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Abstract The calc-alkaline granites of the Yusupuleke Tagh batholiths are associated with abundant mafic magmatic enclaves
(MME) and aplite dikes. The granitc complex exhibits excellent evidence for magma mixing and mingling, such as the K-feldspar
megacrysts in MME, long prisms of apatite, rapakivi feldspars ( plagioclase-mantled K-feldspars) , oikocrysts of quarts and feldspar-
sphene ocelli. These suggest that mixing process of granitic and more mafic magmas induce the formation of the rapakivi texture.
Textural evidence of the rapakivi magmas is better preserved in aplite than in the more deep-seated rapakivi granites formed by slow
cooling, that indicate the decompression during crystallization of the magmas may promote the production of the mantled alkali feldspar
megacrysts. Geochemical, there are linear arrays in binary diagrams. MME and host granitoids are considered cogenetic, and are
hybrid rocks that were produced by the mixing of two components in different proportions. The granites are characterized by high Ga/
Al, K,0/Na,0, Fe/Mg and low CaO, and showing A-type granite signatures but the aplites are peraluminous, high Na,O, CaO,
similar to more felsic, fractionated A-type granites. Chemical data suggest that the MME originated from the enriched mantle melts,
whereas the felsic component was produced by partial melting of preexisting crustal materials. Deep-seated interactions between felsic
and mafic magmas were responsible for the common characteristics of both magma suites. The chemical evolution of post-orogenic
plutnism indicates mantle-crust interactions at decreasing depths in an actively extending orogen. The distinct composition and rapakivi-
texture of the granitoids reflects two stages of hybridization and emplacement at the end of an orogenic cycle.

Key words Rapakivi texture; Disequilibrium texture; Mafic microgranular enclaves; Magma mixing; Yusupuleke Tagh granite

complex; Altyn
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Fig. 1  Geological sketch map of Altyn Tagh and its adjacent areas (after Liu et al. , 1996)

TRB-Tarim Basin; QL-Qilian Mountains; QDB-Qaidam Basin; HMLY-Himalaya Mountains; INP-Indian Plate; WKL-Western Kunlun Mountains;
EKL-Eastern Kunlun Mountains. [ -North Altyn Tagh Archean complex; II -Hongliugou-Lapeiquan melange; Il -Milanhe-Jinyanshan block ; IV -South

Altyn Tagh subduction - collision complex
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Fig. 2 Photographs showing the granite, aplite and the rock textures related to magma mixing

a-Mafic enclave ( MME) hosted in Yusupuleke Tagh granite, and showing K-feldspar megacrysts in MME; b-Rapakivi feldspars in the moyite
(indicated with red rectangle) ; c-Rapakivi feldspars in the aplite (indicated with red rectangle) ; d-Hornblende, quartz and plagioclase as xenocrysts
in the cores of megacrystic alkali feldspar. Transimitted light image, cross-polarized light; e-feldspar-sphene ocelli. Transimitted light image, plane-
polarized light; f-biotite xenocrysts in the oikocrysts of quarts. Transimitted light image, cross-polarized light; g-long prisms of apatite in the MME.

