THE SHAHEWAN RAPAKIVI-TEXTURED GRANITE - QUARTZ
MONZONITE PLUTON, QINLING OROGEN, CENTRAL CHINA: MINERAL
COMPOSITION AND PETROGENETIC SIGNIFICANCE

XTAOXIA WANG, TAO WANG, ILMARI HAAPALA AND XINXIANG LU

WANG, XIAOXIA, WANG, TAO, HAAPALA, ILMARI and LU, XINXIANG
2002. The Shahewan rapakivi-textured granite — quartz monzonite pluton, Qin-
ling orogen, central China: mineral composition and petrogenetic significance.
Bulletin of the Geological Society of Finland 74, Parts 1-2, 133—146.

The Mesozoic Shahewan pluton consists of four texturally different types of
biotite-hornblende quartz monzonite. In the porphyritic types alkali feldspar
occurs as euhedral or ovoidal megacrysts that are often mantled by one or more
plagioclase shells, and as smaller grains in the groundmass. Quartz, plagioclase
(An,_»), biotite, and hornblende occur as inclusions in the alkali feldspar mega-
crysts and, more abundantly, in the groundmass. Euhedral quartz crystals in the
groundmass are not as common and well developed as in typical rapakivi gran-
ite. Compared to typical rapakivi granites, the mafic minerals (biotite and horn-
blende) are rich in Mg and poor in Fe, and the whole rock is low in Si, K, F,
Ga, Zr, LREE, Fe/Mg, and K/Na. The rocks of the Shahewan pluton are thus
regarded as rapakivi-textured quartz monzonites and granites but not true rapa-
kivi granites.
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INTRODUCTION

A group of Mesozoic 212-217 Ma granitoids with
plagioclase-mantled alkali feldspar megacrysts are
found along a major suture in the Qinling orogenic
belt, central China, and constitutes a special gran-
ite - quartz monzonite belt (Lu et al. 1996, 1998,
1999, Zhang et al. 1999). The Shahewan granite
- quartz monzonite pluton is a typical example of
the intrusions of this belt. Although the rocks are
different from the typical Proterozoic rapakivi
granites both in age and geological setting (see
Ridmo & Haapala 1995, 1996, Haapala & Rdmo
1999), they have some textural features typical of
rapakivi granites. A preliminary description on
their geological setting, age and geochemistry is
presented in earlier papers (Lu et al. 1996, Wang
& Lu 1998, Zhang et al. 1999). In this article, we
discuss petrography and mineral compositions of
the rocks of the Shahewan pluton in order to make

a more detailed comparison to typical rapakivi
granites.

GEOLOGICAL SETTING
The Qinling orogenic belt

The NWN-SSE trending Qinling orogenic belt,
central China, separates the North China Block
from the South China Block (e.g. Mattauer et al.
1985, Meng & Zhang 1999; Fig. 1). This belt has
a complex tectonic and magmatic history. Re-
searchers agree that the belt was formed by amal-
gamation of the North and South China blocks, but
different models have been presented for the in-
tegration history (see Meng & Zhang 1999). Sev-
eral investigators have emphasized the role of
Paleozoic collision of the two blocks along the
Shangdan suture in formation of the Qinling belt
and its Paleozoic-Mesozoic igneous suites (e.g.
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Fig. 1. Geological map showing the regional setting and zonal structure of the Shahewan pluton. Legend: 1.
monzogranite; 2. quartz monzonite; 3. rapakivi-textured granite; 4. Lajimiao gabbro; 5. Danfeng group; 6. Qin-
ling group; 7. Liuling group; 8. Cretaceous-Quaternary; 9. Shangdan suture; 10. boundary of petrographic zone.
NCB = North China Block, SCB = South China Block; NOB = North Qinling Block; SOB = South Qinling Block.
1, 11, 11l and 1V show the distribution of the four zonally arranged main rock types discussed in this study.
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Lerch et al. 1995, Lu et al. 2000). The Phanero-
zoic felsic intrusions are of two main age groups:
345 to 380 Ma and 206 to 220 Ma, and many of
them are centered on the Shangdan suture (Meng
& Zhang 1999). Another suture zone, the Mian-
lue suture, occurs 100-200 km south of the
Shangdan suture. By combining various geologi-
cal, paleomagnetic and geochronological data,
Meng and Zhang (1999) constructed a geotecton-
ic model that involved two orogenic episodes in
formation of the Qinling belt. Following a mid-
dle Paleozoic subduction and collision along the
Shangdan suture, rifting in the southern part of the
Qinling belt led to opening of an ocean. Closure
of this Paleo-Tethyan Qinling Ocean led to Tri-
assic collision along the Mianlue suture and gen-
eration of collision-related felsic intrusions largely
located along the Shangdan suture. Instead, in a
one-orogeny model, the Shahewan pluton and re-
lated 206-220 Ma felsic intrusions are regarded
as late post-collisional (perhaps even anorogenic)
intrusions (see Lu 1996). In the two-orogeny mod-
el they could be interpreted as magmatic arc or
collision-related rocks — a possibility that needs
further studies.

