34 H£3W
2016 4F 6 H

AR K ¢
ACTA SEDIMENTOLOGICA SINICA

Vol.34 No.3
Jun.2016

X EHS :1000-0550(2016) 03-0531-12

doi: 10.14027/j.cnki.cjxb.2016.03.011

AELRENITREBET WARKRERIREX

Bt gFELt EHE OF 8 £ FD kiamt xSt
(LEF RIS HBRBI AR B 200092;2. [R5 K eF M FE B B X R S0 B 200092,
3 BEEH R INARTFR  266071;4. 88 PR FGESRE GBI 80424)

B OE SR N AR ) G A B TR, R IR AR A TIRUS R AR T R, AU B
T T 2 M RT3 (=2 BHRR ML KR ) ORI ) AR 0 o ™ A A, R ) 20 R ), L o 1 00 3 1 AT
4 0.004% ~0.116% , = FHE R FE B WIHE N A —Z2 B0 — R R — B — S 2k, MUK R A —11
AT — IR — SRR — BB — U BRAr o WFSE IR Bk 6 S B0 ) 2L A7 TE WL A 9 R AN B — Pk 57 i 2 80T
B 22 BT IREE R, A _E 307 2 T U E A ) 2 B AR PR 22 L DRI, e SR T A S A A 2 A
il PRER < 22 BRI B2 A9 Bt DX 2 205225 18 Jd 4 oA 5 O 2 1S AR 1 SR, D e DX 2 252 ) o et ik
NG BTk, el 32 AR AR S - e B0 ATi GZi A ZTR S50 LA 24 R FH T 5 78 LLg /Nl 3
I HL T 2 7 M R A ] 3 4 FR ) 2L RS 15 T R A T A DX« DRt AR T 2 ) S R R R

A1 5 5 AR R 22 BRI O SRR ZEBe A S R , AR I R AR A A R A X2 S R R T A A

AR RN

KER AW MUKER R ETY PR
E—1EEEN B Y P
BREE THE B RS
hESES P575 XERERIEE A

0 55

KW KGNS K T BRI H 5 506 B AT 7
DURR W i 26 AT RUR R 18 3 A AR R 1 38
B BREME GG ARG N FRNZHEZMN T, &
| AR T X B T PR S ki VR ) 5 AT R IR —T AR R
RPDIA YL B A AR e 1 T —K = M I — i | Bk
R F IS IR—ICIR R, UGS S
T o] Y /DN YT S A AR 1 < /N T S — Mg R i —
e A5 A 5 Wil — DR 4 I I e A IR—IC AR R
1 F LA ST VT | ] AR T K SC TR
b ) 5 2H 8 B X T o ORI S5 1 52 T 3 27
FEARFT 2 S MO, X6 /N AT 3 R —
IR RN BAE . JLrh ST AR 454 2
TR 3.84 421 (1970—1999 4E) AME AH YT H A
P E =R T BN (KL B0 5 BRI R vb & 0 8
A, G, &S AR TR B A2 20 8 S HA e i
G I UURR B 7 i B B R AT B AT 25 AR R ST A,
HT, X 5 ISR IE—IC AR R B o8 3245 R e DL

s EHEA. 2015-10-12; YfEsfim HER. 2015-12-24

1993 FE il WERISE A WERY E-mail: 103459@ tongji.edu.cn
E-mail ; my_zhongbo@ 163.com

POV Ay HEl (¥ BURR Sy Iy 2100 B L e ™
Bl DA LB AT B R AL A 4L A
Yy 05 R BIESE 05

WEEEE ) T YR BRI E R T B, kT
FH YK Z R H 2 HA Rk A SR Bt
FIFRHE R YA & R BT YR e i R i
ff i URUIR X R 1) A SRR Y L AE TR R
Bl R CRR ) (A AT SR BRVL ) N
S/ ) R L R AL T I R T T
SRR SR K BTk ] K 3 g e DUR3A S A
LW IR AR A, SRR B R DU R BT )
L AN AT H0E

