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Magmatic mixing and mingling of Precambrian Gangbian complex in
northeastern Jiangxi Province and their geological significance

LI Chang-nian and LIAO Qun-an
(Faculty of Earth Sciences, China University of Geoscicences, Wuhan 430074, China)

Abstract: Large quantities of Precambrian volcanic-intrusive complexes are distributed between the northern side
of Jiangshao suture and the southern side of Jiangnan orogenic belt in northeastern Jiangxi Province. They con-
sist mainly of Neoproterozoic volcanic rocks and felsic-mafic igneous complexes, of which the largest one is
Gangbian body covering 120 km? in Hengfeng County. This complex body can be divided into felsic, mafic
and transitional rock units at the mapping scale . The age of the upper intersection point on the U - Pb incongruent
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curve of zircon from the felsic rocks is 822 +4 Ma. The Nd model ages of various rocks from Gangbian complex
body are different from each other: felsic rocks are 1.49~1.68 Ga; mafic basaltic rocks are 1.51~2.21 Ga;
Nd model ages of gabbro are approximately the same as those of basaltic rocks, being 1.54~2.13 Ga; the calcu-
lated Nd model ages of transitive rocks are 1.58~1.90 Ga. Therefore, the fractionation of mafic rocks in this
body from the mantle must have occurred much earlier than that of the felsic rocks. Nevertheless, the Nd model
ages of these transitive rocks contain some information on mutual mixing and mingling of the two end-member
magmatic bodies. The authors obtained quite a few isotopic data for various rocks in Gangbian complex body:
eNd(z =822) values of the felsic rocks are —0.8~ —4.4, ¥Sr/%Sr(822) ratios are 0.703 68~0.705 49, eNd
(822) values of the mafic basaltic rocks are —2.6~ +2.3, and ¥Sr/**Sr(822) ratios are 0.703 87~0.70527.
These data show that the source of the basaltic magma was close to the bulk earth, whereas the source of Neo-
proterozoic felsic magma in the complex was derived from the EM | mantle characterized by the mixing of man-
tle and crust. It is thus considered that northeastern Jiangxi area developed magmatic underplating in Precombri-
an, and this process played an important role in the formation of the mama of Gangbian complex. The formation
of the felsic magma was controlled by the melting of the crust because underplating of the basaltic magma along
the boundary between the mantle and the crust supplied thermal energy which was accumulated in the magma
chamber; temperature of the diapiric felsic magma chamber decreased in company with increasing extent of crys-
tallization and viscosity in the felsic chamber; the physical state of the felsic magma chamber also changed simul-
taneously in order of liquid—=>(soild + liquid)—solid. The liquid basaltic magma entered the felsic magma cham-
ber through the lower crust, in which the physical condition was changing. Finally, the successive chemical
mixing and mechanical mingling of the two end-member magma bodies and the intrusion of magma took place.
The time of magmatic mixing is defined by the age of the upper intersection point on the U-Pb incongruent curve
of the zircon, i.e., 82214 Ma. Based on the data of the Nd model age (tpy) and the Nd enrichment coeffi-
cient ( fen/ng), it can be concluded that the middle Proterozoic Jiangnan orogenic belt was accreted on the south-
ern margin of the Archean land nucleus in Yangtze paleocontinent, and that the Neoproterozoic terrestrial vol-
canic-intrusive complex zone was later accreted on the southern side of the Jiangnan orogenic belt. At that time,
the accretion of Yangtze paleocontinent drew to its end and its piecing together with the Cathaysia paleocontinent
began. Therefore, the Neoproterozoic volcanic-intrusive complex zone including Gangbian complex body became
the link of these two paleocontinents.

Key words: magma mixing and mingling; crustal accretion; northeastern Jiangxi; Precambrian; Gangbian com-

plex
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Fig. 1 Tectonic sketch map of northeastern Jiangxi
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1 GT-6-2 U-Pb
Table 1 U-Pb isotopic data of the zircon in felsic rock GT-6-2 from Gangbian igneous complex
U Pb ’ Ma
ZU()I)/) 2()81;/) 206 Py 2l)71)b 2071)[} 206 Py 2“71),) 2071)/)
“e wp 10 6 ng 204 Pb 206 Pb 238 U 235 U 206 Pb 238 U 235 U 206 Ph
0.1353 1.238 0.06637 818 818 818
1 30 169 30 0.078 558  0.3240
33 103 16 15 32
0.1039 0.919 0.064 15 637 662 746
2 20 348 45 0.055 819 0.3011
24 98 12 13 32
0.0955 0.827 0.06279 588 612 701
3 30 296 40 0.250 226 0.2256
19 94 9 11 32
0.0849 0.719 0.06143 525 550 654
4 30 346 49 0.450 140  0.2900
16 96 8 10 34
x —206pp, 204py, Pb=0.050ng U=0.002ng
25 1 W6pp 28y 818+ 16 Ma 1~4 822+ 44 Ma 327+63 Ma
— 1 T 1 T 1 XRF <5%
014l Gren 818+16 Ma / i
800
0.12F 1 [CP-MS
ool ] <1% Rb-Sr Sm-Nd
é - MAT261
g 0.08} .
| 0.005%
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Fig. 3  Geological sketch map of Precambrian igneous
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2
Table 2 Composition and petrological characteristics of Gangbian igneous complex
Or 40% ~50% Or 30% ~50% PL 2% PI 20% ~60%
Qtz 10% ~25% Pl 40% ~60% Cpx 1% Cpx 40% ~80%
Pl 10% ~20% Qtz 3% ~15% Ol trace Hbl 10% ~20%
Hbl 5% Hbl 5% ~20%
Or— Qtz— Pl— Hbl— Cpx— Ol—
HFSE
9 LILE Nb
Eu Rb Sr  Zr Hf
Eu
MORB 11

10
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Fig. 6 The character of structure for the magma-mixed rocks in Gangbian igneous complex body
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A —homogeneous mixing massive structure; B — heterogeneous mixing banded structure; C — streaky sructure;

