of

both HPLC-MS 8030 and HPLC-Orbitrap Exploris 120 (at 100ppm resolution). However, when analyzing the

chromatograms of HPLC-Orbitrap Exploris 120 at 20ppm resolution, the impurity peaks no longer exist. Therfore,
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high-resolution mode for GDGT quantification was used in this work.

The concentrations of GDGTs range from 5.14 to 39.89ng/g for incubated soils with phosphate buffer solution,
are systematically higher than those for incubated soils without phosphate buffer solution (21.79—73.95ng/g) (Table 1,
Fig.4). For both groups, the concentrations of GDGTs increase with increasing SWC (Fig.4), in agreement with
those observed from natural soils™2***!. The BIT index varies between 0.11 and 0.91, but exhibits no obvious
relationship with SWC (Table 1). This confirms the field observation of a positive relationship between BIT and
SWC or precipitation!'***”). Moreover, the Archaeol and Caldarchaeol Ecometric (ACE) salinity proxy ranges from
19.6 to 47.4 and from 3.7 to 8.5 for incubated soils with and without phosphate buffer solution, respectively (Table 1,
Fig.5), indicating that the addition of phosphate buffer solution can result in higher salinity.

For most of the incubated soil, relatively pure 6-methyl brGDGTs can be obtained (Fig.1), and the relative
proportion of 6-methyl brGDGTs versus 5-methyl brGDGTs, expressed in the isomer ration (IRg) index, is quite
high (=0.99) (Table 1). The MBT's;;: values are extremely high while MBT' values are extremely low when IR
approaches 1 (Table 1). For samples with IRg,; values =0.99, the average MBT' value is 0.07+0.04 (N=7),
representing the MBT's endmember of 6-methyl brGDGTs at this incubation temperature (21.3£2.3°C) (Fig.6).

The weak correlation between BIT and SWC indicates that the BIT soil moisture proxy may indirectly, rather
than directly, respond to SWC changes. The relatively lower concentration of GDGTs in incubated soils with
phosphate buffer solution suggests that this procedure will inhibit the production of GDGTs, and therefore caution
should be used when adding phosphate buffer solution in incubation experiments. Moreover, the significantly biased
MBT'sy; and MBT' values confirm that high relative abundance of 6-methyl brGDGTs can affect the applicability of
the brGDGT paleothermometer in soils.

%5% iﬁﬁ Distributions of 5- and 6-methyl branched glycerol
[1] Yang H, Pancost R D, Dang X Y, et al. Correlations dialkyl glycerol tetracthers (brGDGTs) in East African
between microbial tetraether lipids and environmental lake sediment: Effects of temperature, pH, and new
variables in Chinese soils: Optimizing the paleo- lacustrine paleotemperature calibrations[J]. Organic
reconstructions in semi-arid and arid regions[J]. Geochemistry, 2018, 117: 56-69.
Geochimica et Cosmochimica Acta, 2014, 126: 49—69. [6] Zhao C, Rohling E J, Liu Z Y, et al. Possible obliquity-

(2]  Fpugeid, TG40, MR TR, 5. S8k DUREIE RS 7 b E 4 forced warmth in southern Asia during the last glacial
BErh iy o34 XF MBT/CBT $8Fr/E Nl R TE A5 vl 5 stage[J]. Science Bulletin, 2021, 66(11): 1136—1145.

P PEAS (], P Bl 27 L ER BL 2, 2016, 46(6): [7] Yao Y, Zhao J J, Bauersachs T, et al. Effect of water
782-800. depth on the TEXg proxy in volcanic lakes of
Zheng F F, Zhang C L, Chen Y F, et al. Branched northeastern China[J]. Organic Geochemistry, 2019, 129:
tetraether lipids in Chinese soils: Evaluating the fidelity 88-98.

of MBT/CBT proxies as paleoenvironmental proxies[J]. (8] ZRIGif, g, 4R, 5. KL FNFHI0 GDGTs
Science China Earth Sciences, 2016, 46(6): 782—800. 3 A e H R BE B X [J]. HBk Bl 2%, 2023, 48(11):

[3] Sun Q, Chu G Q, Liu M M, et al. Distributions and 4335-4348.
temperature dependence of branched glycerol dialkyl Li J J, Zheng F F, Xu M, et al. Distribution and
glycerol tetracthers in recent lacustrine sediments from environmental implication of GDGTs in lake surface
China and Nepal[J]. Journal of Geophysical Research, sediments from middle and lower reaches of Yangtze
2011, 116: 12. River[J]. Earth Science, 2023, 48(11): 4335-4343.

