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Ry e, Bl A E R X B E D, IR — H HE R E &S EDN a6, B REEY
B9AT R 52 55— 07 T AR 1 B 5 R OGS SR AU R LRR 45 44 #1 R 18 7T DA — e
W BUEMER, T H, B AFN AR E NS g, X —E XS, R
R e, Lbr LRV ML E A EYE NS SERI R EARRN IR R, 4
VAT 07 AR, A 4T 3h 7= e W TORR AR S & AR AT, B G, B BT AR A X e A 4 A
(K g 3 , SR B YK A0 B R IR LA A DTER IR B 1
HEHERFRHR L TERLE, BEEHREE T CERXR, ERBUUEREED
FO R —Wa, T E . — TGRS EMAREFE JFET BECHHRF
é‘”ﬁ E W AMF L BIE R AR S KT 5, FE I 25 B 55 o ) — SE RT3 0 N F 3
TR P, 712 AR W R 4 1 R AT PR AR R O 1D, BUTR T 14 & T i 38 /& (Seilacher,
1964, 1978; Frey, 1975; Bromley, 1990; Ekdale et al. , 1984 ; Curran, 1985; Bottjer et al. ,
1987; Wetzel ,1991; 7 3 , 1984a; R, 985; T HiB%,1991),
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®1 EMREMERDE

The classification of biogenic structures

A Y13 3 1 (Bioturbation structure) A 3 e A g L IR
TRAME BRI, B T £ 49 8B A FyLm R K 8 2 2 5 E
TLRRAH

LY 2 (Biostratification structure) SWEFTEERN.E
HZBEAF AR — AR E G TUREE, mEMREARFREE B
2E EHREEANEE

H= 497 Y B4 7 (Biodeposition structure) —— = %7 15 3 7= 4 W B4
Cmeapr B3R A YRR EFRE, ER M —#
4 B TR i

B YR L R, R B S R R TR ERE R

A 4 B A B9 TR 4 (Biogenic sedimentary
K B 4 TR A R R A R
LA A EYEI I AN E R E R
1R TR B AR M R

structure)

A= W43 th ) 1% (Bioerosion structure)
R R PRI R— Y B

32 I A= 0 TR A AR B A5 Y J L e 8

12 F A ) B B P 1 SR R R BR B, R E VT LB T A LA R AR (DX BB b A T A&
BOH, T RSB AR ES I, TR B ESENTIRARE T E B (2) —SF5RH
BB E W ARG IR BG4 5 (B BIEAH T, T R B AL A 40 & /KR fa MR B UL

BB O E GeD 087, AU Z R RN S E-] AIRERRRS R
,L\.\,%%UXTT%?LEL ah, REREE L.

(=EBHBENESH L N THERBHENL

Seilacher (1953) MR 4% AE# #4777 2, B BB A A 4 1 5 Fh2KAL . JRAE | JRATHE | fK
B RSB RE, 5 ¥, FE I/ 2 Al b, X T 2R 2 #4628 (Ekdale e al. ,
1984) , 7 frilf (Ekdale , 1985) #1344 53 (Frey and Pemberton,1985) ., EfilI¥FES AT T .

1. B (Domichnia) KESM(EENBREY  AHEERREBEVEZNREYD
BB B B AEA 1 L 3 B B BE A 3 8 R K AT I A ARl 45 ) B BV B R Bk
B () SR ARG 5 T R 26 R 2 Ao B (lining ) 355 J2 S BT i 8 9 3 B K T4 7, Ak W R AR B
[E1f:2 7R

2. JETiE (Repichnia)  H ¥ FE I . 17 5E . TCAT . % 30 B AL FF L AR M43 Bh T 7= A /Y 53
I, BIER RN RE, s B =t Ry R RUE .

3. YR Bl (Cubichnia)  AE¥ A A5 B 7E IR R B T BOEVR, 1 = B
AR /NUTIE (Rusophycos) By — 3 — 35 [ B #5 5h 14 1 B ENJR (Asteriacites) .

4. B Eil (Pascichnia) HAYMMNBIHH R IEHIT AT NS S EW8ET, B
1= F IR R TR TR RE, B 8T, RS B8 HAUN A T R & UMERROHE
EVIRYERE, &S0 JUATE S (Spirodesmos) B 2 R B M TR (Helminthoida) LA X &H
A JL(A T 75 (Helminthopsis) ,

5. # &% (Fodinichnia) B &IRAY ¥ EEWHERMETTYH RREDHFHITHIT
GG B30, 1 0 A ) (trace makers) XTI A H#, MRS F T % IE, ik
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TR N —3g 3N, N B— 3 HEE (Planolites  Muensteria) , 8, , & B Y S LI X EE
B R H RN—A O S, BT R R E R B Y (Phycodes , Asterosoma) , 7 #b
F SRR RN RGO B A 2 B R B 2B (Chondrites) SR #E 2 BEIR A &
(Zoophycos) ,

6. J6 iR (Fugichnia) & FUIRY KW RFEERBEEM, FHELEYREECNIFRE
IR ) Ealm T3, ¥, A YRS e CERBRY PR E SRR Z WY
BE B4R F—FX (Teichichnus , Diplocraterion) (R 1,8 6), iR B KL HNBLEME CIE
BHEYITER, & A (EETTEE,1992),

7. BHYEE (Agrichnia) &8 AW B FIHE R R AT MGG = £ W8T, &
AR L BHETEC B VB 2 SRIRELE Y, B8 B B R 8K il 4 & (Cosmohaphe)
SUBFET (Spirohaphe) B 7510 B FURAR 2 (Paleodictyon) .

8. F R 7 (Praedichnia) WAV AT AT LM BT, IR A EIERE Y7
R EFrE RSl ERERR EF = ENHE SRR G EHNFRTE.

9. i"}jﬁﬁﬂ(Equilibrichnia) T Z B8 4E H (agrading) 8B $4% B (degrading) ,
NESMABAREE i LRm T RBENWERE, £ 8EYER S 5TREREHRE
PRIFIE—FRIHIRTS .

F 1 FHHE R AT X P AR R A 8 2 R TR IR IR

The distribution and sedimentary environments of Mesozoic trace fossils from Hohxil area,Qinghai

iR
- LRI IR
. s (el s B |y |2 |
® E 4 A B % # E A g | B
Moo ] B i
f A A8
Acanthorhaphe sp. C
? Scopyenia AR g =N F
K Scoyenia inhnofacies
Ophiomorpha annulata HMehE D,D—F
Palaeophycus sp. B D
Arenicolites sp. RBKE D—F Skolithos ichnofacies
] Thalassinoides suevicus D,D—F
3
| ? Phycodes RS, F
J Palaeophycus sp. A HoE.RK D Cruziana ichnofacies
2
Planolites montanus b= F
Muensteria sp. F
Planolites montanus WE - BvE. F
Zoophcos ichnofacies
T3 | Chondrites sp. B i g = F
. -Nerites ichnofacies
Chondrites sp. A HEEGHR F
*C Crawing structures (JEfTHJ1E)

D——Dwelling structures (B i)
F——Feeding structures GEEHIE)
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BB A B A A 2K, T LARE B 3704 IR A6 B9 LA BRI, 40 FE 0 7 W (R LR
H ATk B FE IR R SR SR LU £ &, T bl W R 5 R M HO4H L R
FBHEBERE . LRIB IR LT B, F I, 38 A #1702, WU BT R T1A
IRULAR RS 5 /Y T 3R S8 B AE T 50 7 8 o) ) v Bt IX o A AR b it R B, B = it D
HEME N E, PR ET I, AR EERAFEELE, B TRERS R, BEWEE Y
RE A S BB AR, KB T KA TR Y o & S 3 0 DTRR IR B R
R AEEELEN TR,

(D ERET L BREREX

A BB AL 1 M T TR AR R B B 18 B X Chondrites (BRI ) Xt GRS IR 55 Y
HRER . B— A BELHBIT.

