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Climatic and Environmental Changes in More Than the Past 1800 Years as
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Abstract A 50-cm core (hereafter referred to as “XFYC12-2”) was retrieved from western Foye Chi (Buddha
Pond), a glacier-scour lake on southern slope of Taibai Mountain that is the main massif and peak of Qinling
Mountain Range. Accelerator mass spectrometry (AMS) '*C dating and analyses of isotopic carbon and nitrogen of
organic matter were performed on samples from XFYC12-2. Climatic and environmental changes occurring around
this alpine during over the past ~1800 years were therefore reconstructed. Climatic and environmental conditions
were still fairly cool and arid during 1811-1380 (or 1440) aBP. In 1380 (or 1440)-840 aBP, the climate and
environment were warm and humid. This episode is probably corresponding to Medieval Warm Period (MWP).
Climatic and environmental conditions deteriorated subsequently and were thus cold and dry over the period of
840-460 (or 520) aBP. This phase may correspond to Little Ice Age (LIA). Climatic and environmental conditions
have turned to be warm and wet again during 460 (or 520)—100 aBP. The aforementioned process of climatic and
environmental changes appears quite similar to what was reconstructed around another two lakes at the high
altitudes of Taibai Mountain, what was generalized for eastern China and what was identified at another four study
areas in eastern China.

Key words Taibai Mountain; western Foye Chi (Buddha Pond); carbon and nitrogen isotopes of organic matter;
climatic and environmental changes
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Fig. 1
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Locations of Qinling Mountain Range, Taibai Mountain and several other places mentioned in the text
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Fig. 2 Locations of western Foye Chi, eastern Foye Chi and Sanqing Chi on southern slope of Taibai Mountain



EAENAE ORI A TLAR A B . AR LR ID R AT % 1800 £ AR A MR- BT AR 1L

A ATE SR AT BRK (B 3) o 34 b Y 7K 385 1) T 4 e 3
4 3550~3600 m, ALK 4.87 km®, FEH R A
AR, HHEXUARTT T B ) 1% I8 AT 2 S 38 P ) 33
o ARAEARERL, BhAT AR TRL 20 -0.71°C, AERE
KLY A 714 mml7 o 33— I 7K 8 P 4 A b
Sy v L= g L A B Ll e, R
) A RV 1 B ) AR AR A

2 MRAE
21 H@RREMTLIE

2012 4F 8 H, i AR Z Wl 76 75 4 43 3 i — K
HEE 3)NERHE 50 em T H N (XFYC12-2),
HBCRE 50 H B AR BR R 33°56/25.0N, 107°45'20.7"E,
TR EE N 3410 mo 7EBRYg, XHUTRAI A A AT
WEE, REIICRRE WAL S, BJS, LA 1 em BY[E]
B X ik — HUS BORE, JRAR R 49 MRS, T A B R
0%, TEE PR UTRYEER KT
22 FHNE

FE A 5T R 27 2 iy SO A B i g T S =
SHRFEAY 3N 22.5, 29.5 F1 49.5 cm HIRE S i AMS
UCARIR I E . TEVIR R, WA S BLIE T T I AR
HIRE P AR o b A it S LU A TR AL 5 5 S b X
TCWP A, i U5 e 2 A B BIL 23 A X 3
AN, UURR R A AR AR IR AR B S ARAIR, DAL <fsk 22
ARG 1) 5 T A X A /N, R DCRR W A BB I AF

Xof 0 AT 25 A T WA I . BIE A MC g EE IR
5568 4F, “BP” il 1950 AD HY4FE#% . B H 1E Y
4 h IntCal04, fif 2 ¥4 OxCal v3.10.
23 Ak, RBERMAESWH

XF 49 MRS DK . BRRE [ R T, 1
TG fRE B T IS e, DUABEIR R S iy A
SRR 2 B B, iR I K DR S R
0.5 mol/L YERFR I 6 /INBF LA I, DA BRI A9 T
BUBk, FH 258 T oK Uk v o i Eh R, B s B A ol At
To BT AR SR — 2D R, iz 20 hRE
60 H i+ FE 30 KOFFREGE ft 2850 1k
AEELRRE S, EMLIEAT 0T o T FHAYAS 4 Thermo
finnigan MAT253 “AK[A {3 3 LUAE B35 {)CFT Thermo
finnigan flashEA1112HT JCER T4 o iS4 53
Mril ks BE E.P<0.04%0. 6"C (%o)FI%F T [ brbr
V-PDB, ¢"°N (%) H1 % T E Fras fE N,-Air.
24 BHMIH