The Shahewan pluton

The Shahewan pluton is a typical representative
of the 206-220 Ma rapakivi-textured intrusions in
the Shangdan suture (Fig. 1). To the north, the
pluton is in contact with the Proterozoic Qinling
group, Proterozoic - Paleozoic Danfeng group and
Caledonian Lajimiao gabbro (402.6+17.4 Ma Sm-
Nd mineral isochron, Li et al. 1989), which all
belong to the North China Block. The Qinling
group with amphibolite-facies metamorphism is
assumed to form the old Precambrian crystalline
basement of the belt (Zhang et al. 1989, Wang et
al. 1997), and the Danfeng group consists predom-
inately of arc volcanic rocks and some possible
ophiolite suites. To the south the pluton is in con-
tact with a sandy slate of the Devonian Liuling
group. The granite pluton has sharp contact with
its wall rocks and has caused contact metamor-
phism in the Liuling group, forming a hornfels
zone 300-1000 m in width. It is ellipsoidal in

shape, trends east-west and has an area of 104
km?. Enclaves, consisting of fine-grained horn-
blende diorite and biotite-hornblende quartz dior-
ite, are frequent in the pluton, particularly at the
margins. In some of them, alkali feldspar mega-
crysts, with or without plagioclase mantle, can be
observed.

Three ages have been determined for the
Shahewan pluton by various methods: 212.1+1.8
Ma by U-Pb on zircon, 213.9+0.5 Ma by Rb-Sr
on whole rock, alkali feldspar, apatite and biotite
(MSWD=0.17, Iy, =0.705), and 213.2 +2 Ma by
Ar-Ar on biotite (Lu et al. 1999, Zhang et al.
1999). These ages are consistent with the region-
al geology. For example, the pluton has been re-
worked neither by late Paleozoic metamorphism
(450-350 Ma, You & Suo 1991) nor deformation
along the major suture, although many Paleozoic
plutons in the suture have been deformed.

PETROGRAPHY

The Shahewan pluton consists of four zonally ar-
ranged main rock types (Fig. 1): 1) porphyritic
biotite-hornblende monzogranite with about 25
vol% megacrysts, 2) porphyritic biotite-horn-
blende quartz monzonite with about 10 vol%
megacrysts, 3) megacryst-bearing biotite-horn-
blende quartz monzonite, and 4) medium to
coarse-grained porphyritic biotite-hornblende
quartz monzonite.

Porphyritic biotite-hornblende monzogranite
(with 35-30 vol% plagioclase, 20-25 vol% alka-
li feldspar, 20-25 vol% quartz, 5—7 vol% biotite,
and about 7 vol% hornblende) constitutes the out-
ermost zone of the pluton, especially along its
southern margin (Fig. 1). It is light red and has a
porphyritic texture with about 25 vol% alkali feld-
spar megacrysts (Fig. 2). The megacrysts are euhe-
dral or ovoidal in shape and about 2 cm x 4 cm
in size. Alkali feldspar in the matrix is anhedral.
Hornblende, biotite, plagioclase, and quartz are
present as inclusions in the alkali feldspar mega-
crysts and in the matrix.

Porphyritic biotite-hornblende quartz monzonite
(with 25-30 vol% plagioclase, 25-30 vol% alka-
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Fig. 2. Porphyritic biotite-horn-
blende monzogranite in the first,
outermost zone of the Shahewan
pluton.

Fig. 3. Porphyritic biotite-horn-
blende quartz monzonite in the
second zone of the Shahewan plu-
ton.

