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Abstract

Palaeoenvironmental reconstruction based on the fossil-bearing sediments could provide the basic
habitat support in acquiring the knowledge about the prehistoric remains. The similar studies,
however, are few conducted in researches to the early Jehol Biota by now. In this preliminary study,
the fossil-bearing sediments were collected first in northern Hebei, where lots of significant early
birds and a well-preserved giant dinosaur were found, and the total organic carbon (TOC) and total
organic carbon isotope composition (813Croc) were analyzed later. The results show TOC and §3Croc
values are significantly negatively correlated, and the §13Croc values are obviously lower. The vol-
canic activity during the Hauterivian period in north Hebei may account for the reducing of the se-
diment 8§13Croc values, for the large amount of CO; erupted into the air would lighten the §13C value in
atmospheric CO; which its concentration was increased at the same time, further leading to the
overall reducing of 813Croc value in the contemporaneous plants. Besides, with the increase of plants
productivity, the terrestrial and/or emergent plants, which the relative §13Croc values are usually
lower, added more relative contribution to the limnetic organic materials, while those of submerged
plants, which the relative §13Cyo¢ values are usually higher, added less.

Keywords

Sichakou Basin, Huajiying Formation, Organic Carbon Isotopic Composition, Palaeoenvironment,
Jehol Biota

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

HEDC TR, NS ERXEE, DT IEAILX k E R r A=, I+
FRESE IR AE DA A R BRATT T R — S R AE RS . 40 R R SE 4R AL 7 S ZEARL[1]-[6], 7= H T
— B SR RE ) AR DRI TR . AR AL S AR IR AN T 4y, WK BT A R LA AR AT 1R
IR FERBEAAL T LA A T3 A AR TE 7 X 1@ B KA R RS T EE S %,
A CUEFRATE A AR AERAES R WA S S R R SO R, DU A
KR F A G IR W AE AR b SR i 2% .

DA TR D B T da 7 1 S A0 I A A R AU AL T iR Bz Y “ IR RS [7] [8] [9] [10],
AR R A — RPN KR A P A (1 5 5 5 K 4 25 B Kb s S [11]-[17] 0 LR ed ity
TSR R E DA I Bk R 2Rk (R A 28 i 48 s 7E I 224 Valanginian. Barremian. Aptian. Albian,
i Cenomanian LA & Santonian 1% 427 6 R # K 8°C {1 W#%, 7EH Valanginian. #f Barremian. &
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INEE

48

Aptian CRVEGAE F4F, OAELa)LL KB Cenomanian #I&ZE T 4 Y& I S flFE[14] [18] [19] [20], K WI4:
BRERAE E AR R R A T B3 MU [14] [17] [21].

FRIT A AL T R 21 B Valanginian-H Aptian #[22], 4 R AR S R G0 SR PR ik 4
BRAZA R TS s LA 78 LU R B = . H i /D B DR A SCHIE 7t 32 BEAR v e 7= R & 9 2R K B I
AT FRIL PG SCEL LA B 2 b2 [23] [24] [25]. 5 4LTHR U Z TR A0 ) S LB [ 7 3 (3 Crroc) 2R 7E
. Aptian BA& AR W35 EWES, X RLE B HARMEE OAELa S, R BHIXIT HIFATT A= VB i A 1 s b A= 25
FRG I ORAE PR 5 3 1) (7] 5 e 7 ] AR D () A e i 15 RS0 C O MR B R A BRI FEE 1 T v 8 VDA 55 [25]
T 203 5 BRI S0 %) ] A W R A SC It 98 U B il 3 PR 1 FRA T BB A B I EE AR S R G
IR