Transimitted light image, plane-polarized light. Kf-K-feldspars, Pl-plagioclase, Am-Hornblende, Bt-biotite, Qz-quarts, Sph-sphene, Ap-apatite
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Table 1 Major (wit% ) and trace elements ( x 10 ~°) composition of granite, MME and aplite from Yusupuleke Tagh
Hou 5 06A-60 06A-61 06A-63 06A-64 06A-69 06A-70 06A-66 06A-67(1) 06A-67(2) 06A-67(3)
PR3 G A E BeE ek A ERE
Si0, 67.82 67.78 68.89 63.48 50.52 57.32 53.36 70.18 70.30 70. 65
TiO, 0.63 0.65 0.57 0.89 1.18 0.81 1.26 0.24 0.26 0.26
Al, O, 14.74 14. 46 14. 64 15.48 16.71 14.8 17.40 15.35 15.70 15.19
Fe, 05 3.93 3.82 3.38 5.34 12.38 9.15 9.37 2.59 2.53 2.61
MnO 0.06 0.05 0.05 0.07 0.21 0.17 0.15 0.04 0.04 0.04
MgO 1.45 1.39 1.28 2.02 4.03 3.23 3.97 0.91 0.90 0.89
CaO 2.78 2.79 2.3 3.73 5.30 3.04 5.43 3.01 3.02 2.96
Na, O 3.01 3.60 3.01 3.18 4.17 2.00 3.61 3.61 3.84 3.89
K,O0 4.74 4.39 5.01 4.08 2.57 7.79 3.89 2.58 2.65 2.64
P, 04 0.15 0.15 0.13 0.22 0.35 0.20 0.30 0.11 0.11 0.11
LOI 1.00 0.91 0.73 1.15 2.85 1.01 1.47 0.90 0.82 0.67
TOTAL 100.31 99.99 99.99 99. 64 100.27 99.52 100. 21 99.52 99.54 98.91
K,0/Na, 0 1.57 1.22 1.66 1.28 0.62 3.90 1.08 0.71 0.69 0.68
K,0 + Na, O 7.75 7.99 8.02 7.26 6.74 9.79 7.50 6.19 6.49 6.53
K/Rb 203.00 196. 84 204.03 193.13 135.33 151.05 127.57 68.79 139.44 126.27
o(ZH L) 2.42 2.58 2.48 2.57 6.04 6.69 5.43 1.41 1.54 1.54
Be 3.18 3.30 3.29 3.44 2.46 6.29 6.07 1.47 2.72 2.91
Sc 8.43 8.41 7.92 11.85 5.23 22.23 21.12 3.71 5.50 5.51
Vv 48.81 48.70 42.26 73.67 31.26 91.73 138.41 14.20 27.87 28.03
Cr 23.13 18.02 15.77 26.63 8.05 60.47 28.24 6.97 5.99 5.67
Co 90. 66 103.83 90.95 85.46 139.11 53.55 42.86 126.76 3.35 3.57
Ni 12.18 11.50 9.95 16.39 4.67 20.16 26.31 3.83 1.60 1.57
Cu 5.27 6.28 5.63 10.58 2.43 11.57 13.45 4.08 35.87 37.56
Zn 48.54 47.48 43.64 62.54 38.59 125.37 110.48 36.54 18.40 18.61
Ga 20.89 21.45 20.19 24.05 18.54 24.52 25.83 20.29 1.46 1.49
Rb 193.8 185.1 203.8 175.3 157.6 427.9 253.0 311.2 157.7 173.5
Sr 182.8 178. 1 176.5 236.2 314.0 82.1 181.4 71.4 315.2 305.3
Y 43.13 44.51 51.19 40.33 17.34 88. 64 35.26 42.41 17.46 18.94
Zr 212.0 288.3 272.2 355.9 148.9 280.9 304.1 115.6 155.1 143.7
Nb 19.54 20. 11 20.14 22.33 15.10 35.72 26.04 7.32 15.08 15.49
Cs 6.27 6.60 6.69 5.17 11.82 20.12 13.87 4.92 11.98 14.23
Ba 682.2 521.0 568.3 696.3 448.1 506.3 335.2 601.3 451.8 426.7
La 58.25 69.55 53.70 74.21 31.19 14.89 28.61 34.88 31.38 23.46
Ce 117.49 137.74 113.20 144.28 57.46 49.79 58.88 73.64 58.16 42.35
Pr 12.42 14.21 12.29 14.70 5.86 8.34 6.86 8.00 5.94 4.33
Nd 47.02 52.92 48.05 54.73 20.99 42.60 27.50 30.82 21.25 15.67
Sm 8.88 9.61 9.78 9.59 3.75 12.88 5.87 6.84 3.79 2.97
Eu 1.39 1.32 1.34 1.61 0.75 0.89 0.90 0.99 0.78 0.73
Gd 8.40 8.94 9.31 9.01 3.54 13.12 5.91 6.74 3.40 2.84
Th 1.28 1.34 1.47 1.28 0.52 2.33 0.93 1.14 0.51 0.46
Dy 7.54 7.81 8.81 7.38 2.89 14. 64 5.59 7.07 2.91 2.83
Ho 1.46 1.52 1.72 1.41 0.56 3.00 1.14 1.45 0.59 0.60
Er 4.16 4.33 4.90 3.90 1.57 8.72 3.39 4.31 1.61 1.74
Tm 0.64 0.66 0.76 0.59 0.25 1.38 0.55 0.68 0.25 0.28
Yb 3.74 3.92 4.44 3.60 1.59 8.70 3.59 3.97 1.65 1.88
Lu 0.55 0.57 0.62 0.54 0.24 1.40 0.60 0.56 0.24 0.29
Hf 5.37 7.11 6.69 8.66 3.75 7.55 7.14 3.28 3.93 3.68
Ta 2.17 2.20 2.73 1.87 1.86 2.00 1.40 0.96 1.50 1.73
Pb 22.26 21.93 23.00 19.25 15.92 35.29 24.32 37.86 16.89 16. 14
Th 25.86 32.82 36.31 24.77 12.50 7.62 10. 03 23.68 14.17 13.53
U 3.14 3.71 3.31 3.71 2.67 2.09 3.41 2.34 3.02 3.24
Nb/Ta 8.99 9.15 7.38 11.94 8. 11 17.86 18.62 7.66 10. 04 8.96
Zr+Nb+Ce+Y 392.2 490.7 456.8 562.8 238.8 455.0 424.2 239.0 245.8 220.4
10000Ga/ Al 2.68 2.80 2.60 2.94 2.10 3.13 2.80 2.50 0.18 0.19
Mg* 0.42 0.42 0.43 0.43 0.39 0.41 0.46 0.41 0.41 0.40
ACNK 0.97 0.92 1.01 0.94 0.87 0.86 0.87 1.08 1.07 1.04
SEu 0.49 0.43 0.43 0.53 0.63 0.21 0.47 0.45 0.66 0.77
(La/Yb) y 11.16 12.74 8.67 14.79 14.07 1.23 5.71 6.31 13.62 8.93