Fig. 4. Megacryst-bearing biotite-
hornblende quartz monzonite in
the third zone of the Shahewan
pluton.
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Table. 1 Chemical compositions of quartz monzonites from the Shahewan pluton; data from Lu et al. (1996). S1
is from the fourth zone of the Shahewan pluton, S7 from the third zone, and S5 from the second zone. Oxides in

wt%, trace elements in ppm.

Sample Si0, TiO, Al,O; Fe,0, FeO MnO MgO CaO Na,0 K,O P,0; H,O*
S1 67.00 0.62 14.02  1.00 2.38 0.114  2.04 2.62 4.13 4.08 0.30 0.48
S7 64.18 0.68 1528 1.18 2.52 0.106 2.16 3.08 4.18 4.51 0.27 1.10
S5 65.38 0.68 14.63 1.33 2.37 0.116  2.15 2.94 4.24 4.14 0.29 0.80
Sample Ga Sr Rb Nb Ta Zr Hf Th F

S1 13 360 88 12.3 0.8 240 7.9 17.1 510

S7 10 460 101 11.3 0.8 180 6.4 11.2 490

S5 12 430 100 13.8 1.2 190 6.4 14.0 570

Sample La Ce Nd Sm Eu Gd Yb Lu Y Eu/Eu*

S1 49.40 74.60 2750 5.68 1.29 3.67 1.29 0.19 11.4 0.94

S7 4230 77.40 30.20 6.26 1.42 4.20 1.25 0.10 13.80 0.81

S5 50.40 9470 3290 6.94 1.39 4.32 1.36 0.21 14.30  0.80

li feldspar, 10—15 vol% quartz, 5 vol% biotite, and
7-13 vol% hornblende) occurs in the second zone
of the pluton and shows roundish or euhedral al-
kali feldspar megacryst totalling about 10 vol%
(Fig. 3), many of them have plagioclase mantles.
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Fig. 5. Geochemical discrimination diagrams after
Whalen et al. (1987) adopted to the analyses of the
Shahewan, Jaala-Iitti, Aland and Wiborg complexes. a)
10000*Ga/Al vs. (Zr+Nb+Ce+Y), b) FeO*/MgO vs.
(Zr+Nb+Ce+Y), ¢) Zr vs. 10000¥Ga/Al, d) (Na,0+K,0)
vs. 10000%Ga/Al. Analyses from Finnish rapakivi gran-
ites from Vorma (1976), Rimd and Haapala (1995), and
Salonsaari (1995).

The alkali feldspar megacrysts contain common-
ly one plagioclase mantle, but some have two or
three mantles. The mineral composition and tex-
ture of the matrix is similar to that in the porphy-
ritic biotite-hornblende monzogranite.

Megacryst-bearing biotite-hornblende quartz
monzonite composes the third zone of the pluton.
The mineral contents are similar to the second
zone except have less than 5 vol% megacrysts
(Fig. 4). Some of the alkali feldspar megacrysts
are mantled by plagioclase. The minerals in the
groundmass of this rock type are the same as those
in the first and second zones.

Medium to coarse-grained porphyritic biotite-
hornblende quartz monzonite occurs in the fourth
zone and is the major rock type of the central part
of the pluton. It shows megacrysts of plagioclase
and alkali feldspar. Biotite, hornblende, plagiocla-
se, quartz, and alkali feldspar occur in the ground-
mass. Some of the alkali feldspars have plagiocla-
se mantles.

GEOCHEMISTRY

Chemical analyses of the rocks of the Shahewan
pluton are presented in Table 1. The rocks are
metalumious with A/CNK around 0.9. Compared
with the typical rapakivi granites of Finland (see
Vorma 1976, Rim6é & Haapala 1995), the rocks
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Table 2. Chemical compositions of hornblendes from the Shahewan pluton (1-6) compared to hornblendes of the
Shachang rapakivi granite (7-9; Yu et al. 1996). 1, hornblende of the first generation in the biotite-hornblende
quartz monzonite; 2—4, hornblende of the second generation in the biotite-hornblende quartz monzonite; 5-6,
hornblende of the enclaves in the Shahewan pluton. Analytical methods: 3—4, wet chemical analyses (Yan 1985);
1, 2, 5 and 6, JCXA-733 microprobe analyses at the Xi’an Geological Institute.

