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Mineral composition and temperature-pressure conditions of Dongjiangkou
and Zhashui granites in the Qinling Mountains

LLIU Chun-hua, WU Cai-lai, LEI Min, QIN Hai-peng and LI Ming-ze
(State Key Laboratory for Continental Tectonics and Dynamics, Institute of Geology, Chinese Academy of Geological
Sciences, Beijing 100037, China)

Abstract: Dongjiangkou and Zhashui granites are located in southern Shangdan fault of the south Qinling Moun-
tains. Samples were collected from porphyroid granites. The systematic mineralogical characteristics of
Dongjiangkou and Zhashui rocks and the rocks-forming p-T estimates were investigated by means of petrological
observation, electron microprobe analysis and scanned electron microscope (SEM). The results demonstrate that
porphyroid granodiorite and porphyroid granite are composed of quartz, plagioclase (oligoclase), K-feldspar,
magnesiohornblende and magnesian biotite, whereas the accessory minerals include zircons, sphene, magnetite
and apatite. It can be inferred that the variations of magma composition account for the zoned structure and ra-
pakivi texture in minerals. Zircon in Dongjiang and Zhashui granitoids crystallized when the magma temperature
varied in the range of 759~784°C (771°C on average). The rare earth elements were saturated in magma when
its temperature reached 741 ~800C (773C on average). Plagioclase crystallization when the magma tempera-
ture varied from 624°C to 641°C (632°C on average), whereas hornblende crystallized when the magma temper-
ature was in the range of 610 — 668C (632C on average). The probable emplacement depth of the
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rocks was ~5.8 km, with the corresponding pressure being about 1.77 X 10% Pa.
Key words: granitoids; petrology; mineralogy; p-T conditions; Qinling; Dongjiangkou; Zhashui
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Fig. 1 Sketch geological map showing the main tectonic units of Qinling orogenic belt (a, after Zhou Wenge ez al. » 1999), map
of distribution of granitoids in the northern margin of Qinling orogenic belt (b, after Lei mins 2010 and regional geological map of

Dongjiangkou and Zhashui (e» after 1:200 000 Geological Map of Shangxian County®)

1— RGBT, B BANARE AN RS RERES; 2 HERE AFERE: 3—#A EHERE; 4—HER
B IR 5 XNEH, FHEAASE EERE BEafBAsE TR E o ARERFE: 6 —WBWRAATH. E SRR E RE AR
By TRMRERS BN iR E. CKERE R NKE RS oGRS 10 ERNKSE ARITES.

AEKE: 11— W 12—REA

M, KA T

1—top of Qinling Group: biotite hornblende gneiss, hornblende gneiss, carbonaceous marble; 2—siliceous limestone, dolomitic limestone; 3—
Dengying Formation: siliceous limestone; 4—Gudaoling Formation: limestone, phyllite; sandstone, gravel stone; 5—Liuling Formation: scapolite
hornstone, calc-slate, biotite hornstone, metasandstone» mica quartz schist; 6—lower Eryuhe Formation, sandstones calc-siltstone, slates lime-
stones 7——gneissic granites biotite granite; 8§ —granite> monzonitic granite, granodiorites tonalites 9—fine-grained granite; 10—granodiorites quartz

diorite, quartz monzonite: 11—fault; 12—sample location
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Fig. 2 Photomicrographs of granitoids from Dongjiangkou and Zhashui Ccrossed nicols)
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a—plagioclase rich in polysynthetic twinning and zonal structure, K-feldspar rich in crossed twinning and zonal structure, rock containing a small
amount of perthite and granitic inclusions, Dongjiangkou body: b—plagioclase altered intensely in some samples, Dongjiangkou body: ¢, d» e—K-
feldspar and plagioclase rich in zonal structure, microcline rich in crossed twinning and containing a small amount of perthite, significant pleochroism

of biotite, Zhashui body: f—fine-grained biotite granite inclusion, Zhashui body: Q—quartz; Pl—plagioclase: Kf—K-feldspar: Bi—biotite
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a—cuhedral hornblende in granodiorite granodiorite rich in perthite K-feldspar rich in zonal structure Dongjiangkou body b—ecuhedral horn-
blende and accessory mineral apatite Dongjiangkou body c—biotite altered into chlorite Dongjiangkou body ~d—euhedral-subhedral hornblende
and accessory mineral magnetite in hornblende Dongjiangkou body e—slightly altered plagioclase and accessory minerals magnetite sphene and ap-
atite Dongjiangkou body f—sheet biotite Dongjiangkou body g—granite containing a small amount of hornblende and accessory mineral zircon
Zhashui body h—envelope-shaped sphene Zhashui body i—a small amount of biotite altered into chlorite and accessory mineral magnetite
Zhashui body j—plagioclase rich in zonal structure Zhashui body k—sheet biotite and accessory minerals magnetite and sphene Zhashui body
l—perthite and sphene Zhashui body Q—quartz Pl—plagioclase Kf—K-feldspar Bi—biotite Hbl—hornblende Per—perthite Mag—mag-

netite Zr—zircon Ap—apatite Spn—sphene Chl—chlorite
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Table 1 Chemical compositions of K-feldspar

