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Rhizocorallium Fe7SEMR TR EFTIMEENX
— DA X A =B Gy s 2 A
XNE, BE, k!, BREE!, #2XE?2, HHX!

LR T RSBk 51T 2R 208, B8 330013
2.V G A i KR MR R 2 SRR 22, BGEl 610500

B OE [HK) G SUBX KIS KB Rhizocorallium, ST NG S SHIEHE, B ERRE
ST AL 3G RAT 9 ST M B TR IR S 4R /R = . [V ] % Rhizocorallium b A AT
Y 5E SRR, T I A SRR AL ; R RhizocoralliumU T&18s X 18320 65 Wi A T L4 A0 9 345 () B,
KGR SEARME, DMESTIGIE AT A I, 456 4ahia8 (BD WERBITRE, J+45
B VRS, B TR E. (458 (1) Rhizocorallium WALt U FERIZ I ALK,
FIE AL RS A R —TRATAT AR B () U BB ERS S B e (0.1~2.6 cm) SRR
[FEE (0.5~11.9 cm) 2R EMK (R=0.926 88) , FKIIIE B AN IIER 1T iR mE—5, &
PLEFh (-8 AAEAESRIRRFE; (3) SRIGH T BRI JE ICE FIURNG I 1, LA 25 £ 1Y Rhizocorallium
(BI=3~5) ARHE, FESAAIEREEITRE Gith; RBAEWE AT, LAFELK Rhizocorallium (BI=1~3)
NERIE, EESAEREAERIE . (48] AW FX Rhizocorallium WIS RA 5 @A %5E, HR T HE
TFE TR 50 A M ME R B HOAT A —=E Q- 50D R IR BEma SE R, R /e A
WA IR AT S R A

XA IR Rhizocoralliums RAMGA; BN ML
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0 55

Rhizocorallium B IR EFEE 4 K BAHEIA (Schiitte and Merckel, 1761) , H B ZEEKRE
fiEfE U TR ORBEIRH3E (Seilacher, 1967; FKICEREE, 19865 #3li, 1999; FZ1, 2004;
Schlirf, 2011; &2, 2017; Eh4k8], 2023) , HiE% - PATEUN A BEMIRNT R, JEMA N
R (RS, 2004; TRALESE, 201D o BIARGHA T Rhizocorallium WG ASFFHEH:
AT 79135, BRI NP ELLER R, jenense A R. commune (Knaust, 2013) . R. jenense
IEE EARRUN, WO R, HA T B, GRS 2 R K ER
(Fursich, 1974a, b) , ZE A PR AT BUE ARSI UR, SRR b Bk K,

J& Glossifungites B ALK, W W =B L 2o i b [E)KIA 5 (Farrow, 1966;

WS HEA: 2025-06-05; WERFRAEA: 2025-09-05
EEWMB: EXRARFFEAEELETH (42062002)



U R

RPNk A, 19825 Miller I, 2003) o R. commune {IENE HARK L, W/RNEHT
3 (Seilacher, 1967) , % 5EMHFAT, EEEVNEVREFVMNZEY, BRBEKITKR
B PATIUR S [ ZE(FEBRRL, J& Cruziana BEAH SRR, WAF T FE A 2 9T 42 1) )
H— N A AR (Farrow, 1966; Fiirsich, 1974c; el A K%, 1982; Miller III,
2003) o R. commune XS LA ZKE, AIBE—L X3 AL (R commune uliarensis A1 R.
commune problematica) N8 F (R. commune var. auriforme Rl R. commune var. irregulare)
(Knaust, 2013) . R. commune uliarensis ¥& /X5 2 22 e L& 5EY) (Firtion, 1958) ;
R. commune problematica ¥ /X 5 R H, HJ51RABERMIE (Gimbel, 1861) ; R. commune
var. auriforme JEN N SFRSE, S5ZMBIAE (Hall, 1843) 5 R. commune var. irregulare 18 7
K, RXBPATEHR, ¥2HEH0MHM (Mayer, 1954) .