Sample 1 2 3 4 5 6 7 8 9
Sio, 48.18 50.58 50.22 50.08 48.21 47.87 41.31 41.67 41.98
TiO, 0.91 0.57 0.82 0.89 1.05 0.69 1.76 1.66 1.55
Al,O; 6.24 4.90 5.08 4.98 5.90 5.37 7.79 7.69 8.10
Fe,O; 4.58 4.50

FeO 9.20 9.05

FeO, 14.13 13.84 13.06 14.31 26.22 26.98 26.97
MnO 0.04 0.38 0.43 0.41 0.32 0.37 0.58 0.68 0.43
MgO 13.62 15.29 14.95 15.05 14.27 13.90 4.14 4.15 4.49
CaO 10.30 10.41 12.17 12.14 11.11 11.63 10.01 10.30 10.32
Na,O 1.41 1.21 1.15 1.14 241 0.89 1.69 2.09 1.82
K,0 0.54 0.12 0.50 0.38 0.18 0.30 1.59 1.47 1.42
NiO 0.03 0.00 0.00 0.00 0.00 0.07 0.00
Cr,0; 0.11 0.03 0.00 0.08 0.00 0.00 0.00
P,0, 0.26 0.28 0.00 0.00 0.10 0.37
Total 95.51 97.33 99.10 98.62 95.34 95.41 95.08 96.86 97.45
Si 7.1340 7.3114 7.1900 7.1969 7.0847 7.1377 6.6322 6.6080 6.5946
Al 0.8660 0.6886 0.8100 0.8031 0.9153 0.8623 1.3678 1.3920 1.4054
Total 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000
Al 0.2231 0.1462 0.0469 0.0406 0.1073 0.0821 0.1062 0.0449 0.0946
Fe* 0.5178 0.4967 0.4938 0.4870 0.4768 0.5376 0.9290 0.9328 0.9251
Ti 0.1014 0.0617 0.0890 0.0959 0.1157 0.0771 0.2122 0.1982 0.1831
Mg 3.0056 3.2939 3.1902 3.2237 3.1251 3.0886 0.9907 0.8905 1.0516
Fe** 1.1721 1.0015 1.1013 1.0881 0.0756 1.1962 2.1879 2.5413 2.5157
Mn 0.0525 0.0500 0.0400 0.0184 0.0791 0.0915 0.0576
Total 5.0000 5.0000 4.9737 4.9853 4.9405 5.0000 4.8051 4.7892 4.8277
Fe>* 0.0206 0.1191

Mn 0.0053 0.0469 0.0282

Ca 1.6345 1.6122 1.8670 1.8696 1.7493 1.8583 1.7220 1.7504 1.7369
Na 0.3396 0.2218 0.1330 0.1304 0.2507 0.1135 0.2780 0.2496 0.2631
Total 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000
Na 0.0643 0.1170 0.1871 0.1762 0.4363 0.1446 0.2478 0.3926 0.2910
K 0.0104 0.0226 0.0912 0.0691 0.0336 0.0573 0.3261 0.2973 0.2850
Fe/(Fe+Mg) 0.36 0.33 0.33 0.33 0.15 0.36 0.78 0.78 0.77
Mg/(Mg+Fe?)  0.72 0.77 0.68 0.75 0.98 0.72 0.31 0.26 0.29

are low in Si, K, F, Ga, Zr, Y, Fe/Mg, and K/Na anomaly, which is characteristic for the typical ra-
(Table 1, Fig. 5). They straddle the boundary of pakivi granites, does not occur in the Shahewan
A-type granite and ORG (ocean ridge granites) rocks that have Eu/Eu* values from 0.8 to 0.94.
fields (Fig. 5a, b) and the fields of A-type granite

and I & S type granites (Fig. 5c, d). Negative Eu
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MINERALOGY

There are three mineral assemblages in the four
main rock types of the Shahewan pluton. The
first includes early biotite + hornblende + pla-
gioclase + quartz, occurring as inclusions in the
alkali feldspar megacrysts. The second assem-
blage consists of euhedral or ovoidal alkali feld-
spar megacrysts that occur together with plagi-
oclase megacrysts, and the third assemblage of
biotite + hornblende + plagioclase + alkali feld-
spar + quartz in the groundmass. The accessory
minerals are Fe-Ti oxide, titanite, apatite, zircon,
rutile, and fluorite.

