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Determination of kaersutite and its implication for mafic rock in Taohe area,
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Abstract: The Taohe mafic rock is located in Langao County of Daba Mountain. The types of Taohe mafic rock
are consistent with those of regional mafic rocks, mainly consisting of diabase, gabbro, gabbro diabase and
kaersutite-rich diorite, with the adjacent mafic rocks showing a gradual transition state, indicating the same pe-
riod of magmatism. The amphibole inside the diorite is kaersutite, characterized by long stripe and needle
megacrystal, particle size of 1 ~3 cm, obvious euhedral crystal, and significant high aluminum (Al=1.93 ~
2.06) and high titanium (TiO, =4.54% ~5.50% ). The temperature is 1 062~1 129°C, the formation depth
is 19.11~22.64 km, and the oxygen fugacity ranges from NNO= —0.36 to NNO= —0.01. The magma was
derived from deeper source and intruded rapidly. The presence of kaersutite shows an apparent mantle metaso-
matism before the partial melting, and mantle metasomatism and formation of mafic rock had a necessarily close
connection with subduction. Obvious deep source characteristics and subduction-related and crustal contamina-
tion characteristics indicate that the Taohe mafic rocks were formed in an extensional environment related to sub-

duction.
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Fig. 1 Simplified tectonic map of Qinling orogenic belt (a, modified after Wang Zongqi et al.» 2009) and simplified
geological map for Tache maifc rock (b, modified after No. 7 Geological Party of Shaanxi Bureau of Geology and Mineral

Exploration and Develepment, 1996)®
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Fig. 2 Field contact relations and measured geological section for Taohe mafic rock
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Fig. 3 Hand specimen and photomicrographs of Taohe mafic rock
Cpx—H /A s Hbl—A WA P—RHCH s Ab—#1K A Spn—HRA
Cpx—clinopyroxene; Hbl—hornblende; Pl—plagioclase; Ab—albite; Spn—sphene
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Table 1 Mineral composition of kaersutite in Taohe mafic rock
WA AT THB2-2.1 THB2-4.2 THB2-1.1 THBI1-2. 1 THBI11-2.2 THBI11-3.2 THBI11-1.1
SiO, 40.67 40.72 40.63 40.58 40.51 41.20 40.80
TiO, 5.21 5.50 4.92 5.60 5.50 4.54 5.29
ALO; 11.53 11.55 11.34 11.72 11.62 10.91 11.15
Fe,O; 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 10.44 10.51 10.75 10.24 9.95 11.11 10.77
MnO 0.20 0.20 0.15 0.27 0.22 0.14 0.16
MgO 13.42 13.40 13.41 13.37 13.36 13.21 13.23
CaO 11.44 11.38 11.40 11.33 11.28 10.72 11.14
Na,O 2.73 2.75 2.62 2.75 2.78 2.78 2.72
K,O 0.46 0.45 0.55 0.42 0.46 0.52 0.44
P,0s 0.06 0.06 0.04 0.01 0.04 0.06 0.07
Total 96.16 96.52 95.79 96.28 95.72 95.19 95.76
BH B 7 8B 23 AN T 5D
Si 6.07 6.06 6.08 6.04 6.07 6.18 6.11
Ti 0.59 0.62 0.55 0.63 0.62 0.51 0.60
Al 2.03 2.02 2.00 2.006 2.05 1.93 1.97
Fet 0.08 0.08 0.19 0.07 0.02 0.31 0.14
Fe** 1.22 1.23 1.15 1.20 1.22 1.08 1.21
Mn?* 0.03 0.03 0.02 0.03 0.03 0.02 0.02
Mg 2.99 2.97 2.99 2.97 2.98 2.96 2.96
Ca 1.83 1.81 1.83 1.81 1.81 1.72 1.79
Na 0.79 0.79 0.76 0.79 0.81 0.81 0.79
K 0.09 0.09 0.10 0.08 0.09 0.10 0.08
Total 15.72 15.71 15.70 15.70 15.72 15.63 15.67
AT BCASE BH 1251 R v 5 4 R
SicTY 6.07 6.06 6.08 6.04 6.07 6.18 6.11
AlCT) 1.93 1.94 1.92 1.96 1.93 1.82 1.89
AlCO) 0.10 0.08 0.08 0.10 0.12 0.11 0.08
Ti(C 0.59 0.62 0.55 0.63 0.62 0.51 0.60
Fe** () 0.08 0.08 0.19 0.07 0.02 0.31 0.14
Mg(C) 2.99 2.97 2.99 2.97 2.98 2.96 2.96
F?t (O 1.22 1.23 1.15 1.20 1.22 1.08 1.21
Mn?" (B) 0.01 0.02 0.01 0.02 0.01 0.00 0.01
Fe*™ (B 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca(B) 1.83 1.81 1.83 1.81 1.81 1.72 1.79
Na(B) 0.16 0.17 0.17 0.18 0.18 0.27 0.20
Na(A) 0.63 0.62 0.59 0.62 0.63 0.54 0.59
Ca(A> 0.00 0.00 0.00 0.00 0.00 0.00 0.00
KA 0.09 0.09 0.10 0.08 0.09 0.10 0.08
(Na+K)y 0.72 0.71 0.70 0.70 0.72 0.63 0.67
Mg/ (Mg+Fe? ™) 0.71 0.71 0.72 0.71 0.71 0.73 0.71
Si/(Si+ Al+ T 0.70 0.70 0.70 0.69 0.69 0.72 0.70
T=Ca/(Ca+Na+K) 1072.26 1078.22 1062.61 1075.77 1090.12 1129.12 1082.11
Mg” 2.29 2.24 2.38 2.22 2.23 2.43 2.28
NNO -0.24 -0.32 —0.11 —0.36 -0.35 —0.01 —0.26