TN X o =BG RIK A Rhizocorallium 534 32 HARAE RIF, HEAT BRI
() U T TURIE CAR 22 AR, G A i e 5 et B i (Knaust, 2013) . [A
Uk, Rhizocorallium #iHfiE AL B & (Firsich, 1974as W2, 2017; #8575, 2019;
#HakH], 2023) o AR, Rhizocorallium 1 7 ALK B AIR FIL A FER AR M. AT
EEHTE R AT ARG U R/ (WRSCEREE, 19865 Schlirf, 2011; Knaust, 2013; #&X2,
2017) , g TGV HAMAT IR AR, (RBIEA) MW, SEEARIE Y B
IWHIA . WX KIN Rhizocorallium B ENR U LR AL, EF U G BEGERL L
QRGBS Mgk, BT, KHFTELE: (1D #8 Rhizocorallium 17X F G4
(2) BRI IELADAT A MEGIE TR MR, W8N Rhizocorallium ¥ 78 & G T 1k
Bl (3D JEIE Rhizocorallium ¥ 75 3L A BT . SEAMAT Z IR A RFAE . AHIF 5T
BN Rhizocorallium WITEAS RIS %€, AL T X HIE LI BLAR, & T HBARE,
DN v PR E e SR T T RE A8 A

1 WX =

o =B BTN D SO IX AL T4 TR P iu p gk, PO &R, ZRIEEF AL A (&
la) o ZAIERS 5 T BUR ALK HIREE TE , BET Rt BkIR £ & TR A RINK E (1
A, 2003; HINEEE, 2004; BFEZE, 20105 K4S, 20165 MM, 2019) o B
RIX KA T RMENT =ZSRRGRwhHk THA, FEMEAT=S5HUFH (&
lo) (Maetal, 2022) o (BMAXBHBEE) (GIMEHE R, 1987) KQULHRI 5 R
AT IRBAT LB, HEEEHNKE . OafigiLs, 88X RELEmNAa. A0



XIE5E: Rhizocorallium T8 E5K 7 v e Fo vl M58 5 3L

FOR 4 SCH X SIS AT EAT S0 (B 1b) = R (1~15 J2) LAY AR A A AR 8 2R
RN, WAKTFZEHEANE R, B & Rhizocorallium- Planolites Palaecophycus F Thalassinoides
Gl A BB (16~24 B) DAEMERKERNE, RYRMENKFEHR, 58
Rhizocorallium RX5EI . JERRANGHES Y B BELIAMA (B 1cs B2) .
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Fig.1 Paleogeographic characteristicsfand lithology histogram of the study area
(a) Middle Triassic paleogeography of South China (Ma et al., 2022); (b) field real scene in the study area; (c) comprehensive lithology

histogram of Middle Triassic in the study area

2 Rhizocorallium 7 WEFE

2.1 Rhizocorallium &N RGRER R
21.1 UB#HR

U B3/ Rhizocorallium FIA% ¥4y (Fiirsich, 1974a) , & AEYIMeERT 5
WAL FE AR R (P, 1982) , BRIV QD% 2018) o KIRA
(¥) RhizocoralliumU JE# /X AWM 2L U T FBER M3 (B 22) « U JEIBEE 2
AR (B 22, b, d, e, g~ » BERWIESET AT U T8 2 i 2 A (B
2a) , HIEEEFER =AM WG BB G NEIRA DR U B,
T A R S B, TR — AN HBERME I R (B 2b) 5 VR B,
I RN D BOE X 3, RISERTE 5 AR K U TR, I A i AT
(B, 19900 , TEREE AN EE (E2b) 5 ENRY RNE: FRdEESHT, &



