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Geochemical characteristics of Ordovician Honghuapu intrusions in the west
segment of North Qinling Mountains and their geological significance
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(1. State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’ an 710069, China;
2. Xi’ an Institute of Geology and Mineral Resources, Xi’an 710054, China)

Abstract; The Honghuapu intrusions, located in the western segment of northern Qinling orogenic belt and intru-
ding into Ordovician Caotangou Formation, are medium-fine grained trondhjemites. Geochemical studies indicate
that they are weakly peraluminous calc-alkaline rocks and can be classified as I type granite. Light REE elements
are rich, and light and heavy REE are not significantly fractionated. In chondrite-normalized REE diagrams, all
samples are LREE-enriched with insignificant Eu anomalies. Their major and trace element geochemical characteris-
tics are all comparable with features of typical volcanic-arc granites. It is thus concluded that the Honghuapu intru-
sions were formed in island arc settings. The Honghuapu intrusions were dated at (450.5 +1.8) Ma by the LA-
ICPMS U-Pb zircon method. The new geochemical dating has important significance to the study of Early Paleozoic
tectonic evolution and dynamic mechanism of Qinling orogenic belt.
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Fig. 1  Simplified map of geology of the west segment of north Qinling Mountains in Tangzang region Feng city, ShannXi Province.

I —aBigsg il s 1 —Aedb s ; M—Jb ik i (LAl s V—@ P Ha a0 (B2aal) s V—F i Rk i 1Ll s N—Ae b se 4 3, NL—74 3k Bk,
N2—H RS AT, N3— A AR Rl bk s S— AR R SE it , S1—47 7l e, S2—#E Kl bR 5 Q—AR G 11177 s QD—ZR e~ i LAY 5 1— M Ay J3¢ Lk B
52— W Y ML s 3— B B 20 Rl s 4— 1 AR AR LS A s S — e AU R P HRUE R s 6 —Hon i (U R I A3 T —=8/ 40—

KAER A8 — RO AR KA 9—EHL T AMAO KIER G 10— R—L A SN KOs 11— R AR AR 12— AU A e I
13— RAEIE

I —Qilian orogenic balt; [l —Huabei craton; [lI—North Qinling orogenic belt; IV—Shangdan tectonic zone ( suture zone) ; V-—central south Qinling
orogenic balt; N—Huabei craton; N1—western continental segment; N3—eastern continental segment; S—South China continental segment; SI—Yan-
gize continental segment, S2—Cathysia; Q—Qilian orogenic belt; QD—Qinling-Dabie orogenic belt; 1—Ilate Carboniferous Caoliangyi Formation; 2—
Upper Devonian Dacaotan Formation; 3—Ordovician Caotangou Formation; 4—FEarly Paleozoic Luohansi Group; 5—Neoproterozoic-Ordovician Danfeng
Rock Group; 6—Palaeoproterozoic Qinling Rock Group; 7—Triassic adamellite ; 8—Permian adamellite ; 9—Silurian garnet adamellite; 10—Ordovician

quartz diorite; 11—Ordovician Honghuapu intrusion; 12—Early Paleozoic quartz diorite; 13—sampling location
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Table 1 Analytical results of major elements(w,/ % ) and trace elements(w,/10 *) for Honghuapu intrusions in the western
segment of North Qinling Mountains

