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Fig. 1 Geological sketch map of intermediate—acid intrusions in the Shangnan—Danfeng area, East Qinling

K—Cretaceous; Pz,/— Lower Paleozoic Liuling Group—complex ; Ptsd— Neoproterozoic Dangfeng Group—complex ; Ptuw— Mesoproterozoic Wuguan

Group—complex ; Ptxx— Mesoproterozoic Xiahe Group—complex;Pt;g— Paleoproterozoic Qinling Group—complex;1—Late Caledonian—Early

Hercynian granitoid ; 2— Jinningian granitoid ;3— Jinningian quartz diorite ;4—basic intrusive complex ;5—Songshugou amphibolite ; 6—ultramafic rocks;

7—main boundary fault; SFi—Shangdan paleosuture zone ; SF,~Mianlue paleosuture zone ; Fi—Shangdan fault; F,~Mianyuzui ductile shear zone;

Fs—Liangshigou fault; F,—Pailougou ductile shear zone

Mo TR AL BT ST | A AR 2R IR B P M X R BT — L850 T
AR A 2SR TN P 2 I 3 L T A A A
PLRGHT 767 1K Rodinia 48 Rl 9 58 & 15 2800 7 55 HoAT B2
BOC, AR S BRI BT R B FE R PR LR A R T
IR 13K 5 B I3 R AIE (9 9 B 5 288 G o LR R A AR
s FE A PR v ) 55 A e LR o RS T A PR A P
5 A MR AL S BORE IR IZ SR AE b A B R e s LR
i 8l 3 2 7

1 MBS S A R o

A BTSRRI 28 06 i Ll AT LA At Bk oty 4 4 (i
FEANGLIE & HE S ) o B 3 AR RIAEZR I i |
ZRU TR R 47 7 b Zken SR T i AR o A AU T
TE S W AR 1 B T AR 23 b R e 20 A7 1
Pedb 2k, LT RIFIAFACM A L ZR 0 )32 S A [ A £E 14
HR LA TT A AU T AR ety A AR B A

PR SCHIRTE X 07 7 7 78 U g P A i 7 ) Y b 2 e
AT LU R 8 0 B B AR I A AT, bR e R
i G AR U e TR v R AR A o A b o oty AR T

FE— i e 78 0T 2 (A 35 B A L R AR A SR AR AL A,
TE TS b XL R oT AR T A R 7 2 A i
HRERTHE R R B A R NWW R AR 1 G s SR
AR BT AR — L A R RO WG o T 7R — B G R R T
IS R BT AR e A AU A R AR R E W
A 2 A AT P25 RS 0 1 R P B, 5 5 fR T S AT R A
RAEIEE NWW 2R A (B 1),

PR A RO T B rE b | AL e R R R
MI/NER RO T 2RI AR AR B 26.5 km?, 5 4
22 TR0 5 R AR A i SR TR LSS 00 oA DL AR i AR BT AR
i KB R AR BR B L R AR 5 e A A AR
P A6 <1 A 1 B UKL BS A 27Ph /2P AR IR (8894£22)Ma® | 3R
B AR B TT i R = ) o R B A AU R N K
HOHEKRERNK S RS, KA—EK—K 0, £
BT YRR A A S EBA BRA R YA
WK B0 HE AR i AR — ok — ORI A5 R AR B 4
F P RRAR A 1

i 2 I B i PR D A ) 2 ke KA R R A, A T
TP A R 2 PR R B OC AR K 25 km, TE 50~



374 i 55|

i J5 20034F

300 m, 2 U 22 004 Y Y1 AR I8 1R I 8 o JBE e A b, R Ak
NI G — R AR AR A BN K R TR R
RO RCHZ M SGE BT SR AT IR R
FRAE B 5 AE A AR TB O T 28 S5 0 T L e i R L A
ARt A AR AR T A I S SRy T B AR B e %
R E A YN RS A (50%~70% ) B T B (20%~
30%) . RHE A 2 & A o 5 AE A AT I T ST A AHE
WA I A A B A AR ) DB T 55
AR ETYLMNG, BabohE ) BT YA BKA B
o Wa R,

2 AL IR L BR AL A AR

T R AR 7 SRR R A R 4 DM RER R o0 R
TR TG R MG -0 R Mo % 1,

A A SIO, & 1 >56%(62.53%~74.57% ), 1 4 DFE
i B9 ALO, =15% (15.23% ~16.86% ),3 > FF i ALO, <15%
(13.41%~14.93%) , (A2 3 15%; HL R 2 4850 §=1.03~1.72, &
1 (Na,0> K,0,Na,O/ K,0=1.09~3.31), B AR=192~296,