[4] LiXM, Wang M D, Hou J Z. Centennial-scale climate [9] Xiao W J, Wang Y S, Liu Y S, et al. Predominance of
variability during the past 2000 years derived from hexamethylated 6-methyl branched glycerol dialkyl
lacustrine sediment on the western Tibetan Plateau[J]. glycerol tetraethers in the mariana trench: Source and
Quaternary International, 2019, 510: 65-75. environmental implication [J]. Biogeosciences, 2020, 17:

[5] Russell ] M, Hopmans E C, Loomis S E, et al. 2135-2148.

— 326 —


https://doi.org/10.1360/07SCES-2015-0120
https://doi.org/10.1360/07SCES-2015-0120
https://doi.org/10.1360/07SCES-2015-0120
https://doi.org/10.1360/07SCES-2015-0120
https://doi.org/10.1016/j.quaint.2018.12.018
https://doi.org/10.1016/j.orggeochem.2017.12.003
https://doi.org/10.1016/j.orggeochem.2017.12.003
https://doi.org/10.1016/j.palaeo.2019.109381
https://doi.org/10.1016/j.orggeochem.2019.01.014
https://doi.org/10.3799/dqkx.2022.104
https://doi.org/10.3799/dqkx.2022.104
https://doi.org/10.5194/bg-17-2135-2020
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

HiFi, 55 N TIAE B IR 5086 GDGTs 1Y & -5 /0 ARk

%44 5

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

WuWY,XuY, Hou S, et al. Origin and preservation of
archaeal intact polar tetracther lipids in deeply buried
sediments from the South China Sea[J]. Deep Sea
Research Part I : Oceanographic Research Papers, 2019,
152: 8.

Dong L, Li Z Y, Jia G D. Archaeal ammonia oxidation
plays a part in late Quaternary nitrogen cycling in the
South China Sea[J]. Earth and Planetary Science Letters,
2019, 509: 38—46.

Rao Z G, Guo H C, Wei S K, et al. Influence of water
conditions on peat brGDGTs: A modern investigation
and its paleoclimatic implications [J]. Chemical Geology,
2022, 606: 12.

Zheng Y, Yu S Y, Fan T Y, et al. Prolonged cooling
interrupted the bronze age cultures in northeastern China
3500 years ago [J]. Palacogeography, Palacoclimatology,
Palaeoecology, 2021, 574: 110461.

Zang J J, Yang H, Zhang J H, et al. Application of
microbial membrane tetraether lipids in speleothems [J].
Frontiers in Ecology and Evolution, 2023, 11: 14.

Zhao J J, Huang Y S, Yao Y, et al. Calibrating branched
GDGTs in bones to temperature and precipitation:
Application to Alaska chronological sequences[J].
Quaternary Science Reviews, 2020, 240: 12.

Inglis G N, Bhattacharya T, Hemingway J D, et al.
Biomarker approaches for reconstructing terrestrial
environmental change[J]. Annual Review of Earth and
Planetary Sciences, 2022, 50: 369—394.

WeMs, TR, B &Y. GDGT 7E &R ARAS L5
0 10 P JRE (). v [ 9 1 DR 2 2 4l (A AR B W),
2011, 41(5): 71-78.

Yao P, Yu Z G, Zhao M X. Advances in application of
GDGT in global climate change study[J]. Journal of
Ocean University of China, 2011, 41(5): 71-78.

Peterse F, Schouten S, van Der Meer J, et al. Distribution
of branched tetraether lipids in geothermally heated soils:
Implications for the MBT/CBT temperature proxy[J].
Organic Geochemistry, 2009, 40(2): 201-205.