A

D —taxitic structure; S —red, felsic mineral; M — green, basaltic rocks
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Fig. 7 Character of textrue for the magma-mixed rocks in Gangbian igneous complex body
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A — mutual poikilitic texture between hornblend (Hbl) and plagioclase (Pl); B— zoned texture of hornblend;
C — capped texture of graphic K-feldspar; D — zoned texture of plagioclase
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Table 3 Major element compositions wyg % and their petrochemical parameters of various rocks in
Gangbian igneous complex
RERER AR
FE 1 2 3 4 5 6 7 8 9 10 11 12 13
S 56000-1 Gb-15 Gb-3 Gb-10 56019-0 _ 56019-3 56002 56006.3 56019-4  56019-1 279-4 279-6
. D :{/d‘taﬁ%/ AEBEK kK A% Fge ﬁ%: —pm —gm ‘:J;’: _1535 _Eﬁ ‘ﬂaﬁ
A ERE KHAKE EKE #BHE EKE KNKE RkE K& K5 AKE
SiO, 66.38 71.58 67.15 70.04  64.66 61.02 59.05 57.67 51.86 51.87 61.88 64.46  63.30
TiO, 0.45 031 0.61 0.43 0.52 0.72 1.04 0.91 1.02 1.95 0.71 0.62 0.79
ALO; 16.74 12.67 16.82 14.27 14.99 17.39 17.64 15.95 15.77 14.67 15.36 1592  15.68
Fe,0; 1.02 0.49 1.44 1.27 1.62 1.48 3.08 2,78 4.07 3.84 2.49 0.72 2.24
FeO 0.90 1.07 0.82 1.15 1.42 1.58 3.17 3.67 3.99 8.96 2.46 1.98 2.62
MnO 0.01 0.09 0.04 0.05 0.02 0.06 0.11 0.20 0.99 0.17 0.06 0.07 0.09
MgO 0.52 0.66 0.64 0.92 1.05 1.06 2.72 3.56 3.44 5.89 2.20 1.39 2.08
CaO 1.04 3.00 0.39 1.46 2.92 2.38 4.85 4.14 5.54 5.56 3.77 2.08 4.04
Na,O 6.78 3.14 5.42 4.15 4.59 4.87 5.06 6.01 4.75 4.92 4.60 4.04 3.85
K0 3.16 345 5.33 4.11 4.54 6.06 2.84 2.08 2.52 1.56 3.27 5.22 2.84
P,0s 0.09 0.07 0.13 0.20 0.15 0.16 0.45 0.21 0.12 0.60 0.22 0.16 0.23
H,O' 0.79 0.96 0.70 1.28 1.24 1.16 1.46 1.62 2.37 243 1.51 1.03 1.40
CO, 1.45 2.24 0.20 1.07 1.91 1.73 0.59 1.44 3.67 0.61 0.82 1.94 0.46
Total 99.33 99.73 99.69 10040 99.63  99.67 102.06 100.24  100.11 103.03 99.35 99.63  99.62
Ap 0.20 0.16 0.29 0.45 0.34 0.36 0.98 0.47 0.31 1.31 0.50 0.37 0.51
Im 0.88 0.61 1.17 0.83 1.02 1.41 1.98 1.78 2.09 371 1.39 1.23 1.54
Mt 1.52 0.74 1.02 1.88 2.43 2.22 4.47 4.15 4.92 5.57 3.72 1.09 3.32
Q 12.45 34.45 19.37 26.52 14.95 3.80 5.62 1.60 0.00 0.00 12.84 15.4 18.82
Or 19.25 21.14 31.91 2479  27.83  37.04 16.80 12.66  16.02 9.23 19.94 3228 17.18
Ab 59.02 27.49 46.37 3577 4028  42.53 42.76 5227 4315 41.59 40.07 35.69 33.28
An 4.77 10.62 1.19 6.19 7.1 7.89 16.99 10.67  15.33 13.31 11.92 9.81 17.46
Di 0.00 3.58 0.00 0.00 517 2.66 3.54 7.38 10.83 8.80 2.28 0.00 1.34
Hy 1.43 1.21 1.62 2.80 0.57 2.10 6.87 9.01 3.03 4.91 4.83 3.95 6.53
Ol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.35 11.58 0.00 0.00 0.00
o) 4.23 1.52 4.79 2.52 3.85 6.63 3.89 4.46 597 4.73 3.28 4.00 2.20
DI 95.49 93.70 98.84 93.27 90.16 91.26 82.17 77.20 74.5 64.13 84.77 93.18 86.74
R1 12124 2 676.8 12272 21562 15524 820.60
R2 465.00 602.20 403.60  481.60 658.20 648.00

DI=Q+ Or + Ab + An + Ne + Le¢ + Kp(Rp HEF4); R1=4Si - 11(Na+K) — 2(Fe+Ti), R2=Al+2Mg + 6Ca(FHE F%0); RIFIRAUGER T
KEREAWHERREAS, 23~ 278 NEHNET, ERARSETHRTXIEAMARKAXHHEETY, RELERR
HATHRER HITE.
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Continued Table 3
SRR BUREXREZF) BT R )

Fe 14 15 16 17 18 19 20 21 22 23 24 25 26 27

B St1 Gb-13 Gb-9  56083-3 Gb-l  WI- W-1 2793 Gs4  wis wis Yl 560832 56019-8
AE OFE FE XR OARR KRR KRR AR ARE

BE CKE SRS SKE BE OREMH ARBE BIBE B mxym oo wod BRE RRE REE

Si0, 62.55 64.38 63.93 48.79 52.19 53.48 51.76  49.72 51.23 47.53 4343 46775 4478  44.00

TiO, 0.70 0.63 0.63 1.50 1.29 1.08 1.42 1.33 1.44 035 048 1.31 0.87 1.40

AlL,O; 1602 1642  17.06 16.16 17.40 16.55 16.93 1379 16.26 20.54 1673 15.57  18.11 14.98

Fe;03 1.94 1.34 1.88 1.40 3.58 2.97 3.39 2.88 3.65 224 240 418 2.05 5.32

FeO 2.72 222 1.73 8.34 4.43 5.65 5.65 7.33 4.50 313 637 7.30 6.00 7.41

MnO 0.07 0.06 0.08 0.12 0.15 0.22 0.19 0.16 0.21 0.09 0.15 0.17 0.12 0.10

MgO 2.26 1.51 1.39 9.21 4.38 5.07 5.15 5.80 3.41 6.57 1222 1772 11.86 8.35

Ca0 2.02 1.68 2.39 3.37 5.85 5.88 5.28 8.91 5.24 11.62 10.04 830 7.91 9.59

Na,O 4.58 5.19 497 223 3.63 3.96 3.99 2.38 4.66 228 202 2.06 1.72 2.23

K0 391 3.71 3.82 0.14 2.16 2.02 2.16 0.58 2.58 145 021 2.58 1.19 2.46

P,0s 0.21 0.18 0.19 0.50 0.47 0.21 0.38 0.18 0.45 004 016 0.13 0.09 0.17

H,0" 1.88 1.50 1.31 5.39 3.35 2.18 2.94 2.73 2.80 347 553 3.06 0.21 1.11

CO, 0.82 0.87 0.27 0.61 0.77 0.46 0.46 3.98 3.26 041 008  0.56 5.06 3.18

Total ~ 99.68 99.69  99.65 97.76 99.65 99.73 99.70 9977  99.69 99.72 9982 99.69 99.97 100.30