o3 W AE AT RVER Ay I AT PR S0 AN BRI Ay
(Al=1.93~2.06)~ HEk(TiO, =4.54% ~5.50%)
RFAE, 55 o R0t 08 e DR BR DA A A ARL, L5 1

¥ BRI A7 B 70 AR BRI AE:, 1992

ZREFFEIR AN A SI/(Si+ Ti+ ADE A
T0.775, Wb £ N A WA K T 0,765, 18 U5 1 A
A ALOs M ADILT 10%, 52 IE A N A1 ALO;
TR T 10 % (0 L5, 1984, A XA A
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Fig. 4 Discrimination diagram (a, after Leake er al.» 1997) and discrimination diagram of TiO, = ALOs

(b, after Jiang Changyi et al.» 1984) for hornblende in Taohe mafic rock
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FRRD s A WA A EE . [FR,
F BRI ACMAAAE 22 FR PR B 9, 2 B A0S
5 SIAG A (22 0% v R AT R AR e, s ) b
Rl i XA g s 7 B 2R T B2 9IS By ok A
AR CE SR AL EE, 2009) , A SO i) 4 HiL A g DX Sk Bk
BRTA AR IR AR NI AT 30 A2 3K 300 b 0 9 S 3 ) s
PR AE FH 7= 40, 0] 5 Ak B TE 1T 5 00 b AH G 11
I PR R EE, A0 i T JRAE FH AT A R A S AR E
H 33 HIMUVEM [ FIEM [ R & & SRR X HF
fiE.

5 4ie

g RS R S AR AT I, FER A
DRI AT A 3G A . BRI A H e B e B AL
L5 e [ 2 S g e DAL A T A AL, 5tk 5
ER A N AT B A o
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AR AR NS AT S AN OG5, F DR A 1R 45
WEEAT 062 ~1129C, K1k 5.79 X 10> ~6.86 X
10*> MPa» 45 iR B (19.11 ~22.64 km) B2 KK
FEHLAE P38 SR BE (5~ 6 km) s LFIFR 7R 5 7R LA W
BRI R .

