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Geochemical and zircon U-Pb chronological studies of the Manziying granite
in Erlangping area, western Henan Province

GUO Cai-lian, CHEN Dan-ling, FAN Wei and WANG Ai-guo
(State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an 710069, China)

Abstract: The Manziying granite is located in Erlangping area, northern Xixia County, western Henan
Province. This paper has studied petrographical, geochemical and zircon U-Pb chronolgical characteristics of this
granite as well as its petrogenesis and geological significance. The Manziying granite mainly consists of quartz
(40% ~50% ), orthoclase (25% ~30% ), plagioclase (15% ~20% ) with minor accessory minerals of zircon,
apatite and magnetite. Geochemical analyses show that the Manziying granite has high content of SiO,(75.01%
~77.44% ), ALO3;(12.15% ~13.35% ), K,O (3.81% ~5.06% ) and total alkali (K,O+ Na,O=6.81% ~
9.34%), but relatively low MgO (0.10% ~0.35% ) and CaO (0.18% ~0.85% ). The ratios of K,O/Na,O
are generally higher than 1. The Rittmann indexes are between 1.81 and 2. 39, belonging to the high-K calc-al-
kaline series. The values of A/CNK vary from 0.99 to 1.16 with an average of 1. 10, showing characteristics of
peraluminous S-type granites. Trace element analyses show that the Manziying granite has relatively high REE
content of 121.9X 10 0~289.5x10°, and displays right-inclined V-shape REE patterns with relatively high
fractionations of LREE and HREE [ (La/Yb)ny=4.63~32.27)] and pronounced negative Eu anomalies (SEu=
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0.38~0.63) in the chondrite-normalized REE diagrams, suggesting a typical crust-derived granite. The con-
centration of Nb (6.6X107°~11.5X107°) and Ta (0.5 10 °®~1.2X10"°) and the ratios of Nb/Ta (7.2
~10.0) in the Manziying granite are very similar to those of crustal rocks and the typical continent-continent
syn-collisional granite, also suggesting that the Manziying granite was derived from the melt of crustal rocks.
The Manziying granite is rich in LILEs of K, Rb, Th and Ba, poor in HFSEs of Nb and Ta. The distinct deple-
tion of Nb and Ta together with the depletion of Ba and enrichment of Ce relative to their neighbor elements in
the ocean ridge granite-normalized trace element diagram indicate that the Manziying granite has features of both
island arc and syn-collisional granite. In addition, almost all samples fall into the syn-collisional granite and is-
land arc granite field in the trace elements diagrams of Nb—Y and Rb—Y + Nb. The cathodoluminescence (CL)
investigations have revealed that zircons from the Manziying granite are generally colorless, transparent, short
prismatic euhedral crystals (from 50 pm to 200 pm in length and from 50 pm to 150 pm in width) with oscilla-
tory internal zoning. LA-ICP-MS U-Th-Pb analyses show that these zircons have comparatively high content of
Th (110X 10 °~1859x10 %) and U (247 %10 °~1 851 x 10 °), with Th/U ratios ranging from 0.51 to
1.24 (except for one sample, whose value is 0.14), indicating their magmatic origin. 22 spots of 18 zircon
grains yield ?"°Pb/>®U ages varying from 429 Ma to 464 Ma. All data are spread along the concordant line or in
adjacent areas, in which 16 spots are concentrated in a small area, and yield 2 **Pb/?%U weighted average age of