Weijers ] W H, Schouten S, van Den Donker J C, et al.
Environmental controls on bacterial tetraether membrane
soils[J].
Cosmochimica Acta, 2007, 71(3): 703—713.

Zheng F F, Chen Y F, Xie W, et al. Diverse biological

lipid distribution in Geochimica et

sources of core and in tact polar isoprenoid GDGTs in
terrace soils from southwest of China: Implications for

their use as environmental proxies[J]. Chemical Geology,

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

2019, 522: 108—120.

Dang X Y, Yang H, Naafs B D A, et al. Evidence of
moisture control on the methylation of branched glycerol
dialkyl glycerol tetraethers in semi-arid and arid
soils[J]. Geochimica et Cosmochimica Acta, 2016, 189:
24-36.

Wang H Y, Liu W G, Zhang C L. Dependence of the
cyclization of branched tetracthers on soil moisture in
alkaline soils from arid-subhumid China: Implications
for palaeorainfall reconstructions on the Chinese Loess
Plateau[J]. Biogeosciences, 2014, 11(23): 6755-6768.
Dirghangi S S, Pagani M, Hren M T, et al. Distribution
of glycerol dialkyl glycerol tetraethers in soils from two
environmental in the USA[J].
Geochemistry, 2013, 59: 49—60.

Wang H'Y, Liu W G, Zhang C L, et al. Branched and

transects Organic

isoprenoid tetraether (BIT) index traces water content
along two marsh-soil transects surrounding Lake Qinghai:
Implications for paleo-humidity variation[J]. Organic
Geochemistry, 2013, 59: 75-81.

de Jonge C, Hopmans E C, Zell C I, et al. Occurrence
and abundance of 6-methyl branched glycerol dialkyl
tetracthers in  soils:

glycerol Implications  for

palacoclimate  reconstruction[J].  Geochimica et
Cosmochimica Acta, 2014, 141: 97-112.

Menges J, Huguet C, Alcafliz J M, et al. Influence of
water availability in the distributions of branched
glycerol dialkyl glycerol tetraether in soils of the Iberian
Peninsula[J]. Biogeosciences, 2014, 11(10): 2571-2581.
Halamka T A, Mcfarlin ] M, Younkin A D, et al
Oxygen limitation can trigger the production of branched
GDGTs in culture [J]. Geochemical Perspectives Letters,
2021, 19: 36-39.

Zeng Z Y, Xiao W J, Zheng F F, et al. Enhanced
production of highly methylated brGDGTs linked to
anaerobic bacteria from sediments of the Mariana
Trench[J].FrontiersinMarine Science, 2023, 10: 1233560.
Huguet A, Meador T B, Laggoun-Défarge F, et al.
Production rates of bacterial tetracther lipids and fatty
acids in peatland under varying oxygen concen-
trations[J]. Geochimica et Cosmochimica Acta, 2017,
203: 103—116.

Huguet A, Fosse C, Laggoun-Defarge F, et al
Occurrence and distribution of glycerol dialkyl glycerol
tetracthers in a French peat bog[J]. Geochimica et
Cosmochimica Acta, 2010, 74(12): A436.

