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Figure 1 Relationships among evolutionary events, sea level changes, biostratigraphy, sequence stratigraphy, and event stratigraphy. The biological

evolution diagram is from Ref. [84]

311



M43 0B 202518 £e7% #3H

B AL T 5 — i A R Sk

(2) AP, AR HZ XS FEROARIE, M= SCRR]
PO TCREE o E 2. AR Z A LARUEA S P, T
METHEATREAOS LL; QSRS Sy R RS i 0T L, 32 FR4ehR
B 85 SRS P gt 2 52 30 A 4 A PR 7. AR Q2 57 4%
TE CAMUEA bR S R hn ik, T ELId 24 W R A4
PR, TERFANG TR, w] LA T DX st ] AT i34
LRFE, FHZREI BT YR L

(3) Z R TR E. — AR RO Z SR N % S ke
“H Bk Dy AL R [ ARG, XA E AR %A P
P A7 A A A RIRE B A Sk, n] USRI 97 1438
ST FTXS L. -t 3 2R 22 ] 4 AR AR i 7 T i 14
Bl WIEH T 2RI kA, FOE R L BT
AW E TR

(4) Bl A e, T SRR R hr i i e
JEPERAEE. AP E R R R AR, (A
JEFURZFI R, T LGRS A XX L. B S Bk SO
M BT IC SR A AR B S A AT U 1, (EAEMZE /b I
OIS, ANRERGEH T SRR R, T iR
PRHURAL, RIEA SRR AR R R L, MR
PSS TR A L V=L (R TTINIIW C 1B Sl V=TT
(e {37 2% IR A 27 3 2 ST 8 ) M 2% A T A = v A
WAFTERY, TR B AR G T SO R . A
TEMEDT R, J2 PR PR PR OB T (2 7 5 . )
DI TR IR T ) Rl JZ 7 5 TR 2 e 4L A T
JE PR AR Y, R )2 R AN ] R TR e I ) S5t
TEHJZ AL i A7 TE R

(5) AREEE. YRR LRATEEN. bR 1Y)
SERFLE KRN, HAEA S 2 R AR B 2 5
LRAE M S YA AT DU A I BLRY. IED O anitt,  BATSF
HJZ ALY R SRR RE ] T AR R SRR

(6) BSUURRAHI) Izl Xf L. A2 A2 27 I ),
1M HIE N TA TR RN L. S22 e A e
RAEIAY, T AT LU TSR DO L.

R FIRIREOR, AW 27 SR R 2 # A T
Mh5E R B SRR AT 55, T B LABHIEMED) 32 SO R
T, KAEYIR SRR APILE SRR, TEEYIHERAE
NI 2 AR e AR U)Z k. AN Fn L [,
BR— Al

6 EFATERI SJARHI ML AL S bt

R A BR L SR B L ((GSSPY S B A —
AR R EYIRE X, 55— R ITHE E R
RERHIBRUEALAT IR R AL E R SO R M 2 2
HOJZ I KRB R, ARACIER 22X LR e R
FE B B AL RIE, TEGSSPHYHHE [ HIH L AERI 2 K

312

F G BOA IR

6.1 EFATER SRRV Y2 NS EhrifE

(EBrRAE Y O, B R R AR R AR
SR BRI Z M, THHET, KA AR Z)ZH
DY S5 VENAERT . B85 TR0 A IR 2518 R i A= Y7l 1X
eI bR, (EbriZ2iEr) B —rmich,
BRI RE AL e — RS, B EAMEARIRE A L
—ABHIE A, T LA ) 0 [ S ARAT IS AR [ SLPE
SR bbEk Iy 5 AL EE R Y AR AR T (B SR B BE -5 SR
BIFPRRIRI B — B, X SR AR AT R B Y Sk
SR 3N — T Sz e T FERR AE GSSPIV J5 i L AFAE R ok
TR — A M SR TRV EE A AR R4k B PRI OR [R) UL o5 Fn 25
B bR L, Xt U R AR A R AN
AHEIR R0, T ELE A2 B R 2 A H S — .