Ap 0.47 0.40 0.42 1.19 1.07 0.47 0.86 0.42 1.05

IIm 1.37 1.23 1.22 3.11 2.57 2.11 2.80 272 292

Mt 2.90 2.00 2.78 2.21 5.43 4.46 5.10 4.49 5.65

Q 13.12 14.08 13.65 11.05 3.92 1.58 0.17 6.51 0.00

Or 23.85 22.55 23.04 0.90 13.37 12.30 13.27  3.69 1630

Ab 39.91 4507  42.83 20.54 32.11 34.46 35.02  21.61 42.06

An 9.07 7.48 10.96 15.03 25.92 22.01 22,70 27.08 16.87

Di 0.00 0.00 0.00 0.00 1.27 5.48 1.78 1573 6.50

Hy 8.26 5.97 4.28 38.04 14.33 17.11 18.30 1776 6.58

Ol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  2.07

c 3.69 3.70 3.69 0.97 3.65 3.41 4.32 1.30 6.37

DI 85.95 89.18 90.48 47.52 75.32 70.35 71.16 5889 75.23

R1
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Table 4 Rare earth and trace element compositions of various rocks in Gangbian igneous complex
KEREAR dEEEA
5= 1 2 3 4 5 6 7 8 9 10 11 12 13
S 56000-1 Gb-15 Gb-3 Gb-10  56019-0 Gb-4 56019-3 56002 56006-3 56019-4 56019-1 279-4  279-6
La 33.50 60.50  28.30 35.20 31.97 61.90 57.65 40.30 3234 67.47 36.25 3470 26.00
Ce 57.37 97.30 89.70 64.10 53.28 120 113.30 77.39 65.88 121.30 68.20 69.10  42.60
Pr 6.75 10.50 7.34 7.62 6.23 14.20 15.02 10.37 7.87 13.83 7.61 8.78 4.38
Nd 22.65 32.80 26.4 25.90 20.31 50.40 56.53 39.63 29.64 49.23 23.79 34.30 15.50
Sm 3.52 5.79 5.20 4.70 3.38 8.30 10.87 7.64 5.05 8.74 3.77 7.20 2.77
Eu 2.04 1.02 1.25 1.21 1.06 2.38 2.75 2.09 1.38 223 1.03 2.29 1.22
Gd 2.64 4.84 4.12 3.60 2.78 7.07 8.37 6.18 4.39 6.64 3.03 6.04 2.96
Tb 0.34 0.64 0.61 0.55 0.36 0.95 1.15 0.88 0.61 0.84 0.36 0.98 0.38
Dy 2.17 3.61 3.58 3.06 248 5.29 6.92 5.45 3.83 5.14 243 5.67 2.16
Ho 0.46 0.77 0.78 0.63 0.48 0.98 1.33 1.08 0.76 0.99 0.47 1.04 0.45
Er 1.22 2.34 2.23 1.83 1.42 2.76 337 2.80 2.03 2.53 1.26 2.66 1.22
Tm 0.18 0.34 0.32 0.26 0.22 0.37 0.47 0.41 0.31 0.37 0.20 0.34 0.18
Yb 1.23 2.15 2.25 1.82 1.46 2.82 2.71 2.58 1.83 2.41 1.22 2.44 1.31
Lu 0.21 0.38 0.37 0.30 0.23 0.45 0.41 0.41 0.30 0.40 0.19 0.34 0.21
ZREE 134.28 22298 172.45 150.78 125.66 27742 280.84 19721 156.22 282.12 148.81 145.88 101.34
(La/Yb)y 17.88 19.00 8.50 13.10 14.42 14.80 14.01 10.29 11.64 18.44 19.38 9.60 13.30
Eu/Eu” 1.96 0.57 0.79 0.87 1.06 0.93 0.88 0.93 0.90 0.89 0.90 0.96 0.77
Cr 29 34.9 24.1 32.5 12 17.2 8 18 19 38 46 24.1 30.0
Ni 7.26 5.39 12.20 5.84 9 24 40 33 12 7.34 12.10
Co 4.51 2.44 4.04 4.13 15 22 26 33 13 4.39 11.70
Sc 4.26 8.82 4.83 5.79 9 20 22 21 10 9.85 12,70
v 18 30.20  31.20 34.00 50 41.80 86 172 234 302 113 46.20 9330
Pb 3 12.00 10.70 9.20 16 13.60 11 8 15 19 13 14.00 11.40
K 26398 28028 44228 34104 37688 50285 22995 17267 20919 12 452 27145 43314 23566
Rb 61 61.80 85.6 80.7 91 117 67 45 67 41 92 106 61.2
Ba 1700 1188 1559 949 1430 1875 1470 1730 938 608 1330 1877 1285
Sr 156 323 128 380 353 176 761 327 616 370 438 477 774
Ga 17 12.9 13.2 16.0 14 14.1 17 13 14 17 16 16.5 17.10
Ta 0.98 1.26 1.04 1.01 1.02 1.71 1.29 0.92 0.98 2.77 1.23 1.01 0.65
Nb 9 12.4 18.8 14.6 13.2 21.3 16.8 9.6 8.2 243 13.90 14.40 10.7
Hf 11.20 5.63 9.73 5.15 6.30 13.50 6.40 6.10 5.60 16.60 5.20 7.28 5.92
Zr 469 244 451 216 228 520 152 179 169 527 176 274 235
Ti 2 698 1858 3657 2578 3117 4316 6 055 5455 6115 11 271 4256 3720 4740
Y 12 27.5 21.10 20.60 14 23.90 36 25 21 26 13 24.20 13.10
Th 3 35.0 6.89 10.90 9.80 10.30 6.30 5.80 7.10 18.50 5.40 9.72 8.87
U 1.08 5.30 1.55 2.36 342 3.01 2.21 1.25 1.01 4.42 2.92 2.20 2.50
K/Rb 433 463 517 423 413 430 341 380 313 303 295 409 385
K/Sr 169.22 88.60 34550 89.70 106.80  285.70 30.20 52.80 34.00 33.70 62.00 90.80  30.40
Rb/Sr 0.39 0.19 0.67 0.21 0.26 0.66 0.09 0.14 0.11 0.11 0.21 0.22 0.08
St/Ba 0.09 0.27 0.08 0.40 0.25 0.09 0.52 0.19 0.66 0.61 0.33 0.25 0.77
Zr/Hf 41.9 43.30 46.40 41.90 36.20 38.5 23.80 29.30 30.20 31.8 33.90 37.60 39.70
U/Th 0.36 0.15 0.22 0.22 0.35 0.29 0.35 0.22 0.14 0.24 0.54 0.23 0.28
Nb/Ta 9.18 9.84 18.10 14.50 12.94 12.50 13.02 10.43 8.37 8.77 11.30 14.30 16.50
La/Nb 3.72 4.88 1.51 241 242 2.91 343 4.20 3.94 2.78 2.61 4.80 2.40
Zr/Nb 52,10 19.70  24.00 14.80 17.30 24.40 9.00 18.60 20.60 21.7 12.70 19.00  22.00