B VY 75 17 2 1) 48 35 7 4 = UK & RUH PG AR ) SR HE S A, CRE R — 2
MEZN W) 0 =F 7 J7 P & (Protopteryx fengningensis) fl5/5 & 454 & (Archaeornithurameemannae) 73 5l A% T
A 4R & 1 2K (Enantiornithes) £14> 19 2 (Ornithuromorpha) 5k 5 238 B () i Ak A7 10 55 [26] [27] [28] %6
K6 4L F 2 (Eoconfuciusornis zhengi) Jy 3 T & 2 (basalbirds) ) 55 B 43 F-[29] . 2018 4 LAK, 75 5% 2 BURT
FITHSCRETS, ALY D XOR b 7 — e s B R R A, Hrh R R R A A A T
Hauterivian BRI & )2, HHZ PR A TRATIA R B A ST A M3 A2 s 1) Bk AR 38 R e it 1
R AT L

2. HREXEAR

FACDY 7 O 2 A T LRy A vh s G 3R . RVEE MR P A - AL L RS R [30]
(B 1) FERAARREIA, e LwE g Wy 48 0 2 AR A Wi AR AEISIERER, TERT T2
MR FIDURR S A SRAE T . DU O 2 i I i) kil - DR Atz — o U2 11 2 (1 B
AARBE A2 B KL . KIS A MPURCE AR, B2 Easleikx Od, KA mie s
HH[27]. RFE DA FERMSURIEE RS « MSUE A S TA 55 KL B . KA 4 F il
BRAMBRA AR, H EZER AW S B8 E QUM AR A 5 A E, HE 2 EEKCE
IR T G 5 B2 [22] [31].
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Figure 1. The location and geological map of the study area
E 1 it s REMmRE R

DOI: 10.12677/ag.2021.116069 749 HuERR} =1V


https://doi.org/10.12677/ag.2021.116069

NG 4%

AW T R AR B AL T DU 72 1 22 R v 3 0 1 1 [22] T 38, 2 e AR AR AT AR DO R 3,
AR EIEZ (B 2(A)) . T PEEFITHIP) SIMS U-Pb Jlj4F 25 558 81 AH 78 oh oAb A A7 1 2 I AE U=
132.5~130.3 Ma [f][22].
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Figure 2. The variations of sediment TOC and 8%3Croc values in the giant dinosaur fossils-occurring strata with thickness
2. REVE AL A Fi BRAIA TOC #1 8"°Croc (EREEE I
3. R R T5

TERFAL, SR B TRAE E AL S bR E DR EAT TR EE, SRR JE B 3T 125 em, SR4E
FEdh 16 s IAE R A A TRAT 2011 31.5~33.5 cm Ab K % R BIK (1 - IR (0 5 Z TUAFE & 6 B 2).

EEWN, B E ST BN AR 40°CHET 5 BB 35 518 K (%) 200 H); #AJ5HL 50 mg
P E =R T 5k & HCL (2 mol-L ™) 784 I M LA 5E 4 L BREHLRR, A 25 8 FACKRE e bt &
JE R AT RN 60°C T8, T EEBIEEE S AR U o A RS LB B B (TOC) MLE A ML [R] fr 2%
4 (8" Croc) 7E H FE A&V RF B2 FI T 1soprime 100-EA #25E [R5 B it 4> B4 it 40 #r . o, TOC
FIIR RS B2 /N T 0.5%, 83C HIMIRKE FE /N T 0.2%0. 6'°C 45 5% ] VPDB (Vienna Pee Dee Belemnite)
Bt o
4. SEIREER

