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Table 1 *°Ar3® Ar dating results
(a) 98-4fQH MR YA AB T HH S HLER
(a) Dating results of 98-4fQ by crushing in vacuum

‘{m”i‘:&gjl\ﬁﬁ 36 37 38 39 40 40 39
(R Ar( A) Ar( Ca) Ar( Q1) Ar( K) At(R) t/ Ma A(R)/ % PAr(K)/ %

01 (20) 0.76727 0.30729 0.00627 0.13024 84.00102 2405 .94 121 .40 27.03 1.52
02 (40) 0.19167 0.13200 0.00571 0.25891 80.59723 1540 .54 17 .16 58 .73 3.03
03 (40) 0.08249 0.06905 0.00198 0.24320 59 .18153 1298 .92 £6 .84 70 .83 2 .85
04 (60) 0.08520 0.12509 0.00272 0.38207 82.42599 1190 .67 =5 .08 76 .60 4 .47
05 (80) 0.05938 0.11494 0.00324 0.48098 88 .70787 1059 .55 3 .92 83 .49 5.63
06 (100) 0.04908 0.00000 0.00113 0.59969 98 .38061 968 .76 £2 .46 87 .15 7.02
07 (100) 0.06470 0.03562 0.00063 0.64715 99 .48196 920.94 3 .65 83 .88 7.58
08 (100) 0.02773 0.00000 0.00000 0.66263 95 .75295 877.16 £2.72 92.12 7.76
09 (100) 0.02465 0.00000 0.00049 0.66612 95 .34564 870 .57 £2 .69 92.90 7.80
10 (100) 0.02443 0.00000 0.00014 0.62632 89 .78810 871 .64 £2 .59 92 .56 7.33
11 (100) 0.03306 0.09299 0.00034 0.5325 81.10553 862 .57 16.54 89 .25 6.71
12 (100) 0.01831 0.06193 0.00039 0.54555 76 .57061 857.09 £6.92 93 .40 6.39
13 (100) 0.02024 0.11543 0.00069 0.52559 74 22845 861 .34 £7 .94 92 .54 6.15
14 (100) 0.01631 0.15244 0.00048 0.46965 66 .65368 864 .69 £8 .22 93 .26 5.50
15 (150) 0.02027 0.23780 0.00038 0.64145 91 .62949 869 .17 £3.76 93 .86 7.51
16 (150) 0.02132 0.21364 0.00048 0.58096 82.90372 868 .47 £4.00 92 .94 6 .80
17 (150) 0.01978 0.20666 0.00088 0.50692 73 .20201 1876 .68 T4 .34 92 .61 5.94
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(b) 98-4fQ HEmm ** A AcBY R N4 53 47
(b) Dating results of 98-4fQ by stepped heating of the crushed powders
a°c 36 Ar( A) 37 Ar( Ca) 3 Ar( Q) 3 Ar( K) 40 Ar( R) t/ Ma WA R/ % PA(K)/ %
450 0.05199 1.52104 0.00237 5.02520 622 .61841 775 .28 1 .80 97.59 36 .02
500 0.03887 1.01516 0.00214 3.62255 453 .77771 782 .21 1 .74 97.53 25.97
550 0.02736 0.32635 0.00055 2.09799 263.02837 782.75 £2 .45 97.02 15 .04
550 0.02312 0.07689 0.00052 1.37792 172.22610 780 .82 £2 .32 96 .18 9 .88
610 0.02252 0.01196 0.00089 0.84898 106 .57258 783 .56 2 .24 94.12 6.09
640 0.02422 0.00000 0.00128 0.49998 62.22904 778 14 %2 .56 89 .68 3.58
670 0.05260 0.17197 0.00035 0.32024 38.90438 762 .95 £3 .73 71 .45 2.30
700 0.03689 0.17680 0.00000 0.15679 19.08185 764 .09 £5 .29 63 .64 1.12
(¢) 98-4aQ ¥ ** Ax® AcE = H IR
(c) Dating results of 98-4aQ by crushing in vacuum
(ﬂﬁﬁiﬁ) 36 Ar( A) 37 Ar( Ca) 3 Ar( Q) 3 Ar( K) Y0 Ar( R) t/ Ma WAN(R)/ %  PA(K)/ %
