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Abstract The western Liaoning region is known as one of the most significant fossil wood localities in China with
diverse and abundant Cretaceous petrified woods. The Early Cretaceous petrified wood bearing horizons, including the
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Yixian, Jiufotang, Shahai and Fuxin formations, are relatively continuous. Among them, the most abundant wood fossils are
found from the Shahai Formation. Though some studies have been carried out previously, the composition of the fossil wood
flora of the Shahai Formation remains poorly understood. In this paper, we report some well-preserved fossil woods from the
Shahai Formation in Shidonggou village of Yixian County, Liaoning Province. Three species referable to two genera are
identified, i.e., Phyllocladoxylon cf. eboracense (Holden) Kriusel, Xenoxylon conchylianum Fliche and X. watarianum Ni-
shida and Nishida. Among them, Phyllocladoxylon cf. eboracense is anatomically characterized by having distinct growth
rings, uniseriate distant radial pits, and one large oopore per cross-field. Xenoxylon watarianum is featured by the presence of
distinct growth rings, typical xenoxylean radial pitting, window-like cross-field pits, and a low ray height of 1-10 (mostly
2-5) cells. Then for X. conchylianum, it also bears xenoxylean radial pitting and window-like cross-field pits, but with a
higher ray height of 1-21 (mostly 3—10) cells. The current new finding contributes to further understanding of the fossil wood
diversity of the Shahai Formation and provides new fossil evidence for revealing the forest composition in western Liaoning
during the late Early Cretaceous. The diversity of the Early Cretaceous wood fossils in western Liaoning is summarized.
From the perspective of the wood fossils, it is inferred that the forest vegetation may have undergone some degree of changes
during the transition of the middle to late Early Cretaceous in western Liaoning. In addition, this paper analyzes the spe-
cies-level diversity of the Jurassic and Cretaceous Xenoxylon in western Liaoning area, and proposes that this genus was a
dominant group all through the late Mesozoic. However, there is a difference in species-level composition between the Juras-
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Fig. 1 Locality of fossil wood in Shidonggou Village of Yixian County, western Liaoning Province, Northeast China (Modified from Tian et al., 2015)
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Fig.2 Outcrops of the Lower Cretaceous Shahai Formation in ShidonggouVillage of Yixian County of western Liaoning Province, and occurrences of
petrified coniferous woods and female cones
A, WA ITANEE S B, AR 2T S AR RIE; C-E. # Sk B BRI A ED F-H. A IRMERRR, BB RO 5 em.

A. An overview of the section; B. Traces of a fossil wood stem after falling off; C—E. Fossil wood fragments; F—H. Fossil female cones. Scale bars =5 cm.
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Fig. 3 Phyllocladoxylon cf. eboracense (Holden) Kriusel from the Lower Cretaceous Shahai Formation in Yixian of western Liaoning, Northeast China
A, BEUNH, 7T AR 2L AR S EC R A LR B, C. BEUITH, 7 G A B b 5 6 MURRAE; D-F. AR D), 75 41003 2 i i A BE 9oL, G-L
YN, A el 3. sEY, AR £ K. SZYIT, 7 LA A0 R AL
A. Transverse section, showing distinct growth rings and pores caused by fungal decay; B, C. Transverse section, showing tracheids of the early wood and
late wood; D—F. Radial section, showing uniseriate and distant pits on the radial walls of the tracheids; G—I. Radial section, showing cross-field pits; J.
Tangential section, showing uniseriate rays; K. Tangential section, showing details of ray cells.
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Fig. 4 Height frequency distribution of ray cells in Phyllocladoxylon cf. eboracense (Holden) Kriusel
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Fig. 5 Xenoxylon watarianum Nishida and Nishida from the Lower Cretaceous Shahai Formation in Yixian of western Liaoning, Northeast China
A, BEUTH, JRVEW RS B, €. BEDDI, 7% WM AWM T D-F. AR D00, % A RS B R R I AR R SUAL; G AR DI, o AR
LXIHEAL; K 52PN, R P SIARGTE 1 sZ VN, 7RSS ML an i, 3, K. SZ YD, 7% 55 ML 9 S0 22
A. Transverse section, showing distinct growth ring; B, C. Transverse section, showing tracheids of the early wood and late wood; D—F. Radial section,
showing uniseriate, contiguous and flattened radial pits; G. Radial section, showing window-like cross-field pits; H. Tangential section, showing uniseriate
rays; I. Tangential section, showing details of the ray cells; J, K. Tangential section, showing fungal hyphae in the tracheid lumen.
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Fig. 6 Height frequency distribution of ray cells in Xenoxylon watarianum Nishida and Nishida
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Fig. 7 Xenoxylon conchylianum Fliche from the Lower Cretaceous Shahai Formation in Yixian of western Liaoning, Northeast China
A, REDITH, JRiEME KRS, B BEUIIHE, A5 B-MeR A AR AE; €, D. AR UNTH, 28 A 4 B OO fi 0 4 IR AR RE AL B FRDDTR, SR AR
WA XIZ G F. 52 VNH, /RS0 5IGH 20 l0; G, sXVITH, 75 55 4R 4u a4y
A. Transverse section, showing distinct growth rings; B. Transverse section, showing details of the tracheid of the early and late wood; C, D. Radial section,

