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Geochemical Characteristics and Petrogenesis of the REE-barren Huangyangshan
Alkaline Intrusion in the South Qinling Central China and the Comparative Study
to the REE Mineralized Intrusions: Implication for the Regional REE Mineralization
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Abstract: The key factors controlling obviously different degrees of REE mineralization ( fertile and barren) among a se—
ries of Silurian alkaline intrusions distributed in the South Qinling orogenic belt have long been poorly understood. In this
paper we have conducted a combined petrological geochemical and isotopic investigation of the REE-barren Huangyan—
gshan alkaline pluton in order to make a comprehensive comparison with REE-mineralized intrusions ( the Miaoya and
Shaxiongdong) and then to explore the reason why there is obvious difference among those intrusions in terms of the REE
mineralization. Our results show that rocks ( syenite and alkaline granite) of the Huangyangshan intrusion which was
formed in 438.8 +3.7 Ma have peralkaline shoshonitic and high-K calc-alkaline characteristics. They have right—
declined ( LREE-rich) chondrite-normalized REE distribution patterns with negative Eu anomalies obvious depletion of
Eu Ba and Sr but weak HSFEs anomalies in the primitive mantle-normalized trace-elemental spider diagrams and have
high Zr and Nb contents high Ga/Al ratios and high zircon saturation temperatures ( ~830 °C) . They are similar to the
typical A-type granite. The Huangyangshan alkaline rocks have gy,( #) values of 2. 31 ~3. 43 which are similar to those of

the contemporaneous mantle-derived mafic rocks in the region. In combination with related geochemical features of these
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rocks it is constrained that their parental magmas could be derived from partial melting of juvenile crustal mafic rocks.
They are different from the contemporaneous REE-mineralized syenite which was derived from enrich mantle ( EM I) . The
comparison of barren and mineralized intrusions show that they were derived from different magma sources. Thus it is be—

lieved that the different magma sources of different alkaline intrusions in the South Qinling orogenic belt could be key fac—

tors resulting in their different geochemical characteristics and different properties of the REE mineralization.

Key words: alkaline rock; petrogenesis; the REE metallogenic difference; the Huangyangshan pluton; south Qinling
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('b) Simplified geological map of the Huangyangshan pluton
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Fig.2  Field and Microscopic photos of the Huangyangshan syenite
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Fig. 3 Diagrams of TAS (a) SiO, vs. K,0 (b) and
A/CNK vs. A/NK (¢) of rocks in the Huangyangshan pluton

and mineralized plutons in the south Qinling orogenic belt
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Fig. 4 Chondrite-normalized REE patterns ( a) and
primitive mantle-normalized trace element spider
diagrams ( b) of rocks in the Huangyangshan pluton and

mineralized plutons in the south Qinling orogenic belt
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3 LA-ICP-MS U-Pb
Table 3 The LAICP-MS U-Pb isotopic data for zircons from the Huangyangshan pluton

/(x107°) /Ma
Th/U

232 Th 238 U 207 Pb /235 U lo 206Pb/238 U 1o 207 Pb/235 U lo 206 Pb/238 U lo
HYS20-5 412 266 1.54 0.5112  0.0212  0.0686  0.0007 419.2 14.2 427.6 4.4
HYS20-10 266 42 6.30 0.5112  0.0344  0.0707  0.0016 419.3 23.1 440. 1 9.7
HYS20-14 200 96 2.09 0.5089  0.0254  0.0697  0.0012 417.7 17.1 434.5 7.0
HYS20-18 553 76 7.25 0.5491  0.0325  0.0713  0.0012 444. 4 21.3 444.2 7.5
HYS20-21 399 50 7.94 0.5973  0.0321  0.0688  0.0012 475.5 20. 4 428.6 7.5
HYS20-24 459 80 5.74 0.5402  0.0265  0.0707  0.0010 438.6 17.5 440.2 5.9
HYS20-30 37 12 3.16 0.5242  0.0424  0.0704  0.0023 428.0 28.3 438.9  13.7
HYS2031 1003 557 1.80 0.5452  0.0140  0.0707  0.0008 441.8 9.2 440.3 4.8
HYS20-32 299 3955 0.76 0.5512  0.0151  0.0709  0.0007 445. 8 9.9 441.8 4.0
HYS20-33 181 253 0.72 0.5518  0.0180  0.0711  0.0009 446.2 11.8 442.6 5.2
HYS20-34 473 434 1.09 0.5389  0.0154  0.0707  0.0008 437.7 10.2 440. 1 4.6
HYS20-35 391 418 0.94 0.5301  0.0132  0.0711  0.0007 431.9 8.8 442.8 4.0
HYS20-36 779 596 1.31 0.5321  0.0127  0.0707  0.0007 433.2 8.5 440. 4 4.2
HYS20-39 404 587 0. 69 0.5371  0.0151  0.0711  0.0007 436.5 10.0 442.8 4.0
HYS20-40 227 358 0.63 0.5342  0.0154  0.0707  0.0008 434.6 10.2 440.6 4.6
HYS17-08-04 469 221 2.12 0.5580  0.0284  0.0704  0.0011 450.3 18.5 438.8 6.7
HYS17-08-05 148 20 7.36 0.5338  0.0549  0.0702  0.0030 434.3 36.4 437.5  18.1
HYS17-08-07 633 95 6. 69 0.5730  0.0437  0.0709  0.0018 460.0 28.2 441.5  10.7
HYS17-08-08 478 64 7.46 0.5468  0.0406  0.0700  0.0015 442.9 26.7 436.3 9.2
HYS17-08-09 209 44 4.73 0.5417  0.0473  0.0683  0.0021 439.5 31.2 426.2  12.5
HYS17-08-16 586 72 8. 17 0.5508  0.0462  0.0729  0.0017 445.5 30.3 453.4  10.1
HYS17-08-18 170 58 2.91 0.5825  0.0565  0.0685  0.0016 466. 1 36.2 427.0 9.4

