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Abstract: Through detailed field geological surveys, combined with systematic studies of petrography, geochemical and zircon U—Pb
chronology, the Ordovician alkali syenite is determined in Niandao area of Neixiang County, which was first discovered in North Qinling.

The Niandao alkali syenite was involved in Zhuyangguan—Xiaguan fault belt and transformed into tectonic massif, however, the early
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intrusive contact with Qinling Complex was preserved, and intrusive rocks were mainly composed of hornblende syenite and aegirine—
augite syenit.Samples are characterized by relatively low silicon ( SiO, =52.09% ~ 67.48%), total alkali (K,O +Na,O = 5.82% ~
11.75%) , abundant aluminum(Al,O; =11.87% ~17.81%) , depleted magnesium(MgO =0.09% ~1.99%), enrichment of LREE, Rb
and K, depletion of Nb, Ta, P and Ti, indicate that the intrusion is aluminous A —type granite and further classified to A, type. The
geochemical characteristics show that this pluton may be dominantly derived from partial melting of an enriched mantle modified by
subduction—related components, and the magma produced was subjected to minor amounts of crustal contamination during its ascending
process, and its formation might be related to an island arc environment.Zircon LA—ICP—MS U—Pb dating of hornblende syenite gave
*Pb/**®U weighted mean ages of 457.4%1.8 Ma, showing that the Niandao alkali syenite emplaced in Late Ordovician. Combined with
the regional geological data, the Niandao alkali syenite ought to be initial magmatism record of negative structure inversion of North
Qinling that experienced in the Paleozoic stage of exhumation at ca.450 Ma, and its formation age should represent the initial time of
negative structure inversion.

Key words: North Qinling orogenic belt; Niandao; alkali syenites; zircon U—Pb dating; A, —type granite; negative structure inversion;

geological survey engineering
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Fig. 1  Sketch geological maps of the North Qinling(a) and Xiaoshui—Quanshenmiao area in North Qinling(b)
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Table 1 Major,trace and rare earth elements compositions of Niandao alkali syenite

5 113/676—1 113/678—1 113/682—1 113/684—1 S 113/676—1 113/678—1 113/682—1 113/684—1
aupp AINIE  MAINIE VRSO BvEMIN s MINIE  AINIE  GVESEE RN
K& KA AIERE  ERE KA K& fAIERSAE ERE
Si0, 59.04 67.48 52.09 53.35 Ta 1.25 0.76 1.53 1.65
TiO, 1.02 0.25 1.69 2.32 W 1.49 3.79 0.84 2.96
Al, O, 15.84 17.81 11.87 14.96 Be 2.64 2.98 1.30 3.21
Fe, O, 2.36 1.22 7.65 2.71 Th 8.65 3.69 7.76 17.56
FeO 4.62 0.15 4.80 8.02 U 1.79 0.72 1.14 3.66
MnO 0.13 0.01 0.19 0.14 Ba 859.88 481.69 933.06 906.87
MgO 0.54 0.09 0.54 1.99 Cr 2.10 2.17 3.03 2.89
CaO 4.57 0.41 11.42 4.90 Ni 0.98 3.52 0.60 1.67
Na, O 4.09 6.02 1.94 4.36 Sr 607.72 203.75 1266.13 413.46
K,O 6.15 5.74 3.88 4.91 v 13.72 7.91 22.61 79.48
P,O; 0.10 0.03 0.36 0.59 Sn 4.06 4.76 3.76 3.85
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Nb 22.32 11.19 26.22 26.99 LREE/HREE 9.13 5.28 9.35 8.11
Mo 1.01 0.50 1.27 1.13 (La/Yb) 10.48 4.82 10.85 9.68
Cs 3.01 2.47 2.39 14.93 SEu 0.75 0.70 0.66 0.68
Hf 5.88 2.02 7.81 11.17 8Ce 0.99 0.90 1.04 1.00
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R®2 HMm Y113/676-1 LA-ICP-MS #A U-Th-Pb fix &R
Table 2 LA-ICP-MS zircon U-Th-Pb dating results of sample Y113/676-1
/107 [ 2R L FY/ Ma

W ThU _
Pb U Th 206 Pb/238 U 1o 207 Pb/ZSSU 1o 207 Pb/Z()() Pb 1o 206 Pb/’_’SSU 1o 207 Pb/233 U lo 207 Pb/ZUE) Pb 1o