showing uniseriate, contiguous and flattened radial pits; E. Radial section, showing window-like cross-field pits; F. Tangential section, showing uniseriate
rays; G. Tangential section, showing details of ray cells.
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Fig. 8 Height frequency distribution of ray cells in Xenoxylon conchylianum Fliche

NESMIX . A N1k, I P XL R
A L diE 13 8 22 Bl FESHEMN A L
WRALFE SCELALL Juib el YAl K B .
Horp, XHEA17 8 )8 9 B, SuthE A 18 1,
Wilgdlr= 5 8 7 Fh, B4 4 8 4 FhBORDE,
2000; T RKL%E, 2004; 5KIREE, 2006, 75 5,
2015; Ding et al., 2016; F k%, 2017), H4#R
TR, JCURAARIE AL, R WL TR o A S
FRIE AR AL AT H7 AR 03 20 R A A & Fl— 2 1
ZREMERB]T 6 )8 10 M, M0 FE T A4
ARAAT L SRR AE BN

RS, 107G M X R SR A R
DASEA S« JRAG A R g B SR 4 R
LA AR AR, H o A i R AH R &
gz, thAh, IWILA TR T, %M X R e AR R
I BRI RS E — B 5. AR
i R g Ky 2 BRI SCEAAL R AL ), AL
H AR A FE R — Ak B 1 B (RA)R),
MAEA—2 EN5E AR (K 9). T AR A e
IER SR 2 e N R AN TE T PS B A A i i
W7, I DU b DX R S e A A AR B ) TS
ARERAT — A SR . LR TR
HI AR S T EERRAE, R AR A R
GeRAET BEWA, KAETHTEN “ AL it A

BARGH " (Cretaceous Terrestrial Revolution)

(Dilcher, 2000). T4 1R URAD 5 1L V90X 71
“orf o S RO B 1R 2 MR AT AR OC R
HATEA i, (1L 5 i P58 AR 40 R 25 n] R e
S EUL T b XA R S g SRR B ) TS
R U (1 B PR

A XGEPERFRABEAR LA D H#FYE

FAAREZ T ERARM A EEA LIS T, %
& B R BT BT UL 7 B R AR I (Spitsbergen)
ok 24l 2, W) Cramer (1868) i 4
Pinites latiporosus Cramer F1 P. pauciporosus
Cramer. Gothan (1905)3 b fF 57 A6 A% 307 FL /R B2 4k
(Svalbard) I (AL AR KL, 3R A R™IX—
W, R XZ e Y o R E AR . 1 )EAL
AR FE, CHRERMEL 30 A, AR
MW = 1R JE ] — A 2 A I 2 1 1 gy 1
FRRE I, H 2 4K K 44 (Philippe et al., 2009;
Li et al., 2020). o3 /340 b, @A T
BR, JCHR BRI K, T4k AE b 58 X IR %
AR IL(Richmond et al., 2019), & E A2
INRIA KRERARBEAREA, HE R 14
Fi(Li et al., 2020), DAGRZ 4l fE 40N 3.
LB H A RD, ARIER 3 B, BIDY )1 f i
ZREMFMAN ) IS AKX, guangyuanense
Tian, Wang and Philippe), %t =S54 D4l
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HIME I S AR (X, ellipticum Schultze-Motel) L A BT 5 FEm S, sAREZ N T REI T 2B,
L =E AT AL e IR SR (X, junggarensis B 7 PR M X ANAN A =, B R DY 1| 7 R
Wan, Zhou, Tang, Liu and Wang) (1142, 1991; B b X AR IE TP AP AL, Feng 5(2015)i041E T 77
Tian et al., 2016; Wan et al., 2016). M HuEE 5347 ffi H 2’ R P G 1) 25 B R (X, yunnanensis) o
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Fig. 9 Fossil wood records and diversity variation of different species through the Lower Cretaceous in western Liaoning, NE China (Stratigraphic
framework modified from Xi et al., 2019)