FL P S B AR DU 72 12 R A RO A A R AR 2 S T E S T TR (1] TOC A 8% Croc 40T 45 (32 1
Ko2)E W 1) WK TOC 204 T 0.13%~2.31%, fE N 1.16% + 0.70%; 8% Croc 167040 T
—34.15%0~—28.24%0, PIMEHN-31.74%0 + 1.66%0: 2) &M ZFEMALRE, TOC Bk 2 PTG I,
8" Croc 18 ¥k L IR UM AR R 19784k ; 3) 7E ) 31.5~33.5 cm (117K 2 (g ' 5 2K (1 (b 1) HLJZ TR
t, IR TOC S M E, 2T 2.11%~2.31%, HME N 2.21% +0.10%; & A B ibE 1) TOC
AT 0.15%~0.54%, H{H N 0.32% +0.20%; 4) H 2P, K BEPRA I §°Croc W & T K 4
AR, KB EH 82Croc M0 T—32.40%0~—31.83%0, ME N—32.11%0 + 0.28%0; K [ A Hb 2
f) 8% Croc 1l 7311 T —30.63%0~—28.35%0, ¥J1H H—29.85%0 + 1.30%0; 5) HEVIAMIK TOC K 6"Croc 1E i
AR 5 I R R AR A 5 ) T P R A S A AL
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Table 1. The TOC and §3Croc values of sediment in the giant dinosaur fossils-occurring strata
F 1 ABRBENAREZITIRIMN TOC F 5 ®Croc &

JEJE (cm) TOC (%) 8"*Croc (%o) B (cm) TOC (%) 8"*Croc (%o)
2.0 1.15 -32.28 33.0 2.22 -32.40
2.0 0.17 -28.24 33.1 0.54 -30.55
45 1.34 -32.54 345 1.45 -32.29
9.5 1.63 -31.99 39.5 0.39 -30.93
125 0.13 -28.37 435 0.81 -31.63
15.5 1.37 -32.50 515 1.63 -33.41
30.0 1.49 -33.03 66.0 1.36 -33.47
31.8 2.31 -32.11 76.0 0.71 -33.26
32.2 0.15 -28.35 90.0 0.95 -31.40
32.4 2.11 -31.83 101.0 2.16 -34.15
32.8 0.25 -30.64 1195 1.29 -32.86
5. #ig

FL P S AR 2 2 R A RO AR AR JE ST E S T TR TOC 5 §%Croc 2 R E I FARC
(1 3). VIR TOC =22 UTARE B AT A= 77 77 B W A BT R AT 1) B AR R0 52 [32] [33]. {R
BEAWE T HI T TR TOC I n 3= 2 BT A BB I AR A7-RE S5, BRIMIG & 1C ) TOC
EMRITIRE 2, X & SEWKM KSR BC SEA N, CA NIRRT Y6 &1 4
ff] 8"Croc {8t N AF E [21] [34]. 3% 552br LU 8" Croc (B ZR M i 57 A 45 FART & R, ACHHF 705
TR TOC FRIZ MG It i) T S BRI AR 7 DT3GR, 3X 5 PRI AR 2R ik [F) 107 2% i e 7R 1) A 3Rk A 7=
JITER 2 Huaterivian R B B89 N[14] [17]1098 SAERF(E] 4().
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Figure 3. The inverse of the TOC versus the 8%3Croc values of sediments in the giant dinosaur fossils-occurring strata

B 3. KRN ARE R TIRYIA TOC EIEF 5°Croc EHXX R
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Figure 4. The sediment TOC and 8"3Croc records in the section hosting the giant dinosaur fossils, while compared with the
global paleoenvironmental records (data of (a) and (b) cited from [25], (c) and (d) in this study, (e), (f) and (g) cited from
[17]; the black dotted line in (b) and (d) indicates the mean 8*Croc value in this study, the light blue dotted line indicates the
mean 8*3Croc value in [25], while the green dotted line indicates the average 3%3Croc value of modern plants)

E 4. KREBRAAREFERE TN BRI RS EKICRHOIEL (L a. b 518[25], cv d AXHRER, e f
Fg3IH[L7]; by d PREELIETAARDTIIN $5Croc t9ME, XEBELIERHEITAMXE Aptian 8 C3
B SUARHIRY 61°Croc ¥9MH[25], REELIERIAEEMN 5°Croc 1318)