01 (15) 0.02895 0.00000 0.00080 0.00391 20 .71949 5737 .83 £171 .85 70 .78 1.51
02 (30) 0.01040 0.00000 0.00025 0.00450 12.54057 4642 .26 £120 .84 80 .32 1.74
03 (50) 0.00693 0.00000 0.00014 0.00700 10.50624 3641 .41 £80 .70 83.69 2.70
04 (100) 0.00774 0.00000 0.00008 0.01535 12.10127 2683 .72 £29 .05 84 .11 5.92
05 (100) 0.00551 0.00000 0.00008 0.01625 8.40717 2125.77 £26 .09 83.78 6.26
06 (100) 0.00562 0.00601 0.00047 0.01704 7.46149 1923 .00 £27 .48 81 .79 6.57
07 (130) 0.00511 0.00000 0.00024 0.02292 7.86254 1646 .65 £21 .05 83.89 8 .84
08 (160) 0.00494 0.00000 0.00040 0.02451 7.19142 1483 .17 £9 .75 83.13 9 .45
09 (200) 0.00826 0.00000 0.00023 0.02575 7.03250 1411 .9 %9 84 74 .24 9.92
10 (200) 0.01085 0.00000 0.00057 0.02072 5.83585 1442 30 £12 .63 64 .53 7.99
11 (200) 0.00375 0.00000 0.00014 0.01612 4.70219 1477 .11 *£15.73 80.92 6.22
12 (200) 0.00426 0.00000 0.00106 0.01288 3.97481 1535 .22 £23 .67 75.93 4.96
13 (200) 0.00458 0.00791 0.00022 0.01177 3.42555 1474 .85 £51 .19 71 .69 4.54
14 (200) 0.00439 0.00000 0.00068 0.01053 3.18302 1513 .41 £43 58 71 .05 4.06
15 (200) 0.00494 0.00204 0.00006 0.00918 2.76471 1509 .70 £55 .94 65 .45 3.54
16 (300) 0.00869 0.00000 0.00036 0.01259 3.86836 1530.15 £36 .22 60 .11 4 .85
17 (300) 0.00461 0.00004 0.00054 0.01114 3.22026 1468 .63 £43 .90 70 .27 4.29
18 (300) 0.00599 0.00000 0.00075 0.00897 2.72931 1520 .77 =47 .96 60 .65 3.46
19 (300) 0.00414 0.01608 0.00029 0.00830 2.49276 1507 .11 £55 .29 67.10 3.20
(d) 98-4aQ M@ Ar® A R N 53 4R
(d) Dating results of 98-4aQ by stepped heating of the crushed powders
o°c 36 Ar( A) 37 Ar( Ca) 38 Ar( Cl) 3 Ar( K) 40 Ar( R) t/ Ma WA(R)/ % PA(K)/ %
350 0.00079 0.00000 0.00000 0.01330 1.73639 811 .01 £52 .91 88.13 4.93
380 0.00138 0.00000 0.00000 0.02167 2.73044 788 .05 £33 .31 86 .99 8.04
420 0.00246 0.00000 0.00000 0.02963 3.56930 759 .66 £24 31 83.10 10.99
450 0.00387 0.06767 0.00024 0.03013 3.40758 721 .34 %21 22 74 .86 11.18
480 0.00361 0.16586 0.00029 0.02488 2.77657 713 .42 £24 .66 72 .24 9.23
520 0.00350 0.11163 0.00000 0.03371 3.85774 728 .51 £11 .77 78 .87 12.51
560 0.00283 0.18595 0.00000 0.02833 3.28908 737.18 £17 .38 79 .72 10 .51
600 0.00407 0.03569 0.00000 0.02367 2.61132 706 .75 £16 .58 68 .45 8.78
650 0.00586 0.00010 0.00024 0.02864 2.99628 676 .20 £20 .97 63 .37 10.63
700 0.00344 0.00000 0.00004 0.01559 1.62711 674 .81 =38 88 61 .52 5.79
750 0.00406 0.00000 0.00003 0.01183 1.13085 626 .95 £49 88 48 .53 4.39
800 0.00420 0.00000 0.00000 0.00813 0.96059 748 .01 £74 .09 43 .60 3.02
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Fig. 1 Age spectra and normal isochron diagram based on