HI FEABHEREZHAASEETRECOEEDLE

Tiering relations of trace fossils of Mesozoic marine strata that represent oxic

(after Bromley and Ekdale,1984)

B LA BEAKPFPEHETEREK
Lk 3%
Plawlites B
WHE .
Thalassiuoicles 2
bt 37 K
Large Zoophyeos .
NEE ¥ ‘
Small Zoophyous Tier level
KERLIE
Large Chondrites
INERRLE
Small Chondrites
. =1 =3 N 2 ~r A EE %
% &2 ([T R 22| FZE|FTLE|LFZTE z -
L. Maastrichtian | Santonian 7Kjf| Turonian [3¥ | Turonian JE#| L. Jurassic Danian Ji& 35
HE TR BT mE BHKE (Toarcian) | gkt &
HEWREE  |HE  ARN| mewm | oUER ep=taseall L L 3%
% B £ iled) ERERE | AH dl
*H HEBEN

Chondrites J&=— M4 A LT 128G E (ERR T, B 1, HERLCEMREHF 24, E1
U A AR # & A 2KB P @ E USSR A R R TR+ (AR I g D
ERERE, EEEBOANTERERMS T RN B A ZEORM S TR 9 4 T iE
FORALHES B B, Chondrites 3SR F] AFFETE , .IX KW , Chondrites W35 308 A W) 3¢ T B 3 5%
BAERBNZZE S . Bromley Ml Ekdale (1984) % ¥ i 7 4% s o A4 4 1 4 2 3 T gtk
EEBESMHET TR D), EAFEBHER T Maastrichtian fy3ti 24, &H W&
LB RN Planolites (38538 35 T B # Small Chondrites (/NN ) &S & , [F] B,
X—H#Z PR AR BT L DR R BRSBTS R K M B 5, & FURE
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HEYHBETE X — IR T AETE . BIERAKTEN S RBERERE, & LM B# Planolites B 5%
N E P E LR, RIG R Thalassinoides QB4 B ) , Zoophycos (FFER) , 5 M. [RI it , 4= 41 4% 3h iR
BB E R K P E R & B RER T B 58 . 7B 3 SCHTBE B Danian K& ks L2
o, 4 RS TR A 548 O 58 2 Y SR B A& (BT, Chondrites B WNHLZ F1H &, £ Y 3t
FEFLEED BT AEEFBEARMB PR ER, BT EMEHENELEED
X FEREA R ARR ELZEES, BT LUE H Chondrites MEREMX FHEAREF R
BT ZEN, U BT R ERBIAEMEIHE K, AF T Chondrites —FpBT, FEEFR B R E
TIRAE R A BIERE K, X — 8 X LR, Chondrites Tl IE B EFENH
IR

(AR I

1. = F 18 % F£ Y% (ichnocoenose ) Fil i i #8 (ichnofacies) # 12  #R $& Dorjes #1 Her-
tweck (1975) By Bk , 18t 375 B 7 138t 00 A S B8 22 B9 A AR BT E B — Mo 8%
KRB, — MR EEE S — Y BEIE (biocoenose) fY MA 7E JiE [ (substrate) b 5{ i i 9 &6
A VR TR B BT PR A B 18 1 3 A 40 B (associations) 5 J5 E N B — NI ARIE, iR —4 8
IMEEVE BB ARTE TR, i B EAL A IR, WX —RFE TR EBBE R T — MRk —
FRBEAE . R S RIBHENXR  RUTEDHEEYREN SRR . — M EYHETUE
B®RMEZE— M EYEE (Paleobiocoenose ) ; T — -~ 18 78 A7 ) v LA B # 1 TR B — 4~ 18

T M Y HE R B o A A S 2 K Seilacher B4R M (Seilacher, 1964,1967) , f 338
AR B RRLURESREENEL LAY . 5 XTI M TR IR A R8T
b AFEEAE . HILATR,Seilacher BB AEBIE T 3 M EM NS . EEZ I, 56 5B 5
MRS E 5 — €T BRAMTRAREE X,

JER, BB X —RBEEHEAFYEEEASFAIEE AN, f Hayward (1976) 0
D' Alessandro%F (1986) #8535 HHVE A MR IR0 & G IR FI R IR EF B o0 Ik s b (b A 41
ERBRERWEIN 5,5 Seilacher Fr3 HH #3528 A0 HE A EL . B B 5 K Y 55 18] 5 BF 0
| IEE, KRR /DT . KT KF Seilacher #y B 7AH 5 H E# B+ 882, Frey I
Pemberton (1987) 32 H 3 Seilacher %178 48 ¥R 2 & JE B 18 375 4H (archetypical ichnofacies)

2. Seilacher (1 HIZH) B B FFHIRE X, Seilacher (1978) K5 SR VA T #5054 4
MR EGIER, i & KEEGARE N ETENESHE BER—MEFEENS
¥ IR EBMER CEER  EFRAEASRE, BEU XTI T EKER
x,”

R 485 A A A WK 70 B L, Seilacher (196 7) B #TRH T 6 Firist i 48 (Scoye-
nia YA A , Skolithos 18 A8 , Glossi fungites JR B AH , Cruziana 13 35 45 s Zoophycos 18 37 AH A0
Nereites ) . J5 K, R /= LB R R XM T Trypanites 838 # (Frey and
Seilacher,1980)#l Teredolites ##AH (Bromley ez al. ,1984), Ekdale 11 Berger (1978) ffi it
T—ABERELEHE, BT, Lockley % (1987) % 7 H Curvolithus (I i) 84k A4 HE
Frey f1 Pemberton(1987) 1 4% T —~> Psilonichnus (& &%) 15 i B ¥% (ichnocoenosis ) H A
53K T A oA I ok U A 1 A AR IR, 1992)
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RN BT
The classification of ichnofacies
-3 woK i3 7K
9
& & ® 8 S %R ® 8
%R Scoyenia Skolithos Cruziana Zoophycos Nereites BB AH
Softground B A B AR pi: % i3 A deep-sea 8t AH
e i Glossifungites
Firmground AR
BOR Trypanites
Hardground AR
xR Teredolites
- Woodground AR

BRI IZ M AM 9 Mg B AR, B 116 4 2 DA B R BAK IR R A EM (R V),
(1)Scoyenia &L F F W B Seilacher (1967) 2 H , ¥ B ML EHF MR EAE, FX
FVEE EX — BB Sy KB ORI G REAR TR P BB A HE . Frey %8 (1984)
XF Scoyenia i 78 AH 4 & BEAT B HTE S L NN TG B A —#E, R AT R AR R B A
(] #9188 328 AH JIr 2 A, T Scoyenia 3838 AH (UR F B AR A0 P iy — F, IR B BB X —i8 8
F A S FR B 7E B Scoyenia gracillis, Ancorichnus coronus fH BB BLEfT A I LA S
% b S WA EEd RS AR RIEA A A S, BREK TR F AR RITH
EMEEWEENE, A X - RB A ELE A Y (trace makers) B A 15 12 810 A9 JE
£, AR RAR R EK R E  REFE T W ES K A ERHEMEPTRETEX—
WAE (R 1) (BT L 3). (2)Skolithos Bl A 5IEE FREIF R A €, A4k T HREM T
PIER SRIMERZER AN B THRRR ERBLARE . BT KELEES. K
ENESMEMRECERY K, &L EW FENEEEY, =4 1800 DA B R e
U e (5B A wi g R & (protrusive spreiten) B )5 1B IR W 88 (retrusive spre-
izen ) FI N (] R AP0 B ) AR AAE » 12 3 AR 0 9 47 0 5 sULAME B 24 £ . Skolithos 38t 38 AH I A
1t 7 A F Skolithos , Diplocraterion , Ophiomorpha , Monocraterion ] Arenicolites 28, i
A 2 L Maastrichtian M Z R E A HFHH R M EERNDET . REXEHF
Skolithos J#EAH (Zhou Zhicheng sin press) (B 1 , B 1), (3)Glossifungites 15t 7 FH3E ¥ %
EEERSH TR, FER T2 A LA A T2 B 2R TR BT B AT = A 4 a8 4k A 40
& R B 5 RE (omission surface) b, UBEE FAHNR .U HSIHBRRELRHFHEE
S0 X EAEE SR, RFEMEE LA E Thalassinoides,Rhizocorallium &, FHEH%E
REEERE L T AREMMATER A ERBE, 199D (B 1, B 5FRIEERE FAK
XA GHRE, 198N EEFH X —RiBAH . (4) Trypanites BT A &K ETEERH AR ER
Chardground) UIFR BB E B AR R (% B L L AERIRNZR . BERK BRE.
B Y5 A i CRLTE BE S A A B P 7 AR B U FLD BB (e B AL UK BARFK P
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BEANGALNFE. EXEYNTHATAUBESIE  UEFEENRSMHETHE,
Trypanites B8 T1E RIS (postomission) I #H , 7 Trypanites IRFEAH &K B HI 5% E @
(relict) L, AT 43¥F H JL ARG BB AR , 2045 RLAT (preomission) Wy igt 8 #H (Skolithos 8t
% A8 .Cruziana 1R 3 # 8}, Zoophycos 1830 #8) A1 = X H (omission surface) 18 i A8 (Glossifun-
gites )i AH . (5)Teredolites BB B Bromley % (1984) 4 # . Teredolites ¥ ¥ BEE
FEARBREE B, (H57 R, EAROUER, B FF 0 4 2 m 35 2 8 28 #1831 H B A 4ff
(zenoglyph) M A YR (bioglyph) . Teredolites B fEIRE LY BN N HGUTRBHRF X,
(6)Cruziana 7835 AH = AR L Z T 2R TR T 2 b9 v 8l 42 1 /8 SR TR IS i _E a8t
BAEAG XX R E RN EE, B8 RREY AT  WEEEREYHR
J& A9 08 B AR WD B A0 BB A LASK P 89 3208 (AR IEAT I L R o) 2 &, A it i B —
I H I AR/ a9 188 LA F Cruziana, Asteriacites , Phycodes , Teichichnus .Crossopo-
dia f1 Rhizocorallium , A5 #iL W {§ #} % 7K B . #9 Ophiomorpha f1 Thalassinoides 7]
. (7)Zoophycos BMEARZTE IR RIS IR A, TR BRI TIAR M IS BT _E i 72 A B 188 1k
AHE . EX—HEP, TIRER AR RSN BB R R ER LR, B
EYMMUERE LR, M HEEKBERNER. REHENBILEIEH Zoophycos , Lorenzini-
a,Chondrites 4§ , ITHEK , b & FOR A9 R BT B . 5 % Zoophycos =IRIIFEFTHI KK,
Zoophycos FJ LAFEARN[E] KR AT P I, 85— E B ER BB 2E R EE Zoophycos
HIFEAEE X, Osgood (1970) GRS B BB 34k , Frey #1 Pemberton(1985)32 Zoophycos B
FERAESE H G T RGN R FE R SRE M FR K IR (8)Nereites B MR TG HE S,
FER A TURR YR BT LT 7= A B A A 8 . i T 1K EBUR, ROG IS , & S B REK,
AR FE R MR ST RTS8 T A B R BT Y R E 3R B P A VLR, AR
BB e R O B 2 M B & 2 8 (Helminthoida , Cosmorhaphe) | 1% i+ 75 4 89
33 - B {3 (Paleodictyon) 8% 25 gl 6 ZE BR 47 HE %4 (Neonereites), Nereites iR M AR S
HEBAWTIRRE F A R Seilacher (1962) 18 Nereites i3t 108 AR 4 g ML L (LA BT () 1 I %
ENEERZTE2MNEMIERZE, B TRAEEMERNLIRIR Gemirelie /N Y IRTFAE
b AR TR YR I L5 T Zoophycos 3% AH & T-1h i LA 5 B9 B84 A A & - Werzel
(1983,1984) 7E A 5T IR AR B I3 4% M IR MG T FR 4 P 19 8L 8 B K B, Nereites 3% B AH 19 Pro-
topaleodictyon Fil Zoophycos HELFE[F] — A&, AT E B R E X HF T LB Z wpper
tier VIR, T J5 B M AR E& M4 T LB T B R (ower tier) i, EX—F X L, mERT
Nereites 3248 [ Protopaleodictyon ¥ #E7KIE B 3 At Zoophycos 18 811K , (9 TR MG I
0 (Deep-sea ichnofacies) B Ekdale F1 Berger (197) Y, B NI W= £ W EERD
#H, EE=FERHRT A, DILESR T RE R MR IEM SRR TIR . EX—FRE
o, B TR TURERM MR T BE TR S TEERERE A RE, B TR
LB F i #3834 P W 3 0 ) A 40 30 BT e SR T X DA OR A T o, HUR AR S = - Ui AR A IR
bR BJE TR A B 18 LURTE T O . W8 AH 22 i Chondrites (Planolites , Teichichnus
1 Zoophycos T AL, 'E 5 Seilacher ] Nereites 3B AH# X HITE T 5 & EE ™ 10 55
FLEBEHFTRRERE BB TAN.

