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Mid—Late Neoproterozoic to Early Paleozoic volcanism and tectonic evolution
of the Qilian Mountain

XIA Lin—qi, LI Xiang—min, YU Ji—yuan, WANG Guo—qiang
(Xi’ an Institute of Geology and Mineral Resources, China Geological Survey, Xi’ an 710054, Shaanxi, China)
Abstract: Mid—Late Neoproterozoic to Early Paleozoic volcanism in the Qilian Mountain area, which shows systematic variations

in space and time, seems to have been the volcanic response to the tectonic evolution of the Qilian Mountain. The volcanism

gradually changed from rift—related and continental flood basaltic through MORB—type and island—arc and back—arc to post—
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collisional rift—related eruptions along with the tectonic evolution of the Qilian Mountain shifting from rifting and break—up of

Rodinia through opening and spreading of the Early Paleozoic oceans, subduction of the oceanic slabs and back—arc extension and

ocean closure to arc—continent and continent—continent collision. The continental rift—related and flood lavas with ages of 850—604
Ma are distributed mainly on the Qilian and Qaidam Blocks. The widespread MORB—type and “island—arc—backarc” —type lavas

were generated from about 550 to 446 Ma in both the North Qilian and the South Qilian ocean—trench—arc—basin systems. In the

meantime, the intracontinental rift—related volcanism occurred in the central Qilian Block between about 522 and 442 Ma. The
Early Paleozoic oceanic basins were closed at the end of Ordovician (about 446 Ma). Subsequent post— collisional volcanism
occurred on the northern margin of the Qilian Block from about 445 to 428 Ma. Such spatial—temporal variations provide important

constraints on the geodynamic processes that evolved at the depth to form the Qilian Mountain. These processes involved (1)

upwelling of mantle plumes or a mantle superplume and subsequent rifting and break—up of Rodinia and subsequent opening,
spreading and subduction of Early Paleozoic oceans followed by island—arc formation, (2) roll—back of the subducted oceanic slabs

happened and formed post—collisional granitic intrusions at <400 Ma.

followed by back—arc extension and back—arc basin formation, (3) ocean closure and slab break— off followed by upwelling of
asthenosphere and post—collisional volcanism. Intensive orogenic activities occurred in the Late Silurian and Early Devonian (about

mid—ocean ridge basalt; arc and back—arc basin; tectonic evolution

420 to about 400 Ma) in response to the exhumation of the subducted crustal materials. Mountain collapse and lithosphere extension
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Fig. 1 Tectonic framework of China illustrating the major Precambrian cratons and blocks and younger orogens
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Fig. 2 Geological sketch map of the Qilian Mountain with localities of major volcanic rocks and their ages
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Table 1 Compiled age data of Neoproterozoic—Early Paleozoic volcanic rocks, ophiolites and ultramafic rocks in the Qilian

Mountain
A (A g/ Ma Jiik POREK U
Froo ks
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R (i AR P 42 4) Bk, LIl ARt 877+ 8 ¥ U-Pb SHRIMP [42]
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Table 3 Compiled age data on Paleozoic granites in the Qilian Mountain
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Fig.5 a—Stratigraphic division and correlation of Neoproterozoic strata in the Qilian Block from the Qilian Mountain; b—Geological
section of the Zhulongguan Group from Aoyougou area of Sunan County (modified after reference [116])

