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Fig.4 Lithofacies paleogeographic map of 3"-order sequence CSI
(a) contour maps of strata thickness, carbonate thickness and distribution of basal conglomerate; (b) contour maps of coarse-to-fine ratio and coal percentage; and (c) lithofa-

cies paleogeography
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Fig.5 Lithofacies paleogeographic map of 3"-order sequence CSII

(a) contour maps of strata thickness and carbonate thickness; (b) contour maps of coarse-to-fine ratio and coal percentage; and (c) lithofacies paleogeography
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Fig.6 Lithofacies paleogeographic map of 3"-order sequence CSIII

(a) contour maps of strata thickness and carbonate thickness; (b) contour maps of coarse-to-fine ratio and coal percentage; and (c) lithofacies paleogeography
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FITZLAT R HL 8 PEOFA% 140 k A5 209 PR X 3 1Bk
(TG0 7K ) A7, BV U6 DX () Va0 A, 7 T A e
— kTR AR A (9) 15 B ELIP N
ZRAN I8 X G A R R 6 804~9 072 km®, 52 3% i
ALHE PR X3 5 4 DXl %) L T R
AL PR, LR AT Ao B T GIS A B A AH
PR EHRAR (R 1),

Py X PG AL S 1R TR ELIP A RE AL 1] 1A
Jir G, AT AR ELIP Al 2R 1 ik iy v e 1l 4
I g L s o AR S S 11 2R A R s (6] 24 53 i
I ) ELIP B T o0 DA K AR H 5 5Dk e 5 B
AT 2R v oo JUT 9 00 7 S 2 A il 5 457 7 (] 2a
E7).

442 FREFHHE

HRAE 1Y Koppen M 4328 75 287, 5t Wz 1 1 1) 44
HWAEAIRK T 18 T, AWM ERT 1 mlyr. M&S92+
T GREE A 34 AT A X — A ™, T
3 (10) X3 34 At dsl 4 7K I F 5 Tt Sl T FREA 7 2% R
B 53 B , 4530 o 8 Py 2= XU 1Y K S
BICH

(0=0.094A"* (18)

FIIF 2 2 (18) 45 31 - 14 3t 48 ) 7K i 1 7E €SI
CSII A1 CSIIT 4353124 939~1 063 m*/s .1 069~1 192 m/s
55 868~993 m’/s (30~34 km'/yr, 34~38 km’lyr, 27~
31 km'/yr) .
443 ARBEEHE

PN B 7 M B R O T e TR R R R
PR 2R A 46 AT TOBUARR (V, km®) (BR 1) |
KA (P ) JEZEH (P JEE)ZE K 5
(P oy ) B BE (p gy ) IR (D s ) 5
(E14~6) o MBE BT IR 325 BE L35 T p g HLHZ
K2 2T AR A 2 (6) T i i 2 N 4%l
Hiy B ST TR M (M) 1 RLR A S F)
(F2)":
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Fig.7 Pattern, watershed division, and aerial range of paleo-drainage in the eastern Emeishan Large Igneous Province (ELIP)*"

*1 AEARERFHREHE=ZRERF HHE R TR ERSIRER
Table 1 Area and sediment volumes of palaeogeographic units for the five drainages
and average drainage of each 3™-order sequence
=YRT LB LI A km® SEHEPAI A km® T TRAR km? SRR AR m?
LI PR I

. 47075 9415 1247 249
sl [ERRUEAS O
TR 30003 6001 1 894 379
JRIBR £ b 18 025 3605 1238 248
INRLIEAS D
. 58924 11785 2609 522
SURRE A B
cslt o
BEIEF i 20536 4107 2273 455
JFRE 16 345 3269 1832 366
IRERE S
o 40 613 8123 1458 292
LONRUIIES B/
CSIII .
TR 26 609 5322 3111 622
JRBR £ b 18 925 3785 2011 402
R2 FHRERRARE=LZEF G RTHIRRERIRES
Table 2 Sediment masses and fluxes of paleogeographic units for the average drainage sink
during each 3"-order sequence
SO M g M1 M g MU M g/ M1 DUBAR ] 1/ My DUBLEL R Q /(Myr)
sl 983 788 434983 1891 694 2.06 0.92
cslt 1180416 643 913 2432439 1.96 1.24
CSII 1616083 706 879 3097 283 2.74 1.13