Hornblende

Hornblende is the main Fe-Mg silicate in the plu-
ton. It occurs in two generations, as inclusions in
the alkali feldspar megacrysts and in the ground-
mass. The hornblende inclusions (less than 1
vol%) in the megacrysts are green to yellowish
green. The hornblende in the matrix is euhedral
to subhedral with grain size of 0.6 mm x 1.5 mm
to 2 mm x 3.5 mm and bluish green to yellowish
green in color. This kind of hornblende accounts
for 7-13 vol% and contains titanite, apatite, and
Fe-Ti oxide as inclusions.

The hornblende diorite enclaves contain horn-
blende aggregates that account for 15-20 vol%.

5.5

Most of the hornblende grains in the aggregates
are zoned with dark green margins and light green
cores. Inclusions in them are titanite, apatite, Fe-
Ti oxide, and occasional quartz.

Wet chemical (Yan 1985) and electron micro-
probe analyses of the hornblendes are given in
Table 2. The wet chemical analyses were calcu-
lated to 24 oxygen atoms and the microprobe anal-
yses to 23 oxygen atoms. The Fe?*/Fe** ratio was
calculated from wet chemical analyses.

From the early generation to the later, the con-
tent of SiO, in hornblende increases, but K,O and
Al O, decrease. The hornblende of the enclaves has
composition close to those in the host rocks. This
may suggest that chemical equilibrium was reached
between the enclaves and the surrounding magma.
According to the amphibole classification of Leake
et al. (1997), all the hornblendes are calcic amphi-
boles and plot in the magnesiohornblende field (Fig.
6). The Mg/(Mg+Fe*") and Fe/(Fe+Mg) are 0.68—
0.98 and 0.15-0.36, respectively, showing that the
hornblendes are rich in Mg and poor in Fe. Horn-
blende of the later generation has lower Ti content
than hornblende of the earlier generation and en-
claves (Table 2). The Ti content of calcic hornblende
is not affected by pressure, but it increases with in-
creasing temperature and with decreasing oxygen fu-
gacity (see Spear et al. 1981).
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The amphibole geothermometer of Helz et al.
(1979) gives crystallization temperature of 937°C
for the hornblende of the enclaves, 859°C for the
early hornblende generation, and 759°C for the
later generation.

Biotite

Biotite has two generations in the Shahewan plu-
ton. The first generation biotite occurs as very

small inclusions in the megacrysts and its contents
is less than 0.5 vol%. Biotite of the second gen-
eration occurs as euhedral to subhedral grains in
the groundmass. It is dark brown to light brown
and accounts for about 5 vol%. Some biotite grains
are partly replaced by chlorite. Titanite, apatite,
and Fe-Ti oxide occur as inclusions in the second
generation.

Wet chemical and microprobe analyses of bi-
otite of the second generation are listed in Table

Table 3. Chemical compositions of biotites from the Shahewan pluton (1-6), compared to the biotites of the Shach-
ang rapakivi granite (7-8; Yu et al. 1996). The analyses: 1-6, biotite of the second generation in the biotite-horn-
blende quartz monzonite. The analytical methods; 3-6, wet chemical analyses (Yan 1985); 1-2, JCXA-733 micro-

probe analyses at Xi’an geological Institute.

Sample 1 2 3 4 5 6 7 8
Si0O, 37.90 38.40 34.83 36.20 36.83 36.50 36.33 35.52
TiO, 2.89 2.66 3.20 2.80 2.80 2.70 3.24 3.2
AL O, 13.41 14.10 13.15 13.67 12.87 13.44 12.35 13.63
Fe,0, 4.46 5.38 4.00 4.78

FeO 14.78 13.42 14.60 13.87

FeO, 17.76 17.59 28.83 29.52
MnO 0.12 0.19 0.27 0.42 0.32 0.30 0.64 0.54
MgO 13.94 14.56 14.61 15.33 14.25 14.46 4.65 3.45
CaO 0.13 0.03 2.00 1.57 1.08 1.50 0.09 0.06
Na,O 0.18 0.05 0.35 0.30 0.28 0.20 0.3 0.1
K,O 8.89 8.48 5.30 5.80 8.20 7.96 9.02 9.17
P,0;

