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Abstract

The Jehol Biota, which thrived from approximately 131 to 120 million years ago, is a world-class fos-
sil treasure trove, and the burial mechanism of its abundant and exquisitely preserved fossils is one
of the important directions in paleontological research. However, progress regarding studying the
burial environment of early Jehol Biota has yet to match the significance of these fossils. Many nota-
ble fossils of the early Jehol Biota have been unearthed in the Huajiying Strata of the Sichakou Basin,
Hebei Province, which is a pivotal site for understanding the early Jehol Biota. In this preliminary
study, fossil-bearing sediments were first collected in Youfanggou, where a well-preserved giant di-
nosaur was recently discovered. Subsequently, elements including Sr, Ba, Rb, Cr, V, Co, Hg, and S
were analyzed. The elemental contents and their ratios collectively indicate significant volcanic ac-
tivity in this area. Additionally, these sediments were deposited in a freshwater environment cha-
racterized by rapid alteration between oxidation and weak reduction conditions. Furthermore, se-
diment S content is significantly linearly correlated with the corresponding V/Cr ratios (r = 0.84; p <
0.01), suggesting that frequent volcanic activities may have led to the repeated occurrence of weakly
reducing environments. Compared to the mid-late Jehol Biota, the climate during the early Jehol Bi-
ota fossil burial was warmer and more humid, with relatively oxygen-rich burial water.
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1. 5|

T A REAR TR T L0 AR SR — R AR AR RE, AR (1200 1.31~1.20 41T, —Mde E 2
AT T AR GBI IE B AL TR VG A S B I SR AN L s A B 2 2 A1) [2] [B1H A
VLA o BT A PRE = H I BCE A2 RS 2 LR AT A AR 126, B S KR EAMEA N EEE L,
BT 78 SRR (EIEFE . AT ERIFRR) B RE b FrEiR & B S TR 1) B[R]
055 E R HER ) R At T WO B AT KB [2] [4] [5] [6] [7].

o, FAIAT A WA L] 45 DUCRAE RO At AT RS0 2 ML — A S F 92 75 ) [3] [8]. ik IE (1
FUAR H B A YR B B T BT K LA B K S R I DU 2 9] [101F1E 7 Kl 2K 1K Bk
FREEACE [4] [11]. FAA i PR S RIORS 26 OR A7 5 X I0E BRI L [1] [12] [13] 8] 32 43 A () KL
[1414 2K o X Befft 5t - ZAE i e 7 K& 59 38 Ry B8R AG A (3L 7 S R AN L 58 2 10 )= [15] [16] [17].
TV SCEL RN L 5 2 %) B S AR ) (SR 9T R AR b T R S R e, 1T G T B LA ) BT
A= PR R AF DCATE TR ) S A 4R, X BRI T FRATTR R A B TR AR S R A AT

SFALPU 7 O b A 7 8 A T AR R A B e R R T P BN SR R A S B A, HUEA
R [ L AR TR AR R 1) A S A A, o SR 1 3 7 S5 P 1 (Protopteryx fengningensis) fl 7k &
154 5 (Archaeornithurameemannae) 73 sl TR HH AU S S84 S 28 1) fe A0 A 1d 5% [18] [19] [20]. A IR 4k
FL+ % (Eoconfuciusornis zhengi) & 3T &R 1 H 2731 [21]. 2018 =LK, HIEIT KZFAIAILE . F 70
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TR R B2 I T A 2L R St 1 AT AR R e R AR I H ;S0 B T ARt A
HA - E e BRI LA, SATTERHEREE T I E RS A E AL, BURILE AR
Ay XL IRATEZTTER 70 M BRI DR B ST A WA A O BB BSR4 1 SEA B TR -

2. FRXHEAR

VU2 iy F e 0 B ARAT, 8 TR AT KRR S, SEIERZ8 0.9°C~6.2°C, FEMKE
29503 mm: , FEAKATRE RN 2 A0 . FERE X R Bzt E T ARICEIX R I X RIS
T X RV, DLEME, SRS (T I R RO 32 [22]. MG R b, DUE 1 Ay T LR 4k
MR AEER . RIE R KP4 - ALLE L RS R 1) [23]. fEHAERBEIE, 3L RE b
W2 RS s P RAERBIZEIER, TR Z AR A RIER AR U8 %
M A B Kl - IR 2 — o DU 2 1 2 i (s e AR AR B AR L Z B KA . KBRS A
DUBUAA R, B RNEESRAKEOAE, KIGHARIEEEH[19]. TKE 0 HE B RHIRSUTIE 45 HEKCE
MECE RIS T A 5 K LA R KAGVAH F B ERAE FIERE AR, H LR BRI A 18
B DURNEAR RS AR D A N E, S 2 R BACE FE R 55 12 [24] [25]