1 2 3 4 5 6 7 8 9 10
SiO, 64.60 64.29 65.71 65.18 65.51 65.70 65.48 64.51 64.77 64.50
TiO, 0.00 0.01 0.00 0.02 0.05 0.00 0.01 0.06 0.00 0.10
ALO; 18.55 18.26 18.23 18.43 18.33 18.53 18.45 18.38 18.51 18.29
FeO 0.00 0.04 0.03 0.05 0.00 0.02 0.04 0.08 0.00 0.06
MnO 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.00
MgO 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
CaO 0.07 0.00 0.01 0.08 0.00 0.00 0.05 0.05 0.02 0.00
Na,O 0.76 0.30 0.92 0.75 0.42 1.82 1.41 1.20 0.91 0.57
K,O 16.01 16.61 15.84 16.01 16.43 14.08 14.78 15.29 15.84 16.41
An 0.35 0.00 0.07 0.40 0.00 0.00 0.24 0.25 0.08 0.00
Ab 6.67 2.68 8.09 6.63 3.74 16.44 12.66 10.60 8.06 5.00
Or 92.98 97.32 91.84 92.97 96.26 83.56 87.10 89.15 91.86 95.00

2004 GeoKit
2 wg %
Table 2 Chemical compositions of plagioclase

1 2 3 4 5 6 7 8 9 10
SiO, 61.74 63.38 64.01 63.57 64.78 62.84 63.72 62.62 63.81 64.99
TiO, 0.07 0.00 0.00 0.10 0.00 0.06 0.08 0.00 0.00 0.03
ALO; 23.56 22.54 22.50 23.15 22.60 22.95 23.04 23.19 22.67 21.81
FeO 0.14 0.11 0.00 0.07 0.12 0.08 0.06 0.13 0.18 0.11
MnO 0.00 0.02 0.00 0.01 0.02 0.00 0.01 0.00 0.02 0.02
MgO 0.00 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00
CaO 5.52 4.10 3.54 4.91 4.15 4.64 4.57 5.28 4.79 3.40
Na,O 8.79 9.56 9.49 9.20 9.60 9.45 9.32 8.89 9.04 9.88
K,O 0.16 0.13 0.15 0.11 0.22 0.18 0.20 0.19 0.25 0.19
An 25.55 19.03 16.96 22.65 19.06 21.16 21.10 24.46 22.33 15.81
Ab 73.57 80.24 82.21 76.73 79.73 77.89 77.80 74.47 76.27 83.16
Or 0.88 0.73 0.83 0.61 1.21 0.95 1.10 1.07 1.40 1.03
T K 914 898 902 908 903 906 906 909 912 897
t C 641 625 629 635 629 633 633 636 639 624
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Fig. 4 Chemical composition change of K-feldspar and plagioclase
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Table 3 Chemical compositions of hornblende
1 2 3 4 5 6 7 8 9 10
SiO, 47.70 50.22 49.54 49.84 50.70 50.65 49.98 48.75 49.45 51.44
TiO, 0.83 0.56 0.05 0.57 0.83 0.69 0.54 0.77 0.14 0.67
ALO; 6.92 5.20 6.00 5.09 5.81 5.39 5.90 6.81 6.38 5.14
FeO 13.92 11.90 13.21 12.73 12.17 12.57 12.53 12.43 13.70 11.97
MnO 0.39 0.41 0.36 0.36 0.38 0.38 0.38 0.37 0.36 0.38
MgO 14.36 15.55 14.78 16.05 15.53 15.40 15.36 14.52 14.36 15.75
CaO 11.57 11.77 11.79 11.72 11.57 11.85 11.66 11.67 11.63 11.67
Na,O 1.42 1.02 1.15 1.12 1.34 1.03 1.30 1.46 1.33 1.21
K,O 0.70 0.47 0.60 0.46 0.48 0.46 0.51 0.66 0.62 0.46
Sir 7.01 7.32 7.24 7.24 7.26 7.30 7.23 7.12 7.21 7.36
Al 0.99 0.68 0.76 0.76 0.74 0.70 0.77 0.88 0.79 0.64
Ale 0.21 0.21 0.28 0.11 0.24 0.21 0.24 0.30 0.31 0.23
Felt 0.43 0.64 0.55 0.54 0.61 0.64 0.56 0.53 0.53 0.66
Tic 0.09 0.06 0.01 0.06 0.09 0.07 0.06 0.08 0.02 0.07
Mgc 3.15 3.38 3.22 3.48 3.32 3.31 3.31 3.16 3.12 3.36
Fegt 1.12 0.71 0.95 0.81 0.74 0.76 0.83 0.93 1.02 0.69
Fed* 0.16 0.10 0.12 0.19 0.11 0.11 0.12 0.06 0.12 0.09
Mnj 0.05 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.04 0.05
Cay, 1.79 1.84 1.83 1.76 1.78 1.83 1.81 1.83 1.82 1.79
Nag 0.01 0.07 0.02 0.02 0.06 0.02 0.08
Cap 0.03 0.00 0.01 0.06 0.00 0.00 0.00 0.00 0.00 0.00
Nap 0.41 0.28 0.33 0.32 0.30 0.27 0.34 0.35 0.35 0.26
