5545 % 55114 HWERFF:  Earth Science Vol. 45 No. 11
2020 411 H http://www .earth-science.net Nov. 2020

https://doi.org/10.3799/dqkx.2019.291

E T Fisher #| 51| #E W] i 777 8 48 7 51 4% BY gy 44 22
LT X 72 b 330 b i B O 51

1 v 1* > ¥ 1 > = 1 2
Kk &£ F FUARLBELR ORLE M
1. PEREKFREFR, XX 430074
2. PERRRFADHREFERRBRE S RHE, HK L 430074

B E: O T RYE Fisher B8 RTE 130 5 VU 20 o 1) AR 308 728 T A9 S P, DLV D0 0 3 0T 1 U B R B — 8l L i 2 BORH AN T AR AH
R 73R S AL A I R AR, ) Fisher S AR J5UHR 315515 300 307 3] A 40 5058 51, i 26 1) RTASE 2 S5 0 0] BF 5 IX L AR PR 458 38 A0 20 T 4K
P 00 R R 7 25 LA R 3 R A 45 2R T A, Fisher 455 80X 0 30 AR | T 187 3k 98 A 90 AR L AT AR A 19 DX 28R B — 52 BRI S SR 0
# 80.6 26 , AL 1 AT HL N HTFESK (4 75 6 B . ] K 22 FLUTRRAR 00 45 28 5 0 MR 3 5 SR R AT X L, HLEE B W6 ARk
#85.06% , ik — L IRUE T Fisher 852 75 ] 746 0 ) b 0% 52 F A AR 00 3 17 45 SR D0, B R SERT T T 4, BT 58 DX AR A 4 915
KB BURRE ], A %l 43Sy 8 YU BB Bt , AN [A) URR B B oK 3 77 ok U5 2 2 ELZE At it DX Bl 350 R BAR 055 38 A 5 7 ) i i S AR W) 45
ASHIFFE 5 B AR b 1 BERE A 57 Fisher 82T T UURBUR LA R BURR BRIE 149 43 B 2 I AT 19, TR =R T V30 3 3t DOVT B0 R PR ¢
B R BRI A R AR R S

FKEBIA : Fisher B UM IR B s VLI AR M 5 585 DU 22 5 URRR 8% PR b I

hESES: P53 XEHS: 1000—2383(2020)11—4254—13 K HEE:2019—12—29

Discriminant Model of River-Lake Facies in the Upper Reach of Hanjiang

Section of Jianghan Basin Based on Fisher Principle

Zhang Xin', Liang Xing", Sun Liqun', Song Chen', Li Lin’

1. School of Environmental Studies, China University of Geosciences, Wuhan 430074, China
2. State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan 430074, China

Abstract: In order to explore the practicality of the Fisher model in the Quaternary river-lake evolution of the basin, in this paper
it takes the particle size data and sedimentary facies of a single borehole in the upper reach of the Hanjiang River in the Jianghan
basin as the training samples of the model, which is calculated by Fisher's basic principle. Then the river-lake phase discrimination
model is used to analyze the sedimentary environment evolution of the study area by using the model discrimination results.
According to the one-way variance and the significance analysis results, the Fisher model has a good distinguishing effect on the
river phase, the river-lake transition phase, and the lake phase. The leave-one-out-cross-validation result reaches 80.6%,
exceeding the 75% standard required for the discriminant model application. At the same time, the results of the quantitative
evaluation of porous sedimentary facies are compared with the qualitative classification results, and the comprehensive coincidence

rate reaches 85.06 % , which further verifies the practicality of the Fisher model in the identification of rivers and lakes. According
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to the results of discriminant analysis, since the Early Pleistocene, there are four large sedimentary cycles in the study area,

which can be divided into eight sedimentary stages. The hydrodynamic sources are complex and changing rapidly in different

sedimentary stages, and the regional sedimentary environment evolution and Neotectonic movement are consistent. This study

demonstrates that it is feasible to establish Fisher model based on particle size data for analyzing sedimentary facies and

sedimentary environment, and enrich the sedimentary environment data of Hanjiang Section of Jianghan basin. It provides an

important reference for basin water resources investigation and protection.