AR 50 (1 A AR A AL A P 7 67 T DU 2 1 A il 5 VAR TR S, @ Hauterivian #7E
HEHHE . SIMS U-Pb Ml 45 BRI HLAEMR AN T 132.5~130.3 Ma [25]. 7 1t LA AR A AR TR R
IR IZ (K 2(a)).
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Figure 1. Location of the Youfanggou Section, Sichakou Basin, and its geological setting (modified from [26])

E 1 e O tmE AR ma R A E R MRS R EUE[26])
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3. MR *E

BF N KAE R T B AR S 2 125 om, KEFEMIL 16 B, H, Rk k772467 T 14.5~36.5 cm,
JE) 22 cm, AT AT 4 B (18] 2()) . FEIRIT RS0 5 AE B S s ie %, 1 Se R FH S
RN 16 BRI 22 200 H 724 SRS ¥ RE aol R~ EEZ) 0.5 em BIBRR, FFHE X 28 5¢
H AT A (Niton XL3t)xF HBE T 45 Je R IE /4T BTl 200 &£ 245 Sr. Rb. Hg. Co. Cr. V. S. Ba,
BIPL ng/g Fomo YA Sr/Ba. Rb/Sr. V/Cr H AR 1 AH ¢ 76 3 1 HUAE 3455k

Ba Cr Co S Sr/Ba
18 26 34 8.8 16.4 24 50 100 130 32 172 312 0.080.13 0.17

22 28 34 25 35 45 16 24 32 69 79 88 0.95 1.23 1.51 1.24 163 2.01
Sr Rb Y% Hg Rb/Sr VICr

(@) (b) () (d) (e) ® ©) (h) 0] @ (k) o
==t S=I e FH x# B wihs NBSAAT WA T A

Figure 2. Changes of sediment element content (ug/g) and ratios in depth, including Sr, Ba, Rb, Cr, V, Co, Hg, S, Rb/Sr, Sr/Ba, and V/Cr
& 2 RFA4TE Sr. Bayw Rb. Cr. V. Co. Hg. S &8 (ug/g)F0 Rb/Sr. Sr/Ba. V/Cr BEERERIZEIL

4. R

BE LW A2 O A e A A R AE 267 e R TR Je RS & & A i R (K 25 % 1)
K.

1) HIHPTAYIE Rb 434 T 2.563~4.22 pglg, “F¥ME9 3.33 £ 0.48 ug/g; Sr 434 T 2.20~3.36 pg/g,
1B R 2.64 £ 0.30 ug/g; Hg 704 T 6.92~8.64 ugly, “F#1{E R 7.57 + 0.39 pg/g: Co 734i T 50.86~142.37
uglg, “FIJME AN 79.51 + 25.92 uglg; Cr 44T 8.81~23.75 pgly, “F¥IME AN 14.96 + 4.70 uglg: V 704 T
16.92~31.07 pglg, “F-¥{H >y 22.87 + 3.81 ug/g: S 7341 T+ 32.51~295.25 ug/g, ~1- 418 Jy 135.69 + 88.24 pg/g;
Ba /31 T+ 18.28~31.97 pglg, “F341E My 23.45 + 4.20 pglg. Hir, JEE 15~37 cm A TR AE 207 BT £ 30 T 1T
FNE Sr AT T 2.2~2.65 pglg, 1AM N 2.47 +£0.21 ug/g; Rb 43 #i 1 2.77~3.74 pglg, “FH4{E 8 3.17 £ 0.41
ug/g: Hg 70 4i T 6.92~7.67 uglg, “FH418 4 7.32 £ 0.39 pg/g: Co 734 T 50.86~64.86 ug/g, “F-141E N 57.86
+7.80 uglg; Cr 4341 8.81~14.51 uglg, “F¥{EH N 12.56 + 2.55 pg/g; V 74T 16.92~22.74 pglg, ~V-#1E
7920.32 £ 2.46 pglg; S 73 Aii T 32.51~215.88 pglg, “F-3{A N 142.94 + 77.95 pg/g; Ba 53 4ii T~ 18.28~31.97 pglg,
SPYIME N 21.53 £2.25 pglg. RIS, Sr. Rb. Hg Fl S & Rl 5 J& 5 3% I 2 DG 3% & %4 ;. Cr Al Ba
o RS JE RN 2 S HOR D& VORI Co Fr bl B IR AR N

