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ABSTRACT

The Dongging pluton in the Zhangguangcai Range, NE China comprises two-mica
monzogranite and garnet-bearing two-mica monzogranite with subordinate garnet-
bearing muscovite alkali-feldspar granite. The monzogranite was dated as 208 Ma
by the ?®Pb/?*Th monazite dating (Fang, 1992) and ca. 160 Ma by the Rb-Sr and
Sm-Nd methods (Wu et al., 2004). To examine the discrepancy, monazite from the
monzogranite was dated by the CHIME method coupled with age mapping. Monazite
grains show significant compositional variation in concentric and sector fashions, but
are chronologically uniform. Individual sets of ThO, UO, and PbO analyses were
screened by the chemical criteria, 0.96<(Ca+Si)/(Th+U+Pb+S)<1.05 and K,0<0.02 wt.%.
The screened data points are arrayed linearly on the PbO vs. ThO,* diagram and define
an isochron of 159.0+4.8 Ma with an intercept value of 0.0030+0.0017, suggesting that
the older isotopic monazite age is possibly resulted from the sizable amounts of initial
Pb. Present CHIME monazite dating reinforces that variety of peraluminous rocks
in the Dongging pluton formed at about 160 Ma through the late stage of magmatic
differentiation and magma-fluid interaction.

INTRODUCTION

Voluminous granitoids were emplaced during the Paleozoic and Mesozoic eras
in the Zhangguangcai Range that, together with Great and Lesser Xing’an Ranges,
constitutes the eastern part of the Central Asian Orogenic Belt (Jahn et al., 2001)
in the northeastern part of China (Fig. 1). Although almost all of the granitoids in
the Zhangguangcai Range are of I- and A-types (Wu et al., 2000 and 2002) based
on the criteria of Chappell and White (1974, 1992), only several plutons including
the Dongging pluton have been found to contain garnet and muscovite. Due to the
presence of the peraluminous minerals, the plutons have been ascribed as the S-type
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Fig. 1 Geological sketch map showing the widespread distribution of Phanerozoic granitoids
in NE China (simplified from Jhan et al. (2001) and Wu et al. (2004)). Great Xing'an,
Lesser Xing’an and Zhanguangcai are labeled in the upperright inset.

granite and considered to be a product of collision between the Jiamusi Massif and
the North China Craton (Fang, 1992; Peng and Su, 1997; Zhang, 1997). However, Jahn
et al. (2001) suggested that some plutons with peraluminous minerals are of A- and
I-types and can be formed by high degree of differentiation and intense fluid-magma
interaction during the late stage of magmatic evolution.

The Dongqing pluton is situated in the south of the Zhangguangcai Range and com-
prises two-mica monzogranite and subordinate garnet-bearing muscovite alkali-feldspar
granite (Fang, 1992; Wu et al., 2004). Fang (1992) reported a monazite 26Pb/22Th age
of 208 Ma for the two-mica monzogranite, and two muscovite K-Ar ages of 156 and
160 Ma for the granitic pegmatite in the Dongqing pluton, suggesting that two distinct
emplacement stages should exist. Wu et al. (2004), on the other hand, concluded that
the two types of granite were synchronously emplaced and underwent rapid cooling
at about 160 Ma ago based on the Rb-Sr whole-rock isochron age and Rb-Sr and
Sm-Nd whole-rock-mineral isochron ages. They also suggested that the peraluminous
granites were highly fractionated I-type granite and that interaction between residual
melt and aqueous hydrothermal fluid resulted in the REE patterns with large negative
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Eu anomaly of garnet-bearing muscovite alkali-feldspar granites.

The chronological information is important to elucidate the genesis of the peralu-
minous Dongging pluton, but the emplacement ages determined by Th-Pb and Rb-Sr
whole-rock isochron methods are inconsistent. In this paper, we will present CHIME
monazite age for garnet-bearing two-mica monzogranite of the Dongqing pluton and
will discuss the cause of the inconsistency.

GEOLOGY AND SAMPLE DESCRIPTION

The Dongqging pluton is located about 60 km to the southwest of Antu, and com-
posed mainly of two-mica monzogranite with subordinate garnet-bearing muscovite
alkali-feldspar granite (Wu et al., 2004). Tt has an exposed area of about 18 km?
within the Dapuchaihe phiton composed of medium- to fine-grained biotite granodiorite
with minor hornblende-bearing monzogranite and porphyritic monzogranite (Fig. 2).