Key words: Fisher model; sedimentary phase identification; Jianghan basin; Quaternary; sedimentary evolution; environmental
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Fig.1 Distribution of boreholes in the upper reach of Hanjiang River in Jianghan basin

L I 20 R A R AR B o A B AR R A L SRS
A 10 %0 i 48 1k &0 A 36 182 DL HEBR #F & b i A7 ALk
DA Ke TE AL 1 52 ma) . 03K A8 2 e I B R A (R
D) 7 b 7K SC sk 72 55 00 b 2 AR B2 2 R B 5 b 4
it #1555 Mastersizer 3000 A .
1.3 Fisher # B B 7 R 18

Fisher 3 ji| 455 4 J2& b SHABE 38 53 A1 A M1 Y 43 2K )
R — T v AR AR BT A B Y
BB — Ty 1) b A5 O TR 28 A A T 22 S e KA 1Y
[F] Fsf 55 30286 P 2 S 19 S /MK (il 2R 3 2%, 2005) . B2 FE
KBRS o R Rk R, (j=1,2, D) EL

P LA, SR S v B — D REARAE m 4 25 (6] LLAE — 1]
it a A TT 0 B A A B BRE A 1] 4 o, U2 v
JIT A REAS B B 1) 3 (E 07 (=1, 2, -+, &) Bl
RS 2L 1y 32 {1 1) 0

1Y

6j:721([)’j:1,2?.‘.’k’ (1)
nj =1

() BN A A A 11 S5 0L v A

8:li} N 20 (2)
n (1) »

Xt B8 IR A3 B 1 — JC K s #E 4T — S0y 22 43 A BV AT



55 113

B 2245 LT Fisher 51 U i 00 90 A8 0 50062 0 4 1957

PR A 1) 2 5 A 4L 0 B 2 B A DA B S e L
AN EZEB:

A:Z}E:n,(&-—ﬁ)(@j_a)T’ (3)
=1
B— (04— )(ol)— ), @

A I, Fisher J] 51 74 10 802 38 WU R 7E o J7 1] b, 41
B M BS54 A B 28 A Z 8 (A 3 5 oK.
R HLAS B H ek, 4

L(a)=B—y(A—1), (5)
N4 aalc; ZZ(A* }/B)a:O,EM?Hf:
B 'Aa=ya, (6)

AT H, a2 B YA BURRAE ) 5 100y A 9% R B Y
FAEAR UL 0 ) R R (X)) = " 2 TR A AT
2 VR R oy B, A 1 T B e BRRR AR (B B X IO R A 1)
et | I N D5 ==Rva AR 2 [P I Qe = N Sl
(g =< r) A0 30 R BRI BT B g 7T 225 -
ittty
e
I 0 53] bR BEORE SR R i R AT ) I I R
SR HRE S E B R T I B B S 2 A R R R
Z ] A RS AR R L S R — A A S SR Y
30 42 30T B R R 3% 03 2 A . BV A A M — 1) (A
‘u(X)*Z(z’)‘ ‘u(x)*;(i)‘
S =
o; e 0y
w (X)Xt 57 40 590 o B8BTS B ) AR 5w () R
A H 0 1) B 6, 0 A RE A B o 22, 000 )
FE SRR A B2 N e — B, FR) A
Il 20 23 UK I ) ) R R R AT R R B AR
2 945 B 5 E Mk

2 AR Y Y ST

2.1 AR BZRE

IZRAE A AL $E PR 53, — 8 0 o RE 8 78 0 S e
TORRUAE Ja Pk i ok B S 8, BRI B . 55— o 2
X 7 0 FEURH A S . A ) PR Y o B 1 OO L 5
BERL () S F SRR BRE2E R A (SR 4
TR ACERYE S8, - 08 (ML) S e (9 J2& R B2 43 A
B SF- 3R /I8 DA KT 35 K 3l 3 Fn i 8 6 D8 RN b
HE22 (o )RR T VLB 4 vh ka4, b ol 25 (H K
Uh W A B 22, e T K B AR e s B A (S,) &

(7)

P,

(8)

S BIRE JE  A  BRE B AR B Y D A (E > 0 B, R
7 A 4, i S <0 I, 267 KL B A 1A fi R
WA (K ) = B Al b 8 1 2% il 4 0 7Y 14 9 A, D 7Y
8 Uk B K 3 ) BOR R E AR S BUR I L R e T
LA A3 A 1 O . TR AR SR X 4 i 2 500 R 4 )
AT . 2 500 15507 AL 35 5 7 (Friedman ez al.,
1978) 1 [ figt ¥ (Folk et al., 1957) 2 Fh , A SR FH E]
fift R T RO SR A SR A A N

i) — Zot @;ﬁ 2 ©)
B2 (o)) — (T Z D1s) N (@956; D9 (10
walo) =g T

w5 (K,) = — 22— s (12)