(459.5+0.9) Ma, implying the magmatic crystallization age. The Manziying granite has a close relationship in
space with Erlangping basic volcanic rocks, which are considered to have been formed in the island arc and back
arc-basin and related to the subduction of oceanic-slab. Recently, SHRIMP zircon dating gave the formation age
of 466 Ma for the basic volcanic rocks, which is almost the same as the formation age of the Manziying granite
reported in this paper. Considering the coherence in space and time and the similarity of geochemical features be-
tween these two kinds of rocks, conclude that the formation of the Manziying granite had close relationship with
the Erlangping island arc volcanic rocks, and probably resulted from the partial melting of crustal rocks in the ac-
tive continental margin caused by the plate subduction.
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Table 1 Major elements wp % and trace elements wp 10™% composition of Manziying granite
05QL-02 05QL-03 05QL-04 05QL-05 05QL-06 05QL-07 05QL-08 05QL-09 05QL-10
SiO, 75.01 75.74 76.29 77.44 75.92 76.29 75.94 76.25 76.68
TiO, 0.21 0.19 0.25 0.15 0.19 0.18 0.17 0.19 0.22
ALOs 13.35 13.01 12.48 12.15 12.53 12.36 12.57 12.56 12.55
TFe,O5 1.22 1.02 1.36 0.96 1.33 1.21 1.33 1.14 0.16
MnO 0.01 0.02 0.02 0.02 0.01 0.01 0.03 0.03 0.01
MgO 0.28 0.24 0.33 0.19 0.28 0.35 0.26 0.28 0.10
CaO 0.26 0.18 0.24 0.22 0.24 0.22 0.61 0.25 0.85
Na,O 3.70 3.91 3.29 3.00 3.54 3.49 3.51 3.44 4.28
K,O 5.05 4.69 4.54 4.90 5.06 4.67 4.45 4.65 3.81
P05 0.03 0.04 0.03 0.02 0.03 0.03 0.03 0.03 0.01
LOI 0.64 0.60 0.75 0.63 0.56 0.71 0.63 0.72 0.93
TOTAL 99.76 99.64 99.58 99.68 99.69 99.52 99.53 99.54 99.60
c 2.39 2.26 1.84 1.81 2.25 2.00 1.92 1.97 1.94
A CNK 1.11 1.10 1.16 1.14 1.07 1.10 1.07 1.13 0.99
Ba 869.01 558.42 902.81 1143.79 827.94 907.82 755.43 921.44 571.61
Rb 230.75 211.35 219.69 125.03 194.97 159.66 170.55 163.45 136.70
Sr 88.48 50.77 79.83 84.53 76.21 81.34 102.93 89.15 90.83
Y 18.56 19.05 31.03 10.89 25.72 25.98 23.86 21.68 35.86
Nb 8.93 8.67 10.75 3.78 9.24 8.49 9.37 6.62 11.47
Th 31.57 50.06 52.35 24.91 34.33 32.91 32.97 36.12 46.42
Ni 5.55 1.85 2.24 2.46 1.10 1.42 1.03 1.89 1.55
Hf 4.32 4.63 4.19 2.79 4.44 4.18 3.10 3.88 4.12
Cs 1.68 1.14 1.57 1.44 1.74 1.46 1.08 1.21 0.49
Sc 2.86 2.45 2.77 2.52 2.94 2.77 3.30 3.006 1.56
Ta 1.10 1.10 1.27 0.52 1.06 0.99 1.00 0.89 1.15
U 3.41 7.91 8.86 2.47 5.76 5.09 4.77 5.17 4.67
La 24.52 31.79 27.96 66.54 38.82 21.95 87.81 67.95 27.67
Ce 58.16 68.93 70.98 116.73 74.14 51.24 136.09 109.90 67.66
Pr 5.32 7.01 7.94 10.09 8.15 6.57 11.88 10.74 9.32
Nd 17.39 22.45 27.50 28.81 26.53 23.44 32.36 31.45 32.51
Sm 3.09 4.15 5.44 3.75 4.77 4.77 4.55 4.91 6.12
Eu 0.46 0.53 0.67 0.76 0.63 0.65 0.63 0.73 0.72
Gd 2.87 3.78 5.08 3.64 4.67 4.47 4.88 4.89 5.54
Tb 0.40 0.53 0.79 0.37 0.67 0.66 0.61 0.63 0.81
Dy 2.71 3.33 5.07 2.05 4.11 4.18 3.68 3.78 5.12
Ho 0.65 0.71 1.13 0.39 0.87 0.90 0.80 0.78 1.13
Er 2.22 2.19 3.34 1.20 2.55 2.61 2.40 2.26 3.45
Tm 0.42 0.38 0.57 0.19 0.42 0.43 0.40 0.37 0.59
Yb 3.19 2.77 4.10 1.48 3.02 3.10 2.95 2.60 4.28
Lu 0.50 0.46 0.63 0.25 0.49 0.48 0.47 0.40 0.69
OEu 0.47 0.41 0.39 0.63 0.41 0.43 0.41 0.46 0.38
SREE 121.88 149.01 161.20 236.27 169.83 125.45 289.51 241.38 165.62
o= K,O+Na,O % Si0,-43 A CNK=#2n ALO; 2 CaO +n NaO + 2 KO A NK=n ALO; =n

