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Abstract

The Tongshanling Cu-Pb-Zn skarn deposit in southern Hunan occurs in the northeastern concealed contact
zone of the Tongshanling pluton and its peripheral carbonate strata. It is genetically intimately associated with the
Tongshanling granodiorite porphyry. The Tongshanling Cu-Pb-Zn deposit exhibits a distinctive outward zonation

of proximal endoskarn, proximal exoskarn, sulfide-quartz vein, and distal skarn orebodies from the contact zone.
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According to cross-cutting relationships, replacement textures, and mineral assemblages, the Tongshanling Cu-Pb-
Zn deposit can be divided into four stages of alteration and mineralization, i.e., prograde skarn, retrograde skarn,
quartz-sulfide, and carbonate stages in sequence, in which the quartz-sulfide stage is the main ore stage. Sphaler-
ite compositional barometry manifests that, the sphalerite in the massive sulfide ore of proximal endoskarn
formed under (3.1£1.0)x10° Pa, corresponding to a middle to upper crustal depth of 6~12 km, indicating that the
Tongshanling Cu-Pb-Zn deposit was formed at a deep environment. There are two stages of chlorites in the proxi-
mal endoskarn, proximal exoskarn, and distal skarn. Chlorite compositional thermometry manifests that, for the
three types of skarns, the chlorite of retrograde skarn stage formed at 345~388°C, 296~376°C, and 296~338°C, re-
spectively, representing the lowest temperatures of skarn formation; and the chlorite of quartz-sulfide stage
formed at 270~318°C, 209~238°C, and 200~223°C, respectively, representing the temperatures of mineralization.

The three types of skarns display a declining trend of chlorite temperature, indicating that the proximal endos-

karn, proximal exoskarn, and distal skarn orebodies were formed in sequence.
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Fig. 1 The location of the South Hunan ore-concentrated area in the Qinzhou-Hangzhou metallogenic belt (a) and the location of

the Tongshanling pluton in Hunan Province (b) and simplified geological map of the Tongshanling area (c) (modified after Huang et
al., 2017)
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Fig.2 Planar geological map of the Tongshanling Cu-Pb-Zn deposit (modified after Team 206 of Hunan Metallurgical and Geological

Exploration Company, 1975)

C,ht: dolostone; C,d>: limestone and dolomitic limestone; C,d*: shale and siltstone; C,d': limestone and argillaceous limestone; D,x: argillaceous

limestone, limestone, and dolomitic limestone; D,s: limestone and dolomitic limestone; D,q: limestone, dolomitic limestone, and dolostone
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Fig. 3 NE-trending(a), SE-trending(b), and NNE-trending (c) geological cross sections through the Tongshanling Cu-Pb-Zn deposit

(section lines and strata lithologies refer to Fig. 2, modified after Team 206 of Hunan Metallurgical and Geological Exploration
Company, 1975)
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Fig. 4 Field photographs showing different styles of mineralization at the Tongshanling Cu-Pb-Zn deposit
a. Disseminated sulfide mineralization in altered granodiorite porphyry, the sulfides are principally pyrrhotite and subordinately chalcopyrite; b. Mas-
sive sulfide mineralization in proximal endoskarn, the skarn minerals are principally garnet and subordinately pyroxene, the ore minerals are domi-
nantly chalcopyrite and pyrrhotite; c. Sulfide-quartz bands in proximal endoskarn; d. Quartz vein cuts proximal endoskarn; e. Zonation of proximal
exoskarn vein, the exterior is wollastonite, the interior is principally pyroxene and subordinately garnet, the core is later-formed quartz; f. Massive
Cu-Pb-Zn ore in proximal exoskarn orebody; g. Quartz vein cuts proximal exoskarn; h. Sulfide-quartz vein with sulfide-rich walls; i. Cu sulfide-
quartz vein close to the contact zone; j. Cu-Pb-Zn sulfide-quartz vein far from the contact zone; k. Pb-Zn sulfide-quartz vein in altered granodiorite
porphyry, later-formed calcite cuts the sulfides and quartz; 1. Residual argillaceous limestone in distal skarn; m. Massive Cu-Pb-Zn ore in distal skarn
orebody; n. Sulfide-quartz vein cuts distal skarn; o. Carbonate replacement Pb-Zn sulfide vein not far from the contact zone

