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THE LOWER CRETACEOUS PETRIFIED WOOD IN NORTHERN LIAONING:

Paleoclimatic Significance

DING Qiu-hong, LI Xiao-hai, LI Wen-bo, ZHANG Zhi-bin, CHEN Shu-wang, ZHANG Jian,

SUN Shou-liang, ZHANG Yu-jin
Shenyang Center of China Geological Survey, Shenyang 110034, China

Abstract: The wood anatomy and systematics study of petrified woods from the Lower Cretaceous Shahai Formation in
northern Liaoning show that the petrified woods are all silicified secondary xylem of conifer gymnosperms, belonging to
the taxonomic groups of Protocupressinoxylon, Protopiceoxylon and Xenoxylon respectively. The growth rings of novel
materials of the current petrified woods are clear, with the early wood to late wood ratio of 0.84—64, and the annual
average sensitivity of 0.23-0.3, indicating that the climate has obvious seasonal variation. The trees have a short late-
wood growth time and long early-wood time span, that is, the tracheid division is strong in the growing season, and the
suitable time for factors such as moisture, temperature, humidity and light last longer. The uneven width of continuous
growth rings and existence of false rings reflect that the climate changed frequently at that time, and the average annual
precipitation may have a great difference. It can be inferred from the growth characteristics that the Shahai Formation in
northern Liaoning was generally humid during the sedimentary period, but there might be some arid-semiarid climate
fluctuations. The special anatomical structures in petrified woods such as false ring, traumatic resin canal, twisted
growth ring and insect hole reveal that there may be drought, wind disaster and insect pests in the then eco-
environment, which are unfavorable for the growth of trees in a short time.
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Fig. 1 Geographical location map of petrified wood sampling sites
in northern Liaoning
175 302\ % (highway ) ;2—45 38 (road ) ; 3111 #% (mountain ) ; 4—RF¥
1 (sampling site)
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Fig. 2 Protocupressinoxylon sp. From Lower Cretaceous Shahai Formation in northern Liaoning
a— YA, 7R 48 (transverse section showing growth rings); b—4& Il , 8 M HLZR L0 fL (radial section showing tracheid bordered pits); c—5% VT,
JRAFEE (tangential section showing xylem rays); d.e—f&PITHRFEHK , 7558 LIHLAL (partial enlargement of radial section showing cross—field pits)
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Fig. 3 Protopiceoxylon sp. From Lower Cretaceous Shahai Formation in northern Liaoning

a—1E I, 78 A2 K 56 (transverse section showing growth rings); b— VI i , 75 A5 44 5 1 (transverse section showing traumatic resin canals); c—4& 1]
T, 7838 X IHEFL (radial section showing cross-field pits); d—3% )17, 78 K4k (tangential section showing xylem rays)
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FefL5AR Xenonwylon latiorosum (Gramer) Gothan
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Fig. 4 Xenonxylon latiorosum (Gramer) Gothan from Lower Cretaceous Shahai Formation in northern Liaoning
a—fE YT, 7R A2 1< 48 (transverse section showing growth rings); b—A&PITHT , 75 38 LIHLFL (radial section showing cross-field pits); c—3% VI , 78 RHFLk

(tangential section showing xylem rays)

V3. XU ARG ERG SR ARSI G2k, BA51 Sf 2k
(2~)7~18(~27) A4t & , TR S 2 L IEDE | 2k
AR /NZT 15 pm x 20 wm ~ 20 wm x 25 wm; HF£R
BERE T~17 A5/mm?; R W% [a] BESUAL.

HHIARMA A B U AR BRI , iR ZSUAL |
ARG XIAHBALTE A ARG, BoRHAr2E
£ @ MR H A S KB (Xenoxylon Gothan) ™!, HAFAE
SUCHF Xenoxylon latiporosum (Gramer) Gothan —ZX.
SARE R ERAA W ELEH ST, 20T
JekrEkh—m A EIX. By, Rl EENe
HGE L 30 Fl, Horp 73R EHGE A0 A 14 B,
IR0 A1 DI — 28 T 2 1 | S i e,