[ B 2 7 L B RS HH GSSPIY S — Sk i B AT
XF EE ) BRSO B Rk, DIRIFXT H, H SR
BT A DA AHAE, A E A A YA A L s e T A
AL, RIRERSH T HLE FE—rEfr Bt &
P SR AT BB 5 — AN WA XS B, — 4% WA SR T e
HA T BEZ AL FEX R EAAE TR, SRR R R
PR HbBETT AR AR5 . R HARSE e rh, 4R iR iR
) S AT AE G 22000 T Ml J5 5 1 B L B 1) 1 4R ST ) o
B, kP A AR EE A Y H)E Tk, SRIE T AR
A R R E O B A . R AT ST A AR R R
eI AR AN B, ZERFANME TR AIN [, FESEbR AR
PR EAE. IS EGSSPIUIF R FEfr G A E N . Bl
A B R B T g,

YR Y JZ AR 5 T SO S 2 2R 2 18] 4 B (R
Sz, FUNGATR S R b S 2 BT TR L )2
P E R =2 IRz, T AR sk A LR 2
BRI  — AN EE S H b, A2 B A S
o R PETE TR 2 BT TR (= U2 P IR Rz 1) 2
AT Z A AT RS, ME R YT BUR .
XA AT LATR A FH B — A W 2 2 5 P i o SR 2 R T RN
BRI, TR AR, BRI T CEPrHETS
(el B 1= S ) = S A O - E2 =S R i S PR A
BYEER, ORI DB R R M 4 b B AR AR R e M, 1B K
AL T AR 2 AR ARUE R T U, R T 2 RO 1
X EE.

e X A~S i, BRI IR A ik R ALY E X
= B-=ERAE G VAR, BT LA 2 5
R T G IR (ORI N GNP Pl WY e N M P05 ) O a Y
Wy U, RIS TFRE R LAag bbb, A AR A
RIEA e 5T )2 FL e ZA B es, e
TFREE LB HE LK.



6.2  BEFEATERSF LIRS brifi:

AEAR )2 A e U E 25 i T A 0k % 2 0 ) 1
Fie BRENAE R, A e R A 1 B T
RERFE. M BEAKET, —MbafrEeskiE i
R EEFER), RieA B %A B A0
R Ao Al AT HE R R, AL A A 2
IR TCILTE RN, TEAYMZE SHPWBEEEM. £Y
R AT — R R ZERI P, A E R TR R
NG, FIL, XETHEARED T LAY I R ORI
205 WER2ETR, ESFEA. By C. DRIEFRAHIE E
BB AR Y. ETTIE, AYrH)E T R R R
(7] R b 2 T b 2 BT LAY E (K2), s 5T
FHZ HITTH TR — 2. (B 7EAE R A TTRR A EE T 25 %1 TH
LU SRS, W) S TR I e Y £k
A7 BRI TRI AR, B 2 T A e A
PSR, P fER N AR E AR, 78 B AT,
AT LA R URR oy i B 55 GRS s k2 VRV B 85
TSR S T AR A R AL T R
J2 TSR I (U = 422 3 PR A T 37 T ) =2 ) P 8 e i ) ) T
o5 i Gl [T T 7 T 20 s = R/ R s B2 N U AR b
AGSSP(E2). EE2H, BEA. By C. DRIEHAHIEVL
FUTREOH A Y b3 5, BA REGE R TR, f£C
FITED A o A A PG SR 8 EL T S e 2 T T B 8
ATRAAH S HAl s AR b, Clia_ L Am il fb A B B ) £
B, Ak R R R

FEJLA RGN 8- =8 R AR 1 ke )2 R30I L, AR
SYFH. parvus g U BRI B 3 T 302 TR T (R P
HELJE T RIRIEIZI). H. parvustiy B RTERTVT A 2%
JELETE s T2 TR RS em™, ZEpU 1T b Sp )
T b T2 TR I 22 em”, 76584 KR Guryul 45 51 T
TR TR 29600 e 34N, Wi L )
T LRI H. parvus{ &5 H T 20812 T0UA i 2 .
WS LA A _E TR AR — 80, B KR — 0w iR

B AE AT T, WA LA T LS A H. parvus
B, B, DA RMELTIE N —&- =S R R
IGSSPICRE 2 fie k.

6.3 PUMART LA CHZ S i R B S B b

AT AZE A B T % B AR AR 2 R i i
PRUEZSREE OO B O B S 2R TR e 8, K
PR 00 S T B v T 1 U B 7 AR [ R b 5 T
FO R TR (K2).

