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Fig.2 Integrated stratigraphy of the Lower Ordovician successions in'Guizhou province (modified from reference
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Fig.3 Boundaries of the Lower Ordovician successions in the Piaoertian section

(a) boundary between the Tongzi Formation and the underlying Loushanguan Formation, the standing person (1.75 m) for scale; (b)

close-up view of the bioclastic limestones in the basal Tongzi Formation, with amounts of pebbles (green arrows), coin (2.05 cm across)

for scale; (c) boundary between the Tongzi and Honghuayuan formations, hammer (encircled) for scale (33 cm long); (d) boundary

between the Honghuayuan and Meitan Formations, Hammer (encircled) for scale (33 cm long)
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Fig.4 Lithofacies (LF1+LF2) characteristics of the outer ramp to basin
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(a) field photo of shale (LF1), Tongzi Formation, standing person'l.75 m) for scale; (b) interbedded LF1 and flat-bedded dolomites (LF2),

Tongzi Formation, hammer for scale (33 cm long); (c) field ph grading upward into medium-bedded dolomites (LF6), green

dashed lines indicate the boundaries of meter-scale depositional , and red arrows denote the meter-scale depositional cycles, Tongzi

Formation, hammer for scale (33.cm long); (d) photomicrograph of horizontal laminations that consist of dolomite-rich layers and lime

mud-rich ones, Tongzi Formation, plane polarized light (PPL)
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Fig.5 Lithofacies (LF3-LF5) characteristics of the lower mid-ramp to outer ramp to basin

(a) field photo of flat- to thin-bedded calcirudites, Honghuayuan Formation, hammer for scale (30 cm long); (b) close-up view of LF3,
showing substantial amounts of trilobites as predominant bioclasts, Honghuayuan Formation, scale in centimeters; (c) photomicrograph of
LF3, bioclasts are composed of trilobites and minor brachiopods and intraclasts (yellow arrow), which are arranged in imbricated manner,

Honghuayuan Formation, PPL; (d) photomicrograph of LF3, with micro-erosional surface, bioclasts are comprised of trilobites (red



arrows) and brachiopods (green arrows), non-skeletal grains are represented by intraclasts, quartz and ooids, Honghuayuan Formation,
PPL; (e) field photo of flat- to thin-bedded peloidal-ooidal calcarenite (LF4) and LF3 evolving upward into medium-bedded bioclastic
calcarenite (LF9), green dashed lines indicate the boundaries of meter-scale depositional cycles, and red arrows denote the meter-scale
depositional cycles, Honghuayuan Formation, hammer for scale (33 cm long); (f) photomicrograph of LF4, exhibiting graded bedding of
different-sized ooid layers and peloidal ones, ooid cores are characterized by intraclasts and bioclasts, Honghuayuan Formation, PPL; (g)
photomicrograph of LF4, displaying a pebble that is composed of reworked ooids and intraclasts, Honghuayuan Formation, PPL; (h)
photomicrograph of flat- to thin-bedded intraclastic-peloidal calcarenite (LF5), with normal graded bedding (green dashed line) and

micro-erosional surface (yellow dashed line), Honghuayuan Formation, PPL
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Fig.6 LF6 characteristics of the upper mid-ramp

(a) field photo of LF1, grading upward into LF2 and being capped by medium-bedded dolomites (LF6), green dashed lines indicate the
boundaries of meter-scale depositional cycles, and red arrows denote the meter-scale depositional cycles, Tongzi Formation, hammer for
scale (33 cm long); (b) close-up view of multiple normal graded bedding (blue arrow line), showing basal erosional surfaces (yellow
dashed lines) on which conglomeratic lags (yellow arrows) are located, Tongzi Formation, scale in centimeter; (c) Photomicrograph of
LF6, displaying very finely to finely, non-planar-s(a) dolomites and grain ghosts, Tongzi Formation, PPL; (d) Photomicrograph of LF6,

with a quartz and intraclast-rich layer exhibiting faint graded bedding, Tongzi Formation, PPL
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Fig.7 Characteristics of LF7 and LF8 of the upper mid-ramp



