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Fig.1 Geological sketch map of Huanglongpu area(base map on the left modified from Huang
Dianhao ") and map of sampling locations(right)
1—Quaternary sediments; 2—Argillo—arenaceous slate and quartzite; 2. Metaquartzose sandstone of
Mesoproterozoic Gaoshanhe Formation; 3—Volcanic rocks of Mesoproterozoic Xiong er Group; 4—
Amphibolite gensis of Archean Taithua Group; 5 —Diabase; 6—Granitic porphyry; 7—Laoniushan granite;
8—Gneissic granite; 10—Anticline; 11—Fault; 12—Unconformity; 13— Geological boundary and attitude ;
14—Limits of Huanglongpu ore body; 15—Sampling location
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Table 1 SHRIMP U—Pb data for zircons from alkaline granite—porphyry (ZB2) in Huanglongpu area

26pp, B2 ppy M9pp  2pb/By
Spot U/10%  Th/10° 20ppi/10°  Xpb Mppr ppBy MppyBy
% /U age/Ma age/Ma
ZB2-1.1 - 171 176 1.06 10.1 0.0598 (4.8)  0.569 (52)  0.0689(1.9)  598(104) 429.8(7.8)
ZB22.1 0.3 1206 503 043 223 0.04814(1.7)  0.142924)  0.02154(1.7)  106(40)  137.42.3)
ZB2:3.1 - 960 1140 1.23 17.3 0.04886(1.5)  0.14172.3)  0.02103(1.8)  141(36)  134.2(2.3)
ZB2-4.1 057 191 95 052 3.39 0.0455 (4.0)  0.1293(4.5)  0.02059(1.9)  -27(98)  131.42.5)
ZB2-5.1 009 876 289 034 152 0.04873(1.7)  0.135324)  0.02013(1.7)  135(40) 128.5(2.2)
ZB2-6.1 0.0 2368 805 035 46.5 0.04862(1.0)  0.1531(2.0)  0.02283(1.7)  130(24)  145.5(2.4)
ZB2-7.1 058 318 245  0.80 6.49 0.0460 (4.9)  0.1501(52)  0.02366(1.9)  -1(118)  150.7(2.8)
ZB2:9.1 - 182 162 092 3.11 00528 (4.7)  0.1456(5.1)  0.01999(2.0) 322(147) 127.6(2.5)
ZB2-10.1 - 208 224 111 3.68 0.0539(6.4)  0.154(6.7)  0.02069(2.0) 368(103) 132.0(2.7)
ZB2-11.1 035 312 142 047 557 0.0449 (63)  0.1280(6.6)  0.02068(1.9) -63(154) 132.0(2.4)
ZB2-12.1 0.08 841 68  0.08 163 00504 (2.6)  0.1564(32)  0.02251(1.7)  213(61) 143.5(2.5)
ZB2-122 002 2850 1889 0.68 55.4 0.04800(0.97)  0.1497(2.0)  0.02262(1.7)  99(23)  144.2(2.4)
ZB2-13.1 218 2052 1216 0.6l 385 0.0456 (6.4)  0.1342(6.6)  0.02134(1.7) -24(154) 136.1(2.3)
ZB2-151 - 71 42 0.60 122 0068 (15)  0.193(16)  0.02044(3.3) 882(316) 130.4(4.3)
ZB2-161 - 744 717 1.00 127 00523 (3.0)  0.1441(3.5)  0.01997(1.7)  300(39) 127.5(2.2)
ZB2-17.1 001 170 95 0.58 40.7 0.09705(0.74)  3.733(1.9)  0.2790(1.8)  1568(14) 1,586(2.5)
7ZB2-181  -- 77 78 1.05 133 00541 (52)  0.1495(5.7)  0.02004(2.4) 376(116) 127.9(3.0)
ZB2-19.1 031 1076 853  0.82 19.0 00468 (2.5)  0.1324(3.0)  0.02052(1.7)  40(60)  130.92.2)
ZB220.1 0.6 894 819  0.95 16.2 00481 (23)  0.13952.9) 0.02105(1.7)  103(54) 134.3(2.3)
ZB221.1 034 1061 1625 1.58 183 00497 2.6)  0.1374(32)  0.02004(1.7)  183(62) 127.92.2)
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AP 328 376 R R 22 BUBURE I AR IR L, ik 6 o #0
PEHEBRAE T 2 A0 RIS 53R 12 AR
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T EME A (126~131)Ma, XPb/>U AT Y45 Sk
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Table 2 SHRIMP U—Pb data for zircons from diabase (HB3) in Huanglongpu area
U Th B2y 206pp [ 2% b Al Fiy/Ma
/1 0-6 /1 0-6 /238U /1 0-6 207Pb*/206Pb* 207Pb*/235U ZOSPb*/238U 207Pb/206Pb 206Pb/238U

