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Fig. 1 Diagram showing the paleorift—plate tectonic system in the Northern Qilian Mountains

FVSIR i A b =2 1] f aeh 9 iy | AR SCRR A R K Ll iy
(SVZ); TR — R TT, R IE 5 OIS e R 1A
BRE XARCFR A i kIl E T My z) (B 2~3)
JEHVR RPN R AR B | RE/REER
T, kEH BA RSB s 2 U 5 ik
Fee dolra & A SRRy <de K ilig i (nvz) (B 2,
B 4), X —Hi X 058 IS b Y 58 B 10 T 51 4
BT AL

2 A ERAL SRR R R L

2.1 HHEZE

TR 45 8 2 A DX LAY 5 BIUHA 5 1Y — JRORe i, R
KA (And7~69) FI FLEHE A1 (B W 0455 Fsg ) 2 1
TP BE A R K A R 2 2 RS BT
flsi ez o2 S ST 5K SR Z X (AR R L
FPGHR LA SR — 35 1 X)) & B LA s i g
J2 7 B IS 7 9 AU A Ll R0 e B
WA AR i) ELA BT IS PR Y 7K VR K &
g (AR BJCIR M 45 2 v ) 0BT AR A Bt 1) v 5 %
AR 2 AR SRR A1 B IO AT R A 25 ), DL
BEANIE 5T (W C B A XA W RHE 9IS 25
T BB AL AT T b B (AN 32 b i — ), TR B 2R
KEFIEA , B S S EE A — R oA &

2 YA — R TR AR B I — IR £ A

Fig. 2 Location map of the early Paleozoic island arc and

back—arc basins in the Bianmagou-Baiquanmen areas of

the Northern Qilian Mountains
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Fig. 3 Sections of Early-Middle Ordovician island arc—back—arc basin

volcanic series in Bianmagou—Baiquanmen areas
Q-Quaternary; 1-Serpentinite; 2—Spilitic tuff with flaggy limestone and spilite;
3—Gabbro; 4-Spilite; 5—Gabbro; 6-Spilitic tuff with siliceous slate and spilite;
7-Lower part: spilite, middle part: quartz keratophyre, upper part: keratophyre and
tuff; 8-Siliceous slate and chlorite—quartzschist; 9-Lower part: quartz keratophyre,
upper part: keratophyre; 10-Lower part: spilitic tuff, upper part: tuffaceous slate;
11-Lower part: quartz keratophyre, upper part: spilite and tuff; 12—Quartzkeratophyre;
13-Serpentinized harzburgite; 14-Gabbro; 15-Sheeted dibase dyke; 16—Pillow spilite;
17-Diabase, gabbro, albitegranodiorite; 18—Pillow spilite; 19—Quartzkeratophyre; 20—
Spilite; 21. Tuff; C—Carboniferous sandstone and slate; P—Permian sandstone and
conglomerate; 22-Siliceous slate and argillite; 23-Spilite, sandstone, serpentinite lens;
24-Serpentinized harzburgite; 25-Dolerite; 26—Spilitic tuff and spilite; 27—Serpentinite;
28-Spilite; 29—Phylite, siliceous slate and spilitic tuff; 30-Siliceous slate; T—Triassic

sandstone, conglomerate and mudstone; O—Lower Ordovician; O,—Middle Ordovician
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Fig. 4 Sections of Middle Ordovician back—arc basin volcanic series in Tadonggou and Shijuiligou areas

1—Greenschist and blueschist; 2—Wrinkled slate,
sheeted diabase dyke;

Shijuiligou section: Q—Quaternary; D—Devonian sandstone and conglomerate; 1-Strongly wrinkled sandstone and slate; 2—-Tuffaceous

Q-Quaternary; D- Devonian sandstone and conglomerate;

3—Serpentinized harzburgite;

Tadonggou section:

schist and sandstone; 4-Lower part: gabbro, upper part: 5-Pillow spilite.