— 327 —


https://doi.org/10.1016/j.dsr.2019.103107
https://doi.org/10.1016/j.dsr.2019.103107
https://doi.org/10.1016/j.dsr.2019.103107
https://doi.org/10.1016/j.dsr.2019.103107
https://doi.org/10.1016/j.epsl.2018.12.023
https://doi.org/10.1016/j.chemgeo.2022.120993
https://doi.org/10.1016/j.palaeo.2021.110461
https://doi.org/10.1016/j.palaeo.2021.110461
https://doi.org/10.3389/fevo.2023.1117599
https://doi.org/10.1016/j.quascirev.2020.106371
https://doi.org/10.1146/annurev-earth-032320-095943
https://doi.org/10.1146/annurev-earth-032320-095943
https://doi.org/10.16441/j.cnki.hdxb.2011.05.012
https://doi.org/10.16441/j.cnki.hdxb.2011.05.012
https://doi.org/10.16441/j.cnki.hdxb.2011.05.012
https://doi.org/10.16441/j.cnki.hdxb.2011.05.012
https://doi.org/10.16441/j.cnki.hdxb.2011.05.012
https://doi.org/10.16441/j.cnki.hdxb.2011.05.012
https://doi.org/10.16441/j.cnki.hdxb.2011.05.012
https://doi.org/10.1016/j.orggeochem.2008.10.010
https://doi.org/10.1016/j.gca.2006.10.003
https://doi.org/10.1016/j.gca.2006.10.003
https://doi.org/10.1016/j.chemgeo.2019.05.017
https://doi.org/10.1016/j.gca.2016.06.004
https://doi.org/10.5194/bg-11-6755-2014
https://doi.org/10.1016/j.orggeochem.2013.03.009
https://doi.org/10.1016/j.orggeochem.2013.03.009
https://doi.org/10.1016/j.orggeochem.2013.03.011
https://doi.org/10.1016/j.orggeochem.2013.03.011
https://doi.org/10.1016/j.gca.2014.06.013
https://doi.org/10.1016/j.gca.2014.06.013
https://doi.org/10.5194/bg-11-2571-2014
https://doi.org/10.7185/geochemlet.2132
https://doi.org/10.1016/j.gca.2017.01.012
https://doi.org/10.1016/j.orggeochem.2010.02.015
https://doi.org/10.1016/j.orggeochem.2010.02.015

s e
A Ao W R
%2 2025 4E
http: //www. ykes. ac. cn
[31] Chen Y F, Zheng F F, Yang H, et al. The Production of 2024, 924: 171666.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

diverse brGDGTs by an acidobacterium providing a

physiological basis for proxies[J].
Geochimica et Cosmochimica Acta, 2022, 337: 155-165.

Halamka T A, Raberg J H, Mcfarlin J M, et al

paleoclimate

Production of diverse brGDGTs by acidobacterium
solibacter usitatus in response to temperature, pH, and O,
provides a culturing perspective on brGDGT proxies and
biosynthesis [J]. Geobiology, 2022, 21(1): 102—118.
Weber Y, Damsté J S S, Zopfi J, et al. Redox-dependent
niche differentiation provides evidence for multiple
bacterial sources of glycerol tetraether lipids in lakes[J].
Proceedings of the National Academy of Sciences of the
United States of America, 2018, 115(43): 10926—10931.
Chen Y F, LiJ J, Chen S Z, et al. Potential influence of
bacterial community structure on the distribution of
brGDGTs in surface sediments from Yangtze River
Estuary to East China Sea[J]. Chemical Geology, 2024,
647: 15.

de Jonge C, Radujkovic D, Sigurdsson B D, et al. Lipid
biomarker temperature proxy responds to abrupt shift in
the bacterial community composition in geothermally
heated soils[J]. Organic Geochemistry, 2019, 137: 13.
de Jonge C, Kuramae E E, Radujkovic D, et al. The influ-
ence of soil chemistry on branched tetraether lipids in mid-
and high latitude soils: Implications for brGDGT-based
paleothermometry[J]. Geochimica et Cosmochimica
Acta, 2021, 310: 95-112.

Guo J J, Ma T, Liu N N, et al. Soil pH and aridity
influence distributions of branched tetraether lipids in
grassland soils along an aridity transect[J]. Organic
Geochemistry, 2022, 164: 104347.

Huguet A, Francez A J, Jusselme M D, et al. A climatic
chamber experiment to test the short term effect of
increasing temperature on branched GDGT distribution
in Sphagnum peat[J]. Organic Geochemistry, 2014, 73:
109-112.

Huguet A, Fosse C, Laggoun-Défarge F, et al. Effects of
a short-term experimental microclimate warming on the
abundance and distribution of branched GDGTs in a
French peatland[J]. Geochimica et Cosmochimica Acta,
2013, 105: 294-315.