TEi2 FBGE AR Ar BT EAT IR AR R , TR I B R ER R A=A E TR . &
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EEMEERETHAEZRME=ZRMRE A KR, SR8 kAHEEREE RN
B LTI S b, N Bt Neocomian BB E Bt K Masstrichtian R BB =40 H Fiit &
B, BN AR SO BN G E 7 T Bl A 4 IR R BRI AEE R, SHAHN Y
By ERNFEMTIERFET, WA T ARMSEERAGAE, 5755 Seilacher ) Nereites 5 5
A8 . Zoophycos i#t 4 . Cruziana 1# B H Skolithos BB HHAH Y (] FHESE,1992) . HBE
B, £ Zoophycos ik 31, 7] 4 # Hf Zoophycos-Chondrites il Thalassinoides-Plano-
lites BN BB EAR , AR T AR EEN S ELMHJAEEE, 199D EFE V),
FV WEEREE S =AES R ETURFR

Cretaceous—Tertiary ichnofacies and depositional environments in Southern Tibet

Zoophycos ichnofacies

BT Skolithos Cruziana Zoophycos-Chon- |Thalassinoides- Nereites
ichnofacies ichnofacies ichnofacies drites subichnofa- | Planolites ichnofacies
cies subichnofacies
Taenidium
Gyrochorte 7 sp. serpentinum
Fucusopsis sp. Thalassinoides Phycosiphon sp.
. Arenicolites sp. Zoophycos sp.
FEMEDILA Teichichnus sp. sp. Planolites

main trace fossils

Skolithos linearis

Skolithos sp.

Leaf-shaped bur-

Chondrites sp. B
Chondrtes sp. D

Planolites sp.

beverleyensis

TOWS Palaeophycus sp. | Planolites

Chondrites sp. A

montanus

Chondrites sp.C

(S
M A %

Sip NG S uke
SRE KA

i N 2] ‘*jj
AT % gf; f{j’ﬁ P

3. 2 F Psilonichnus (BERI) 150 B35 F Curvolithus (B ) BB AH  Psilonichnus 1
PR B Frey f1 Pemberton(1987) 42 i , iy T B & BL7E 7 A 2 # ik ey TR B
A, RESERRAEEM O —FBRBEFEE, © L2 —ME® £ 85T (Bromley,
1990), BAR, EABER T Seilacher #3528 AH 0 BE (K iy Seilacher #1528 A By HE & , 7E B [H]
BE L, RERDLCERERAMBEIMLAAE).

Psilonichnus 5 BE T & — TSR A 5 3R G AH TR & 0 VE A S48 BE VR (Quasima-
rine ecotone) , FEM I AL & b, B & A T4 v A1 3th 2 8] A9 2 8 4, 3 B E T (fore-
shore) By — &84y , JE & (backshore) ., ¥ & (dunes) . #1338 i (washover fans) 18] _E ¥ (suprati-
dal flats) %, Psilonichuns 1530 BETE 6] W 5 [A] L I8 28 Skolithos 800 BEVE , [A) bl Hb 75 /7, DUl 5t
B Scoyenia BB BEH . 7 LRI MR , 7E K BIAD XU IR A MK E IR R 2
f » FE — S0 i B B 08 i R T8 2 3 AH SR A BRLRE )5 WO Eh VR SR BT UK M 0y B K HE K VR AT 5
T ZE/NEAAN R KR BA ] M A RO E A AR o £ s BRI 2 A0, B P 32 B /K A i
o M B TR IR R L B B 2 B, FERE B KT DRV AL LA A= 4 B A R M o T
L, B ER,

Psilonichnus i 75 # 7% L 4 /K JEE (nonaquatic) #) | (B B 75 8f 5. ) #F T 472 09 18 05 9 FR14E
B T W% B AR (RO 2 A, R HE A PR B AR R L 0B 3 4 DL BB A B 4 o i TR AT
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% EATH 09 AR L HCPT P 8T , HLS R AT R 1LY TR U TR AR B I . e T
R RO ORI T A K PEE 4

Curvolithus B A5 BB Lockley Z (198D iR, T EHWHYER FAIBE. F &
i (Curvolithus , Margaritichnus , Planolites , Muensteria ,Gyrochorte and Scolicia) fl/L ¥R
FE PR E AR BAEIR (Lockeia s Micatuba s Arenicolites ) ZE 21 i, , Curvolithus 830 ¥ 5T B
— PR E R TR A G D RE R, MRE RS GBI RMER R EFXETX%
WKW ARG, EARAZNKT RN B = AWITRP UK FEE, [, EREEMN I
R JE R, B AT LA IR BB U D » FEE M40 A7 b, Curvolithus 8B A AEE S5 S 6E
W) Skolthos BIBAAE SR . B T Curvolithus BBAR 7 10 Y HEH LB, B, ERFEERIE
AE L,

Lockley %5 (1987) 3+ & H 8 Curvolithus 181 #8-5 Skolithos ,Cruziana fll Zoophycos %
BT A A SR FE IR, BE WA, Curvolithus BB AH R B F Cruziana gl #HH# — MR — 4K
SR EAL,