ARSI T 15 1 P 4 TR i —— 22 PR Rk
IKBEIURR R T8 A W)L AL, DFSE 6 T8 TR 1 R E
LG, LA A AN TR 206 S AT A
BT , P 7 3 0T U T A 0 2L A P T 5 O
o B Rl ATEERT R B A5 0 b, SR B VT
IEERIE7/ VAR ZN e N AV IS

E€WE: FRAARAILETIH (41376049,41225020) ; 2 BRAEL5 #SH EAE T %3 ( GASI-GEOGE-03) [ Foundation: National Natural Science
Foundation of China, No. 41376049, 41225020; National Program on Global Change and Air-Sea Interaction( No. GASI-GEOGE-03) ]



532 ot M

E

934 %

1 A

BEF ALK E EA S T R4S G A
VU 1] 2R 9 = AN R AL 3 0T : CORE 48— vy (3
S PG R LA A L) | S sl R i 2 D
BUER 6.5 Ma JTHRASTE ; @38 A 42 ( rp e il k—1H
R A S R G TTRUA &R th—0 b
R R ST P AR I AR RN 7 ) JE A AR
HERUE BB 9 R 82 OIICHT # h—JC Ll B 9K (g # L
k) BT R DR, b R i Bk L
Lk DAB L — 2 e 722 D B 76 LLUBKOR P S 1 fk
BRI 7 MK B YT 28 b g ik (PE ) |
Tk | PR LA R S DY R T, 22

120° 120.5°

11

PH J2 9T 2 T AL TZ L, o 50 o =
JkAn R g 1L Bk (Pa ) (P 1a)
= BRI AR = 2RI LA X OWTT
AR i 21 B IR L A | (8 o) W05, B o
A—WE i P A e T BCE (S kL) ;@
HopTt e I B AR e | T HCE B AR B e (e L ik
PEAN ) s @HT PO E DU (2 PR .

KR I S B ORI L 2 AR
T HCE BB AR I Re AR Il i diCe
Jei e (P gl B PG ) 5 @8 T ik W4 A\
BAMNPCA R, i A diics T
LT K2 B PO AR | (2R TR Y
AT PkEE ) ;@ h— E ot = Wb vis
bt R 2 BRK D BUS | LA RISk R

121° 121.5° 122°E

T T
a

i 1l
) e
B |:| BRIP4
4 A A — A 1
W

L L — e i
LR MU TR

[0
24.5°- - l:‘:if}%sﬂli",’l i}tcBL'_.';!."
] s
B v

@ MmEs

® i K
! O #&ii |
.!.I.i
i
&
-
i
N
235N} A il
1
2000
T
16004 &
e &
i I
g 1200 Bk i
2 5004
400 H
7S5 7s4
ullﬂ” III.O.S" Iil" I;.I.s" 11‘2"5

BT KB 2 PR PR R S 2 R B TR A sl i
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and localities of sediment samples



5 3 1 AR LA 31 LR/ NI O S A A s i 0 S 533

Wb R R U (VU LA ) s @ g
PRIB TR (i 5 P (1)

x1 HRBFHERTEEMRHISER
(£ BSZXHk[30])
Table 1 The Cenozoic stratigraphy of main tectonic units

in the study watersheds

L 1 ik Hr ek

R BRPIR PRI e

St HE Y

TR krtiligd
H— gt |
Bk
NSy
it =S
[y el
B AIRA  IRRAH JRIIE:
KEH
rh—ET i Al BIEA
. . Kkt
R EiE e D4
i — b 1 igrih
Py ﬂjiiiiéﬂ BeRtiliA

1.2 kiR

B S HIE DL BB b 3, 240 T ALY 2/
3. TPERFNARTER Ay Ll b, VE SRR TR,
L1l AR R B S A I A3 K I K 4 B 43 AN X BRI
W, SRR 2 535 mm, H H ER L HE
] P 320 366 080, SR 2 A ek R 3 DR B, {EL 5 P
2R VG A R K 10 2T M 22 AR R, R b IX Bk ZR K
HARTESE MAAMHR, GEREA 151 &%, 2
FVRTF o Je ik, 22 PRI K R 430 1) AT A
KFEEMI PEICA GBI (B 1),