Cal—Calcite; Ccp—Chalcopyrite; Po—Pyrrhotite; Qz—Quartz
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Fig. 5 Petrographic and mineragraphic photomicrographs showing different styles of mineralization at the Tongshanling Cu-Pb-Zn
deposit
a. Proximal endoskarn mainly consists of garnet and pyroxene (crossed-polarized transmitted light, CTL); b. Actinolite replaces garnet and then re-
placed by sulfides in proximal endoskarn (plane-polarized transmitted light, PTL); c. The ore minerals of proximal endoskarn orebody are dominant-
ly chalcopyrite and pyrrhotite, the pyrrhotite displays obvious anisotropy, the chalcopyrite replaces the pyrrhotite (crossed-polarized reflected light,
CRL); d. Wollastonite and pyroxene in proximal exoskarn, the pyroxene replaces the wollastonite (CTL); e. Actinolite in proximal exoskarn (CTL);
f. Chalcopyrite, sphalerite, and pyrrhotite in proximal exoskarn ore, the chalcopyrite coexists with the sphalerite and replaces the pyrrhotite, later-
formed calcite cuts the sulfides (plane-polarized reflected light, PRL); g. Chalcopyrite, pyrrhotite, sphalerite, galena, and native bismuth in proximal
exoskarn ore, the chalcopyrite and pyrrhotite replace actinolite, the galena replaces the chalcopyrite, pyrrhotite, and sphalerite, the native bismuth
coexists with the galena (PRL); h. Chalcopyrite, pyrite, and arsenopyrite in Cu sulfide-quartz vein close to the contact zone, the chalcopyrite cuts the
pyrite and arsenopyrite (PRL); i. Chalcopyrite, sphalerite, galena, and pyrite in Cu-Pb-Zn sulfide-quartz vein far from the contact zone, the chalcopy-
rite and sphalerite replace the pyrite, the galena replaces the pyrite, chalcopyrite, and sphalerite (PRL); j. Bismuthinite in Cu-Pb-Zn sulfide-quartz
vein (PRL); k. The Pb-Zn sulfide-quartz vein in granodiorite porphyry mainly consists of sphalerite, galena, pyrite, arsenopyrite, and quartz (PRL);
1. Garnet and pyroxene in distal skarn, the mineral granularity is distinctly finer than that of proximal skarn (CTL); m. Chalcopyrite, sphalerite,
and galena in distal skarn ore, the sphalerite replaces the chalcopyrite, the galena replaces the chalcopyrite and sphalerite (PRL); n. Arsenopyrite cut
by chalcopyrite + quartz veinlets in distal skarn ore (PRL); 0. The ore minerals of carbonate replacement Pb-Zn orebody are dominantly sphalerite,
galena, pyrite, and arsenopyrite, the gangue minerals are dominantly calcite (PRL)
Act—Actinolite; Apy—Arsenopyrite; Bin—Bismuthinite; Cal—Calcite; Ccp—Chalcopyrite; Gn—Galena; Grt—Garnet; Po—Pyrrhotite;
Px—Pyroxene; Py—Pyrite; Qz—Quartz; Sp—Sphalerite; Wo—Wollastonite
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Fig. 6 Mineral paragenetic sequence of the Tongshanling Cu-Pb-Zn deposit

The thickness of line denotes relative abundance, the dotted line denotes sporadic occurrence
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(TSL97,PTL) ;e. MLImAMG 4 e A W Ft s AU A iR A, IFRERATT A28 A (S B 2 0k B 1A R A1 B JGIRLEE (8 Cathelineau, 1988
FHEDELE ; SRR ISR IR AR B 1 O T D TR G AR (TSL133, PTL) s £ 3R R4 e R IR YRR O M T4
(TSL144,CTL); g. iGHiAy+ & 4k e £1 AU AT £1 (TSL86, PTL) s h. JEdtihy + & v 5 41 B4/ A IBUIR S P8 41 (TSL111, PTL)
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Fig. 7 Petrographic photomicrographs showing different types of chlorite in the Tongshanling Cu-Pb-Zn deposit

a. Chlorite replaces biotite and maintains its pseudomorph in granodiorite porphyry, the chlorite exhibits distinctive indigo-blue interference color