400 e

200

00

Sr/Y
T
Lol

10

A/CNK=108~117, ¥I KT 1, )& 15 5 Pk Z 51 | ad 55 B 5 A0 252,
MgO & 5 <3%(0.65%~0.73%) ,Mg" N 43.87~61.48, Z KT
47, TEMEICRAHE L Sr &S LA 2 DMFES BRI 400107
A HARIRTF 400x10°(403%10%830x10°);Sr/Y FLAETE 70.16~
21671 Z I8 B KT 40, Y<18x10°(1.90X10~695%107) , Yb<
19x10° (027x10%070x10°), 7~ HIKAMHREE & & ,La/Yb
HAB >20 (47.60~110.93) , (La/Yb ) >20(32.0999.13) , L. i&
53R M A 35K B A AR ) 7E St/Y—Y il (La/Yb)a—
Yy I 1 2B ASRIA s BUA D, I 50 T I Y B 5T
Tl R KA (B 2) . 7E N—-MORB Fr#fEfb A H 2 i ot
RIS R LA SR ) Nb B 5 B R Se E SRR (&
3), FEM LT R BB A AR HEAL R R 1 SR SRR REE 43 5%
(K 4),LREE &% HREE #2075 $t | HA 535 50 UA o FEE
I AL HREE & 5 8Eu=0.96~1.29, Bk A& Bu 5% sl
S99 Eu IES%

mAEAE R AN K S S0, Bit>56%, 0 6278%,
ALO,=15%(15.43%~16.59%); HEE2HEE §=1.07~3.40, &N
(N2,0O> K,0,Na,0/ K,0=127~6.16), TJER AR=158~221,

200
A LSRR SRS |
® A AN KE | ]
150 O MRHEFE RN KE ]
= W R e )
=
Z 100
2
50 b
0

Pl 2 RBPFHLIXAE A St/Y—Y , (La/YDb)—Yby B (45 SCHR[1,2, 36] FISCRK[3, 25])
Fig. 2 Diagrams of St/Y—Y and (La/Yb)y—Yby of granites in the Shangdan area (from references [1, 2, 36] and [3, 24])
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Fig. 3 Distribution diagram of trace elements of granites in the Shangdan area
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Table 1 Whole-rock analyses of major (% ) ,trace and rare—earth elements(10~°)
of Neoproterozoic granites in the Shangdan area of the East Qinling