NazO +n Kzo

3.2

1076~289.5x 10°¢

SREE = 121.9 X

La

Yb 4.63~32.27

0.38~0.63
3a

1 Vn

0Eu=



1 19
5 = 3.0
e O a | Y b
fmmxszn -~ 8 | R R
T //// O /// L
o\\° //// ﬂ%,/‘ » //// v 20F
S 3r B £
3 A <
= d e B
- 2 B // /// |
/ e g
7 5 B R 5 ] 1.0 |~
o //// ///// g7
1 ey ;
| AL R R [
1 ! 1 . . . .
0 50 60 70 80 00.5 1.0 1.5 2.0
w (Si0,)/% A /CNK
2 K,O- SO, a  Rickwood 1989 A NK-A CNK b
Fig. 2 Plots of K,0-SiO, a after Rickwood 1989 and A NK-A CNK b for granite
20T—TTT T T T T T T T T T T T ] 100 - E
3 E RN 3 3
g 100 F 1 =& E E
= [ ] ) [ 1
] ’ -
% : : '}gf 1E —
% i 1 % F E
5 = ] o5 i 7]
F 1 = F ]
B i 0.1F E
| S A T R T T T NN N M A 3 I N N N N N N
La Ce Pr Nd Sm Eu Gd Tb DyHO Er TmYb Lu 0.01 K Rb BaTh Ta Nb Ce Hf Zr Sm Y Yb
3 a b
Sun  McDonough 1989
Fig. 3 Chondrite-normalized REE patterns a and ocean ridge granite-normalized spider diagram b of Manziying
granites after Sun and McDonough 1989
Rb 125%10 %~ Ce
230<10°% Sr 50 x10°°~102x10"% Rb Sr Nb Ta—-Nb 4a
1.48~2.75 05QL-03 4.16 Nb
6.6X10 °~11.5X107° Ta 0.5 Nb
X107°~1.2x10°° Nb Ta 7.2~ -Y Rb-Nb+Y
10.0 Nb Ta Nb Ta 8 X - 4b ¢
107~ 11.5+£2.6 x10°° 0.7x107°~ 0.9+
0.1 X10°® 12~13 Barth e a/. 2000 - 4
6x10 °~16x107° 0.6 x10 °~
2.6X107°  6.5~10 Pearce et al. 1984
3b Sa 50~200 pm
Rb Th K Ba Ba
Nb Ta U-Th-Pb 2



20 29
30 T T 1000 T T T 2000 T T T
o S
25F BRI . ] Syn-COLG
. [ 1000
20 i wumE | 100F E
S A|ANTETTINTT ANAMEE S - | {o
S 15F 1z 4~ 100
=
10 h 10 E
o ] 10
5 - -
% L 1 ] | 1 L 1 MW MEEFEE HUTT METETEE T |
1 1 10 100 1 10 100 1000 2000 1 10 100 1000 2000
Nb Y+Nb
4 Nb Ta-Nba Nb-Y b Rb-Y+Nb ¢ Pearce 1984

Fig. 4 Trace elements diagrams of Nb Ta-Nb a Nb-Y b and Rb—Y+Nb ¢ for granites after Pearce ez al. 1984

464400 Ma

5

0.075

=3
=3
2
~

26py, /298

- 0.073]