I-The lower part of the Zhulongguan Group: 1—Pillow pyroxene—basalt; 2—Quartz—bearing dolomite and dolomite; 3—Pillow pyroxene—basalt into
which diabase veins intruded. II-The middle part of the Zhulongguan Group: 4—Sand—argillaceous slate with limestone; 5—Gravel—bearing
argillaceous slate (with gravels of volcanic rock); 6—Siliceous slate with siderite—hematite bed. III—The upper part of the Zhulongguan Group:
7—Quartz—bearing dolomite into which gabbro veins intruded; 8—Pyroxene—basalt. Q— Quaternary sediments; X—Aoyougou ophiolite slice
(consisting of dismembered serpentinite, gabbro, and massive and pillow—like basalts)
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Fig. 23 Schematic representation of tectonics showing changing patterns of mantle convection and processes of melt generation
associated with the evolving back—arc basin now preserved in the North Qilian Mountain (modified after reference [20])
A—Early island—arc rifting did not disturb normal processes of arc magmagenesis in the mantle. Arc melts resulted from the rise of buoyant diapirs at
arate that allowed these to overcome the ambient mantle down flow induced by the subducting slab. These melts were diverted from the arc to the
nearby rift axis; B—Establishment of a seafloor—spreading regime reflects establishment of a zone of mantle upwelling beneath the spreading ridge in
the back—arc basin, resulting in decompression melting of a nearly adiabatic mantle column indistinguishable from that of normal mid—ocean ridges.
Arc magmas continued to be generated and to diapirically ascend against ambient downward mantle flow, but the separation of the extension axis and
the arc volcanic front allowed development of a normal magmatic arc
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Fig. 24 a—SiO; versus Nb/Y diagram (after reference [154]) and b—FeOT/MgO versus SiO, diagram (after reference [155]) for
Cambrian to Ordovician volcanic rocks in the Lajishan area of the Qilian Block; c—Nb/La versus Ti/Y diagram and d—La/Ba versus
La/Nb diagram for Cambrian to Ordovician basaltic lavas in the Lajishan area of the Qilian Block
Fig. 24 b shows the sub—alkaline volcanic rocks as plotted in Fig. 24—a

Data sources: references [14, 206]

http://geochina.cgs.gov.cn H1E LT, 2016, 43(4)



1120 el [

Nb FIIL La/Ba B4 52772, B LA, WSR2 ik A 2K
W27 T Kb A Y =R g, HAMZA TR W La
B Ba A& AT T Nb O st i s . K 24—d
WR TR L FER 20 2 WP 20 X B TUE A 1) La/Nb
Lb {ELAH X T La/Ba L AE /9 22 1k, Ff Fi1 OIB 1) 1% 43
U U H . HT R LT2 46 7+ BB 5 m 19 La/
Nb U B KN La/Ba FU{E, R EA1% 1852 T H
Feu/ R T A P AL B TR YL

(4) T AT T8 A7 TR G 1) b A ol R 19 2 a0 2 A
i i HA PR REE 20 Fic AU 5 LREE & 467 REE
Iy B RS, F B = Nb, Ta Fl Ti i S g 06 165 200 2100
Nb/La L A8 2 172 TR Y2 14 AT 5 flm oo Epr k2,
Saunders et al. P RS Y H A 2H 4> 2 L Nb/La
FEE KT 180G T 1AFRIE . LTSS HA S A Nb/
La LB (> 0.80), R EATIFARM 3Z Hi7e (55 A )
TG, o HIEZ 8 T 5 (s £ ) i R o e
(1 24-c). WA, LT A HA 575 Z i 4 (0IB)
BA3 SAH B S Y T R A (1K 24— d), If R Bk
R B U b A L0 A FH 25 f i o6 28 40 Tl A =X (&
25-a), SR, 32 B K FhiA A IR Y 1) 2 R A A
(4n HT FLT2 %64 WEA W] 52 ) Nb  Ta F1 Ti 1 55
H (K1 25-b), (HHA AR T0 R Ik B A B
M T AT 2 i (K 25— b), 33X — 5 5 A [+
FIMZ A FIL, WA Z IR AR LT R
1) BRI BT AR N T, 1T A2 BNR UL i A (e
R HT MILT2 M7t HORE 2 7 Kbl A R Y
KRB Z A, AN LA

(5) 4 AT FHAS i FH Nb | Ta 5 Ti 7E Ry 1 51 A
T Ze/Y—-Zr RS, AT LUK IR, B B ik
& B3 TR AR N 2 2 (WPB) Y 4345k
(F125—c), Ak, 4] H{H A Nb . Ta 5 Ti /5 4 151
DR 1 14 ) 3t B b R Ak 2 0 1 TR it (W 1] 25—, e)
BF, AT A& B, A AZ IR G A RE S (B LT 162 1 A%
a3 S ATYER Y5 AE WPB B 0 350 5l 35 R il o B & ik
(CTLAT N, (A 327 T2 A PR e R i (e
R HT FLT2 16520 9 553 s, 2110 5 K Nb Ik Ta
B Ti 5 1R RS, V6 A B ORI 2 20 5 A
PN . TERFMELL T, FRATYSRARER HT MILT2
A MERIMZRA, B2 T 5 A R Y
(AR Btibl P i

g Tk, P 1 FE r 2 3 B P 20 K 1

b J 20164F
BRAE2AFR S UER: BT BT B N 2445 hir i
B, AIRIE T IAET .