sandstone; 3—Gabbro and diabase; 4—Pillow spilite (into which injected the diabase vein); S—Lower part: tuff, upper part: spilite;
6—Wrinkled tuffaceous slate; 7-Siliceous rock and spilite; 8-Tuff and siliceous rock containing copper ore body; 9-Tuff, tuffaceous

sandstone and pillow spilite
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Table 1 Major element (%) and trace element (10) data for representative
island—arc and back—arc basin lavas from the Northern Qilian Mountains
A *5
=i A " ) % % if] R R
SiO, 53.87 55.87 52.09 53.07 57.75 56.21 50.08 50.71 55.16 48.70 4796 48.07 48.10 43.01 47.00 49.36 46.19 43.54
TiO, 0.30 024 0.60 0.30 0.25 0.22 023 1.63 1.01 217 1.60 198 1.51 2.89 1.60 1.96 1.09 1.55
ALO, 1634 11.69 17.63 16.02 17.25 16.18 17.04 16.09 14.85 15.01 15.31 13.58 14.70 17.54 15.92 15.92 16.94 17.05
Fe,0, 7.24 3.40 2.81 6.07 5.80 6.64 597 4.75 1.85 2.10 1.86 357 3.33 6.49 4.78 478 155 7.60
FeO 4.78 499 571 6.03 279 2.16 5.16 5.05 6.67 794 8.77 9.16 6.63 6.58 1.40 7.40 7.52 6.40
MnO 0.12 0.12 0.15 0.17 0.06 0.08 0.14 0.13 0.24 0.18 0.20 0.22 0.17 0.20 0.19 0.19 0.18 022
MgO 4.54 7.59 4.54 5.40 1.20 2,10 5.60 352 472 6.14 7.43 6.69 7.90 5.50 4.70 470 6.60 7.20
Ca0 229 5.14 727 3.00 2.90 3.60 4.10 6.60 6.25 8.74 721 891 8.30 3.70 6.10 6.10 11.80 10.60
Na,0O 6.86 4.56 322 6.30 8.16 7.70 5.60 6.23 4.55 4.20 3.68 331 3.58 525 4.50 4.50 245 251
K,0 021 0.60 0.32 0.12 0.22 0.20 0.32 0.43 0.06 021 0.34 0.60 0.63 0.13 033 0.33 0.50 0.02
P,0; 0.06 0.07 0.14 0.07 0.11 0.11 0.10 0.339 0.114 0.33 024 025 0.20 0.44 0.24 024 0.08 0.12
H,0" 3.04 3.02 4.28 1.62 1.31 1.88 2.02 2.52 5.02 3.40 4.02 2.82 2.07 1.41 195 1.95 2.08 1.00
CO, 0.61 207 0.21 1.58 1.26 2.00 3.14 1.74 0.00 0.15 0.24 022 224 1.50 1.97 1.97 2.54 1.45
Total 100.26 99.36 98.97 99.75 99.06 99.68 99.50 99.749 100.49 99.27 98.86 99.38 99.36 99.64 99.73 99.40 99.52 99.31
Ba 71.5 97.2 83.0 96.6 127 96.2 1480 198.8 50.43 85.1 133 457 164 131 261 169 754 123
Rb 1.8 39 45 72.3 218 55.5 17.2 1.8 4.1 17.8 224 41.3 30.8 14.9 134 53.8
Sr 110.1 82.1 204.0 190 177 177 175 2304 535 618 142 236 523 183 146
Y 17 2 11 3 5 2 3 271 44.53 32 29 35 91 38 31 27 23 22
Zr 114 125 151 97.7 89.4 90.7 90.4 125.8 105.6 456 83.6 165 100 91.5 146 140
Nb 3 4 6 2 2 2 2 11 6 8 4 12 6 2 4 5
Th 0.47 0.503 5.03 0.543 0.793 1.05 0.407 0.563 0.476 0.595 0.54 2.58 0.692 0.556 0.275 0.908
Ni 145 238 236 125 114 139 115 18.77 41.48 70.7 472 472 9.9 89.3 127 116 133 94.6
v 220 140 150 295 300 239 308 225 153.8 257 217 282 284 350 295 350 218
Cr 209 656 132 49.6 383 322 128 17.61 100.3 174 266 202 233 333 171 50.2 140 70.1
Hf 0.782 1.08 238 1.06 111 0.806 1.12 520 3.68 3.82 3.04 5.42 3.02 2.81 1.35 3.44
Se 324 315 25.2 43.8 41.3 40.1 39.3 23.17 24.95 36.9 40.1 49.6 48.2 38.6 46.5 374 32.7 46.3