H,0 6.54 4.96 4.86 4.18

H,O

Total 95.20 96.06 99.49 99.85 99.86 99.65 95.45 95.19
Si 2.8400 2.7684 2.6954 2.6152 2.8336 2.7965 2.8152 2.7684
Al 1.1600 1.1957 1.1983 1.1975 1.1664 1.2035 1.1282 1.2316
Ti 0.0359 0.1063 0.1562 0.0566

Fe3* 0.0311

Total 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Al 0.0190 0.0010 0.0106 0.0208
Ti 0.1579 0.1070 0.0797 0.1618 0.1556 0.1322 0.1876
Fe3* 0.3240 0.3119 0.2595 0.2699 0.2316 0.2758 0.9686 0.9789
Fe?* 0.7515 0.7192 0.9566 0.8340 0.9394 0.8886 0.7919 0.8363
Mn 0.0045 0.0134 0.0177 0.0263 0.0208 0.0193 0.0420 0.0357
Mg 1.5525 1.5597 1.6849 1.6976 1.6454 1.6510 0.5370 0.4007
Total 2.8094 2.7112 2.9984 2.8278 3.0000 3.0000 2.4717 2.4600
Ca 0.0090 0.0217 0.1660 0.1250 0.0872 0.1229 0.0075 0.0050
Na 0.0270 0.0433 0.0529 0.0433 0.0416 0.0387 0.0451 0.0151
K 0.8370 0.7711 0.5236 0.5496 0.8049 0.7287 0.8917 0.9118
Total 0.8730 0.8361 0.7429 0.7179 0.9337 0.8903 0.9443 0.9319
OH 3.3600 2.4580 2.3856 1.9900

F

Fe/(Fe+Mg) 0.40 0.40 0.42 0.40 0.42 0.41 0.77 0.82
Mg/(Mg+Fe*) 0.67 0.68 0.64 0.67 0.64 0.65 0.40 0.32
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3. The wet chemical analyses are calculated to 12
and the microprobe analyses to 11 oxygen atoms.
The Fe?*/Fe’* ratios of the microprobe analyses
were estimated from wet chemical analyses. Ac-
cording to the terminology of Foster (1960), the
biotites belong to Mg-biotites (Fig. 7) with Fe/
(Fe+Mg) of 0.40-0.42 and Mg/(Mg+Fe?*) of
0.64-0.68. The equilibrium temperature for biotite
and hornblende of the second generation is 750—
820°C (Wang & Lu 1998).

Fig. 8. Classification of feld-
spars.

Plagioclase

Plagioclase occurs in two generations: as inclu-
sions in alkali feldspar megacrysts and, more
abundantly, in the groundmass. Some plagiocla-
se is also found as mantles on alkali feldspar meg-
acrycsts. The plagioclase inclusions are partly
sericitized, euhedral, and measure 0.25 mm x 0.5
mm to 0.3 mm x 0.7 mm. Most of them have wa-
ter-clear albite margin and the fresh grains are ol-
igoclase with An about 25 mole%. In the ground-
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Table 4. Electron microprobe analyses of alkali feldspars (Kf) and plagioclases (Pl). Analyses by a JCXA-733

microprobe at the Xi’an Geological Institute .

Sample mineral SiO, TiO, Al O, Cr,0,4 FeO, MnO MgO NiO
96S7 Kf(core) 64.15 0.00 18.72 0.00 0.21 0.00 0.00 0.09
96S7 Kf(margin)  64.28 0.02 19.82 0.02 0.13 0.00 0.00 0.00
96S7 Pl(mantle) 61.71 0.06 24.90 0.08 0.15 0.00 0.03 0.09
2087 Kf(core) 64.19 0.06 18.85 0.00 0.47 0.07 0.08 0.00
2087 Kf(middle)  63.99 0.00 19.38 0.00 0.29 0.00 0.11 0.00
2087 Kf(margin)  66.64 0.03 18.38 0.00 0.19 0.00 0.00 0.04
2087 Pl(mantle) 67.98 0.02 20.49 0.06 0.15 0.00 0.03 0.00
2087 Pl(mantle) 66.45 0.03 21.85 0.23 0.00 0.01 0.09 0.02
96S7 Pl(matrix) 62.13 0.00 24.97 0.08 0.23 0.00 0.04 0.00
96S2 Pl(matrix) 63.46 0.00 24.32 0.00 0.22 0.06 0.02 0.06
96S7 Kf(matrix) 66.71 0.02 19.48 0.05 0.07 0.00 0.00 0.00
Sample mineral CaO Na,O K,O Total An Ab Or