| XXX T
X Lo
X X X X X X X X X Dadianzi
42° o]
X x X X X X X X X
52
X X X X X X X X
X X X X X X X X X
X X x X
X X X X
X X
X X
X X X X
X x X X
X X X X X X%
X X X X X
X X X X %X %
42°Ix x x x X X X X
48 % x x x X X X X}V
X X X X X x S
X X X X X X X
X X X X X X X
X X X X X X X X o
Dongqing
ool x x x x x x X
sRPYETY 128° 15" 128" 20°
; . X X X )
Dongqing Pluton % % x Dapuchaihe Pluton

l:l Quaternary [//7777] Early Cretaceous formations
NNy Early Paleozoic formations (o] Sampling site

Fig. 2 The Dongqing pluton and the surrounding I type Dapuchaihe pluton (after Yin et al.,
1999). The solid circle shows our sampling site (42°48.519'N, 128°13.610'E).
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The Dapuchaihe pluton is reported to have been formed during Cambrian period
(Yin et al., 1999), but a recent U-Pb zircon dating gives ages of 1568-168 Ma (Zhang,
unpublished data), very close to the formation time of Dongging pluton. There is no
clear direct contact relationship between Dongging and Dapuchaihe plutons owing
to sparse outcrops.

Samples were collected from an old quarry (42°48.5619'N, 128°13.610’'E). Rocks in
the quarry are dominantly medium-grained garnet-bearing two-mica monzogranite with
veins of garnet-bearing muscovite (+biotite) alkali-feldspar granite, aplite and pegmatite.
Most veins are 6 to 10 cm in width, but large ones have a width over 50 cm.

Garnet-bearing two-mica monzogranite is composed of quartz (ca. 35 vol.%),
microcline (ca. 30 vol.%), sodic oligoclase (ca. 25 vol.%), biotite (<5 vol.%), muscovite
(<3 vol.%) and garnet (1-2 vol%). Most plagioclase grains are normaily zoned from
An—An, for the center to An,—Ang for the margin (Table 1). Garnet and biotite in
garnet-bearing two-mica monzogranite show higher FeO and lower MgO contents than
those reported by Wu et al. (2004), suggesting that the present sample is more evolved
than two-mica monzogranite. Biotite contains 0.04-0.38 wt.% BaO with an average of
0.13 wt.% and microcline contains 0.01-0.41 wt.% BaO with an average of 0.19 wt.%.

Table 1. XRF analyses of garnet-bearing two-mica monzonite (1709a and 1709b) and garnet-
bearing mucovite alkali-feldspar granite (1709¢ and 1709d) from the Dongging pluton
together with average compositions of two-mica monzonite (MG) and garnet-bearing
mucovite alkali-feldspar granite (AfG) reported by Wu et al. (2004). Also listed are
EPMA analyses of major constituent minerals in sample 1709a. Gt: garnet, Bt: biotite,
Mus: muscovite, Kf: miclocline, Pl-core: plagioclase core, Pl-rim: plagioclase rim.“*”;
total Fe as FeO.

1709a 1709b 1709¢ 1709d MG  AfG Gt Bt Mus Kf Pl-core Plrim

Si0, 73.86 7368 7430 7497 7403 7538  SiO, 3608 8372 4480 6461 6505 66.02
TiO, 005 003 003 002 010 00l O, 002 191 029 00 00 00
ALO, 1405 1477 1349 1350 1416 1428  ALO, 1995 1840 8613 1842 2L75 2102
Fe,0y - - - -~ 006 090 Fe0, - -
FeO  121% 125% 108 090% 124 080 FeO 29.36% 27.31* 2.85% 002 002% 0.01*
MnO 006 017 004 003 009 022 MnO 1301 065 002 00 00 00
MgO0 005 003 002 001 024 008 MgO 043 285 058 00 00 00
CaO0 090 083 070 068 141 051 CaO 045 006 00 002 294 178
Na,0 413 409 423 454 417 350 BaO 00 011 00 019 00 00
KO 401 396 426 427 369 441  NaO 00 003 00 080 983 1051
P,0, 002 003 002 002 003 003 KO 00 88 1055 1559 024 023
LOIL 030 037 017 012 05 049 LOI - - - -
Total 98.64 99.21 9834 9906 99.80 10061  Total 99.30 9391 9522 99.65 9983 9957

\ 3.3 4.1 3.6 4.3 - - Si 3.003 5444 6013 299% 2869 2911
Cr 12 14 13 12 26.1 4.6 Ti 0.001 0232 0029 0.0 0.0 0.0
Co L1 15 1.0 1.0 - - Al 19567 3.602 5716 1006 1.181 1.092
Ni 6.4 49 6.3 5.4 - - Fe 2.044 3688 0320 0001 0001 00
Zn 46 29 33 31 - - Mn 0917 0.089 0.002 0.0 0.0 0.0
Rb 183 182 163 188 117 187 Mg 0.063 0.681 0116 0.0 0.0 0.0
Sr 167 136 bb 42 222 16 Ca 0.040 0.010 0.0 0.001 0139 0.084
Y 22 27 19 15 782 368 Ba 0.0 0.007 0.0 0.003 0.0 0.0
Zr 56 48 20 b 75 32 Na 0.0 0.009 0.0 0.072 0841 0.898
Ba 360 280 50 10 503 6.06 K 0.0 1.831 1807 0.922 0014 0.013

