weat WM o,
20104 7 A LU

ACTA GEOLOGICA SINICA

Vol. 84 No.7
July 2010

EHREANRETERMRZIR S
REXMHEEX
BER KRE, FRE KA

Hh I i JBRE2 [oe i BT 5T BT L B 5L 100037

P HR T XL/ 2 SRR £ BT 9 DR B AT T2 1 M BR R B 9T 50 % ST i
EE S

R AT R R . Horp SO,

43.34% ~52.55% ,Na, O &M 3.97% ~7.36% . K, O &4 4 0.27% ~

0.94% ., TIO, & &N 2.13% ~5.49% , AL O & & K 9. 02% ~13. 77 % . 1.7 Hi 41 25 5 (Spilite) 4 H Bk 1k 2 45 1E .
MR T R AEE R E TF 5 85 0 X 3 (OIB/Seamount) , A [7] F 3 f ¥ Z 3% 2+ (MORB) ¥ Sr/® Sr Wl
0.7043~0. 7052, “SNd/" Nd FLfE N 0.51253~0. 51265, 65 (448Ma) Jy 2. 19~3. 88, Xl A FE R A T LAY
RSSO B S . ZRA % R RIS A A A N X AR BT S A i L PR . A
BoJ IR 4 58 1 W7 200 B LARIT AU BT 2R 4 5 S AR 4 R — > 48— 19 SRS 0 b 3R 40 2 A AR B 0T VE A v I B8 P9 A A AL TR
TSR 30O DAL FEC e A v P O b 3 A R 1 A L TR S

KB MR EUA e AR 5 LB R 45 2T AR

TE BT R 4 L AL B B £1 A0 98 -hir e SR — 47 s AN CH
Ik B (X R, 19995 RIREE,2001,2002 5 4 248 2%
85,2002, 2008) , 7E 46 BT /R 42 7R Be (1) DL 5 3w — 47 i
R A E R R A (A RS, 1995 X KB 4%,
1999) . Ak, FRATTAE AL BT /K 4 V8 B i 20 M SR —
o T8 2 AN 0 BT A1 ) UL S RS N A A AE R
S UAETE B SUE HE S A VR S MRk A A
Y g SRR A R R I AR TN A R Gl
F ) TR RE & 1Y M @2 (Zhang et al. ,2005; 3K 25
Fl e BB . 2006) B AT AT LLATAG AR 3% 3 1Ly e S &%
) HP/LT 5 F 2 AR K 55 X L . 7T RE Oy W] — Vo
i #h A8 T 19 77 #) (Zhang et al. , 2005) , 3 4¢ AL BT 7K
L AU AR T AE FR A3 NI GF R BE 55,1999 . A
SCER R 2L SR e SRR % o v i BRI S 2R AT BF
GE s i — R HOE MU 5 B 1 3 55 5L
1 M5

By 7R 4 LU 7 7 98 e R bR i 2% 52 SWW-—NEE
] ZE {1 24 800 km, At &R 55 B 45 #b . g o B 7Y (14 B
IR ZEATEN WA FTIR (D, RIEC A /Y X 8

J R A K 3 R G 83 M BB 77 Ry, 19935 Zhang
et al. , 2001) , 7E Bl /R 4 th P AT &1 49 B = A4~ 30 EW