4. BB E R E (er) S04 ARYE Wetzel (1991) 89 58 3, 1E— %€ W IR B[R] BB Y » 7] i
AR Y R D Y a8 B S — AN B B (tier)

WAETE 1 f9t EE  TLA 5 AE
BT RGRPREN EENETREY SR HIREER |
(>20em/10° ££) M 7 2 H) FTEEAKF . #RIE Wetzel (1991
WIS, B E T RRMEE AT 6 M, R A EE i
BEX:DEIMEERESSERERHED S BRI <Y
FREHE M IE 5 (B A B E S E (dering) R 5
K RBEEENRD; MEES BN, RETIFEE |7
ZRIEHEDSBAMI: OFEERL, W/ ORRE
i YR Y& E e, B X ORF M 41
FREE I e, 48 /X 2B W REAR L (O L & HE R
B, A Y Eh AR B B (O B /U R A E B 5 IR M
SR, HR G 2B BUKE REK AR, ERERA. LR §
BRI T P P A AR R 417 T BRI P
FHREFIBRORAT BERO 8, A D R R R ERRR [0
Sl s (6) oI A ) B B B E A I TP . (e
o ) A HE S B, BT S M T AR R BN DA EE B AN T AR
EE SR 4 2 5 RO A/ HEE 1 EMAE RO S

B M BTL BT R R A TR, o IR O el
ANFTREARFE ST 5188 Sk LARRE, W] LALE LB K B FE Bl UM Tiering of biogenic sedimentary structures
EBB AL AR EXTORL F I BT BT, M T 5 FLE in modern deep-sea deposits of NW Africa
SHEBEMNFFENFREEMESHFR, RHAEE (lter Wetzel. 199D
EWE X,

TN " o= Chundrites
fé' GEESN
7L~ ’I\ Zovphycos B2 4
AN mEEER
i v i Phalassmodes
‘g

Thalassiuides
ok glia)
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= YR B X LR R FeAn B R

(—) LR E ¥ (sedimentation rate)

THERAFRYHRERER, S THBRIISTIRFE, FEEEI L. 2HEYHERN
My S TR AR R EE A DEL TR E

1. Bl AL G 2 B 0y R, E B B k&, AR A IR RN EEFE R . 400
FUBREE LU RUE A o i, 72 4R 5 1B SR ) 1 (retrusive spreiten) ; 24 YT FR 335 LR AR
F 5 Eut, T 2= A Tk R B MY % (protrusive spreiten) , Goldring (1962) Fr 3¢ fy 3 H RIB &
4% Baggy B Diplocraterion parallelum A7 SR ) 8 B, 1B S #th S B T 388 200 4 18 ) 28
bt 2 5 L RVE A AR E B 2 R & GEE 2),

Drplocraterion

#EE 2 Diplocraterion parallelum WiE 20 AE B A IR/ B R A1 22 25 B 7= 45 A9 28 fk (Ekdale ez al. , 1984 $% Gold-
ing,1962 B4

Diplocraterion parallelum in depositional settings where episodic sedimentation alternates with periodic erosion (Modi-
fied by Ekdale et al. ,1984 after Goldring,1962)

1. BER 0 o WRT B R 2. MR RO BT L, 7= R F A b B a, b 39 Bt SRBEAR
FHE 3. B R Ak aE, BT L S A . E a. b, c WEAARIHRBERWE 4. SIBRER T ME a,b B
PG 2y [ R E, R SR A BRI 5. PR A BRI a,a’ b, BEE S IR o R BB,
KRR BRI RE 6. BBV IE R A a.a  boe ' EEE, BHERERND R YIIES.

2. 32 FH A= 0 B R LA AR IR SR 4 A DT B AR ML TESE M W AR SRR, H IR
318 T % S M pEAT B, B AR 0 To A B9 B RIBEATAE IR 30 B RS 2 I B A4 5
W RBUE AR, YRS R R T WE L RS —FEL T R PSR Z A S
# . Howard (1978) %512 F A= 919 3 ZL A FRAE e 407 TTARE A ZEAL A 0L GG 3D

$ T EBH A SR E , Droser %5 (1986) % 32 M —Fist iF 4444 (ichnofabric)
B % % 5 F (flash cards) B AP ONERZ WM BIE 2 EW T W40 6 F
S 4% MR ATIE B A R S A W A TR B B AR AL B, B iE B B M TTRRE A TR
R & B SRR AR , B EHE, B2 AR YRS E IR R 5T 2 B T U R UTARAE A A A S
BREWARIFE TR S, B FREMIBARAERENER, BMRZEY
P B0 7 (0 76 5K b B 3 X e Aptian 3| B Albian B ETUE S, BT 2R Z YR Y
) B—FEN, LT REM AR HE EENEENAEEY, & TRANEDH
2, 7] LA B R TR 38—k, B VTR A AR A B S A AR ME o B, R LB R, X
TR Ttk = R Wi 7 R A — P IR, BRI s i o T 5 R ry R Pl A
AMEERE TR, XEFNERXRESRIMEEHN.
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HE 3 ERFVBAFE TP/ £ FIEH (Ekdale er al. 11984 3 Howard, 1978 M%)

Biotubation and fabric in different depositional settings (Modified by Ekdale ez al. 11984 after Howard,1978)

A 8 EENTRER, AP ERETREIHBRIEREER;

B. RE M ITRE R (REEREASGETHRBER . SWaEHZR M, £ PR AN TRE TR AR
W T 1] T S

C. BV SHHERMEEMNSEREEANZHE, ERERBREAE CHRTER;

D. 848 RELESE R MERANERER  ERFRERAF LG = £ —2ERRT LA B RHR
MEST R R VUBUE W B R FRE R Sh i B E A AT A T

E. VLR /R AR /e AR 3 8 B, I B DAY 3 0

(=) &5 & (oxygenation) '

AR, 2 BRBFRMEESEREAEYREREX RERRAEH#HTEEES
MET KETAE, B8 TR K#ERE.

AEEDEMAESIENER EREMNTEEFETWEEE@EF/ K/ TR AE
PLERAKFHSEBMIRYRRAKFTHEEAB)FEARER, FEETEY REEEHF
BEAER, A EETEYN T ELAFEFRBMAZE S, XHER, EERIEAE
1 B B 4 1 SR 43 A A0 HI BT SR GG TR R & | A R E KR

LBk ES SR ESEBZAMXE ETEYHREFAMESIES BN
HEEHIENSELEZE EEFTVNEKR B R EY EENI S KA P IRBL Y
HEEFRYR, B, YU EAED N FE 835 A 354 (0 Skolithos Fl Arenicolites) TEE IR
—FhEE IR B A YRR EE SRR RE Z TR RS RERTE L B LR,
—FEL, XHRAETRERABRAEFHSEEAEL S EEEFGT . AROPHEN
BEWRG TEADBUASRE: B—FHE . EVHRREOZ TR RMELEEY, IKETRY
7 18] 7K F v f i AT IR IR, R, X 2Kl AR M BRI A B S R B & R AL ) K A
EHE-EHBENE. EX—ABRTHFENBEMAET Scalarituba, Spirophyton 1 Phy-
cosiphon % , A — Lo FE A 300 B 15 30 A= ) N DTRU R R & , HE TN UTRR R 181 T #8 /TR B
BT8R RS S R/ DR A R R 1, A R BT T i A R B RS B4 /T
YN IR A A RS, B X R AL S T RE A 38 A A X L AR M s 18] K AR R R AR R
B BRH B ZEE ST ,Chondrites Fl Zoophycos W& W BI R T LK.

Ekdale #1 Mason (1988) ¥ # MR T #iib G 45 & E B (B KM ARy A
[RIK i & 8D 2 [ R GEE 4, FATHT RAF) A X — LB A By I W R 4n VAR IR /Y
TEEEN.

2. MABIB LG RERMTEEARME —BRE, BEFRTH=EMEEA
REWBREE . ARERE, EAMIEEREEY AT ERE T A 5 8RS 0a K68,
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BRI FREKFREFRBRAZEIRLEL
ENTF. MESARNEFEE S ARRERERE  /\
W, RERE, RS HE T REAGEZE A RENE
WAk 2K, 40 Chondrites (32 1) . B I, FATTE] AR 528
A B4 F BSR4 AT AT R IR TR IR S & .