58 5E: BRI N BB ST S 2 P RE

(a) field photo of LF2, grading upward into LF6 and capped by medium-bedded sandstones (LF7), yellow dashed lines indicate the
boundaries of meter-scale depositional cycles, and red arrows denote the meter-scale depositional cycles, inset displays normal graded
bedding, Tongzi Formation, hammer for scale (33 cm long); (b) photomicrograph of LF7, with irregular boundaries between dolomitic
intraclasts (yellow arrows) and quartz as a result of pressure dissolution; (c) photomicrograph of LF7, different-sized quartz layers show
graded bedding, with irregular boundaries (blue dashed arrow) between dolomitic intraclasts (yellow arrows) and quartz, Tongzi
Formation, scale in centimeter; (d) dield photograph of LF5 evolving upward into medium- to thick-bedded intraclastic or peloidal
calcarenite (LF8), yellow dashed lines indicate the boundaries of meter-scale depositional cycles, and red arrows denote the meter-scale
depositional cycles, Tongzi Formation, hammer for scale (33 cm long); (e) photomicrograph of LF8, grains are predominated by
intraclasts and sparse brachiopod and crinoid fragments, Tongzi Formation, PPL; (f) photomicrograph of LF8, with peloids as dominant

grains and a rilobite fragment, Tongai Formaton, PPL
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(a) during the deposition of the Tongzi Formation; (b) during the deposition of the Honghuayuan Formation
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Sh. shale; Lm. lime mudstone; W. wackestone; P. packstone; G. grainstone; S. quartz sandstone; 1. open-marine shallow-intermediate

subtidal facies; 2. open-marine intermediate subtidal facies; 3. open-marine deep subtidal facies; 4. basin

4 JEFFHERHIE
4.1 SIREIARIEE]

W58 DX MR 2 RN 2148 el 2H 3= 22 ol 1) B AR my ORI A [ 2 . (1] 4y &l e &
6a. Kl 7a, d. B 8a, ¢ o XELYTRNE RN H R A HEXTFRIE, BRI H R AR K A
FHOOREE S EG/ND AR AR HOK A A RS ERD  AR7s @il (geilygo
X T PR B NZZ A8 T PRt i B 1052531, i A, B B I L F 1) T = AL T v T
FRERE, PR i BN S 5 35 T AR 7 T R DR UNE (R ARE AN R B i [m] 140491,

AR AL K TR e [m] AR AH 2 2, ) g i A A0 21 4 el ZH AR OK 2 O [ 7 7)) 73
PUFREAS (T-1~T-4 Al H-1~H-4; K 9) . i T-1 E%Eﬂﬂﬁéﬂ (E10)., ERFEEH 1~3
K, HRERE T A B E A A AR (LF LR/ LF2) A, 00 L A8k T v 2235 a A (LF6
FILF10) (Bl 4c. K 6a. Bl 8¢y E92) ; T2 %XEE:‘%E:%B (E10) , BEREEN
~1.5m, HTFEHUSEH A (LFD NFFIE, (R0 B o 855 A0 (LF6) 415k, [ I
BE— AN LF7 (B 7a0 B 9a) ; T-3 RE EAFA RIS (& 100 , ErEE
N 1~2m, ﬁ?%ﬁ%niﬁ%‘%ﬂ?’ﬂEP%@%%&%#H(LN AI/EG LF3)AN | i G234 A (LF9)

(E 92) ; T4 ZrAifeAaedni b3 (B 10y, EREEN 0.5~1 m, HTFHNFHEEE
AR (LF1)G, A InAE P e MESEM (LF2) (B 9a) . H-1 FEEH
fEaEA (F10), Eﬂéﬁ\fﬁﬁ 1~5m, HHRH T AN A (LF3) 1L
g3 A AR (LF9) (@)&&%‘)"; H=2 225 AR LA AR R ES (100, EmEEN
1~1.5m, B REM R SRS A (LF4 5 LFS) F1_E3E_E R E3AH (LF9) 4
B (Bl 5e. 9b) 5 H-3 BEK B LA T T (100 , EREEN 1~1.5m, HT
O TS RSN A (LFS) , BN B SR (LF9) (B 7d. 9b) ; H4 &
B AELAE AR TR (B 100, EREREN 0.5~1 m, T EOFMI0HT 2 2 Uk 5 A
(LF1) , [a) By B 3CEAH (LF3)  (E9b) .