EARI RN N i E A R AR A A2
/N Sy S/ .
F HHI-1 HH1-2 HHI1-3 HH14 HHL-5 HHL-6 HH1-7 HHI-8 (RS, (BAS,  (Vinogradov,
2005) 1996) 1962)
- K K U8 o LRIS K LR BK
P s w07 mmm GRS MR RS
Si0, 73.78 71.62 72.54 73.50 77.69 75.41 77.79 77.33 72.20 72.40 69.10
TiO, 0.40 0.46 0.47 0.50 0.16 0.27 0.16 0.22 0.28 0.23 0.38
AL, 0, 13.30 14.91 13.75 14.07 12.28 13.01 12.21 12.43 14.20 13.83 14.55
Fe,0, 1.33 1.43 1.65 1.36 0.15 0.83 0.52 0.64 0.88 1.02 3.86
FeO 1.20 1.30 1.30 1.28 0.91 1.15 0.54 0.84 1.05 1.27
MnO 0.05 0.05 0.05 0.04 0.02 0.04 0.02 0.03 0.05 0.04 0.08
MgO 0.69 0.70 0.83 0.66 0.26 0.47 0.26 0.42 0.52 0.64 0.93
Ca0 2.45 2.60 2.60 1.90 1.43 2.11 1.41 2.13 1.35 1.34 2.21
Na, 0 4.39 4.49 4.59 4.44 3.75 4.31 3.92 4.41 3.54 3.55 3.73
K,O 1.25 1.27 1.34 1.08 2.58 0.94 2.30 0.51 4.32 4.34 4.02
P, 0; 0.07 0.08 0.07 0.07 0.02 0.05 0.02 0.04 0.09 0.08 0.16
Co, 0.10 0.38 0.38 0.00 0.00 0.00 0.00 0.00 0.23 0.26
LOI 0.71 0.59 0.76 1.52 0.64 0.97 0.55 0.90
JExi| 99.72 99.88 100.33 100. 42 99.89 99.56 99.70 99.90
o 1.03 1.16 1.19 1.00 1.16 0.85 1.11 0.71
K,0/Na,0 .28 0.28 0.29 0.24 0.69 0.22 0.59 0.12
A/CNK  1.02 1.08 1.00 1.16 1.04 1.07 1.04 1.04
Hf 5.13 5.57 5.27 5.64 4.36 4.29 4.09 4.78 5 5 1
Ta 0.49 0.49 0.61 0.45 0.17 0.31 0.16 0.43 1.27 1.4 3.
Th 5.87 5.43 5.52 4.77 10. 10 6.94 9.65 1.84 16.6 17 18
U 0.67 0.66 0.70 1.05 1.05 0.77 0.88 0.68 2.8 2.9 3.5
Pb 6.12 6.62 6.85 10. 60 9.08 8.05 8.66 12.60 26 26 20
% 39.38 40.41 43.22 32.10 7.30 21.80 7.24 17.10 23 23 40
Cr 5.76 4.28 8.83 2.25 1.98 4.46 1.84 2.09 5.1 6.6 25
Co 173.78 181.93 185.75 191.00 195.00  244.00  226.00  225.00 3 3 5
Ni 4.55 3.79 5.82 1.57 1.14 2.98 1.17 1.70 4.5 5.2
Cu 10.02 22.98 8.52 7.41 4.99 21.90 4.43 4.92 5 5.5 20
Zn 40.23 38.99 43.06 27.20 10. 60 21.70 10.00 11.80 43 40 60
Ga 14.75 15.42 14.52 13.60 10.90 12.60 11.00 11.30 18 18 20
Rb 34.05 34.16 36.10 28.10 32.10 18.80 29.60 14.00 158 160 200
Sr 242.49  243.34  248.16  208.00  138.00  191.00  142.00  191.00 174 220 300
Y 24.27 29.98 19.95 24.30 16.50 22.00 14. 60 10. 60 20 23 34
Zr 217.47  238.27  227.20  238.00  161.00  163.00  151.00  178.00 147 155 200
Nb 3.99 4.34 4.84 3.07 1.54 2.66 1.59 2.73 13.4 16 20
Cs 0.87 0.94 0.93 1.16 0.27 1.03 0.60 2.21 3.8 3.6 5
Ba 699.20  760.55  747.31  367.00 1112.00 612.00 1154.00 233.00 557 680 830
Y/Nb 6.08 6.91 4.12 7.90 10.70 8.29 9.23 3.89 1.49 1.44 1.7
Rb/Sr 0.14 0.14 0.15 0.14 0.23 0.10 0.21 0.07 0.91 0.73 0.67
Ba/Rb  20.53 22.26 20.70 13.06 34.58 32.62 39.02 16.70 3.53 4.25 4.15
La 11.50 13.64 13.26 12.40 20.10 15.80 19.70 5.92 33 41 60
Ce 22.95 26.89 24.33 25.00 36.20 31.00 35.10 10. 60 62 77 100
Pr 2.69 3.15 3.05 3.02 3.70 3.54 3.62 1.17 7 8.4 12
Nd 10.61 12.11 12.49 12.70 13.70 14.20 13.40 4.27 25.4 30 46
Sm 2.72 3.16 2.95 3.03 2.60 2.98 2.49 0.97 4.6 5.3 9
Eu 0.81 0.88 1.22 0.83 0.56 0.75 0.56 0.56 0.82 0.82 1.5
Gd 3.10 3.46 2.99 3.24 2.47 2.96 2.40 1.06 4.5 5 9
Tb 0.53 0.58 0.55 0.62 0.42 0.55 0.39 0.22 0.64 0.74 2.5
Dy 3.51 3.87 3.57 3.91 2.49 3.35 2.31 1.46 4 4.4
Ho 0.79 0.78 0.77 0.91 0.60 0.80 0.52 0.36 0.79 0.9 2
Er 2.32 2.38 2.09 2.67 1.75 2.40 1.54 1.16 2.24 2.7 4
Tm 0.38 0.42 0.41 0.41 0.27 0.37 0.22 0.18 0.38 0.41 0.3
Yb 2.18 3.35 2.56 2.85 1.86 2.58 1.60 1.40 2.1 2.6 4
Lu 0.39 0.45 0.41 0.46 0.33 0.42 0.27 0.25 0.33 0.4 1
SREE  64.48 75.10 70.65 72.10 87.10 81.70 84.10 29.53 147.8 179.6 251.3
5Eu 0.85 0.81 1.26 0.81 0.67 0.77 0.69 1.68
(La/Yb)y  3.41 2.63 3.35 2.83 6.98 3.97 7.97 2.74
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i< FHRFIE ( Chappell and White, 1974; White et al. ,  FEHPEH T RHA B AT RIEA L, 3 SHMS8
1986) . Rb/Sr #l Ba/Rb [WIHE/R 15 Si0, & &K 54 SEu [T 1(705)0 1.26 FI 1.68) , BisEHRY
TEAHOGPE (R 1), R T a3 40 S i BRAL 2 R AE TR SR, ATREJE 1 T 1 08 Wy s A il L 7= A 1 o
(R4WI4F,2005) AR AR R P RS A B9 SR S HE AR T8, i 0T
R 225 (BR 3.8 S RSN (HM Lt 7717,
MRERA —E MM KR, 2o TR A AR R
(73 B A4S S VE T, 5 2R i o A TR A A T] A
1A P AT RE o 8 AL (K4 N4, 2001 ) .