3. BB A KB E Gie) 8T Xt FF—Fu Bk G ok
W, ERORK/NGEBERE,HESEEM TR/, X
VAR B E BRI, S URRE O RAEF O
wilk b A e, R AR EH AR R E RSN SHEREMITR
BLEK P EER T HE

B—H . EBA A BT SRR 158 i B R 4R 3R B -
B B, Zoophycos 16 TR MFRAF TGN A FLA oo S S

p= Spirophyton Ph = Phycosiphon

F—MEREN I EE, MEREEXHT, 2% RKI Zoophycos Ch = Chondrites Zo= Zoophyeos
WK/ TR RAELELREFNIFO R - UBERR pre senrmmsrngitss
(Wetzel et al. ,1981), j5 —MIE S & i B A 5y T 4 ##st 3F Dkdale and Mason, 1988)
B FR G 7K AR TR B General model of oxygen-dependent

(E)ﬁBEé&%U (energy level) :T;:;:::j;;iaﬁons (after Ekdale

FURFSEI A S T MR A BRI AR T o
Bt SR S B TR JE TR 7= BB AT A IR BTS2 e by o o e OB 758
BARBFER AERAKLS W BE REFFEEETE B URRENERtEFTFRA
KBDBAEYLUER N E, EXMHFE T, EREYAEEE VEARFTL REHKNTE AR
g g P P ERATAS , TS DA R R A AR i — N H ’ﬁm%%; ‘
BBE R, TR H M A AT Ao iy
AN, B A BIRED A E, LR BEMAEY s, A frmA s & e 55,
WM g, LIAK P h £, s BREMERE. B, 18
KR/ JES A SHT, N TERRNTRAGBIRTAENEESRK. B —E#

X F [J] —Fast il b A R EAE IR AR S, ENWESFHEEARME, RER
B AR BB A B RUB L M 2R TR ER BT P2 8 Thalassinoides (AT (BERR 1, B 5 EHEEHKE
BB —MR K SRS R AR AR S, 19D ERE TR E FAESRFILA
v it & 3L (Thalassinoides) W LAZK PRI 3R SR R4, SO T — Mot K AR BE BT K 3 7
A

oy, BEFFAE M BB A, AT B R ITH B K EWEERR A, AN EFE
Ophivomorpha (BT (BRI , B 4), Ophiomorpha | 12 H T N ERFIBMAHK &
37 3% B (Ekdale,1988) , Yt € Ophiomorpha T M HE ZRARKE EEMEEE . EEWH
AR UUR Y B 53 (Ophimorpha W] F=F Wi TR #E B FI R BR £ VTR ) , I E Ophiomorpha 7=
ROUEEFERERERGMNEREMHTRELE. Ophiomorpha B2 HIEFRERMF T
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R EE Y EGEF AR e, B AR EMN IR RM . Kern 1 Warme (1974) Bi 44y
B F B B REULER Ophiomorpha SUTTRINRMREBZMZ IR R . EHMAMERL L
EGH R A A B B I TTRS H, BRALR Y Ophiomorpha WHELTERD & 1, T L 15 BE
#] Thalassinoides W4T E BB EF . Ophiomorpha M Thalassinoides TR H L HEE Y]
PR, EMNBYHE 282 A (FTRE A+ B W H 52 D FrE i, B (117 RE # FT AR & 1
W, G RETIRIE P RERFGE X HETETERERGT R E NS RERMAEFX,

(PU) JEE Ji (substrates)

IR B0 43 6K R YEANBE B R i R AR I R B B 11T R I ER — 1 EEE
£, Fe, BRI EN M BN EESH GE N, RITTUMAEYREWEE, TR
JR 2R R, T #5 B R B R 46 i UTAR IR 3R .

S ORI 38 508 2 AR R AT A2 B AT B B SR TS R 43 8 5 PR TR] i 28 8

1. %% (soupground) B &K KZ M TLIRY Fr AR ER . B FHRAYHEKKZE, U
ZTFHFHE—EABRYE, B2 AANNFIREER L .

2. BRI (softground) i T2 A8 JIE A I Z [, /A 3R L R [ 45 1) DL RRURE B aX 26 0 3K
TR AT AN — D A FHE 2 BB R .

3. R8I (firmground)  H7ARRE 8y (E RS M TR AR R IR . FFE R —RIERE
F ¥ 44 5 FRTE (omission surface) FIE R, A B, NULRRE ) T, BEE I S2/E A g 1S58
UL ) %5 [ (consistance ) 3 HT HE 1, A AL F R Y JIE i (softground-like) 33f 78 % 401 F
58 i B R (firmground-like) , X FEIRE 2 T XA B HE TIEIRKRE M FLERKZ
B 24278 IS (concealed firmground),

4. B8R (hardground) BB EHE A T 488 IR BT BRE ¥ R EEERE
(omission surface) b, X FJE &4, JE AR YEUFE H P P A FLRE .

5. RJE (woodground) HARBRETAMMIKK. KE—MREKEEEEFHRENET . E
AR R b, AT P A A LR .

TR IR] 384, 75 2K B A S B AR 5 R 2 (4 10 Ophiomorpha 55 R RE 49 IR IR
FA 2% TEARTRE MR R IR L, 3 30 A 0 R SRR B8] 48 7 CRE L (R BB R S S 3R AL
T, 5 Ophiomorpha [ —33& % 4 ¥) B 7= A #9 Thalassinoides WL TE 5 858 € H IR R 2% 4
HR.

5REE X EYWREMEN SN FRZEARTE B MAT, HFREH Tha-
lassinoides TEW [B) T WA FEAY R b= A, IRBR T — Fr 81K (firmground ) 4 JiG iR 44 J5T (A
WAL, 199D (ER 1,8 5 R R FLILA M ATRE B Planolites B 1 B A e &= AR 1 , U
BB T — R (softground) A R 2614, B T B TIRREFREE (B 1,1 2).

T2 HNENBERE I EENINE (tered) WE R, BB RS ELSAHEE, B
T URRLE 8 & K250, B Z R TIRYFE R EZW  ERSHEERLT . EEERREE
f 38 I, UL RS R )y & L BB B AR ULER Y B BB W 0, R R RN B R — R —
R EEREN, B FREERTIARZREER S, B, EEEHE L, EfSmE
AR B L.

Bromley I Ekdale(1986) iR 2L R[] #1 L H 5 T BT BHE K IL6F, EMNE
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AEARFE BB WX Z BRI TIEI R, XA UFEBREERBUERZBEIN N AEFEMH
B, ARBREAAHILAN B E— T E RN BT AN E, FHEE XA
B, XHEENE/ O TERKZ THARRE, B, R EMARAR MR &M,

FEALER B S RE BRI T, IR BN P A S A B BV B R ) A X P B Y X
WAL R, Tt AN T AN EOBEE G BTHME, TR LI ¥ 5
BRI, B B RS B Bk AR S R R AR B 2 B R A X I T A S
BRIE R WA S 1E ST BOR B ELLR T Tk, BIRTTIR KK N Planolites s Tha-
lassinoides ,Zoophycos | Chondrites, Planolites W34 Y 1) FIE8 TR K/ ABRY R
TH 19 % IR BRI 5 T Zoophycos H1 Chondrites B 18 325 A2 41 ) T+ A8 24 5 f7 CFE 38 19 7 B K
BT B, VTR E Z TSR .

()& (salinity)

BEREMEMSAYNFTRERER, HEWES I AT R EFENSREER
B FER B MR, P AR EE R T S EESAT, FENTIILAFTERES R

LBk a o RKEHR FEEEAAF R REEEHEIFE, i Scoyenia gra-
“cilis s Ancorichus coronus ¥l Fuersichnus communitis, 3 C {103 R FWR. ETF 7 RIEG
TURIIE R &R .

2. R W BOEARF R 60 SRR LUK, BB 2 R X TR F h B A A8 (G AR Rt O
TEARANIEARD 8L T AR A R B B AU A . BURRE AR PRI 58] — B 2% . 5 B T X4 i
AFR S B A B R I A AR IR, T LA 24 ik, RS T — MR A IR Y
BB : Scoyenia WA (Seilacher,1964,1967) . Scoyenia LA £ B K M R B, A
RIKE% . Bromley Fl Asgaard (1976) B IEXT#EFE 22 R ¥ =& & Fleming Fjord MBI, %
BEAKES A, AT 4 NBEE : Fuersichnus IR A& AT L T2 E B HRENTE
3% ; Arenicolites BB 45 o IR W BIAE 3R 5% s Scoyenia BB A& AR MIHN % , 8 2 B A%
TR0 B H IR BT IKIR S 1 5 Rusophycos iBIB A & , bRk & HIAH 2% (40 0 45 BOA T 48 M T R 3%
. MEWRREENZEH RN, BUEHERE BRI R KRR R BT L8 — &
P R AR [R PR A BB A 2 A

W B AR IR AR R R KR S E B Z S BUR T S E E ANRKEA
B, EKAEmw, BREE), ST EREIM Culvolithus B8 AH X T 7 Bl 3 7] e ok 8 AH F vk
W AP - RS RO TIRTIERE —EHME X,

C B Y A IR B P W B B B A B Skolithos, Glossifungites , Trypanites , Cruziana ,
Zoophycos s Nereites 1 deep-sea im il 4, Teredolites 1875 1 TE HE AN A1 o1 I8 A5 3h 48 8 0] &2
B,