96S7 Kf(core) 0.05 0.49 15.93 99.64 0.20 4.50 95.30

96S7 Kf(margin)  0.33 1.54 13.63 99.77 1.80 14.30 83.90

96S7 Pl(mantle) 4.25 8.37 0.41 100.4 21.3 76.20 2.50

2087 Kf(core) 0.01 0.72 15.23 99.68 0.10 6.70 93.20

2087 Kf(middle)  0.19 1.07 14.92 99.99 0.90 9.80 89.30

2087 Kf(margin)  0.04 1.35 13.96 100.62 1.30 12.80 86.90

2087 Pl(mantle) 1.59 9.64 0.08 100.06 8.50 91.00 0.50

2087 Pl(mantle) 2.36 9.43 0.01 100.48 12.10 87.80 0.01

96S7 Pl(matrix) 4.49 8.17 0.33 100.43 22.80 75.20 2.00

96S2 Pl(matrix) 4.52 7.20 0.48 100.27 25.00 72.10 2.90

96S7 Kf(matrix) 0.13 2.48 11.07 100.00 0.80 25.20 74.00

mass, plagioclase grains are subhedral and show
albite twinning or combination of Carlsbad and
albite twins, as well as zoning. Electron micro-
probe analyses and numerous optical determina-
tions show the An of central part of fresh grains
to be 28-32 mole% and at the margin 22-25
mole%. The plagioclase mantle consists of differ-
ently orientated plagioclase grains with An about
8-21 mole% (Table 4; Fig. 8).

Alkali feldspar

Alkali feldspar is present as megacrysts and in the
groundmass. The megacrysts are both ovoidal and
euhedral in shape, and their diameter is mostly
from 3 cm to 5 cm, in exceptional cases up to 16
cm. The alkali feldspar megacrysts show Carlsbad
twinning and perthitic texture. Some of the meg-
acrysts are surrounded by one or, occasionally,
two or three oligoclase mantles, measuring from
I mm to 2 mm in thickness (Figs. 9, 10). Both the

plagioclase mantle and alkali feldspar megacrysts
have inclusions of quartz, Fe-Ti oxide, plagiocla-
se, hornblende, and biotite. The perthitic texture
is not as pronounced in the groundmass alkali feld-
spars as in the megacrysts. The contents of Al,O;,
CaO, and Na,O increase and K,O decrease from
the core of the alkali feldspar megacrysts to their
margins and farther to the groundmass alkali feld-
spar. The Or content is about 95 mole% in the core
of the alkali feldspar megacrysts and 84 mole%
at the margin. The groundmass alkali feldspar has
74 mole% Or (Table 4).

Quartz

Quartz also occurs in two generations: as concave
and drop-like inclusions in the alkali feldspar
megacrysts and as anhedral grains in the ground-
mass (10-20 vol%). The quartz inclusions are not
more than 0.2 mm in diameter. The groundmass
quartz is anhedral, measuring mostly from 0.4 mm
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to 3 mm in diameter. Euhedral large quartz grains,
such as in the typical rapakivi granites of Finland

(e.g. Vorma, 1971,
Shahewan pluton.

1976), are rare in the

Discussion and conclusions

The classical rapakivi granites of Fennoscandia are
characterized by textural, mineralogical and geo-
chemical features that separate them from many
other granites. According to Vorma (1976), the
rapakivi texture sensu stricto is characterized by

Fig. 9. Rapakivi texture, sub-ovoi-
dal alkali-feldspar megacryst with
one plagioclase mantle. Both the
core and the mantle have inclusions
of hornblende, biotite, plagioclase,
and quartz.

Fig. 10. Rapakivi texture, euhedral
alkali feldspar megacryst with two
plagioclase mantles. Inclusions be-
come more abundant at the margins
of the megacryst.

1) ovoidal shape of the alkali feldspar megacrysts,
2) mantling of part of the ovoids by plagioclase
shells, and 3) presence of two generations of al-
kali feldspar and quartz, the idiomorphic, older
quartz having crystallized as high quartz. Rapa-
kivi texture sensu lato involves only the presence
of mantled alkali feldspar ovoids. Emphasizing the
textural, geochemical and mineralogical character-
istics, Haapala and Ramo (1992) redefined the
rapakivi granites as “A-type granites characterized
by the presence, at least in the larger batholiths,
of granite varieties showing the rapakivi texture”.