Spot  *Pb./%

HB3-1.1 1393 246 524 220 500  00297(29)  0.080(29) 0.01955(1.9)  750(396)  129.7(3.6)
HB3-2.1 3063 218 423 200 6.8 0.055(59) 0.165(60)  0.02182(2.8) 1371(1099)  143.5(8.3)
HB3-3.1 005 319 99 032 700  0.09252(0.67) 3266(2.3)  02560(22)  1444(15)  1.467(29)
HB3-4.1 517 249 414 172 466 00713(13)  0209(13)  0.02125(1.9)  194(663)  131.9(3.1)
HB3-5.1 4116 356 1236 359 10 0.178(12) 0.559(13)  0.02281(1.9)  910(1505)  123.7(7.4)
HB3-6.1 134 370 192 054 370  004454.2)  0.681(4.5  0.1110(17)  968(88) 700(12)

HB3-7.1 040 273 455 172 490  007142.3)  020793.0) 0.02112(1.9)  615(164)  132.9(2.6)
HB3-8.1 1.0 252 252 104 441  00547(2.9)  0.1531(3.5) 0.02030(1.9)  188(139)  128.7(2.5)
HB39.1 054 208 253 125 372  0052333)  0.14923.8) 0.02071(1.9)  259287)  132.02.7)
HB3-10.1 318 214 345 167 379  0059G.1)  0.1691(3.7) 0.02048(1.9) -308(476)  127.6(2.7)
HB31-1.1 554 153 188 127 276  0.04256.0) 0.1175(6.3) 0.020042.0) -614(640)  126.7(3.2)
HB31-2.1 864 354 788 230 667  0.095923)  02834(2.9) 0.02144(1.8)  -137(658)  127.8(2.9)
HB31-3.1 053 226 316 145 402  005133.0) 0.14653.6) 0.02070(1.9)  91(176)  131.5(2.6)
HB3-14.1 014 626 339 056 349  005747(1.1)  0.516(2.0)  00651(1.7)  362(29)  404.8(6.8)
HB3-14.2 - 446 387 090 225 006389(1.1)  0.524(2.6)  0.059524)  SI13(41)  369.5(8.6)
HB3-15.1 734 225 344 158 411  00589@4.7)  0.1615(5.1) 0019902.0)  247(615)  125.6(3.2)

HB3-16.1 231 577 948 170 102  00711(1.9)  02016(2.6) 0.02056(1.8)  335218)  128.2(2.4)

fOT]

129.743.6
S—

6.1 O

1455 £2.4

127.943.0

Bl 2 HRKBEE ZB2 I & (CL)E 14 K SHRIMP ! 404.8+6.8

DU e 159 0 67 2 D A A 3 ML HB3 MBI % 6 (CL)EHR % SHRIMP
Fig.2 CL imagine of zircons from granite porphyry (ZB2) 5 B A B SSA E S S MAE I
as well as spot locations, serial number and ages of Fig.3 CL imagine of zircons from diabase (HB3) as well

