%40 & F 3 Wk A x5 K ¥ F R Vol. 40 No. 3
2018 % 5 A Journal of Earth Sciences and Environment May 2018

BRI T DY B A A I A R A SO T R A A R R HL i TR A7 2R 2H RS e TR S S L) ). b BR B A 5 B A 4, 2018, 40(3)
275-284.

LI Cheng-long, SHENG Xue-fen, BAO Rui,et al. High-temperature Experiment on Transformation from Aragonite to Calcite in Land Snail
Shells and Its Impact on Carbon Isotope Composition Variations[ J]. Journal of Earth Sciences and Environment,2018,40(3) :275-284.

fEEWME XA RANLITRER B A= AR

T HEEE

> 1, Al 21, ) 2
?&%12? 57\ ﬁ@ %‘129g %129?’1’5\&12
(1. MR K2 WERARL %5 TR TR Fal 210023;

2. MR KY RAMBRAFHFTRESLRE LI B 210023)

W E. AT E4RABETAHME T, 2% CaCO, R 94 T R £ A2 F N6 F LSRR
¥ AR EEFTABRENRA L . AR RE LB RAT W7 G2 8RR A F eI
% ZABRLEFEAMERBEREETAREAERETE A M YhEFAEETEZ A AL, F R H LR
% Achatina fulica X6 2R EE AT THATZ B MM L, A BT AT EHEE P FHE 4L
TR EARGEN, EREAVN . MEBREAAG. 7ML EHR S L erMeidsr
AP A E A Hm, AR E e R A i 8 4 T, R R A AR I 7 B A R A REAK
ﬁtlﬁlééjfﬁ%/ﬁ/—"\ﬁff&;%imﬁu#ké@ RS REEEREIE A AR A RAN T EREFT,
B L e m et ig £ FHEM ., F LA KL LN LG F B G E PR ;& A o2t
)’]h’?éﬂﬁkﬂ%ﬁ'f EARAMAEIRFIHERE TR COLETHRALERX BRI, AL R A F
HARE, A, EH ASRF S RBERALFARFITFREETEN, EXEXL L H B o254k
B R AL 4R B AL HYFoh
KEBR AWK FRF;ZEBMAG X G F BN AR BRI AR & AEEE
HRE S ES:P593 MEFRERD A MEHE1672-6561(2018)03-0275-10

High-temperature Experiment on Transformation from Aragonite to
Calcite in Land Snail Shells and Its Impact on
Carbon Isotope Composition Variations

LI Cheng-long'?, SHENG Xue- fen"?" , BAO Rui'?, LUO Ling"?, JI Jun-feng'*
(1. School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, Jiangsu, China;
2. Key Laboratory of Surficial Geochemistry of Ministry of Education, Nanjing University,
Nanjing 210023, Jiangsu, China)

Abstract: The stable isotope compositions of biogenic calcium carbonate are often used as an
important proxy for the studies of past global climate change; however, a significant isotope bias
during the transformation from aragonite to calcite would affect the quantitative reconstruction of

paleoclimate. The experiments were conducted under the air conditions by high-temperature
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heating the aragonite shells of land snail Achatina fulica, and the various of contents of calcite
and carbon isotope compositions before and after heating were revealed. The results show that
the contents of calcite increase with the temperature increasing; the transformation from
aragonite to calcite is affected by the content of organic matter of the shells; the contents of
calcite are lower in the samples without H, O, treatment than those in the samples with H,O,
treatment under the condition of the same heating temperature and time; the heating process can
cause the samples with lower carbon isotope compositions than the original samples; the
temperature in the short-time heating plays an important role in the transformation from
aragonite to calcite, and the H;O, could play a role in the transformation; the lower carbon
isotope compositions in the heated samples could be due to the carbon isotope exchange reaction
between the samples and CO; in the air, not due to the phase transformation. Hence, the isotope
bias induced by phase transformation and isotope exchange should be taken into consideration when the
carbon isotope compositions of land snail shells are used to reconstruct paleoclimatic history.

