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SR MR R L A A, MR AR A — B AL . i LR AE K B, R
LA E R A XA E, BRI E A D 3, TS S A A ARG i A A K
R LA T AT B A R R B X U, b YA i v AR MR OK BUBU R
RENUA . AR ZUE Bt 2 0E R4, A4 BB WMEMN 2 0s B Xs Himx
FA . BR K0+ NapO Fit i 2 4b, A VE % alE e BLE Tio, A%, S8 KT 3%, #i +
TR A N LREE 4%, (La/Yb)y= 10. 39~ 23.79, £ Eu 575, 51T 1Y
Reunion 542412 | Bt 7o 20k W 1 ] S BLAREE 8 XA XL .



124 [T 5 U

w (Ti0,) X10/%

w(A1,0,) /% w (K,0%10) /%

I, 3 LaE( MU[‘B) K 2 04 ( continental
rift basalts); 11 il & u\.»fl‘&xﬂul(omgum basalts and
andesites) ; A. I W PEAE 2 0E 00 T B I 1 ( Average
value of MORB from various belts in Sangjiang area); B. il
eI A 2 Iq";"'yJ‘ﬂl‘?'I:.l”( Average value of para MORB in
Sangjiang area) ; O I AT el b TR [ e A\uago
value of nr('}mmlt fr(:m various belts in Sangjiang area) ; .
I i W e RO ] ;L.]T]( Average value of |)1(|(‘ are
basalt from various belts in Sangjiang area): 1. [ FR A 20
e (IR LT Average value of modern MORB in the world) ; 2.

e G 0 BT b A 2 U (1 1 B A verage value of arc

basalts from Western U S A and Northern Java)

2« S X AN 2 A ) TAK [ i
(4 B0E A B AT 5, 1993, A7 1520

Fig.2 TAK diagram for various types of

¥ 7%

4 FIE S 53 50 O B T — 3 M X = Fop
FEE O A1 REE 20 A3 89 5 M = oo
FomRU e . B A, ANFERF R X
s N X lE R R A, B
TICHE G A TC R I G A 0 W 1Y
1L
2.2 BIEFESIMALE- MiEHES

g Akl s A Sk E, K
TR R IE 2 Bl 2 K . A7 B 9IORI il 290K,
K Bk SICR A P 5K, e P SR gk 5, ) 25 Y
A g B4 . fE— KW, i 350
W S e PN 2R F I [R) 45 4 S5 28 Y,
HEN 84 —= B 4K, Bl &k
S E A R AR b R e . b, A7

I S M LA IR oI Bl 2 K

AN G B IR 2R AR, B RCT Wk 22 JS
Wi P B A58 1) K L2, AR < i I AL 9K
1500 L g R I W R A RS AT LT A, A
iﬂ%ﬁéﬁ-l)\ﬂﬁiﬁﬁkm%—jﬁqﬂﬁﬁ .

2 FiiE 6 7 algs i T =iliE Ay i

"'&JEF?&Q'”FI’JTJE??*T{FU.)EULA

WAL KGRI S A . R 2, K3 K4
Sl s T S0k LA H A K als %

basalts in Sangjiang area Wi R KA R A
1001
50}
e
2
= 20}
¥ i
o} =
Je
5]
2
La Ce Nd Sm Eu Tb Yb Lu
Lo A0 AR B 20 4r ATJE I The area with vertical lines represents Sangjiang MORB) 3 2. % i1 HEFE (R 1 20 400

43 A [ ( The area with oblique lines represents PARA-MORB in Sangjiang area)
1981) ( The area with heavy solid lines represents MORB in the world ( after Lofgren,

© VT M KPR A B vk PR B 2l e R

ALK (5 Lofgren,
€ 3

R | R o & TV o w11
1981)

Iy R R (RS BT, 1993)