SHRIMP as spot locations, serial number and ages of SHRIMP
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Fig.5 U—Pb concordia diagrams for zircons
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Table 3 Major and trace element compositions of alkaline granite porphyry and

diabase in Huanglongpu area

] 7Bl 7B2 7ZB3 7B4 7B5 HBI HB2 HB3
Nk BRPEAE b B Mk

Si0,/107 72.79 7223 74.42 74.86 73.80 48.78 48.92 48.86
TiO, 0.16 0.17 0.05 0.07 0.04 2.87 298 2.99
AlLO3 14.20 14.37 13.92 13.90 13.67 13.05 13.12 13.24
Fe, 03 1.08 0.93 0.62 0.88 0.30 10.69 8.88 9.09
FeO 0.25 0.34 0.13 0.05 0.25 6.02 8.27 7.77
MnO 0.07 0.07 0.17 0.13 0.12 0.26 0.40 0.42
MgO 0.63 035 0.23 022 0.14 428 472 527
CaO 0.21 0.97 0.15 0.06 0.07 8.66 5.19 5.62
Na,O 0.18 3.54 293 0.09 0.43 1.68 471 3.49
K,O 7.83 5.24 5.96 7.86 9.82 0.16 0.40 0.20
P,0s 0.05 0.05 <0.01 0.01 <0.01 0.54 0.59 0.59
Loi 1.85 1.54 1.05 1.43 0.87 2.54 1.51 2.10
Total 99.3 99.8 99.6 99.6 99.5 99.5 99.7 99.6
Na,O+K,0 8.01 8.78 8.89 7.95 10.25 1.84 5.11 3.69
A/CNK 1.73 1.47 1.54 1.73 1.32 1.24 1.27 1.42
La/10® 26.1 14.4 6.1 21 2.53 403 40.7 41.6
Ce 302 12.9 529 11.9 3.1 833 85.8 85.9
Pr 3.74 255 1.07 3.07 0.51 9.97 10.2 10.6
Nd 12.80 9.02 3.59 9.73 1.66 41.80 43 43.7
Sm 221 1.50 0.79 1.64 0.46 8.36 8.61 8.54
Eu 0.45 0.32 0.14 0.35 0.06 2.69 2.72 2.84
Gd 2.15 133 0.73 1.44 0.57 8.02 8.17 8.61
Tb 0.38 023 0.14 0.28 0.13 1.23 1.30 1.32
Dy 217 1.23 0.87 1.74 0.76 720 745 7.41
Ho 0.44 0.24 0.17 0.37 0.17 1.39 1.40 1.44
Er 1.31 0.70 0.57 1.26 0.51 3.87 3.96 4.03
Tm 022 0.12 0.11 023 0.10 0.51 0.54 0.55
Yb 1.55 0.87 0.83 1.85 0.80 3.30 3.50 3.51
Lu 022 0.13 0.16 029 0.14 0.49 0.50 0.51
Y 13.1 7.70 5.98 11.30 5.99 33.10 33.1 325
> REE 83.72 4541 204 54.86 11.36 211.94 217.35 220
LREE/HREE 8.95 8.39 4.74 6.39 2.62 7.17 7.12 7.06
(La/Yb)n 11.35 11.16 495 7.65 2.13 8.23 7.84 7.99

6 Eu 0.62 0.67 0.55 0.68 0.36 0.98 0.97 1
v 15.30 14.80 225 3.93 1.08 472 422 442
Cr 0.79 <0.05 <0.05 <0.05 6.40 64.5 50.8 60.2
Co 1.49 1.32 0.24 0.52 0.20 472 46.7 48.8
Cu 11.70 434 1.44 2.57 5.79 41.6 45 46
Zn 525 31.3 357 60.6 30.3 171 180 235
Sc 293 1.41 1.81 24 2.06 46.2 44.6 434
Rb 535 282 577 640 964. 8.22 9.16 3.14
Sr 82.1 128 353 11.8 46.7 794 425 573
Zr 111.00 125 87.50 85.1 74.9 205 209 203
Nb 342 29 82.7 78.7 86.2 22 225 22.6
Mo 3.90 0.34 0.80 8.68 232 0.77 0.97 0.47
Cs 521 4.09 8.44 10.8 6.78 0.19 0.87 0.17
Ba 2240 714 409 543 291 492 299 392
Hf 492 49 728 6.42 6.96 552 572 579
Ta 1.39 12 229 2.08 2.33 0.78 0.76 0.74
Pb 379 333 334 231 515 292 16.7 15.7
Th 144 825 14.4 159 15.4 3.76 3.68 3.63
U 5.38 4.70 8.88 3.78 8.26 0.67 0.68 0.71
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Fig.7 Chondrite normalized REE patterns (a) and primitive mantle—normalized multi—element plots (b) of

alkaline granite porphyry
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Table 4 Pb isotopic compositions of alkaline granite porphyry in Huanglongpu area