Key words: biogeochemistry; snail; high-temperature heating; aragonite; calcilization; H,O,

2018

treatment; carbon isotope composition; paleoclimate reconstruction

=

=1

0 3l

Biti 2 Wi 2R R R WL T2 A T A BROR [ AU
HE RIS ] 9 b 5500 X, i 2F 356 2 3 PRl /D, 36 28 DU A
e 1Nk N AR NS R D R A
PAC ST 4 b R 855 4 000 L g 2R 5 R T LA A i b T
YA IL T S E 8 E AR, 2 0 F 8+ 0 A
DX AR A X Y DL R R £ gl i X
YR T A A SR

AR TR R 2 2 1 M R 2R 0 A 2 b L i A
AR [ 37 28 2H WO VR 0 45k f B . — PRI 0 T L i 2
FEAB R0 28 4B 22 1 T A AT BLk TR 6 3
SR DRI W 2 ST ARl [ A 3 A ek T
Y MR B2 R (C, JCAML C) B9 4L, BT A8
S W PREE (R AR D SR 7 Bl A R A
KARARAT 893 H UURUT 51 v i A8 52 iR S0 S e —
R TFUR T o 5 A8 S Oy izl FE e BB R
SE [l 3R AL S A A AT R I 5 M oy S

Bl P X SO R A FR B 2 R R T
R it AR S Ao R P S A A AR A RO O
FRUR KR 4 A% TR0 28 43188 L v 1R o R S
WA AL @ POE ) -T QREE -+ () F 2k % )y
RG220 TR SCA Ay [ AR A A v il [ 67 28 4B
AR ASTE BT . SO 2 e R R A 4, i
A IR E A L R R T AR S
Jr A B b AR A FE R DUR G AR i 2 4
REERIBE N, R ) 22 i Tt S B ik S A R a
ARGy S A5 R AE B 76 3 11t KR H AT 78 06 b

DX 3 T 5 v R B W AR S AR SO T il Ak
HBLAE LS 2 L6 JRZ ], AV 28 4F T . 3
A7 AT A T R A 2 G, DRIk ek 1] AT RO S B
SCAT AR B PR ER TR Rl 1 2 5 e SC A AR 7R Y
EEREED T AT RSO T AR
DL BT LA A 7 (AR sk )07 38 T At ol PR A 2
SO ST RSO G AR 35 2 Achatina fulica FEfA
SCA AT AN R it A ey 38 S5 56 [ s 308 o A ) o A et
[FI] 35 5 A PR F A W0 PR S A 77 kA Ao e B HE R
i [ 57 2 AL FA) SE 0  DA T Sy 0] i 2 5 A e [] £ 3R
LA T vy PR P At Al

1 ZBWFTRESHAIE

S R Bl 2R R R W m B G IR Achatina
Sulica (B DTSRG Py R AFFERT G2, B 358 1 FE 5
HEBF/RERE, R EE 12 h, K5 RS
PIHVE 0.5 h, ZBR A& A BLT A — 2L 5% B A IAC 78
40 °C Y HERE HhoE T 5 2 TR 8 A 7 1A BT 3 5 F b

B 4 8% 4 Achatina fulica
Fig. 1 Achatina Fulica Land Snail

B 1



% 34

FREF HERF LG HMAENIRAELERAIZTARELGEEE 277

rrEE R, It 100 H (FLAE A 0. 150 mm) §if 5 43 B
it B2 B AR R A B I A B S BT T
ML AR5 55— RE 7R 2 08 T A 10 %6 1Y S K
Ry 48 h, IR BR 2 7 R B & i A HLT, 40 C
BT R E T T RMh A,

e Tk S 0 A TR A U AR TR 2 SXL-
1016 BUR R Dok b kA7, R B 3 E A 200 °C
) 600 C,mf & E M 1 h %] 8 h, FHEE KA 10
C e min ' E R HCARE S TR 25 R (R
BB +3 O M Komkig1r. KR
B Jir A S 6 400 R P ASC 38 702 i 8, 8 0 3 = L S 4T
FEARTT BUR AR &