PR ST A 10.5, 14.5, 19.5 F1 31.5 cm HYEE
mn AR 3 A, AR BT R 2 b e A o3 A S AU
B HEBE S R e B RRE S I A A
T, FH R R B Ak B 3k 0 R VR VR R i A T
A BEFD AR $E T AR A M 4 0 R I A
G N2 F o 7E Leica 42 %) WAMCEE T H#EAT HLM 4
EMGTT . BAFERGITHR 500 KDL L, Tt
HA S

i Sk 48 A A TR A S (XFY C12-2) i 7K

B3 ABRFHERER
Fig. 3 Western Foye Chi and the sampling site

97



R MARBIER) 548 1

2018 4F 1 A

3 FERIERBIESHER
31 FEREIRARER

MAELE R, VR 22.5, 29.5 F149.5 cm &b
RE 5 14C AR 43 B 1515420, 156030 F1 1900+
30 aBP (£ 1) XX 3 A4 "“C AER AT R IR,
P 2IRE R R AR A TEAFIR 43 31 1382, 1455 il 1830
aBP (% 1) UL AT UL, 3% — #0535 5 25 1800
ZAE, HARTS 3 A INAEECE o AVICE AR 1 A5 it Y
FYCO7-1 K EOH R i UL A H O B, AN 3R A —
ANAERHES, P, 5 FYCO07-1 A1, XFYC12-2
ol B4R R AT DX — R VP b B T O R R -
BARAAE B o WX 3 MAEAEE 51T 49.5~29.5,
29.5~22.5 f122.5~0 cm Y- HERLE R 438 0.533,
0.959 1 0.163 mm/a. TLEWIRLBE R/ N ZEAL(1&] 4)
SR AT DL RS ] 38 43 1 1 i AR S 1 Wt 22 331
48.5~25.0 cm (1811~1410 aBP), IFRYIZ Mtz 40
Wy ab, WUk W EORL . 25.0~13.5 cm IULRYI N
Bkt 13.5~8.0cm Fl 1.5~0 cm FYUTEA 20
KA AN %G 1 A 8.0~1.5 cm (9 T AW g 40 5 b
PRI, 25.0~0cm RYUTARY ORE SA B4l . 4545
MAFELE R (G DRI 1, 49.5~29.5 cm (1830~1455
aBP) il 29.5~22.5 cm (1455~1382 aBP) {4 “F- 4 M 1 3k
RE AR 22.5~0 cm (1382~0 aBP)R-F-44 M flik
W1 fR 42 . AP MERR AR, 3 o 4 1 P A 7 3R
Ao A TR B B AR, R R8N B TR B e O B4R 1
(E 4),

®1 XBLAGFHARESXFYC12-2)NFLER
Table 1 Radiocarbon dating for XFYC12-2 from western
Foye Chi, Taibai Mountain

TR VP 1 4RI
g N GpaBp AR AERRGELG) 4RI E20)
aBP aBP aBP
BA150621 22.5 151020 1382 1368~1410 1346~1417
BAI121206  29.5 1560+30 1455 1400~1520 1380~1530
BAI121205 49.5 1900+30 1830 1820~1885 1730~1930

3.2 0"Corg F1 0" Norg

OB Corg TE—26%0~—24.6%0 2 18] P 5, V¥ {H K
—25.1%0; 6" Nogg 75 1.9%0~3.5%0 2 (815N, FHI{E K
2.7%0 (&l 4).

FEHE XFYC12-2 JIEH, 0" Corg W AR K, H
1500 aBP, 5|/ 1380 aBP #f, 0"°C,y . E /D, K

98

1380~840 aBP 1 6"°Cop, W R/ HLJF, 6"Corg 5%
FHER, MAE 840~460 aBP, 6" Coy, PR B i fi K .
[ 460 aBP FF 4, 6"Coe HAH /N, HTE 460~100
aBP, 6" Cor, 35 /N 4).