2) FHIH PRI Ro/Sr LLAE 434+ 0.95~1.51, “F¥{H>N 1.27 £ 0.17; Sr/Ba thff 745 0.08~0.17,
SPHIE RN 0.12 £0.02; VICr LW{E AR T 1.26~2.01, “F-¥{E°~ 1.60 £ 0.28, Hrit, JEEE 15~37 cm LA TR ATF
JEALFTAE S ORI Rb/Sr HLAE 4047 T 1.15~1.43, “FH4{E v 1.28 +0.13; Sr/Ba {44 T 0.11~0.12,
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FHIE N 0.11 +£0.01; V/Cr ELAE AT T 1.52~1.92, “T-¥J{EN 1.65 +0.18. A1 &, Rb/Sr. Sr/Ba LL1H,
B V5 48 o S BN S ka4 VICK Al BEAE R I fb A N

3) W EFE 15~37 cm A RAE)E AL BT AE S VTR ) 5 ) FE 0~15 em &I T i AR M AT 2 S 1k
(Kruskal-Wallis) 7347, 4553 P42 H TR I Rby Sry Hgs Cr. V. S #l Ba & AL R E Z 57,
Co fAfEE % 5 JEFE 15~37 ecm WA RAF E AL TR 5 FE 37~125 cm Ui Rb. Sr. Hg. Cr.
V. SHl Ba G ENMAERERR, CoffEREZER: Hli 0~15 cm EEMUTRYYS 37~125 cm EREM
Sr. Hg. Cr. Co. V. SHlBa S ENFEREER, RbFHEREER.

Table 1. Trace element contents and their ratios of sediment from the dinosaur fossil-bearing strata, Youfanggou Section

F 1 OMEARESECAREENNFRYRETESERMNELE

B Sr Rb Hg Co Cr \Y, S Ba
Rb/S Sr/B V/C
Ccm)  (Mo/9)  (Mo/g) (Mol  (MO/Y)  (Mg/9)  (Mglg)  (Molg)  (Mo/g) roooree '
0 2.80 3.57 7.45 80.37 14.88 23.52 181.37 22.78 1.28 0.12 1.58

1.00 2.42 2.53 7.29 95.09 2130  26.39 62.07 31.77 1.05 0.08 1.24
5.00 2.78 2.98 7.44 70.43 10.17 2041 236.31  19.08 1.07 0.15 2.01
8.00 2.57 2.97 7.36 70.89 1439  22.76 34.76 23.00 1.16 0.11 1.58
12.50 - 2.94 8.08 14237 2375  31.07 61.48 27.67 - - 131
17.00 2.65 3.16 7.67 50.86 1451 2274 3251 23.12 1.19 0.11 1.57
30.00 2.20 3.00 7.05 51.37 8.81 16.92 21588  18.28 1.36 0.12 1.92
30.00 2.61 3.74 7.62 64.86 1340 2040 159.38 2294 1.43 0.11 1.52
34.00 2.40 2.77 6.92 64.36 1350 2120 16397 2176 1.15 0.11 1.57
39.50 3.04 4.09 8.64 13851 2369  30.46 64.87 31.97 1.35 0.10 1.29
45.00 2.75 3.09 7.59 83.48 1101 2205 26181  19.58 1.12 0.14 2.00
51.50 2.70 3.82 7.76 66.53 13.14  20.14 37.58 22.65 141 0.12 1.53
66.00 2.47 3.73 7.59 69.80 1781  22.37 65.74 26.51 1.51 0.09 1.26
76.00 2.25 3.10 7.21 57.27 9.29 1791 21232  18.56 1.38 0.12 1.93
85.00 2.38 3.37 7.63 74.90 1443 2228 159.72  23.10 1.42 0.10 1.54
104.00 3.36 3.18 7.59 84.92 11.02 2212 29525 1948 0.95 0.17 2.01
119.50 2.79 4.22 7.77 85.74 19.28  26.05 61.67 26.37 151 0.11 1.35