AR 83 Croc 8 5 B R MR [FSRIFEA HLT 8 Croc B AN HI[35] . A LR =BG A
TR N B JE 320 1 it A A ) R0 AR 7K AR AN UK R ) R 6 2 DTk 1R R K AR R A [36] . TE DL A PR it
FErf, BhAE CofuM A AKEAH LKA CO, (BARKA CO, 1 §7°C (HLA1-7%0) NTEHLERIE, RIE AT
8"3Croc MHZL, 4345 F—35%0~—22%o [37]5 YTAKAE A LA ZK Hh A A1 B BR A kA TE ML U (57°C £ 0%o),
53 Croc (L BT PR I R B8, 43 A5 T-—20%0~—12%0 [38]. ASHIF 42, B IR TOC 93N, 3 §°Croc
(ELIZR T I 4 T BB AR 718 24 B B AR SR AR P2 03K, L 8% Croce 18 I 42 0 ok A= R/l B /K A4 BT o T 7E 9T
FIE N A EL G0, 1 8" Croc 1 i = MITTAKAE YT & 1 ELE kD

BEAh, AHIE 5 B VTR 87 Croc 173 #ii T—34.15%0~—28.24%0 (KIHZ41-31.74%0), ©FHHE T4
Fili Az Co I 8" Croc 18 (—35%0~—22%0, B Z1—27%0 [37]), WL HUTERMIN 8" Croc 1B % A WL
BB A= A SR Al S R A b, AR 82 8 DR R (M B AR AR R . ASHIE T T ORI 8" Croc 1 53T 1
Hi[X B Aptian ] C 2 192 2 57U I 6™ Croc 18.(—32.2%0~—27.0%0, IJMEZ1—30%0 [25])HHL (/%] 4), 1 Cs
)2 §°Croc I FUN 3 B2 Tkl & [25], HAFARFRMEMEF IS CO, #eBE M2k B 1 it
Hauterivian-Albian 18] K< CO, W & R AR G s (& 4(g)) [17] [39], R WIZE Jbih X A Al RefE
Huaterivian B # K L gs R 7 SR (19K CO, AR B0 5 3 PR IX R Aptian B840k H T K 1L R R
JBUK 5 CO, (87°C fH2)-5%0~—T7%o [25]), S A6 & 18 T 5 B TCHLBIE ¥ §°C (42 T IR K CO,
(¥, B S HOR A Huaterivian BIHEYIN 8Croc (AR T IR . hAh, DRI L & i 33 i
KR, COL W FE 2 M) 873 Croc A 7 1 5411 (£1-0.02%0/100 ppm [40]). 2242 {1 KR, CO, 813C i AN 0
IR, COL W FL A S 2 Huaterivian BAZZAL DY 7 L1 7 TTARY) 85 Croc MELIARNT Tl . BEAN, KiLimik
S RKRRESAEARIZ T, KB FEANEE T AR R &R SRR EE R A
JE 1l Hauterivian-Barremain #1728 HLidk [B1 - (] 4(e)), HBERIZ A 3 N IR SORAS , M3 2828 77 R A B i v s [17],
BT 25 Rl 5 iX — 2Bk S AT
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6. it

ARB T St AL DY 2 101 2 75 7 A A R B R Ak A AT 2 67 BT 6 35 T R TR 47 T TOC
H1 8 Croc HIMIE 4> HT. 45 FFE W 3L X Hauterivian BT TOC 4345 T 0.13%~2.31%, §Croc 1l
Ir AT —34.15%0~—28.24%0, HEHHE AR EE, Rk i A Jm i BZ DI P TOC 35 5 LRI K (18
#, §BCroc I RIRMARIES . Gl HrRPTITRI TOC M §°Croc 6 2B F M HUHE. AW
TR B A 7 ) 8" Croc B AT BE A FH T KL E R B B CO,, Ul KA CO, 1 81°C AR H.
CO IREERIIN, I FECUI DI §Croc HEBAAAT R . BLAL, YIBW TOC K% 1 Nk v 24 i #4
A= FTI3 R, RSN, YRR 8" Croc R I AR 12 1T A8 A2 BT AN [RS8 A AR A LR FAIAH
e B R EAA, R 8% Croc (AR i 4 A Bt A R/ SEE /K A B AR & B, 10 8% Croc BN i 5
VUK ADIFIR B B> o ARG TOC il 8% Croc 77 XY A HE 80 A (R PR E0IR L 25 T4
Wi, AR AR MR R Z AR PRI FC R0 — B 00IE,  DASRAL B A TH 1) o FR RS B