Fig.3 REE patterns of MORB and PARA-MORB in Sangjiang area



2 DR PG SV A ol - AL A B 125
Fzl “ZIHMRFEREFEZREEIAZTFEHNEE(%)
Table 1  Average contents of major components of MORB/ para- MORB in Sanjiang area ( %)
H g —HiE 4 A kA ir A
it W PR C O § (VEFETRY
Tk Ay MEE N i S s L4 Mgl PEAY- T EAR
Fiah 2 8 2 1 3 1 5 9 2
Si0; 47. 84 47.00 51.20 49, 06 52.61 49,33 47. 84 49,49 48. 28
Ti0O, 1.69 1.74 0.73 1.79 0.98 2.61 2.70 2.19 1.12
ALOs 14.95 15.85 13. 56 13.18 15.33 14.70 14. 16 15. 05 17. 24
FeaOs 3.69 3.21 1. 87 4,13 2.68 2.84 5.74 3.71 5.49
FeO 8. 14 8.75 7. 81 9. 46 7.20 10. 22 9.79 8. 59 6.06
M nO 0.19 0.13 0. 16 0.32 0.09 0.18 0. 26 0.20 0.18
MgO 8. 98 10. 77 12. 70 6. 40 7.07 6.31 6. 31 6.77 11.43
Ca0 10. 76 9.39 8. 60 13.15 9. 42 9. 40 9. 46 10. 13 6.02
NaO 3.12 2.61 2.62 1. 96 3.76 2.93 3.08 2.61 3.72
K20 0.25 0. 39 0. 69 0.35 0.52 0.76 0. 52 0.91 0.37
P,05 0. 40 0. 16 0.07 0.17 0.30 0. 69 0.13 0. 34 0. 08
pug il 100. 01 100 100.01 99. 97 99.97 99. 99 99. 99 99. B8
Mg’ 0.58 0. 62 0. 70 0. 46 0.57 0.47 0. 57 0.50 0. 65
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Table 2 Average contents of major components of arc type basalts in Sanjiang area ( %)

FEahdl Si02 TiOz ALOs; Fe:03 FeO MnO Mg0O Ca0 Nax0O K0 P05 Mg

b HTH 6 51,06 2.77 16.74 3.72 8.15 0.25 4.71 6.65 4.18 1.3 0.47 0.42
f S E9liyl 4 54.14 1.06 16.64 1.34 6.49 0.14 7.97 7.05 3.57 1.56 0.15 0.65
i & g W 4 5168 1.4 16.27 276 7.78 0.18 6.57 7.38 4.72 1.02 0.23 0.53
i W 2 51,3 1.16 18.6 1.35 7.46 0.14 6.09 4.55 2.75 4.64 0.9 0.55
Piny T 1 51,66 1.19 17.45 2.7 5.77 0.12 8.25 9.37 2.63 0.73 0.12 0.64
FATMOCE B 1 46.99 0.93 17.94 2,45 7.22 0.14 9.22 12.05 2.48 0.61 0.04 0.64

L{_ A e Eoll 1 52.36 0.85 18.42 3.25 5.3 0.16 5.56 10.42 2.06 1.4 0.21 0.55
el Eol] 7 53.22 1.07 21.78 4.82 4.13 0.16 3.46 577 3.95 L4 0.2 0.42

tf:l LIEHERT S A 11 53.54 1,05 15.9 3.53 6.94 0.09 7.23 571 4.39 1.09 0.27 0.56
T JUETE dlsM 7 50.85 1.44 15,92 3.23 8 0.18 7.59 8.95 3.02 0.58 0.24 0.55
Hik JJEW 1 52,87 0.62 17.36 4.67 5.01 0.15 8.04 573 4.53 0.94 0.1 0.6l