3. BB AMAENRIMENFFE. FERFRER UL —ERE LREFEXRITH
WIS EN — LR  Ekdale(198) G ABRIR R BB AR EESLEZ MM XE T
WROKFREE , B A 50 5 B 48 TE R BUK IR K R B H AR, & Bl e s g4k
BE SRS, 3R AR AR S B 380 43 5 BE (11160 45 AR B S SRR B AR M Y 40 R BE Y
i 1A . Howard (1975, 1978) BT K T E R IGE RN BB RE, RAERREH
8 7B 53 BE T R G 0, SE e B (T AR E R TR M T2 —10) M
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Ho 7 I N, Miller (1984) (AT 5248 M T A R AR L BE A Tl £ 0 = BE B9 A S 45
WL MR T IR A 75 RSB E R E AR E S R R LR b A 84
B R B, BB A 4 5 BT AR o o 3, TR BUKAR L BB R IR IS PR E .
Frey il Basan(1978) % f#i it 3 77 168 /2 LA ERIE b A il IR My i 9 4 o, TR VB TR i %2
AR BGE . AU E TR IR AR A EFZER EENARE MALEFEE

PO 32 A 0 BB 4 4 T A R B 05 I AR T TR A P

1. 7655 Fl 30 b G SR MR B FRIE A A X K IR B, EEE S SR b A A S AR, AR
B A B Ik A JE PR B R AR R A9 B B 5 A A B A X Sk, A 1 2 AR
i 4 B9 8300 J A 1800 KR A B, 20 Skolithos 1830 I8 BT LAFETR IR AH L BRI H L IR0 B B IR UL
R 3, {5 Skolithos B AR FE G R ANKERW IR, B—HE, EM
BEBERNAHRDHNEE, FAARERELZRLT R S EHAERLAE E, W Cruziana
BHBHGEE A —EEEF Cruziana WHM, B AERZEIERL T ,Cruziana TEH =11
g, BAR =0t fE AR R B 48K, Cruziana 38 58 0] LA M BLAE o A2 AR AT d AR AR A
JE TR,

2. 7 B33 AL G TE A [R] Y H 52 B A, 2 AT B IR B R AR AR R AR Ak, BRI L  ZE S [R] Y L IR
AR ENEBEARMIFEE L. W0 Zoophycos TEW T AN, H H H FAE HK 4% (Osgood
and Szmuc,1972; Yurewicz,1977) ,{H& , P A, Zoophycos 1R/ H BAER KL, T FEHT
ERLBEE XN EIE R KA Zoophycos(Ekdale,1978;Bottjer et al. ,1987), FEREARFE
H T AR 3R T B Zoophycos » B & BUA 2R B9 15 0L, 47 U (1984b) 38 , TE &
H b A st RS TR T (RIEH K SO B2 1078 Zoophycos ; T 72 4 i 7R 0 £ 40
Albian Bi#f, Zoophycos W) F B i BLAE Fli BE ANl R 5 SR 35 o (JF A5 4%, 1992) (B 1, 1A
2), FH, LA Zoophycos 1B IR IEFERE BRI BN , L VE BT EEH B B

3. TR FELIF RN ENAL, RBREREEN LT, X—HETURAA
S ¥ 0 A KR, Pianka (1970) % ¥ 41 R 33 Wl & F L (r-3£ ) (opportunistic
species) F1 X P (k-1 8%) (equilibrium species) fJHE 5, M2 3 AL 15 AR 46 B ol KA A
KEEE, W ASHENENER, BT 2RI RO BEEY, EME- T EENMR
R F AL KRB ILRD 25 » BEAE X — MG TF K 1 A SRS 1 1 R , TR H i 43
B BAEHTY A B ., 53 BB FE B R 4 0 R B (i ) U TE 3T 2 09 3R 3% (I LAR 2 3
(starved basin) BEf7. VIS EXFHHNMEEEEE (KSR EM A M HAENFE. 5
S E XA, WA EEE RN A KRR, AR ENENZEZ, EMNREEIHR
BB EWETEE N, G FROKE BRI, KSR RES ERER
(population) ¥y % B A SRR MEA RA — Mo RBNEHS T LA EFHAM.

Fe gt i 2 R, R AR R R4 AL ESGRBML A MR b A R L O T SRR (E-
quilibrichnia) ¥ X 31| , Bromley (1990) /5 & #) 2 2 o5 3 38 1L 7 (climax trace fossils) ,

Pemberton 1 Frey (1984) i T & KF /K% FE E HE4S Cardium A Fr B9
R py . B R sl ik A 3 A , — L Skolithos, Diplocraterion 1 Ophiomorpha FRFEH]
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BBAS, ETEEN RN EESERHEND RS ENEATTREFHF: F—
FhgB 40 4 UL & Chondrites . Cochlichnus , Cylindrichnus , Gyrochorte  Muensteria Palaeo-
phycus s Phoebichnus » Planolites y Rhizocorallium , Rosselia , Thalassinoides 1 Zoophycos %4
REEWBRDTHE REE. T TRER . ERURTLHN  INRWEEF, fTENLEE
SR EEY B T By Skolithos BN AR S # NIIEREVE B Cruziana BB . X PR
S BETE 70 S T R A0 A0 B, R T KR AR AL T E AR SRR o i AR S (R B Y SO R AR
Ak B 3R , 25{8L Y 38300 BEVE 9 38 85 1 8 ] 22 4875 (Dorjes , 1978) M TR F L & 3, B A1)
R 7K I R IBE TR P 9 346 5 el 383 o

TURBLEREE & B AR AL, R T s BUBSE BETE AR 1L, M UTRURRE s SRR 5T
AT, EEEAMEM RS EREAEGREZ I R BB G A S, EN
—TFFES T X —RFF R, SRR, - EERE, H0 R RS
(EE H Chondrites ¥l Zoophycos LA ; 24 YT I B R 1] & LA AFFE 1L k-1 B R 3%
TALE 4 T B E B, 2 — B AR K (H5 5 B s iR B G B % 0 Plano-
lites , Thalassinoides 1 Palaeophycos %) , MULFH IR H E & W] 2 A AR B, A 2 | T o
Bk R ER TR k-, TS ESGRB A G- @B 51 R 5 At
SR 3 T R 2, 5 o IR B TR BT R A 3 B A0 R — R, R R I B R M AL, B2
H KRR IR, R —FEA T Bl T & S =i B FrE il

M, FESEFR AR h, SR AR I, BB L A B B RE T RAZA . BRLHIFH
SRR RN , T AR 5 st IEX AR L3 45 TORIRE AL (L .

A, FREEAMHT R IR 200 B AR M R AR TR HEAT IR A3 A i R (U A A A
] o # 1 Br 3R A & R PR S A5 B, T B B0 B R AR AU CHLARR ) 9 5 4 A A ol A
727 T () Y (SRl 75 ) B B9 B S5 i SR AR AU B R R T BRERER AR, AR R
M3 BB T, 45 & BRIRER TR 2047 , FT LM B SR AT 1T 8 H M SR AT 45 IR EE W45 BRI 2 5t
S AR 22 MR R T T RRAT R R k2 D T FORHY 40T RRE R R AT AT AR R
B EERE.

& £ X W

BRE,1085. BVHE- LD MR TR P ARG R EFEE L. FREHR.3(3:23-31.

ZPE EERIT,1092: MW= AMA g Rn . % 1002).88—93,

FERB K BE,1001, S ERUR LA M B Glossifungites BIEMRI L REE L. AAER,94).120—127,

R N .1002: VHMETATEER FESEWRABEREFRERL. TEFERERRLE—BERATiES
Wik . 280—286 T, BRI,

FRE . ENE.1993, WHETNHERAMIMEEFREEN. TEEEYFEE T LEEAERIRUNE. FEIE
R B T B oy A Y B SR BT g A .

WM. 19842, BBLAREEFREHMTHE L, TIRFEM.2(4).8—18,

B . 1984b:  Zoophycos EHEM AR EIFHE L., AWM ESRASHK,5(3):228—235.

B, 1089, JTHMEEMREAMHE G RIESLE. BERBE— REBRKRFEFEHR.14(6):573—580.

#o. FALER.1992. REEAHBR REMN RN, HEEE SR, 22,3):10—15;6—11,

TR EER,1991;  HEW R A i A AR B R A P A BHE M R R AT . PEBE,B ], (4):408--415,

Ausich, W. L. and Bottjer,D. J. .1982; Tiering in suspensionfeeding communities on soft substrata throughout the
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Bromley,R.G. ,1990;: Trace Fossils

Biology and Taphonomy. Unwin.Hyman,London.

Bromley, R. G. and Ekdale.A. A. ,1984: Chondrites:a trace fossil indicator of anoxia in sediments. Science.224: 872-
874.

Bromley.R. G. and Ekdale,A. A. ,1986: Composite ichnofabrics and tiering of burrows. Geol. Mag. ,123(1):59—65.