B2 LAEf AR An — Ab - Or [
Fig.2 An - Ab - Or diagram of Honghuapu intrusion

A5 7 PR S BB DR 5 C— TS 05 D— 5 [ A1 2 P14 ZLAER M Nay O - Ko O B (4 Collins , 1982)
E—qbig Fig.4 Na,O -K,O diagrams of Honghuapu intrusions
A—tonalite; B—granodiorite; C—quariz diorite; D—trondhjemite; E—granite (after Collins, 1982)
K3 ZifEfia g K, 0 - Si0, [Efi# (#5 Morrison,1980) KIS ZLAbflie (R oo R Bk
Fig.3 K,O -Si0, plots for Honghuapu intrusions FRUEAL T =R (48 Sun 45,1989)
(after Morrison, 1980) Fig.5 Chondrite-nomalized REE patterns for Honghuapu intrusions

(after Sun et al. , 1989)
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Wk 1) J&T R ol — 1 i 2 AR A, et T Rt b 5 1Y)
FRAE, BIA Sy i ok s 300 72 ) (5K ST 5
2005) , H.-5 5 IAE b 2 1) ik 0 Il AR L A B
B E KRB TR/ 0K (Ba Th Rb 55) , 74l & 58
JCE (Nb Ta %) , H45 MR 0 e pialy 19 25 73 e
fIECBRAAZAE, 2001 5 7K 45 5255 ,2006) o ff ifrady dai 44
il s KB TR A UK (LILE) fiH: oo R
(LREE) 111y il Z e T AR 19 55 35 S0 = (HFSE)
£ (K,0 +Na,0)/Ca0 —Zr + Nb + Ce + Y F| 5| &
(BT LT Aesl R RE S 495 78 ML RIS RUAE b 4
[X.( Whalen et al. , 1987) M EEILE B ICE N
FEA IR FHE R E , 455 Whalen 45 (1987 ) Xf
M. T A 1S BUTE B 5 RRAE I H 38 A0, 25 AR
LA A RS T RIE R A AR L, T X SR fiE 1Y
PR AEVE ST AN i 380 b 2 199 2o 7 v, L BE 1 A2 b 5 |
AR 72 BRI K, 50 K 7 A F it AR S AR T b g A2
BRI e A A T 0 Rl R e PR R e o R
o A RS e T [ A I o v S e
FERIIE AL BUEH o W IR e R 5 A0 14 i e
TERER &I b iR AUE R G RS 0K, 5 a4
SuR ey AP (AP RAN A ciiE =y NP ey = ) AN )
M IELAR B AR NS BTG A, #8781 IR T TR 1
HRBRPEA ) Ah— IR XA S, NI RIE T 5k 5
R YRR S I PRI R o TE R el T O il
PRI KB R RO, U T R BT M R
JEMEJPIRAS W HR AR i b Al 1 2% 44,
PRGN 7 A B K, 1 283 — R I BR
N I Y (B R 2 5 RAR X =g N

