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Abstract The Hongtoushan Archean Cu-Zn Massive Sulphide Deposit ( MSD) , which has been metamorphosed (3.0 ~2.8 Ga) to
upper amphibolite facies, occurs in the Hunbei granite-greenstone terrane, Liaoning Province of NE China. Cordierite-orthoamphibole
gneiss (COG) is widespread at Hongtoushan. The COG that occurs hundreds of meters below the ore horizon corresponds to the
metamorphosed simiconformable alteration zone of MSD hydrothermal system, whereas the COG immediately below the main ore layer
represents the metamorphosed pipe-like alteration zone. Geochemical analyses indicate that the stratiform COG was derived ultimately
from five lithologies ( basalts, basaltic andesites, andesites, dacites, and rhyolites) , whereas the pipe-like COG from a single lithology
( thyolites). Amphibolite and biotile gneiss are identified as metamorphosed unaltered parent rocks. In comparison to unaltered rocks,
stratiform COG is enriched in Fe and Mg, and depleted in Na, K, Ca, while pipe-like COG is enriched in Fe, Mg, Si and Na, and
depleted in K.

Key words Footwall alteration zones; Upper amphibolite facies metamorphism; Massive sulfide deposits; Hongtoushan; Hunbei
terrane; Liaoning
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Fig. 1 Geological map of the Hongtoushan district
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Solid arrows represent the fractionation trends; dashed arrows represent the alteration lines For legend of all diagrams, see Fig.2
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4 ahiEki:

OB KERAEFEFRAMPBECERE N E L
(Na,0 +K,0)-Si0, Bl (& 2A) 3 T R i A JUa 1) 48
BUREKE , W Zo/TiO,-Nb/Y P f (1 2B) W) 3 % A F %d
COG MM EKE . I AKPTREY, aF X PR
B TR BUG PhAS S 19 UG R 42 38 ( MacLean, 1990
MacLean and Barrett,1993)

7E(Na, 0 +K,0)-Si0, B h (K 2A) , A EHRAM A
PR R B I SE R 5 Zo/Ti0,-Nb/Y P f% (1 2B) K3
Wi HUILATAL LB LT KMMAIN R RREFIR S HRE M
ARRAAETERNLRE KRZ LS ZIE REHH

Zi/TiO,-Nb/Y B, COGC E A SA S ENAM
BABR S RAMUM A K. T2, BATEE0E THMU
I & BN A R AA & BN AR BRCE R & A A
—A 1, BEHERTHE COC AR RUA AT 43 0 KRG VKR
Zlps e REAMRBLE. Ti0,-Zr Eifg (& 3A) B
/N, 1E Zr/Ti0,-Nb/Y B b g 7 9 R — 6 AR & BN A
RS ENAR A RS 8 Ze T & BUT R %50, W
Zr 5 Ti TEIS RIS B A8 b O R R A A, g e vl L, Ze/
Ti0,-Nb/Y EfEAS COG (¥ JFUA A BIEA(E . HILml A, f
W B MBS BREHh COC MR AL R ANE
HAE SRS W40

HIE 2 F13A B4, 2R COG JBUA At AR —,
HUMZRABIMBEELR T, AR AR COG KA1
W B —, ARSCE R Eo

5 Ti0,-Zr BIff AW, 7 AL, O,-Zr B (B 3B) , HIF
AT ST ENO 8RB A AR B AR BH,
X R R AR b, Al B AR AU L

4.1 BEREF—HANRKE

WNE 3 BoR M3 T AR AR M FE, BR COG ik
EZHOTRARB MBS EFHELE TRAMWARRH,
AR TARMBEM AN BREMBE KA S ,COG RKIH
Fe,0, MgO F1 MnO ) 8 FH i1, Ca0 K, 0 1 Na, O [t . E %
fi%, LA X Si0, P, 0, 1 AL O, AR 25k, 20 TiO,-Zr [
& (B 3A) BioR , SRMASFAEA L, COG +h Tio, Al Zr (i &
B ERBE LA MRS, R A RS A R
Iy Ca K FI Na S50 76 ph AR i3 FE R R F00 Y, (E AR X E B
Ti 1 Zr fESRAE P P E 2 B, MRS TR R, PR fS
COG Py EICE Rb,Sr fl Ba 5 B B EHRE(WE30) .

4.2 FREGREE—HARKE
WK 3 BR, A AR COG K £ 500 & 16 #Ul it

AP LA T mANMER. X T ARBERE, K
Fe,0, \MgO Fl SiO, 2 2 3# /i, K, 0 JLF- & % K, CaO I
Na, OB A BT, (H AR W B35 T 2R COG, %2 COG
(n=6)FHy Rb.,Sr M Ba 124 TIBFNBH I (WG 30 o

5 wig

1ECal-alk)-c ERIAE BRI B (B 4) b, £ D9 F B
ERUBZ AR R T K K, 85 R s A
BRI A TR RN AR o o T 70 K MR L2 2R,
COG 54 o F6 R F R 45 ) 8 5 B 40 IR S8 1 QA 7
Y1, 1t COG B97E R A I 1k & Fe Mg Al Al UTLELE , T
A8 R M R A A

5.1 BHBITLEEINSE

Zr Ti \Nb, Ta 7E#F R MAS AL Bl B v AR EE T
P, 3X 5 AN B R BT X MSD [ 5 ik AR 1 A PE G &
PEIRBTIT 458 Ml — B ( Tiwary and Deb, 1997; Yeats and
Groves, 1998) , REERMEMA Lf i, AL REHEHE