MUK B TS R I, KL 186 km, il
A2 R 3 155 km?® SFXIEERE R 10 55, - F 548 3
(L) N 145 m'/s, MUKE KR ET A WL
BTSRRI N 3 416 m T AN T KR PRI |
FFRBE A =B RN KB 55 S, e 428 i ifg 121
JREA G TS e 2% PHE SRR B2 KR, K Y
73 km, P FRZ) N 979 km?® IR N 1 2 22, 4F
SERRR R (43R 0E) 9 36.7 m¥ /s, 2R AT
S kR ACRE , SR 3 535 m, AE 4B
VA 2L BHE IR, 5 B 22 A L A S iR A KRF
T, MUK S PR S VD s ARAR R, FLR R A
TP b U AR S R0 3, B AUAR I o DA

BT R M SRR ER 5 M RR A0, By LA W 3 5 Tl D B
BE, B 1R Tl RE Jy i, o HL B & IR I, oK
s KR
2 HEMSRIES A ik

DU RESL T 2013 45 5 A (K B)RAGTE
== B R 7K Y o] 18, A 8 AN HRORE A5, IR TS 1
AW b b R, 4395 o LY 1~ LY3 FIZS1~
7S5(K 1.3 2),

OB RL BE T2 3R B 0.15 ¢ LT 4E
i, B TR A 10 mL 30% YR K, 60°C {4
I 8~10 h, LA LBRHE G A HLET; in A 10 mL 1
mol/L % HCL, A 2 BRFE a1 TE ALK, 60°C fR I 3
hy PBEARTOINA T L LB FoK, & 24 h, B4 13
WA 10 mL ( NaPO,) 48U, B R 3~ 5
min; F] I 3E E Beckman Coulter 18230 %4 H 3l ok
L REASGEEA T B DA, A S AN S LA 0..04 ~
2 000 wm , H& AR 2ZE /DT 1%, SLIRTER
T RV T b T ) R B S S TR

., DIBR A R R N PR E L, B AR
IR G BRI A AT
FHAKKIRE S AT YRR I T, PR =R e (%%
2.89 o/em’) AT (W W) 4 B X T E PR,
FH S BERAE H R 0 43, T 1 P R R SR8 1 PR R
Gy (3R 55 FIEE TCRERR 43, o il ke o SR FIHIAR X
AR RO U RN AR o0 B A X 4y 5 A G
f FRME (SR ELRE 5 HRRL) R L = b A o o i kAT
FEPE R M W — 2 43 AT T R 7 B B A
bR 4~ 5 AR, AR BRER 100 ~ 150 RiZE A7, 4
IVES A P 8 R B SR AR ) A 24, Tl 4R
1545 Tl E A ) (R UKL 1 O 85 SRS T 4% HL Al O
(AL H (20 5y H e/ 0 ) S ) 15 BN B R )
AR Y BORL A R, ST 53 AT SRR B
T FREA AW W AR MR 55 A B 2 7 e BRI e 22
3 UURRYPRLEE o3 A M S W 2 URRAIE
3.1 MRYNESTH

22 BNk 7K T AR AL J3E 40 R A7 il 42 L ]
2, BRI UTRRY) 2 A ib | v 22 PR A A
YRR R 2~4.6 ¢, IKEFIRAEHN 3.9~6.8 ¢,
22 BAR PR BEAT AR o A Dy UGS HLAOHL & T b
(2 ), 1M H R UL BE AR A3 A1 38 R S | P H kL