(TSL58, CTL); b. Disseminated chlorite replaces garnet in proximal endoskarn (T1516, PTL); c. Interstitial chlorite coexists with quartz in proximal

endoskarn (T1513, PTL); d. Disseminated chlorite replaces garnet in proximal exoskarn (TSL97, PTL); e. Chlorite replaces garnet along its zonal

bands in proximal exoskarn, the chlorite in inner zone contains more residual garnet and was formed at higher temperature (calculated after Cathelin-

eau, 1988); while the chlorite in outer zone contains less residual garnet and was formed at lower temperature (TSL133, PTL); f. Disseminated chlo-

rite replaces garnet in distal skarn (TSL144, CTL); g. Chlorite replaces garnet in distal skarn (TSL86, PTL); h. Interstitial chlorite coexists with
quartz in distal skarn (TSL111, PTL)
Cal—Calcite; Chl—Chlorite; Grt—Garnet; Pl—Plagioclase; Qz—Quartz; Sch—Scheelite; Ser—Sericite; Sp—Sphalerite
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Fig. 8 Compositions and calculated temperatures for different types of chlorite in the Tongshanling Cu-Pb-Zn deposit

a. Classification diagram for chlorite based on Si and Fe contents (according to Hey, 1954; apfu: atoms per formula unit); b. Classification diagram

for chlorite based on R?>" and Si contents (according to Wiewiora et al., 1990); c. Classification diagram for chlorite based on octahedral Al+[], Mg,

and Fe contents (according to Zane et al., 1998); d. Plot of Mn contents versus 7, (calculated after Cathelineau, 1988); In the abbreviations of chlorite

types, the subscripts G, N, X, and D represent granodiorite porphyry, proximal endoskarn, proximal exoskarn, and distal skarn and the

Roman numerals Il and Il denote retrograde skarn and quartz-sulfide stages, respectively

BEET R R IR A5 . HE 254°C U L W Bk
W 3 F LA oS J7 1 BBk E U AF 7E (Kissin et al.,
1982; JBii%E 2455, 1995; AT HEIR 4, 2021) , K¢ it Hh A
BT R It 5 5 7S T W B R I = A A
(& 9c, i 2455, 1990; FR4E )4, 2010) , W M 7S T7

WEEE RN .

NEER HLFHRE AT 4 SR80 T3 2. IR Y
AR YR A T ) N R BAT B 0
B 45K ([ 9a.d) , I H Fe & 748 1k B 2 (8.94%~
11.11%, |8 10a) , Hutchison %5 (1981) A N & K4
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Continued Table 1-3
TR
415y TSL111 Chl, Il TSL144 Chl, Il
2 3 4 5 6 1 2 3 4 5 6 7
SiO, 26.84 26.90 27.80 27.38 27.24 26.66 27.00 26.94 26.65 27.38 27.73 27.61
TiO, 0.03 0.07 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00
AlLOy 13.75 14.14 13.50 13.59 13.87 19.50 19.01 19.23 18.48 19.48 19.77 18.82
FeO 39.18 39.28 40.33 39.68 38.67 26.42 25.71 26.68 28.69 26.76 25.86 30.05
MnO 1.31 1.24 1.40 1.44 1.54 1.40 1.39 1.60 1.37 1.42 1.48 1.63
MgO 5.49 5.18 5.65 5.46 5.36 14.98 15.97 15.30 13.47 15.60 16.07 13.37
CaO 0.27 0.29 0.27 0.23 0.29 0.00 0.01 0.06 0.11 0.16 0.11 0.24
Na,O 0.01 0.03 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.05 0.01 0.05
K,O 0.00 0.00 0.02 0.04 0.00 0.00 0.00 0.03 0.01 0.02 0.02 0.04
F 0.00 0.00 0.11 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cl 0.01 0.02 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.01
Jevil] 86.89 87.15 89.09 87.88 86.99 88.97 89.10 89.85 88.80 90.87 91.05 91.82
FET 28 O T B 74K
T Si 6.242 6.231 6.324 6.304 6.305 5.594 5.637 5.610 5.682 5.627 5.652 5.716
T VAL 1.758 1.769 1.676 1.696 1.695 2.406 2.363 2.390 2.318 2.373 2.348 2.284
T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
M VAL 2.012 2.092 1.942 1.991 2.088 2.418 2.315 2.329 2.325 2.344 2.400 2.308
M_Ti 0.006 0.013 0.000 0.000 0.002 0.000 0.000 0.002 0.000 0.000 0.000 0.000
M_Mg 1.902 1.789 1.917 1.872 1.850 4.686 4.972 4.751 4.281 4.778 4.882 4.126
M_Fe 7.620 7.610 7.671 7.642 7.487 4.637 4.489 4.647 5.115 4.599 4.408 5.202
M_Mn 0.258 0.244 0.270 0.281 0.301 0.249 0.245 0.281 0.248 0.247 0.255 0.286
M Ca 0.067 0.072 0.065 0.057 0.072 0.001 0.001 0.013 0.025 0.035 0.024 0.052
M_Na 0.005 0.012 0.000 0.005 0.000 0.006 0.004 0.000 0.002 0.018 0.006 0.019
M_K 0.001 0.000 0.006 0.010 0.000 0.000 0.000 0.007 0.003 0.004 0.004 0.010
M 11.871 11.832 11.871 11.858 11.800 11.997 12.026 12.030 11.999 12.025 11.979 12.003
OH 15.995 15.994 15.917 15.967 15.998 16.000 16.000 16.000 15.996 16.000 16.000 15.998
F 0.000 0.000 0.081 0.031 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cl 0.005 0.006 0.002 0.002 0.002 0.000 0.000 0.000 0.004 0.000 0.000 0.002
Fe/(FetMg) 0.80 0.81 0.80 0.80 0.80 0.50 0.47 0.49 0.54 0.49 0.47 0.56
T,/°C 264 266 255 257 257 310 304 308 304 306 302 301
T,/°C 221 223 208 211 211 325 319 323 311 320 316 306
Ty/°C 237 239 224 227 227 330 323 328 318 325 320 313