Ta 0.194 0.422 9.66 0.134 0.118 0.115 0.12 0.877 0.363 0.418 0.303 0.767 0.432 0.123 0.161 0.484
Co 331 50.5 313 39.0 17.0 223 41.1 31.5 22.03 54.9 509 40.6 48.7 479 483 36.2 383 527
U 0.57 0.178 023 0.365 0.736 0.658 0.208 0.227 0.149 0.78 0.966 0.45 0.36 0.463
La 2.72 1.61 7.81 1.55 3.54 3.40 1.27 12.12 5.59 9.87 4.62 6.18 4.70 155 515 3.90 207 6.38
Ce 6.63 17.9 4.12 7.39 9.18 4.99 31.13 18.34 19.8 103 722 113 353 13.1 11.0 6.65 16.0
Nd 9.22 8.96 3.06 4.71 6.45 4.44 16.67 14.39 20.1 145 132 10.0 240 10.1 9.36 551 14.7
Sm 1.45 0914 296 0917 1.21 1.76 126 4.12 4.47 597 4.5 458 3.60 6.62 338 3.55 175 5.04
Eu 0.462 0.374 0.954 0.458 0.511 0.511 0.432 1.63 152 2.65 1.73 1.39 1.91 257 1.30 1.63 0.891 182
Gd 4.81 6.14 263
Tb 0.281 0.295 0.53 0.203 0.290 0.437 0.249 1.03 1.35 1.44 1.12 0.902 0.816 1.53 0.773 0.943 3.506 134
Ho 0.95 1.55 0.727
Tm 0.37 0.67 0.309
Yb 0.775 0.686 1.88 0.753 0.807 1.47 0.641 2.54 4.49 4.38 422 362 3.94 4.49 271 2.92 1.97 4.59
Lu 0.101 0.153 0.334 0.123 0.114 0.226 0.0943 0.45 0.62 0.664 0.65 0.65 0.598 0.633 0.423 0.425 0.321 0.693
X REE 38.64 6.03 52.33 14.18 23.57 25.43 16.38 102.9 103.7 96.87 70.64 7274 1279 128.6 67.94 60.73 46.33 7256
(La/Yh)y 237 1.58 2.80 1.39 296 1.56 1.34 322 0.84 152 0.74 1.15 0.80 233 1.28 0.90 0.71 0.94
(G Yy 1.53 110 1.08
(La/Sm)y 118 111 1.66 1.06 1.84 1.22 0.63 1.85 0.79 1.04 0.65 0.85 0.82 1.47 0.96 0.69 0.74 0.80
8 Eu 1.69 2.17 1.71 2.65 224 1.54 1.82 1.12 0.89 2.36 2.04 1.61 2.82 2.06 2.04 2.44 127 1.92
il ! ) & B % ¥ W ow AR 1] A#E—K& Booow
SiO, 47.10 47.04 46.85 49.49 51.44 50.52 47.31 49.48 49.08 52.66 54.19 59.81 55.49 58.21 .72 73.02 57.67
TiO, 150 1.45 1.21 0.99 1.45 0.73 1.47 1.69 0.47 0.42 0.44 0.43 0.56 0.58 0.33 0.34 0.61
AL, 15.74 15.98 16.93 16.22 13.60 17.12 17.61 15.08 21.19 14.55 19.00 14.68 17.53 17.87 13.20 13.31 17.66
Fe,0; 6.26 5.19 4.56 4.83 4.15 443 2.98 2.29 4.80 2.05 1.27 220 2.05 2.40 0.37 1.00 3.69
FeQ 6.64 6.31 5.74 4.77 8.55 347 5.60 9.64 5.09 5.54 5.16 4.17 5.00 5.31 3.63 3.15 4.24
MnO 0.22 0.20 0.18 0.16 023 0.17 0.14 0.26 0.20 0.13 0.09 0.08 0.14 0.12 0.06 0.06 0.11
MgO 6.40 5.90 6.20 7.10 5.20 4.80 7.80 7.10 7.00 7.90 6.32 5.82 6.10 3.40 170 1.50 3.10
Ca0 6.00 2.80 9.90 8.30 7.60 13.50 7.60 6.20 511 5.60 6.51 3.72 3.60 1.90 0.60 0.40 572
Na,0 4.64 3.90 3.93 394 422 2.52 4.09 3.99 2.66 7.96 1.89 5.61 5.35 595 4.95 5.44 322
K0 0.02 0.02 0.08 0.07 0.09 0.06 0.05 0.30 1.07 0.04 0.66 0.25 0.08 0.06 0.77 0.4 0.38
P,05 0.15 0.11 0.12 0.07 0.18 0.09 0.14 0.12 0.04 0.04 0.07 0.06 0.05 0.10 0.11 0.07 0.10
H,0" 245 2.06 1.70 2.18 135 0.70 201 1.29 130 335 1.73 296 149 2.02 1.03 1.09 2.10
CO, 2.18 1.60 2.18 0.82 1.04 1.52 3.06 231 2.01 291 247 0.24 2.05 1.79 0.12 0.11 0.43