the “° Ar’ Ar analytical data for quartz 98-4fQ

(a) Age spectra: (i) the falling age spectrum (upper solid line) , ob-
tained by excluding the contribution of the non-radiogenic ** Ar using
the modern at mospheric 40 A3 Ar ratio of 295 .5 for the crushing ex-
periment, shows the presence of excess “’Ar within the fluid inclu-
sions ; (ii) a flat age spectrum ( dot line) is obtained by using the ini-
tial ** Ar Ar ratio of 651 .4 in the isochron plot ( Fig. 1b) to exclude
the contribution of the non-radiogenic 40 Ar for the crushing experi-
ment, whose plateau age of (807 +16) Mais quite concordant with
its isochron age ; (iii) the heating experiment yields a flat age spec-
trum (lower solid line) with a plateau age of (779 £6) Ma which is
concordant with its corresponding isochron age shown in (b) . (b)
Normal ** Ar-** Ar isochron lines : the upper line is based on the data

by crushing and the lower line on those by heating
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Fig. 2 Age spectra and normal isochron diagram based on

the ** A Ar analytical data for quartz 98-4aQ

(a) Age spectra: (i) The crushing experiment forms a falling age spec
trum (upper solid line) at the first seven stages , showing the presence of
excess ** Ar within the larger fluid inclusions in sizes, and then an age
plateau appears with age of (1 459 *23) Ma from stages 8 to the last
stage ; (ii) The heating experiment yields a flat age spectrum (lower solid
line) . The dotted line is drawn by using the initial YOAR3CAr ratio of
211 .5 in the isochron plot ( Fig. 2b) to exclude the contribution of the
non- radiogenic 40 Ar, which corresponds to a plateau age of (776 +6) Ma
that is in good concordance with its isochron age ( Fig. 2b, lower line) ;
(b) Normal ** Ar-3° Ar isochron lines : (i) The upper line is based on the
data of stages 8 ~ 19 by crushing with an isochron age of (1 471 £55)
Ma and initial ** Ar-3° Ar ratio of 306 .8 244 .3, which shows that only a
little excess ** Ar exists within the s maller inclusion sizes , while the gases
released from the larger inclusion sizes of the first seven stages ( vacant
circles) contain much more excess *°Ar; (ii) The heating experiment
forms an isochron line (lower one) corresponding to an isochron age of

(776 £18) Ma and an initial ratio of 211 .5 £23 .9

2.3 it it

PG I AT SRAF () AR )RR PR A7 D% O™ 4 1% 4
FICEBTT:

(1) HFH 1 SR 2038 W BUHCIR AT 1A 9%
DG51-1 Q Vit M0 24K 40 Ar-3® ArZE I 2R 408 hy (712
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(2) VIR LB By I3 4 A AR A 1) 1k
JRAHR & BT 0500 1 %0 A0 Ar S5 N 2R AR IS Ol
(696 £57) Ma (IEHET2E 2000) ;

(3) WP 1 01K 2060 T BERIGICIRART 1)
AYE DC50-3Q TR ALY Ar? ArSE N 2R AF RS
(778 £31) Ma (IFHET 1998) ;

(4) DFPH 5 FALHIE Po-Ph S5 LA N
(794 £73) Ma (IFHET*5E 1997) (LA B RZE N
10) ;

(5) WEFN 211 9 Fhi(2872 H By K3z Z R
WA 9 98-4F Q AR ELZEAAY Ar® ArEIN Z A 08l
(807 £25) Ma (20, PRl MR AR A ArfEI 25
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EWRS M (782 £5) Ma (A ;

(6) EHH Z1l 9 Fhi( 2872 H By K37 2 R4
W A7 9 98-4aQ FE kY R Ar ArSE I 2 AE 08 Ol
(776 £18) Ma (A) .

DL b ™ A7 8 040 2 W 2R )R 2 J2 R A 4
JERCT 810 ~ 770 Ma, BRI A E e T 780 ~ 700
Ma . XS A JUANFE (0 A 08 50 15 2 i 120 AR
B 5 B U R IR N A W8 5l (I AR 2R ] ek 1S
SEVEA AR ) AT Bh™ S A &L

IR VAT (R )2 B BH B v A S T et o
HARCHE MIBHAE 1997) LRI R R WK 2 .

* 2 RIAEMERMESER
Table 2 Isotopic ages of the Kunyang Group
|1 T RN t/ Ma
LRt

JBR L 2H BREAOSE

N HEWRE A
YDA

KERA B Pb-Pbik: 1258 270"
JACA

||1Wg$

Hoheidl  EE A R A
o

il e A 45 Bk B X puopbigii1 607 128
PN TE oy Hiy

54 TEAsSE. KM phpuiki171656"
PR = Hiy
Fa

PR A RARW A= W 10 SmNdvk:1931 2183
R R FAVE 3 2098 23
bickE e Hy

* B 1997

WX AV 2 FE M ko™=t 7 — Lo RLF 4
LB K- Ar SRR IR K N 1 059 Ma 3]
700 Ma (VLB H ALy . /MR TTA 4L Rb-Sr 55
ISR O 808 Ma( 1 FE ,1990) ,Sm- Nd 25 &
SEWE N 927 Ma (BUEHGEE 1994) .