HRSATR moE A & oM Ak
¥ 5 | D3805/1 D3901/1 DI1435/4  DI1435/5 $3911/9 S3911/4  S3911/12 S3912/7 S3911/1 S3913/77  S3912/10
o A Pl HOBE Pl % = i P P -k S % =
NS NS NS NS NS NS NS NS TR TEixA NS
Si0, 62.55 63.00 63.73 61.84 62.53 7243 71.10 71.64 7457 72.98 67.97
TiO, 0.53 0.49 0.48 0.50 048 0.34 0.25 0.26 020 0.20 038
ALOs 1543 16.59 16.01 16.37 19.01 1422 1523 15.39 1341 14.92 16.86
Fex0s 2,93 332 2.90 251 0.78 0.54 0.33 0.40 083 022 0.87
FeO 2.20 228 236 220 263 1.94 1.55 135 096 124 2.10
MnO 0.12 0.11 0.15 0.13 0.073 0.06 0.08 0.073 0.05 0.13 0.073
MgO 241 212 2,07 1.93 1.65 1.04 0.68 1.04 0.86 0.65 1.73
Ca0 5.52 495 5.04 4.90 410 220 225 2.50 120 1.60 2.50
Na:0 4.62 412 3.54 448 5.55 436 473 459 377 465 503
K0 0.75 1.07 118 3.53 1.74 1.94 2.58 1.52 346 262 1.52
P,0s 0.12 0.17 0.13 0.16 021 0.14 0.098 0.15 0.13 0.10 021
H0 1.36 1.80 1.32 0.16 0.60 0.46 0.43 0.64 042 042 0.58
CO» 0.48 0.26 0.26 0.12 0.27 113 0.55 041 0.08 0.07 0.05
LOI 147 0.84
Tatal 99.02 100.28 99.32 9953 99.62 99.80 99.86 99.96 99.94 99.8 99.87
NayO/K20 6.16 3.85 3.00 1.27 3.19 225 1.83 3.02 1.09 1.77 331
Mg’ 66.12 62.36 60.98 60.98 5278 48.85 4387 57.85 6148 48.29 59.48
Sr 397 350 454 435 830 533 395 522 403 375 650
Rb 17 29 27 23 97 109 84 67 93 76 69
Ba 298 394 487 345 768 821 818 512 1970 750 576
Th 5 4 7 7 11 13 9 7 17 8 11
Ta 0.78 1.04 1.30 1.20 124 1.80 0.72 112 0.88 112 0.92
Nb 8 8 9 15 9 24 9 5 3 7 3
Ir 110 112 114 150 215 213 108 123 125 97 168
Hf 6 6 6 6 6 7 7 7 6 6 6
Se 10.8 11.0 9.6 13.0 48 26 52 25 23 25 34
Cr 10 97 17 18 23 7 52 9 11 6 6
Co 11 12 12 11 7 5 5 4 3 3 6
Ni 3 4 4 8 9 3 3 3 6 4 5
v 9% 9 74 7 81 52 14 52 44 47 66
Cs 7 8 8 8 8 8 10 9 9 9 8
Ga 175 16.0 150 155 155 16.7 210 14.0 14.0 155 19
U 2.39 1.69 1.05 0.94 271 2.57 243 142 151 1.83 1.51
La 18.7 165 192 275 256 50.3 238 289 39.7 184 477
Ce 342 31.8 357 467 36.6 76.3 36.7 474 60.3 300 784
Pr 3.93 3.59 3.36 5.13 1.06 7.63 3.97 521 562 339 8.06
Nd 17.8 17.5 184 2.0 134 23.1 164 152 15.7 116 233
Sm 3.32 346 3.54 3.96 201 3.53 2.57 263 238 194 3.80
Eu 1.07 111 118 131 0.75 0.73 0.68 071 076 0.58 0.85
Gd 2.83 3.02 3.12 3.69 144 1.89 1.60 1.56 1.09 135 1.89
Th 0.53 0.56 0.46 0.65 0.26 0.36 0.27 028 0.19 0.28 034
Dy 373 407 3.18 3.94 1.08 1.65 1.68 117 057 078 112
Ho 0.83 091 0.61 0.87 022 0.31 0.23 021 0.12 0.13 0.19
Er 245 276 1.59 2.56 0.55 0.76 0.64 0.53 029 0.30 046
Tm 0.38 0.40 0.22 0.35 0.08 0.11 0.088 0.08 0.04 0.04 0.07
Yb 221 227 131 2.10 0.51 0.70 0.50 048 027 0.28 043
Lu 0.19 0.19 0.20 0.32 0.07 0.11 0.081 0.07 0.04 0.03 0.06
Y 15.7 184 114 16.8 383 6.95 5.63 398 1.90 277 387
LREE 79.02 73.96 81.38 106.6 7942 161.59 84.12 100.05 124.46 6591 162.11
HREE 13.15 14.18 10.69 1448 421 5.89 5.089 438 261 3.19 456
SREE 92.17 88.14 92.07 121.08 83.63 167.48 89.209 104.43 127.07 69.1 166.67
Eu 1.04 1.03 1.06 1.03 129 0.78 0.96 0.99 126 1.04 0.86
La/Yb 8.46 727 14.66 13.10 50.20 71.86 47.60 60.21 147.04 6571 110.93
Sr/Y 2529 19.02 39.82 2589 21671 76.69 70.16 131.16 212,11 13538 167.96
Zx/Sm 33.13 3237 32.20 37.88 106.97 60.34 2.0 46.77 5252 50.00 4421
Y/Yb 7.10 8.11 8.70 8.00 751 9.93 11.26 829 7.04 9.89 9.00
(La/Yhx 5.70 490 9.88 8.83 33.84 48.45 32.09 40.59 99.13 4430 74.79
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Mg*=100[MgO/(MgO+FeO)],
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Fig. 4 Distribution diagrams of rare earth elements of granites in the Shangdan area
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Table 2 Sm and Nd isotopic compositions of the
Shangnan granites, East Qinling

R #oM TSwNd NINd£20 T (Ma) Tw(Ga) e (1)
S3911/12 | fERINESE 0.09826 0512127 +8 889 1349 1.23175
S3911/1 | —KAbkds 008825 051213410 889 1233 251020