Ka 0.13 0.09 0.11 0.09 0.09 0.09 0.09 0.12 0.11 0.08
> 15.57 15.36 15.45 15.46 15.39 15.36 15.44 15.47 15.47 15.34
» 10°Pa 2.70 1.2 1.91 1.14 1.66 1.34 1.78 2.57 2.21 1.12
H km 8.90 4.08 6.31 3.75 5.48 4.43 5.88 8.49 7.29 3.68
T K 941 892 901 912 900 895 906 919 904 883
t C 668 619 627 639 626 622 632 646 631 610
2004 GeoKit
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Table 4 Chemical compositions of biotite
1 2 3 4 5 6 7 8 9
SiO, 38.70 39.58 38.62 37.55 38.26 38.20 38.05 38.43 37.94
TiO, 2.20 2.50 2.69 2.50 2.71 2.54 0.57 3.49 3.14
AlLOs 15.10 14.46 14.10 14.27 14.40 14.09 14.10 14.24 13.87
FeO 15.37 15.87 17.52 17.96 16.94 17.90 17.90 17.36 18.50
MnO 0.24 0.28 0.57 0.62 0.53 0.60 0.69 0.53 0.63
MgO 14.46 13.83 13.09 13.09 12.99 13.21 12.51 12.96 12.54
CaO 0.01 0.01 0.08 0.02 0.02 0.03 0.00 0.06 0.00
Na,O 0.06 0.10 0.08 0.10 0.11 0.09 0.10 0.06 0.02
K,O 9.93 9.75 9.65 9.70 10.02 9.67 9.57 9.72 9.66
Si 2.87 2.92 2.89 2.84 2.87 2.87 2.94 2.86 2.86
AV 1.13 1.08 1.11 1.16 1.13 1.13 1.06 1.14 1.14
A" 0.19 0.18 0.13 0.11 0.15 0.11 0.23 0.11 0.09
Ti 0.12 0.14 0.15 0.14 0.15 0.14 0.03 0.20 0.18
Fe3t 0.18 0.23 0.19 0.14 0.17 0.16 0.14 0.21 0.19
Fet 0.78 0.75 0.90 0.99 0.89 0.96 1.02 0.87 0.98
Mn 0.02 0.02 0.04 0.04 0.03 0.04 0.05 0.03 0.04
Mg 1.60 1.52 1.46 1.48 1.45 1.48 1.44 1.44 1.41
Ca 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.00
K 0.94 .92 0.92 0.94 0.96 0.93 0.94 0.92 0.93
AMTFST +Ti 0.49 0.55 0.47 0.40 0.47 0.42 0.40 0.51 0.45
Fe?* + Mn 0.79 0.77 0.94 1.03 0.92 1.00 1.06 0.90 1.02
FS*  Ft +Fe* 0.19 0.23 0.18 0.13 0.16 0.15 0.12 0.20 0.16
Mg* 0.63 0.61 0.57 0.57 0.58 0.57 0.55 0.57 0.55
2004 GeoKit
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Table 5 Chemical compositions of accessory minerals
SiO, TiO, ALOs FeO MnO MgO CaO Na,O K,O P,0s V4.0)) Total
Mag-1 0.05 0.00 0.01 93.56 0.03 0.00 0.00 0.00 0.00 0.01 0.00 93.66
Mag-2 0.04 0.00 0.00 93.72 0.03 0.03 0.00 0.00 0.00 0.00 0.00 93.82
Mag-3 0.02 0.08 0.00 94.03 0.04 0.02 0.00 0.00 0.00 0.02 0.00 94.21
Chl-1 28.24 0.05 18.42 18.83 0.45 20.39 0.11 0.03 0.02 0.00 0.01 86.54
Zr-1 33.15 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.00 0.03 65.43 98.66
Spn-1 30.81 36.04 1.02 1.57 0.05 0.00 28.03 0.01 0.00 0.05 0.04 97.63
Spn-2 31.34 35.37 1.61 1.65 0.05 0.02 28.11 0.01 0.00 0.03 0.02 98.20
Spn-3 30.49 36.47 1.38 1.96 0.07 0.00 27.80 0.02 0.00 0.02 0.01 98.22
Spn-4 29.70 35.82 1.33 1.61 0.13 0.02 26.12 0.00 0.00 0.02 0.07 94.82
Spn-5 30.41 34.31 1.32 1.91 0.10 0.00 27.51 0.01 0.00 0.04 0.00 95.61
Spn-6 29.36 35.47 1.50 1.79 0.12 0.00 26.02 0.00 0.01 0.09 0.11 94.47
Spn-7 29.97 35.74 1.34 1.67 0.15 0.02 26.68 0.00 0.00 0.07 0.03 95.66
Spn-8 30.73 35.88 1.23 1.50 0.06 0.01 27.24 0.00 0.00 0.08 0.00 96.72
Ap-1 0.32 0.00 0.00 0.05 0.01 0.00 55.72 0.04 0.03 41.03 0.13 97.32
Ap-2 0.27 0.04 0.00 0.16 0.03 0.01 55.08 0.03 0.00 40.43 0.02 96.06
Ap-3 0.55 0.12 0.14 0.65 0.08 0.16 55.19 0.00 0.00 40.45 0.15 97.49
Ap-4 0.17 0.00 0.00 0.10 0.12 0.01 54.77 0.05 0.00 39.58 0.11 94.90
Mag— Chl— Zr— Spn— Ap—
6 wg % wy 107°