W A RS PR AR G ON XN D 2 5 R AL 5 TN BRI i IS -2 T i MY =25 R iy <, 2 T80 TR 43 i) A Q3R A8
JRAY - T BRI -G BE s 43308 41 ) — R 1258 M, T,0,0(OH, F, Cl) [(R R ") 15(SiLR; ) Oy(OH, F, Cl),]; OH % T OH+F+
Cl=16 H155 5 7,/°C=106 {VAI+0.7[Fe/(Fe-+Mg)]} +18 (Kranidiotis et al., 1987); 7,/°C=321.98(VA1/2) - 61.92 (Cathelineau, 1988); T,/°C=318.5 {VAl/
2+0.1[Fe/(Fe+Mg)]}-68.7 (Jowett, 1991).

ANGE ROIR BRI AR R 7 B TN BT RE S ISR IN B
WAV EL S AR B PR B T T B A,
Fe & AL RN E M TIEJTISE . S8 oE &
BRINBEAT Hpad aod A TR A s 4 A A R
(Wiggins et al., 1980; Hutchison et al., 1981; Kojima

etal., 1985) , 5 SEFRULEEASF, BT LLIE H A K B4
I BE LA AL S 7 Cu + Fe PR S AR N BF 0T 19 45 5 (Bar-
ton, 1978; Barton et al., 1987; Kojima et al., 1987; El-
dridge et al., 1988; Bortnikov et al., 1991), F£ 5 8%
A IR S A e (IET 9b) |, TAVER A P 19 8 el 3
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PO L R B AT DA AT St AL RS - 5 B AT R AR 7 7 07 AR 2 R Bl
a. [NBEE S RGBT 3L A SUE M, TR 5 R (PRL) b, BEHIA A URE BT ERA B BRA™ (PRL) ;s c. il /S 77 B BOERAT A = Wb 4
(CRL) ;d. INBFI H B BT ¢ 254 (PRL)
Act—HRLAT s Cop— B 5 Po— R BEERA™ ; Py— 20 BiA s Sp—INBEH

Fig. 9 Mineragraphic photomicrographs of the massive sulfide ore in proximal endoskarn from the Tongshanling Cu-Pb-Zn deposit

a. Sphalerite coexists with pyrrhotite, they were formed concurrently and show clear contact boundary (PRL); b. Chalcopyrite replaces pyrrhotite and

pyrite (PRL); c. Triple-junction texture of high-temperature hexagonal pyrrhotite (CRL); d. Chalcopyrite disease in sphalerite (PRL)