1 396 4346 3335 1.30 0.0736  0.0007  0.5553  0.0176  0.0544  0.0017 457.9 4.1 448.5 11.5  390.8 70.4
2299 3396 2426 1.40 0.0734  0.0007  0.5455 0.0167  0.0536  0.0016 456.8 4.3 4421 11.0  353.8 64.8
3 213 2362 1762 1.34  0.0738  0.0007  0.5588  0.0161 0.0548  0.0016 458.8 4.3 450.7 10.5  466.7  66.7
4 276 2361 2813 0.84 0.0736  0.0010  0.5557  0.0161 0.0546  0.0016 457.7 6.2 448.7 10.5 3982 64.8
5 338 4031 2549 1.58 0.0736  0.0007  0.5749  0.0162  0.0563  0.0015 457.9 42 461.2 10.4 4649 28.7
6 182 2108 1414 1.49 0.0728 0.0014  0.5818  0.0178  0.0586  0.0022 453.1 8.3  465.6 11.4  550.0 76.8
8 173 1586 1648 0.96  0.0735 0.0010  0.5961 0.0185  0.0587  0.0020 457.4 5.7 474.8 11.8  566.7 74.1
9 530 3740 4208 0.89  0.0735 0.0009  0.5656  0.0136  0.0555  0.0014 457.4 5.4 4552 8.8 4352 49.1
10 475 4059 3159 1.29 0.0735 0.0008 0.5681  0.0143  0.0558  0.0014 457.3 4.6 456.8 9.2 442.6  57.4
11 354 3363 3492 096 0.0735 0.0008  0.5654  0.0140  0.0555  0.0014 457.3 49  455.0 9.1 4315 55.6
12 362 2662 3971 0.67 0.0735 0.0007  0.5680  0.0151 0.0557  0.0015 457.0 4.0  456.7 9.8 442.6  54.6
13 267 3012 2193 1.37 0.0736  0.0008  0.5747  0.0166  0.0563  0.0016 457.9 4.5 461.0  10.7 4649 64.8
14 207 2372 1690 1.40 0.0735  0.0007  0.5808  0.0144  0.0571 0.0015 457.3 4.1 465.0 9.2 498.2 593
15 439 4717 3674 1.28 0.0740  0.0006  0.6122  0.0144  0.0597  0.0014 460.1 3.4 485.0 9.1 590.8 51.8
16393 4313 2591 1.66 0.0734  0.0007  0.5622  0.0144  0.0552  0.0014 456.9 4.0  453.0 9.4 420.4 593
18 170 1696 1554 1.09  0.0735 0.0006  0.5580  0.0161 0.0549  0.0017 457.2 3.8  450.2 10.5  405.6  65.7
20 294 3351 2445 1.37 0.0736  0.0007  0.5886  0.0159  0.0578  0.0016 457.5 4.4 470.0  10.1 524.1  61.1
22 136 1284 1323 097 0.0736  0.0007  0.5617  0.0182  0.0553  0.0019 457.6 4.0 4526 11.8 4334 74.1
23 440 2062 6107 0.34  0.0731  0.0007  0.5941  0.0140  0.0587  0.0013 455.1 4.1 473.5 8.9 553.7 528
24 299 3720 2294 1.62 0.0734  0.0006  0.5878  0.0132  0.0580  0.0013 456.7 3.8 469.5 8.4 527.8  48.1
25 286 3333 2373 1.40 0.0736  0.0007  0.5738  0.0167  0.0563  0.0015 457.6 4.1 460.4  10.8 4649 593

26 329 3067 3215 0.95 0.0734  0.0007  0.5698  0.0148  0.0562  0.0014 456.9 4.0 457.9 9.6 461.2  25.0
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Fig. 4 Chondrite—normalized REE distribution patterns(a)and primitive mantle —normalized

spider diagrams(b) for Niandao alkali syenite
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Fig. 5 Cathodoluminescence images for zircons of sample Y113/676—1

®3 & Y113/676-11 LA-ICP-MS #AMEBTENNER
Table 3 LA-ICP-MS trace element analyses of zircons for sample Y113/676-1

Wh U La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y 3REE LREEHREE 3Eu

(Sm/
d3Ce U/Yb
La)y

1 45.36 0.15 3.47 0.15 0.82 1.52 0.47 4.26 1.4515.41 6.25 31.11 6.60 71.76 10.96 160.96 154 7 148

2 41.92 0.05 4.83 0.08 0.89 1.36 0.54 5.86 1.63 22.64 8.99 46.13 9.85 110.82 20.41 226.53 234 8 226

