%90 %
20164E5H 933~949

%5 # & % #  ACTA GEOLOGICA SINICA

RMALHEERNEER U-Pb £ =,
= AR FFIERETERT EX

AR, HmED, KEY, BXRYAWEY, R2EY, THAY, £887Y, 2ARKY
1) ot BB 5 BR AL ST DK MR A2 [ 5 56305 . IR 550081
2) POMAHITH I 5 R SRR, M5 Bk, 553001
3) o U ) A 4 s LS 610081

AFRE: MTGILMAH 2R EEREAS BRI/ (L 0. 25 km®)  ZIFIRK B R E 00 B 8 T4 E0
SO AR SO A T B LT AR A B A L B P R A RPN BB PR R AR EAT T E M. RAE EE
AHERAMRER S EAT Y EENRRK A S EEA. SO N 49.60 % ~51.09 %, MgO M 3.88 % ~
4.27%,TiO; Hy 3. 69 % ~3.85 %, LA-ICP-MS £: 47 U-Pb 45 H N 268.317.4 Ma, B HE 3 F 24,
FHERAENME TR KM EE OIB BAHE, B £ K& FRATR(LILE) B 1t H(LREE) . 5 B LTt &
(HFEE) . %} 7 1 /% % 5 JC & (Nb, Ta), 5 Sr. Y T 41, Pb & 4. (" Sr/% Sr),; i [l 0. 706749 ~ 0. 707069,
BN/ N, 0. 512313 ~0. 512363 ,exa () 3 Bl 0. 2~ 1. 25 V5 DX 4 Bl T BE b T/ 18 A ROHG S5 A R BE L T RE 22 )5
T 1 Y% ~3 Yo WA K Rl AL T AR A O RO A A 1) e AR A O RO A A A X B A R R R

Vol. 90 No. 5 2016
May 933~ 949

TR R ST Y B B T AR REEN . RE W B K AFC W # . Mo ¥ B7e 8 I
X H A A AT RE R 1 0 AR R BRI . RACE SMEEAZ AR R EE AW W R, — R
TG S RGeS — U R SR A AR i R R B R HE T R T AL 2 R R AR

R HEVER A 8 1 U-Pb AR 8 0 HUBR G 2 s U O 18 13 1 5 M P I

by 3R RS 0 B R A il S R TR E TR . BT
ZHFE E AR OF A B3k 12O 18 JE L & Ay b
A . EEXT IR A CRO B BT IR X A i
TR B He Bl 0y 2 SRR SY . RE B I T 2 A M g
TR M o i B A A5 L O Al RE 7 X 2 R T L
IR 3l 2 L X T IR A ZR S8 N R B 3 )
PEHRAREEZ L., W, MR A C ROy E
F 00 Al 27 VAR B B 2 A B T 2o A 1Y R BB 5
X5 G HFR N 5 A 457 (Deng Jinfu et al.
1996) . FHeMh AR AE 2l Re 1 J5 o 158 FE7E BIF 50 Bt 7
Az S AR EAE R B R B A A BB T L S5 — R 5 A
2 a) AL 52 B AR 22 o7 % F AL (Rudnick, 19925
Liu Shen et al. , 2010), PAAERG R i, Ak 2 Hb T 2%
FIE AL B R AR R B S RS, RGEVTIE T
ZAERAFAE BN 3l ) 22 75 5 KBl o A0 B b s i
b K e W A E AR T AR 0k S5 A 27 ] 880, I G 17 P ORS 40
JE AT R A8 A1 Rl M i R Y S RE AT T R4 O

% B A 55 O T AR 22 9 Ok R /Y % U0 O &R L T
T U EEER A S BB N (Li Xianhua et al. ,
19975 Hu Ruizhong et al. , 2010; Wang Yuejun et
al. , 2003, 2008, 2013),

St M B PG b H DAL TR JE LR K R A T
WL IXNER R B R X R 0 —E MBIV R A
AR ER (& D BB R G S AR >, T
U b il A7 A8 A 0 A7 28 22 A O @ T e 1
(Qian Jianping, 2001) . X 35 b J3 %5 kL 00 A4 3 %
U JE L 0 AT 25 3R 0 Bl — A (BN A HL B 7 )
1987) . F3 4k, By PUALAE D 5t M A F 28 A ™ aoe
DX, BRI AE 2 K BN XA S AN R 5 A K
aAEAS ] B R Y CRTIE 1) RS AR A
MM (Chen Da et al. , 2012; Li Bo et al. , 2012), 3
FEAEAT RN O 2R  J2 U ) BB e it b A S it L i 2 A
WG S E RS TR A .