FERE3, HETERAEMLEN)EBoynton(1984); TIRIKARHETIOMK.O(we/ %)t H
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Continued Table 4

TERER BHEAZREER) BEBEERS)
= 14 15 16 17 18 19 20 21 22 23 24 25 26 27
S St-1  Gb-13  Gb-9 56083-3  Gb-1 WJ-1 W-1 279-3  Gs-4 wi-2 WJ-3  YJ-1 56083-2 56019-8
La 31.20 4230 37.50 2530 3420 1630 1850 22.60  28.60 441 5.92 940 642 12.27
Ce 5590 7830 67.30 47.17 64.60 2940 38.00 4690 52.70 8.79 12.80 2040 11.67  29.38
Pr 6.13 9.69 8.05 5.56 8.06 3.46 4.88 5.88 6.82 0.81 1.40 2.71 1.53 3.17
Nd 22,10 3420 28.60 25.08 3240 1440 2140 2350 27.30 3.79 6.48 12.60  6.09 16.93
Sm 3.80 6.47 5.44 492 6.51 3.67 4.54 4.96 5.74 1.02 1.48 3.32 1.24 3.61
Eu 1.20 1.70 1.55 135 191 1.13 1.54 1.64 1.55 0.54 0.56 1.00 045 1.14
Gd 3.28 4.94 4.27 4.18 571 3.51 3.78 4.49 4.40 1.11 1.16 3.08 1.04 3.37
Tb 0.47 0.71 0.63 0.60 0.82 0.59 0.60 0.68 0.65 0.17 0.20 045  0.16 0.47
Dy 2.62 3.80 3.72 3.36 451 4.10 3.50 4.08 3.44 1.10 1.35 2.73 0.90 2.95
Ho 0.52 0.81 0.77 0.72 0.84 0.84 0.67 0.77 0.68 0.24 027 054 017 0.55
Er 1.38 2.24 2.16 1.90 2.17 2.28 1.72 1.93 1.83 0.61 0.71 142 048 1.45
Tm 0.20 0.30 0.31 0.28 0.28 0.33 0.25 0.24 0.25 0.086 0.11 020  0.07 0.21
Yb 1.41 2.02 212 1.73 2.03 2.28 1.52 1.66 1.53 0.58 0.67 1220 043 1.19
Lu 021 0.33 0.36 0.28 0.28 0.37 022 0.26 0.26 0.09 0.11 0.21 0.07 0.18
ZREE 13042 187.81 162.78 12270 16432 82.66 101.12 119.54 13575  23.35 3322 5934 30.72  76.87
(La/Yb)y 1490 1410  12.00 9.36 11.30 ~ 4.80 8.20 9.20 11.70 5.11 5.95 519  9.83 0.79
Ew/Ew 099 1.10 1.10 1.09 0.93 0.95 1.11 1.04 0.91 1.54 1.26 0.94 1.21 0.99
Cr 2530 3590 249 211 3580  66.10  45.10  57.50 137 192 224 109 250 12
Ni 12.90 8.94 16.70 118 2320 2530 3920 1950 6430  67.40 175 9290 132 77
Co 1270 6.85 5.92 42 2220 2500 3590 26.80 3140 3230 6410  52.10 47 48
Se 1040  7.96 6.72 25 2170 2730 2220 2320 2430  23.00 12.80 4230 15 31
v 7430  56.60  47.70 234 190 194 200 215 212 83.20 97.00 332 89 384
Pb 1040 5.62 4.83 10 1970 6.90 6.89 1370 17.40 5.86 7.47 4.94 13 12
K 32445 30785 31698 1162 17926 16766 17926 4814 21414 12035 1743 21414 9879 20421
Rb 79.10 77.10  66.40 40 41.80 52.80 8590 4820 5990 3440 6.50 78.30 35 96
Ba 1367 1485 1535 138 766 599 919 896 828 369 74.60 861 600 1240
Sr 577 459 693 384 970 601 730 431 902 1266 408 435 654 299
Ga 1520 2030 18.40 13 20.80 1640 18.60 16.10 21.80 13.40 1220 17.80 11 11
Ta 0.63 0.87 091 1.48 0.55 0.39 0.47 0.48 0.61 0.16 0.18 026 031 0.87
Nb 9.30 1690 1520 9 10.10  5.99 7.74 8.27 11.20 2.47 3.01 497 430 8.40
Hf 5.42 6.06 6.16 6.70 4.09 3.34 2.99 3.50 3.16 0.66 0.72 1.61 3.50 5.10
Zr 206 300 271 160 154 117 113 116 150 22.50 321 58.20 45 85
Ti 4200 3780 3780 8993 7740 6480 8520 7980 8640 2100 2880 7860 2218 8933
Y 13.80 2480 23.40 20 2020 2000 1730 1650 21.80 6.59 8.28 16.70 5 15
Th 8.65 7.40 8.16 6.4 443 3.82 2.21 2.62 3.65 191 1.21 262 470 8
U 3.92 1.67 2.52 3.27 1.02 1.02 0.57 0.68 1.03 0.50 0.34 0.65 0.24 0.63
K/Rb 410 399 477 465 429 318 209 100 358 350 268 274 282 212
K/Sr 5620 67.10 4570 3.00 18.50 2790 2460 11.20 23.70 9.50 430 4920 1510 6830
Rb/Sr 0.14 0.17 0.10 0.10 0.04 0.09 0.12 0.11 0.07 0.03 0.02 0.18 0.05 0.32
St/Ba 0.42 0.31 0.45 2.78 127 1.00 0.79 0.48 1.09 3.43 547 0.51 1.09 0.24
Zr/HE 3800  49.50  44.00 23.90 37.60 3500 37.80 33.10 4750 3410 44.60 36.10 12.80 16.6
U/Th 0.45 0.23 0.31 0.51 0.23 0.27 0.26 0.26 0.28 0.26 0.28 025 005 0.08
Nb/Ta 1480 19.40 16.70 6.10 1840 1540 1650 1720 1840 15.40 16,70 19.10  13.90 9.70
La/Nb 3.40 2.50 2.50 281 3.39 272 2.39 2.73 2.55 1.79 1.97 1.89 1.49 1.46
Zt/Nb 2220 17.80 17.80 17.80 3770 1950 1460 14.00 13.40 9.10 1070  11.70 10.50  10.10