42 ZEMRER

TE = PIRZ T, ASCRH Embry et al U133t — 3B (transgressive-regressive)
R EZEFEAT, AN EBN=9Z 5 B R R (TST) AR R 4
I (RST) MRk, 3 2 [H NEREFZ I (MFS) o FEJURAHA S ATK TR i (5138 51 )
LGl b, AR PORRAR AN S K 2 TR T 1m] 2 7] b 7 8 BRRAIE, R B8 A6 1t DX B L FH 1 T B



Gt pr A Ae H ) 308 3 A =R, BAEF Ay IR (RIS D
(100 .

D ZF1 (SqD

Sql AP R B — 2, HIEEN38.5m (K 10) o B#EHE T,
Sql MR REL (TST1) e TUiRER T-3, FAN AR EEN LF3 M LF9. Fi)5,
) 3 A g DAGORURE ] T-1 9 E, P E AR 2209 L2 A1 LF6.  HITAH -1 I A 5 45
ETF, TST1 By B — B2 L) LF1 N RO & (RIHdE sUE "R (B 4a) , Xt
R RHFZ T (MFS1) o ZJ&, MXNEFIE b B FRE, R R (RSTD JF46
TR BERKE, RST1 WHERAK B IO AR (IUZO BT Z e B it Uig ] T-1
PR, AHIZEAILL LF2 fI LF6 3. 5 TSTI A, RSTI MIEMEAEZ LF1. HhAoh, &
MERERR, DORIE CHniER R3] /KP RESs) Sy (10)

2) FF2 (Sq2)

Sq2 HIJE R 48.7 m. iﬁ;*ﬁxﬁﬁ%ﬁﬁaﬂ%wﬁ%\\%gz 0T 0 DAL T-1
N, HHRZEAY L2 FTLF6, (H MR BN (K10, 8 1a) o BEJE, TST #t—#
A R ADTRAE [ T-4 %*H%’éiﬂa‘z\%@ml A LF2, b 576 AR VT A B dge e, %)
W% MFS2 (| 1b) . Bk KA, RST2 W%B%ﬂﬁﬁ\lﬂl%%ﬁo S N AR Z R
VURERF T4 My, A AH2EE Ny LF2. LF6."LF10; L& ZF hitBUZF T-1 1 T2 41
B AAHSEA N LF2. LE6, LF7. AR, 5 RST1 ML, Bk T AAHE BR8N, v

S ilatie s s N Hﬁfé@g% LUNEES

3) B3 (Sq3) \ \

Sq3 MI/E 9 40.5 m. RST2 ZJ&, TST LAUTAER T-3 NE, FAHRAEE N LF3 M
LF9, {HJ5 R R/l b 35 AH 0N P T b R B o Bt (B 10 RS T1e) o BEAE AR
SPIIRFSE ETE, TST TE A N UL LF1 A ETTRAH G, YR %E MFS. RST U H 4046
P FE S, HARE 3 AMNUREF . FHIUHZE T BT ER H-1. H-2 Fl H-3 #,
FAHRAL FFY LF3~LFS il LF8. LF9; HAth 2 ANIUZR 2 5 R e 9 3= 224 H-1 1 H-3,
FHHZEAN LF3, LF5. LF8 Al LF9.