PRI 5 AR SCAULAE 31 20 B0 R i BF B BB A1 SR A ik Al

TE AR SC P R 2 6 PG 0 2 0 A B SR T R 04 TR B I 0 S N A R B A T R R SRR T B P T R B
BEER PR ISR AL WF 7T L R (201402 5 17 R (6 58 3 SR A1 24 Bk 4 T H (40903018)

Wk H 99 :2015-06-16 5 2 8] H 3] : 2016-03-01 ; 5 4T 4 i - A0 [, 4

EHB A AR, 1982 A A BIWF5E 5, R b2 %l . Email: qiyouqiang@vip. gyig. ac. cn,



o BT

934

o
&4

http://www. geojournals. cn/dzxb/ch/index. aspx

#H
2016 4§

“Yo4

e
o
1o

104145

&1
Fig. 1

575 b Hb DX b 5 17 ) M R R 1R AR A

Geological map and distribution of mafic intrusions in northwestern Guizhou
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arboniferous; 2-—Emeishan basalt; 3—Lower Permian; 4— Xuanwei Formation~ Jurassic; 5— Xuanwei Formation~ Triassic;

6—mafic intrusions and sampling position; 7—fault; 8 —anticline; 9—lead-zinc mine
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Fig. 2 Field outcrops, hand specimens (a, b) and microscopic photographs (¢, d) of representative mafic

intrusions (Ermachong and Baiyanqing) in northwestern Guizhou
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Fig. 3 Representative cathodoluminescence images
and LA-ICP-MS zircon U-Pb concordia ages for zircon

grains from EMC intrusions in northwest Guizhou
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Fig. 4 Plagioclase and pyroxene classification diagrams of representative mafic intrusions in Northwestern Guizhou
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Fil 36 ~38. 6, F-# 37. 3, TiO, {E [ 3.69 % ~3.85
% P 3.75 %, KOl 1.07 %~2.12 %,
1.92 %, Na, O JiFl 2.54 % ~2.87 %, ¥
2.71 Y. Wik TiO, (3.69 % ~3.85 %) # &,
PO, & (0. 42 % ~0.44 YO faiE, TERA SIS
(9 TAS 432 K i v (& 5) o 4b T P B 0 B e 1) 30
FLRb AL T RER A N 5 S MR IE— 2. 2R
Xu Yigang et al. (2001)#l1 Xiao Long et al. (2003a)
(53 5 hn o B 58 IX M AR IE LT T sk L
Je g HT1 8, REEA B &Y Tio, >3.6 %, 5
ik Mg* <45,
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i, Pb g 4. 1M H Rb.Ba %I F Th &R 7 i 5
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Fig. 5 Classification diagrams of the mafic intrusions

in northwest Guizhou
B A Wilson (1989)
Fields data from Wilson (1989)

3 (Xiao Long et al. ,2003) , =KL (LTL.,
LT2) gk (HT) KA 456 A SCREE A 1 i Ry
fiE 5 H AT SR . MR BT S X B R A
Wk o PR AE 2 0L 22 )1 e Bk K A (HTD (R A X
B4 Th U, 5 Nb.Ta,Sr.Y, @ik & & B,
TCEE RS FE) LTILT2 XA, HFE)
LR Pb & AR B R IEXT

HAE T RE R AHAEITTE S A Cr.
31.5X10 °~42.6X10 *,Co0:33.8X 10 ¢ ~38.6
X10 °,Ni:30.6X 10 °~40.4>X10 °, 4 B F J&
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(1960X10°), V Jl il 308X 10 °~358 X 10 ° B &
TR A g V(82 X 107°) (McDonough et al. ,
1995), o B L AR AL H s R 5 K oK
AICRM I IRAIR. V & ERAE 5 A X Fe, Ti %
e R R X

s oo R e /U (B 6b) R R EM L
TR, R, (La/Yh) 5 H A 10. 69
~11.65, > REE [ 255.31 X 10 ° ~273. 38 X
10 (1 263.43 X 10 ), W5 K W& K # 1+ o0
F-ELEa B S ENERKRZ RS (HD &3
FRAE . F T S i & T IR R R Roa (LT LT2),
SEu [ [l 0. 9~1.0, IS 7 5, Wi 55 {4 [|] JC BH
25, R TR R M Se W 5 . R+
JCE A MEAL B ff rh Eu 7 558 09 B iR RHK
A0 B A SRR RN
4.4 Sr-Nd EfI&