B

BEAIXIBOT 25 T BAMER R TR, IRE AT SR 4 T T WA T, —
IR
E&MHE

Z WA B K GRG0 T Ak Il 2R I H (S202010452012) . 1L AR H AR S THE
(ZR2018BDO013) . [E 5 H 48 B} 2% 4 B fill B 2% vp.0 T H (41688103) A Il Ut K 2% FHF 5 3l 2 4 0 H
(LYDX2018BS034) 37 ¥

&E 3k

[1] Chang, M., Chen, P.J., Wang, Y., Wang, Y.Q. and Miao, D. (2003) The Jehol Biota: The Emergence of Feathered Di-
nosaurs, Beaked Birds, and Flowering Plants. Shanghai Scientific & Technical Publishers, Shanghai, 1-208.

[2] Wang, X.L. and Zhou, Z.H. (2008) Mesozoic Pompeii. In: Chang, M.M., Ed., The Jehol Fossils, Shanghai Scientific &
Technical Publishers, Shanghai, 19-35. https://doi.org/10.1016/B978-012374173-8.50003-X

[3] Zhou, Z.H., Barrett, P.M. and Hilton, J. (2003) An Exceptionally Preserved Lower Cretaceous Ecosystem. Nature, 421,
807-814. https://doi.org/10.1038/nature01420

[4] Jiang, B.Y., Flrsichm, F.T., Sha, J.G., Wang, B. and Niu, Y.Z. (2011) Early Cretaceous Volcanism and Its Impact on Fos-
sil Preservation in Western Liaoning, NE China. Palaeogeography, Palaeoclimatology, Palaeoecology, 302, 255-269.
https://doi.org/10.1016/j.palae0.2011.01.016

[5] Pan, Y.H., Sha, G.J. and Yao, X.G. (2012) Taphonomy of Early Cretaceous Freshwater Bivalve Concentrations from
the Sihetun Area, Western Liaoning, NE China. Cretaceous Research, 34, 94-106.
https://doi.org/10.1016/j.cretres.2011.10.007

[6] Carvalho, I.S., Novas, F.E., Agnolin, F.L., Isasi, M.P., Freitas, F.I. and Andrade, J.A. (2015) A Mesozoic Bird from
Gondwana Preserving Feathers. Nature Communications, 6, Article No. 7141. https://doi.org/10.1038/ncomms8141

[7]1 Haq, B.U., Hardenbol, J. and Vail, P.R. (1987) Chronology of Fluctuating Sea Levels since the Triassic. Science, 235,
1156-1167. https://doi.org/10.1126/science.235.4793.1156

[8] Clarke, L.J. and Jenkyns, H.C. (1999) New Oxygen Isotope Evidence for Long-Term Cretaceous Climatic Change in
the Southern Hemisphere. Geology, 27, 699-702.
https://doi.org/10.1130/0091-7613(1999)027<0699:NOIEFL>2.3.CO;2

[9] Huber, B.T., Norris, R.D. and Macleod, K.G. (2002) Deep-Sea Paleotemperature Record of Extreme Warmth during
the Cretaceous. Geology, 30, 123-126. https://doi.org/10.1130/0091-7613(2002)030<0123:DSPROE>2.0.CO;2

[10] Wang, G., Cheng, R., Wang, P., Gao, Y., Wang, C., Ren, Y. and Huang, Q. (2015) High Resolution Continuous Sedi-

mentary Records of Upper Cretaceous Obtained from the Continental Drilling (Sk-1) Borehole in Songliao Basin: Si-
fangtai and Mingshui Formations. Geoscience Frontiers, 6, 895-912. https://doi.org/10.1016/j.gsf.2015.02.003