Pb 21 21 30 36 - -
Th 63 <10 <10 <10 486 688




CHIME dating of monazite from the Dongging pluton in SE Jilin, China 27

Muscovite in garnet-bearing two-mica monzogranite contains no detectable amount
of BaO. Alkali-feldspar granite shows higher modal quartz and microcline and lower
modal plagioclase than garnet bearing two-mica monzogranite. Plagioclase is mainly
albite in composition. Biotite, muscovite and garmet are sparse in the analyzed samples
of alkali-feldspar granite. Monazite and zircon are rare in alkali-feldspar granite.
XRF analyses of garnet-bearing two-mica monzogranite (1709a and 1709b) and
garnet-bearing alkali-feldspar granite (1709c and 1709d) are given in Table 1, together
with average compositions of two-mica monzogranite and garnet-bearing muscovite
alkali-feldspar granite reported by Wu et al. (2004). The bulk compositions of the
garnet-bearing two-mica monzogranite are characterized by high contents of alkalis,
with Na,0O = 4.13 wt.% and 4.09 wt.% and K,0 = 4.01 wt.% and 3.96 wt.%, respectively.
Trrespective to presence of muscovite and garnet, the Al,0,/(Ca0+Na,0+K,0) molar
ratios are 1.10 for sample 1709a and 1.18 for sample 1709b and the AL,O,/(Na,0+K,0)
molar ratios are 1.28 and 1.34, respectively. The Al,0,/(CaO+Na,0+K,0) molar ratios
of the garnet-bearing alkali-feldspar granites are 1.05 and 1.01, reflecting low modal
abundance of biotite, muscovite and garnet. The concentrations of Ba, Sr and Zr
in the garnet-bearing two-mica monzogranite are distinctly higher than those in the
garnet-bearing alkali-feldspar granite, but not as high as in the two-mica monzogranite
of Wu et al. (2004). Figure 3 compares primitive mantle-normalized spider diagrams
of the garnet-bearing two-mica monzogranite (1709a) with those of averages of two-
mica monzogranite and garnet-bearing muscovite alkali-feldspar granite of Wu et al.
(2004). The normalized pattern of the two-mica monzogranite of Wu et al. (2004)
shows high enrichment in Rb, Ba, Th and K and moderate enrichment of Sr, Zr and
Y with negative anomalies of P and Ti. The normalized pattern of garnet-bearing
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Fig. 3 Primitive mantle-normalized spider diagram for the garnet-bearing two-mica monzogranite
(1709a). Normalization values from Sun and Mc Donough (1989). Also shown are primitive
mantle-normalized spider diagrams for average two-mica monzogranite and garnet-bearing
alkali-feldspar granite (Wu et al., 2004).
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muscovite alkali-feldspar granite shows significant depletion in Ba, Sr and Ti, while
the Rb, Th and K concentrations remain unchanged. It is also depleted in Zr and
enriched in Y.

The garnet-bearing two-mica monzogranite shows a normalized pattern similar
to that of two-mica monzogranite. The intermediate characteristics of chemistry as
shown by the slight depletion in Ba, Sr, Zr and Ti and the distinct enrichment in Y
links the two-mica monzogranite and the garnet-bearing alkali-feldspar granite.

CHIME MONAZITE DATING

Experimental method

Monazite grains in polished thin sections were analyzed by using the JEOL JCXA-733
electron microprobe that was equipped with 4 wavelength dispersive spectrometers
with a 140 mm radius of the Rowland circle. Each spectrometer was equipped with
a PET (002 pentaerythritol) diffraction crystal and a sealed Xe X-ray detector.