(3D BRI A7 ) H B H A R R AIE L B b 5
DR 5T S5k P — e P 9 K Ll A T A s AR K A
F HLAH B AR AL, 3 7] 0 BH % DX A7 AE s A2 A AE
H A2 ACAE F R AR T8 B8 5 40 o 3 9V FH A A
A 52 1) R IEG R

(4 JE T BE i A BH 8 1) VR R TR L 5 A
T IR A O B DX 380 AR (10 M 78 TR R AIE, 3L ()
TR ARTE BT 5 oA DG R 9IS hr ok FR B

st b FARA MR AR AR F) P E R A
WRH =R R FIRAT L T RIR T 2 A%
LA GG # Bh , P F A A AT T a3t A, £
P — & B

References

Blundy ] D and Holland T J B. 1990. Calcic amphibole equilibria and a
new amphibole-plagioclase geothermometer [ ] 1. Contributions to
Mineralogy and Petrology, 104(2): 208 ~224.

Chi Jishang. 1988. The Research of Cenozoic Basalt and Upper Mantle
in Oriental China ( Additional Kimberlite )L M. Wuhan: China Uni-
versity of Geosciences Press, 24 ~263(in Chinese with English ab-
stract).

Deng Jinfu. 1983. Melt-mineral Equilibrium Thermodynamicsl M 1. Bei-
jing: Geological Publishing House(in Chinese).

Fan Qicheng, Liu Ruoxin and Ma Baolin. 1992. The significance of gen-
esis for upper mantle amphibole in Chinal ] ]. Acta Mineralogica
Sinica, 12(4): 352~358(in Chinese with English abstract).

Haggerty S E. 1995. Upper-mantle mineralogyl JJ. Journal of Geody-
namics, 20: 331~364.

Hammarstrom ] M and Zen E A. 1986. Aluminum in hornblende: An
empirical igneous geobarometer [ J J. American Mineralogist, 71:
1297~1313.

Hollister L S; Grissom G C and Peters E K. 1987. Confirmation of the
empirical correlation of Al in hornblende with pressure of solidifica-

tion of cale-alkaline plutonsl ] ]. American Mineralogist, 72: 231~

Huang Yuehua. 1993. Mineral characteristics of phlogopite-amphibole-
pyroxenite mantle xenolith in alkaline basic-ultrabasic subvolcanic
complex in North Daba mountain[ J]. Acta Petrologica Sinicas 9
(4): 367~378(in Chinese with English abstract).

Huang Yuehua, Ren Youxiang, Xia Lingi» et a/. 1992. Biomodal vol-
canic rock in North Daba mountain-diabase in Gaotan and trachyte in
Haoping[ ] ]. Acta Petrologica Sinica, 8(3): 243 ~256 Cin Chi-
nese).

Huang Yuehua, Xu Xueyi> Xia Zuchun, et al. 1995. Mineralogy and
geological implication of green-pyroxenite xenoliths from Langao
countys Shaanxi provincel J . Acta Petrologica et Mineralogica, 14
(2): 141~150Cin Chinese with English abstract).

Huang Yuehua and Yang Jianye. 1990. Petrological study for Bijiashan-
Tongdongwan alkali-maifc lavas from North Daba Mountain[ J 1.
Northwest Geosciences 28: 15~ 24 (in Chinese with English ab-
stract).

Jiang Changyi and An Sanyuan. 1984. On chemical characteristics of cal-
cic amphiboles from igneous rocks and their petrogenesis significance
[J]. Journal of Mineralogy and Petrology> 4(3): 1~9Cin Chinese
with English abstract).

King P I, Herving R L, Holloway ] R et al. 1999. Oxy-substitution
and dehydrogenation in mantle-derived amphibole megacrysts[ ] J.
Geochimica et Cosmoehimica Actas 63: 3 635~3651.