Curran,H. A. . (ed), 1985;: Biogenic Structures: Their Use in Interpreting Depositicnal Environments. SEPM Spec.
Publs. 35.

D’ Alessandro, A. , Ekdale. A. A. ,and Sonnino, M. ,1986: Sedimentologic significance of turbidite ichnofacies in the
Saraceno Formation (Eocene),southern Italy. Jour. Sed. Petrol. ,56:294—306.

Dorjes,J. ,1978: Das Watt als Lebenstraum,in Reineck,H. E. , (ed. ) ,Das Watt:Kromer,Frankfurt. p. 107—143.

Dorjes.J. and Hertweck,G. ,1975: Recent Biocoenoses and ichnocoenoses in shallow-water environments. in Frey,R.
W. (ed), The Study of Trace Fossils. New York .Springer-Verlag,p. 459—491.

Droser,M. L. and Bottjer,D. J. .1986: A semiquantitative classification of ichnofabric. Jour. Sed. Petrol. .56:558—569.

Ekdale,A. A. ,1978: Trace fossils in Leg 42A cores. Initial Repts Deep Sea Drilling Project,42:821—827.

Ekdale.A. A.,1985: Paleoecology of the marine endobenthos. Palaeogeogr. , Palaeoclimatol. ,Palacoecol. ,50:63—81.

Ekdale, A. A. ,1988; Pitfalls of paleobathymetric interpretations based on trace fossil assemblages. Palaios, (3):464—
472,

Ekdale,A. A. ,ar;d Berger, W. H. ,1978: Deep-sea ichnofacies: modern organism traces on and in pelagic carbonates of
the western equatorial Pacific. Palaeogeogr. .Palaeoclimatol. ,Palaececol. ,23.:263—278.

Ekdale,A. A. ,Bromley.R. G. and Pemberton,S. G. ,1984: Ichnology. Soc. Econ. Paleontol. Mineral. Tulsa,Oklahoma.

Ekadale, A. A. and Mason, T. R. ,1988: Characteristic trace-fossil asociations in oxygen-poor sedimentary environ-
ments. Geology,16;720—723.

Frey.R. W. (ed),1975: The Study of Trace Fossils. Springer-Verlag ,New York.

Frey,R. W. and Basan, P. B. ,1978: Coastal salt marshes. in Davis, R. A. (ed), Coastal sedimentary environments.
Springer-Verlag,New York,p. 101—169.

Frey.R. W. and Howard.]. D.,1970: Comparison of Upper Cretaceous ichnofaunas from siliceous sandstones and
chalk. Western Interior.U. S. A. in Crimes, T. P. and Harper,]. C. (eds).Trace fossils. Geol. Jour. Spec. issue, 3:
141—166.

Frey.R. W. and Pemberton.S. G. ,1985: Biogenic structures in outcrops and cores. . Approaches to ichnology. Bull.
Canad. Petrol. Geol. .33:72—115.

Frey.R. W. and Pemberton,S. G. .1987: The Psilonichnus ichnocoenose and its relationship to adjacent marine and non-
marine ichnocoenoses along the Georgia coast. Bull,Canad. Petrol. Geol. ,35:333—357.

Frey,R. W. Pemberton, S. G and Fagerstrom.]J. A. ,1984: Morphological.ethological and environmental significance of
the ichnogenera Scoyenia and Ancorichnus. Jour. Paleontol. ,58:511——528.

Frey,R. W. ad Seilacher.A. ,1980; Uniformity in marine invertebrate ichnology. Lethaia,13:183—207.

Goldring, R. ,1962: The trace fossils of the Baggy Beds (Upper Devonian) of North Devon, England. Palaeontol.
Zeitsch. ,36:232—251.

Hayward, B. W. ,1976: Lower Miocene bathyal and submarine canyon ichnocoenose from Northland, New Zealand.
Lethaia,9:149—162.

Howard,J. D. ,1975: The sedimentoiogical significance of trace fossils. in Frey,R. W. (ed),The Study of trace fossils.
Springer-Verlag ,New York. p. 131—146.

Howard, J. D. ,1978;: Sedimentology and trace fossils in Basan,P. B. (ed),SEPM short course no. §:11—42. Tulsa.



% 2 #i [ - A L R B R A T B AR P B R 245

Soc. Eon. Pal. Min.

Kern,J. P. and Warme,J. E. ,1974: Trace fossils and bathymetry of the Upper Cretaceous Point Loma Formation,San
Diego,California. Bull. Geol. Soc. Amer. ,85:893—900.

Leymerie,M. A. ,1842: Suite du memoire sur la terrain Cretace du Department de I’ Aube. Societe Geologigue France,
Memoires,5:1—34.

Lockley, M. G. ,Rindsberg, A. K. and Zeiler,R. M. ,1987: The palecenvironmental significance of the nearshore Cur-
volithus ichnofacies. Palaios,2:255—262.

Miller,M. F. ,1984: Distribution of biogenic structures in Paleozoic nonmarine and marine margin sequences :an actual-
istic model. Jour. Paleontol. ,58:550—570.

Osgood,R. G. ,1970: Trace fossils of the Cincinati area. Palaeontogr. Americana,6:281—444.

Osgood. R. G,and Szmuc,E. ,1972: The trace fossil Zoophycos as an indicator of water depth. Bulls. Amer. Paleont. ,
62:1—22.

Pemberton, S. G. and Frey,R. W.,1984. Ichnology of storm-influenced shallow marine sequence; Cardium Formation
(Upper Cretaceous) at Seebe,Alberta,in Stott,D. F. and Glass,D. J. , (eds) . The Mesozoic of Middle North Ameri-
ca. Canadian Society of Petroleum Geologists Memoir,9:281—304.

Pianka‘.E. R.,1970: On r- and k-selection. Amer. Naturalist,104:592—597.

Seilacher,A. ,1962: Paleontological studies on turbidite sedimentation and erosion. Jour. Geol. ,70:227—234.

Seilacher, A. ,1964: Biogenic sedimentary structures. in Imbrie, J. and Newell,N. (eds).Approaches to Plaececology.
New York:Wiley,p. 2906—316.

Selacher,A. ,1967: Bathymetry of trace fossils. Mar. Geol. ,5:413—428.

Selacher,A. ,1978: Use of trace fossil assemblages for recognizing depositional environments. SEPM Short Courses,5:
167—181.

Wetzel, A. ., 1991: Ecologic interpretation of deep-sea trace fossil communitites. Palaeogeogr. . Palaeoclimatol. ,
Palaeoecol. ,85:47—69.

Yurewicz,D. A. ,1977: Sedimentology of Mississippian basin facies carbonates, New Mexico and Texas-the Rancheria

formation. SEPM Spec. Publs,25:203—219.

[1993 4 10 A 20 HiZl]

APPLICATION OF BIOGENIC STRUCTURES
TO ENVIRONMENTAL INTERPRETATION

——ADVANCEMENT IN STUDIES OF ICHNOLOGY

Zhou Zhi-cheng

(Nanjing Institute of Geology and Palaeontology,Academia Sinica,Nanjing 210008)

Key words : biogenic structures,trace {ossil ,ichnofacies,ichnocoenose,tier ,opportunis-

tic trace fossils,equilibrium trace fossils

Summary



246 =] 4 )| ¥ #H GRS

Since the fifties,especially the recent two decades of this century,great progress has
been made in the studies of ichnology. Biogenic structures as an important indication are
widely used in environmental interpretation. This paper mainly introduces the advancement
in this field ,with the proposal of some problems which should be taken into careful consid-
eration while making use of these biogenic structures.

1. Classification of biogenic structures

According to Frey and Pemberton (1985),biogenic structures can be divided into bio-
genic sedimentary structures and bioerosion structures. The former can be subdivided into
bioturbation structure,biostratification structure and biodeposition structure.