Instrument operating conditions for the spot by spot analysis were 15 kV accelerat-
ing voltage, 3 um probe diameter and 150 nA probe current. ThMo, UMB, PbMo. (PbMp)
and YL lines were measured simultaneously, and CaKo, SKo, PKq, SiKo, KKo and
NbLuo lines were also measured. For the analyses of Th, U, Pb and Y, X-ray intensity
was integrated over 400s period for the line peak position and over 200s period for
two optimum background positions. To ensure that possible changes of the sample
surface had a minimal effect on the results, the measurement of peak and background
positions was repeated five times for each analysis. For the analyses of other ele-
ments, X-ray intensities were integrated over 40s on each line peak position and 20s
on two background positions. The background value for each line was estimated by
exponential fitting of two readings. The standards were euxenite provided by Smellie
et al. (1978) for Th, U and Nb, synthesized glass (Suzuki and Adachi, 1998) for Pb,
Si and Ca, synthesized Y-glass (Y,0; = 10 wt.% and K,0 = 2 wt.%) for Y and K, barite
for S, xenotime for P and the synthesized REE glasses provided Drake and Weill
(1972) for rare earth elements. The interferences of ThMy, ThM3-N4 and ThM5-P3
lines on UMP and NbLf, YLy, ThM{ and SKo lines on PbMo, were corrected through
the procedures described in Suzuki and Kato (2008). The X-ray intensity data were
converted into concentrations by the Bence and Albee’s method (Bence and Albee,
1968) using the a-factor table provided by Kato (2005) and the average of analyses on
several spots as the matrix composition. The small difference in the matrix composi-
tions between analyzed and reference spots has a negligible effect on the ThO,, UO,
and PbO determinations. The detection limits at a 20 confidence level were 0.009,
0.011 and 0.006 wt.% for ThO,, UO, and PbO, respectively. Relative errors were about
10% for 0.03 wt.% PbO, 5% for 0.07 wt.% PbO, 2% for 0.6 wt.% UO, and 0.5% for 7.0
wt.% ThO, The CHIME age was calculated through the procedure given in Suzuki
and Adachi (1991a and 1991b) and Suzuki and Kato (2008, and references therein) by
using the decay constants recommended by Steiger and Jiager (1977).

For digital mapping of monazite, we used 3 spectrometers for the Pb measure-
ment with a beam current of 600 nA. The rest spectrometer is used for acquiring a
background map. Background maps for individual line positions of every spectrometer
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Fig. 6 Back scattered electron (BSE) images of M01, M02 and M03 monazite grains after the
digital mapping, showing analyzed spots. The numbers given to individual spots corre-
spond to the spot numbers given in Table 2. The dotted areas in sketch maps represent
portions where included minerals appear by additional polishing of the thin section
after the digital mapping (compare BSE images in Figs. 4 and 5). Gaps developed along
cleavages in MO1 grain.

Table 2. Electron microprobe analyses (wt.%) of monazite in 1907a garnet-bearing two-mica
monzogranite. Age: apparent age in Ma, ThO,*: the measured ThO, plus ThO, equivalent
of the measured UO,, R: the molar (Ca0+SiO,)/(ThO,+UO,+PbO+S) ratio.

Spot ~ThO, UO, PbO Age ThO* Ca0 Y0, S KO SO, R

MoO01-01 536 0463 0.0441 152 6.86 0953 1.766 <0.002 0.017 03564 1.03
MO01-02 5.92  0.308 0.0506 173 6.91  0.897 1.327 <0.002 0.018 0479 1.01
MO01-03 7.20 0.606 0.0654 169 9156 1195 1494 <0.002 0017 0511 1.00
MO01-04 5,02 0227 0.0423 174 576  0.810 1.808 <0.002 0.018 0.339 1.00
MO01-056 7.08 0716 0.0615 156 9.38  1.2561 1.931 <0.002 0.027 0420 0.99
MO01-06 766 06456 0.0643 163 932  1.092 2101 <0.002 0.011 0.684 1.00
MO01-07 6.95 0543 0.0602 164 8.70  1.207 1.862 <0.002 0.006 0407 0.99
MO01-08 6.16  0.164 0.0624 185 6.69 0.728 1.046 <0.002 0.013 0.644 0098
MO01-09 9.98 0211 00750 166 10.66 1.163 0.931 <0.002 0.008 1.145 1.02
M01-10 4.85 0.130 0.0384 172 527  0.643 1.141 <0.002 0.003 0465 1.01
MO1-11 6.69 0374 0.0508 154 779 1136 1.774 <0.002 0.015 0355 0.98
MO01-12 719  0.549 0.0603 159 896  1.140 1981 <0.002 0.011 0.540 0.99
MO01-13 7.68 0187 0.0491 142 818 0.886 1.095 <0.002 0.011 0718 094
MO1-14 1094 0226 0.0813 1656 11.67 1.192 1.146 <0.002 0.0056 1.272 0.99
MO01-15 9.63  0.197 0.0698 162 1016 1.026 0.868 <0.002 0.009 1.141 1.00
MO1-16 6.566  0.131 0.0487 166 6.97 0719 0.783 <0.002 0.011 0.765 1.00
MO1-17 537  0.113 0.0409 169 573  0.703 0.894 <0.002 <0.004 0503 1.00
MO1-18 473  0.163 0.0379 171 526  0.721 1.758 <0.002 <0.004 0295 0.95
MO01-19 6.08 0326 0.0492 163 713  0.991 1.647 <0.002 0.009 0407 1.00
MO01-20 6.90  0.188 0.0521 164 7560  0.873 1222 <0.002 0.009 0.690 1.00
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Table 2. (continued)