368 25
S T T I 20T T T T E
i OKERER 19 £
JE s AXRFRER sk F
: & itERER : L S ]
5 r 17 EA * £
o NN 1 sk 247 o b
S S sk * E
s of % 1 = Uk . o 5 ]
;2— Q‘O = T WUF A E
A * ¢0, _ B o E
1— OO = 12;— —
F O 1nE 7
0: ......... [ [ L] o b [ Ly L]
S T T T ] 10 prrrrrrrr T T T Trrrr ]
7F A ; 3 E
i ] 7F =
- OF - ° 3 E
f; : AL ] f§6:— A® =
o SF E c F ]
N 4 | 25F A ;
= ., 1 e 7 o :
3F 3 - E 2 3
i ”‘ ] “F L 3 ]
2F RS E 2 F “ s
L oy 0 . 3 0%) o) E
0E ......... Loy [ A A AT AN Lo o [§) S L L @..I.(). ........
9T VA N T TN T Ry ] T T T o
43 ]
‘
3 3 F o
6F ] o F
s | £ | = *, ¢ €
=~ S5F ¢ E S F &
% 3 . g [ » e
O 4F 4 = T L F 3
T Of A * 3 AN QO © E
3F * o 3 g A ]
of *eb ; sE o ]
[ O ] [ ]
1F O ] i
OE ......... Lo | A .O..l ......... 2:-------& ......... L | I
7: """"" T L [T ] 2_ """"" e TrrrrrrrT [T
6F * ]
sE *0 1 A
i ¢ : \c AA
< af = =
S * o) ] Sl YR .
< 5E ¢ O E = *
= n ¢ : g o’
2F VAN = %O
[ * ] O o
LF ] O
i A ]

0' ......... L L | A [ T [ A AR AT Lo oo o000 Lo 0
40 50 60 70 80 40 50 60 70 80
Ww(SIiO)/% w(Si0,)/%

8 SiO,

Fig. 8 Covariation of SiO, and other oxides for various rocks in Gandbian igneous complex



369

5
1000 1000
BHRRER X
‘} ERE
n
e e
= =
# #
1 1
El kL
e
La Ce Pr Nd Sm Eu Gd Rb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Rb Dy Ho Er Tm Yb Lu
9
Fig. 9 Chondrite-normalized REE patterns of felsic rocks and mafic rocks in Gangbian igneous complex
1000 1000
KERER EBRRER
H; 100
&l £l
_‘N P
H+ £ 10
= M
ki e
1
0.1

0.1
SrK RbBaThU NbTaLaCeP ZrHfNdSmTiY Th

10

SrK RbBaThU NbTaLaCeP ZrHfNdSmTiY Th

9

Fig. 10 Ratio spidergram of trace elements in felsic rocks and mafic rocks of Gangbian igneous complex Symbols as for Fig. 9

w(Rb)/w(Sr)

T T T T 7 IT T T
|
0.4 OKEFEA . \\ _
AZRFER I |
- e EMEE / i ]
/
0.3 ] | .
| /
/ ,'
B o\\\ ’I i
L I .
0.2 2 .
B .. N 4
0.1} . //!A N - i
| £ A i
L L 1 L L L L L 1
10 20 30 40 50 60
w(Zr)/w(Hf)
11 Rb Sr-Zr Hf
Fig. 11 Covariation of Rb Sr - Zr HIf specific ratios

in various rocks of Gangbian igneous complex

4.3 Sr Nd
Rb-Sr
Sm-Nd Nd
5

eNd =882 -0.8~ —4.4 %Sy 865 822

0.703 68 ~0.705 49 Ssm Nd
-0.41~-0.53 eNd ¢ =
822 —2.6~ +2.3 %S 868 1 =822
0.703 87~0.705 27 Ssm Nd -0.30~
-0.42

eNd ¢

¥Sr %sr 4 Jsm Nd
eNd ¢ 87Sr 865y ¢
Ssm Nd eNd ¢ = fsm nd

12



$25 &

370

“BD/¥S 900" 0 LLH) X LHWS 41 BD/TEI00

CCOTRE F 3% Rl =ty Y3 PN 7 ST U LLRE 6 TTL 0 b PN /PNopt B (P08 F STTTS™0 B H) N[ #4321

H)H PNyppr /PNy T Y5 LT 7 61170 H) 1Sge/*SogfH “(9THTF STOIL™0

TH) L86-SEAN S 4 2 it H) 7 ASog/1S 5 % 170 [ % L™ 0 F G160 Zl SO E) 0 PNy /WS Lo LY 1S o/ T g *(086T shi WISAOOR[y/ 96T () £ H)I (PN /WS 1) (V861 i UIOISPIOD)BEY TIS™ 0
CHPIOCPN /PN ) “(Z86T ORI L T80 0 G HYM N (IS 00/ 1) “S YOL ™ 0 LEHY M (IS 0/1S 1) BH B) FHAS |1 T 4514 BIN TT8 =7 Wt L S & OT ~TT 11y 6 3 € 2 L HUTL € 2 (] &5 oL