M=VX(1=P 1y =P iy ) XP g X1IO+VXP o XP X P 2R 8% s JIEIZ K Y P oy oM T%0~38%  BUREL P o, =
P X107 (19)  18%; & MEa RIS 55 % B R 2.31~3.33 gfem’, AR
SE MM TS BRI AR B =28 gfem’ s EZHE R 1.29~1.84 glem’, AR
Fb R AR M3 (K 4~6) AR B RIBR G i $01.47 g/em’s
MR ERE T3 L Py 290 35% 5 ARV G2 0 0 1 H T VLR 7K 2 52 DG 76 i 7S B g AR AR e
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FHR) S e 78 A2 e WA i e R, H AR R B e Y R 2%
B 9IRKLL AT R o] 2o b AL 265 B DA S O LA 5 4
THEA VTSR A Aok F ELIP AR IR E DR, 1t
A JHE AR R 35 T IR R R R £ b R el
it PR RRT 5 R O 75 36 Ao 2SR 2k bl v A D AR S ¢
FAhT TS BT R 5 S R K A ) B DR T

AR A LN IR S — AT R S S
W — Bt 4% 1 PN v 3 A P B (ORI b
X)) A (B 2 XU ) TTOBR A (s — Al
Vi T PR K B 4 47 5% ) B 1A PRIVR ) LR A
(Bl IRAR S 5 B R kA VR A DR 5 sl e =X (B i
G 2 0l AT T A B
T5 T8 24 75% HEARTE R S8 . = #A HF- Tt B 1 AR
FErp O Ry 477 M X P IR S R R B 1) L 20%
HERAE RIS (R L4 T X T 5 1) , 2> F 5%
i 2% ) Jki 3 B Biki e =2 A1 (O R 1 47 F b IX R K 4
)™ R, 3 F s 7 R OB M, T
STEUR/ (I AN Sy

M = (M st M )/ 75% (20)
FHAT e My N T SR TR M i M R PR
HHTTEARL, FHAZ(7)(19)(20) 115 CSI.CSII
F1 CSIIT ~F ¥4 900 38 0 B 38 & 43 9 R 0.92 Mufyr,
1.24 Mt/yr f11.13 Mt/yr(£2)
444 W EHEEEE

M — St AR I3 PR K A ) P A
(G 2 A S R 25 S R AR R L X B — S
TR E MK R £ EAE 23 °C~33 L NS, th

M — B T 2SS A LR KO8 =5 1 R R kL 4
KA L R B 7, B S 7E 2 5.5 Ma (19 SR A5 1]
SR8 L 10 °C, 2 B0 R PGAA R R K e
RIS AR A A R B SR s o K S AR
T H DX TRE 7K 32 2 T B AR fb 20 5% 2 AR P S AR
JU, A5 B AF - i B L 7E CSTL CSILAT ST [E] 43
RIS 27 C~31 °C .26 C~30 °C525 C~29 C(K3).
445 ELIP A i & 3 #54

I b 3 EE 0 2 (5) m 45 21 7 249 908 1)
e A L F e CSTL CSTT K CSIIT 39 &) 43 1) ok 122~
155 m, 154~194 m }2 171~222 m(5£3) .

H RTRT T 2 s W8 & T A A0 1] 1) ELIP P Ay
T b AT AE ZFPAS TR R A, , — 28 S D B A
H R R BT RGO SR BE T, IR ELIP AN [A] IX
B0 I T o BE AT 2 AR G b S T
2 e M8 % I AL T T P T B I 3K A X ST A
LR 1) X6F 87~ XoF ot g A A A OVRT = Xof R e g A
AL AR F A, s rh— g — S 2 A2t
ELIP N7 fie Kb 3 r] BEAFTE 3 FEIE  TERSIE 1
0 m™HUAEAETE 2 H ok 500 m P ZEETE 3 Rl
1000 m"™, 38 i JELe AU A BRAFIX 3FME L T P10
S R b A e B ) A Akt 2, 217 T A AN [R5 R
T )2 G b X6 0L 1)~ 35 gt ke R M A v B (SR 4
K 8). W&t B ELIP N HIATEETE 1l
EIRIRE I 2 S 3 R FRERE, 2R K
B AR XA ELIP A S5t A G218 b T+ e
RA(E8)