R W 2 49.9 0.89 16.45 2.69 7.29 0.18 9.37 9.67 2.33 0.99 0.25 0.63

E- 3 W BWWIE) 3 50,98 1.51 16.91 4.03 504 0.13 8.23 838 4.07 0.51 0.21 0.63
- wgfean % EolMbi(me) 3 55.8 1.16 16.86 3.06 5 0.15 504 6.94 2.57 5.83 0.58 0.54
= ZE(TY 6 52.67 1.86 17.22 3.55 6.37 0.19 5.24 6.04 3.45 2.76 0.65 0.53
i ZE(T 7 49.08 2.1 16.38 6.01 6.45 0.33 6.73 6.49 3.34 2.32 0.78 0.5
i ik P2) 15 51.40 1.35 17.74 4.56 5.89 0.25 6.18 6.38 4.50 1.39 0.47 0.48
G ol & 53.02 1.14 17.64 3.23 5.49 0.14 59 89 3.23 1.05 0.26 0.58

# E1JE Sunda §18 % il 5.4 1.09 19.7 9.12 9.12 0.19 4.74 9.13 3.29 1.09 0.26 0.51

LEVEE B 25 HL0 R COy J v ST 241

* 55| [ Basaltic voleanism on the terrestrial planets ( 1981), Basaltic Volcanism Study Project pp. 206, Table 1.2 7.
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#3 ZHRALMPRLUEETRFHRIE(%)
Table 3 Average contents of major components of andesites

X W k- 47 T BRI AR b K
i gUel K i Si sl
WA EIUN RIUN LA REHAT KEE BIGE (P ks P
B 4 8 3 20 I 3 4 18 888
Si0; 57.23 63.32 64. 66 60. 33 54.94 55.68 60. 06 56. 60 58. 60 59.70
TiO, 1. 54 0.69 0.76 0.77 0. 88 1.1 0.72 1.05 0.89 0.70
AlLOs;  15.63 15.33 15.59 15. 89 17.56 15.68 16. 53 16. 83 15. 40 17.1
Fex05 5,10 1.77 1.89 4.14 1.75 2.35 2.09 4.31 2.2 2.8
FeO 4. 40 3.63 3.20 3.00 7.49 7.00 3.07 4. 18 6.7 3.8
MnO 0.12 0.10 0.10 0.11 0.12 0.16 0.07 0.15 0.18 0.12
MgO 1.77 2.80 1.67 1. 86 6. 96 4.03 2.57 3.62 3.2 3.2
CaO 3.89 3.91 4.21 4.68 5.80 5.49 3.95 2.85 7.0 6.6
Na,O 3.79 3.34 3.70 4.01 3.99 3.61 5.05 5.27 3.8 3.3
K20 2.34 2.61 1.95 1. 66 0.47 0.77 1.05 1.57 1.5 1.5
P.0s 0.32 0.14 0.14 0.15 0.04 0.18 0.47 0.25 0.19
ZH:0  1.91 2.38 1.70 3.5 2. 60
3.23 3.01 0.37 1.0
CO» 1.53 0.21 0.02 0. 51 1.54
A 99,57 100.23  99.59 99. 83 100 100.12  99.48 99. 91 99.0

* 5] Gill(1981)P. 99, P. 100 5.1 £ 5.2

SR Rlam HE A Lla - Wt X ila (B X)) - WSCE ( RSt
IR IE G, A - MPEA (TLIKIFT 2 905 fith) , sRZuls i il . 95 Zula



128 [T 5 L S 4 7 4

R4 SR RUSMERMERRE N LEETRFIEE(%)
Table 4 Average contents of major oxide components of acidic volcanic rocks from various

volcanic arcs and collision zones in Sanjiang area ( %)

Fefd Si02 TiO; ALO; Fe;03 FeO MnO MgO  CaO Nay0 K0 P05 ZH,0 CO;  JAI
KGN 20 75.10 0.34 11.43 3.14