TEHE S XFYC12-2 H1, "N, B8 10 2 8 5
3V Corg MR HHAH(E] 4)0 FE—LEJZL E, 6" Ny Y
AEAGER 0" Corg MR A AR AL RS L o BN, Z97E 1440
aBP, 6" Ny, HITF B4 K, (HIRZE 1380 aBP, 6"°Copy A
TGN AN, ZI7E 520 aBP, 6" N, [E I HH1E K,
0 6"Corg IR % 460 aBP A TFIRIE/ N, 07 Corg LI
X i 5 G Y I A R R SR -

RGBS M 25, TH Bk 4 AN TR
i DAAR . ME L RTSEVR I RE R RS . mAZ L R
K2 S5 B A A8 S 3 9 < R AR AF 9 6 K (arboreal
pollen, AP)Y LLEAKEYIfLH) A F 0y IR AR AAE )
1 ¥ (non-arboreal pollen, NAP) Y k. {H (AP/NAP),
ZiR A 4,
4 g
4.1 5Corg F 6PNy ISR IE-TREIBTE X

B Z R BEHIIA DU 67 Cor AT "Ny ZE 1L
E@*ﬁﬁ[l&%—m]o

M B O R B SRR N, IR RN 1) Cy HE
Pug /b, Co I %, DU 67 Cor 7T BEW /N,
PRI O RR A 61 C org VL /N M A A5 — A 555 74 1B
B 2, WIATUR 07 Co 3 K AT REJE TR
Cs MY/, CoAEYINE 2, Sr-EE5E e T
SRR, e e R R VA A M X, — S
TV 67Cor AL E B R AU A A
BLIT ) KRS CO, HizK i HCO5 ™ Fb 451 By 5% 2y 18 1
s, S IR BRI, WK IR Ak, B EERRAL, K
B KR COy FrmB R, B EY 6 Cor FE
%, [ C APt R, BTN 6" Cop Wik
ANy CHERARIEVR B, Cy IR, WA R ERAR,
HCO; & i, BUHETTRN 67Co WRPY, 7
b A s B ST A7 T O I L T A B B A AR LA
e TR R B R e = L A A
ARSI B I BN Ryt 25 1800 247, 7EX A4 4
FR ST RT3 3 P9 A 7 A T RGBS TT B 2 DA Gy
I Cy AEP 0 H B A 25 A AR Ak, TUB 67 Corg
(A2 AT A AT e 22 B At A ) A LA BLET YR
S CO, 5 HCOy A8 fbits iihy o PR, A SCiked%
TP 128 1R 5 R R VR BRI U 0" Con AE AR



B2

KHEMPG S M TR A YRR . AR R DR A £ 1800 Z4F AU —3R B2 1k

SN, /%o AP/NAP
18 24 30 36 040 072 104

W/ B °C, /%o
om -261 256 251 246
0 0 — y

100

XX

Vv

2K
2555

10

20%% %%
20%%%% %% %%

%0% %% %"

RS
QOIRKKKKKL
&
RKEKL
0000,

200

TSI
500RIRRIRK
Peteletele!

DeSedede!

3R

be%ed 288
RIS
% %

&

9%
0%
2

300

Petotetotetotetetetete!
DeSototelototedetetelets!

X
X
0% %%

be%ed
000
S

400

2

%
XX

8.0 500

600
700

800 [- 840 aBP

%
Q5%
2

%

1600 |

QL

QRIRLKERK

9
o%
0%

13.5 B T D
<
ﬁ, 900
& 1000
1100 \
1200
1300
P . - N— .
- 1
PO : >
IR 1500 —
R
BB
R
o%

5
X
5
o
09583
%
S
%
X
5

X
%
X

0
XX
XX
00

%%
%%

XK
$%6%%6%6%6% % % e%e%%!

0000090000000, 0 0.0 0 0.0,

%%
090209000 00909,0.9,9.0. 0,

0000090000000, 0. 0.0, 0. 0.0.0.

00

1700

K
2
2
o
XX
RS

BN, 1800 L 1811 aBP

3O
0%

o
00

X
R
%%

2
25
KL
&%
8

XFYCI2-2-4

XFYCI2-2-3 i .

840 aBP r

XFYCI2-2-2

B E XFYCI2-2-1

— B

__________________ é%%;me@Bj?iflmm";mmmmmm

B4 FHEFHIARYER XFYC12-2 Bk, REERMME0Corg, 0 Nor) R EEMF LA BB AR A B F -

AEAR A HE 4 71 4} LE (AP/NAP)

Fig. 4 Stable isotopic carbon and nitrogen ((513COrg and 615N0rg) of organic matter with lithology and ratios of arboreal pollen
to non-arboreal pollen for several levels of XFYC12-2, a sediment core sampled from western Foye Chi

(S E s

AW WA TR 6Ny, 28 1k 5 17119

Ak, RS SR - A A AR R R 0

e - PR 1 L I 3 AR A, WA G A T
P, DU 01 No 9K 2 A0 - PRI 4% 1) 58
VTR, WHARI AL = IR, TR 6" Noy,
B 22 9 /NP3 RS sk R i AR XFY C12-2
H1 6" N BALHIBE .