LI RIES: BN U R (B 2g~) o W7OREEMTERY, EEEYE R EY
VRS, @M R U e, BoRMpE sy mfasHEadim (B 26, d, b, j),
A RARMEERCRNIT RN B, 19905 Knaust, 2013; #H4kBH, 2023) . ih4t,
BETR A3 DX 45T s R (B 2k, D, SRR A R S AR T R, KT
FRAIRY o8 ] 48 P RL TS (ZERPR, 19900 , #43 Rhizocorallium £ & FH ¥ U FE# 7l /> B
I, 5 R ik

K2 WFRX AR =B84 Rhizocorallium X KRG E 2%
(a) RhizocoralliumU JUAETOLERAL; (b)) NE () MIEMIE: (o TR UBREZ; (D A (o WERRERE:
Rhizocorallium KAERUMERIIELE;  (F) KV EHEEEKE I Rhizocorallium;  (g) N () JFEHCA; (b AE () WM&
M G N O BRBHEKR: G AE G MERME: (k) RhizocoralliumU I/ (D NE (o MFBHECK:  (m)
BERAL I T BRI [ RhizocoralliumU 7 (n) NE (m) MERE; (o) 52 F4TH Rhizocorallium; (p) 52 THTE
HI Rhizocorallium; (q) %5 & 1 Rhizocorallium



XNEEE: Rhizocorallium 7S G5 it B A3 2 X

Fig.2 Elements of the Rhizocorallium submarine system of the Middle Triassic Guanling Formation in the study
arca

(a) morphological characteristics of the U-shaped burrows of Rhizocorallium; (b) schematic illustration corresponding to (a); (c) curved
U-shaped feeding traces; (d) schematic illustration corresponding to (c); (e) coexistence of large and small morphotypes of
Rhizocorallium; (f) densely developed Rhizocorallium on a horizontal plane; (g) magnified view of the area shown in (f); (h) schematic
illustration corresponding to (g); (i) further magnified view of the area shown in (f); (j) schematic illustration corresponding to (i); (k)
U-shaped burrows of Rhizocorallium; (1) magnified view of the area in (k); (m) U-shaped burrows of Rhizocorallium exhibiting web-like
structures in a vertical section; (n) schematic illustration corresponding to (m); (0) Rhizocorallium oriented parallel to the bedding planes;

(p) Rhizocorallium oriented perpendicular to the bedding planes; (q) densely developed Rhizocorallium

BE4h, % 99 A Rhizocorallium () U JEHE X B8 E BAR M i A4S 1A BEBEAT G 1 (1 20D,
SEREY: BLEEANT 0.1~2.6 cm, H 53%EHFE 0.6~1.1 cm (& 3a) ; WEE ]I
N 0.5~11.9 cm, HH 43%9 4T 2.4~4.3 cm, 26%534i T 4.3~6.2 cm (& 3b) o AT
B, BE EAR S RS B 2SR IEA R (R=0.926 88, & 3c) , UtHIREAGILA
PRI K SEURBE BRI, PESMERLY R, i, £ U RBRHIHDE i
SE/MERL U TEH I, HUAITES SRR BAEAL, (ERSANELN (B 2. B 3¢) o Bk
RAERH, 1l A i e BE MR AT R, FERREEIEVRSI SEBU IR AU K 5 AR B 7k

(B 2g, b, #HE—DEHE - BLARRKKAFMEIF -EBD K& 08 ST EMT
PSR SE AL L] (Basan and Scott, 1979;, Pemberton et al., 20015 3K 3. 745, 2015; Zhao

etal, 2020; Eh4kHH, 2023; Lietal, 20259 -
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Fig.3 Histogram of the frequency distribution of U-shaped burrow parameters of Rhizocorallium from the
Middle Triassic Guanling Formation in the study area
(a) histogram of diameter length frequency of vestige tube; (b) frequency histogram of the distance between the two wing tubes; (c)

correlation analysis of the diameter of the relic tube and the distance between the two wing tubes