DOI: 10.12677/ag.2021.116069 753 HuERFL 2= ATV


https://doi.org/10.12677/ag.2021.116069
https://doi.org/10.1016/B978-012374173-8.50003-X
https://doi.org/10.1038/nature01420
https://doi.org/10.1016/j.palaeo.2011.01.016
https://doi.org/10.1016/j.cretres.2011.10.007
https://doi.org/10.1038/ncomms8141
https://doi.org/10.1126/science.235.4793.1156
https://doi.org/10.1130/0091-7613(1999)027%3C0699:NOIEFL%3E2.3.CO;2
https://doi.org/10.1130/0091-7613(2002)030%3C0123:DSPROE%3E2.0.CO;2
https://doi.org/10.1016/j.gsf.2015.02.003

NG 4%

[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

Schlanger, S.O. and Jenkyns, H.C. (1976) Cretaceous Oceanic Anoxic Vents: Causes and Consequences. GeologieEn-
Mijnbouw, 55, 179-184.

Cronin, M., Tauxe, L., Constable, C., Selkin, P. and Pick, T. (2001) Noise in the Quiet Zone. Earth and Planetary
Science Letters, 190, 13-30. https://doi.org/10.1016/S0012-821X(01)00354-5

Leckie, R.M., Bralower, T.J. and Cashman, R. (2002) Oceanic Anoxic Events and Plankton Evolution: Biotic Re-
sponse to Tectonic Forcing during the Mid-Cretaceous. Paleoceanography, 17, 13-1-13-29.
https://doi.org/10.1029/2001PA000623

Weissert, H. and Erba, E. (2004) Volcanism, CO, and Paleoclimate: A Late Jurassic-Early Cretaceous Carbon and
Oxygen Isotope Record. Journal of the Geological Society, London, 161, 03087.
https://doi.org/10.1144/0016-764903-087

Hu, X.M., Jansa, L., Wang, C.S., Sarti, M., Bak, K., Wagreich, M., Michalik, J. and Sotakg, K. (2005) Upper Creta-
ceous Oceanic Red Beds (CORBs) in the Tethys: Occurrence, Lithofacies, Age, and Environments. Cretaceous Re-
search, 26, 3-20. https://doi.org/10.1016/j.cretres.2004.11.011

Wang, C.S., Hu, X.M,, Sarti, M., Robert, W.S. and Li, X.H. (2005) Upper Cretaceous Oceanic Red Beds in Southern
Tibet: A Major Change from Anoxic to Oxic, Deep-Sea Environments. Cretaceous Research, 26, 21-32.
https://doi.org/10.1016/j.cretres.2004.11.010

Keller, G. (2008) Cretaceous Climate, VVolcanism, Impacts, and Biotic Effects. Cretaceous Research, 29, 754-771.
https://doi.org/10.1016/j.cretres.2008.05.030

Huber, B.T., Hodell, D.A. and Hamilton, C.P. (1995) Middle-Late Cretaceous Climate of the Southern High Latitudes:
Stable Isotopic Evidence for Minimal Equator-to-Pole Thermal Gradients. Geological Society of America Bulletin, 107,
1164-1191. https://doi.org/10.1130/0016-7606(1995)107<1164:MLCCOT>2.3.CO;2

Li, L. and Keller, G. (1998) Abrupt Deep-Sea Warming at the End of the Cretaceous. Geology, 26, 995-998.
https://doi.org/10.1130/0091-7613(1998)026<0995:ADSWAT>2.3.CO;2

Li, L. and Keller, G. (1998) Maastrichtian Climate, Productivity and Faunal Turnovers in Planktic Foraminifera in
South Atlantic DSDP Sites 525A and 21. Marine Micropaleontology, 33, 55-86.
https://doi.org/10.1016/S0377-8398(97)00027-3