3.5 #B & FhBR b 2 B R BE f i = B 7R BR it (445~

428 Ma)filifE G RHE X LA
3.5.1 dbAR % e dy AR % I 55 4] A 04 B 1)

HI R K, H s e A AR 2H R A
R CWIIR BE H A TEARE L X T2 A, BT
BESATNERLMZEZ LK 2, E17). FRATRA
CFE )L, BN 35 & B I ) R 29 52 444
Ma, fC3R T ICARE VAR AR M & BT T] 32
W 5 B AF 58 A0 e S A AR08 D S b A 3% vy AR
NGS5 R~ 1y R AR By AR 1 5 R R
TR oA O AR e e H AR AR I A — 3

flan: L2 FIZR 1 AT, HhEE T AR E IS %5
WARTB AR E R I A Eh K S A
(448.5 £ 4.7) Ma 945 41 SHRIMP U—Pb 42", & PH
HIE I 1T W B Pl 1 [RIAE, S5 AR 52 00 R IO
U H(446 + 3) Ma 945 41 SHRIMP U—Pb 4 #5177,
R B T B R

BTN, DX HP— LT 28 oA FH A BT FA A T
— i L BRI R . SO = PR AR BT A0
1 HP—LT 28 JFAE FHAAE RS (489~446 Ma)!!-o 715551 ([&]
4; 3% 2)FRWI: ALABZEFENCA 7T R TE 445 Ma it 5G]
o St S e e — 8 v R A8 0 HY 10 06 1 1 1 A% It
V(5 A h A ) A8 R S w2 1 22 A
(5 KB IR P A 20) A% 73 31 ok 476~442 Ma il 440~
421 Mal!® 23135735, 37, 397, 45,46, 4875255641 (%] 4 2 4, AR
B MR RTE 441 Ma it &1

WEAb, FRRAE SRR BRAT T AR E Rl R p I 1
PEERBEAE B 4 12 AR 59 SHRIMP U—Pb 5 47 4F 3 #
3 (440£14)Ma(8] 3; 22 3), X [AIREFR S : BEARIETE
FERF RO ZH A

HR A bR R, FRATAT P i HE T JE AR
FAARIE I A& 500 & A= T 445 Ma Fl1441 Ma,
3.5.2 AR e b a0k L 1 £ T G (445~

428 Ma)stdE j5 2 45 Kol &

i L Bl — L A B LA R A LA T
AR i Hedb 2k B A% Bvkys 1 IR ELLT YA AR B
B AL (] 2) KA R B LR T
AU, A T TR A S e B LR B S
R B2 8 5 (AR A s 0 B i FiAR

http://geochina.cgs.gov.cn H1E LT, 2016, 43(4)



43 4 SRS AR LTt b — i 2= 5 A AR S Al 1121

200—T—T""TT"T T T T T T T T T T T P T L L L
a : S b
100 2 ﬁ (€392 ] E F ERRIEE E
F 4 A LTL S ] F LT2 #8
1 [ t’“’\\ < HT B8
1 i OIB
i | \
% 10 X E
z & i/ ]
ng \
t N i =
1 | WA xR |
I N B I NN IR SO N N N T A T N B T T N M N I SN N N M
ThTaNbLaCe P Nd Zr HfSmEu Ti Tb Y YbLu ThTaNbLaCe P Nd Zr HfSmEu Ti Tb Y YbLu
20 100 T
C Fd
10 =]
12
t 12
ﬁ o 10
O f .
[ IC4 -
IAB- B L HE
WPB-R AR RA
MORB- # P ¥ X R&
. 1.0
110 100 1000 0.01