2. Some approaches to the use of biogenic structures in environmental interpretation

(1) The ethological types of trace fossil assemblages are related to the depositional
environments. For example, Domichnia prevails in nearshore facies, Repichnia and
Cubichnia are rich in marine shelf facies, while Pasichnia and Agrichnia usually occur in
deep-sea facies environments. Analysis of ethological types of trace fossil assemblages may
give us general ideas about the bathymetry of the depositional environment. The changes in
ethological types of Mesozoic trace fossil assemblages from Hohxil area of Qinghai,China
reflect the evolution sedimentary environments from deep-sea facies through bathyal to lit-
toral facies. The feeding structures are predominant in the Late Triassic;both feeding and
dwelling structures,in the Middle to Late Jurassic,while dwelling structures,at the end of
Jurassic. (2)Some typical “index” trace fossils provide information on some special envi-
ronmental conditions. For example,Chondrites can be regarded as an anoxic indication and
Ophiomorpha can indicate unstable substrates and high water energy conditions of original
depositional environments. (3)Seilacher’s ichnofacies are of theoretical and practical signif-
icance for our understanding of general bathymetry of sedimentary environments. The
bathymetry,salinity and substrates of original depositional environments are the main fac-
tors controlling the distribution of trace fossil assemblages. Based on these factors, 9 ichno-
facies can be recognized,namely the Scovenia,Skolithos,Glossifungites,Cruziana s Zoophy-
cos y Nereites , Trypanites , Teredolites and deep-sea ichnofacies. The bathymetric interpreta-
tion of ichnofacies can be examplified by the distribution of Cretaceous ichnofacies from
southern Tibet. This region was situated along the northern margin of India Plate,uplifted
from deep-sea environments to nearshore environments during Neocomian to Maas-
trichtian. Meanwhile ,in the strata from Early to Late Cretaceous were recorded the Nere-
ites , Zoophycos  Cruziana and Skolithos ichnofacies. It should be emphasized here that the
Zoophycos ichnofacies can be subdivided into the Zoophycos-Chondrites and Thalassinoides-
Planolites subichnofacies which are representative of anoxic and oxic conditions respective-
ly. (4)Tier analysis provides ecological and environmental information about benthic food

content ,oxygen content,sedimentation rate,substrate consistency,etc.
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3. Use of biogenic structures in interpretation of some environmental factors

(1)Sedimentaion rate In some cases,the structures of trace fossils reflect the sedi-
mentation rate of original depositional environments. The regressive spreite structures of
trace fossils result from rapid sedimentation. In contrast,the protrusive spreite structures
of trace fossils take form when the erosion rate exceeds the sedimentation rate. The fea-
tures of bioturbation and ichnofabric are also important indicators for the sedimentation
rate in a given depositional basin.

(2)Oxygenation The behavioral types and diversity of trace fossil assemblages can
give hints for the understanding about oxygenation of the bottom water and interstitial wa-
ter. Domichnia-dominated associations are normally related to the oxic conditions. Pasich-
nia-dominated associations usually occur where bottom water is aerobic or dysaerobic,and
the interstitial water is dysaerobic. Fodinichnia-dominated associations, whose trace mak-
ers feed in the deep part below the sediment surface,reflect the anoxic conditions of inter-
stitial water. With the increasing oxygen content,the diversity of trace fossil assemblages
also increases. The oxic environments contain a moderate to high diversity of trace fossils
including different behavior types of trace fossils such as Domichnia, Repichnia ,Cubichnia,
Fodichnia and so on. The dysaerobic environments generally are dominated by Fodinichnia
in low diversity assemblages.

Tier analysis also gives clue to the understanding about oxygenation of primary sedi-
mentary environments. The morphology of some trace fossils is related to the oxygen con-
tent of the environment. Zoophycos has only a simple J-shaped tube with only one opening
at the sea-floor in a well-oxygenated environment , whereas it often has two openings at the
sea-floor in oxygen-depleted deposits (Wetzel and Werner,1981). With decreasing oxygen
content,the burrow diameter ,penetration depth,degree of bioturbation and tiering in deep-
sea sediments decrease below a specific threshold value (<{1—2 ml 02/1) (Wetzel,1991).

(3) Energy level The biogenic structures can be used as an index to indicate the en-
ergy level of depositional environments. Trace makers usually construct vertical burrows or
tubes in shallow-water environments under a high energy condition, whereas they build
horizontal burrow systems in lower energy conditions. For example, Thalassinoides varies
in configuration in different depositional environments. At the top of the Lower Carbonif-
erous Hezhou Formation in Chao County,eastern Anhui, China, Thalassinoides is mainly
composed of vertical burrow systems which were formed in a shallow water environment
under high-energy conditions;in contrast, the Thalassinoides found in the Upper Creta-
ceous Zongshan Formation of southern Tibet is characterized by the horizontal burrow sys-
tern produced in bathyal environments under lower-energy conditions.

(4) Substrates Composition,texture,stability and hardness of the substrates are the
major factors controlling benthic organism distribution and behavior types of the fauna.

Like salinity and bathymetry,the substrate is also an important criterion by which ichnofa-
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cies are distinguished. Some trace fossils can be used to indicate the nature of the substrate
in original sedimentary environments. For instance ,Ophiomorpha is often related to the un-
stable substrate regardless of water depth,salinity and oxygen conditions and even sedi-
ment composition,whereas Thalassinoides appears to be related to the stable substrate. At
the top of the Lower Carboniferous Hezhou Formation in eastern Anhui, Thalassinoides
was produced on the firm ground of omission surface but in the same strata of Kongshan,
Nanjing , Planolites was produced in the soft ground in subtidal environments under lower
energy conditions. Ekdale er al. (1984) described the tiered ichnocoenoses controlled by
substrate in the Upper Cretaceous shelf-sea chalk of North Europe. Five tiers at least could
be distinguished from the deposits. The shallow tiers were dominated by Planolites. The
deeper layers were usually occupied by Thalassinoides ,Zoophycos and Chondrites in proper
order. Planolites-producers were inclined to live in the soft ground or soup ground near the
water sediment surface, but the trace makers of Zoophycos and Chondrites preferred the
firmed (compacted and dewatered) substrate at the deep part below the sediment surface.

(5)Salinity Salinity is an importnt factor controlling the distribution of organisms.
The types,abundance and diversity of trace fossils produced by the activities of organisms
are also influenced by salinity. As a useful tool,the biogenic structures can be used in ana-
lyzing the salinity of original depositional environments. A. Some ichnotaxa can be regard-
ed as salinity indicators, such as Scoyenia gracilis, Ancorichnus coronus and Fuersichnus
comminitis which only can be found in the non-marine environments. B. The study of ichno-
coenoses and ichnofacies provides some information for understanding the salinity of pri-
mary environments. The Scoyenia ichnofacies erected by Seilacher (1964,1967) is supposed
to represent all non-marine trace fossils,but it should be divided into several trace fossil
assemblages reflecting different environments and bathymetric zonations. Bromley and As-

gaard (1979) divided the trace fossils in the Triassic Fleming Fjord Formation in East

Greenland into Four trace fossil assemblages the Fuersichnus assemblage occurring in a
stable and deeper lake environment ;the Arenicolites assemblage representing a shallow lake
environment ,the Scoyenia assemblage corresponding to a lake-margin environment under a
very shalow-water condition subject to the periodic desiccation,and the Rusophycos assem-
blage marking the end of lake condition and the beginning of a dry river environment.
The Pasilonichnus ichnocoenose and Culvolithus ichnofacies provide some information
about the transitional environments between continental and marine facies with rapid
changes in salinity. the former is only found in the post-Pleistocene deposits and rocks,
while the latter belongs to the Cruziana ichnofacies ,indicating a special depositional condi-
tion characterized by rapid deposition,sandy substrates and lower ernegy. The typical ma-
rine ichnofacies include the Sholithos ,Glossi fungites , Trypanites ,Cruziana s Zoophycos s Nere-
ites and deep-sea ichnofacies,whereas the Teredolites ichnofacies may occur in both marine

and transitional facies. C. The features,advance and diversity of trace fossils are related to
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the salinity of primary depositional environments. Their diversity is usually moderate in
freshwater condition,low in brackish condition,high to very high in normal marine condi-
tion,and very low in hyperhaline condition. Howard (1975,1978) studied the estuarine sys-
tem along the Georgia coast and found that the diversity of clearly preserved burrows in-
creases seaward and the complete bioturbation increases landward.
4. Some problems should be taken into careful consideration when geologists apply the bio-
genic structures to environmental interpretation

(1) While using trace fossils to interpret the bathymetry of sedimentary environ-
ments ,more attention should be paid to the trace fossil associations than to individual ich-
notaxon. Sometimes,the latter has broader environmental implications than the former. For
example,the trace fossil Skolithos has been found in different environments from fluvial to
deep-sea environments,but the Skolithos ichnofacies is mainly indicative of nearshore envi-
ronments. (2) The occurrence of some trace fossils has shifted in geolhistorical time ;for in-
stance,the trace fossil Zoophycos is often found in the shallow-water environments in later
Palaeozoic,but in the deep-water environments in Mesozoic and Cenozoic. (3) The alterna-
tion of some sedimentary factor or factors such as energy level,salinity,oxygenation, etc.
might result in the alternation between opportunistic and equilibrium ichnocoenoses. The
alternation between different ichnocoenoses should not be mistaken for the large-scale
fluctuations in water depth. (4) While using biogenic structures to interpret sedimentary
environments,one should take into consideration some other environmental indicators such
as non-biogenic structures,carbonate microfacies, geochemical data etc. The preciese envi-
ronmental conclusions ¢an be drawn only after all factors have comprehensively been con-

sidered.
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