Spot ThO, UO, PbO Age ThO* CaO0 Y,04 S K0 Sio, R
MO01-21 934 0222 00717 169 10.06 1156 1404 <0.002 0.006 0.946 1.00
MO01-22 12,67 0236 01022 180 1344 1179 0.890 <0.002 0.004 1481 0.93
MO01-23  10.20 0.207 0.0762 166 10.87 1.045 0.875 <0.002 0.008 1.278 1.00
MO01-24 5.28 0.206 0.0434 173 594 0.831 1923 0.005 0003 0394 1.01
MO01-25 712 0.584 0.0611 161 9.00 1196 2.042 0.006 0008 0.511 1.01
MO01-26 593 0.232 0.0496 176 6.68 0.867 1.532 <0.002 0.003 0489 1.00
MO01-27 847  0.217 0.0637 164 9.17 1.062 1.192 <0.002 0.014 0832 098
M01-28 7.25  0.360 0.0696 168 841 0993 1.257 <0.002 0.013 0.664 0.99
M02-01 5.90 0418 0.0544 177 725 0.893 1.692 0.011 0.019 0559 1.03
MO02-02 594  0.501 0.0568 178 756 0921 1.904 0.012 0.032 0557 1.03
M02-03 552 0273 0.0464 172 6.40 0764 1313 0.0056 0.009 0546 1.02
M02-04 581  0.385 0.0499 167 7.06 0840 15564 0.010 0.012 0541 1.00
M02-05 5.28  0.104 0.0455 192 562 0567 0.782 0.008 0.009 0.597 0.96
M02-06 528 0.104 0.0429 181 562 0567 0.782 0.008 0009 0.628 0.99
M02-07 757 0225 0.0611 174 829 0949 1.101 <0.002 0011 0.817 1.02
M02-08 512  0.401 0.0550 203 642 0882 1.675 <0.002 0.014 0511 1.15
M02-09 6.02 0496 0.0550 171 7.62 0918 1.987 <0.002 0.009 0519 1.01
M02-10 6.71  0.411 0.0639 159 8.03 0968 1501 0.002 0.008 0550 0.97
Mo02-11 6.86  0.163 0.0499 160 7.38 0.785 1.188 0.002 0.004 1021 115
MO02-12 544 0299 0.0466 172 6.40 0963 1.861 0.003 0.008 0316 1.02
MO02-13 484 0447 0.0401 151 6.27 0975 1534 0.010 0.011 2762 3.10
MO02-14 6.39  0.554 0.0661 162 8.18 1063 2.020 <0.002 0.011 0501 1.02
MO02-15 480 0.184 0.0306 134 539 0.829 1.964 <0.002 0.010 0368 1.10
M02-16 598 0.373 0.0563 182 718 0.899 1.716 <0.002 0.006 0521 1.02
MO02-17 481  0.162 0.0367 163 533 0766 1.918 <0.002 0.008 0321 1.00
MO02-18 495 0.178 0.0398 170 553 0771 1755 0.003 0.006 0397 1.03
MO02-19 1126 0284 00869 169 12.18 0983 0.830 0.002 0.012 1623 1.01
M02-20 754  0.671 0.0673 164 970 1394 1,940 <0.002 0.009 0.398 1.00
M02-21 442 0228 0.0394 181 516 0707 1364 <0.002 0.016 0996 1.64
M02-22 3.80 0.088 0.0295 171 4.08 0492 1.013 <0.002 0.006 0358 0.99
MO02-23 177 2.123 0.0186 b1 8566 0.126 0.182 0.002 2875 35938 40.78
Mo02-24 506 0159 0.0408 173 5,67  0.679 1.343 <0.002 0.007 0471 1.00
MO02-25 5356  0.275 0.0529 200 6.24 0936 1721 <0.002 0.007 0661 1.21
M02-26 6.51  0.448 0.0584 174 796 0945 1.699 0.006 0.022 0.560 0.98
Mo02-27 580  0.310 0.0425 148 6.80 0989 1.310 0.003 0.009 2930 284
Mo02-28 546  0.231 0.0436 166 6.20 0.890 1.922 <0.002 <0.004 0.327 0.98
M02-29 483 © 0.184 0.0394 172 542 0785 1981 <0.002 0.006 0316 1.01
M02-30 571 0371 0.0489 167 691 0778 1.662 <0.002 0.020 0540 0.98
M02-31 6.92 0.522 0.0615 169 8.60 1178 1.624 <0.002 0.014 0431 0.99
M02-32 6.42  0.100 0.0505 177 6.74 0.694 0.796 <0.002 0.007 0.746 1.00
M02-33 276 0.087 0.0173 134 3.05 0403 0.680 <0.002 0023 1596 3.10
MO02-34 592  0.129 0.0446 167 6.33 0.663 0942 0.002 0.004 0.661 0.98
M02-35 749  0.735 0.0688 166 985 1.344 1.843 <0.002 0013 0494 1.03
M02-36 7.06 0547 0.0618 166 882 1078 1.850 0.002 0.010 0573 0.99
MO03-01 3.77 0.100 0.0313 181 4,10 0493 0.958 <0.002 0.005 0.356 0.99
M03-02 557  0.146 0.0420 164 6.04 0.766 1.201 <0.002 <0.004 0.465 0.98
M03-03 6.08 0.363 0.0588 192 725 1080 1.604 <0.002 0.031 1.668 191
MO03-04 6.30  0.131 0.0460 162 6.72 0774 1.000 <0.002 <0.004 0.682 1.02
MO03-05 504 0135 0.0392 169 547 0716 1416 <0.002 <0.004 0398 0.98
M03-06 561 0259 0.0443 163 6.45 08561 1.657 0.003 0.012 0459 1.01
MO03-07 12.98 0234 00938 161 13.74 1244 0.930 <0.002 0.011 1.614 0.97
M03-08 1292 0.221 00892 166 1364 1218 0.921 <0.002 0.016 1.672 0.99
MO03-09 828 0.194 0.0660 175 891 1102 1.352 <0.002 0009 0.813 1.02
MO03-10 7.67 0.204 0.0583 166 832 1.063 1.364 <0.002 0.005 0.656 0.99
MO03-11 6.10 0425 0.0517 164 747 1021 1901 <0.002 0.007 0428 1.02
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Table 2. (continued)