212 &HBHR
LI N BRI BEARIELE TR, £ H Rhizocorallium 1E7E AW ICATIE 3 T U IE
W5 U B EERE (B 2d, h, j, o) « BANERHICTIZER S U BIE/GER
B (& 20) , @HRPELEDECYEZBIAGE T, HAT 950 = R B e 1)
TARBEREICIT: 3 —FhRALRIE-FATIMLEZE (K 2d, h, j) , RICAIELEAEYIE R B )5



WEIT O BUE X ik, ek 7 @& (G, 19900 o bk, #Rr2RIEIE
PER] RE BT IS A PO E), SRR L SRR R, R AARE (B 2g, o) .
2.2 Rhizocorallium F&NTEE BB 72 o HFE
22.1 “F47F & @4 Rhizocorallium

Rhizocorallium 8K E BT TEH. WK, HFHYEEAR 025 m>E 154U
TR (B 26) , |EITW b, S EREEINEE SEL) 1940 Mm? (& 5a, b) , RN
U e B 5L EIRITIERENE SR RS (B 2f~)  XEEFEAM K I8 niE il
YIR Y v RO SR, B I d A T8 6 AR T 38 B A o 8 DA L AR T £
REFRFM U, 19900 « 52, WA (B se, & RERBEHREE
FRBLEE AR 78 R I SRR, 3G A R T R BB 6 & AT 9, BRI TR K-F AR ALY e i 7
R
222 #®ExEAETE @ Rhizocorallium

PRI BT Z 10 1 Rhizocorallium 8N F B2 = KIMERFE: (1) HHES A /D
MERZTEER URREZL (B2q. Bsh) ; (2) ISLAMEK U RS R &R E
RBERMIE (K 2m, o) 3 (3) EETREHEMLILIEITZE (& 2p) o ERFFE (1) M (2)
R, G EYE R U R 2O O AT R A AR R D SR TR
KAEL (Knaust, 2013) , Hyifs SRy, HiRlekdE B 1 Cf B Tl i A V008 BT
MR TE, BRI AR FHE (3) PrERIER T EmMATZIC T, WE T fe
BTG A M AE SRR TTARERATRE (2 BRI AT N (Wang et al., 2024) .
23 EYHsSHENAEE
23.1 A4k

VIR BN 5 B R IR R KB ) S AR (it 5, 2008; ROCEAMMSE, 2016;
Shi et al., 2019) o V&L Rhizocorallium |2 5345, HARFh#8EE LLAEMIETEE (BD
JEBRAE (Taylor and Goldring, 1993) . TBUE L34 ] Rhizocorallium %} N BI=3~5 (&
2f Bl Sa. R 1D, BRG], FRBIRTIRIER SR E MK I35 . R4
B, GO E R O SE RS2 PR, A I3 A A SR PR v O £ SRS LLIE IR, [RIE I
REM I A A TR RAF . LB ATE L H) Rhizocorallium XFM BI=1~3, ([l 5¢, d.
R D, BR—8E, SR R E 2 S BRI K B AR AR UTRR N
T BT SRAH X 78 R (0 SRR, (A 352 A )R BB 30 A7, [ v R /K 3l g A P 1
885 BB PRAF T S



XE%E: Rhizocorallium TS5 M S FHodi A3 = X

=1 EYMHFRHZE (Taylor and Goldring, 1993)
Table 1 Classification of bioturbation grade (Taylor and Goldring, 1993)