Total 99.30 99.56 99.58 98.94 99.10 99.64 99.86 99.75 100.02 99.15 99.80 100.04 99.49 99.68 99.59 99.93 99.03
Ba 69.8 142 75.0 539 108 108 86.2 26.7 201 76.8 81.7 438 71.2 84.4 124 141 100
Rb 48.5 62.7 52.2 53.1 50.0 471.5 42.0 44.1 252 44.2 233 60.1 34.6 323 12.5 132 11.7
Sr 926 243 571 48.7 173 281 191 201 203 186 207 284 169 222 82.4 104 191
Y 23 22 18 18 23 17 25 33 8 8 10 8 13 20 15 20 22
Zr 147 65.3 62.2 63.4 113 204 264 161 161 148 252 99.8 134 158 156 83.1 63.5
Nb 6 8 2 4 7 5 10 6 2 2 3 2 3 5 4 4 5
Th 0.866 0.568 0.410 0.146 0.998 0.411 0.629 0.841 0.302 0.276 0.666 0.5 0.426 193 1.96 207 215
Ni 933 101 44.6 780 49.2 42.6 153 204 149 133 206 17.1 123 89.0 49.4 733 539
v 213 262 177 171 177 159 182 115 52 55 116
Cr 193 169 163 303 161 118 242 30.4 85.1 278 45.6 115 88.3 745 45.1 16.3 15.6
Hf 3.75 3.18 2.36 195 4.23 1.86 2.30 2.24 0.55 1.09 1.79 1.35 1.00 2.31 3.50 2.74 2.57
Sc 358 38.7 349 389 36.3 339 349 34.7 38.1 36.2 329 317 32.0 224 15.0 12.5 25
Ta 0.395 0.191 0.177 0.187 0.224 0.416 0.560 0.389 0.172 0.262 0.138 0.229 0.137 0.118 0.176 0.20 0.156
Co 36.9 359 324 418 40.5 284 33.7 35 269 274 30.1 22.4 23.0 16.7 9.51 8.24 15.8
u 0.631 0.632 0.6 0.489 0.549 0.923 0.443 0.708 0.636 1.47 0.752
La 6.55 4.80 345 2.56 6.87 374 536 3.69 1.23 1.56 2.54 1.49 145 599 5.84 7.48 7.32
Ce 158 124 8.68 6.94 18.2 991 13.1 9.99 428 4.11 6.11 421 5.10 133 14.5 17.5 17.7
Nd 11.6 10.6 8.05 7.98 158 9.11 8.64 8.06 3.80 324 4,44 3.08 4.11 8.60 9.62 11.5 12.4
Sm 4.44 428 3.06 2.69 5.26 292 272 2.61 1.25 1.09 1.42 0.96 134 2.46 2.50 319 amn
Eu 157 1.50 1.17 0.96 1.54 1.15 1.19 1.02 0.487 0.647 0.584 0.426 0.523 0.871 0.696 0.766 1.13
Gd 332 3.45 1.51 1.40 2.07 1.81 3.01 295 3.96 4.25
Tb 1.03 1.06 0.840 0.746 1.42 0750 0.592 0.593 0.277 0.254 0377 0.505 03.331 0.568 0.553 0.728 0.793
Ho 0.851 0.885 0.388 0.367 0.564 0.501 0.868 0.835 1.08 117
Tm 0.377 0.399 0.165 0.153 0.245 0.231 0.410 0.377 0.477 0.526
Yb 4.55 422 3.24 2.66 5.60 3.00 2.37 2.67 1.04 0.959 1.56 L.77 1.49 272 241 3.10 3.38
Lu 0.709 0.689 0.418 0.431 0.809 0.407 0.361 0.438 0.155 0.146 0.23 0.265 0.234 0.44 0.37 0.470 0.524
>~ REE 69.25 61.55 46.91 4297 78.50 47.99 63.88 66.81 22.58 21.93 30.14 20.71 30.12 5924 55.65 70.25 74.90
(La/Yb)y 0.97 0.77 0.72 0.65 0.83 0.84 1.53 0.93 0.80 1.10 1.10 0.57 0.66 1.49 1.63 1.63 1.46
(Gd/Yb)y 113 1.04 1.17 1.18 1.07 0.98 0.89 099 1.03 102
(La/Smyy 093 0.71 0 0.60 0.82 0.81 1.24 0.89 0.62 0.90 113 0.98 0.68 1.53 1.47 1.48 124
5 Eu 1.88 1.86 2,03 1.89 1.55 2.09 1.21 1.04 1.08 1.60 1.04 2.36 1.03 0.98 0.78 0.66 0.87
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Fig. 5 Major elements diagram for lavas in the island arc and the back—arc basins in the Northern Qilian Mountains