A. 5AKJE Xenoxylon Gothan 1905; B. J5#& MK AZRIARJE Protophyllocladoxylon Kriusel 1939; C. A2 R K& Sciadopityocylon (Schmalhausen 1877)
emend. Jurssk 1928; D. & PIFZHKJE Taxodioxylon Harting 1848 emend. Gothan 1906; E. EAH1% A JE Thujoxylon (Unger) Hartig emend. Siiss et
Velitzelos 1998; F. Ji 4h 5 ¥4 8 K J& Protocedroxylon Gothan 1910; G. = #2 B4 K J& Piceoxylon Gothan 1905; H. J5 4 % W A B4 K&
Protopodocarpoxylon Kriusel 1949; I. W 28K Phyllocladoxylon Gothan 1905; J. % AZ R AR Taxoxylon Unger 1847; K. # A AKJE Ginkgoxylon
Khudajberdyeve 1962; L. J5f 2 428 K& Protopiceoxylon Gothan 1907; M. JRUG &AM AKJE Protosciadopityoxylon Zhang, Zheng and Ding 1999. 1:
Xenoxylon hopeiense Chang; 2: X. latiporosum (Cramer) Gothan; 3: X. liaoningense Duan et al.; 4: X. yixianense Zhang and Shang; 5: X. conchylianum
Fliche; 6: X. watarianum Nishida and Nishida; 7: X. fuxinense Ding; 8: Protophyllocladoxylon franconicum Vogellehner; 9: P. sp. (iZhr A ELAiE, (HIH IR
AR N Protophyllocladoxylon Y, WK 3L 52 k) Protophyllocladoxylon sp.); 10: P. haizhouense Ding; 11: S. liaoningense Ding; 12: Taxodioxylon
heichengziense Tian, Wang, Zhang and Zheng; 13: Thujoxylon beipiaoense Tian, Wang, Zhang and Zheng; 14: Protocedroxylon shenjibeigouense Tian,
Wang, Zhang and Zheng; 15: P. zaocishanense Ding; 16: Phyllocladoxlyon jingangshanense Ding; 17: P. cf. eboracense (Holden) Kréausel; 18: P. xin-
qiuensis Cui and Liu; 19: Taxoxylon liaoxiense Duan; 20: Ginkgoxlyon chinense Zhang and Zheng; 21: Protopiceoxylon yizhouense Duan and Cui; 22: P.
liaoningense Duan; 23: Protosciadopityoxylon liaoningense Zhang, Zheng and Ding.
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L7 Hh X B T e K AR A A SR A B 2R ] X. peidense Zheng and Zhang. X. ellipticum
PR, HErdEvh e 10 i, o5 4 E CHRaE 2 X. japonicum Vogellehner 552 T (LA AE LMY
T 70%LA o X P X R R R AR A 7 AR X 2T, LT LL X yixianense Zhang and
VI A4, A B A FRY Shang. X. liaoningense Duan et al., X. watarianum
AL Q2 A, -k B g EE g4 . & Nishida and Nishida & X. fuxinense Ding 2§ XK
PR g LI A4 P LT BEGER SCEZLQ2 F) BT or 1o AHAF TS, ASCIRIER) X, watari-
MDA (4 A (B 10) RE VG X AR JEAELR anum GRERTEG S5 A) DAAE AN DL - HE AR S s (4% 2 7
PAMB A HERFEMHALE, B FERRSFEEE) (Nishida and Nishida, 1986), H
LHEMA 3 B, B RARBART L AEL L P IE B R ARIE . CH- M DOET AR R, 13—
HRAET —w@Fh . kP L n RN E R R T OMZ AN T SN 40 A 9 AT

Bl 10 e b A AR SRR AR A A7 Ml )= 3 AR AL

Fig. 10  Stratigraphical distribution of the late Mesozoic records of Xenoxylon Gothan in western Liaoning, Northeast China
1: X. yixianense Zhang and Shang; 2: X. liaoningense Duan et al.; 3: X. watarianum Nishida and Nishida; 4: X. conchylianum Fliche; 5: X. hopeiense
Chang; 6: X. latiporosum (Cramer) Gothan; 7: X. peidense Zheng and Zhang; 8: X. ellipticum Schultze-Motel; 9: X. japonicum Vogellehner;
10: X. fuxinense Ding.

5 & » AT 2 BETERFAE, ARG AT AR JBE FHE KT 3L V4 3
DCAE 5L P 2 e B SO AR MR A T B ) R A T

(1) ARWFFUHER IS w07 LRI Wigdl e N .

Kt fm 2 & 3 ®, WM AKEK (3) AHEFER L3 #r T AL P IX ok Bl K H

Phyllocladoxylon cf. eboracense (Holden) Kriusel. o mARBARM AT — R HEE, RBREZE

SARJEM X, conchylianum Fliche F X. watarianum AE L VG M X B A AR AR — BRI AR RE, (HAERh—

Nishida and Nishida. L PGH X VP AIARMATFY AL EAFAE R 7

A 6 J& 10 Fi, 425 10 R AR

AT B2 FEPE AR B VP L IR RS g, Rt
(2) ARBHFFCEG /38 TIL P IX B SR B!
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