Act—Actinolite; Ccp—Chalcopyrite; Po—Pyrrhotite; Py—Pyrite; Sp—Sphalerite

SERAR ] REJR B SCACIN R 1 . (EATE R
(2 INEER™ B Fe £ -5 Cu & 12 2 8] £7-7E W i 1EAH
FE (K 10a) , 3678 2 Cu Fe AR ACIN AR I A
TSy Feo DRI, 75 AN BR B0 S ACIN BRI 7
A Fe A Re AR A5 5 WE B 0Bk B~F-A5  TN A
() Fe % 8 (w(Fe )/ %=w(Fe)/%—-0.3964 x1(Cu)/% ,
Kl 10a) . BIEZJERINER w(Fe) B b3 /N (8.46%~
9.86%, % 2) , AHN 1) x(FeS ) M 15.58%~17.95% (&
10b) . FJF Lusk %5 (1978) Fll Hutchison %5 (1981) fiY
NEER B 1 AT T 45 SR8 T2, 24
JE S5 R B LA P, RN P, R, R — 2,
A A F 2.0~4.0 x 10°Pa 71 [l N, F 2 (E 5k 3.1 %
10%Pa, IEME 1,15 4 3.1x10%Pa( [8] 10c.d) . A SCHR1S
BTN TE B F7 ((3.1£1.0)x 10%Pa) 5 T 411 =2 Bij 18

T A6 e DA BRE 2 RS o N A 9 450 R il 24 1)
AR 7 ((3.0£0.4)x 10°Pa, Huang et al., 2018)
— B0, R INEED B e T A R T SR

8 WA IR

Huang %5 (2014) 1 = A& H 55 (2015) F1) 1 4H 6™
Re-Os 78 4773 Sl ARAT 4 LU A 5 45 B 0 R 19 ) A1 i
9 (161.8+1.7)Ma Fl(161+1)Ma, 5 4 111 14 2514 (1)
B AF % (164~160 Ma, #5 41 U-Pb & 4F |, Jiang et al.,
2009; Zhao et al., 2016; 2017; # b #%5: %5, 2017) —
B, H5 75 Ly U4 R B AT DR AE IG5 A L 08 A
DN BE A 2 VIR G o 58 10 b 4 (2015) X6 11 0 4
BYEEDT RIT R T Rifk 4 S \Pb [ E 5T, 534S (A8
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P10 A L H B B A AR A0 S P S - 5 R P R G AL 0 7 v DA B 4 1 2 R 55
a. Fe-Cu & i [&Ifif s b. FeS y, IR B M3 5347 L5 &l s c. P (4% Lusk et al., 1978 7580 Ji 324347 #7781 ; d. P,(4] Hutchison et al., 1981 $50) 4
oA BT K]

Fig. 10 Compositions and calculated pressures for the sphalerite in the massive sulfide ore of proximal endoskarn from the

Tongshanling Cu-Pb-Zn deposit

a. Plot of Fe versus Cu contents; b. Frequency distribution histogram of FeS ;. molar contents; c. Frequency distribution histogram of P,

(calculated after Lusk et al., 1978); d. Frequency distribution histogram of P, (calculated after Hutchison et al., 1981)

T = 1.9%0~5.7%0 , V- BIME N 2.6%0 , H AT 35 KRR
Ik, B A1 5 48 54 7 (14 P [A] 37 R 20 B — 3, ik SE A4k
H 2 WY A ) BT 3 ok A LA AE B TN B
Liu % (2022) SRS B Ak - e ik b (1 83057 79 88O B
K 5.1%0~5.5%o , XF N It 44 114 8'%0 {EL K 5.0%0~5.4%o ,
B S HOKFEE 18 78 B A 32 2ok 11 4 1L 0
T RIN KBRS -

2 P 1L A HR BT DR A S A 2 ) TR
Ji 24 1 A 1 400 m (8] 3a~c) , I i N Y & 7 A4 A
YR g A o 4 b N 18 B 77 ((3.1£1.0)
10°® Pa, [ 10c . d) K EnT AR R AT R IE K&
71 A3 km/10® Pa i i A Fe ) 86 B2 1153 (Van der