534 A A= SR i+ %34 %
F2 AEHKEMZPZERBRYERNET WAEK
Table 2 Heavy mineral types and contents of sediment samples from the Zhuoshui and Lanyang Rivers
FE G = LY1 LY2 LY3 781 782 783 784 785
L (°F) 121.423 4 121.5458 121.7802 121.114 1 1209135 120.6462 120.466 0  120.289 1
4 (°N) 244854 246259 247168 239733 237926  23.7871  23.8085  23.8343
B YEREESEE(%) 0.040 0.057 0.004 0.116 0.061 0.044 0.039 0.049
#ifa (Zr) 6.0 9.0 21.5 0.0 6.9 13.4 38.5 32.1
LA (Ga) 0.0 0.0 0.0 0.0 0.0 4.0 15.1 14.0
FINA (Hb) 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.1
WA (Px) 0.0 0.0 0.0 0.0 0.0 3.1 0.0 0.0
B f7 (Tur) 0.2 1.7 0.0 0.0 0.2 3.8 1.1 2.3
555 A (Ep) 6.6 1.4 0.0 0.0 0.1 0.6 0.0 0.5
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T KA (Ap) 1.0 0.1 0.0 0.0 1.0 3.0 0.9 1.4
s MU A7 (Mnz) 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.1
% A (Brt) 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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D (Py) 39.3 0.8 32.7 68.3 33.1 1.1 0.6 0.9
JrH#0 (Gn) 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0
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Fig.2 Grain-size frequency of sediment samples

from the Zhuoshui and Lanyang Rivers
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Fig.4 Downstream changes of heavy mineral indices in the sediments from Zhuoshui and Lanyang Rivers
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Table 3 Heavy mineral assemblages of Chinese rivers into the sea
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Abstract: A total of 384 Mt/yr of suspended sediment is supplied to ocean by small mountainous rivers in Taiwan

(1970—1999) , equivalent to the sum of sediment discharge from three major rivers (the Yangtze River, the Yellow

River and the Pearl River) in China. Hence, it has an appreciable impact on the sedimentary process of the epiconti-

nental shelf. There are altogether 151 rivers in Taiwan, most of which originate from the Central Range. For our study

river basins, the Zhuoshui River and the Lanyang River feed into the Taiwan Strait and the Pacific Ocean, respective-

ly. The Zhuoshui River flows through the western Central Range, the Hsuehshan Range, the Western Foothills and the

Coastal Plain in turn. And sequences of the Hsuehshan Range and the western Central Range outcrop in the Lanyang

River basin. Heavy mineral types and contents of eight sediment samples from the Zhuoshui River (ZS1~ZS5) and

the Lanyang River (LY1 ~LY3) are analyzed in whole size fraction. Twenty kinds of heavy minerals are identified.
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The weight percentage of heavy minerals varies from 0.039% to 0.116% in the Zhuoshui River, and from 0.004% to
0.040% in the Lanyang River. On the whole, the weight percentage declines from upstream to downstream.

There is an irregular spatial distribution of heavy mineral assemblages along both rivers. For the Zhuoshui River,
the dominated heavy mineral assemblage is pyrite-limonite-magnetite in the upper reaches, zircon-limonite-magnetite-
pyrite in the middle reaches, zircon-garnet-limonite-ilmenite-anatase-leucoxene in the lower reaches. For the Lanyang
River, the dominated heavy mineral assemblage is zircon-epidote-pyrite in the upper reaches, zircon-magnesite-limo-
nite-leucoxene in the middle reaches, zircon-magnesite-limonite-anatase-pyrite in the lower reaches. Variations of
heavy mineral types and contents along the two rivers indicate that most sediments are mainly supplied by proximal
source rocks, and signatures of heavy minerals from upstream are masked. Also, there exists difference in contribu-
tions to sediments between potential provenances: heavy minerals in the lower reaches of both rivers are mostly derived
from Quaternary sediments, and in the upper reaches mainly supplied by Lushan Formation of the Central Range. In
addition, because the distribution of heavy mineral assemblages is primarily controlled by source rocks, some heavy
mineral indexes (ATi, GZi and ZTR) cannot be used properly in these small mountainous rivers.

The differences in bedrocks between mainland and Taiwan make the heavy mineral assemblages different between
both sides of the strait. The typical heavy minerals in the rivers of Chinese mainland, like magnetite and epidote, are
not common in the Taiwanese Rivers. However, the enrichment of zircon, magnesite and pyrite in the mouth of the
Lanyang River, and the enrichment of zircon and garnet in the mouth of the Zhuoshui River, are there respective char-
acteristics. All these features may offer some reference value for tracing the provenances of sediments in the epiconti-
nental shelf.

Key words: Taiwan; Zhuoshui River; Lanyang River; heavy mineral; provenance analysis