T 244Dy — D)
TORUAR T 255 45 0 5 001 3 il £ BB 2R 1 il 2k 25 45 Rl
A3 R E U % 2 R R i TR A5 R AR AR
ALAR LA ST R ) R REL 40 AH X OC R 1Y EE AR AR O
[) 0 78 0] LA Sz B AN (8] 7 K B 7 2% A LA B W T L
(ot 4iE A= 45, 2018) . A% 3C L HIO13 UL AR 9k B 47 % iy
2R 10 o A 5 B LA B R R KL 2 80K ORURE &) g3
Sk AR AT A A U AR TR S A 3 Al TR A

0 AF DT R B KL B A AR o AR B R
HETE A (K 2a) WS R T  WEEA/N, H—
P A W AFL VP i A B A 7 4 R OB B AR BFE 10 pm
FE AT R AR o3 A R K, 3 B — R A 55 19 K Bl
T3 4 VL B Z Rt BUUE F & 9 B0 L R 5% (Sun
et al.,2002) . i FLAE il 28 AH 55 F bR o il £k LR
JE A BT /N B S XK Bl T R T i B 5 L TR
BF R0 B AR BT il 26 R Bk B o O B L
X, BRI, BB E R E IR
W15 404y FE AR NAEAE AR b th & 5 bR e ) A B
T2 W A d g (G K Sk R 7 B, 2010) . A
W L3 43 Sk WA AR DT B AT A R A

T I AFRE B AT bR o il e ) ROk — Bk — 2%
(9 WL TE 25 (Il 2b) , 32 0 04 A5 35 S B 78, B AR AN T
i 2 VA A RIS o P g IR FRUE A A it
T 2% FE A0 A7 AE — WA A i R . 3 W6k 8 AR B A
500 pm 725, YU RE BE ARECAE 10 pm 245 4878 —
Tl s it (14 7K 3h A 32 B9 TR BT A FLRE i il £ A
BT b o 2R W 2 5E 28 EL KUK AR BN R A R A



4258 HERBL2E  http://www.earth-science.net

45 %

SRS H7E AR 4 R T A T DL L A
LT G AR DT RR A K B B 55 AR AR TR 4 A DA
KM RIS ShrE i &) & 845 R Bt i 457
A BRI 4 (B, 2018) , B AL R AR N T
30, EEANT 1o Ml 3¢, LITE shiiltiz 4 43 UL B Bk iR 3%
BN T, &P RS 45, o Bk ER
Wiz 414y 7 7096 22 AT, W (1 S — oIl i AL 1
fig /K 2h F1 PR 8% BRI LR Sk YT i AH T K S

o F K 8l S F 4y 5 2%, I Sk U A AR R
FES R M 2 1O B G — bR I AN S
% DR R SR AS R A 0 AR T R o v i 2 Y R
sty 359500 051 Sy 0T 9 s O AE CIRT 2¢) R B A R il £ &2
EONELIIE 2, 00 2 il 6 35 2 ORI B, AR
BORLAEFE 500 pm DL b, 06 {F 55 1) 38 U0 B BR B8 2 0
AN R WA T AR B, R B AECAE 10 pm A2 A L M
L i G 2, AR i A B K R L AT L e L A DA
] 3 A UL BURR A $8 R TR I 2 B 2 R oK B
J1 38 B A R B LAY LR R 8B5 . 55 — o 3L 5 2% 1
UG 2 il 2 ) 3 B DT B R o kAR 22 L AR T BB 2
IR AT (Rl A O S S N S O
A2 2 B A A A — B R 2R S A
IR 2% 1 B 43 22 B 280 il £ 0] 4 A i PR A ok AR 2

WAE HIO13 FLUTBUAR %] 43 25 L 42 37 Fisher F1 1)
B R Y b AC (6 1) Ry 7 B R 530 5 i i)
AE AT 3 U A LA B Tl AH o3 il R 1.2.3.
22 HEBHERER