Spot ThO, UO, PbO Age ThO# CaO Y,0, S KO 80, R

MO03-12 3.60 2.650 0.0244 48 12,06 0.641 0.707 0.006 6.004 21.998 15.90
M03-13 597 1255 00518 122 10.00 0.752 1.669 <0.002 2.204 9.331 6.13
MO03-14 936  0.814 0.0847 167 11.98 1513 2329 <0.002 0.013 0.719 1.00
MO03-156 586  0.162 0.0468 173 6.39 0.798 1.385 <0.002 0.004 0549 1.02
M03-16 7.94 0212 0.0592 162 8.62 1119 1528 <0.002 0.006 0.668 1.00
M03-17 10.68 0.214 00766 159 1137 1177 1148 <0.002 0.004 1169 0.97
M03-18 12.16 0215 0.0913 168 12.85 1.174 0967 <0002 0.010 1351 0.92
MO03-19  11.87 0.207 0.0837 158 1254  1.169 0977 0004 0.006 1468 0.98
MO03-20 11.95 0218 0.0927 173 12.66 1174 0.968 <0002 0008 1525 1.00
M03-21 543  0.149 0.0413 166 591 0.768 1.548 <0.002 0.006 0.442 0.99
M03-22 538  0.137 00462 188 582 0.738 1476 <0.002 0.008 0463 0.99
M03-23 10.81  0.199 0.0801 165 1146 1.091 0937 <0.002 0.011 1327 0.99
M03-24 10.89 0.203 0.0807 165 11.54 1.081 0.961 <0.002 0.009 1369 0.99
M0325 11.07 0.193 0.0833 168 11.69 1.114 0966 <0.002 0008 1.380 1.00
M03-26 1104 0214 008156 164 11.73 1148 1.040 <0.002 0.011 13656 1.00
MO03-27 7.38  0.223 0.0684 171 810 1.060 1577 <0.002 0.006 0.621 1.00
M03-28 944  0.627 0.0796 164 1146 1.273 2453 0.003 0018 0983 1.01
M03-29 5.29 0457 0.0456 159 6.77 0.823 2099 <0.002 0.012 0449 1.01
MO03-30 496 0.088 0.0385 174 524 0685 1.176 <0.002 0.004 0417 0.99
M03-31 6.26  0.130 0.0432 153 6.68 0.816 1.215 <0.002 <0.004 0576 0.99
M03-32 9.77 0167 0.0726 167 1031 1.021 0931 <0.002 0.012 1184 1.00
MO03-33 9.62 0.166 00679 1568 10.15  1.001 0.962 <0.002 0.006 1151 0.99
M03-34 8.06 0.141 0.0643 179 850 0.849 0883 <0.002 0.008 0.962 1.00
MO03-35 7.556  0.112 0.0579 173 7.91 0.867 0.885 <0.002 0.004 0.870 1.02
M03-36 6.21 0426 0.0484 151 7.68  1.042 1924 <0.002 0.008 0.388 0.99
MO03-37 6.00 0.270 0.0482 166 6.87 1.037 1.897 <0.002 0.007 0324 1.00
MO03-38 482 0.152 0.0361 161 531  0.777 1.827 <0.002 0.011 0.308 1.00
M03-39 472 0113 0.0363 169 5,08 0.720 1.896 <0.002 0.009 0.325 0.99
M03-40 446 0103 0.0324 160 479  0.673 1.739 <0.002 0.004 0.308 0.98
MO03-41 586  0.377 0.0516 173 7.07 0.832 1739 <0.002 0.007 0548 1.01
MO03-42 7.65  0.582 0.0664 167 942 0977 2626 <0.002 0.014 0820 1.00
M03-43 8.60 0.621 00716 160 10.60 1,119 2259 0.003 0.009 0.8567 0.97
MO03-44 7.86 0504 0.0702 175 949 0910 2224 0.003 0005 0.990 1.02
MO03-45 6.28 0.3b4 0.0604 161 742 1.097 1767 <0.002 0.009 0.713 1.24
MO03-46 6.91 0339 0.0684 173 8.01 1169 1.820 <0.002 0.008 0436 101
MO03-47 6.90 0417 005678 166 824 1173 1837 <0.002 0.006 0445 1.01
M03-48 4.96 0438 0.0463 172 6.37 0.789 1959 0.002 <0.004 0407 101
MO03-49 794 04566 0.0660 166 941  0.924 2059 <0.002 0012 0933 100
M03-50 885 0.564 00784 178 10.67 1.084 2052 <0.002 0.012 0.936 0.97