A T T T T T ~1" T T T
ey sof RS i
HEER
byt
JOR I
10 K Jk 1 ‘ J
(1R SR
' \
% \
3
; 0\\ \ A
\ N Ay
al-alk \ \] 7/
\ 7,
i\ 4,
20 »y /e > .
N 7z N /é_/»
4 \ s
LIy AN N g
WL RH ;N
108 AN~ N .
. - NN
# -}'J— k’l {1 \\ 3. \\
m"%‘.ﬁr SR e N\
RSN AR IJ af K
- oy . P S B .
0 10 20 30 40 50 6o 70 80 90 100
c Iy g4

M4 EILAINABRE RS HBREB#EE d-ak-c
TE B2 S5 4 5 B 5 (4 Leake, 1969 )

al =100 = AL 0, (3 F¥)/ X 53 F BHL; alk =100 * (Na, 0 +K,
0) (S TFHO/ T4 THEG ¢ =100 + CaO (X FH)/Z T8
B TARE (AL Oy + MgO +2 * Fe; O3 + MnO + Na, O + K, 0 +
Ca0) ; EHINE 2

Fig. 4
from Hongtoushan (after Leake,1969)

al =100 * Al 05/ ; alk =100 * (Na, 0 + K, 0)/3 ; ¢ = 100 =

(al-alk)-c plot for amphibolites and biotite gneiss

Ca0/%; ¥ =(Al,0; +MgO +2 % Fe,O; + MnO + Na,0 + K, 0 +
Ca0) ; For legend of all diagrams, see Fig. 2
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( Shriver and MacLean,1993) , {0, A #7535 W] Al ££ MSD i
AR s ] 4 2 JE R (Tiwary and Deb,1997) . £LZE1NH" X
1 COG H Al SR EGT R W fE 5B A B b, Bk &
PO, RIS T AR, DA SO A v R R PR IR 4y ( HCL HF 3
HS ) B r KA Mz REE Al YRR FEAH L
(Sanchez-Espatfia ez al. ,2000) ,

5.2 FEMFHERITEENFHE

{ELL LB X COG H1,Ca0 Na, O Fii K,0 JLF 522 %
2, Fe, 0, Fl MgO M R FE &, X 5ARERE X MSD £
A1 Ak il A8 4 18 G & AR AR R AE + 43 AH 8L ( Brauhart et al.
2000) ,

Si: JRIRFUFATIR A8 78 R AN [ AE 5 B9 Si B AT K BT
H del AR A (B 3) , X80 BB 5 i AR AR [R) B 2R 4k
SRR BE ARG DG BT XF IR R S X MSD B B 5T
( Brauhart et al. ,2000) £ M, ¥ S ES R A L S A]
WRETH . SXEHFRMR, R L MSD RE M & iR 4R
Al A5 HF R Si W] LUK A4 W 3 W % (Fournier, 1985;
Skirrow and Franklin, 1994; Brauhart et al. ,2001; Lentz and
Goodfellow,1996) ,

K.Rb #1 Ba: K,O Rb fll Ba B E MK KH(E5), 48
ZEMEAR TR R AT E 1L X R AR A DR AR e ) £
#(MacLean and Hoy,1991), Ba f£ COG F HyRFIE K, £
HIFEK/ ORI AR R Ba BB E At A T A T et e 3 B
PR BTE B AR P, R RAY SO, R, X AT AM
PR EE A — B, BIE & SOL™ AME/KIE 8 BIRFSAT , fi T
PRI E TS, SOL B SHcH AT AN SE TR
M 2288 (McDuff and Edmod, 1982 ; Ogawa et al. ,2005)

Na Ca Fl Sr: MiAE v Ca 'y Sril#E B A7 BT 1 AR C

(A) K,0 vs. Ba, (B) K,0 vs. Rb plots of the least altered and altered volcanic rocks from Hongtoushan
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Fig.6 Na, O vs. Sr plot of the least altered and altered

volcanic rocks from Hongioushan

For legend of all diagrams, see Fig.2

(1 6), Na,CaFlI Sr s EIER, b S5 EE PR A MET
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21k COG 1 Na Ca fI Sr JLEREER, X HGHM PR
KA A B A F S — B 2R, &R COG
¥y Ca,Sr ¥R B BAK T2 RMAEW, A Na Bl B %
%, X FESHEMPAAMYERFARKA, f— RHE
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Fe Mg: TG {2 M BAE S WK i A8 4 o, Fe A1 Mg 39
AT REE, BRI AT A 46 R FF1E (Kranidiotis
and MacLean,1987) . {787 N LA K 6 P AE E 20 B BT B
#7K (MacLean and Hoy,1991; Ripa,1994) , i £ 0 o] BE 3k 5
TRERIK) & Sk ( Roberts et al. ,2003)

6 5B

EME R MR AR AR, 4088 1L IX COG 1 Ti Zr Nb,
Y Hf B4 55 1, 1 Fe Mg Al Ca Na I K 0 R & k4
TREIH. BFIMRRE TR MERILEDITERN a8
IERF AT EREMER COC iEETFRRI AT &
KAREAAR COG, A AR R T 217 1 7 £ N 5 A AR U 1 T
B R LB S A RAE S ERA SR, F
AR COG ByATRIRE i ol HL A AR A - S 4 A, (HL 8 A B
b8t B, B R R — A YW A TS TR [F]
A B AR, TSR T KA DN B R = R 0 4
ARET HEHAFHIEE

REAF NG KGR 20T RN AN
AR, T ELAR S5 B B 4 1R 4 A R AR A R R, H R
EOEIA TR T B A ARTE . MU, DA MgO il Fe,
0, ,1% Na,0.K,0 #i CaO )24k COG, A] f Jy ¥ At Mot & 4%
R MSD BB 1 R G AR HE, A R A0 E RN
COG MImTYERIEF PR o
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