Leake B E, Woolley AR, Arps CE S, et al. 1997. Nomenclature of
amphiboles report of the subcommittee on amphiboles of the interna-
tional mineralogical associationcommission on new minerals and min-
eral names[ ] ]. The Canadian Mineralogist, 35: 219~246.

Li Fujie and Yang Jun. 2011. Tectonic meaning of mafic dyke swarms in
Zhenba eastern area in Shannanl ] ]. Journal of Sichuan University of
Science & Engineering ( Natural Science Edition), 24(2): 238 ~
243(in Chinese with English abstract).

MacDonald R» Rogers N W, Fitton J Gs et al. 2001. Plume-litho-
sphere interactions in the generation of the basalts of the Kenya Rift,
East Africal J1. Journal of Petrology, 42: 877~900.

Perry F 'V, Baldridage W S and De Paola D J. 1987. Role of astheno-
sphere and lithosphere in the genesis of Late Cenozoic basaltic rocks
from the Rio Grande rift and adjacent regions of the southwestern
United States[J]. J. Geophys. Res., 92: 9193~9213.

Ridolfi F» Puerini M, Renzulli As et a/. 2008. The magmatic feeding
system of El Reventador volcano (Sub-Andean zone, Ecuador) con-

strained by texture mineralogy and thermobarometry of the 2002



% 3 3]

F IR IR B LA DR U T AR DA IR S E B Fi s 515

erupted productsL ] 1. J. Voleanol. Geotherm. Res.» 176(1): 94
~106.

Ridolfi F» Renzulli A and Puerini M. 2010. Stability and chemical equi-
librium of amphibole in calc-alkaline magmas: An overview, new
thermobarometric formulations and application to subductionrelated
voleanoes[ J 1. Contrib. Mineral Petrol. » 160(1): 45~66.

Righter and Carmicheal. 1993. Mega-xenocrysts in alkali olivine basalts:
Fragments of disrupted mantle-assemblages[ ] ]. American Mineralo-
gist, 78: 1230~1245.

Rogers N W, Hawkeworth C J and Ormerod D S. 1995. Late Cenozoic
basaltic magmatism in the western Great basin, California and Nava-
dalJ]. J. Geophys. Res.,» 100: 10287~10 303.

Stevenson R, Upton B G J and Steenfelt A. 1997. Crust-mantle interac-
tion in the evolution of the Ilimaussaq Complexs; South Greenland:
Nd isotope studies[J]. Lithos, 40: 189~202.

Teng Renlin and Li Yujing. 1990. On the lithochemical features and the
diagenetic environment of the Caledonian magmatic rocks in the
northern Dabashans shaanxi provincel J J. Geology of Shaanxis 8
(1): 37~52(in Chinese with English abstract).

Wang Cunzhi, Yang Kunguang, Xu Yang, et al. 2009. Geochemistry
and LA-ICP-MS zircon U-Pb age of basic dike swarms in North Da-
ba mountains and its tectonic significancel J J. Geological Science and
Technology Information, 4(2): 82 ~ 84 (in Chinese with English
abstract).

Wang Kunming, Wang Zonggi» Zhang Yingli; et al. 2015. Geochronology
and geochemistry of mafic rock in the Xuhes Shaanxi, China: Implica-
tions on petrogenesis and mantle dynamics[J]. Acta Geologica Sinica
(English Edition), 89(1): 187~202.

Wang Zongqi» Yan Quanren, Yan Zhen, et al. 2009. New division of
the main tectonic units of the Qinling Orogenic belt; Central China
[J]. Acta Geologica Sinicar 83(11): 1527~1 546Cin Chinese with
English abstract).

Wilson M and Downes H. 1991. Tertiary-Quaternary extension-related
alkaline magmatism in western and central Europel J 1. J. Petrol. s
32: 811~849.

Xia Zuchun, Xia Lingi and Zhang Cheng. 1992. The study of pyroxene
minerals of alkali-basic-ultrabasic subvolcanic complex from North
Daba mountain[J 1. Northwest Geosciences 13(2): 32~30Cin Chi-
nese with English abstract).