K6 ZLAEHE A AR TT R I b b v f e o 5]
(BRAEAL ) HE R B i Sun 45 ,1989)
Fig.6  Primitive mantle-normalized spidergrams for Honghuapu

intrusions ( data for normalization from Sun et al. , 1989)

K7 LA A (K,0 + Nay0)/CaO — Zr + Nb + Ce + Y
& fi# (F& Whalen 45 ,1987)

Fig.7 (K,0+Na,0)/Ca0 —Zr + Nb + Ce + Y diagram of
Honghuapu intrusions ( after Whalen et al. , 1987)
FC—Jp5i M 1S ALK 5 OGT—R M5l M 1.S BIAE G
M. [ [S]. AL mft e M TS Bn A BUZE R 0 PR A5 5
FG—fractionated M-, I- and S-type granites; OGT—aschistic M-, I- and

S-type granites ; s m, and denote average project spots

of M-, I-, S-, A-type granites respectively
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— e B O AR L AR B i) — RSS2
IS FE P B AT (2RSS, 1998 5 3K [ 15 4%
2001 ; FKAM 45,2002 , jAL P25 A 75— S Y
RS TURR A 28 F0— ZR G0 vh BUAE B o, IS b i
FEAEE L5050 501 1 g 70 2 0 oty 3 IR 3 5 oy
it A 1) AR e, FE BP9 3l it 120 % (25 AR
55,1998 o AbZRI i LAY 7R BEARAR ML DX 1Y 3 5 2
IR ARTE BB AR LAL, A AR AU 5 05 B O 1R A%
fih 2 B LT 5 IR 3 2105, A= AL A (429 =
35)Ma( 42’ Rb-Sr ZEmf4- 4% ) (5K A14F,2001) , 5 —
BB E ) AL R OR sl el A A 3 B R R

ORI T 11217 VY BE AR 2L AL Bl o 1A DI 1 5
THREK IS R KR EY), BRALAOC R R
AR DI 1) 2K 5 ARHUS S A L 25 2R L e S R B AE Al
LIRS EE , 4 iy A= 0 A A1 G0RHI RE 0 WE 8 T IS
PO BRI ZE . RO R SO (9 M BR AL~ R AR
Hoid il K P45 10 2 1) 85 I B8 sl il 2 Rk (i3t
SEAE,2007 5 Fl 42 N A5 ,2007) o ZEAERIIR AL T 5
WEVRRE AL , 5 A SR 7% Dy HARF ety 5 5 Bk Ak
FRMER T BIAE K 5, 7E Nb = Y K] iR o 43 1l 45
B[R KSR R X (B 8) i fE Rb - (Y
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+ Nb) P A RE dh b — 25 PR 7 K IAE R e X
(E9) o B AR UL, 2L A8 B e M T RETE T AR
MR X — KR s ST St 45 A X Ay
ML, 5 B 20 F e Y A B I L A AR AT A, HL

Kl 8 4L AR Nb—Y [Klff (P Pearce 5,1984)
Fig.8 Nb -Y diagram of Honghuapu intrusions
(after Pearce et al. , 1984)
Syn-COLG + VAG— ] flf i F1 &5 9K AE b 75 5
WPG—H ML & s ORG—TEH AL K
Syn-COLG + VAG—syn-collision and volcanic-arcgranites

WPG—intraplate granites; ORG—oceanic ridge graniles
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Fig.9 Rb-Y + Nb diagrams of Honghapu intrusion
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WPG—intraplate granites; ORG—oceanic ridge granites
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