3 mREMGRESHT

TESLIR BN AR AR YN T, AR K E
FRIE CELFE ST 20 M 550 A AT 25 KN R kA
L H5E 4 N8R ), SR AR A A -80S (AS) Rl
PIRURREE (MS) 85 AH S HU, XL TR X R 11 248
VDV TORR RS A T A R PR AR AR SR T 0 A
3.1 BREpAEEER

LA A8 (B/L) 248 W — A K fe N AR K R TR
G A M B R S AR Y SE R 2 b R B A AR A
P 2 S DL UE 2N ) S N

AR T, — AR AT, IR =
(G RRTRLIE | PR FEA A K 2 IR B3 B T S5 I B
TERUZ R WA AR K AR R A B £, b
MPHARTR. —MEKBEARNA KRS
AR AR LA 1) H e i 1)

ILACH VPR R AR A A B B A K
B, — MM RTE AR A s B AT S
M TERE Z teAH 22 AR B B0k, LA H R AR (LR
£ 0.84~64 Z ). WA A 3% 24 K A8 58 B 1 AR fb 15
WA S A K AR E A B R AA R K
i, HSE AU e v AR K Y B 1/3~1/4 (&l 5). X
SERRAE R . XSO I A K () S M HL A B R i 2R
PEARAE 5 FRA S ] 35 P85 R 8 B A A 4 R G, 7K 43 Tl
BE R RE O BREE R R AN E BB [ A K R e
AEAS— I PR B A AT BB A AE— 8 AR BR AR 4k, /)
AR BAE K SAFE— B 25 5. ILAh, BAEA:
KA A BT RE AL T AE B A B, IS s
T2 BRI IR RRIL A S B AR A KA.
32 FHBEMFEHHERE

AEARURRE (AS) T DL R Al o AR K 58 1 5 32 AR
RAKIABE 1A, IR (MS ) R B AR K&
SRS, BRI E R R bR, HAHR
AU

www.fineprint.cn



http://www.fineprint.cn

18 OB 5 B W 2022 4F.
L] L
HGZ2 MHO1-2
E. 120 E 1am
jd i
;_:_5 RNl ::_e A
-’:Iﬁ.' o
e ] .?.-_" iy
s
I 2 5 4 5 6 7 8 9 00111213 1415 16 17 18 1920 2 22 23 I 2 3 4 5 6 T &9 1001 1213 18 1516 17 18 19 20 21 22 23 24
e a L8
K5 b X T I ESVE AR A AR TS ST B
Fig. 5 Histograms showing the frequency distribution of growth ring width of petrified woods
*1 TAEZFDBARCAERKREE
Table 1 Data for growth rings of petrified woods from Lower Cretaceous Shahai Formation
bR e BRI R AU CPEIEUR| | AR e R TE R SERURR PIBUR| | AR e BERETE WA AERUR TR
% BElpm R BE(AS) BE(MS) | | 4% JEipm % EE(AS) EE(MS) | | G BElum  HEE BE(AS) BE(MS)
1 1140 153 040 1 1390 148 011 1 800 39.00 0.27
2 760 217 0.10 2 1550 1.77 0.73 2 1050 51.50 0.06
3 690 146  0.56 3 720 177  0.07 3 1120 55.00 0.15
4 1230 242 0.02 4 770 196 0.04 4 960 47.00 0.18
5 1250 191 0.08 5 800 186 0.25 5 800 25.67 0.61
6 1360 157 0.13 6 1030 129 011 6 1500 74.00 0.74
7 1550 150 0.31 7 920 229 0.18 7 690 33.50 0.08
8 2120 216 0.27 8 770 221 0.04 8 750 36.50 0.55
HGZ1 0.25
9 1620 135 0.38 9 740 2.08 0.40 9 1320 43.00 043
10 1100 1.89 0.10 10 1110 247 0.27 10 850 20.25 0.42
11 1000 1.00 0.84 11 1450 2.02 0.27 11 1300 7.13 0.30
12 2440 249 015 HGZ2 15 1110 192 o001 023 12 960 380 022
DHO1-2 0.3
13 2100 239 0.16 13 1120 195 0.07 13 1200 11.00 0.74
14 2470 2.01 0.03 14 1040 225 0.02 14 550 3.58 0.09
15 2390 223 0.18 15 1020 2.00 0.13 15 600 14.00 0.8
16 2850 1.91 16 900 1.00 0.65 16 500 24.00 0.26
1 1740 57.00 0.29 17 460 0.84 0.33 17 650 15.25 0.27
2 1300 64.00 0.55 18 640 1.00 0.46 18 850 41.50 0.16
3 740 23.67 0.01 19 1020 113 0.34 19 1000 49.00 0.16
4 730 3550 0.10 20 720 112 012 20 850 20.25 0.18
HGZ6 5 660 32.00 0.35 0.27 21 640 256 0.17 21 1020 2450 0.03
6 940 30.33 0.56 22 760 245 0.32 22 990 4850 0.30
7 530 2550 0.17 23 1050 3.57 23 730 35.50 0.60
8 630 30.50 0.16 24 1350 32.75
9 740 36.00
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Fig. 6 Special anatomical structure of petrified woods from Lower Cretaceous Shahai Formation