LTFTLOCOT FIEIC CCT+908T TTFO0I9T TT+LEOT TI+¥pLl  ST+9991 SIFTHCT SCSF+90CT TT+629T €1 +8LST TCF+R868T 9T +886 6+899T LI+6ETT STFT19ST €T +6L9T Ol +T8il m_Z\E:
¢€0- 0€0—- ¥€0—- TWO—- 0OV 0-— SE€0— €€°0— w0 — 00— Ivy'0- Ir0— I 00— €S0— Ivr0— 0S0— 90— 670~ 9% 0 — PN/ [
99— €'8- v'C— 61— S0- 9°C— L0— 60— €T+ €'¢€— C'l— 9°C— (S V- 07— €T~ - 80— (7)PN3
¢Ir- 80— ¢S6- S0I— 10— 701 — C'L— 86 - 90+ TO0I—- 96— ['vI— T1°€l—- 601 vvl— 6°11— 9l — 01— (0PN

‘(PN

SEETIS 0 SPITISO0 €SPIIS 0 T8PIIS 0 €SCIIS 0 SlIS 0 ECIIC 0 CECTIS 0 SEOTIS 0 OOSTIS™O TESTIS'O SICIISO ¥OPIIS O LSPITS O €LETISO 6SPITS 0 TSETIS 0 CECTIS 0 \%/ z_v

P
. . . . . . . Xl . . . . . . . . . . (9C0)PNypy
8C0CIS 0 S8OCIS'O ISICIS'0 660CIS'0 SIICIS'O  90ITIS 0 €SIS0 CEITIS'0  ZL9TIS'0 CIICIS0 TrITIS'0 LIGLIS'O ¥O6I1S'0 I80CIS 0 206IIS'0 LZOTIS O LSSTIS 0 CIITIS™0 /PN
{941

9ECT'0 SELTO 96CT°0 ¥¥IT°0 SLIT'O LTCTI'O SIET 0 CEIT'0  SOST°0 69CIT°0 SOTT°0 LVIT'O LZ60°0 TOIT°0 78600 #SOT°0 €660°0 TLOT "0 PNy /WS, 4
0 €0 61°0 61°0 61°0 0C°0 0 61°0 6C°0 61°0 61°0 280 ST°0 610 91°0 L1°0 910 SI°0 PN /WS
SL'ST ¢'Cl S6C'S  8S°6C 66°VC 98°C¢C 9291 8¢ 1¢ LLOT 66L°%C €89°8¢ €90°Cl IS'v€ Tr'LE ¥S°SC 8V '0¢ LO"LT 6°9¢C PN
(48744 €C°¢ VEL'T 6S°S  L98 'Y LE9 'V [ A4S 6v8 'S (> oLV 8vvL TvE'Cl  68C°S 881°L LvI'v CIE'S Wy LL'V ws
e+ vO0I+ 8°C€T+ L've+ SV+ 8°0C+ 0T+ S €l + 70T+ vl + L'vC+ TSE+ TOl+ 9vI+ QT+ 18+ SLT+ ['C+ (7)IS3

: § .uw
6E€Y0L "0 9ZV0L "0 0SYOL 0 LTSOL 0 LSEOL O 66¥0L 0 STrOL 0 8PY0L 0 9Zr0L 0 SSEOL 0 LTSOL 0 TO90L 0 STVOL 0 9S¥0OL 0 €¥¥0L 0 OI¥OL 0  6¥SOL 0  89E€0L0 \Mm ow
L8
. . . . . . . . . . . . . . . . . L (9T Sgg
0660L°0 9S0TL 0 SLSOL 0 TTIS80L 0 T880L0 LL6OL O  €LLOL'O  €¥V90L°0 9LLOL 0O 9€60L 0 6L80L°0 €I80L 0 9991L°0 STEIL 0O 68TIL 0 8SECL 0  SCEIL'0  SIOIL0O /18
L8

L8970 T19¢S°0 680T°0 O9I¥C'0 Ty 0 790¥ "0 96C°0 1991°0  6L6C°0 #I¥S°0 9T10€°0 CSIST0O €90°T S¥vL 0 9%CL0 0L9°'1 L9900 VLSS0 IS/ 5
91°0 61°0 700 S0°0 SI°0 7170 0ro 90°0 010 61°0 010 90°0 LEO 9C°0 cC0 CLO €C°0 610 IS/
S'€9% 910y 8°S68 'S8  ¥79v¢ 87969 9°L09 6°LI8 L67L9S €8°9LE ¥0°C8E 06°6LE T'TIE S'1ey S vCE 9Tl 7 88¢ 06°€LE IS
€E'CL  99°VL 8°€¢ 8S 1L  9¥°0¢S 17°86 LET9 v1Ly Sy '8S Ly OL TIT 0¥ 6SI°SS CIT 8801 70°68  TL'¥6 L8768 S6° 1L Q@RI

BT T BT 2T BT EM BN B3 BT BMI BT EMMMEY &
R T o T 72\: - SN ekl [P
W% BYY WYY WY 3N T NNy WH ST SMEY /SN T Tl
1-[A (M M -S9O €6LT "M T-[M 199 €-€809C #6109S  T009S T1-6109¢ +#9O 06109 019D €99 CI99 1-0009¢ Sy
Y4 e €C C 1T 0cC 6l ST LT 0] 8 3 L 9 S 4 € C ! L&
SO R YY) S T Y ENESY

x9[dwiod snodus uriqSues) Ul SO0 SNOLIEA 10} sRjPweIed pajes pue (81,94 ) ejep ordojost pN pue IS ¢ J[qeL,

WG B (o - 81/M) LT [ PN G Y B A 0T S 2



371

me/Nd

O KREBRETR ®
AZHBRER DM
A ERSE
X
o A 5
/ \ =
/ ES
< F.C A . // A \\
A 3
-4 O ~ A / ’
C@/ o p EASS L ‘,/ 9%
o7 2 SF A ZRIRER
4 s A ERs
| 1 I L I 1 _@‘ l:./ J Eu—:
-6 -4 ) 0 2 4 6 & AR
L L 1 1 1 1 L L L 1 1 ]
e Nd(®) 0 1 2 3 4 5 6 7 8 9 10 11 12
v(MgO)/ %
12 eNd £ - fun " (Me0)
Fig. 12 Covariation of eNd ¢ = f, ng for 13 FeO' - MgO
Zorpi 1989

two end member rocks in Gangbian igneous complex
Fig. 13 Covariation of FeO' = MgO for various rocks in