Pluijm et al., 2004) , A" PR 4 6~12 km, 4 4 F
— L FE K, U6 I L0 5 B T R R TR
W . WP WY RAEH LB ReMINA L
A5 A1 SR AR T E K R A ORI RS R
FRAELARE T A A SR ICK R ET YN
= (Meinert et al., 2005) . 4 L WA HA 852207 PR AR
iy RAET YR EER , MR R RET s
(& 6) , [FlFE S s R B AR . b TR 1) Bl
%1% VLB K (Ingebritsen et al., 1999) , #+3¢ F ik i A4
T LA R e 2 B A5 U AACE BB A R R A AN R
(Cox, 2005) . BT LA, il LLI A H HFEF 7 PR 1 1422 fah
W URBR T i iy 5 A LA AR I TR 7™ Y, A48 30 ity
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Continued Table 2
414 TSL122
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Zn 56.00 50.06 54.83 5550 53.51 5295 54.63 5435 5396 5534 5439 5516 55.12 55.06 53.32
Fe 9.49 11.11 9.85 9.33 1037  10.52 9.70 9.76 9.92 9.52 9.97 9.41 9.53 9.38 9.67
Cu 0.16 4.44 0.84 0.15 1.70 1.67 1.03 0.74 1.64 0.11 1.34 0.87 0.06 0.02 3.05
Cd 1.87 1.60 1.83 1.88 1.78 1.79 1.94 2.09 1.78 1.82 1.86 1.80 1.78 1.95 2.12
Mn 0.13 0.14 0.20 0.11 0.14 0.12 0.08 0.13 0.17 0.16 0.12 0.14 0.13 0.07 0.09
Co 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.01 0.00 0.00 0.04 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.03 0.00 0.10 0.02 0.01 0.00 0.16 0.09
Bi 0.02 0.16 0.00 0.00 0.00 0.18 0.00 0.23 0.19 0.12 0.00 0.00 0.00 0.04 0.14
Ag 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
S 33.07 33.40 34.16 3322 33.16 33.56 33.58 33.07 33.19 3345 33.12 33.83 33,50 3341 33.24
ISRy 100.79 10091 101.71 100.23 100.66 100.85 101.09 100.41 100.86 100.62 100.82 101.22 100.12 100.09 101.72
Fey e 9.42 9.35 9.52 9.28 9.70 9.86 9.29 9.46 9.27 9.48 9.44 9.07 9.51 9.37 8.46
T 1A STHE MR T4
Zn 0.830 0.735 0.787 0.819 0.791 0.774 0.798 0.806 0.797 0.811 0.805 0.800 0.807 0.808 0.786
Fe 0.165 0.191 0.166 0.161 0.180 0.180 0.166 0.169 0.172 0.163 0.173 0.160 0.163 0.161 0.167
Cu 0.002  0.067 0.012 0.002 0.026 0.025 0.015 0.011 0.025 0.002 0.020 0.013 0.001 0.000 0.046
Cd 0.016 0.014 0.015 0.016 0.015 0.015 0.016 0.018 0.015 0.016 0.016 0.015 0.015 0.017 0.018
Mn 0.002  0.002 0.003 0.002 0.003 0.002 0.001 0.002 0.003 0.003 0.002 0.002 0.002 0.001 0.002
Co 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000  0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pb 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
Bi 0.000  0.001 0.000 0.000 0.000 0.001 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.001
Ag 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
z 1.015 1.010 0983 1.001 1.015 0.998 0996 1.007 1.013 0996 1.016 0.990 0.988 0.988 1.020
Feye 0.164 0.161 0.160 0.160 0.168 0.169 0.159 0.164 0.160 0.163 0.164 0.154 0.163 0.161 0.146
2(FeSy:)/% 1645 1795 1689 1636 17.51 1790 16.61 1693 16.75 16.70 16.88 16.14 16.81 16.61 15.67
P,/x10°Pa 3.2 2.0 2.9 33 2.3 2.0 3.1 2.8 3.0 3.0 2.9 3.5 2.9 3.1 3.9
P,/x10°Pa 33 2.0 2.9 33 2.4 2.1 3.1 29 3.0 3.0 2.9 3.5 3.0 3.1 3.9

SN R A R -4 S ik (8] Ba~c) o 2 AR I i Y
REAAR AT RS A It 1A 2ok B S A E AR A DXl )2 1)
NIRRT E B AL B b 2 vp 7 J2 (8] Uiy 224 5t
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