M02-01, M02-02, M02-04, M02-13 and M03-12 contain 0.005-0.012 wt.% S. Some data
sets (M02-23, M03-12, and M03-13 in Table 2) show extremely high SiO, and K,O
contents. These analyses were resulted from hitting on grain margins or around
inclusions of biotite or K-feldspar. Similarly, the high SiO, analyses (M02-27 and M02-
32) were resulted from hitting around quartz inclusions. Spots M01-13 and M02-08
locate on metamict domains where the (Ca+Si)/(Th+U+Pb+S) ratio deviates largely
from unity. Therefore, the apparent ages of 203 Ma for M02-27 and 142 Ma for M01-13
are likely discordant. To regress an isochron free from potentially discordant data
points, individual analyses were screened with the chemical criteria, 0.95<(Ca+Si)/
(Th+U+Pb+S8)<1.056 and K,0<0.02 wt.% (Suzuki and Kato, 2008). The screened 89 data
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Fig. 7 PbO vs. ThO,* plots of M01, M02 and M03 monazite grains. ThO,* denotes sum of the
measured ThO, and ThO, equivalent to the measured UO,. Circles represent data points
screened with the chemical criteria, 0.95<(Ca+Si)/(Th+U+Pb+S)<1.05 and K,0<0.02 wt.%,
and crosses show data points rejected by the criteria.

points are arrayed linearly and give an isochron of 159.0+4.8 Ma with an intercept
value of 0.0030+0.0017 (Fig. 7).

DISCUSSION

E'mplacement time of the Dongqing pluton

Previous 2°Pb/?2Th monazite dating gave a 208 Ma age for the two-mica monzo-
granite in the Dongqging pluton, and K-Ar dating of mica gave 156 and 160 Ma ages for
the granitic pegmatites (Fang, 1992). On the basis of the age difference, Fang (1992)
suggested two different stages for the pluton emplacement. Recent Rb-Sr isotopic
study gave a whole-rock isochron age of 1566+3 Ma based on the 4 isotopic analyses
of two-mica monzogranite and an isotopic analysis of garnet-bearing alkali-feldspar
granite (Wu et al., 2004). They also reported 1568+2 Ma Rb-Sr mineral isochron ages
for of two-mica monzogranite and 1563+3 Ma Rb-Sr and 1624 Ma Sm-Nd mineral
isochron ages for garnet-bearing alkali-feldspar granite. Wu et al. (2004) considered
that both two-mica monzogranite and garnet-bearing alkali-feldspar granite emplaced at
about 160 Ma, but did not interpret the cause of the inconsistency between 2%¥Pb/22Th
monazite and Rb-Sr isochron ages.