Gangbian igncous complex after Zorpi 1989

5.2
Pt3S
Didier 1991
2002b
6
— + —
7
8
13 + A B+ _

A B+ A 14



372 25
Mixing -
Mingling
Mingling o g
Intrusion
ﬁ%@ém
B
yare A
1‘\7 6
| L KRREED) | 6.1
14 B
A _
1997 Frernandez 1991
Fig. 14 Successive magmatic mixing and mingling by injec-
tion of mafic magma into a felsic magma chamber at different
crystallization stages of the felsic magma
11— L+ Ly
= b L 2/ K,0 - SiO, 4
Lo+ Sy [l—
L+ La+Sa N—
LytSy LS B A -
|l —mixing [z+Ls  forming magma-mixed rocks of homogeneous Eu
structure quartz monzodiorite [ —mixing and mingling  Lg + 1996
Ly and Lp+ Lo+ Sy forming homogeneous magma-mixed Rl R2
rocks and heterogeneous rocks [[—mingling L+ L, + Sy
forming heterogeneous magma-mixed rocks [V—intrusion Lp + 15 4
Sp L and S represent liquid and solid respectively B and A signify
basaltic and felsic mass respectively
6.2
@ Nd Nd
Q Or
Nd tpm 1.4~1.7Ga
450
km 60 km
Nd
1.5~2.5 Ga 1993
Nd
3.3Ga 1999 3



2500 I I I 1
+ o
CHUR

N - BT KRR e

| A (BFRITIEZ, 1999
| R P ALY /
1500 |- - 2r (BRES, 1993) —x
1 - ’*/ -

me/Nd

2 —7 -7
A A A - o RKEAHR
| ) . -4t » AZRBAER
3 < o dEEEA
i = . - A ERE
ol o ‘o . | LR E R B AR ERE
© 6 800 1200 1600 2000 2400 2800 3200
5 tom/Ma
1 1 | 1 |
0 1000 2000 3000 16 Ssm Nd™ tpm
R,
Fig. 16  fs, na~ tpm diagram for horizontal accretion of the
15 crust in southeast Yangtze ancient continent
Ri-R, Batchelor 1985
Fig. 15 R; — R, diagram for discrimination of tectonic 6.3
setting of felsic rocks in Gangbian igneous complex
after Batchelor et al. 1985 EM [ EM I
Nd
Rb-Sr  Sm-Nd
. EM [ 17
Nd Nd me Nd
16
20
Nd Nd 0.5136 ABEELT |
fs OKERAR
JSm Nd 0.5132 12
-ZOE _—
: 05128 BE 4 ‘-2“
3
1999 z U
- 0.5124 5\@{3 -4
Nd - W\\ LM ]
0.5120 L | EM1 7, 2l
1.8 Ga 0.702 0.704 0.706 0.708
WSt/
17 eNd r -
878y 865r ¢ Zindler 1986

Fig. 17 eNd ¢ %S %S ¢ diagram for tracing the

source of various rocks in Gangbian igneous complex after
Zindler 1986

DM— PM— EMI— 1

1992 EMI— Il BE—

DM—depleted mantle PM—primary mantle EM [ and EM [[—enriched
mantle of Type | and Type Il respectively BE—bulk carth



374 25
- Sr
- Cpx Pl 19
1000
Nb .
3Nd Nd | Kabeto et al. 1
2001 Zr Nb—"Nd "Nd i ) |
s
= 100 ~ ]
18 é : ~ O\ o ©7
- O o .:
O o &
o go
HEAES L DN 7
B
1000 - : :"::::é_
: : [ OO_
40~ 0./ 3
| /9
/ i
30 o = 100 7 .
~ 0 2 B /o ]
: / :
\[‘\l i
20 o) |
[ O 10 L | Lo
100 1000
o} w(Sr)/10°¢
| . . . | | 19 Rb-Sr a Ba-
10051100 0.51200 S b
“Nd/Nd()
Fig. 19 Relationship between Rb—Sr a and Ba—-Sr b
18 Zr Nb—

43Ng N
Fig. 18 Zr Nb-'"Nd "Nd i diagram for tracing

the source of felsic rocks in Gangbian complex

Nd
Nd
1.5~2.1Ga 1.5~2.2 Ga
Nd 1.7 Ga
1.8 Ga
Eu Eu Eu”
1 3 1
FeO' - MgO
11

Rb - Sr

Ba

covariation and mineral vector of fractional crystallization

for basaltic rocks in Gangbian igneous complex

Condie 1982 Keo
C km C=18.2 X K¢ +
0.45 Keo SiO,
60% KO 6
Keo 0.18577
34.26 km
Hollister 1987 p *0.1
GPa =5.64 Al —4.76 Al
Al A
Al 2.376 2002
0.864 +0.1G Pa 1GPa 33 km
28.5+3.3 km



375

References

Batchelor R A and Bowden P. 1985. Petrogenetic interpretation of gran-
itoid rockseries using multicationic parameters ] . Chemical Geolo-
gy 48 1 43~54.

Bayaton W V. 1984. Cosmochemistry of the rare earth elements mete-
orite studies A . Henderson P . Rare Earth Element Geochemistry

C . Elsevier science 63~114.

Chen Jiangfeng Guo Xinsheng Tang Jiafu. et a/. 1999. Nd isotopic
model ages implications of the growth of the continental crust of
southeastern China J . Journal of Nanjing University Natural Sci-
ences 356 649~658 in Chinese .

Condi K C. 1982. Plate Tectonic and Crustal Evolution M . Pergamon
Press.

Deng Jingfu Zhao Hailing Mo Xuanxue et al. 1996. Continental-

Roots Plume Tectonics in China—a key of continental Dynamics

M . Beijing Geological Publishing House in Chinese .

DePaol D J. 1982. Sm-Nd Rb-Sr and U-Th-Pb Systemutics of granulite

facies rocks from Fyte Hill Enderby Land Antarctica. Nature
298 614~618.

Didier ] and Barbarin B. 1991. Macroscopic features of mafic microgran-
ular enclaves A . Didier J and Barbarin B. Enclaves and Granite
Petrology C . Amsterdam Elsevier 253~262.