a—{l5 (false growth ring); b—BI7#4 538 (traumatic resin canal); 44 A8H1 I (twisted growth ring); d—HfL(insect hole)

PDF pdfFactory Pro www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

20 i

=

2022 4

4 &g

(1) AIL T ACER L X G v e 2H i AR
A0 B R AR TR LR AR BT, IR 94y
KB 4r B8 T Protocupressinoxylon  Protopiceoxylon 1
Xenoxylon.

(AR A AT, T LR 7E 0.84~64
ZI8), P HUREETE 0.23~0.3 Z [A], RHIM AL K 7E
AR R K A BUR BERT B ST PR T, U B W] 2
FAE, A KA GO A — A B A 8l
FAERIR L K A5 AR A U 22 KA1 2.

GOARAAT P AF AR B DR IE ﬁzﬁ%‘?ﬂﬂ?ﬁ .
HUFLEERRIRAR MG , s 1l AR A PR AP AR
IR VA B H 3 25 Je P ] V\]K%U?Wﬂiiﬁﬂﬁ%ﬂﬂ?‘%

B AX AR B A B P BRRIAE R EH
FiR A s 2 F TARIF AR, FE IR R RG!

5% 3UHk( References ) :

(1 R4 Pl el M ] st
Shen X S. Introduction to life sciences [ M ]. Beijing: Science Press,
2007:1-514.

[2 1R 48 WA 5 AR M AL G ik, 1990:1-365.
Wu X D. Tree rings and climate change [ M]. Beijing: Meteorological
Press, 1990: 1-365. (in Chinese)

(3R, WM. RIS

HEIE,1993,8(6): 31-35.
Wu X D, Shao X M. Status of dendroclimatological study and its
prospects in China[ J]. Advance in Earth Sciences, 1993, 8(6): 31-
35.

[4]Francis J E.

Bl Rt 2007 1-514.

OSSR ] B

Growth rings in Cretaceous and Tertiary wood from
Antarctica and their palaeoclimatic implications [J]. Palaeontology,
1986, 29: 665-684.

[5Morgans H S. Lower and middle Jurassic woods of the Cleveland basin
(North Yorkshire), England[]]. Palacontology, 1999, 42(2): 303-
328.

[6 JFalcon-Lang H J. Growth interruptions in silicified conifer woods from
the Upper Cretaceous TWO Medicine Formation, Montana, USA:
implications for palaeoclimate and dinosaur Palaeoecology [J].
Palaeogeography, Palaeoclimatology, Palaeoecology, 2003,199(3/4):
299-314.

(7], BT, B2, & PEAPERAREOIRHEE. 28
A Bty A s ) ). #2F TR, 2017, 24(1): 52-64.

Wang Y D, Tian N, Jiang Z K, et al. Recent advances in Mesozoic

fossil wood studies in China: diversity variations and palaeoclimate
implications[]]. Earth Science Frontiers, 2017, 24(1): 52-64.

[8Eckhold W. Die Hoftiipfel bei rezenten und fossilen Koniferen [J].
Berlin: PreussGeolLandesanstJahrb, 1922, 42: 472-505. pl.8.

[9]Zhou Z Y, Zhang B L. A sideritic Protocupressinoxylon with insect
borings and frass from the Middle Jurassic, Henan, China[J]. Review
of Palaeobotany and Palynology, 1989, 59(1/4): 133-143.