Xiang Zhongjin, Yan Quanren, Yan Zhen, et al. 2010. Facies succes-
sion and architecture of volcaniclastic rocks of the Taohekou forma-

tion: implication for Early Silurian volcanism in the North Dabashan

area, ChinalJ]. Acta Geologica Sinica, 84(3): 311~328Cin Chi-
nese with English abstract).

Xu Xueyi» Huang Yuehua, Xia Lingi> ez al. 1996. Characteristics of
phlogopite-amphibole pyroxenite xenoliths from Langao county,
Shaanxi provincel J 1. Acta Petrologica et Mineralogica, 15(3): 193
~202Cin Chinese with English abstract).

Xu Xueyi» Huang Yuehua, Xia Linqgi et al/. 1997. Phlogopite-amphi-
bole-pyroxenite xenoliths in Langao, Shaanxi Province: Evidences
for mantle metasomatisml ] ]. Acta Petrologica Sinicas 13(1): 1~
12Cin Chinese with English abstract).

Yan Yunxiang. 2005. Research on Geochemistry and Sr» Nd and Pb
Isotope of the Basic Dyke SwarmsL D]. Xi’an: Chang’an Universi-
ty» 1~50Cin Chinese with English abstract).

Zhang Chengli» Gao Shan, Yuan Honglin, ez a/. 2007. Characteristics
of the mantle in Early Paleozoic: from the Sr-Nd-Pb evidence of the
mafic-ultramafic dyke and voleanic rockl J]. Science in China (Series
D: Geoscienice): 37(7): 857~865 ( in Chinese).

Zhang Chengli» Gao Shan, Zhang Guoweis et al. 2002. Geochemistry
and significance of alkaline dyke swarms in Early Pleaozoic, South-
ern Qinlingl J1. Science in China (Series D: Geoscience), 32(10):
819~828(in Chinese).

Zhang HF, Sun M, Zhou X H, et al. 2002. Mesozoic lithosphere de-
struction beneath the North China Craton: Evidence from major,
trace elements and Sr-Nd-Pb isotope studies of Fangcheng basalts
[J]. Contributions to Mineralogy and Petrology, 144: 241~253.

Zhang Xin. 2010. The Dynamic Mechanism and Geological Significance
of Mafic Intrusion in the Ziyang-Zhenba Area, South Qinlingl DJ.
Xi’an: Chang” an University; 1~ 67(in Chinese with English ab-
stract).

Zhang Zhaochong; Xiao Xuchang, Wang Jun, et al. 2005. Mineral
chemistry of the Pulu Cenozoic volcanic rocks in the west Kunlun
Mountains and its constrains on the magmatic processLJ1. Acta Min-
eralogica Sinica, 25(3): 237 ~ 248 (in Chinese with English ab-
stract).

Zhao Xinmiaos» Zhang Hongfu, Zhu Xiangkun, et al. 2007. Metasoma-
tism of Mesozoic and Cenozoic lithospheric mantle beneath the North
China Craton: evidence from phlogopite-bearing mantle xenoliths
[J]. Acta Petrologica Sinicas 23(6): 1281 ~1 293(in Chinese with
English abstract).

Zhou Dingwu, Zhang Chengli, Wang Juli> et a/. 1997. Initial research
and geological significance for basic dyke swarms in Wudang block

[J]. Chinese Science Bulletin» 42(23): 2 546~2 549Cin Chinese).



516 Co SR TR/ B R H35 45
Zou Xianwu, Duan Qifa, Tang Chaoyang, et al. 2011. SHRIMP zircon HIFTRIZr L)), HOBTE AR, 83C11): 1527 ~1 546.

U-Pb dating and lithogeochemical characteristics of diabase from
Zhenping area in North Daba mountain[J]. Geology in Chinas 38
(2): 282~291Cin Chinese with English abstract).