5. ¥ig
5.1. M OZMEEEHNTTRIAE

HRFEAL A T KR S A, R PRSI JF A SR S SR AR O ) BRI R [ 1] [27] AU
i ETCE Sr, Ni Al Ga S0 UTAR KR I #h BE A 00 U, W T IX A DTRUKAR ERBE . Horr, 40t
A Sr & &R T 800 pg/g B, AR HUTR T RUKIAEE; 24 Sr & 2K T 90 pg/g B, 1878 iR K IR EE[28]

[29]. DUZ; O HAE T S HHZER Sr S BT 2.2~3.36 ug/g Z10(E 2(b)), FERHIIRKMAE NIEIK.
T4, WHADTRPIR SriBa LU AR H 2 5 K A4 3R B 1Y) R R AR o St Al Ba TEAN [ K A4 R 6 A7 AE
%ﬁo FERIKF, Sr Al Ba ¥ LAEBRIR #1208 Tk, A5 RADTE: /KRR I, Sr #1 Ba
RE 112 57 58 Ba 56T Sr # 84 BaSO, 5y, BaCO, i iE 3K [30]. — %A N, Sr/Ba bfti kT 1.0°4
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AR K, /T 0.6 AREARIER K, /T 0.6~1.0 Z [A] 9 Bk AH[31] [32]. VU7 111t 6 75 5 4 10 )= 1) Sr/Ba
34T 0.08~0.17 (8 2(k)), [FIREFR S HYTRR TR KRB

AR IR O B AE A F] 1AL - 305 X AR AE 22 e R I, DRI T R AR P A SR e R ) 22 5
A RX PR R B AR JRFEE . fldn, VAT Cr #E SRS R s Tk, 68 IR A8 DAY R £ A T X
RAVTGEHAEDURR A & 45 VORI Cr FEIE JR I35 R A IR S AL I 5, AH B T P 25 (0 S i AL R R AP E 2 57
Cr & 1E R T 5 R A O AGIE S5 [33] o 36 W R 0 338 SR S 2R 1 22 S, 24 ViCr LRAEAR T 2 1
KA EANAEE: 2 VICr ER T 2 B, REUKA TR BEE PR [34]. U7 D 2 Ae &5 8 4
HZE [ VICT {EA T 1.26~2.01 2 8], HAFLEZ AR K8 RE LB i 5l IR VICT F B 3 8 ¥ o RAB TR
2 B (1 2(1)), Faon FSERR A K PR TE Ak - BT A0 550 TR IR 55 18] 22 Vi 8l o« KBS A A A7 221K VICr
OB B AR, R B AL T30 55 08 SR TR PR 5

VU7 O A AE T AL & Sty Sr/Ba Al VICr 4L &R ER W L 2 U TR Tk 3R B rh, BT
FE A KA AT 22 U0 HLARGE 1) B AR B ER B - ST I R IR B M RS o Bbdh, DU# D e s
HIZH Hg S EE (& 2(h) Bl 2 (1) BA ST B ZR b X A B 22 28 50R 5 3 5B (Hg: 5.35 pglg; S:
6.75 ug/g) [35], KM IALAAERE K ILTES . H, SIHHEEES VICr BELMAMHI(r=0.842;p<
0.01), FRHFZAL 7K 1 B A IE BRFEE T RS LG 2 AT 9. R L &7 AR 1 K S e T 4 o V33 v
KT, BEAS 17K 5 R ERAS e, A8 SR AT B 1 & A K IR A8 2T AU IR 3538 S B . 7K AR 2 K
HLPR A A IR — 55040 J57 PRI AR AR S 3R B X R AR 2 T kL& Bl

5.2. BHIRMEMR ST - BRI R

LT PG 0 SCELZH R 1 AU FR 0 L B 2 B SR A o - W BB AR R, A AR R
BT A PRS0 5 a0 Ll ARAR UBIYE SR [1] [11], B A O A B IR A%, P35S R 2 10 £ 4°C (~42°N) [36].
BT LR AL A6 7 B 412 70K Sr. Rb/Sr A1 Sr/Ba S5 240 G4 E, 5L 3BT A= Mtk b v — W ) P
AT S B ) A A B I R (] 35 3K 2).