o =(K,0 +Na,0)2/(Si0,43) ; 8Eu = FEuy/(Smy + Gdy ) 7?5 Mg* =Mg?* /(Mg®* +Fe’* (total) ), 2 & Fe’* (total) =wt% (Fe,03)/80
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ko AReRZad, HKEAFOLEAL=FRERK
B R RIF ARG XA EREFAHORA B R REE B
Ao St AR £ B GRS 09 45 8 4 (Vernon, 1991
Castro et al. , 1991; Hibbard, 1991; Andersson and Eklund,
1994) ,

(6) BE& kP L T4 RARS (A 2g) ., FEBFTHL
A KA R -4 RBE R B Sy 25 J Rk A2 4G = 4 (Wyllie et al.
1962) , i@ WA A A & R e A2 T RBE R EANDE
BKBREERE T IFHABERBER R THHLER
(Hibbard, 1991)

LR BZRRSRBLEE T ELENINE, LN ZE
RGP G R AT R ERRAER,

5.2 BRBRHRERE

BRBAV EMFRHIERAFE LR FELKEFw
§h B T AR Ay b B R A Bk 2 R B L) R0 e
ATGE AT R A8 R 3% 09 2 R R 42 8, v Harker B f#+T
VAW, RS 5B 2K E Na,0 5 ALO, [ % SiO,
SEHENRERARHEMEX A, ™ MgO,MgO.P,0,5 TiO,
M £ Si0, A2t 3k v, K,0 M % Si0, 4% 643w
¥ohmy B ok, — R E WAL RRE, 7~ F 2N B
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Fig. 4  Chondrite-normalized REE-patterns and Primaitive-Mantle-normalized trace element patterns for the granite, MME and

aplite from Yusupuleke Tagh

The chondrite and Primaitive-Mantle values from Sun and McDonough, 1989. Symboles as in Fig. 3

EORTRREATARRANERRER f2XBXRALEFT =
BB R RS AE

# Rb-Y +Nb B L(Ews) , FEHLK BHFEAMAL
M Rk, F (& K0 +Nay0) , % K,0/Na, 0, F % & K 48
AAE(Zr + Nb + Ce + Y > 350 x 10°°; Whalen et al. ,
1987) , % Ga(Ga/Al x 10,000 >2.6: Whalen et al. , 1987),
BRT ARLRKBQHIE, ZEBHEL X FTHRAELEML R
2 094 42— 5 (Haapala and Ramo, 1999) , & &9 2R B i
B BB B B N AT ] L F gk MR K

(KER-HBER) Ao, CNAR —MiE-RERY
%R A2 R TR F R X (Haapala and Ramo, 1999) ,
ARLRENRETARE TERR L K05 73
DV RR AR B (e RS B R ) AR 4 (R AR A ad
R 6 A 1% 89 57 #k (Frost et al. , 2001; Turner et al. ,
1992) ;TR B FHuot BENKERIK AR B AL
Bk, I B T ek R e FOR R B T AR A BTG
K% W % % A M (Patifio Douce, 1997; Dall’Agnol and
Oliveira, 2007 ; Klimm et al. , 2008) , Frost and Frost (1997)



2816

12 F K0 F= FeQ'/(FeO" + MgO) HuAfh 64 3% & A 2R 52 45
HREROTERRER IR EZOYFRAEZET X EGHRY
Wak, AXAAFRBEEKR G A BF LK £ ThU i
$6.67 ~10.96,5 F 3 %45 Th/U 44 (6. 00, Rudnick and
Gao, 2003) #83% ,Nb/Ta /5 8.99 ~11.94 -+ 4 9.3 & &
F T 3% 89 {i (8. 3, Rudnick and Gao, 2003) , 54 A I3 &
F UL LK G ERIERK 2 (=9.00, Dostal and Chatterjee,
2000) JU-F— B, 38 T AL K B A T em ks ekl Z 4.