VPR, ARIEEL. ARV ST SRR 3], HEVEREY, 2020, 44(2): 138-145.
Yang, S.H., He, H.Y., Jin, F., Zhang, F.C., Wu, Y.B., Yu, Z.Q., Li, Q.L., Wang, M., O’Connor, J.K., Deng, C.L., Zhu,
R.X. and Zhou, Z.H. (2020) The Appearance and Duration of the Jehol Biota: Constraint from SIMS U-Pb Zircon

Dating for the Huajiying Formation in Northern China. Proceedings of the National Academy of Sciences of the United
States of America, 117, 14299-14305. https://doi.org/10.1073/pnas.1918272117

THRKEL, SRk, TROLZR, FRIEY, Sk, 23R, BOW, BRIIE, I, A, Watd Sn Bk
JiH BUTARIR ). #0555 BEE, 2003, 12(3): 139-145.

Wang, Y.Q., Olsen, P.E., Sha, J.G., Yao, X.G., Liao, H.Y., Pan, Y.H., Kinney, S., Zhang, X.L. and Rao, X. (2016)
Stratigraphy, Correlation, Depositional Environments, and Cyclicity of the Early Cretaceous Yixian and Juras-

sic-Cretaceous Tuchengzi formations in the Sihetun Area (NE China) Based on Three Continuous Cores. Palaeogeo-
graphy, Palaeoclimatology, Palaeoecology, 464, 110-133. https://doi.org/10.1016/j.palae0.2016.06.043

Zhang, X.L., Zhang, G.J. and Sha, J.G (2016) Lacustrine Sedimentary Record of Early Aptian Carbon Cycle Perturba-
tion in Western Liaoning, China. Cretaceous Research, 62, 122-129. https://doi.org/10.1016/j.cretres.2015.10.001

Zhang, F.C. and Zhou, Z.H. (2000) A Primitive Enantiornithine Bird and the Origin of Feathers. Science, 290, 1955-1959.
https://doi.org/10.1126/science.290.5498.1955

Jin, F., Zhang, F.C., Li, Z.H., Zhang, J.Y. and Zhou, Z.H. (2008) On the Horizon of Protopteryx and the Early Verte-
brate Fossil Assemblages of the Jehol Biota. Chinese Science Bulletin, 53, 2820-2827.
https://doi.org/10.1007/s11434-008-0209-5

Wang, M., Zheng, X.T., O’Connor, J.K., Lloyd, G.T., Wang, X.L., Wang, Y., Zhang, X.M. and Zhou, Z.H. (2015) The
Oldest Record of Ornithuromorpha from the Early Cretaceous of China. Nature Communications, 6, Article No. 6987.
https://doi.org/10.1038/ncomms7987

Zhang, F.C., Zhou, Z.H. and Benton, M.J. (2008) A Primitive Confuciusornithid Bird from China and Its Implications
for Early Avian Flight. Science in China (Series D: Earth Science), 51, 625-639.
https://doi.org/10.1007/s11430-008-0050-3

Yang, J.H., Wu, F.Y., Shao, J.A., Wilde, S.A., Xie, L.W. and Liu, M. (2006) Constraints on the Timing of Uplift of the
Yanshan Fold and Thrust Belt, North China. Earth and Planetary Science Letters, 246, 336-352.
https://doi.ora/10.1016/j.epsl.2006.04.029