IA—TIsland arc (Shihuigou area); BASR —Back—arc spreading ridge (Laohushan area); NVZ—Northern volcanic zone; MVZ—Middle volcanic zone;

SVZ—Southern volcanic zone; 1—Tadonggou area; 2—Kamargou area; 3—Shijuiligou area; 4—Jiugequan area; 5—Baiquanmen area; 6—Daban—Dacha area;

7—Bianmagou area. The silica and K,O boundaries are from LeMaitre **
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Fig.8 Diagnostic trace element ratios for lavas in the island arc and back-arc basins in the Northern Qilian Mountains

Symbols same as in Fig. 5
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Figl0 Diagram of the tectonic evolution of the back —arc
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of the mechanism of mantle convection and processes of
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processes of arc magma genesis in the mantle. Arc melts result from
the rise of buoyant diapirs at a rate that allows these to overcome
the ambient mantle downflow induced by the subducting slab.
These melts are diverted from the arc to the nearby rift axis.; (b)—
Establishment of a back —arc seafloor spreading regime reflects
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spreading ridge, resulting in decompression melting of a nearly
adiabatic mantle column indistinguishable from that of normal
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association with diapiric ascent against ambient downward mantle
flow, but the separation of the extensional axis and the arc volcanic

front allows development of a normal magmatic arc
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240.

Magmagenesis of Ordovician back—arc basins

in the Northern Qilian Mountains

XIA Lin—qi, XIA Zu—chun, XU Xue-y1

(Xi’an Institute of Geology and Mineral Resources, Xi,an 710054, Shaanxi, China)

Abstract: This paper reports the results of a petrogeochemical study of lavas in lower Paleozoic back—arc basins in
the Northern Qilian Mountains. The distribution of samples links regions of back—arc seafloor spreading to the
north with regions farther south where a progression of island arc rifting styles occurred in the earliest stage of
back—arc basin extension. Petrographic and geochemical characteristics of lavas reflect the change in style of ex-

tension, with typical back—arc basin basic lavas in the north passing southward to arc lavas. Glassy (devitrified
now), minor—porphyritic basic lavas characterize regions of seafloor spreading. Felsic lavas and porphyritic basic
lavas occur in the southern, island—arc rifting regions. Geochemically, mature arc portions (Y <20x10—6, TiO2<
0.60%, Th/Yb>0.60) are distinguished from regions of back—arc spreading (Y>20x10—6, Ti02>1.0, Th/Yb<
0.60). Samples show progressive marked changes in geochemical compositions, from back—arc basin basic lavas
formed by seafloor spreading southward through lavas that increasingly resemble arc lavas to arc lavas that are in-
distinguishable from arc lavas encountered in the southernmost portion of the rift. These changes reflect the
changes in the mechanism of mantle convection and processes of melt generation beneath the evolving back—arc
basin in the Northern Qilian Mountains: from mantle downwelling beneath incipient island arc rifts caused by slab
subduction to mantle upwelling beneath zones of back—arc seafloor spreading. The rift axis captured the arc mag-
matic flux in the early island arc rift stage, so that the lavas erupting from this part of the rift cannot be composi-
tionally distinguished from arc lavas. As back—arc extension continued and the back—arc basin widened, the arc
magmatic flux moved progressively away from the rift axis, finally generating a mid—ocean ridge—like decompres-

sion melting system—back—arc basin magmatic system.

Key words: back—arc lava; arc lava; petrogeochemistry; magmagenesis; Northern Qilian Mountains