I AT I« AR 207 R IRAR AT ) O™ 47 % B 2
ANFIRE MR T AL S R AT 1) A A R B2
MAERE K E AR N0 T T B nT e 4 s sl ok .

3 4@

AR SR 0 Ar-30 ArL 2 T WA BN #u s A
8 T ARNJZRE A 2 A AFERES G5 R WT
(1) ©ArY ACFR RS . ASCRAG T 2 AAFEES

O BUEEEG, XIGRT, SR

1470 Ma 1810 ~ 770 Ma , & B #) 20 fif B 4 — 1
PIBE BN I B) |, J5 75 B R R 8 S« RN J2tk
AT )l A

(2) AR AR TR S JE AR ) Rk
A 8 Y0 [ 5 AT LA AT 3R 15 16 KGR B BT A B
AR ARFRE VO 2 S U AR X 2R A
W ASIEYUR A AE R B i A2 HGRR . Z- )11
AT 2 22 S RO T ) ISFTT AN 810 Ma &2 700
Ma  FERFEMH A 500 Ma (FRUF 7755 1992 ;1993 ;A
e RRRRL . XSRS 5 TR R S
VBT AR AT () E B R 1)

(3) AR ArEL TS AT ALY B A a3 A ml
RERTFAN A &5 R i AR T A BB A 1 e
JaBHAER T VTR . PR ER 45 & AT A 0
SEAE AT LR B AT T R FEAREE R . AT
VEFFIRER B A0 JE AR AL FE AR A A SR H R 2
FE A IR AT A 8 AT 2 AT R T i
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New *° Ar-** Ar Evidence for Ore- forming Process During
Jinning- Chengjiang Period in Dongchuan Type Copper Deposits, Yunnan

Qiu Huaningl 2 J. R. Wijbrans2 , Li Xianhua, Zhu Bingquan' , Zhu Chonglin3 , Zeng Baocheng3
(1 Guangzhou Institute of Geoche mistry , Chinese Acade my of Sciences, Guangzhou 510640, Guangdong, China; 2 Department of

Isotope Geoche mistry, Vrije Universiteit Amsterdam, Netherlands ; 3 Dongchuan Bureau of Mines, Dongchuan 654101 , Yunnan,

China)

Abstract

Two quartz samples from the Dongchuan-type layered copper deposits in the Luoxue Mine were dated by

OARP Ar crushing and heating techniques. Two age groups of ~1 470 Ma and 810 ~ 770 Ma are recognized
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from the ** Ar3° Ar isochron plots . The age of ~1 470 Ma, obtained from the isochron of the quartz 98-4aQ by
vacuo crushing technique , is interpreted as the crystallization age of 98-4aQ from the hydrothermal fluid. The
ages of 810 ~ 770 Ma, obtained from the 0 Ar-* Ar isochrons of 98-4aQ by stepped heating and of 98-4fQ by
crushing and stepped heating, seem quite in agree ment with the *” Ar->” Ar isochron ages of the quartz samples
DG 50-3Q and DCG-51-1 Q by crushing and siliceous breccia DC-5-2 by heating selected from the quartz vein ores ,
and are interpreted as the copper mineralization ages . These ore-forming ages further indicate that the major ore-
forming process in the Dongchuan copper deposits took place in the Jinning- Chengjiang period.

Key words : AR Ar techniques , fluid inclusions , Jinning period, Chengjiang period, Dongchuan copper
deposits

(LTﬁ% 120 J’Li)( Continued from p.120)

of mineral deposits is not only widely distributed and quite unique in mineral paragenesis but also contains much complicated genetic
information of endogenous mineralization, Therefore , investigation on skarn deposits has been continued without interruption for more
than one century , constantly bringing forth new ideas. Especially in the past two decades, the research of skarn deposits has made
much important progress in such aspects as tectonic settings of skarn mineralization , multigenesis of skarn and skarn deposits , skarn of
mag matic stage and magmatic skarn, alkali metasomatism and skarn mineralization, metasomatic zoning, Ag- Pb-Zn-bearing
manganoan skarn formation, Au-bearing skarns, and ore-bearing skarn evaluation criteria. The above- mentioned new important
progress in the skarn deposit studies has important theoretical significance in further understanding their petrogenic and metallogenic
mechanis m and practical applied value and hence in prospecting for more concealed skarn deposits .

Key words : skarn deposits , new advances in studies
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