DU Rb/Sr LLAE BH T Rb A1 Sr 3o KU 8O IR 22 S W 52, e 280 s B SUAB IR Ti 25 4. Rb 7E XUk
TER AT RS, T Sr S RAEWMIEEK[38]. Fit, MAMREBRIBEN, FBEAKEM, R EEE, Sr
JTLRMAE L, SHPBRYH Sr & EEBAK. Ro/Sr tLEE R, UMk T50, BAKD> . RALTRER, Sr
MRS, BEMyURY T Sr S &N, HEM Rb/Sr ELE FFR[39]. PUZ DA i 58 42 Sr &
HEEMRT IV e R L= A (1 3(a)), H Rb/Sr ML & 54 p A )= (1A
3()), Wt BA AR A= ) R R T 0 SR PR B L - e S R BRVE I . AR B A IR AT R Co [40]
TEEBEST XEAEE 3(d), I FIAR AR R IE SRS (65 E )20 Sr/Ba LA
BT I T IR A R AT AR LB s H (1 3(h)),  Fi s 5 S AT A A A SR 1 K R Eh R R
T b - Mo, XAE—E A B SR I B A BRI 1) . A, fEEAMER VICr LA
T EERI LA BECT CEHMZ (] 3(0), B - BRI A VR4 A i 3K A
FRY SN 22 4o

KM S, VORI Rb/Sr ELEAE S & AR i m . LEARAC, Juih 4 Rb/Sr ELE A T4
WZ2ZE; 52 M, Sr/Ba fl VICr tbEfEA T EHMZERAC. X EH R, UkEANNTHAathZ
Z ] o IR 3R B I AL R A R S AE IR ST IR BRVE , M T IR - 90 SR 2 YRR B 3R K
WEE; AR IR TR, M AR B R RS (4 K [29]1 80K /K [15] 5 I A A /< Ak s Ak e
EATS -5, HGRFR 1 S 5530 R A5 v K T TBORIVA [37] » FAi] A= W0 B AS [R)VE A ) 300 52 30 P o T P AR At 5
DRGSR 7 25 M 2648 7R I A B AT S [411 M4 -
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Figure 3. Comparison of the taphonomic environment between early and mid-late Jehol Biota (Data of Jiufotang Formation are from
Xiushui Basin, North Liaoning Province [37], these of Yixian Formation are from Yixian Basin, West Liaoning Province [29], these

of Huajiying Formation are from Sichakou Basin, North Hebei Province (this study))
IE 3. B i - ARG E MR L AR IREIEME S L (L 2 4A R RRR BT T AL AR Bk A [37], X BHEMERIERKR
TR EAM[29], EHFEEMBEEIERETILELEHANE OZM(AHAR))

Table 2. Kruskal-Wallis analysis of indexes from the sediment that bearing different periods of the Jehol Biota
2 2. PGB FIRTERIE R R A AR B AR Kruskal-Wallis 43

fekx WEEH vs LR 4 WEEH vs. L HAH WHE U vs. (Ui R 4R SCE4H)
Sr 1 1 1
Rb 1 1 1
Co - 1 -
Cr 1 0 1
\Y 1 1 1
Ba 1 1 1
Rb/Sr 1 1 1
Sr/Ba 1 1 1
VI/Cr 1 1 1

e 1) BdEsRIERIE 3. 2) “1” IR Kruskal-Wallis i is B4 TR, BIIXLE)EAE 2 A HE bR 2 E AN, p < 0.05;
“0” o Kruskal-Wallis 136 0 B B AR 1, BUX )Y (M FRFR A RE 25, p>0.05,

6. it

ASHIE U5 3 BT A PR X A A A = S P £ B T B ORI AT 1 i e R e i, RS CaRdER
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— RS JIFART A A AT 0 S LRI L i 2 2= O 45 SRS e, SRAS LR IR 4548
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1) JTE Sr. Sr/Ba Ml V/Cr 415457 MY 75 12 AR 75 8 AL TR ) 7K fA B 4 vty & AR A Bk AR K 2R
HAKIAR T2 R DU A - 5538 A B IRAS -
2) Ju& Hg. S AlE4RomlU & AL 5 & H TR A2 235 K& sh. S &85 VICr &

FUNEMO, TR/ T RERE Kl B 22 IRIUR T 850 1 3K A S A 17 55340 B3R 5 ) BE %

3) JLE Sr. Co I Rb/Sr 2H & Fe 7 5 A HGn] A= Wy B E SR T 30 ) S A% LE b - 3 SE R R IR ;s Sr/Ba ATl

VICr L% HeE 7 L AT A PR I R K P L o - WA AR 0
EEUH
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