i 1 W 288 CERC B U0 A ) Bl 3 31 19 A 3 50T . A K [ R
5390 R« QAL 7K 4 A0 w4 A a8l ( NAS) , F 3L
S5 EW [n] 53 A 75 2040 V8 -0 i SR — 4 o B RS BT Y
g KL B S B e T8 A S5 I L O e B
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PEMCIRIE A . s b R R EE Dok i L
R DR ENELSEAAE R,
199934 4 2%, 20025 RIR A, 2001, 2002) 5 3K 1% 1Y
AEAR AR 8 A Rl AR C TR L1999
L2, 2007 s B 2 42 45, 2008) . 1K A A AR IELAR
HONFHER) HP/LT 722 Bl 240 1 5 v 43 A 78 H
(Zhang et al. ,2005; 5K 235 1 i ZLHE . 2006) , #4
A 26k H o B AR IR y 512 £ 3Ma, ¥ i
T B FEAE I O 491 4 3Ma G HE BT 45, 2007)
AL 5500 i A 2 A A AR IR G B B IR B
AL B 5 FHR Ry 480Ma 27+ 55, 2005a, b 5
A k4, 2005,2007) ., @ H BT /R 4 b B (CAB) , F
S S T I B 2 4 TS S Rk R R o i 4 4 E L
TE A1 TN 2 R 78 J5T 4% o 4 B 1 BT R 4 B RS [) B AR
MR A G T b kR A b S A &2 Ak,
FEAE A Ay HE AR A Ao o A Gl i B B 7 )y
1993) 5 B /R 4 #F J 9l oA Ay B AR oy ool AR I 4 ok

T < AR 30 o M 5T A 0 (45 1212010611811,1212010918003) %8 Wy Y AL .
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Fig. 1 The tectonic unites comparison between Altyn and Qilian
(after Xu et al. ,1999; Zhang et al. ,2001; Liu et al. , 2007)
QL—AF % 111 ; TRB— BUR#3 ; QDB— 28 iA R At s WKL— P R 45 EKL—ARRE £ NAS—JUPT/R & 48570 5
CAB— [l /R 4 M3 s SAS— R BT /R & 48 517 5 NQLS—JLARE 4851 s CQLB— 4R j4 Mtk s NQDS— S b k58 5l
QL—Qilian Moutains; TRB— Tarim Basin; QDB—Qaidam Basin; WKL—Western Kunlun Mountains; EKL—Earstern Kunlun mountains;
NAS— North Altyn Suture; CAB—Central Altyn tagh block; SAS—South Altun tagh Suture; NQLS—North Qilian Suture; CQLB

Central Qilian Block; NQDS—North Qaidam Suture

— ST AT Y ORI R H 3 SR R T ol A
JEH AR (T 45 ,2002) . @ BT 2K 42 00 -l
A (SAS) s K T T 7 bR Fi /b i 522 38 IR
O3 A FE X B8 R AR VR S L R R RORL A RN A R
RO 5 45 i 2H B, AE X285 4 b 2 & I — 46 UHP
7 AR FUE 48 Gk 228 55, 20025 X1 R 45 ,2002) , Hlg
AR A R 500Ma 72 A7 CGik 87 45, 1999 5 Zhang
et al. , 2001),

TE B 7R 4z Ve 24500 fy b 1) Fi [6) B 7T 40 2 = A4S
F 35 B 50 430 Ry« ACAR JE AR o 2 5 (NQLLS) %
H g e SR TR A i e A R A AL
I 2t 1) B AR Dy S8 - BB 20 (R ZE R X 5 I
1976 1 J¥ % %5,1978; Xia et al. ,2003; 51 {7 4T %,
2004 ; FHERBESF . 2007) , = R 15 R 25 RV W 10 728 I
Bk 440 ~480Ma (Wu et al. , 1993 ; ¢ 4t 37 2,
19975 KRR M %, 2004; Zhang et al. ,2007) ., H AR
e (CQLB) 32 %y iy 2 i 42 728 ot 15 IS o 41 Fr 40
JIG s 15 G 7B A TR A TN A A A A R R TR R A
T ) e K LA L R T 48 B 7 )=y, 1991) 5 I
R TTH A SeIb G AT b Aill 4 2% 5 4 (NQDS) 2
B JRR 2 R B A 3 R R M R A AR MR
s KA e e — e R AR FH A AR Bl 2R AR
(345 ,1999; Zhang et al. ,2001), H4E4edk %%
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BV AE 43 (Zhang et al. , 20055 5K &2 5 Fil i %
I,2006),
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HHEEG (A 2a),
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Fig. 2 Distribution of ophiolitic mélange and HP/LT metamorphic terrane from western segment of