Z1/10°

PIAT-WI 36 B M X R E
IAT- 5% &

125 a, b—AS Rl R L XCRE R — BB 20 X i AR A U T R ISR e (45 [1561) Br v ik g 121, #R 342l
PR L X TR A — PR P 20 2848 B T R A R PRI S [T c—Za/Y — Zr diagram (&1l [160]); d—Ce/Yb — Ta/
Yb K (E#4E[161]); e—3Tb—Th—2Ta EIfi# (I fHHE[193])

[E25—a, b, W KA (OIBYE [156]; 181 H 32 X 3/m I ity K i Mo L, 1 BRRTT BR300 h e - K XA AR -K KA 73y
AR5 TR A
B [] [5] 24
Fig. 25 a, b—Primitive mantle (after reference [156]) normalized incompatible trace—element spider diagrams for Cambrian to
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In Fig. 25—a, b, the patterns for oceanic island basalts (OIB) are after reference [156]; the shaded area shows the range for subduction—zone basalts,
with the lower and upper limits being defined by “average” low—K and high—K basalts, respectively (after reference [193])

Data sources as for Fig. 24
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Fig.26 a—SiO, versus Nb/Y diagram (after reference [154]) and b—FeOT/MgO versus SiO, diagram (after reference [155]) for Late
Ordovician—Early Silurian (445—428 Ma) volcanic rocks on the northern margin of the Qilian Block; c—Nb/La versus Ti/Y diagram,
(d—La/Ba versus La/Nb diagram; and e, f—Primitive mantle (after [156]) normalized incompatible trace—element spider diagrams
for Late Ordovician—Early Silurian (445—428 Ma) basaltic lavas on the northern margin of the Qilian Block
Fig. 26—b shows the sub—alkaline volcanic rocks as plotted in Fig. 26—a. In Fig. 26—d, the dispersion to higher La/Nb and lower La/Ba ratios may
represent the effects of lithospheric contamination. Field for oceanic island basalts (OIB) is after references [158, 159]. Patterns for oceanic island
basalts (OIB) are from reference [156]. In Fig. 26—e, f, the shaded area shows the range for subduction—zone basalts, with the lower and upper limits
being defined by “average” low—K and high—K basalts, respectively (after reference [157])

Data sources: references [16, 17]
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Fig.28 Sketch map showing the stages of Qilian Mountain Neoproterozoic—Paleozoic tectonomagmatic evolution
A—The global Early Paleozoic Ocean, including the North Qilian Ocean and the South Qilian Ocean, was opened in the Neoproterozoic as the
consequence of breakup of supercontinent Rodinia. B—Carton, showing the north—dipping, low—angle subduction of the Early Paleozoic oceanic
lithosphere, which resulted in the arc volcanism. C—Carton: illustrating the back—arc lithospheric extension and back—arc basin volcanism in both
North Qilian and South Qilian back—arc basins that occurred as a result of upwelling of asthenosphere accompanied by roll—back of the North Qilian
and South Qilian oceanic slabs since early Cambrian (about 520 Ma). In the meantime (525—442 Ma), the central part of the Qilian Block, including
the Lajishan and the Hualong areas, was in an intracontinental rift—related setting. D—The final closure of the North Qilian Ocean and the South
Qilian Ocean took place at 445 Ma and 441 Ma, respectively. The break—off of the North Qilian oceanic slab at about 445 Ma induced an upwelling
of asthenosphere, which gave rise to the 445—428 Ma post—collisional rift—related volcanism on the north margin of the Qilian Block. At about 440
Ma, the Qaidam continental deep subduction started. E—At about 423 Ma, the subduced North Qilian oceanic crust started to exhume. The subducted
South Qilian slab started to exhume, forming the North Qaidam HPM—UHPM belt, as a result of South Qilian slab break off at 420—400 Ma. F—In
the late Devonian, the Qilian orogenic system started to collapse; continuous lithosphere extension and delamination resulted in crust melting and
strong magmatic activity and formed a number of post—collisional granitic intrusions with the ages of 400—370 Ma
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