waRs  HEIE% Eiiipay

0 0 TR IS

1 1~5 /b I A A e kit , %2 KEDRIIR

2 6~30 BIEA S ABORGL, RREEI G, JZEEW, ETEiR R

3 31~60 AR, EESIG, RESAMHN, RS
WA S AE R, RO ENSEINR, FEATEAE, SR

4 61~90 .
URRY) P SO AR RERARR 5 % B R 2 A A 0 R S it T, )22 B8 7 T ) 2R,

’ e R

. 100 BEA LT MBI, MR, VAR ZREE BN R 2

e, S AR R

232 HAFFENELLHERILE

KU H T B UL F & M Rhizocorallium A ¥, [F B 5 Planolites . Palacophycus X
Thalassinoides 354 (B 5i~k) o HIEIEAEYIAT 2] M RIS A R0 R =28 GBRR,
20200 (R2) o (1) BWEI: Rhizocorallium UL U JLHEFCATE CHAEELRIVIET) , ¥
T, HRE2E CHT. RIXMEEER) 5 (2) #/Z: Planolites EERIE I,
NEFNFEIE, WEmFATOA (B, 20200 ;  (3) JEAZE: WIEEIREEIN Palaeophycus
CEATIEZE R K Y B IR Thalagsinoides (RIAZET) , JEEHER AR GF

KA, 2013; HZmAARKR, 2014; FREFES, 2015) .
%2 PREXRF =BG EILE TERIBRTNA L B HHE

Table 2 Fossil development characteristics of relics in the lower member of the Middle Triassic Guanling

Formation in the study area

puisud TR AHE A S B X R TG
Rhizocorallium U By 4J% B efT AT R EH E|

Planolites R biid s AT F3)
Palaeophycus R JRAE AT R Wiz
Thalassinoides Y AL k. Bi zz E3)

RIGH B Rhizocorallium W 5LAMAIEE (B Se~g) » SR LR 241
MGEBRAPRENFALE: (1) BRSEXGERFTIRRACEE, SHOHRTE. (i A 5
TR, R (B 5e) 5 (2) BERFRERTRER (0.5~3 em) , BREEE5EM5%E
B, Wo20ma NEMEMRE (8 5d) s HE 2 pilemitizetH (K 4b) , 45 TR
IR (3) FHESNYE R 2 PR SER: —SFONRREIAKE (B2 0.2 cm),
SR (B 50 5 73— FORERKEKERKE (HEL 0.6 com) , B E s H A+
TREfEA (K 5g) .

N



3 Rhizocorallium WM EFIE

WHFLIX KU L) Rhizocorallium “EHEWRAE T fh K G FIAEMIWE B I E T (B 41, ) o B
43 Rhizocorallium ] U JEIE /GBI & BRI R KM MA (Bl 4a~c) o X5E
KFARLEF NN T, KENT 0.1~2 mm. BElAHEBEBE. GILHR (EH4d, o K&
BERME LRI B (B 41, g , IBRAEAHEE (Zhang et al., 20165 RXBEFTKLE,
2017) o BOE AR K, BE AT, TeaRIE A TE 1 A SRR R A
FTENAIG, SEENTEERTES (B2, b BRBIERER, UREBIKREN,
BERDIE AL R UTARYIRL L BRI NSRS IR, R RS de s T A LT 2 & 2
HR BT, NG A TR I B0E « 888 5 A FROT e g ia it (K
4h) , IEIEAE A o TA BV S5V T B

0.04 mm ¢ et

WA

A

0.5 mm

K4 HFRXh =35I A Rhizocorallium A5 KA
(a) BORTA SRR E AN AL (b) BUEEANRIEL: (o) BEEEELAMNGE: (D #EEY: () Aild: ) ©
BEORMIE AR  (h) AT A MBS WA A (D Jedia: () BB KA
Fig.4 Microscopic structural characteristics of Rhizocorallium from the Triassic Guanling Formation in the study

area



XE%E: Rhizocorallium TS5 M S FHodi A3 = X

(a) interface of interior and exterior of the trace fossil tube characterized by indistinct boundaries; (b) central region within the trace fossil
tube; (c) bivalve shells in the rock surrounding the trace fossil tube; (d) algal aggregates; (e) foraminifera; (f, g) pyrite associated with
web-like structures; (h) interface of interior and exterior of the trace fossil tube filled with secondary calcite; (i) micritic limestone; (j)