144 Xiaoxia Wang, Tao Wang, Ilmari Haapala and Xinxiang Lu

Rapakivi granites are generally Proterozoic, 1.8
to 1.0 Ga in age, but also Archean and Phanero-
zoic examples are known (Rimo6 & Haapala 1995,
1996, Haapala & Rdmo 1999). They are general-
ly intracratonic, and mafic underplating, includ-
ing melting of the deep crust by mantle-derived
magmas, is regarded as a possible genetic model
(e.g. Bridgwater et al. 1974, Emslie 1978, Haa-
pala & Rdmo 1990, Rimo & Haapala 1996). How-
ever, Wernick et al. (1997) have described a 0.59
Ga arc-related rapakivi granite suite from the Itu
Province in southwestern Brazil that overlaps or
shortly follows the synorogenic calc-alkaline Bra-
ziliano magmatism.

In chemical composition, the rocks of the
Shahewan pluton are lower in Si, K, F, Ga, Zr, Y,
LREE, Fe/Mg, and K/Na (Table 1) than classical
rapakivi granites. In the discrimination diagrams
(Fig. 5), the Shahewan rocks and the classical ra-
pakivi granites are located in different fields. The
classical rapakivi granites are A-type granites, but
the rocks of the Shahewan straddle on the bound-
ary of A-type granite field. Thus, the chemical
composition of the rocks also suggests that the
Shahewan pluton is not A-type granite. In addi-
tion, the REE patterns with Eu/Eu* from 0.8 to
0.94 (Table 1) differ from those of typical rapa-
kivi granites (see Vorma 1976, Rim6 & Haapala
1995, 1996).

The mafic minerals (biotite, hornblende, and
fayalite) of typical rapakivi granites are charac-
terized by a very high Fe content. In the rapakivi
granites of Finland, the Fe/(Fe+Mg) value ranges
from 0.77 to 0.99 in hornblende and from 0.82 to
1.00 in biotite (Simonen & Vorma 1969, Haapa-
la 1977, Salonsaari 1995, Rieder et al. 1996).
Hornblende and biotite of the Shachang rapakivi
granite in China also exhibit high Fe/(Fe+Mg),
0.70-0.78 for hornblende and 0.76-0.92 for biotite
(Yu et al. 1996). The mafic minerals in the
Shahewan pluton, however, have much lower Fe/
(Fe+Mg) values, 0.33-0.36 for hornblende and
0.40-0.42 for biotite.

The compositions of hornblende and biotite in
granitoid rocks reflect the whole rock composition
and the origin of the granitoid. The Fe-enriched
mafic minerals are a typical feature of A-type

granitoids (Eby 1990, Fattach & Rahman 1994).
The mafic minerals, biotite and hornblende, of the
Shahewan pluton are poor in Fe but rich in Mg
(Wang & Lu 1998). On the basis of the mafic min-
eral compositions, the Shahewan pluton is not A-
type granite. However, its whole rock geochem-
istry shows some features transitional between I-
and A-type granites.

The occurrence of oligoclase-mantled alkali
feldspar megacrysts in the Shahewan pluton is a
feature typical of rapakivi granites and justifies to
use the term rapakivi texture sensu lato (see Vor-
ma 1976). Other textural features are equivocal.
Euhedral quartz crystals are found only locally in
the matrix. The relatively late crystallization of
quartz is obviously related to the low silica con-
tent of the Shahewan granite - quartz monzonite
magma (the rocks contain 65 to 68 wt% SiO,).
Inclusions of plagioclase, hornblende, biotite, and
quartz in the alkali feldspar megacrysts are com-
mon in both the Shahewan pluton and classical
rapakivi granites, but this feature is not diagnos-
tic of the rapakivi granites.

Taking into account the similarities and differ-
ent features of the Shahewan granite - quartz mon-
zonite and the classical rapakivi granites, we feel
that it is appropriate to regard the Shahewan as a
rapakivi-textured granite - quartz monzonite (or as
granite - quartz monzonite containing plagiocla-
se-mantled alkali feldspar megacrysts) rather than
to include it in true rapakivi granites.
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