Table 6 Major elements wiy % and trace elements wy 1

07°  analysis of granitoids from Dongjiangkou and Zhashui

12CL216 09CL285 12CL217 09CL288 12CL216 09CL285 12CL217 09CL288
SiO, 67.63 67.06 70.16 71.45 Nd 32.11 24.68 26.56 23.30
TiO, 0.47 0.42 0.43 0.35 Sm 4.94 3.96 4.59 3.60
ALO; 14.57 14.97 14.88 14.97 Eu 1.05 1.03 1.05 0.83
Fe,04 1.46 1.15 1.11 1.00 Gd 4.24 3.29 3.91 3.06
FeO 1.82 1.92 1.37 1.07 Th 0.58 0.49 0.62 0.46
MnO 0.06 0.05 0.05 0.04 Dy 3.37 2.67 3.60 2.43
MgO 2.15 2.62 0.97 0.88 Ho 0.64 0.48 0.68 0.44
CaO 2.95 3.36 2.32 2.15 Er 1.74 1.43 1.78 1.27
Na,O 3.51 3.74 4.06 3.86 Tm 0.30 0.24 0.31 0.20
K,O 3.74 3.38 3.63 4.06 Yb 1.76 1.59 1.77 1.37
P,0Os 0.13 0.17 0.14 0.12 Lu 0.28 0.22 0.29 0.19
LOI 1.30 0.91 0.73 0.02 Y 17.14 13.95 18.14 13.04
La 45.83 28.39 29.93 31.58 Zr 157 149 171 150
Ce 87.85 56.48 62.43 59.84 ty 767 759 784 775
Pr 9.54 6.67 7.48 6.68 t REE 774 741 775 800
5.1.2 741 ~800°C
Montel 1993 LREE 773C 6
In REE, =9.5+2.34 D+0.3879 5.1.3
VH,O0-13318 T REE,= > REE, x10° Al
lgmol REE, La Gd T K Johnson et al. 1989 Thomas et al.
H,0 LOI 1990  Schmidt 1992 400 ~
D NatK+Li+2Ca Al Al+Si  1150C 0.1~2.3 GPa
Ca Fe Mg Schmidt 1992
2012 p= —3.01+4.76 Al,, x10°Pa +
6 0.6 GPa Al = Alp + Al 1.12
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