N M2 BT T TG ) 1 R v O B X —
B 2 o A R AL AT B, A LA T RE A A -
(1) YBSARERRE A DR TE R, BRI i)
TR T2 2 BT TR RS S e () ARvESSRERY
HEYIIFRE R, (HBA TSI (3) ARiEEREI )
YR E 2N E 25T B R, (H i TSRS A TR
AT, (4) PRI A Rl B 2T it B 2T R 5 e,
HOLWMA, (H i TAFICRE BT R B 2 B
AN BIRAE, MR 2R H TR TG
S G T S W ol I DR 3 R R v e A 7 R
J2 BT TR TR B 2 5, PRI T — e U w0 A e
LI RMUR M A B, R, T4 A S5 7 T i
BT, 1S RS B0t s 5 T L RO TR R [, R
AR AR E BRUESSREE AN Tt B .

KAEBFFEFM], R B LR afp P a5, & X4k
GRS S T 05 AR ¥ U B 37 B AR TR
HOFHZ T TR, 02 AT TR T SRR R 2
T BEE b ARG k. PRIH AT AT S 2 BT TR 1T
TR AE AR LR 2 R R S bR SRR B U R Fr o
BUE2). S b, 7RSI R — =02 R A RZ T
(P Hb 2 BT TR T AR AT ), 200 0 T S AT W) S A
ARSI, 7EHUZ RIS AN L b A R T A
PE. PRI AT DU AR T AT IR 2 T B 2 BT T
TN AR F AR 2 Rk i R 2 bRk,

B 2 mpEA S AP SRR R Z AR

e S ——
—— NEEEND) C—————__
:::::::::::;::;f:j::i::f
I —— T T
e
— —— - Claraia wangify @)% — ===l
- — e |
NBEENE)
SHIBEMREENE)
SHR

Figure 2 Relationships among chronozone, biozone and event stratigraphic boundaries
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To date, approximately two-thirds of the Phanerozoic chronostratigraphic boundaries have been defined in terms of the
Global Standard Boundary Stratotype Section and Point (GSSP) concept in the International Chronostratigraphic Chart.
However, in practice, almost all definitions and correlations of these boundaries are controversial, and some of the
definitions are indeed questionable. Consequently, the definitions of some boundaries for the standard of correlation
become almost meaningless, and it is therefore necessary to reexamine the guiding ideology and research methods for
determining stratigraphic boundaries. In addition, the current International Chronostratigraphic Chart is no longer able to
meet the need for accuracy of the temporal and spatial framework for Earth system science. Therefore, it is necessary to
establish a new generation of the International Chronostratigraphic Chart after the GSSP.

Given the problems encountered in the establishment and practice of the International Chronostratigraphic Chart, this
paper proposes that the International Chronostratigraphic Chart after the GSSP should be developed to solve the following
issues: (1) Improving the time resolution; (2) improving the identifiability of stratigraphic boundaries; (3) improving the
isochronism of stratigraphic boundaries; (4) establishing a standard for chronostratigraphic boundaries that is suitable for
accurate correlation of different sedimentary facies in different regions; (5) establishing objective, repeatable, and
verifiable criteria for the definition and selection of GSSPs; and (6) ensuring that the chronostratigraphic boundaries reflect
the historical stages of the evolution of Earth.

The present paper attempts to combine biostratigraphy and event stratigraphy to define chronostratigraphic boundaries,
and takes the geological event surface as an important criterion for defining, selecting, and identifying GSSPs. In the
specific approach, the speciation event of the first widely distributed species above the top surface of the event stratigraphic
unit, that is, the base of the first widely distributed biozone above the top surface of the event stratigraphical unit, should be
selected as the biostratigraphic definition of a chronostratigraphic boundary (the first criterion). The section with the
shortest distance between the first appearance datum (FAD) of the index fossil selected to define a chronostratigraphic
boundary and the top surface of the event stratum should be chosen as the boundary stratotype section (the second
criterion), and the FAD of the index fossil in the section is the GSSP. The top surface of the event stratum below the index
fossil, as the biostratigraphic definition of a chronostratigraphic boundary, is an important reference criterion for
identification and correlation of chronostratigraphic boundaries. Within the framework of biostratigraphy, the records of all
types of geologic events and other strictly isochronous natural boundaries are used for further division and more accurate
correlation of deposits in detail, which may improve the resolution of the stratigraphic division and the identifiability of
stratigraphic boundaries. This would allow a new generation of the International Chronostratigraphic Chart to reach the
same time scale as the Quaternary (tens to hundreds of thousands of years) and improve the identifiability of
chronostratigraphic boundaries in the field to benefit geological mapping.

International Chronostratigraphic Chart, geologic time scale, Global Standard Boundary Stratotype Section and
Point (GSSP), golden spike, modern stratigraphy
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