WA B U PRSI MAT261 BB I 2 (2000)

La/Yb HoH 15 I 33 2 48 5 2 (14 V51X 358 4445 1l 119 4% 79 400 17 o AR
WEAT AL BRSS9 Mg” 18 (43~66) 2= IR oh PR FE AR 1 3
G KE G TE W) AL A L Tk B R T RE S M AN A = ) & R
I B A A AR e

i R AL B AR 2 SRR Sm  Nd TR 36 2 B B 8L
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b S 4395 RO BRIV B 56 A ELA VA ST R T 1Y 1 T b e B A0
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7 P M B AT IS (T T 1.44~1.27 Ga) P | 1 17 RS AL 1
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Table 3 Geochemical characteristic values of two kinds
of adakites and Neoproterozoic granites in the Shangdan
area of the East Qinling

R TRRIE T IRBIST I X AL B
T romsmn | mogsgs | TR | LA
Si0,/107 =56.00 56,06 ~72.48 70.46 62.78
ALOY107  |=1500 (<150 1453 ~19.81 15.58 16.10
Naz0/ K0 >1.00 1.00~557 235 357
MgO/x 107 | <3 (fb>6) 0.10~256 2.13 1.09
Mg" >47 —ft<50 53.23 62.61
Srx 10° | >400 (f<400) | 355~ 1512 530 409
Y % 10° <1800 2.00~1500 (69) 4.03 1558
Yhx 10® <190 0.17 ~1.03 (0.36 045 197
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BT R R M5 IR AR I S A A (R A ) B4 4 Rl
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Wl 33X 2255 A1 & 75 8 F adakite A AR A AR R 2 LW i
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Xof 2 U i L 7 R i TR ) A A P AU DL B A v
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Geochemical characteristics and geological significance
of Neoproterozoic adakitic granitoids on the north side

of the Shangdan zone in the East Qinling

PEI Xian—zhi', WANG Tao? Ding Sa—ping'~’,LI Yong',HU Bo'

(1. Faculty of Earth Sciences and Land Resources, Chang’ an University, Xi’an 710054, Shaanxi, China;
2. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China;
3. Gansu Institute of Geological Survey, Lanzhou 730050, Gansu, China)

Abstract: The Shangnan granitoid and Diaozhuang granitoid on the north side of the Shangdan fault zone in the
East Qinling belong to the calc—alkaline series and have the characteristics of island—arc granitoids. These rocks
have higher Na,O (3.54%~5.52%) and lower K,O (0.75%~3.46% ), Na,O/ K,O = 1.09~6.16,Si0,>56%(61.84%~
74.57 %), ALO;=15%(13.41%~19.01%) ,MgO<3%(0.65%~2.41%) and Mg"=43.87~66.12. They are notably de-
pleted in Y with Y<18X107, ranging from 1.90x107° to 18.4x107°, and Yb with Yb<1.9X10™, ranging from
0.27x10™ to 2.27X107°, and enriched in Sr with Sr>400Xx107,ranging from 350X107 to 830X107™°. Sr/Y ratios
vary from 25.29 to 216.71,being >20~40. The granitoid rocks are enrich in LREE and depleted in HREE with
most La/Yb>20 (47.60~110.93) and (La/Yb)x>20 (32.09~99.13),and exhibit no Eu anomaly or only weak
positive Eu anomaly. The large ion lithophilous elements (Rb, Ba, Th and Sr) are relatively enriched and high
field strenth elements(Nb, Ta, Zr, Hf and Ti)are relatively depleted. The isotopic composition indicates that the
"Nd/"Nd ratios (0.512127~0.512134)of the granitoids are very similar to those (0.512651~0.512917) of the
Songshugou ophiolite in the Shangnan area and that their £ (t=889Ma) values are positive(+1.23 to +2.51), im-
plying that the source rocks of these granitoids are dominated by MORB. These geochemical characteristics are
similar to those of adakitic rocks formed by partial melting of MORB related to subduction of oceanic crust, sug-
gesting that these Neoproterozoic granitoids in this study area might be adakitic rocks. The adakitic granitoids in
the Shangdan area may be the result of the northword subduction of the ancient ocean basin (ancient Qinling o-
cean), represented by the Songshugou ophiolite and the Hethe N—-MORB type basalt, along the Shangdan tec-
tonic zone during the Neoproterozoic. This slab subduction of oceanic crust led to the partial melting of MORB
rocks and the formation of the adakitic granitoids in the Shangdan area.
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