[ 10 bk, TR, FRIRVLAR 48 e IR A B XS PU BRI Ak A7 [ C Jirp

iR B D P SR BB BT T, 19821 227-349.
Zheng S L, Zhang W. Fossil plants of the Longjogou Group and the
Jixi Group in eastern Heilongjiang Province[ C ]//Shenyang Institute of
Geology and Mineral Resources, Chinese Academy of Geological
Sciences, 1982: 227-349.

[0 AT, 2% mERY 5 0 RS4RI,
Jeat: B, 1963: 316-429.

Si X J, Li X X. Chinese plant fossils, volume II: Mesozoic Chinese
plants[M]. Beijing: Science Press, 1963: 316-429. (in Chinese)
(2] T50E. PRI L)) YAk, 1982, 24(4): 383

387.
Du N Z. Two fossil woods from Heilongjiang Sheng of ChinalJ]. Acta
Botanica Sinica, 1982, 24(4): 383-387.

L3 ], KK, FAME—. B GRS LM AR AT ] &
Y4, 2000, 39(S1): 176-185.

Wang Y D, Zhang W, Saiki K. Several fossil woods from the late
Jurassic of Qitai, Xinjiang[ ] ]. Paleontology,2000,39(S1):176-185.

(14 1B, f [ ARICIL T A PR LA A R AR LT ] M 24,
2000, 42(2): 207-213.

Duan S Y. Several fossil woods from Mesozoic of western Liaoning
Province, Northeast China[J]. Acta Botanica Sinica, 2000, 42(2):
207-213.

(15 T RKEL. SRIRVLA U LA B SRS S AZ R R AR [0 ). A2
#it, 2000, 17(8): 206-209.

Ding Q H. Protopiceoxylon mohense sp. nov. from the Jiufengshan
Formation in Heilongjiang Province[J]. Chinese Bulletin of Botany,
2000, 17(S): 206-209.

[16]Duan S Y, Cui J Z, Wang X, et al. Fossil woods from the Early
Cretaceous of western Liaoning, China. T [CJ//Wu S M. Wood
Anatomy Research 1995. Beijing: International Academic Publishers,
1995:166-171.

(17 JERIITT ST R, TRONIRA b, ] 92 DR B o ™
BFgERT. HEAMA M) dest: sl AL, 2006: 101-242.
Shenzhen City Administration, Immortal Lake Botanical Garden,
Shenyang Institute of Geology and Mineral Resources. Fossil Woods of
China [M]. Beijing: China Forestry Press, 2006: 101 -242. (in
Chinese)

(F#: % 12 7 /Continued on Page 12)

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

12 i

=

2022 4

ALY ). HUFGEAR, 2011, 30(2/3): 291-299.

Liang C Y, Liu Y J, Li W, et al. Characteristics of extensional
structure of Keluo complex in Nenjiang area, Heilongjiang, ChinalJ].
Geological Bulletin of China, 2011, 30(2/3): 291-299.

(12 JBR5E, XUAKYL, 2548, 5. BIpTTA WO T IXRRE A BT
[J]. BTk, 2012, 47(2): 360-375.

Liang C Y, Liu Y J, Li W, et al. Uplift age of Keluo complex at
Nenjiang area, Heilongjiang Province [J]. Chinese Journal of
Geology, 2012, 47(2): 360-375.

[13JXUEhK, 246, BUR, &% RIS AL BOGR LA R Bk s () ).
EMR AR GUERFLERRD , 2014, 44(4): 1142-1152.

Liu B R, Li W, Jia J, et al. Extensional detachment structure in
Galashan, Northern Great Xing’an Ranges, NE ChinalJ]. Journal of
Jilin University (Earth Science Edition), 2014, 44(4): 1142-1152.

(14 ]H52 X4, TR, 55, KOG IE TK i 35 2 JC 1L A 4R

BRAG AR K LR ZR TR 3G 5[0 ], P E M BT, 2020, 47(4):
1041-1055.
Shen L, Zhao S J, YU H Y, et al. Zircon age and geochemical
characteristics of Hadataolegai Formation volcanic rocks in Da
Hinggan Mountains and its continental marginal arc setting [J].
Geology in China, 2020, 47(4): 1041-1055.