North Altyn Tagh (a) and profile of Hongliuquan (b)
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I—Tarim block; II-—North Altyn Tagh accretionary complex; III-—Central Altyn Tagh block; 1-—Milan Group; 2—ultramafic rocks; 3—

gabbro; 4—granite; 5—HP/LT metamorphic rock; 6—ophiolitic mélange; 7—limestone and sandstone; 8—fault; 9—granite; 10—

limestone; 11—sandstone; 12—pelite; 13—siltstone; 14—massif basalt; 15—npillow lava; 16—locations of samples
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Fig. 3 Basalts from Hongliuquan in North Altyn Tagh
Ca)— 2L A9 2% 30 T AU i 14 46 b A S o FED S 5 (b) —ZEMI SR AP & B IR A 3 5 (o) — KO Y TRDRL 45 14 - 28 L85 4 R ) 4
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(a)—Granite, limeston and sandston in north end of Hongliuquan section; (b)—pillow basalts from Hongliuquan; (¢)—petrographic

features of basalts from Hongliuquan; (d)—basalt with phenocrysts of pyroxene; Pl—plagioclase; Py—pyroxene; Fe-Ti— Fe-Ti oxide

AN ML S X . 3 5 TSR AT 1Y 25 2R 251 (X
RA,1999) ., 75 4h i 2 a8 s BRI 58
TiO, &k 2. 13% ~5.49% , ALO, & &R 9.02%
~13.77% . KA r MgO & @A b K (3. 49%
~7.84%) JEEFE B (Mg® =MgO/(MgO~+TFeO) X
100) K 39~58, RWIEIK AT T 45 & mAIEM . &
A1 A 2 RCE KR .