WFSE DX A 07 2% 5 di DL 3% 4, & 7 Al DL (%7 S/
S, 0. 706749 ~0. 707069, (** Nd/" Nd), i
[l 0.512313~0. 512363, ena (DB 0. 2~1.2, Xu
Yigang et al. (2001) R¥g TiO, iR 43, Fr ik JE 1L %
®AEH HTL, HT2, HT3, ) LT Xk &, HFTE
A ZAAE 09 25 5. N HT1 % HT3, fif 1] 5 4 H
W3 oT, LT A X T HT S B B A (7 Sr/* S,
M ena (OFFAE . i HUE 1 Sy 8 AT S5 206 2y Y o
UEHE » Fo R A7 2R 7 [l b — 131 A (Zhang Zhaochong
et al. , 2004) , iy T H N hy Joc H2 30T J5 R 25 J A0 » 7
Wi B AR I T LR v T . SR X R TRl R E
Bl &S /N Ay A Ju SR HT2, 5 R M E TR B
EERRRIE— 20, L b o PR R R R R AIE 2
L. 5 E 5 e R B g5 LA L 1Rk A [ —
HHPIX

5 g

5.1 T REIER

TR Y BT I S A R A
BE R A CEH BAK R Mg® (36 ~38.6), MgO & &
(3.88 Y6~4.27 %), 5 My 1 MIRT 25 57 15 0K 2 10 9%
R AR R 22 7 A A Bk s A Hh
—E R AR AR A UL SRR A TR B R R A
TE— 8 I H7e TR 9 T I SF AT 3 4 PR AL . Nb/ U,
Ta/U.Ce/Pb FuAE A2 H) Wi 1R G4 19 R BUHE br , BFT IX
/) Nb/U, Ta/U, Ce/Pb 4% 5 K 19. 38 ~ 21. 20,
1.21~1.29, 11.48 ~14. 15, 1% T 4 3k MORB #I
OIB AT — {8 (Nb/U=47+10,Ta/U=2.7,
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[ o HEFEEE Baiyanging mafie intrusion ] i Binchuan HT
i 1 . 100F =
2 F ]
100 4% [ ]
= Binchuan HT 1= - E
2 12t .
\g 1o
s 135 - Binchuan LT1 B
B[ 12
#® 10F W \ — § 105_ Binchuan LT2 — _E
24 ' 18 .
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RbB;lThUKT;\IkiaCCPbPI'SI;]dZPgIEUT?drthYHOEITI’%gHU La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
6 BTG IL L A S b b B o 1 iR T I Ca) ATBRORL B A AR E fE REE 4347 B3 1] (b)
Fig. 6 Primitive mantle-normalized spider diagram (a) and chondrite-normalized REE patterns (b)
of mafic intrusions in norehwestern Guizhou
Dt b b e BRORE A1 08 51 1 Sun et al. (1989) 5 BIRZ T840 S B I KA BB ¥R 51 B Xiao Long et al. » 2003a.
T ICHk PR A Ph & &L B R BA R X P 4R 0 R A E
Primitive mantle and chondrite normalizing values from Sunet al. (1989);
the shadow zones refer to basalts” data in Binchuan after Xiao et al. , 2003a
x4 BAEASLEEEANE S-NdACEHE
Table 4 Sr-Nd isotopic ratios for northwestern Guizhou mafic intrusions
5 8TRb/3% Sr 87Sr /%% Sr +26 (87Sr/8Sr); 17 Sm/1 Nd HSNd/ 1 Nd +26 (MSNd/ MM N, end (1)
EMC2 0.420364 0.708321 14 0.706778 0.121120 0.512522 7 0.512315 0.2
EMC4 0. 378938 0.708241 17 0.706849 0.123547 0.512537 9 0.512327 0.5
EMC6 0.400341 0.708219 17 0.706749 0.120019 0.512518 7 0.512314 0.2
EMCS 0.325125 0.708263 13 0.707069
EMC10 0. 352750 0.708292 14 0.706996 0.122233 0.512564 12 0.512356 1.0
BY2 0.400358 0.708243 16 0.706773 0.121747 0.512546 11 0.512339 0.7
BY4 0. 341665 0. 708086 13 0.706831 0.121333 0.512519 10 0.512313 0.2
BY6 0.394858 0.708268 20 0.706817 0.122186 0.512528 6 0.512320 0.3
BYS8 0.118319 0.512528 9 0.512326 0.4
BY10 0.404110 0.708342 13 0. 706858 0.118006 0.512564 18 0.512363 1.2

A R B 1R AL 8] 260Ma 158, 5 55 A ERORE R A AR VEAL(E (ST Rb/%Sr = 0. 0847, 87Sr/%Sr = 0. 7045, 7Sm/"**Nd = 0. 1967,
SNd/MNd = 0.512638), M HEHN Ary = 1. 42X 10 a1 Asw= 6. 54X 10 2a 1, [l 2 038 A {88 FH [a) v & 5 Fe i, 8" Rb/%6 Sr,