bioclastic limestone
4 g

4.1 Rhizocorallium &7 BRANEI R E B R 53 2

W FCIX E 53 Rhizocorallium ¥ 7X Z 5t U T8 X ELHGEHATEIE 7 R & —CAT 40 &
(Kl 2a~d, f~j, 0, p) o HIERIEFELAE 2. j NI IEZAEWHT AL, HEDIFEE S
HEAME U B R &Z: i N —ANaWEe, REfT ARy, TERERITE: 3
EHEPIRIE IR B R U R &Esm R ICAT I B AT 18R (B H 1o ph k] O,
LI T TR S LHIAE TG A4 R & SICATAT A AR Bk . AT AT 98iE U TR R B,
T B PDUR 53 AT AR B AT N NICAT, TR T ICAT 78 . Hor, HEHEAN A 3T & X B 22
FNCAT 5 AR B B @t T (s, 1990) , RSEENG R0 & (T 45 .

Rhizocorallium ¥& 78 5 G 45K B T AL RO 1 B AN 3 22088 22 g 5 7] 2R 4 1
FIIR, 3 REAE L R A 38528 J@ Pk o3 1) B BEAK AR o 1 E X 1) Rhizocorallium LA U JE¥#7CH
FERE, WHELBEIR, #5 URE ISR EBREEF RS REER, AREZHE
R AT, B AR SRR, SRtk r AR TR R, commune (Knaust, 2013)
IR RGN R RRKIURAEEZE R, HFFXH R commune £ EX 5y Jy P A 18 728
AR (£3) o NELLR. commune var. irregulare NF. (& 2a~1. & 5a, b) (Mayer, 1954),
SEBTHIEA, HE R ABBOIE ML, U TEE KR )RR 1.5~5.0 cm (76%) ,
BMAEEREEEDT 0.6~h6'cm (82%) (Kl 6a. £3) , BERWIGERE: LMIBEKE
AR SR X HAE R, RGBSz 0 AT TR, # 5 H A
WwHEIE, BTG (B 1) o FBLL R commune var. auriforme NR# (F 20~q-
K 5c, d, h~j) (Hall, 1843) , HE/XARGiH U RO M i, W3R E)EE 2.3~5.9
cm (79%) , BEEHAE 0.4~1.1cm (88%) (E 6b. & 3) , KRIBERMIE; LIEEHIK
BIER B RANEEEIER, G EmAESAIY BER. SEEIEFTEML, H5N
F MRRIMA A, EETWIRE (B 1o . Wi, EBRRMIERE R commune
problematica (Giimbel, 1861) , U JE# /IR Z M K /EIR BERY (B 2m) , L&
7, ARGV ERAT S, TR TR (B 1o .
42 HES
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BB AR A S IR B R EAEF (P24, A0 T 3 A M A AE 25 ST AN TR IR SRR A
(B, 2007; BFE%, 2008, 2009; Fengetal, 2017; #I%k, 2020; Luo eral, 2020)
RIS T BOR B IR 7 FEM I8 80 A7 H & 3 B4 : Rhizocorallium . Planolites Palaeophycus
M Thalassinoides (&l 5i~k) . ZWEIMAELA A H G H T IR TR R, HEK SN
(WA () Planolites B 7% T Rhizocorallium 2. &, 51 Fe/RIEARIIBIERR LG T,
VIR AT T IR B ik (Rodriguez-Tovar et al., 2007; Boggs, 2009; 7 &%, 2017;
Shietal., 2019; EEEMER, 2021 o X—IMREKM: B Rhizocorallium EHE )G, Ui
FUHE R PR B A PUARR (A1, )G 3H Planolites HIE AV BUE R ZETIRWAIE T %44, H
ik, SRR TE JE T 1 v B AT VA B TR ORI R A AR B ¥ BARROR . i
WY (JEHSE Rhizocorallivum) TEARTTARE A 5B BE T 18 R ROR & 5w, s
EHURMXBEZ . WAL, Thalassinoides 5 Rhizocorallium ¥ 734 L HAZEHE (B 5) , B
7 AT REAFFEAR X BRI TR S 4] T AE R B 10 78 5 R