4) JZFF 4 (Sgd)

Sq4 A E TST sk —#R4r, HERERN 9.5m. R TST4 JIAHE R A 5 RST3 T
FAeh, ¥ILLH-1 8E, HEITRUER R R (& 10 M 11d) , FRHRER 25 AR T
M Ny BT BRI, TST B NS iAUie el H-1 4 p%, A AHZEMY09 LF3 A1 LF9;



F5 IR BSAbHIX T B SR S R P RHIE

R B TRURE Rl H-4 MR, A AHZRAN LF1 AT LF3 (10D &

B1T B L 8 B Sl AR R T S o G 1 BT SRR AR
(a) RSTI1 5 TST2 Z[H)JZ/F Ftil, MbEd, HBHEKEEA 33 cm;  (b) MES2AJ TST2 55 RST2 43 JF, Hifedl, Mok iz
N33cem;  (¢) RST2 55 TST3 Z[AJZF L, HkEA, H1THEREE N 33 em; SI[3 5 TST4 ZIAlJZ 7 7l , Hked,
JEK N 33 em
Fig.11 Outcrop characteristics of the critical surfaces within depositional sequences of the Lower Ordovician
successions in the Piaoertian section

(a) boundary between RST1 and TST2, Tongzi Formation, hamm®g for scale (33 cm long); (b) boundary between TST2 and RST2, Tongzi

Formation, hammer for scale (33 cm long); (c) boundary betwee d TST3, Tongzi Formation, hammer for scale (33 cm long); (d)

boundary between RST3 and TST4, Tongzi Formation, hammeror sgale (33 cm long)

5 DUBATR L i R A 47 A PR R

RS A it X
Tk ¢ DX L FH i i 7

1) AT i Ae 4L

BRI S DA I R 2 BB -1 T AR AL AN UAR Y {4t 20 55 22 o D) 3K 1) 42 ] 12:022400,, AR A 235
1N Pt T 1w s S 2 /1 1 i A O b e T TP wi ) PO W W Ea =i TR M
TR A AR AR B DUAR S DD« 0K 25 B FEAIG, [RIRFARZKCA AR SRS (ln LF1) =EREZ 8 (]
10, 12) o AERNHET I d T O T By, B0 L R T SR I YT K o AR B DU R
FEMR . BURL S I, ORGSR R B IRy R B AR 12 (R (] 10,
12) .

35, B AL R B SR 1 LR PURERA ) (RV =202 ) fEf A BRI AL
gF R e (& 12) T ESIO L B =207 Fr ) 3 1) B R QR 7T X B
AT HEARGER (40 WP BT (EIR) TE, X587 e A X R R S T

(BRI 5 T A9 47 %4 L AT, 0 T
R%ﬁwﬂgﬁﬁﬁﬁﬁmigﬁwago



T AZ A il 2 SR ALLS561, -t b B B g A 1 T4 S 91 A0 A i AR B R — B ([ 13) 7581,
M H LA T 5 75 X BL A0 B 55 A0 R RO AT X b . AR B = X RIS I 200, (ELIF 5T X
TG =GR 7 5 AR R T T A A T BEAT —SE RO B (& 13D . BeAh,
AARES AL X 2 P 1 0 B AR G L2 3 A A Y, (EURR R 4 AN 20 el 2 ORI S99 Tk
DX LT AR 52 B3 AR I 2 o RIS AN [R) R OCRR R 1 T 8¢ 32 9F 7 DX B 8 (AR T 1]

TE A P 4 o R

=.

6L | 5 1 {k [ i) T
) | FAER
MG |4 (B |aL| B AREEW B | EH458
Kolshim W PGS A Shm W PGS
i - _N_,A
i e « 140 7K WU ] i
i <3¢
Sqd |TST +3a ==
11d 2
= 5l 8ab ++E/"m Ij #Hk | BMLLE
la =i =
i | oy 120
T (120 T 7df b ‘4?
RST M = - [ #‘,
- —“ 2 n 9 2 2
$q1 — +5g —EI g .
J1E - X 80 1t RS
3 = 1 = 1 o] 2 H qqa
ool Ly 2T s A st
TS = : : ﬂ e o 1
= ]:'c _’ ,I= pu‘j'? RST
60 5
bt S 82
80 et TST
k pA
RST s "
i) e £
R G = 40 B
5q2 = «6c il
+4b i
60 . rRsT| §
‘: { .I
s L <
‘g ﬁgg 11b e Sql
TST vl JE5
i 20 = ~ L
B 1
202 1) TST ‘
z;;
iy
RST «1d P
Lo A
Sq1
i — 5 )i
20 i @ R Azla R
'] 72 Wi W) Wl
TST @ E % B % &
Ea SR = ¥2% g e
i @‘ﬂ"“*'y\n =P U=z
¥ <
Al - 3a.b
Bl 12  E5Abib X R SR 45 )2 b 42 A Hb ) L