17 Sm/ 1N i FF 28 50 5 B0 R T TS i
Ce/Pb=25=+5,Hofmann, 1988), i Bl % %] T — &
B Hb e TR G, (2 b e TR Y U T R 9 Rb, Th,
U.Pb % & 3% 8 K T I 72 F 5 (Rb= 84 X
10°°, Th=10.5X10"°, U=2.7X10"°, and Pb=
20X10"°; Rudnick et al. , 2003) , 1 7ij 138 B 4 35 1
il R Z B IR YA T S . 534 (Th/Yb)py
YW 15. 8~17. 3, B W AKX T I 4 52 (% 4k 77 {4 (285
Taylor et al. , 1985), UL BIBR T 7€ b Jh i B th fE 4E
— 2 M TR YL Ah  ZE TR IR X A A AE — R Mo TR Y
A M X (7 Sr/% So) Al &R 5 SI0, I TE B i 1E A
Kt UL w2 PR RE i B R H— E SR DG R
s IR R BT B AFC o B2, #5599 i i m A

FEAARR X ST B, A SCRF ST I S R
SRTE BT B h AA A — o B B g M Fe TR e {H 2 I
b AR IR WY d 5 e S U DY M B G H [ 7 R
N R 1 JTER B 55 AR AL A BR AL 2 PR BT AR
SR T U DX T
5.2 HBERIER

PR A AR Mg® (36~38.6), MgO %
H(3.88% ~4.27 Y0, i # Mg &7 T W WA T
FE o BRI A7 14 23 B9 45 2 i N Mg I #E 1 B 2L
[K % (Jiang Hanbing et al. , 2009), f# & G & WM
Kl Sro iy 1 5 % 48 s R A 2 B 45 i (Xu
Yigang et al. , 2001), Sr 5 Mg* Mt E M+ . )L

ISPA
w
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Fig. 7 Sr-ena(2) correlation diagram of
mafic intrusions in northwestern Guizhou
F1r HT1,HT2,HT3 5| § Xu Yigang et al. , 2001; LT 5| § Xiao
Long et al. , 2003b, Zhang Zhaochong et al. , Xu Yigang et al. ,
2001 ; ¥ A VS H 51 B Zhang Zhaochong et al. , 2004

The data of HT1,HT2,HT3 after Xu Yigang et al. , 2001; LT

data after Xiao Long et al., 2003b; Zhang Zhaochong et al. ,
2003; Xu Yigang et al. , 2001; picrites after Zhang Zhaochong et
al. , 2004

Ly rp i R R IE A SRS 2 A DR R S P55 - 4
ANHTE A R A B A R L S R .
[F) i IF 52 DX o0 R B Ea 59, 5 W12
i TR Sr U T O L L BT A AR R AT RE
AHAEr EdT /Ed® fH (Frey et al. , 1993),
FPEILHE Cr:31.5X 10 °~42.6 X 10 °, Co;:
33.8X10 °~38.6X10 °,Ni;30.6X10 *~40.4X
1070, 23 J A T J 4f i 08 {5 Cr (2625 X 107°), Co
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Abstract

Mafic intrusions in northwest Guizhou emplaced along major deep faults and around lead-zinc mines
normally with small sizes (~ 0. 25 km®). This study carried out detailed exploration in the Ermachong and
Baiyanqing intrusions located in Maomaochang and Liangshan lead- zinc mine respectively. The intrusive
rocks consisted mainly of fine-grained gabbros and main rock-forming minerals are plagioclase (labradorite)
and clinopyroxene (augite). The SiO, contents range from 49. 60% ~51.09% , MgO from 3. 88% ~4. 27%
and TiO, from 3.69% ~3.85%. Zircon LA-ICP-MS U-Pb dating yielded an age of 268.3+7. 4 Ma for the
Ermachong intrusion, suggesting that the mafic magma emplaced in Permian. Trace elements diagrams of
the mafic intrusive rocks are indicative of OIB-type, enriched in LREE and LILE, depleted in HREE and in
HFSE (Nb, Ta), with negative anomalies of Sr and Y. (* Sr/* Sr), =0. 706749 ~0. 707069, (' Nd/
"INd); = 0. 512313 ~ 0. 512363 and eng () = 0. 2~ 1. 2 suggest that depth of magma source (s) was
equivalent to that of garnet lherzolite where the magma was in transition zone from depleted garnet
lherzolite (GD) to primitive garnet lherzolite (GP). Both intrusions were the products of 1% ~3% of
partial melting with fractional crystallization of clinopyroxenes and minor plagioclases, and this process
experienced weak crust contamination but no obvious AFC processes. The addition of crustal material into
the mantle source was probably the main cause of the mantle enrichment. The relationship between the
diagenesis and mineralization in the study area are displayed in the following aspects. One is the coupling
between tectonic activities and the other is that the mafic rocks may play an important role as a chemical

barrier in the process of mineralization.

Key words: mafic intrusions; zircon U-Pb dating; petrogeochemistry; coupling of diagenesis and

mineralization; northwestern Guizhou