3 BZEHELIP AT RAHE R BQARTHEE S

Table 3 BQART model parameters and estimated maximum relief of the ELIP inner

zone during the Late Permian

BQART #RIZEL 5 (B4 sl CSII CSIII
Hb T 5 B 1 1 1
TUAE Q. /(Mt/yr) 0.92 1.24 1.13
T Ql(km®/yr) 30~34 34-38 27~31
T AL Alkm? 16 219~18 487 18 859~20 857 14 927~17 195
AEIREE 7/C 27~31 26~30 25~29
It A Hh A R/m 122~155 154~194 171~222
R4 =MAREETHR_BSHELIP AHRAMBSE(m)

Table 4 Maximum relief of the ELIP inner zone during the Late Permian under three different scenarios (m)
151 M — 5147 CSIHI CSITHI# CSII#IY CSII A
THIE 1 0 44~56 146~184 161~205 178~232
HIE 2 500 357~373 121~159 161~205 178~232
%3 1000 777~896 120~158 161~205 178~232
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F8 B &k ELIP PN 7 = Fp o] RS TE T 1 M 2% Vi AL R ik
(a) T H s (b) SIHHRFHIREE ; (MBS FHEER . W S 9 ELIP N3 IWALENETE 10 TP IR, 19 2 112 500 m, 1% 3 1112 1 000 m

Fig.8 Surface evolution features of the central ELIP in the Late Permian for three potential scenarios

(a) relief; (b) cumulative uplift amplitude; and (c) tectonic uplift rates. The relief of central ELIP at the initial Late Permian was assumed as 0 m in scenario 1, 500 m in

scenario 2, and 1 000 m in scenario 3

4.5 ELIP A& a FHHHIE

HiBERY BT 3 ELIP N 2 X A 3 T
ok 2.784~2.729 g/em™ p mfﬁﬂzi’/ﬂﬁ 2.757 g/em’,,
AR (11~15) AT 155] €SI, CSIT & CSIIT H P2 b
43 51 R 139~185 t/km?/yr, 219~292 t/km?/yr Al 157~
210 t/km’/yr, = 1 3 32 53 5] 2 50~67 m/Myr, 79~
106 m/Myr F157~76 m/Myr, #4351 4 104~138
m,156~208 m fl1157~209 m(& 5 . [& 8) ., 4Fk =Ziff
- T8 #E CSI, CSIT A1 CSIIT %] #H f& CSIT 2R #4351
35m.-70 m.-32 m F1-22 m(E3)., WIEAR (16~
17) ] 45 ELIP N A Ha THIRE 5 (4 6,7)

I 1 ELIP AR EE6 T H T R R K
FERUR TS, B S RGBT R B A 564~
744 m, I 2 FIEIE 3 vh , ELIP AR TE 25 CSI L4
TURE , UTRE R 2URIEAR , Bl S e R 8 a0 71 46
TR T E R (6,7 188) . =MIARFEIFIET
AT R G 25 5 R BAE 27 CSUBI, 1B TE 1 i
4 83~112 m/Myr, 151 3 Hh AR N -325~-269 m/Ma
(£7.E8).

XFTRIE 2 FEIE 3, Kl Wi & 015 ELIP N
R X TC I8 T 30 Ao X R A A8 i R A YA A0
SRR i B (R T TCvk fi RE Bi I
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x5 B_EHTEHNRE=FZEFHRIMEREMIEASH
Table 5 Surface erosion and denudation parameters of the source area for average drainage

in 3"“-order sequences of the Late Permian

SRRIT FE Y, W km’fyr FIPEZE D, /m/Myr FIJEE D, /m
cst 139~185 50~67 104~138
cslI 219~292 79~106 156~208
cst 157~210 57~76 157~209