I B LA N, T B BL RhizocoralliumNS95E3 . 18 228 J B HESH &
AL A NRHE (B Sc~g) o SERCABEEE . KBRS HHE SRR, RT A
P2 REMEROBR T o A RO R B, A2 255k BE T Rhizocorallium 2.t (4
5¢, &), HAR MR RFEMIRNBE I BN CE 4 o XK Rhizocorallium 3&iBEY)FH 5
SERH, WS WGTISRINE R A W A AR PR B 1 S 1 Bk, Horh ' AR S BRORLAR AT g 3= 2R
HIEEE (Luoeral, 2020; %, 2022) . FHEZWERILAKHI, KRR THREEFRHL
EVRTHIL, B T ZREBNE A S RGN T B (ZBL R KLFMHE HEAF—Z I
BB, 1) b B ST 2 A BVEREI TR A . X = Bt T BRI R TR S RGN R R R
FAL T BN AIEYE (Lietal, 20165 8IS, 2022) .

43 HIME

KUA N B LA S KA A AE IR B KA N E (B 1o) o 1~5 2L —T B YR B KA
Aedb A E E, AR WK E B/ & ] Palacophycus, XEEFFETER TKAE . #/K ARG
#HFREE (Boggs, 2009) (Bl 1c) o 6~15 JZ[RIFELAE—r 2 AW g I & T b K E N &,
WK R BN ZANIE o Rhizocorallium TEZJEBCE LA (BI=3~5) , f£4/0& Planolites.
Thalassinoides FIRFERAA (E 1e) , REMRTUBIREAAG HUTARK 8D, (R4 L)
(41 Rhizocorallium) IR EITHN (Luo etal., 20200 o VL FRFHER BEUTAIA B MK

RefJTiE & (B 1c)  (Boggs, 2009; HEzESE, 2020; T fPHA%E, 2021) .



XNELE: Rhizocorallium FEASGEN 3T B I i A8 =5 L

FIITES

. : * R ‘.t' ,. g

Bl 5 AKX =25 R HB T A —SE A B R R

(a) FEH I LI Rhizocorallium BB BRI : (b)) B () FNMRHBK: () Rhizocorallium FRFHRMA L (D
Rhizocorallium SR FNUAIELT; (o) MGEHMA; (@ BHIMEHMA; (b Rhizocorallium KFATEENEZER; (1)
Planolites 35 1E Rhizocorallium Z Y5 (j) Thalassinoides 5 Rhizocorallium 3£47; (k) Palaeophycus; (1) ; KFZH; (m)
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Fig.5 Trace fossils and solid fossils of the Middle Triassic Guanling Formation in the study area
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(a) cross- sectional view of Rhizocorallium trace fossils in the vertical orientation; (b) magnified detail of the area in (a); (c) coexistence
of Rhizocorallium with bivalve fossils; (d) coexistence of Rhizocorallium with gastropod fossils; (e) bivalve fossils; (f, g) vertebrate
skeletal fossils; (h) Rhizocorallium exhibiting steep penetration angle into sedimentary layer; (i) Planolites overlying Rhizocorallium; (j)

coexistence of Thalassinoides and Rhizocorallium; (k) Palaeophycus; (1) horizontal bedding structures; (m) bird’s eye structures; (n) mud
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Fig.6 Comparative statistical analyses of the frequency distribution of tube diameter dimensions of
Rhizocorallium trace fossils in the upper and lower members of the Middle Triassic Guanling Formation in the
study area
(a) U-shaped potholes in the lower section of the Guanling Formation; (b) U-shaped potholes in the upper section of the Guanling