Ofiti N O E, Huguet A, Hanson P J, et al. Peatland
warming influences the abundance and distribution of
branched tetraether lipids: Implications for temperature

reconstruction[J]. Science of the Total Environment,

— 328 —

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Martinez-Sosa P, Tierney J E, Meredith L K. Controlled
lacustrine microcosms show a brGDGT response to
environmental perturbations[J]. Organic Geochemistry,
2020, 145: 8.

Martinez-Sosa P, Tierney J E. Lacustrine brGDGT
response to microcosm and mesocosm incubations [J].
Organic Geochemistry, 2019, 127: 12-22.

Ajallooeian F, Deng L, Lever M A, et al. Seasonal
temperature dependency of aquatic branched glycerol
dialkyl glycerol tetracthers: A mesocosm approach[J].
Organic Geochemistry, 2024, 189: 104742.

Chen Y F, Zheng F F, Chen S Z, et al. Branched GDGT
production at elevated temperatures in anaerobic soil
microcosm incubations[J]. Organic Geochemistry, 2018,
117: 12-21.

Zhao J J, Tsai V C, Huang Y S. A nonlinear model for
resolving the temperature bias of branched glycerol
dialkyl (brGDGT)
proxies[J]. Geochimica et Cosmochimica Acta, 2022,
327: 158-169.

Hopmans E C, Schouten S, Damsté J S S. The effect of
GDGT-based

glycerol tetraether temperature

improved chromatography on
palaeoproxies [J]. Organic Geochemistry, 2016, 93: 1-6.
Huguet C, Hopmans E C, Febo-Ayala W, et al. An
improved method to determine the absolute abundance
of glycerol dibiphytanyl glycerol tetraether lipids[J].
Organic Geochemistry, 2006, 37(9): 1036—1041.

Peterse F, van Der Meer J, Schouten S, et al. Revised
calibration of the MBT-CBT paleotemperature proxy
based on branched tetracther membrane lipids in surface
soils[J]. Geochimica et Cosmochimica Acta, 2012, 96:
215-229.

de Jonge C, Stadnitskaia A, Fedotov A, et al. Impact of
riverine suspended particulate matter on the branched
glycerol dialkyl glycerol tetraether composition of lakes:
The outflow of the Selenga River in Lake Baikal (Russia)
[J]. Organic Geochemistry, 2015, 83—84: 241-252.
Hopmans E C, Weijers J W H, Schefuf3 E, et al. A novel
proxy for terrestrial organic matter in sediments based on
branched and isoprenoid tetraether lipids[J]. Earth and
Planetary Science Letters, 2004, 224(1): 107—116.
Turich C, Freeman K H. Archaeal lipids record
systems[J].
Geochemistry, 2011, 42(9): 1147-1157.
Wang H Y, Liu W G, Zhang C L, et al. Assessing the

paleosalinity in hypersaline Organic


https://doi.org/10.1016/j.gca.2022.08.033
https://doi.org/10.1111/gbi.12525
https://doi.org/10.1073/pnas.1805186115
https://doi.org/10.1073/pnas.1805186115
https://doi.org/10.1016/j.chemgeo.2024.121934
https://doi.org/10.1016/j.orggeochem.2019.07.006
https://doi.org/10.1016/j.gca.2021.06.037
https://doi.org/10.1016/j.gca.2021.06.037
https://doi.org/10.1016/j.orggeochem.2021.104347
https://doi.org/10.1016/j.orggeochem.2021.104347
https://doi.org/10.1016/j.orggeochem.2014.05.010
https://doi.org/10.1016/j.gca.2012.11.037
https://doi.org/10.1016/j.scitotenv.2024.171666
https://doi.org/10.1016/j.orggeochem.2020.104041
https://doi.org/10.1016/j.orggeochem.2018.10.011
https://doi.org/10.1016/j.orggeochem.2024.104742
https://doi.org/10.1016/j.orggeochem.2017.11.015
https://doi.org/10.1016/j.gca.2022.04.022
https://doi.org/10.1016/j.orggeochem.2015.12.006
https://doi.org/10.1016/j.orggeochem.2006.05.008
https://doi.org/10.1016/j.gca.2012.08.011
https://doi.org/10.1016/j.orggeochem.2015.04.004
https://doi.org/10.1016/j.epsl.2004.05.012
https://doi.org/10.1016/j.epsl.2004.05.012
https://doi.org/10.1016/j.orggeochem.2011.06.002
https://doi.org/10.1016/j.orggeochem.2011.06.002
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%24