Present digital mapping reveals that monazite grains in garnet-bearing two-mica
monzogranite show oscillatory and sector zonings typical for growth from viscous
magma, but are chronologically homogeneous with ca. 160 Ma apparent ages (Figs.
4 and b). Monazite grains do not contain older components leading the 2%Pb/%?Th
age of 208 Ma. The refined CHIME monazite age is 159.0+4.8 Ma, consistent with the
Rb-Sr and Sm-Nd ages reported by Wu et al. (2004). Before we adopt our CHIME
monazite age, it is of interest to discuss how the 208 Ma ?®Pb/?*Th monazite age was



CHIME dating of monazite from the Dongging pluton in SE Jilin, China 35

200
g
)
& 150
5
5
&
<
100 |—
O 0.95 < (Ca+Si)/(Th+U+Pb+S) < 1.05
K20 < 0.02
| I | | |
2 4 6 8 10 12 14

ThO2 (wt.%)

Fig. 8 Plots of apparent age against the ThO, concentration of monazite. Symbols are the
same as in Fig. 6.

generated. As stated above, the intercept value of isochron is 0.0030+0.0017. Although
it is close to zero within the limit of analytical uncertainty, the positive value suggests
sizable amounts of initial Pb in monazite. To confirm this, the relationship between
the ThO, concentration and apparent ages is illustrated in Fig. 8. Datasets with lower
ThO, concentrations tend to give higher apparent ages than those with higher ThO,
concentrations, reinforcing sizable amounts of common Pb in monazite. If monazite
grains analyzed by Fang (1992) were low in ThO, and high in initial Pb, erroneous old
208Ph/22Th age might be possible without appropriate common Pb correction. Further,
datasets with the (Ca+Si)/(Th+U+Pb+S) ratio deviated from unity give apparent ages
over 200 Ma (e.g. M02-08, N02-25 and M03-03) as well as younger ages (e.g. M01-13
and M02-15). The 2%Pb/22Th age of 208 Ma appears to be discordant owing to the
common Pb effect and the non-closed system behavior of the Th-Pb system. The
present CHIME monazite age of 1569.0x4.8 Ma appears to be the crystallization time
of the garnet-bearing two-mica monzogranite. This dating and the Rb-Sr and Sm-Nd
isochron ages of Wu et al. (2004) strongly suggest that the ca. 160 Ma age most likely
dates the emplacement age of the Dongging pluton.

Mineralogy during the late stage of magma-fluid interaction

Wu et al. (2004) considered that the garnet-bearing alkali-feldspar granite was
formed contemporaneously with two-mica monzogranite by intense magma-fluid
interaction during the late stage of differentiation of A- or I-type magmas. The present
CHIME dating and previous isotopic dating (Fang, 1992; Wu et al., 2004) confirm the
simultaneity of the monzogranite and alkali-feldspar granite. The change from the
two-mica monzogranite to the garnet-bearing alkali-feldspar granite may be realized
through formation of garnet at the expense of biotite and plagioclase:
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biotite plagioclase
K Fe Al Si0,,(0H), + CaALSi,Of + 2NaAlSi,0, + 4H*

garnet K-feldspar quartz
—  2Fe AlSi 0 + 2KAISE,O, + 2810, + Ca* + 2Na* + 4H,0

Barium and Ti in biotite (see Table 1) and Sr in plagioclase were released into fluid
during this reaction and garnet likely incorporates Y from fluid by Y3*AI** &2 Mn**Si*
(Jaffe, 1951) and Y* &2 Al** (Wang et al., 2003) substitutions. This process resulted
in significant depletion in Ba, Sr, and Ti and enrichment in Y in the garnet-bearing
alkali-feldspar granite. The persistence of Ba-bearing biotite and oligoclase in the
garnet-bearing two-mica monzogranite is consistent with its intermediate characteristics
in terms of Ba, Sr, Ti and Y concentrations (Fig. 3). Mineral species provide constraint
on element abundances in rocks formed through intense magma-fluid interaction.

CONCLUSIONS

(1) The Dongqing pluton in the Zhangguangcai Range includes two-mica monzogranite,
garnet-bearing alkali-feldspar granite and garnet-bearing two-mica monzogranite

(2) Digital mapping reveals that monazite grains in garnet-bearing two-mica monzogran-
ite display concentric and sector zoning, but they are chronologically uniform through-
out grains. Spot by spot analyses are filtered by the chemical criteria, 0.95<(Ca+Si)/
(Th+U+Pb+S5)<1.05 and K,0<0.020 wt.%. The screened datasets define an isochron
of 159.0+4.8 Ma with an intercept value of 0.0030+0.0017. This age is younger than
the 2®Pb/%*Th monazite age of 208 Ma (Fang, 1992), but accords well with Rb-Sr and
Sm-Nd isochron ages reported by Wu et al. (2004). The older *Pb/??Th monazite
age is most likely caused by the sizable amounts of initial Pb in monazite.

(3) The development of garnet-bearing alkali-feldspar granite in the Donggin pluton
is ascribable to the formation of garnet through decomposition of biotite and plagio-
clase as the result of intense fluid-magma interaction during a late stage of magmatic
evolution.
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