No 7B1 7B2 7B3
Wopp2YMph 17745 17.644  17.939
2s 0.002  0.001  0.001
ppMPh 15477 1547 15.469
2s 0.002  0.001  0.001
Wpp/ Py 37.892  37.846  37.844
2s 0.004  0.003  0.003
t(Ma) 131 131 131
06pp/27ph  1.1465  1.1405  1.1597
u 93 93 9.26
? 3681 3715 3542
Th/U 3.83 3.87 37
Aa 3199 2612 4327
AB 9.86 94 9.34

7ZB4

17.476
0.001
15.438
0.001
37.722
0.002
131
1.132
9.26
37.31
39
16.35
7.32

ZB5 20 18 19
17.789  17.637 17.84  17.536
0.001
15.459 15428 15417 15438
0.001
37.807 3794 37724  37.68
0.002
131 140 140 140
1.1507  1.1432  1.1572  1.1359
9.26 9.22 9.17 9.25
36.02 37.19 34.98 36.75
3.76 39 3.69 3.85
34.55 26.38 38.19 20.5
8.69 6.7 5.98 7.35

TE .20 R IR R A A5 18,19 N HEMAR T /Y J7 #5 0 ME K 41,3 A FE R
BAm S| SCHR[15]; 1 =2U/*Pb ; 0=""Th/*'Pb.,

B AE 1 B AR Y R/ IN AR A ] o 21 A,
Hr 29ph/24ph i [ A T 17.476~17.939,2"Pb/*Pb N
15.44~15.48 ,*Pb/*Pb N 37.72~37.89, [Alfii Z& 4 )@
T B AN R B OE Y, Th/u B 3.7~39, 1
EYE R 9.26~9.30, 55T X P & 4 11 46 i< 4 4 HE
AL 5 BE T LG BT A B 5 LA ] o7 2% 4 k2
R —3, WR 5 P AR XA AL
322 M

LR E R Y SI0, & i N 48.78%~48.92% , 78

BB R /N 20 & 2 (KO +Na,0)1.84%~5.11%, 3
AHEED Na,O KT KO, MHXTE S, FE 5 2 AR
MgO % & (4.28%~5.27% ) Fl Mg# {H (0.30~0.35),
ALO; 7 5 5 (13.05%~13.24%) , TiO, 2L F 2.87%
~2.99% ,P,05 221 T 0.54%~0.59% ,FeOT & w4 T
15.6%~16.3% , B4k g oy b E 8 oR Ttk Z s
1) ERICER A, AR T 5 0L A (ALOs<16%,
TiO,<1% ,P,0s<0.3% ) F1i% 8 K B i1 4 Z R A
(ALO>17%, TiO,<1.2%,P,05<0.4% )
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Table 5 Sr, Nd isotopic composition of diabase in Huanglongpu area
No Rb St Sm Nd FRo®Sr ¥seSr o eSr)  (FS¥sr; Sm/MNd Nd/MNA eNd()  (PNd/MNd),
HB1 822 794 836 418 0.579 0.721 236.3 0.721 0.121 0.512 -19.5 0.511
HB2 9.16 425 8.61 43 0.579 0.762 820 0.762 0.121 0.512 -19.7 0.511
HB3 3.14 573 854 437 0.565 0.718 196.6 0.718 0.118 0.512 -19.5 0.511
T L ST/ i =0.7045, ("Rb/*“St) ' =0.0827, (*Sm/"Nd) ‘arx=0.51238, (*Nd/"Nd)'qux= 0.1967;\=1.42%10 "/a,