HiFi, 55 N TIAE B IR 5086 GDGTs 1Y & -5 /0 ARk

%44 5

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

ratio of archaeol to caldarchaeol as a salinity proxy in
highland lakes on the northeastern Qinghai—Tibetan
Plateau[J]. Organic Geochemistry, 2013, 54: 69—77.
Law K P, Zhang C L L. Current progress and future
trends in mass spectrometry-based archaeal lipidomics
[J]. Organic Geochemistry, 2019, 134: 45-61.

g, PNTE, 2B, S MR RS AR bR S GDGTs
IR HARBFFEHE R (1), A0, 2024, 43(1): 30-46
Zhan N, Sun Q, Li Q, et al. Research progress in
analytical methods of biomarker GDGTs in geological
environments[J]. Rock and Mineral Analysis, 2024,
43(1): 30—46.

Becker K W, Lipp J S, Zhu C, et al. An improved
method for the analysis of archaeal and bacterial ether
core lipids[J]. Organic Geochemistry, 2013, 61: 34—44.
Yang H, Li X X, Ding W H, et al. The 6-methyl
branched tetraethers significantly affect the performance
of the methylation index (MBT') in soils from an
altitudinal transect at Mount Shennongjia[J]. Organic
Geochemistry, 2015, 82: 42-53.

Wang H Y, Liu W G, Lu H X, et al. Potential
degradation effect on paleo-moisture proxies based on
the relative abundance of archaeal vs. bacterial
tetracthers in loess-paleosol sequences on the Chinese
Loess Plateau[J]. Quaternary International, 2017, 436:
173-180.

Peaple M D, Beverly E J, Garza B, et al. Identifying the
drivers of GDGT distributions in alkaline soil profiles
the  Serengeti
Geochemistry, 2022, 169: 14.
de Jonge C, Guo J J, Hallberg P, et al. The impact of soil

within ecosystem[J].  Organic

chemistry, moisture and temperature on branched and
isoprenoid GDGTSs in soils: A study using six globally
distributed elevation transects [J]. Organic Geochemistry,
2024, 187: 15.

Wu J, Yang H, Pancost R D, et al. Variations in
dissolved O, in a Chinese lake drive changes in
microbial communities and impact sedimentary GDGT
distributions[J]. Chemical Geology, 2021, 579: 12.
G, B, R, F PETREETEXRER L
bGDGTs 5 A #5355 A 5~ K416 #4523 A (7], 26 0 22
WE5E, 2022, 42(2): 449—460.

Chao Q, Zhao H, Hou J Z, et al. Reanalysis of surface

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

soils and climatic and environmental factors in arid and
semi-arid regions of China[J]. Quaternary Sciences,
2022, 42(2): 449-460.

Zang J J, Lei Y Y, Yang H. Distribution of glycerol
ethers in Turpan soils: Implications for use of GDGT-
based proxies in hot and dry regions[J]. Frontiers of
Earth Science, 2018, 12(4): 862—876.

Wang HY, An Z S, Lu H X, et al. Calibrating bacterial
tetraether distributions towards in situ soil temperature
and application to a sequence[J].
Quaternary Science Reviews, 2020, 231: 106172.

Naafs B D A, Gallego-Sala A V, Inglis G N, et al.

loess-paleosol

Refining the global branched glycerol dialkyl glycerol
tetracther (brGDGT) soil temperature calibration[J].
Organic Geochemistry, 2017, 106: 48—56.