W R B IR AR G T A SPSS i, Hoh
T HPRL AR bR UE 22 WA DL SO SR S A E A
BOUUEA R S A B0 41288, /4L B E X
1~3.15:3] Fisher $) 51 pR %%

y1 = 1.400M. + 1.2820, — 1.728S, —

0.912K, — 3.466, (13)
y, = —1.238M. + 1.6400, + 11.403S, —
2.507K, — 1.238, (14)

A oAb Bl AL 3L 87 AN YT AW 1) 4 Flok: B S 80 A L
I ) ) bR B TS o 2 0 TR A S ERE R (R
2), SPSS B i bb 2 BO R ) 545 4 5 4 A o
2H J 0 [B) A R O 15 B DT AR W 4 AR %, I AR
T i 1 — AL R T 4 25 SR (3R 3) . L 39 Z UL AR

o it A 61, e v AR R 5 R v M R A 1 G A R
{22 FEAR K, D] 58 B 0 41 455 780 g 0 REURE R 8 SR+
A3 T E T2 S5 e AR 4 R R MR A 1) AR
{8 22 BE AL /INEE DU 25 5 7 A 0 3 el 4 0 46 5 A

14 F i AL R 2 B9 20 ZH AR O 0544, TUI 73 28 2,
U i BE A2 A o MR R O 0.455, TN 73 20 3, Ut
WIARE G o A T 25 3 22 (6] LW i 1] T 2, Rl 70 &5

W IFAS R A or alEE (HER A AR A T A
+or RAF, DURRAR R 3 45 SR AT S P v

3 e

3.1 HAEBFESN

Sk T E ) ) A TR A o P RN L K B
Fisher #5137 4 5 A J50 30 1) ] 22 i3 05 0 WA
R AT SEPE SR T B AL AT AR A TR
3.0 BEERFESW 8 oA S BT
R gy 22 40 b, ol LAAR 3% A 000 S 800 B F
PEK S (% 4) . W2 E K SF AT LR B R ] 4K
Pl 11 B [ = A S O (= 1 9 N O 7 2
3 MR AT UL BR A Y R R AR 20T 0.02 2
b, HA IS H /N T 0.01. 3 443 8
¥y B A B 0 U0 B R 43 B
3.1.2 AR A8 K 50 K 5 N [ 28 00 8] Y
Py O 25 0 B 22 1) 02 15 A A5 ok T4 0 5 pR B 1Y
FIE RS (RS EN M EE
g 72.839>>0.05, M 1M £ B P K 0.05 F R 4%
K Jr ZH A S F W EE MR RE U0 H 5
Sy BT EE o B R A
313 HRRBAERBSMEE 72 iR U
YE >4 Fisher $ 51| 43 #r vh 0 51 5 #2 1 09 it B . 268 —
M H BB Bt ZTEIEC &5 3
100% , 1d B 2 41 0 551 ok B BE T DL 52 9 T A AR A
B 1 IE D) AE OGP 4 ol 3k B T 0.857 A1 0.787,
ELA B i A DM 0 ) OR W EE (R6) . AR,
AL R 2 A4S 40 50 pR B A R T ok OO b
XoF ) ) 25 B S AT P (I 3) . AL 3 v AN ] 28 )
FE S B o A DR B, AR A I RE S Y 28 R
O3 FEAE A B Pk B 4 K 2 BORE i T R A Rl
o3 L WA, 2800 22 1 1Y 43 2k T 43 U
314 B—XXWIE A58 LR RN
FEAEL Ry N B RE AR S o B — SRR AR S B
FIT B FEARAE N VI GRAEA 8 34T B 2 0GR T A
FEANE S B AR A R Ak, B 5 81 29 0 NS Bods 19
25 BAE M iz AR 22 1 Al THE GE K 4R L, 2013). 40
B VIR A I 28 SCIR A 3 19.4 06 e rp il i) aod 3
AH Y 15 0 SR R, O 26.6 %0 T AH 5 ) SR A A, 1R
9.1% , FIRAHRAIZRA T H Z ], R 2000 (R 7).