TE3E £ 18002 4, ML BRI, JRAS
o B A R AR TRE A 7 - I Pt R A AP A A I
BRI B2 Y BUAE V6 45 i AR, (A A 1Y
I B AT BEAS 2 LTI SEARAAE Y AL Tk — &
MR RN o SR, K i ol IR R B I A R RE
i) e VAR RS 2, B DY R AT M ST, X SEAR A
{14 fE1 453 R BE T 5 B AR X — I E N, BT

TR X S Y & i 3G K Rt DUy AP/
NAP K, W RER PR -FRbE 1 T
42 SRE-IMERAEZE

HRAEH I XFYC12-2 (5 8" Corg Al 6" Nore 25 4L
oL, JF% At AR, K 0" Cor B 2 I KM
0" Norg W1 A /N2 LR g — BE, [RIEEE 01°Clrg
F AR /INT 6" Noyg 5825 I K A R 1R — B ik,
B A XFYC12-2 #3619 1800 24X 43K 5 T
B 4). SR, TEMAERSH, 0Co 5 0" Ny HI7E
IR TE A, SO Sl BN 5, 7E 07 Cor 5
0" Norg "I AL 2547 AN 25 51 (29 60 4F) . %5 1
) 0 4 B0 A PR LA B AMS M C AR T 9 B JR)
FRAE, Pl S0k — eSS sl 00 A AR AR T g 25
AR RZEE, N 78 HH— Bt (<100 aBP) [ LR
Y ACEAS 2 AR, IE, R 4 A4 B

99



R RFFM(ARFIEI) 28 54 % 18] 20184F 1 /]

3" Corg AT 0" N org FOZE AL 0 AU 126, B #E S -2F
BoRBL .

1) Bt XFYC12-2-1(1811~1380 (5 1440)aBP).
0P Cor K, W HCOy HE4A Huf K, CO, L4 L
A X5 /0N, T K BB AR o 0" Ny AT UK B,
B RAR BN, FUTEIO PR AR . AP/
NAP RAK, RS ARAAER D, Stk S R
I T B — PR AR I o DO WOk A, sk R 3
N MR B, R sREL . WER B E, AE-I
BmIER T 5,

2) BEAH XFYC12-2-2 (1380 (5 1440)~840 aBP).
0V Corg MWL/, 0" N A WS, HEAR | H T
— BB R, R KR, BEEEREAL, KPR
KA CO M2, WARIGE T & & . AP/
NAP & 3K, FHARA Y e b A Bk i,
12 ol @ L N O o = L i BT
YR AR A, o PAR B 7w RO, RIS .
WER, -5 s, A48 iR g i .

3) BE S XFYC12-2-3 (840-460 (5 520) aBP).
0P Corg T EMEK, 6" N MIALHT— B BEWH/ N . H I,
KPR COL I8/, HCOS 1 22, iAW 2k
FE A T AR . AP/NAP A i/, (HABHE . ¥l
TR OB T A0, mla/F e R I e P AR T RE AR
B, {HHE BRI RS T D, RIMEITERES . H
BEHEM, S ME-AEE I B, NTER TR

4) B XFYC12-2-4 (460 (5% 520)~100 aBP),
0V Corg FHEE WA WU/, WMWK ¥ MR 1Y CO, P
BN o 8" Norg FH L 1L B 8 388 K, R WHWNIA 00 9 7
F R R DU UR B A, sEmE i R
EREYE 5 AT REA TG OR, H PR R 7K ORI 1 R AR Ui
W kg 00, A2 AR R B R . BT L, R -
GG W e i, AR AR RN
4.3 EHMi a3t

WRT TR, FE XFYC12-2 BA LRk . A ke
[l for R AR /R T 125 1800 Z24F 1] PGk 25 1t JE 1 1)
SAE-EE R . AT X — -l S
IR L 53 SN A M A AR A8 St AN = 3 b ) g i s 1)
MO H, B AT AT A RS S i R (B 5) . AR
A5 P B AT R 2 . — 7 (3080 m; 33°55.845'N,
107°46.159'E)h — vk @t 1, A2 TR I3 (E 2).
E B AT K AL ARV RS MR Y AR R AR
U BT R VR B AR B R 2°C, AREREK R