Wang H Y, Liu Z H, Zhao H, et al. New calibration of
terrestrial brGDGT paleothermometer deconvolves
distinct temperature responses of two isomer sets[J].
Earth and Planetary Science Letters, 2024, 626: 118497.
Chen C H, Bai Y, Fang X M, et al. Evaluating the
potential of soil bacterial tetraether proxies in westerlies
dominating western Pamirs, Tajikistan and implications
for paleoenvironmental reconstructions[J]. Chemical
Geology, 2021, 559: 12.

van Bree L G J, Peterse F, Baxter A J, et al. Seasonal
variability and sources of in situ brGDGT production in
a permanently stratified African crater lake[J].
Biogeosciences, 2020, 17(21): 5443-5463.

KouQQ, Zhu L P, JuJ T, et al. Influence of salinity on
glycerol dialkyl glycerol tetracther-based indicators in
Tibetan Plateau lakes: Implications for paleotemperature
and paleosalinity reconstructions[J]. Palacogeography,
Palaeoclimatology, Palacoecology, 2022, 601: 12.
Bittner L, de Jonge C, Gil-Romera G, et al. A holocene
temperature (brGDGT) record from Garba Guracha, a
high-altitude lake in Ethiopial[J]. Biogeosciences, 2022,
19(23): 5357-5374.

Crampton-Flood E D, Tierney J E, Peterse F, et al.
BayMBT: A Bayesian calibration model for branched
glycerol dialkyl glycerol tetracthers in soils and
peats [J]. Geochimica et Cosmochimica Acta, 2020, 268:

142-159.

— 329 —


https://doi.org/10.1016/j.orggeochem.2012.09.011
https://doi.org/10.1016/j.orggeochem.2019.04.001
https://doi.org/10.15898/j.ykcs.202306100077
https://doi.org/10.15898/j.ykcs.202306100077
https://doi.org/10.1016/j.orggeochem.2013.05.007
https://doi.org/10.1016/j.orggeochem.2015.02.003
https://doi.org/10.1016/j.orggeochem.2015.02.003
https://doi.org/10.1016/j.quaint.2016.11.004
https://doi.org/10.1016/j.orggeochem.2022.104433
https://doi.org/10.1016/j.orggeochem.2022.104433
https://doi.org/10.1016/j.orggeochem.2023.104706
https://doi.org/10.1016/j.chemgeo.2021.120348
https://doi.org/10.11928/j.issn.1001-7410.2022.02.10
https://doi.org/10.11928/j.issn.1001-7410.2022.02.10
https://doi.org/10.11928/j.issn.1001-7410.2022.02.10
https://doi.org/10.1007/s11707-018-0722-z
https://doi.org/10.1007/s11707-018-0722-z
https://doi.org/10.1016/j.quascirev.2020.106172
https://doi.org/10.1016/j.orggeochem.2017.01.009
https://doi.org/10.1016/j.epsl.2023.118497
https://doi.org/10.1016/j.chemgeo.2020.119908
https://doi.org/10.1016/j.chemgeo.2020.119908
https://doi.org/10.5194/bg-17-5443-2020
https://doi.org/10.1016/j.palaeo.2022.111127
https://doi.org/10.1016/j.palaeo.2022.111127
https://doi.org/10.5194/bg-19-5357-2022
https://doi.org/10.1016/j.gca.2019.09.043

	1 实验部分
	1.1 仪器和设备
	1.2 实验材料和主要试剂
	1.3 GDGTs的培养实验
	1.4 样品前处理和GDGTs定量分析
	1.5 数据质量控制
	1.6 GDGTs指标计算方法

	2 结果与讨论
	2.1 液相色谱方法和高分辨质谱条件对GDGTs定量分析的影响
	2.2 土壤含水量和磷酸盐缓冲溶液对GDGTs的影响
	2.2.1 GDGTs的分布特征及含量对培养条件的响应
	2.2.2 GDGTs指标对培养条件的响应

	2.3 6-甲基brGDGTs 培养结果对brGDGTs古温度指标研究的启示
	2.3.1 较纯6-甲基brGDGTs的培养
	2.3.2 较纯6-甲基brGDGTs对MBT'5ME和MBT'温度代用指标的影响


	3 结论
	BRIEF REPORT
	参考文献