5 U-Pb CL

Fig. 5 The concordia and weighted average diagrams of U-Pb dating ages for zircons and a CL image of a

representative zircon from syenite of the Huangyangshan pluton
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Table 4 Wholerock Nd isotopic compositions and ages of samples from the Huangyangshan pluton
Sm/(x107%)  Nd/(x107°) 478m /4 Nd Nd/1**Nd ena(t)  tpui/Ma tpy,/Ma tpy /Ma
HS17-5 8.16 31.5 0. 1565 0.512 641 2.31 1355 986
HS17-13 10. 6 48.1 0. 1326 0.512 610 3.05 1014 927
HS17-14 8.48 38.3 0.1338 0.512 611 3.00 1029 931
HS17-15 8.84 42.2 0. 1265 0.512 612 3.43 940 896
HS17-16 32.8 160 0.1238 0.512 598 3.31 936 906 818997
HS1747 10. 5 48.1 0.1313 0.512 609 3.10 1001 923
HS17-21 12.8 56.1 0. 1376 0.512 614 2.85 1073 943
HS17-22 17.1 75.3 0. 1367 0.512 609 2.80 1071 947
‘Ma (2005) Ahmed (2018) Abdallsamed (2018);
6 10000Ga/Al ~ Zr(a) Nb(b)

Fig. 6 Discrimination diagrams of 10 000 Ga/Al vs. Zr (a) and 10000 Ga/Al vs. Nb ('b) for rocks

in the Huangyangshan pluton
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Fig. 7 Histograms of gy,(¢) values (a b) and zircon saturation temperatures (z,) (c d)

for the Huangyangshan pluton and mineralized plutons in the South Qinling orogenic belt
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Fig. 9 Harker diagrams of rocks from the Huangyangshan pluton and mafic rocks in the South Qinling orogenic belt
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Fig. 10 Binary discrimination diagrams of Y/Nb vs.
Yb/Ta for samples of the Huangyangshan pluton
mineralized plutons and mafic rocks in the South

Qinling orogenic belt
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Zr-Nb

Th/Nb  Nb/Zr

( Xu et al. 2008; Zhu

2018; Su et al. 2019) ,

( Hou et al. 2015) ,

U-Ph
~440 Ma

Table 5 Summary of ages of the Paleozoic alkaline magmatic rocks in the southern margin of

the South Qinling orogenic belt

/Ma
SHRIMP U-Ph 432+5.8 (2016)
— 40 139
Ar/ )Ar( 446+3 (2016)
LAICP-MS U-Pb 432.5+2.5 (2014)
445.2+2.6 442.6% 4.0 Zhu  (2017); Ying
LA-ICP-MS U-PL
) 443+4 (2017) ;Su  (2019)
- 434.3 = 3.2, Zhu  (2017); Ying
LAICPMS U-P
CPMS U-Pb 426.5 +8.0.428. 4+3. 1 (2017);Su  (2019)
LA-ICP-MS U-Pb 441.8 £ 2.2 Xu  (2008)
LAJCPMS U=Pb 427. 8+8. 6.436. 9+8. 9 Chen (2018)

SHRIMP U-Pb.
LA-ICP-MS U-Pb

439+6.445+6.450+3

Ma  (2005); Abdallsamed
(2018) ; Ahmed  (2018)

LA-CP-MS U-Pb

450+11

Ahmed  (2018)
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(2017) Zhang (2019a) Su (2019 2022);

Ma (2005) Ahmed (2018) Abdallsamed (2018)

11

SEu=REE  3EuH La/Yb)

Fig. 11 Diagrams of 8Eu vs.2REE( a) and 8Eu vs. ( La/Yb) y(b) for samples of the Huangyangshan

pluton and mineralized plutons in the South Qinling orogenic belt

:Xu  (2008) Zhu
:Ma  (2005) Ahmed
12 N

(2017) Zhang (2019a)
(2018) Abdallsamed

Su (2019 2022);

(2018) ; (2010) (2014)

Nb-Th  Zr-Nb

Fig. 12 Diagrams of Nb vs. Th and Zr vs. Nb for samples of the Huangyangshan pluton mineralized plutons

and mafic rocks in the South Qinling orogenic belt
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