*6 Z=MAEBE TR _EiHtE=HEFFHREERFARE
Table 6 Tectonic uplift (m) for each sequence and cumulative uplift of the source area of the average drainage

in 3 -order sequences under different scenarios

- csl csil CSIII CSI 45 i CSI 45 i CSIZS R
FATHIR L fm Fa TR fm FATHIE L /m FaHa T m FIHa T E m FIHATHE EE /m
THIE1 171~231 209~267 184~246 171~231 380~498 564~744
g2 -167~-111 234~292 184~246 -167~-111 67~181 251~427
HIE3 ~669~-554 235~293 184~246 ~669~-554 -434~-261 -250~-15
x®7 =MAFRBE TR _EBHE=RKEFFHRFMEHRTER
Table 7 Average uplift rates of the average drainage source area for 3™-order sequences
for three different scenarios

Ti51E CSTHRFHHR/ (m/Myr) CSITHRFHHE R/ (m/Myr) CSITTGFHE R/ (m/Myr)

A 83~112 107~136 67~90

THIE2 -81~-54 119~149 67~90

THIE 3 ~325~-269 120~149 67~90

PR T (B 8) o Ak, ANl it L kA & i
TR RERITE FETHE ST R, MR b3
ZJa R & A4 BQART #5) ELIP P47
N JE R B DT o (2, B L i by /0 e J 73
DURL, 2N 2P (T4 2 b AR KA =8k £, =
FSE B i e 8 U

XFFRIE 1, i ] ELIP YA TR
UEHFLE L TE AR MR THH A CSITER = ([&18) o
i B it ELIP AR AU F5EE IS 3] 7RI T 55
OYHTH S FE AR A AR R R MG A AT R 2 an L ey
S IR AR B BT K A A8 1 R R s vl
TP, ELIP N7 46 T 50 5 LAl R A 4 56
151 S FRVEAR AL 1Y 22 S AE T A R AR TR | i mk,
VFS2 FH T DA ) PO AR XA BT S 80y,

5 T BQART 5 A 8 g iy Hb 35 1)
ST

2T BQART #5¢ # i it R I vy i 3% 14 W] & 1 52
FRF 2 1) 3G RIRY 1) JRy KR4 5 2) BQART AR AU 7 PR R

JEEFRE A 5 3) AR TR B 10 SR B BQART #5276 %
B HERTE SR 22

51 ZABRIEAEMNERM

T BQART A58 AU 2 B T BIAT A 3R 30 4R [A] 7K 5L
pURIIN A & i o G B T T SV 0 0 S a3 13 (310
e ot L i 4 (discharge events ) ST PRICHBHERS |
BRAAE B2, e L A | b= R LA 3 A
o ACH BV E P TR B R D URR ) i 2 4 = T
DURRHER M A0 S8 B 78 i) /N — BE—TR &
4t i = 92 whotl v ko =R A RE 10, BQART A5 Al
(Y AN 2 P SR 0 5 (B AE B 3 K R i 2 5 3 s i
HHWER—RRGE T, WK U ERE RS REeH|
55 2% wp e R R R B DURRAE 5, N B 1 AE X
BN

Ll kP 58 5 s o 1 Ta) R 2[R et R RS
D A8 18 6 T340 ol aod A o 2R 3 Loty v e oy B3
AN L 3 R % LG DG R P ) A B B
W kR SE S I T R RE A LR A w/S fE R
— MBI 1.9~2.23, S H R 2.07%, 78 B E T L
e L A ELAR AR E LUt o WS LB AR
1, BE AR TR 3t 3l A X /N Y 37 358 1) W/S HU AL B AR
BEAR, B 1A HP R /N T 30 km HLFA) 3 TG BRI /)N
it B, I kR SE K BCAE T B O e B (S=
0.96W)"",
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TRAEERN., TRERBERET K2R
FEAR K, U B T 0t 2 (A5 7K It 2 32 it 3k imn AR ) 5
M 9 555", WM s 5 3 L 7 FH) 9t i R 5 K i i =2 i)
BB R . R T 28 R K SCAR 32 S A 1
SR, 3 AT Bt R FH M R AR i 46 BQART #5%
AU K i S DA o ot AR R A 7 o o
2
5.2 BQART#ERAFRENE A M