i +ICHR (X REE) BB &, R 124 X 10 ° ~
333X 10 °, fi 10 & (REE) or i # X b 2 0 +
(LREE) & ##1, (La/Yb)yH 7.19~12. 82, (La/
Sm)N Jy 2. 32~3. 38, Eu % AW &, Eu/Eu”
H0.96~1. 11, KBLE R AL B B0 RHS A 1 53
BEEEN . MR LR REE 4 i X 5 X
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Table 1 Mai o dt . ¢ (et | Hongliuquan
able ajor (%) and trace element (pg/g ) concentration - o LRI
of basalts from Hongliuquan in North Altyn Tagh i Hongliuquan-1
BE L2 | A06-6-2| A06-6-3| A0G-6-5| A06-6-8|A06-6-13A06-6-14 A06-6-15 | A06-6-16 Q I
Si0; |43.34145. 84]52. 55| 48. 55| 48. 88|49. 44| 48.614 | 50. 64 3 60 [ Sl e 1
TiO, |5.49(3.95]2.13|3.54 [2.41]2.38| 2.64 | 2.83 n E Andesite Trachy-andesite
Al Os; | 9.02 [11.99(13.77|12.11|13.67[13.38| 12.47 | 13.49 I A
Fe; O3 | 7.08 1 8.72|6.14 | 7.34|7.10|5.32| 6.21 6. 26 561 < S
FeO 5.66 | 5.62|4.17 | 5.16 | 6.48 | 5.41 | 5.95 5.05 . M
MnO | 0.17 | 0.17 | 0.13 [ 0.11 [0.13 | 0.14| 0.17 | 0.14 i sﬂkﬁmi%ﬁwl D i i
MgO | 6.31[6.91 [3.49 |5.94 |6.62|7.84| 7.35 | 4.91 a0 ubalkali basalt & Alkali basal
. p y 1() L) L L L
CaO |13.72|8.26|6.86|8.74|6.21 |6.98| 7.65 7.20 001 01 1 10
Na;O | 3.97 | 4.14 | 7.36|5.12 |5.18 | 4.80 | 4.84 6.00 Nb/Y
K,0O 0.2710.9410.300.3810.70(0.79| 0.38 0.37 ) )
P,O; [0.51]0.62|0.78 | 0.49 | 0.28 | 0.38| 0.30 | 1.13 Bl 4 ZOMIR KL% 9 Nb/Y-SiO; (4 Winchester
HoOF | 1.54[2.60 | 1.10 [ 1.54 | 2.44 | 2.54 | 2.24 | 1.90 19775 ZIMIIR-L, BRI R L1999)
CO; ]2.81]0.56|1.68(0.90]0.21|0.21| 0.64 | 0.30 ) ) .
Lol 159712370221 1185|165 213|215 | 130 Fig. 4 Diagram of Nb/Y-SiO, of basalts from
Total [99.89]100. 32[100. 46{99. 92 [100. 31/99. 61| 99. 48 {100. 22 Hongliuquan (after Winchester and Floyd,1977; data of
Mg* 49 48 39 48 48 58 53 45 Hongliuquan-1, after Liu,1999)
La 36.7(36.2|46.6 |31.9121.9|32.7| 22.4 57.4
Ce 83.8 | 78.1 | 114 | 71.8 | 46.6 | 67.2 | 47.8 136
Pr 11.1 1 9.87 | 14.9]9.27 | 5.69 | 7.98 | 5.85 17.3 ~
Nd 48.8 | 42.9 | 64.1 | 39.6 | 24.1|32.9| 25.0 73.4 La HAETUH%
Sm | 9.94]8.16 | 11.5|7.88 | 4.73 | 6.09 | 5.34 | 13.3 onghuquan
Eu [3.10(2.64(3.92]2.48|1.51 | 1.83| 1.74 | 4.25 o I -1
Gd 8.66 | 7.2419.53|6.61|4.50|5.33| 5.18 11.0 Hong liuquan-1
Tb 1.18 10.99(1.41{0.990.710.78| 0.78 1.56 ~ 10t
Dy 6.63 | 5.55|7.92|5.53|4.25|4.59 | 4.64 9. 05 5
Ho 1.11 1 0.95]1.41]0.92]0.79|0.84 | 0.88 1. 60 ON
<
Er 2.8112.68|3.86|2.46 | 2.18 | 2.27 | 2.54 4.19 % 15
Tm |0.32]0.33[0.490.28(0.29]0.29| 0.34 | 0.52 )
Yb 1.93 11.9512.99 | 1.77 | 1.86 | 1.85 | 2.10 3.23 Y 5L 4
Lu 0.26]0.26 |0.4310.251]0.261]0.26 | 0.31 0. 47 A
2 REE [216. 34{197. 82283. 06181. 74[119. 37|164. 91| 124.9 |333. 27 11 12 13 14
0Eu 1.00 | 1.03 | 1.11 | 1.02 | 0.99 | 0.96 | 1.00 1.04
(La/Yb)x|12.82(12.52(10.51|12.15] 7.94 [11.92] 7.19 | 11.98 2<>
Y 30.8(26.9|40.5|26.1]22.8|24.6| 25.7 44.7 0 1 L 1
Zr | 311 | 194 | 328 | 226 | 150 | 188 | 158 | 321 40 50 80 70 80
Hf 8.43 | 5.25 | 7.81 | 5.74 |3.95|4.60 | 4.20 7.88 810, (%)
Vv 310 341 | 70.2 | 305 336 296 306 151
Kl 5 ¢« ’ ‘A TR C Le Bas 45,1986)
Sc 35.2(29.712.0|31.7 | 43.3]36.7 | 41.7 14. 3 4 QI*W%J(UJEE/”E WLJ *E ¢ bas :‘3“:’
Cr 117 | 45.3 | 11.5 | 77.1 1 79.2 | 276 342 14.7 Fig. 5 SiO;-K; O + Na, O diagram of basalts from
Co | 42.8|5L.5119.7146.8|60.8|43.2| 51.8 | 28.7 Hongliuguan in North Altyn Tagh (after Le Bas et al. ,
Ni 98.6 | 65.2|30.2|85.5|86.6|75.1 142 18.2 1986)
Rb 6.05|17.1|5.75|6.77 | 13.9 | 16.3 | 6.89 7.27
Sr 204 | 246 | 231 | 409 | 262 | 242 | 643 334 2T LA 3K A TR R S Ml
Nb | 27.7 [ 45.0|78.8 | 41.7 | 30.0 | 42.4 | 31.3 | 76.5 G, 11 TR, 12 FRE
Ba 133 1 408 | 102 | 236 | 420 | 401 300 283 2—Picro-basalt; 3—basanite; 7—trachy-basalt;
Ta |1.98(3.00|5.03|2.74|2.06|2.85| 2.13 | 4.68 ‘ A .
Th 347 13,25 15,64 | 2.90 | 2.78 | 3.52 | 2.33 | 4.93 8—shoshonite; 11—basalt; 12—basaltic andesite
U 0.89]0.87|1.1310.8410.67|0.72| 0.55 0. 87
0.7038~0. 7045 (1= 448Ma, & £7 4 18 & BE L 25,
e I 2007) , A5 AL B AR /N, Nd /M Nd FLfEH 0. 51253
4 [Elf R