Mt o 32 5 3% S0k

bR . 1988, T E AR F B AL AR iU B L b AT A R G ACT R D
[MD. QB [ BOR 2 iR AL, 24 —263.

A . 1983, MR- WP #os A IM . st OB AL

AL, XUFFHT, ThaE bk, 1992, o L S DA A7 R B N R
[J]. B #%4R, 12(4): 352~358.
TR, 1993, RIS I JO L E a2 AN A
P RINE A B AR SRR L) 1. A 2R, 9(4): 367 ~378.
A, ATATHE, SIMIT, 45 1992, dbREL il A AR BURBE SR K
E—— UL M aCs MR PR T A A I 1. 5 AR, 8(3):
243~256.

A, R, HAER, 1995, MG AT B AT 2 K
Hi i T HAT WY IRE, 14(2): 141150,

WA, B, 1990, AR B L 28 B L il £ B A 5 1

AR LT 1. v B 5 R 2% e 04 42 3 T 7 BT 5 i D

28: 15~24.

LS, EI0 0 1984, RS RS TR PN A IR A 2 R AE &
HAFR XL T4, 4(3):1~9.
BRA, B B 2011, R AR S DK B 2l A R R )
(I, VU oz Bea i C A SRR AR, 24(2): 238~243.
JEAMR, ZEE . 1990, Beptidb B o LR 4 90 0 2 A A 2
AEB A A BT[] ], Bepisb i, 8(1): 37~52.

TAEE, e, 1R B, 5. 2009, JEKEEETES BEREHDER AL 245
AELA-ICP-MS % A1 U-Pb 5& 4F & R Mk G 78 Oy 1. e Bt
Htl, 4(2): 82~84.

o, HAaN, B, 2% 2009. F04HE 3 SRR BT

A, EMIT, 5Kk . 1992, b B LA B 1 - 3 R il
Ze kA WEgEL g ). FEALH RN, 13C 2): 32~30.
A4S, BN, B 8%, . 2010, dERELEE REW 041k

TR T 2 AR e AR R A B oty KR 3R S 20 W] 0. M T2 41
84(3): 311~328.
RS0 BT, BARYT, 55 1996, WS M INEEF A KAl S 5

WAELT ], A AT WA, 15(3): 193~202.

WS, TEHME, EARYT, 1997, KRGS N RE A A 2
e A ACAE T RIESE L) . 5 A, 13CD: 1~12.

R 2005, e TGS - 5 S5 4t DX B Y o IR ) o A R Ak 2
K St Nd-Pb [FIf # M ER AL 3 LD, Pi%: KK, 1~
50.

FRARAZ, T, SRBORK, AEL 2007, R 2 0 Bl A AQ R 1R T R
B BT BRIk K e (K Se-Nd-Pb [l A7 2 EHe [ 1.

PP RRECD S RN, 37(7): 857 ~865.

SRISOE, B SRER, 25 2002, FEZRUA L AR AU LA B R 1Y
HuIR Ak 27 % Mot U LY . o [ R 2% (D 4 R BL 22D, 32
(10): 819~828.

5 R. 2010, FEZE U4 S B0 b DX BE VA A A Bh g S LA e o

BHEID]. i KK, 1~67.

CH R, E A, SE 2005, PR EH AR KICATY
PSR HE B 3ot S A FE YRS D, 5224, 25(3):
237~248.

BOFTH, SKEAR, ARARHN, AL 2007, HRdb bR A R I 1Y
A s B BB B IEHE (] ], 5 41 2 3, 23(6):
1281~1293.

PR, SKsar, TR, 25 1997, B BB A B REYT S 05T
FHM R LT, BEAR, 42(23): 25462 549.

anseut, Bk, wEAR, 4. 2011, db KW ILEE b X M G B
SHRIMP U-Pb & 4 Fl 25 47 s 3R AL SR AR L) 1. o 16 5, 38
(2): 282~291.

RIS