B & LR F I A A7 % 8 IR F A, AP X BT
R T 5 & W 1% 69 3 4 45 &% (Bacon, 1990; Janous ek
et al. , 2000) Fo % K £ ¥ 09 %4 5 4 B 4E A (Meen, 1987)
MREEFETH BB EATAREOLKRSERETF
B AE A LU, R & Gk (5 06A-69) 49
MgO . FeO 4% & ,Nb/Ta ( =8) A&AK,Eu.Sr = Ti 89 # 7
TG, AR RTHRAAEAKBHERE., MAREFEG
PRAE S MgO FeO 42 #4%,K,0 4% &, 123 Nb/Ta W14 2
H 18, 13 T R4 Mt AL (Nb/Ta=17.5 +2.0) 5k M B ( B
dd) P ey BaTi 69 A FH 2 ARET ZEF bt 6695
5, Eu fe Sr o4 5 S+ L A AR B 2 . FTARE Lk
Ft3F 4569 I AE AR | T AR A 1R IBAR 4 L 2 R R R R
b, BRRASBENRY L ROKRELESEHESR,
AT B &, Gk 0 A R B BE X R — 3

oW fa i & SIO, AR, MEA L RSB S R
W EA8UE, Nb/Ta Jodf 7.66 ~10.04,F34 4 8.9, 435 FF
7% 49 Y48 (8. 3, Rudnick and Gao, 2003) , 54 A I3 & f= 4
NLHEGHERILKZ (= 9.00, Dostal and Chatterjee,
2000) — 3, 0I5 T T FHAER KL, 122 Nb . TaFo Ti #
F# B A9 2 K/Rb 4 68.79 ~139.44 <150, A ¥ 2 % 57
K #AE F B 2 (Dostal and Chatterjee, 2000 ) , 5f B 5 7 5x,
BEARLIE K B 8 18Ma A& (R AHIE), TR A 2765 A
3%, 5 2 (King et al. , 2001)

ABER Z2RET — ALk R (6D RE R
$&) 6940 & 2R 35 (Frost and Frost, 1997) . #&- K3 %45 b
BB B F AT TA, 2 RS 8 L IBAR AR E AR
RBELE M I K B R T AN A R G 1 IR AR B R IRAZ A
THoT IRk, AR BRI B R R A RS R R
Wy, E—IAIR, A BATEANT I A B K 5 698 B A &R
WAL BRET RIFO AR, BRY K0S FAFERRE
BEHEEMAAR, B LB LERNESIEHEILR R E
#6 K,0 4% (Skjerlie and Johnston, 1996 ) , iX f& & 7 4 2R
3%, (Ellam, 1992) (% 9K ( Defant and Drummond, 1990) #= &
A E RN (ERF, 2007) PHAH LA, EHETH L
BB RV LR E R LA A BIR IR 0) Z 47
BB AR T K B A P AT A5 b i 4B R G W e dh B AR
TRBRTARRRENERBEURRNE =W, Rk T —/M%
RERF T Z RB A ZAER, 7 R 5% SR REY
TR,
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5.3 &&A % RAWH FFh S 3

BRVEEOARTTT BRGE, FLARLLKTGE
KR ERRST R B ERCEE R HREK B
M, A ERARL THRE-SHHBRE, AABERARA
FHAG, FEIAEREFTHRBRG PO LGRS N OLE
AE=H ARG BEEFRETr it AR EREETS
IREERGEZ MR AETERER(E2), HhAGH
T 3 2O RRAOR BIR A K B oA, B A AR B 3 ARAAT
KB Ak, BLR L KRB AR AR 28 & T ik 34 B T AR R
A, ket BARANGE ExFEEET MRS, 3
Wik iRk T AT K G A K G A B KL B T4 4
BORETHERRERGEN, MK B4 RBER GG LD X
Fe T B R i b, MEAEA S REFEN FHE
W, MR EMK G, Tk oo 6 EHE
M3 EAH TR DB G A LA Xl A R
WA AR KB RFHGERREGEAHNERHAL
(Vernon, 1991 ; Castro et al. , 1991)