.37 2,06 0.39 0.29 3.33 3.53 0.06 1.16 0.03

1
S 5 73.01 0.15 14.25 1.14 1.40 0.03 0.47 0.59 3.98 3.58 0.057 0.93
KOG 3 68.24 0.43 15.75 1.63 1.53 0.06 1.31 0.80 5.17 2.85 0.21 1.40 0.14 99.52
i ik 12 71.89 0.25 13.81 1.73 1.47 0.05 0.78 0.85 3.74 3.35 0.10 1.89 1.89 99.91
AL HKLE 3 75.68 0.28 11.89 1.59 1.19 0.06 0.59 0.49 4.70 1.31 0.05 1.64 0.25 99.72
- IS 1 70.29 0.62 13.95 3.12 1.31 0.03 0.73 0.72 5.06 1.67 0.18 1.49 1.59 99.75
nH 4 75.21 0.22 12.42 1.63 0.60 0.02 0.47 0.45 1.45 5.77 0.04 1.23 0.21 99.72
b 6 68.24 0.37 15.68 2.55 1.40 0.06 0.73 0.79 2.52 5.27 0.11 2.45 100. 17
SN 6 76.34 0.36 12.69 0.86 0.44 0.07 0.18 0.17 1.53 4.80 0.05 1.92 0.20 99.6l
B e b 4 73.09 0.45 12.42 1.45 1.41 0.07 0.64 1.19 2.76 3.93 0.14 1.15 0.79 99.49
%EJ Pk 10 72.82 0.27 13.21 1.13 1.55 0.09 0.39 1.08 2.96 4.61 0.05 0.99 0.61 99.90

P 6 77.10 0.29 11.39 1.60 0.62 0.05 0.51 0.23 0.42 5.62 0.04 1.78 0.09 99.73
F[H PGB g 75,78 0.18 13.08 1.01 0.39 0.06 0.23 0.68 3.68 4.86 0.02

TE4 A BRI 2 b AT DU R, BEAT 2K A I, SO A R s i i i X il
EYE . SVCHBDCE L T 7 T oA PR 1 38 22 1 %4 ( Boninites) )

MR Iy ARAS K 43, = VL Ay A7 AT 20 1 Fe P IR AN R BB I sk M . gk
KL ARE Dk k- A& D S AT YA 2445 (3R M) 16 Ll gk, 77 A skt ok I B A
A REAE TR Pl A AR B, 7E RCAHT A oK e 15 5. He Pk Xl gIGE 3 2 AT IRET - 32 90- 9K
PR3 () G B Sl T M K LN S22 A3 22, 6 R IR IT— Ahal- KA RS (F) - AOR- 3
JE M A TR SR o OB IR — AR ST ARV AN ) S B (i oty S 92 2544 1 DY |
R B BT RE R R T T O LI 9N 2445 a1 b, 5 G v (1 e kLl s 4 9 I
GUAEA H VIR R 7) o S AR 2 M X A 0 A8 2 W, gkE L SIS S ™ 280 Bk
W2 G RN PRIE s R (1 RA 0 R, Y 5 e ol (3

YL LA I VF 22 KL IRAN AR 27 K5 1) A7 23, i BLAE #9001 A7 0 B vk . 60, i
I ) ) SCECR I, BB (MR IR S B 23Rl ik, R RO
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Volcanic Petrotectonic Assemblages in Sanjiang Orogenic Belt,
SW China and Implication for Tectonics

MO Xuamr xue, DENG Jirr fu, DONG Fang liu, YU Xue hui
WANG Yong, ZHOU Su, YANG Wei- guang
( China University of Geosciences, Beijing 100083, China)
Abstrace Sanjiang Orogenic Belt is located geographically in the area of Jinshajiang, Lan-
cangjiang and Nujiang ( abbreviated from the “three rivers area”), and tectonically at the junction
between the Himalaya Tethyan tectonic domain and the Pacific tectonic domain. It is one of the
key areas to understand the Tethyan evolution, Indian-Eurasia collision and the uplift of Tibet
Plateau and its eastern extension. Various volcanic rocks of Proterozoic to Cenozoic age oceur in
Sanjiang Orogenic Belt. The majority of voleanic rocks, however, formed during the Tethyan and
post-Tethyan stages, i.e., from early Carboniferous to the Cenozoic. Volcanic petrotectonic as
semblages as geological records and a lithoprobe play an important role in understanding tectonic
evolution and corresponding deep processes of the Sanjiang area.