Fig.12  Stratigraphic correlation within the sequence stratigraphic framework of the Lower Ordovician

2) WP R

successions in northern Guizhou province

AR e s PR R, A b 377 X i S I RO PE AL R AR R AR IS = TORRAR AT &

ABZR 1 e Ao,

RS HEO L,

65, S8 T T AR oy b B ARG SR 3 b 3 s X B ) R A A7
i,

LB P AR il SR B ARSI (7 241D MITEHBIX . B8k



58 5E: BRI N BB ST S 2 P RE

WX SR P X CZLAEfE 41D 1262, {B47 7 BB DLRRIR sh AR A 28 O 25 1 HAt DX 3] 3= 22 DX
AR B R IR s BURLITAR D RFAE D 15181, ] LSS 4k 7 (R A oy s B Ryt R TR S R
WS AR IR SALLAR B R A Al XA DL AR SR IE 35:41.63-661,

T F X A R T A8 A4 I 2 F f H 74 X FL 4 FAG K
(AT 5) (Haq#lSchutter, 2008) (Su, 2007) (HerediafliBeresi, 1995) | (RossFlIRoss, 1995)

e > K| AP Fe—> |5 €—>

R E

K13 WEFEIXC B TR R [ 5 4 BREL At [X (7] i 30130 i Az xR

Fig.13 Comparison of the Early‘Ordovician depositional sequences or sea-level fluctuation curves between the

Sq4

SR

ﬁ
=

g

=

1 |Sq3

i)

Sk H2E

=
brel
=

o 2N Loctions worl s

%?%ﬁ%mﬁﬁﬁ)lIrﬁ—%jtiﬁlz‘%ﬁﬁ/%ém%éﬂiﬁ%ﬂ%ﬁﬂ%ﬂﬁ, R B L E T
DEAR AN TREANE IROE AS B Ml NI % o e AR EB U R % O | e R/ IR = N kA R g ]
By 2B/ e I TRE AT B ORI A 3 DX A e AR SRR DUARRRALE , A DA 4LITAR
Hﬂ“,ﬁ\ﬂTzﬂ‘]Eﬁ%’é@lE‘JFL%E}%%\BE&J‘EE‘JE?%E’%‘?@E%, NG e MR LR AR E R
BINHELZEMEZ A, @iﬁ%ﬁﬁ&ﬁﬁ%ﬁ*ﬁ%fﬁm”h A R W AU B T 1 O IA 5
INAEYSES N IRCIES S0 050 S u Sl B S w N i R =TT AR IRV S S e iiaft b= $2 8 8
LA el 50 T AL L T T AR AR S TR KR A S . el T B e R T T A B T
LA el 1) A ) L B 90 ) EAR PR 58 38 A D o S8, R ZH B A 5 0 L T SR AR R AR
FURTTRRFAE (B 12) 5 BTH AR 38 € A M AR AR 8 A W R oK T AR e el (1] 14a,
b)  IERFPRE (B 1400 - KEMENAE T K ERCHZE (K 14d, e . HZAER A
THA R 2L PR B RLAR B R R B Ty, (RN T 2L AR e 0 R & — 58 B0 (R i
EYIER (Calathium) W LLAETE F AL T TORUK AR AL AHELZ N, K
YU B AR AL TS5, FER T — @ MENUMEY N ERMAE AR (N8R
A WAEPIRRLK A S U0, =AU AL B 227 R W, MR SE DR SR A Rt
R b X B T AR 717 1) R At R A VR