LR AR AR R R ey i, TR A A
EROSPRENIE, ROAREZRFRERGFTRE
RAEE M = A iR R A4 A (Couch et al. , 2001) 3, & %
F89 B KA (Klimm et al. , 2008) , XAV iE ) 5 B H A5
TR B R AR e R K A SRR, BT A
BRPE 28 4 iR BT 8] e 2 1) 69 £ -, T VA 5 AR B AN 3 LR A B
9 AR X Yo 48 Fo B TR B, A E A R ) 45 M e 4 - 04 B
@, 6,1k S R A i B 3 (Janous~ek et al. , 2004 ; Barbarin,
2005) .

Rmd s v AT KRG, RAKRTEM, TK
BE AR BTRREATESRE B AR AR, § TG
5 B R eg B R K A RS ARG FIRE, N34 E An
KB AWIEMF BN RS Ab 694K B R, i
'S Si0,, 3 AR L8R, BR &6 Na,0 = CaO 4
B AR T Bl AR K, 3R R R R AL
MEXRTT B RRETE TN LT ),

BB b A ARl K 89 & F 45 4 ( Almashoor,
1980), MAsER47T KL B eh M X RARN T LR E KT
BEZFRZNANGGTRETREERS, MAEF WL
S, B RPHKAR M REKERXRTHAEES, BELLE
B, ERBARENE G, AT RRAEFS AR 2
REBRK O A, Rk, Am E A md ., LR R
B 0K B 69 R B 5 A A 406Ma A= 424 Ma (£ ) 2
), e mdh BT RILIE R B0 18Ma £ 4, LK 0 dh 2
HHRTREA T — A2 EARETAZIE R RBERLE S
wyit e,

LR IEGLA B R RSN THRALEHILR B O
RACE|EEARR . B — BT B R B AR S M6 B2
MRAET R B RRR RN E G =4, BF T % B8R mR

n Eo
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TP — R ERR R AXIER a2 P RER D
KRBT EIRK G WA BRI K TAKILR %+ 0
FHKG(BA2b,c), RAREERE—-ZHREFHMHT R
A T IRBELE A 6T R, , BRBE LA 2 Bt 227 8 kKb B 3
BTG R SRR ERANGILR ELED
Tk, X L5 25 i 0d = Uil PR A Pk A3 e Koh &
— % (Anderson, 1976; Davidson et al. , 1998; Tepley et al. ,
1999) .

6 4

Y
(o

A\

FENEEEROUK R FHEM(RER L AEIRY
B QAR AHRBER G Ao 5 ERBEF ) fo 8 B HRAL F FiE
BEEAT REBGEFEFTH LB R R ERLAER
RAVERGEE. BEOK FERREFRERAH ERE
TERRERCIRT RRNBEN =4, BE KT RR
AET ST B T RE S MR B AR L S o R R R R
RS MEIRRERAT TRERRK, R 2L G RE
FHT e 6B BT T R R R Bl 5k T (B A B ) R
S B R

TR s & Si0,, A MR 48R, Na,0 F= CaO 4
TR, AR 5 BT & e B K, 3 M B K A s sk AL
FRHILXBTT RAEBRENGEE S FWHIE, 0%
Feit B RBREGRBELEMIGT T RASZ R R PB R
REVR B AR A, M BEIR AT K 6 K 2 694 A R R
THREMIR, MEFTHER, ERPHKREI 0P, R
BERERTEEEN, B EREBI, B RIZNI TG
BAL, F MG S, R ARG E P REKE QKB INT
54 KB A BEIRK T RLK B FTOFRERE, LA
B M AP A ey R KL B RBERF I ILRK B
RIHALERAFNIER EREHHR, TR ERE—
T RIEEM T ERA THRABLEH .

EHETE LB ERTATREE KR LA ARR
B 2 AR R BATAS L T B 2 e P AT S BB TL W B R
AT ERBURRNEN W, Rk T —MER 2R TH
FARBARLAE R, 3| AR M T ik S b R T e AR JE R T R
2HGETFEEARRMALELEHER T TR ER
JBRAZER ., B—8hFPREARR R ERGRELEN T T
TZERGRA X Poh— 2w X 2, RETHELR
T RE - 4

!

it RAERERARFAALMBILEFERNT AL, 4R
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