0.54

056 058
207Pb /r’235U

5
4300

26phy /AU PIALFH i
H4595+09 Ma, 55
MSWD=0.20,7=16

a

0.5 0.7 0.9
207pp, /251

U-Pb b

Fig. 5 CL images of zircons a and concordia diagrams of zircon U-Pb ages b of Manziying granite

U Th U = 247 X
10 °~1851x10"°® Th=110x10 °~1859%x10 °
Th U 0.51~1.24 05QL-09
0.14 Rubatto 2002 18
22 2 206 py,
Sl 0] 429~ 464 Ma 16
U-Pb 5b

459.5+0.9 Ma MSWD=0.20

Chappell and White 1974

Ba
Eu

Ti P

422 Ma

Rb Th Ba K
“ V”
Nb Ta

U-Pb

459.5+0.9 Ma

2009

3 505~470 Ma |
S

450~

I



21

2 LA-ICP-MS U-Th-Pb
Table 2 LA-ICP-MS zircon U-Th-Pb analyses of Manziying granites
wp 107° Ma
@y, 238 Th 207py, 206p}, 1o 207py, 23577 1o 206pp, 23877 16 207pp 25U + 16 206pp 28U + g
05Q.01 520 471 1.10 0.0563 0.0006 0.5762 0.0042  0.0741 0.000 3 462 3 461 2
05Q.02 297 503 0.59 0.056 1 0.0006  0.5707  0.0039  0.0737  0.0003 459 3 459 2
05Q.03 590 804 0.73 0.0582  0.0006 0.5999 0.0043 0.0747  0.0003 477 3 465 2
05Q.04 825 1243 0.66 0.0559  0.0006 0.5704  0.0042 0.0739  0.0003 458 3 460 2
05Q.05 1859 1851 1.00 0.0565 0.0006 0.5746  0.0032 0.0737 0.0003 461 2 459 2
05Q.06 256 502 0.51 0.0560 0.0007 0.5708 0.0056  0.0738 0.0003 459 3 459 2
05Q.07 110 767 0.14 0.0560  0.0007 0.5703  0.0051 0.0738  0.0003 459 4 459 2
05Q.08 455 549 0.83 0.0615 0.0014 0.6074 0.0141 0.0716  0.0004 482 3 447 2
05Q.09 219 361 0.61 0.0566  0.0007 0.5763  0.0058 0.0738  0.0004 462 6 459 2
05Q.10 1335 1354 0.99 0.0558 0.0006 0.5700  0.0032  0.0740  0.0003 459 4 460 2
05Q.11 149 249 0.60 0.056 1 0.0008 0.5708 0.0068  0.0737  0.0004 459 2 459 2
05Q.12 615 722 0.85 0.0552  0.0006 0.5642 0.0045 0.0740 0.0003 455 4 461 2
05Q.13 278 416 0.67 0.0630 0.0011 0.6081 0.0090 0.0699  0.0004 482 3 436 2
05Q.14 345 609 0.57 0.0558 0.0006 0.5674 0.0043 0.0736  0.0003 456 6 458 2
05Q.15 347 603 0.58 0.0580 0.0008 0.5510 0.0063 0.0688  0.0004 446 3 429 2
05Q.16 169 247 0.69 0.0578 0.0008 0.5944 0.0063 0.0745 0.0004 474 4 464 2
05Q.17 310 284 1.09 0.0552  0.0009 0.5648 0.0081 0.074 1 0.000 4 455 4 461 2
05Q.18 610 790 0.77 0.0558 0.0006  0.5691 0.0038 0.0739 0.0003 458 5 461 5
05Q.19 519 701 0.74 0.0562  0.0007 0.5726  0.0049 0.0738  0.0003 460 6 460 2
05Q.20 187 280 0.67 0.0554  0.0009 0.5644  0.0076 0.0737  0.0004 454 2 459 2
05Q.21 347 339 1.02 0.0592  0.0012  0.5686 0.0117 0.0696  0.0004 457 3 434 2
05Q.22 500 666 0.75 0.0563  0.0006 0.5723  0.0039  0.0737  0.0003 460 4 459 2
415—400 Ma I
S 1996 1996
S
S
1996
1996
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