[15]Andersen T. Correction of common lead in U-Pb analyses that do not
report **Ph[J]. Chemical Geology, 2002, 192(1/2): 59-79.

[16]]Le Maitre R W, Bateman P D, Keller A, et al. A classification of
igneous rocks and glossary of terms: Recommendations of the
International Union of Geological Sciences, Subcommission on the
Systematics of Igneous Rocks[ M ]. Oxford: Blackwell, 1989: 1-236.

[ 17 JRickwood P C. Boundary lines within petrologic diagrams which use
oxides of major and minor elements[J . Lithos, 1989, 22(4): 247-
263.

[18 JPeccerillo A, Taylor S R. Geochemistry of Eocene calc-alkaline
volcanic rocks from the Kastamonu area, Northern Turkey [J].
Contributions to Mineralogy and Petrology, 1976, 58(1): 63-81.

[1918srhgy, 200, A7, 2. W IH h DXL OR B 2 e A0 T R o B
B HEMEELE, 2020, 7(5): 54-65.

LiZH, LiY, Li RJ, et al. Magmatic activity and its geological
significance in Early Jurassic in Mangui area of Inner Mongolia[] ].
Geological Survey of China, 2020, 7(5): 54-65.

[20 JFR44, FhINMS, 25780, 4. ORI HARIX AU LUE 4R

7 HBERAL AR K H R L) ). M S B, 2018, 27(4):
324-336.
Qiao M D, Sun J P, Li Y H, et al. Chronology, geochemistry and
geological implication of the Mesozoic rhyolites in Xinlin area,
Daxinganling Mountains[J ]. Geology and Resources, 2018, 27(4):
324-336.

[21 ]Boynton W V. Cosmochemistry of the rare earth elements: Meteorite
studies[ J ]. Developments in Geochemistry, 1984, 2: 63-114.

[22]Sun S S, McDonough W F. Chemical and isotopic systematics of
oceanic basalts: Implications for mantle composition and processes
[J1. Geological Society, London, Special Publications, 1989, 42
(1): 313-345.

(23 pkalm, BOCF, IMEA, & I LIE AR ECA S R

BRI R ) . AR, 2000, 30(4): 322-328.
Lin Q, Ge W C, Sun D Y, et al. Genetic relationships between two
types of Mesozoic thyolite and basalts in Great Xing’an Ridge[J].
Journal of Changchun University of Science and Technology, 2000,
30(4): 322-328.

(2455308, MRiR, IMEA , 55, KL A PSSR SCA U 3t

BRALZEOIEL) ). HUBRRL F——rh R BTR 24k, 2000, 25(2):
172-178.
Ge W C, Lin Q, Sun D Y, et al. Geochemical research into origins
of two types of Mesozoic rhyolites in Daxing’anling [J]. Earth
Science — Journal of China University of Geosciences, 2000, 25
(2): 172-178.

(25 JTBRIT, BB, IR, 5. KGRI BOsR I HT R 7 R AR 2

il AR EE (T ] BT, 2021, 48(2): 580-592.
Yu Y J, Zhao Z H, Yang X X, et al. Dating of Early Jurassic
volcanic rocks in the Mohe foreland basin of northern Greater
Khingan Mountains, Northeast China[J]. Geology in China, 2021,
48(2): 580-592.

(_E#% 20 W /Continued from Page 20)

[18]Li N, Zhang ] P, Xing L D, et al. New records of Jurassic-

Cretaceous boundary Tuchengzi Formation petrified wood from
Yanging, Beijing, China: Palaeoclimatic implications[J]. Historical

Biology, 2021, 33(9): 1686-1696.
[19]Creber G T. Tree rings: A natural data-storage system[] 1. Biological

Reviews, 1977, 52(3): 349-381.
[20]Jefferson T H. Palaeoclimatic significance of some MesozoicAntarctic
fossil floras[CJ// Oliver R L, Jame D R, Jago J B. Antarctic Earth
5thIntSymp  (Adelaide1982).
Cambridge UnivPress, 1983: 593-598.

Science  Proceeding Cambridge :

www.fineprint.cn



http://www.fineprint.cn