W& w OF 80, T RD AL XS 4 A0 5 ik
T80 . R B A3 % Rigaku Dmax-Rapid 1T I 5
JEUR AR 28 XS AT AL AT, AR A T
VE 40N #86  Mo(Mo-K, B K 0. 71 A, T %
4500 WL RS ASTELRHEEHAE R 0.1 mm, #
i EHARN 0.5 mm, JCTF SR &L BRG]
9 min, F H Jade 6. 0 B33 SC 41 FIJT it A7 7 AF 06
1 U T AR LR AT AS B 1 B i . R R U

Fe = 1¢/y 4+ 1c) X 100% (D
A Fo 07 A AERE S e BT 5 AR X B it s T
Le 43900 R SCA A figt A F e 1% 0 T B, He v S
BEHC 111 M. 5 ff A B B 104 18507 5 7 Ml 41 AN SC A
FEZ AN 100%

TR 9E 2 B A W R A HIL T A A TE
W WA e H I, B O AN S %
BRI

BT AR B TR 7 2 H R3T i Picarro G2131-
CO. B [R5 28 43 B A8 3o Wl 198 v 2 I 1T 000 745, A 114
TAE T B S OG0 3% B O =G B R (WS
CRDS) , H i FAARE AL 3 WK W8 4= 5o IR 8 R TR 2
FER O C/O AT T E bR brfE 4 it PDB ()
Tor i 25 e n . o, 5236 % R I B HE AR R
NBS-18, 4 # sk [7] 437 2 20 15 1 3085 BE A T 0. 3%,

2 EHRAMEITR

2.1 XAHFBAUSEGFBASETH
X R AT 3 (B 2) R, Bl IR A 200 °C
FHEE] 600 °C L 3047 111 [ 5 AF 06 (1% 06 5 1 i =5 A
YR A0 o i A B A A 104 TR AIF 06 A i 5 RN
W s FE R 3 B, Herp L, 300 °C T BRI T R AR R
TIE UG | 5T A5 HE A A ek B A IR T o T 3
HRAE I8 25 ] (£ 1, B IEAE 200 C B, i #4

R

[\ 1047
[\ 600 C
iy | . 7/1\77 —//,\\,,
1047
500 °C
104TH
1117 400 C
LI N\~ 104 300 C
11178 200 C
1117 JR G5 FE
1 1 1 1 ]
10 12 14 16 18 20

26/(°)
104 T8 g 77 f% A RRAE UG 5 111 TRT S SCATRRAE 04 5 20 S A5 5 )
B2 REMAEE T X 52 6751 E i
Fig. 2 XRD Patterns of Snail Shell in Different
Heating Temperatures

300 min Ji7 . JC I 2 15 2R RS K Ak B A9 A 5 7 A
A& Yy 0, 3 BRI R ] B e AR SO AT
KEETTEA . AN 300 CH-Uh, Iy ik A1 & BB
R E M AE L0 R 300 °C HF, ML 60 min £ 300
min, A A 10 5 A 5% 7% B 360 min LUE . A
A 1 SCA T A R AZ LI 3 () J5400 T YL 60
min JFUf , AR B K b A RE i sl A7 69. 804
B30 A TR e 22 BT il A, O BRI B BE 3 I (A] 3
TN 75 ff A1 R AT B LA 3(h) 13500 °C #1600
CF s 60 mindT 4 SC A7l AT LASE 4 5% 742 5 i A1
LK 3o (1. htnl WL, A= ¥y 1l IR B9 SC A 5 il A1
fEAE 300 “CHL e £ T 4 i 5 o WL I A ST A 7 fig
A AT B 450 TCAH HET L AH A I B A BT R AR
X TP 22 S T RE R AR W IR Y S A I Y AR
Wi, LKA USRI IEHL CaCO, 45 5 45 51 0 ) 45
Ha) bR 22 S R

i R 3 Ca) L (h) LI P 4 w2 S 300 °C
400 “C A EHE 1T DL 302 A5 R XA K Ak 31X
T7 AT A — B BRI . AR SR U K AL B
P D7 M A A LR T BU AR K Ak B A A o A ik
. XUERU K A PR 2 ok /b B 2 B e AT LT, TRt o A5
BT A4 A7 7 BELAS SCf 7 i A A e