Y7538 (uniformitarianism ) 42 0 5t 2 15T il 28
HLIEAR R A R X N iR M R i B AR R
JR R IR SE 3 CFEHN, PR BRI R S5
PR RGE o SIS SR KIS RS ]
M6 RAE—E LR L RBS Y R 2R AT B, i i A5
FRATREMSAR I CRAAT T o0 4 )2 2 5 7 8 i o A 40 1)
B ARRAE , 7 — 2 I R G X s ¢
A L | ] N €11 (X (1 1 1Y AW 1 g
TG I T OIN—T4F) | i xR 58 42 s B
i RS e 2 2 RS L I HB OS5 A
(i) RUBE ) 35 05 3l A AR Ak AR i A R o AR 1
KHTF A R, 28GR R i 3L T BQART
A o it M AT I, 5 SRR Y R A ) R
S M TET S RE A S ORI T2 b . T IS
A K I RS BQART A% B fig % 1 ] T %€ %
(<2 °C) Bz (>8 °C)S & F KAL(>10 000 km*) [
X sl m KBl At R —IC R G, U= A A 38 AH R A
T BR A K AT 2R G0 v iy HRCR B0, Ay it 725 1l
gk sh KB 2", BT KA RE IR ALY o 5
B AT I, — R340 2 DL 450, AT
A5 I F BQART F27Y [) 7y b 34 4 77 Ih AR I AR A5
BONTEER SR . S 5SS FRKE—RE
SVER, H3 T v P P8 ) AR S DR IREE
DU R AR BRAR B2 275 00 20 RUBE v 247 HLA W] 2 L R
TN, X B [N 2% R REAL IR B 4 ELIP N i 5
Tt M B AT
53 BQARTHEEESHHHEIRE

T BQART A S 4037 IR F AR v A
AU JF AR IC S P SE R R S MR P AR — 2 R 2
S B R AE 1 M 5T S B — B LA, o TR
R 2232 BN AR 5 M Bk Al Oy vk AT SRR R DT
FUE & Qs KL Q AR AL A (152532 BA Ay

S BL T I NN =S I D O E SR A 7 SN
A B T HAA K Al A TR 22 2R G52l
531 FHIPTEMGIEE

3 A Y 1R 25 SR 2R R IR 43 B
RN [B) 43T % AT O o ASHIF G i TR G AL
A B WA s R 25 55 FEEAR—B U — I R
Hby DX Y T PR v oy A2 TR LA RO D Rk
PR 6 5 b PR AR X R BBl o 25 Bl Lo A 8 R
FURAR AR, A i B oo AL A4 S 1T 152 25 4 K
R 25 km, BXCEETR2E RN T U SRR L OB K
T AR
532 HEPHERI AR SFR L RGIRE

SRS SIS R MR AR S E A Jal
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B R LML Tonstein JZ2 HA EkE EEARCLR, St
Z N3 Tonstein |2 2 3 T0 P 41 AL 24 B 2047
X EE 2 AR B2 T R A A — o T i
PER, B Z R 1 R B BA — o ZEi v, i i o)
LU ZR B PG 3/l L 2 5 b 2 55 ImT b 23 o3 T
S8, I A ) 1l )2 1) ZE PR — AN AT 200 kyr, 38
BRZERZI T TR A AR T
533 MHRAFBMEHEAGIRE

TR IR AR PR R T X AR B VR i T e T =
B I SR SR RE RS I A L 2 i 2% . (HE ATF
e 5 b R 7K Al R e 7 M X B LR ) A e 3 T 2%
Pl 2 1 R TCRRA) 3 TE DG R A THEIN . AR S5 1)
PRAC S DU 40 2 A VS — B SR —T R4, i 1)
TR 43 BC R AE B[] RUBE TR W] BE W A7 AN [R],
S22 50 VU 20 AR VY B R 2R TR I e A R VT
R T T B B A 2 500, DA A R S R AE R DR
Y53 T LB 118 2 570 SN 1 i DO AR R e ) A R 2
K H+20% .
534 FARERBHLMGRE