750 mm!'%,

100

F 1380 aBP 2, 7445 ith J i i e -2 455 I
R, HZ 840 aBP, —ELIRBEIRIE (A 5(a). 5
ZHEABARY ZR 45 [ 1300aBP &, JIARIAY TOC.,
C/N R f4 7 i T 6 T (B 5(b)~(d)), F WL
A AL & T, BEVRA PLET A ook K, &R
b A b S5 300 R AR R O R O, AR R AR KA
K 1l Bt (780~2300 m) Y AR B I iy 1 B0 7E HAL K Uik
B, sMRAR I SRR B, BEE RIS . AR
il A5 AR P A R A5 1L R AR A ERIE T A A5 - 20
S5 2 ) VR A HE o AE AR A b S i, XD I
T ) SRR BT HF22 3] 700 aBP (E 5(b)~(d))-

TE =TT, 2 1200 aBP &, #RJE ALK
S IR TR (B S(e)), 2 BABRM IT IR 78 HO K I
BB 2, sSERMOIT IR B, RS- IR
M FE I R, SR R - R —
2131 800aBP (&l 5(e))o A F Ly 44 i B ik — B
0 0 B B RT fE  HE IAE v EE 2 H IX A 2
% M (medieval warm period, MWP)P? 3341 24 (1] 5),
H K%y 840 aBP &2, P4k 45 3 il i1 1) AR - A B 2
AR, (A 840~460 aBP < M -1 855 78 ¥4 T 5 (K
5(a)) . TE 4335 b A = b i1, @ 700 (2% 800)
aBP i, [E-HEI M m R T, JFRZ 2 500
(2% 400) aBP (& 5(b)~(e)). TEHEMREHIX, LA
PRAFAE SRR </ Nk (llittle ice age, LIA) [ FEW
B BB KA L e VA B X — ¥4 T s 0 AT
ENUKIIAR XY . 460~100 aBP, P4 1 45 i J& 141 19 <
i~ P58 B SRl R 1R (] 5(a)). 52 AHT, /MK
Wi 5, FEAR B A1 A = W, SR -
BTG, FEARMBAT ML, A 500 aBP A2 S k-
IEE 5 IR () 5(b)~(d)) o 7E =38 F i1, AR
) I JE R I H BRAE 400~150 aBP (& 5(e))-

i LTk, POk AT b R i X 1800 22 4% ] 1Y
S - A EE A A TR 5 AR ATt AN = AR R, —
S A A 1 AR Z A AR S AR A R = b AR R
P2 .

FATAANE VG 5 b ORI . R R K48
7N B S - PR AR AL B (18] 6(a)) 5 v AR A 4t X
() AR AR AR R 3 DL B, — S b ) A8 Al RR A8 T % L
(&l 6(b)~(e))-

Ge SR D s SCk 45 A T B R T
UL X 2 2000 A A K AR I 1 BE TRk (E
6(b)), ZERF M 1380~640 aBP < M I 1% (& 6(b))
TX Yl IS T 4 () A 7 4 4 vl SR 3 vt 2



A R TUR A AL . AR R IR £ 1800 B4R k- IR
(5‘3Cmg/ %o TOC/% C/N Quercus & /% Quercus & /%
-26.10 —25.35 -24.60 3.5 5.0 6.5 9 10 11 0 0 7

85 17.0 14

0 T 1 T |
100
200
300
400
500
600

/MK
700 |

800

900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900

840 aBP

,,,,,,,,,,,, -

£/ aBP

(b)

400 aBP

800 aBP

1200 aBP

© (e)

(@

(a) BCF TH B35 AR S XFYC12-2 B9 ML RS S Il 0 38 (AR B9 ); (b) B 11 R 6 A st AR B0 TR FY CO7-1 11y S L 7 4w )

(<) B 7R B 4t LR
(e) B =T b TR 4y 50 T RO (Quiercus) T4 £ 1t 1)

HIT FYCO1-1 AR/ L™, (d) B AR 0555 b TR

I FYCO7-1 (AR I8 (Quercus) i # & 11

5 AHBFHSRHTE. ZSHERNRYSE-KETHIERHOITEE
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