M 3.4 0] LA L i R W A s AR R A S0
D7 g A 32 5 DR I T 2 5 R BT ) R
SER W] NI B T ifp A1 ik B A A R (] 3
T3 0 AELUB 49y 5 B R DT R AT AE 500 IR 22
B AR R B DT i A RSO B N 1]
14384 0 £ B Ak iy i (P 3y it el L
IS 6] 26 R S0 7 A A R R R O
B AR (814D . 200 C IR i B2 B L AR X 5 B A7



278 wo®K A F 5 XK R F R 2018
F1 AEMPGEREIEE T o E AL EEK
Tab.1 Carbon Isotope Compositions in Different Heating Temperatures and Time
GETE R T/C ¢/min i A i/ % ST CAE/ %o FE it i 5 T/C ¢/min FffaEw/ % B CHA/ %o
A-1 200 300 0.0 —6.81 B-1 200 300 0.0 —6. 89
A-2 300 60 0.0 —6.82 B-2 300 60 0.0 —6.98
A-3 300 120 0.0 —6.46 B-3 300 120 0.0 —6.61
A-4 300 180 0.0 —6.39 B-4 300 180 0.0 —6.68
A-5 300 240 0.0 —6. 81 B-5 300 240 0.0 —6.82
A-6 300 300 0.0 —6.77 B-6 300 300 0.0 —6. 89
A-7 300 330 2.1 —6.73 B-7 300 330 5.0 —6.61
A-8 300 360 3.5 —6.43 B-8 300 360 7.4 —6.73
A-9 300 390 4.1 —6.61 B-9 300 390 6.8 —6. 60
A-10 300 420 2.0 —6.61 B-10 300 420 8.0 —6.74
A-11 300 480 4.0 —6. 64 B-11 300 480 10.0 —6.70
A-12 400 60 69.9 —6.92 B-12 400 60 79.8 —7.04
A-13 400 120 74.2 —6.98 B-13 400 120 78.9 —6.93
A-14 400 180 81.0 —7.07 B-14 400 180 82.0 —6.95
A-15 400 240 85.3 —7.13 B-15 400 240 86. 4 —7.07
A-16 400 300 81.3 —7.07 B-16 400 300 84.9 —6.81
A-17 400 360 79.2 —6.76 B-17 400 360 74.8 —6.77
A-18 400 420 79.6 —7.00 B-18 400 420 72.8 —6.82
A-19 400 480 70.4 —6.82 B-19 400 480 86. 2 —6.75
A-20 500 60 100. 0 —7.24 B-20 500 60 100. 0 —7.35
A-21 500 120 100. 0 —7.30 B-21 500 120 100. 0 —7.22
A-22 500 180 100. 0 —7.21 B-22 500 180 100. 0 —17.38
A-23 500 240 100. 0 —7.45 B-23 500 240 100. 0 —7.40
A-24 500 300 100. 0 —7.38 B-24 500 300 100. 0 —7.34
A-25 500 480 100. 0 —7.55 B-25 500 480 100. 0 —7.37
A-26 600 60 100. 0 —7.31 B-26 600 60 100. 0 —7.35
A-27 600 120 100. 0 —7.44 B-27 600 120 100. 0 —7.64
A-28 600 180 100. 0 —7.62 B-28 600 180 100. 0 —7.33
A-29 600 240 100. 0 —7.54 B-29 600 240 100. 0 —7.45
A-30 600 360 100. 0 —7.44 B-30 600 360 100. 0 —7.13
A-31 600 480 100. 0 —7.78 B-31 600 480 100. 0 —7.68
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Fig.3 Variation Trends of Contents of Calcite with Heating Time
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Tab.2 Carbon Isotope Compositions of Original Samples

FE i 4 5 B CAH/ %o SUCEIHME/ Y | IR
A1 —6.66
A-2 —6.75 —6.7 0.09
A-3 —6.69
B-1 —6.73
B-2 —6.70 —6.7 0.07
B3 —6.66
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