FI T 7K SCH A5 56 Ak B8 ol i o R 2% ST 1
Y PURURL AR FIRE 7 5 A R S R 2 s e
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BQART #5725 S 4000k 1y b 34 o 2 445 SR 04 52 il
JE o RS SEORESFAIESD A, LIFE 3 KR &
it B RS T AR S EGE R 90% EAF X TH]
DURE & 1R 22 B +20% 1E R 90% &5 X [H] , #E17
10 000 YR %A, 45 5] €SI, CSIT A1 CSIIT 6] ELIP
e Ry M AR SR A3 A 2k, DL Bk e A TR S 4R 2=
Xy b AR 2= 1 sk (B 9) o A BT 4 R B ST
CSII 1 CSTIT HAH] ELIP PN 5 e Kl L3 7E 90% & {5
X 8] F 43531 Sk 138438 m, 174448 m il 196+55 m, %
N7 F5e AR K15 22 43l 4 27.5% . 27.6% F1 28.1% ( £
9a~c) o HUBRNE S M 22 BH 1l b B4 AR 25 22 DR
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R (=9.3%~-12%) , 32 I 3l A1 AR FIARS 8 k1Y) 5%
i) A X 458 /N (= 1%~—2.6% , —0.7%~1.2%) o IR K
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6 %5t
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i PRI 2R LA B e b 1 2 SR AR U R SR R R
SERF RIS ELIP AT oy Mo 8 EE g T S 2
BLAZYUBE S e B i SR 2 5

(4) FT 2l M BB BQART AU IR IRy iy 34
A AR SR BRI AR S SN SR LA R
TGP R 40 0 P M R i, BB AT 200 &R

0 20% 40% 60% 80%

' ' . .
| 84.2% . . . Cshr,

-9.3% .
~11.0% R
~12.0% r

-1.0%
26% iRz TR
0% A

-0.7%
-1.2%
-0.9%

S
e

it

e}

(c)

B9 ELIP P iy b 35 R 00 A
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Fig.9  Probability distribution of reconstructed paleo-relief of inner zone of the ELIP

(a) CSI; (b) CSII;, (c) CSIII; (d) sensitivity analysis based on Monte Carlo simulation of the paleo-relief reconstruction calculated by the BQART model
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Using BQART Model to Reconstruct Paleo-relief in Deep Time Based
on Quantitative Paleogeography: A case study from the Late Permian
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Abstract: Paleo-relief reconstruction in source-to-sink system analysis is currently a hot topic in sedimentology,
playing an important role in understanding regional tectonic evolution, climate change, surface weathering, sediment
supply, and their interrelationships, and it is a key component of source paleogeographic reconstruction. Source ar-
eas in deep time are not well preserved due to later tectonic destruction, weathering, and denudation, making it diffi-
cult to reconstruct paleo-relief. The BQART sediment flux model depicts the relationship between sediment flux, bed-
rock lithology, river discharge, drainage area, maximum relief, and annual average temperature in an exorheic set-
ting. When sediment flux and other parameters are acquired from the sedimentary record , maximum relief can be cal-
culated using the BQART model. Through integration of lithofacies paleogeography, cyclostratigraphy, paleohydrolog-
ical and paleogeomorphological relationship methods, a BQART model-based approach is proposed for paleo-relief re-
construction in deep time and, based on quantitative paleogeographic reconstructions, and uplift amplitudes and
rates can be calculated by employing the sediment-volume backfilling method. Based on this approach, the inner zone
of the Emeishan Large Igneous Province (ELIP) was estimated to be rising slowly during the Late Permian, reaching
more than 200 m at the end of the Permian, with total tectonic uplift estimated as 500-750 m. This comprehensive
analysis demonstrates that deep-time paleo-relief reconstruction approaches are suitable for a middle-large exorheic
basin with a warm and humid paleoclimate, which is of great significance for the exploration and development of min-
eral resources in energy-rich basins.

Key words: BQART model; sediment flux; quantitative paleogeography; source-to-sink system; paleo-relief; Late

Permian; Emeishan Large Igneous Province