ZLAEIRTIT, BN 33 cm;  (b) AR ACA B
Ji, R EENZER GREFT SO, SERE A (GOESED e GEEEL , ffed, a8, fHt; (o
IERLF BB, NN KR, WHREZ: BESRAARIE >, REKTPEUZ, Mk, LAEmBm, (d) RERE, Bk
FEONRREAM=r dg e GEOETR) ., MR, TR (o) MlR—HZRREACE, WRIRRRE GRtRLRFSO F/h
T RARACHT 2, MR, LA O B s, WORRME S Rk , ek, L Em
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(a) field photo of meter-scale depositional cycles that is formed of shale in the lower part and bioclastic limestones, Tongzi Formation,
Honghuayuan section, hammer for scale (33 cm long); (b) photomicrograph of bioclastic limestones, bioclasts are characterized by
trilobites (yellow arrows) and minor crinoids (green dashed arrows) and brachiopods (blue arrows), Tongzi Formation, Honghuayuan
section, PPL; (c) field photo of normal graded bedding, the lower lithology is represented by bioclastic calcirudite, and the upper
lithology is characterized by bioclastic calcarenite, with horizontal laminations, Tongzi Formation, Honghuayuan section, scale in
centimeter; (d) close-up view of conglomeratic lags, with grains dominated by pebbles and trilobites (yellow arrows), Tongzi Formation,
Honghuayuan section, scale in centimeter; (e) field photo of flat- to thin-bedded calcirudite, with large amounts of pebbles (yellow dashed
arrows) and small-scale hummocky cross bedding, Tongzi Formation, Honghuayuan section, scale in centimeter; (f) field photo of

bioclastic calcarenite or calcirudite, with massive calathium (yellow arrows), Tongzi Formation, Honghuayuan section, centimeter scale
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Depositional Facies and Sequence Stratigraphy of The Lower

Ordovician Successions in Northern Guizhou Province

A
GUO Chuan'?, ZHANG WeiYuan!, FU Yong!'?, XIA Reng!~

1. College of Resources and Environmental Engineering, Key Laboratory of Kars; G\o’gources and Environment, Ministry of
Education, Guizhou University, Guiyang 550025, China
2. Guizhou Karst Environmental Ecosystems Observation and Research Station, Ministry of Education, Guizhou University,

Guiyang 550025, China

Abstract: [Objective] The Great Ordovician }%i&librsﬁgition Event (GOE) is the result of the interaction
between marine environments and organisms. The ‘analyses of sedimentary facies and depositional sequences of
the Ordovician carbonate platform can reveal its-development and evolution, as well as the history of sea level
fluctuations, which can'provide a sedimentary background and isochronous stratigraphic framework for exploring
the spatiotemporal distribution chyagteristics and the evolution of coeval organisms. [Methods] Based on the
measurement of ‘the outqr(a’é. ections™and microscopic observation, the Lower Ordovician (Tongzi and
Honghuayuan formations) succe&x\s of the Piaoertian section in northern Guizhou province were investigated to
recognize the lithofacies types, construct the depositional model, identify the sequence stratigraphy, and explore
the controls of depositional evolution. [Results and Conclusions] (1) Ten types of lithofacies were identified and
further grouped into two depositional belts (or associations) in a carbonate ramp system. The depositional system
was further divided into non-skeletal and skeletal grain-dominated end members for the Tongzi and Honghuayuan
formations, respectively. (2) These lithofacies are vertically stacked into asymmetrical, meter-scale,
shallowing-upward open-marine depositional cycles for both Tongzi and Honghuayuan formations. (3) Based on
the vertical facies and cycle stacking patterns, three and one half third-order depositional sequences (Sql-Sq4)
were distinguished, which are defined by II sequence boundaries (lithologic transition surfaces). Sq1-Sq3 are full
sequences that consist of lower transgressive (TST) and upper regressive (RST) packages, but Sq4 only contains
TST. (4) The depositional evolution and sequence development of the Lower Ordovician of the Piaoertian section
were controlled by relative sea-level oscillations of different orders and paleogeographic configuration. The

relative sea-level oscillations of different orders dictated the vertical development of facies; the paleogeographic



configuration primarily defined the spatial distribution of depositional belts (or associations).
Key words: carbonates; ramp model; depositional cycles; depositional sequences; relative sea-level fluctuations;

paleogeographic configuration
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