3 26.80 0.04 7.77 0.10 1.22 1.89 0.51 6.83 1.93 20.65 7.86 41.48 8.21 82.33 14.39 183.18 195 12 184

4 109.48 2.82 7.27 0.65 2.14 1.59 0.54 6.33 2.28 29.4312.0759.94 13.77 170.41 25.91 275.75 335 15 320

5 41.97 0.02 496 0.10 1.26 2.15 0.56 6.71 1.53 19.157.25 37.47 7.33 81.26 13.09 177.92 183 9 174

6 40.10 0.03 8.86 0.11 1.66 2.96 0.93 10.36 2.99 35.3812.8058.56 11.99 126.45 22.21 314.66 295 15 281

8 116.75 0.01 13.36 0.04 0.69 1.49 0.52 7.24 2.49 33.1013.1565.93 14.53 165.01 30.35 395.29 348 16 332

9 73.28 0.3212.30 0.22 1.81 1.61 0.65 6.82 2.21 24.98 9.70 43.76 8.37 103.58 18.12 233.88 234 17 218

10 37.02 0.02 3.61 0.06 0.69 1.11 0.43 3.68 0.75 5.95 2.30 8.91 3.03 28.03 4.30 45.31 63 6 57

11 208.11 0.09 3.34 0.09 0.83 1.58 0.48 5.70 3.16 48.2921.06103.2222.02 236.66 38.43 509.99 485 6 479

12 141.37 0.18 6.48 0.12 1.03 1.22 0.34 4.68 1.87 25.64 9.51 44.03 9.51 100.72 16.07 224.81 221 9 212

13 29.50 0.01 5.83 0.06 0.59 1.33 0.37 3.72 1.21 10.52 3.92 20.57 3.92 51.62 8.13 94.57 112 8 104

14 27.32 0.10 3.98 0.14 1.26 1.54 0.45 4.27 1.17 13.36 5.19 25.52 5.79 64.51 11.27 128.81 139 7 131

15 76.95 0.97 12.38 0.93 4.48 3.75 1.31 8.24 2.62 30.3010.9753.48 10.79 119.82 21.01 298.58 281 24 257

16 23.61 0.04 3.34 0.10 1.09 1.37 0.42 4.08 0.98 9.41 3.96 20.69 4.77 53.95 10.64 98.56 115 6 108

18 29.58 0.01 3.21 0.07 0.65 0.96 0.37 2.56 0.56 5.70 2.37 10.82 2.57 25.96 5.31 53.37 61 5 56

20 27.93 0.03 4.12 0.05 0.56 1.04 0.45 3.15 1.06 12.26 5.15 26.83 6.03 66.98 10.37 123.78 138 6 132

22 31.74 0.03 2.36 0.06 0.50 0.93 0.29 3.09 0.82 6.86 2.78 11.60 2.54 25.58 4.73 96.21 62 4 58

23 146.55 8.17 11.33 1.54 6.63 2.31 0.58 5.86 2.33 34.5214.6269.20 14.28 155.86 26.49 306.34 354 31 323

24 28.81 0.03 4.79 0.06 0.79 1.28 0.38 3.20 1.07 12.55 4.94 29.06 6.83 76.20 12.30 106.76 153 7 146

25 66.67 0.05 8.96 0.08 0.85 1.70 0.45 5.55 1.83 20.97 8.13 36.00 7.71 88.84 15.53 179.23 197 12 185

26 78.11 0.11 8.45 0.14 1.08 1.44 0.45 4.72 1.3515.425.18 23.97 4.94 52.06 8.85 116.85 128 12 116

0.56

0.59

0.44
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0.45
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0.48

0.60

0.65

0.49

0.44

0.51

0.54

0.72

0.55
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0.75

0.49

0.58

0.45

0.53

5.62 15.51 0.63

18.41 38.62 0.38

29.53 72.94 0.33

1.32 0.87 0.64

25.21147.68 0.52

39.49168.38 0.32

133.21158.21 0.71

11.23 7.71 0.71

25.58 80.42 1.32

8.92 26.98 0.88

10.84 10.56 1.40

51.72163.40 0.57

8.28 23.87 0.42

3.21 6.00 0.64

12.48 49.02 0.44

27.21116.61 1.14

26.02 54.18 0.42

13.24 44.54 1.24

0.78 0.44 0.94

28.24 16.03 0.38

34.91 0.00 0.75

16.86 34.83 1.50
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Fig. 9 The variations of selected trace elements for Niandao alkali syenite
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