%11 0 B 2245 LT Fisher 51 U i 00 90 A8 0 50062 0 4 1950

e mmmm R A v 2
(a) 78 4
8
99.999-
7k
6k 65.8m 99 .51
g = 95p
BT S
< wmo 70k
4+ o
=3
ﬁ 10_
2k
1+
1 -
0.01F
0 0.001 1 1 1 1 1 TR N TR TR T N I I )
0.1 1000 -2-1012345(1)678910111213
(b)3T 37 4 WA AR AE 2 COfL — B
8 99.999
7k
5 99.5 |
< 95
o4 | @70 F
& ¥ a0 b
b3k =3
Ei; 10 F
2 |k
1
1 E
0 0.0l & T T TR N TR S SN TR RN T SR N |
0.1 2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13
RLAR (nm) 0
(c)3m i it 3 A
=== Al BB bR I 2
8_.
7L 99.999
°r 99.5
;\;\ | 44.21 m__ . e
g ’
&1 4t
R
sl
=S
€l
1k
0 L Olbe v v vy
0.1 1 10 100 1000 2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13

B (1 m) d
P2 LA 3 i 2 5 i R 35T AR A

Fig.2 Particle size frequency curves and typical sedimentary facies
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Table 3 Discriminant results of sedimentary facies in some borehole sediments
(e R R A DURRARRI 7345 2R
G B Ir MR T 4321 IR Ir MR T 21

38 3.463 0.658 1 4.782 0.340 2 1

39 1.055 1.000 1 20.888 0.000 2 1

40 0.727 1.000 1 18.896 0.000 2 1

41 1.372 0.848 2 5.906 0.088 3 2

42 0.441 1.000 1 18.135 0.000 2 1

43 0.225 0.996 1 11.298 0.004 2 1

44 0.552 0.992 1 11.309 0.005 3 1

45 1.344 0.999 1 15.260 0.001 3 1

46 2.092 0.544 2 2.449 0.455 3 2

47 3.368 0.825 1 6.472 0.175 2 1

x4 HAHEHHEEKRE * AR

Table 4 Equivalence test of mean within groups or - ::IIZ:%’E*H
Wilks fty @ S
Lo - de Sig. 250
TR 0.327 34.989 2 34 0.000 :é ool
bR 2 0.657 8.891 2 34 0.001 E:: ’
UEES 0.429 22.646 2 34 0.000 *
6573 0.790 4.520 2 34 0.018 &SP
£5 HARBER i | | , |
Table 5 The results of the test box 3.0 -2.5 0.0 2.5 3.0
H 5 8 H01

M 72.839
A 2.989
df1 20
F
df2 3507.550
Sig. 0.000

R 6 IR EH 7T E B N EE
Table 6 Additional eigenvalues of the variance of the dis-

criminant function

&3 GLTRRARFA ) — 4k 73 21 <]
Fig.3 Two-dimensional grouping of discriminant phases of

sedimentary facies
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Table 7 The results of LOOCV

HIAH WA A Kt

Jr2EvilkA BT RN G

A 90.9% 9.1% 0% 100%
VT ) 28 5 A 13.3% 73.3% 13.3% 100%
TR 9 AR 10.0% 10.0% 80.0% 100%

FIBRE AR
N (%) R (%) tE
1 2.772 63.1 63.1 0.857
2 1.624 36.9 100.0 0.787

PIASDURLBY BE . o VIT B — 2 2% B0 £1 )2 e 24
R WD DR DUAR, B A1 AR M 1~80 mm, 43
TR 25, Sy BT (% 9T R AH DU R R B L5 VIIT UL AR By
B F DR (bR B ok b DL SOk Bk o L
BRAR S5, AR HAL T3 i PR 5 B VE R 0 PR
FRERLAR P BPRLAR SR BORLAR BITE 10 pm A2 47, T
R B v AT A7 7 b 428 KL 22 40 S 4 3 R 19 5 ]

*8 FIANERSEUSTERITLL
Table 8 Comparison of the results of discriminant analysis

with the results of qualitative analysis

PO IR A
Y R T ' PR

IE#%(%) BEHIE (%)
HJ012 19 15(78.95%) 4(21.05%)
HJ014 23 21(91.30%) 2(8.70%)
HJ015 45 38(84.44%) 7(15.56%)
it 87 74(85.06%) 13(14.94%)
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Fig. 4 Discriminant results of HJ015 pore sedimentary facies and its comparative verification
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Fig.5 Distribution of particle size parameters of boreholes and division of sedimentary cycles
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Fig.6 Sedimentary facies in the study area and division of sedimentary cycles
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Table 9 Evolvement of Neotectonics in Late Cenozoic in

Jianghan basin
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