Five types of volcanic petrotectonic assemblages in Sanjiang Orogenic Belt have been recog-
nized as follows: Oceanic assemblages including MORB/ Para MORB( or MORB-LIKE) assem-
blage and OIB assemblage, island are and continental marginal arc assemblage, collision-related
assemblage, post-collisional assemblage and intracontinental assemblage. Fig | shows a frame of
their spatial and temporal distribution.

Sanjiang MORB and paraM ORB assemblages occur in four major suture zones, being closely
associated with peridotite (or serpentinite), gabbro, diabase, radiolarian chert or deep water
limestone, and sometimes accumulates in ophiolites. Geochemically, Sanjiang MORB are mainly
E-type MORB, although they have the lowest K20 content and ( La/ Yb) 5 ratio among all types
of volcanic rocks in Sanjiang Orogenic Belt.

ParaM ORB is mainly tholeiites and geochemically more enriched in K;0, LREE and incom-

patible elements than E-MORB but less enriched than OIB.
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Sanjiang OIB occurs so far only in Changling-Menglian belt and is associated with overlying
limestone and sometimes underlying MORB/ parae M ORB. T hey are mainly alkaline olivine basalts
and the most enriched type in Na;O+ K,0, LREE and incompatible elements among all types of
oceanic voleanic rocks in Sanjiang Orogenic Belt.

Island arc and continental marginal arc voleanic petrotectonic assemblage in Sanjiang orogenic
belt is of high variety, although they are mainly composed of basalts, basaltic andesites, an-
desites, dacites and rhyolites, belonging to calc-alkaline or island-arc tholeiitic series. Are voleanic
rocks in Sanjiang Orogenic Belt formed in various environments, such as oceanic island arc, contr
nental island are, continental marginal are, fore-are, main are, back-arc and so on.

Among them, it was particularly important to recognize tensional arcs in Sanjiang Orogenic
Belt. A typical example of tensional ares is Yidun arc formed in Late Triassie, which is character
ized by an intre-arc rifting with a bimodal volcanic suit. A large Kuroko-type Pb-Zi-Ag ore field
was developed within the intraarcrifting basin (see Fig. 7 in text). The southern end of Yidun
Arc, however, became a compressive one associated with many porphyry-type copper deposits.

[t is also amazing to see a special type of voleanic rocks, which contain strong subduction
zone components ( SZC) but formed in post-collisional intra-continental environments. We there
fore called it ” post-collisional arc volcanic rocks” or ” delayed arc volcanic rocks”. Condie et al
(1989), Aldrich et al( 1986) reported similar cases in Kaapvaal of South Africa and in Rio Grande
rift, respectively. A possible explanation for the delay of arc type volcanism and for the formation
of post-collisional arc volcanic rocks was presented ( see Fig. 8 in text). It is apparently that
geotherm in the source region during the subduction was too low to reach the solidus of source
rock. The subducted or collapsed slabs, however, might react with surrounding mantle and be-
come a new source rock for magma generation afterwards. In post-collisional stage some kind of
geological events such as upwelling, convection, intra continental convergence/ subduction might
cause generation of magmas, which contained undoubtedly subduction zone components ( SZC).

Other post-collisional volcanic assemblages in Sanjiang Orogenic Belt are those formed either
in overlapping rifting basins within collision zone or in intra continental rifting basins. The former
is potentially valuable for prospecting of VMS-type base metal deposits.

Volcanic assemblages developed in relatively stable blocks within Sanjiang Orogenic Belt are
helpful to understand the subcontinental mantle as a lithoprobe. They are composed of either
tholeiites or alkali basalts with/ without acidic velcanie rocks, formed in the period of time from
the Carboniferous to the Triassic.

In addition, several aspects regarding to the application of petrotectonic assemblage approach
to orogenic belts are also discussed, for instance, reconstruction of tectonic configuration from
petrotectonic slices, comments on geochemical discrimination diagrams, and tectonic implication

of coupled ophiolite zone and voleanic arc, of delayed arc voleanie rocks, and so on.

Key words: Southwest China; Sanjiang Orogenic Belt; volcanic petrotectonic assemblages