Fernandez A N and Barbarin B. 1991. Relative rheology of coeval mafic
and felsic microgranular enclaves A . Didier ] and Barbarin B. En-
claves and Granite Petrology C . Elsevier Science 263~275.

Goldstein S O Nions R K and Hamilton P J. 1984. A Sm-Nd study
of atmosphericdusts and particalations from major river systems J .
Earth Planet. Sci. Lett. 70 221~236.

Hollister L S Grissom G C  Peters E K ez al. 1987. Confirmation of
the empirical correlation of Al in hornblende with pressure of solid
Fication of calca-alkaline plutonis ] . Am. Mineral. 72 231~
239.

Jacobsem S B and Wasserburg G J. 1980. Sm-Nd isotopic evolation of
chondrites ] . Earth Planet. Sci. Lett. 50 139~ 155.

Kabeto K Sawada Y Lizumi S ez a/. 2001. Mantle source and mag-
ma-crust interactions in volcanic rocks {rom the northern Kenya rift
geochemical evidence J . Lithos 56 111~139.

Le Maitre R W Bateman P Dudek A ez al. 1989. A classification of
Igneous Rocks and Glossary of Terms M . Blackwell Oxford.

Li Changnian. 1992.
Wuhan CUG Press in Chinese .

Igneous Petrology for Trace Element M .

Li Changnian. 2002a. Comment on the magma mixing and their research
J . Geological Science and Technology Information 21 4 49~
54 in Chinese .

Li Changnian. 2002b. Regional geological survey and petrological re-
search of the Gangbian magma-mixed complex from northeastern
Jiangxi Province J . Geology and Mineral Resources of South Chi-
na 3 9~18 in Chinese .

Li Changnian and Liao Qun’ an. 1999. New knowledge about the vol-
canic rocks of Shangshu Formation from northeastern Jiangxi
Province and their geological significance ] . Geological Review 45

sup  717~723 in Chinese .

Li Changnian Xue Chongsheng Liao Qun’ an et al. 1997. Petrology
of Gangbian magma-mixed complex body and their genesis Henfeng
County Jiangxi Province J . Earth Science-Journal of China Uni-

261~267 in Chinese .

Ma Changxin and Xiang Xinkui. 1993. Preliminary study of the Nd iso-

versity of Geosciences 22 3

topic model ages of the Precambrian metamorphic stratum in north-
eastern Jiangxi Province ] . Chinese Journal of Geology 28 2
145~150 in Chinese .

Neves S P and Vanchez A. 1995. Successive mixing and mingling of
magmas in a plutonic complex of northeast Brazil J . Lithos 34
275~299.

O Hara MJ. 1977. Geochemical evolution during fractional crystalliza-
tion of a periodically refilled magma Chamber J . Nature 266 503
~507.

Peccerillo A and Taylor SR. 1976. Geochemistry of Eocene calc-alkaline

volcanic rocks from the kastamonu area northern Turkey J . Con-



376

25

tribution to Mineralogy and Petrology 58 63~8]1.

Qu Xiaoming and Wang Henian. 1997. Dynamic study on the crustal-
mantle magma mixing and emplacement mechanism of Guo Jialing
granite ] . Chinese Journal of Geology 32 4 445~453 in Chi-
nese .

Rollison H R. 1993. Using Geochemical Data Evaluation Presentaion
Interpretation M . Prearson Education Limited UK.

Streckeisen A and Le Maitre R W. 1979. A chemical approximation to
modal QAPF classification of igneous rocks ] . Neues Jahrbuch fiir
Mineralogie Abhandlangen 136 169~206.

Syder D Carmbes C Tait S et al. 1997. Magma mingling in dikers
and sill J . J. Geology 105 75~86.

Vernon R H Etheridge M A and Wall V J. 1988. Shape and mi-
crostructure of microgranitoid enclaves

gling and flow J . Lithos 22 1~11.

indicators of magma min-

Vernon R H. 1984. Microgranitoid enclaves in granites-globules of hy-
brid magma quenched in a plutonic environment J . Nature 309
438~439.

Wang Dezi Zhou Xinmin Xu Xisheng ez al. 1992. On geneses of mi-
crogranitoid enclaves J . Journal of Guilin Institute of Technology

3 235~240 in Chinese .

Wang Dezi  Zhou Jincheng Qiu Jiansheng et al. 1994. The magma
mixing in early cretaceous volcanic activities in southcastern coast of
China J . Journal of Najing University Earth Sciences 6 4
317~322 in Chinese .

Wang HZ and Mo X X. 1995. An outline of the tectonic evolution of

18 6-16.

Wang Hongzhen. 1983. The main stages of crustal development of China

China. Episodes ]

J . Earth Science- Journal of China University of Geosciences
3 155~178

Wilcox R E. 1999. The idea of magma mixing history of a struggle for
acceptance J . The J. Geology 107 421~432.

et al. 1992. The Late

Proterozoic continental accretionary history of the southwastern mar-

Xing Fengming Xu Xiang Chen Jiangfeng

gin of the Yangtze platform J . Acta Geologica Sinica 66 1 59~
72 in Chinese .

Zindler A and Hart S R. 1986. Chemical geodynamics J . Ann. Rev.
Earth Planet Sci. 14 493~571.

Zhong Chengsheng. 2002. Study on Precambrian Gangbian magma-
mixed complex from northeastern Jiangxi Province and their magma

mixing master’ s degree thesis D . Wuhan China University of

Geosciences in Chinese

Zhou Xinmin and Zhu Yunhe. 1992. Magma mixing and Precambrian
geology on the both sides of Jiangshao Deep Fracture Zone ] . Sci-
ence in China Ser. B 3 296~303 in Chinese .

Zorpi W ] Coulon C Orsini J B et al. 1989. Magma mingling zone-
ing and emplacement in calc-alkaline granitoid plutons ] . Tectono-

physics 157 315~329.

. 1999. Nd
] 356 649—0658.
. 1996. —
M .
.1992. M .
. 2002a. I 21
4 49~54.
. 2002b.
J. 3 9~18.
.1999.
J. 45 717~723.
. 1997.
J. 22 3 259~267.
.1993.
J. 28 2 145~150.
.1997.
I 32 4 445—453.
.1994.
J. 6 4
317~322.
.1992. I
3 235~240.
. 1983. J. 3 155
~178.
.1992.
J. 66 1 59~72.
. 2002.
D .
.1992.
I B 3 296—303.