Nsn=6.5%107"/a

SRS FES AR ot R A M, Y REE &2k
T 212.43%107~220.56 X107, £ BRAL P A1 45 1 fb K]
fife B I FOBOE T — 200 LREE & £
i B BE A B (K 8—a) , R EM L F A B
(La/Yb)n=7.83~8.23, -1 8.02,(Gd/Yb)\=1.88~1.98,
8 Bu=0.96~0.99, JC Eu #% , XM TEEAWRK, v/
Nb=1.44~1.50, S ZRAMRH Y/Nb A,
flte: e 2 Wk W ] (B 8—b) W Mk A oA KB 7 5%
AICE K Rb.Sr 7, Ba B & £ MRHE

WE 285 1 Sr Nd [0 3R 53 B {8 S HRR AR (3R
5), RHARSCHSBAER =129 Ma T3, HESL Y
"Sr/%Sr) AT T 0.718~0.762, A8 AL IS K ;1 Nd
) 137 2 A AN B — B, Y920 0.5114~0.5116, & Nd(t)
(B TE L —19.53~-19.69, FFLE 7 ( (FSt/%Sr) § .
fIX & Nd(r) [FI7 2R FEAE 55 e 2R b DX R P S e 3k ik
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Fig.8 Chondrite normalized REE patterns (a) and primitive mantle—normalized multi—

element plots (b) of diabase (normalized data as for Fig. 7)
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Fig.9 Diagram for lead isotopic compositions of alkaline granite porphyry!

12,42,43]

LC—Lower crust; UC—Upper crust; OIV—Ocean island volcanics; OR—Orogenic belt. A, B, C, D show the relative

concentration areas of the districts! (data of Laoniushan and Jinduicheng from references [42] and [12] respectively)
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Geochronology and geochemistry of the alkaline granite porphyry and diabase
dikes in Huanglongpu area of Shaanxi Province: Petrogenesis and implications
for tectonic environment

ZHAO Hai—jie', MAO Jing—wen', YE Hui—shou', XIE Gui—qging', YANG Zong—xi’
(1. MLR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing,
100037, China; 2. Development and Research Center,China Geological Survey, Beijing, 100037, China)

Abstract : Granite porphyry and diabase dikes are outcropped sporadically in irregular shapes in Huanglongpu area,
Shaanxi Province. Megacrysts of granite porphyry contain reddish orthoclase (~60%) and quartz (~40%), and the
matrix comprises plagioclase (~15%) and biotite (~10%). The mineral assemblages of the diabase mainly consists of
plagioclase (~45%), pyroxene (20%), amphibole (6%~7% ) and quartz (~10%). The composition of the granite
porphyry exhibits geochemical signatures of high SiO, (72.23%~74.86%) and alkali composition (K,O+Na,O=
7.95%~10.25%) as well as peraluminous nature (A/CNK=1.32~1.72), and the projects of the composition in TAS
shows that it belongs to alkaline granite porphyry. Its rocks are characterized by weakly inclined REE patterns
with strong depleted Eu, enrichment of Th, U, Zr, Hf elements and depletion of large ion lithophile elements
such as Ba, K, Sr, and high field strength element Ta. Its geochemical signatures and Pb isotopic compositions are
similar to Mo—bearing granitoids in East Qingling region, implying that it was produced by partial melting of the
lower crust and subjected to fractional crystallization during its evolution. The diabase contains SiO, between
48.78% and 48.92% and has preserved flat, identical and rightly inclined REE patterns without obvious depletion
of Eu. High initial Sr (0.718~0.762) and extremely low &€Nd values (—19.53~—19.69) of the samples are consistent
with things of the mafic dikes occurring in the Jiaodong gold Peninsula, indicating an enriched mantle source.
SHRIMP zircon U—Pb dating was conducted for both granite porphyry and diabase, and yielded (131%1)Ma
(MSWD=1.5, n=13)and (12942) Ma (MSWD=0.71, n=12)of weighted mean ages respectively. They are
considered to be the products of lithospheric extensional environment of intraplate in Early Cretaceous age.

Key words: granite porphyry;diabase dikes; SHRIMP zircon U—Pb age; geochemistry; Huanglongpu
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