S7Sr/* Sr 3 0. 7043~0. 7052, X 45 B 557 A e
RYZE RN . G B AT B AS KL% Sr/% Sr 0. 7040

~0.

ARIC 8 A FE A Se-Nd o i g5 R LR 2,

7057 (X R, 1999) . #I4h el (7 Sr/* Sr)y

~0. 51265, % 1A oMl Nd/" Nd) t= 0. 51217 ~
0.51226,exg (0) 7 — 0. 51 ~0. 20, exg (448Ma) Ky
2.19~3. 88, AL A K, w AW . | A RAR
) ena ()R — 1. 6~1. 1,ena (448Ma) Ky 3. 0~4. 4
(XK. 1999) . 5ACE L LKA,
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Table 2 Sr-Nd isotopic compositions of basalts from Hongliuquan in North Altun Tagh

FE dh 5 Rb(pg/g) Sr(pg/g) 8TRb/%% Sr 87Sr /8% Sr +26 (%7Sr/%Sr)

A06-6-2 2.55E+00 1.51E+02 0.04892 0.704812 14 0. 704500

A06-6-3 6. 00E-+00 2. 00E+02 0.08684 0.705132 17 0. 704578

A06-6-5 2. 69E-+00 1. 68E+02 0. 0464 0.704388 12 0.704092

A06-6-8 6. 19E+00 3. 69E+02 0.04847 0.704454 13 0.704145
A06-6-13 1. 24E+01 2. 28E+02 0. 1569 0.704828 14 0.703827
A06-6-14 1. 58E+01 2. 15E+02 0.2115 0.705193 14 0.703843
A06-6-15 4, 43E400 5. 45E+02 0.02349 0.704124 11 0.703974
A06-6-16 5. 24E+00 2. 85E+02 0.0532 0.704174 23 0.703834

B Sm(pg/g) Nd(pg/g) 1478m /144 Nd 143N d /14 Nd +25 ("3 Nd/ M N, ena (D)
A06-6-2 8.102 35. 286 0.1389 0.512612 5 0.512204 2.80
A06-6-3 7.46 36.324 0.1242 0.512614 5 0.512250 3.69
A06-6-5 11. 905 60.175 0.1197 0.512577 5 0.512226 3.22
A06-6-8 7.928 36.917 0.1299 0.512638 7 0.512257 3.83
A06-6-13 4.907 22.614 0.1313 0.512645 5 0.512260 3.88
A06-6-14 6.312 31.415 0.1215 0.51253 9 0.512173 2.20
A06-6-15 5.113 23.284 0.1328 0.512648 7 0.512258 3. 86
A06-6-16 13.038 66. 445 0.1187 0.512583 7 0.512235 3.40
T = 448Ma(EHE L4, 2007)
L0 —— A06-6-2 —B—A06-6-3 1000 ——A06-62 —8— A06-6-3