Formation
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Morphological Analysis and Paleoenvironmental
Significance of Rhizocorallium from the Xingyi Area of the

Middle Triassic Guanling Formation
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Abstract: [Objective] The Rhizocorallium trace fossils in this study are notably well-developed and well-preserved,
and therefore offer substantial research potential. The morphological composition and structural features of
Rhizocorallium burrows were analyzed to elucidate the formation mechanisms of the burrow system, and the
behavioral patterns of the trace-making organisms and their significance as indicators of paleosedimentary
environments were clarified. [Method] A total of 99 U-shaped burrows were measured to determine marginal tube
diameters and burrow widths, and linear regression correlation analyses were performed to evaluate the relationship
between the two variables. Building upon existing ichnological literature,\a comprehensive investigation was
undertaken to describe the morphology, formation mechanisms and{ behayior of the trace-making organisms
responsible for Rhizocorallium burrows. Secondary structures such as linear, crawling trails were also identified and
their spatial and functional relationships with the primary U-shaped foraging traces were evaluated. The bioturbation
index (BI) was employed to quantify the extent of sediment disturbance caused by Rhizocorallium-making
organisms, and lithological data was integrated with traée fossil assemblages in the Guanling Formation to develop a
detailed paleoenvironmental reconstruction of their habitatypreferences. Additionally, systematic paleontological
analyses of trace fossil assemblages from the lower stratigraphic member were undertaken alongside examinations
of body fossils from the upper member to assess biological differentiation patterns and the complexity of trophic
structures throughout the depositional sequence. [Results and Discussion] (1) The fundamental architecture of
Rhizocorallium consists of U-shaped and linear burrows. Most U-shaped burrows feature a curved marginal tube
enclosing spreiten lamellae and are integpreted as feeding traces generated during foraging activities, constituting the
primary structural component. Kinear burrows, occurring in both single and double forms, are considered to be
crawling trails formed during locomotion, and represent secondary structures. (2) Marginal tube diameters of
U-shaped burrows range from 0.1 to 2.6 cm, while burrow widths vary between 0.5 and 11.9 cm. These parameters
exhibit a strong positive correlation (R?> = 0.92688), indicating that the behavioral patterns of the trace-making
organisms remained consistent throughout ontogenetic development from larval to adult stages. This behavioral
consistency aligns with an r-selected survival strategy typical of opportunistic species. Directional foraging and
burrowing behaviors are maintained as core survival strategies, with burrow systems expanding proportionally with
individual growth. Moreover, a subset of very small burrows is interpreted as juvenile forms of Rhizocorallium trace
fossils. (3) The lower member of the Guanling Formation, primarily consisting of bioclastic limestone and micritic
limestone, exhibits abundant assemblages of Rhizocorallium trace fossils, including Planolites, Palaeophycus and
Thalassinoides, with bioturbation indices (BI) ranging from 3 to 5. These assemblages are associated with
low-diversity trace fossil communities, suggesting deposition within a low-energy, open platform environment. In
contrast, the upper member, dominated by bioclastic limestone with sparse occurrences of Rhizocorallium (BI = 1-3)

and a highly diverse assemblage of body fossils (e.g., bivalves, gastropods and vertebrate remains) reflects a
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high-energy intertidal depositional setting. Systematic paleontological investigations have demonstrated an upward
progression in biological differentiation throughout the sedimentary sequence, with the paleoecosystem’s trophic
structure becoming increasingly complex and approaching a stable, balanced state. [Conclusions] The
morphological characterization and analysis of Rhizocorallium ichnofossils provide insights into the compositional
features, formation mechanisms and behavioral stability across ontogenetic stages of the trace-making organisms,
indicative of an r-selected reproductive strategy. Furthermore, these traces reveal adaptive responses to
environmental variability. Collectively, these results affirm the efficacy of Rhizocorallium as a reliable ichnological
proxy for reconstructing paleoecological conditions and paleosedimentary environments.
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