W7AGE, ZRME, AR, 3EIbEs P A A A K LR S (98) & TR 85 SHRIMP U-Pb 48 K& H R = X[J]. &4

DOI: 10.12677/ag.2021.116069 754 HuERFL 2= ATV


https://doi.org/10.12677/ag.2021.116069
https://doi.org/10.1016/S0012-821X(01)00354-5
https://doi.org/10.1029/2001PA000623
https://doi.org/10.1144/0016-764903-087
https://doi.org/10.1016/j.cretres.2004.11.011
https://doi.org/10.1016/j.cretres.2004.11.010
https://doi.org/10.1016/j.cretres.2008.05.030
https://doi.org/10.1130/0016-7606(1995)107%3C1164:MLCCOT%3E2.3.CO;2
https://doi.org/10.1130/0091-7613(1998)026%3C0995:ADSWAT%3E2.3.CO;2
https://doi.org/10.1016/S0377-8398(97)00027-3
https://doi.org/10.1073/pnas.1918272117
https://doi.org/10.1016/j.palaeo.2016.06.043
https://doi.org/10.1016/j.cretres.2015.10.001
https://doi.org/10.1126/science.290.5498.1955
https://doi.org/10.1007/s11434-008-0209-5
https://doi.org/10.1038/ncomms7987
https://doi.org/10.1007/s11430-008-0050-3
https://doi.org/10.1016/j.epsl.2006.04.029

[32]
[33]
[34]
[35]
[36]
[37]
(38]
[39]

[40]

W48, 2003, 22(3): 237-244.

Meyers, P.A. (2009) Organic Geochemical Proxies. In: Gornitz, V., Ed., Encyclopedia of Paleoclimatology and An-
cient Environments, Springer, Dordrecht, 659-663. https://doi.org/10.1007/978-1-4020-4411-3 160

Suan, G., van de Schootbrugge, B., Adatte, T., Fiebig, J. and Oschmann, W. (2015) Calibrating the Magnitude of the
Toarcian Carbon Cycle Perturbation. Paleoceanography, 30, 495-509. https://doi.org/10.1002/2014PA002758

BB, ERGE, PR RVEBRAEUIN (0] ROBRAS E [F) AL 3w RI[J]. AR B TR 2 24k (H SRR AR), 2001, 28(1):
1-6.

Meyers, P.A. (1994) Preservation of Elemental and Isotopic Source Identification of Sedimentary Organic Matter.
Chemical Geology, 114, 289-302. https://doi.org/10.1016/0009-2541(94)90059-0

SRER], B, 7N, FPOR, B 2N 44-15 Ma HUZ A NURFEALRICSE]. ENLHER, 2015,
35(4): 847-855.

Meyers, P.A. (1997) Organic Geochemical Proxies of Paleoceanographic, Apleolimnologic, and Paleoclimatic Process.
Organic Geochemistry, 27, 213-250. https://doi.org/10.1016/S0146-6380(97)00049-1

Dana, S. and Deevey, E.S. (1960) Carbon-13 in Lake Waters, and Its Possible Bearing on Paleolimnology. American
Journal of Science, 258, 253-272.

Retallack, G.J.A. (2001) A 300-Million-Year Record of Atmospheric Carbon Dioxide from Fossil Plant Cuticles. Na-
ture, 411, 287-290. https://doi.org/10.1038/35077041

Feng, X. and Epstein, S. (1995) Carbon Isotopes of Trees from Arid Environments and Implications for Reconstructing
Atmospheric CO, Concentration. Geochimica et Cosmochimica Acta, 59, 2599-2608.
https://doi.org/10.1016/0016-7037(95)00152-2

DOI: 10.12677/ag.2021.116069 755 HuERFL 2= ATV


https://doi.org/10.12677/ag.2021.116069
https://doi.org/10.1007/978-1-4020-4411-3_160
https://doi.org/10.1002/2014PA002758
https://doi.org/10.1016/0009-2541(94)90059-0
https://doi.org/10.1016/S0146-6380(97)00049-1
https://doi.org/10.1038/35077041
https://doi.org/10.1016/0016-7037(95)00152-2

	冀北四岔口盆地早白垩世大型恐龙化石赋存地层的有机碳同位素记录及其古环境意义
	摘  要
	关键词
	The δ13CTOC Record of Early Cretaceous Strata Bearing Giant Dinosaurs in the Sichakou Basin, North Hebei Province, and Its Palaeoenvironmental Implication
	Abstract
	Keywords
	1. 引言
	2. 研究区概况
	3. 材料及方法
	4. 实验结果
	5. 讨论
	6. 结论
	致  谢
	基金项目
	参考文献