—X— A06-6-8
—@®— A06-6-14
—=— A06-6-16

[rr——R Y Y8 Y 13 =1
E-MORDB

T BRI

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

K6 ZLMIR K ILE TR 1 J0 &R AL 4 Hh 8
Fig. 6
patterns of basalts from Hongliuquan
BRR 57 7 Boynton,1984; OIB.N-MORB,E-MORB
## Sun & McDonough,1989
Chondrite after Boynton,1984; OIB,N-MORB, E-MORB
after Sun & McDonough, 1989

Chondrite-normalized REE distribution

Sy T R AR AR R TR 2R A RS R AR AR
L TR 28 A R LA AT L P S AR SR FTRE i
A HEAT X L L 45 R 87 AT 5 Z R (OIB) i [
PCE 10 ), exa (1 =448Ma) >0, ft Kl 3. 88 (3
2)  RWPE R IE T 5 5 4 21 43 1) B0 B ot & (e g
FE?) .

Pb [F]f; & 41 5 5 B BE MORB Pb [A] i & 41
BRI (KR, 1999) 5 6 A8 3% Lty AR Ak il s

—4A— A06-6-5
—%— A06-6-13
—+— A06-6-15

—%— A06-6-8
—— A06-6-14
A06-6-16
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Fig. 7 Primary mantle-normalized spidergrams

of incompatible elements for basalts from Hongliuquan
J5BE H g L OIB . E-MORB ## Sun &. McDonough, 1989
Primary mantle, OIB, E-MORB after Sun & McDonough,1989

AR (55 45 2005) & HE I AL BT 7K 5 9 T BE S5 LA
PR AR R L AR AR T A —

5 TR

X R (1999) BR A5 L1 M IR 1 (5 SCRRE A B4
Btk 2 A 1 SmeNd 4 8 28 I 48 4E 0% oy 524 &
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The Early Paleozoic Pillow Basalt in Northern Altyn,
Western China and it Tectonic Implications

MENG Fancong, ZHANG Jianxin, YU Shengyao. CHEN Songyong
Institute o f Geology , Chinese Academy of Geological Sciences, Beijing, 100037

Abstract

This paper reports petrologic and geochemical study results of Early Paleozoic pillow basalt from
ophiolite melange of the Hongliuquan section in the Northern Altyn Tagh, western China. The content of
SiO,ranges from 43. 34% to 52. 55%; Mg-index vary from 39 to 58. They are high in TiO, (2. 13% ~
5.49%) and Na,O ( 3.97%~7.36%), low in Al,O;( 9.02%~13.77%) and K, O ( 0.27% ~0.94%),
which resembles to those of spilite. Their trace elements are different from MORB but comparable to the
OIB or seamount basalt. They display varied * Sr/* Sr (0. 7043 ~ 0. 7052), "*Nd/'"* Nd (0. 51253 ~
0.51265). Our study interprets the pillow basalt originated from upwelling asthenospheric mantle with
enriched components. Considering comprehensively the sedimentary rock assemblage on field profile, it is
assumed that the magma extruded into the back-arc basin. System of back-arc basin in the northern Altyn
Tagh was in the same unit as that in the northern Qilian Mountain, and likely it was the northernmost
margin of proto-Tethys in China before the formation of the Altyn strike-slip fault. This is of great
importance for understanding the evolution of the Qinghai-Tibetan Plateau and tectonic patterns of western

China.
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