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Further Notes on the Deformation of Sulfides 

J. E. GILL 

Abstract 

Results of recent triaxial compression experiments on sulfides, performed ill the 
laboratories of the Technischell Hochschule Aachen (Siemes, 1967; Saynisch, 1%7: 
Lang, 1968), show that galena, sphaler ite and chalcopyrite can be made to flow 
plastically under ordinary Iaboraton' temperatures if the confining presSlire is abo\'C 
300 bars for galena and aboye 1,000 bars for sphalerite and chalcovyrite. These results 
are used with those obtained from intrusion experiments at McGill Un i\'ersi ty (see 
Gill, 1968) to arriYe at a vic\\' of the behayior of each of the. e sulfides \\·hen stressed 
at variolls depths within the outer part of an ayeragc cont inental crust. This leads to 
a consideration of textura l changes expectable as a rcsult of mechanical deforl1lation 
of sulfide orehodies including these minerals. The results would depend on the COIl1-

position and texture of the original ore, and could differ markedly because of difierences 
in confining pressure (depth), stress di fference, st rain rate or te1l1peratu re. 

:-;1 :\CE publication of the art ide entitled "Experi-
11 I<'n tal Deformation and Annealing of Sulfides and 
Interpretation of Ore Textures," J have recein'd 
irotll the Institllt fiir 1fincralogie und Lagerstattell­
ichre of the Technischen Hochschl1le Aachen throl1gh 
the courtesy of Dr.-lng. Heinrich Siemes the r <:sults 
of recent deformation experiments on poJycrystalJine 
galena, sphalerite and chalcopyrite at ordinary lab­
oratory temperatures (Siemes, 1967 ; Saynisch, 1967; 
Lang, 1968). These were periorl11cd with triaxial 
compression equipment using confining pressures up 
to \000 bars and stressing to failure at strain rates 
of 0.3 X 10-8 sec-1 to 0.3 X 10-;; sec-I. Some of the 
results of significance in relation to the interpreta­
lion of ore textures aloe shown graphically in Figure 
I. Tbe data chosen were obtained from tests on 
the purest material tl sed in each set of tests. 

Textures of all test specimens \\'ere imestigated 
before and after deformation, and it was founel that 
original textures were progressiyely superceded by 
others with maxked lineation parallel to the axis of 
greatest pressure. X-ray studies showed that the 
crystallographic direction with this preferred posi­
t ion was [110] in all three minerals. 

A few experiments on fine-grained pyrite fro111 
Rio Tinto failed to produce pen'asi \'e plastic flow­
age. Strengths ranged £1'0111 1,300 bars stress clif­
ierence at 1,000 bars confining pressure to 15,000 
to 17,000 bars at 5,000 bars confl11ing pressure. 
J landin had pre\'iously reported ultimate strengths 
for pyrite from Utnh at 24° C as 1,470 bars with 
no confining pressure and 5,000 bars with 490 bars 
confining pressure (IIamlin, 1965, p. 263). 

Figure 2 was designed to represent ayerage P-T 
conditions in continental crust ancl to relate results 
of the Aachen and l\f cGill experiments to them. 

The depth scale is uistorted ~lightly to presen'e tlni -
, form pressure and temperature scales. Line e U 111 

shows one estimate of average P-T in relation to 
depth below the earth's surface. Points a, band c 
were obtaill (,u by proj ecting cune" from intru!'ion 
experiments on galena as described in the paper 
referred to aboye (Gill, )969, Fig. 8) to zero in ­
trusion. Their positions are approximate, especially 
that of c, but the general posit ion and shape of the 
curve mu~t be about as ;,ho\\,I1. Its intersection 
with e d m, point d, marks the !c\'<:l in the crust 
belo\\' which intrusion into tul.ltllnr openings 1.6 mm 
in diameter could occur. 

At a depth of 1.25 kll1 th<.: confillin~ pres. ttre' is 
300 bars (0 e in Fig. 2) and the tcl11pcr:lturl' 23 ° C. 
From Figure 1 it is secn that plastic llo\\' in gale1la 
starts \\'here the stress dif'CerellC'l: exc<:e(\;' 7,~O bars. 
This is plotted as e f in Figure:? : \t the "allle 
temperature 0 k is the hest cst illl;!l e Il OW possible 
of the applied pressure required inr illtru ~illn !luw. 
It should be possible to work out a l'rt'ci ~e mathe­
matical expression rebt ing th(' 5t re",.. d iI'(ert'nce re­
quired to initiate plastic fl o\\' ill triaxi:t1 l'flillpn',.."iotl 
experimen ts to the appl ied Prt'''''u rt' rt" IU i rerl to 
initiate plastic intrusion into open ing~ oi a ~l't'('ili('u 

size. This has !lot been <10 11\' , Inn it ~lTllh cl('ar that 
the stress difference required \\· [,tilrl Ill' k" at higher 
temperatures, so in Figure 3, lin( ' i ;.: h has Ill'l'll 
drawn Oil the assumptioll tha t, at :lll~ ' g i\ <'11 it'lIlper­
atllre, the stress clilTelTtlCl' rl'ffllir l'd to pr.ldlln· now 
in triaxial compression eXIIl 'r in l\'llt' i" Il'l:ttl'd to 
the appli ed pressure in tht \I ct ; ill illtru,i.)tl ('xpl'ri­
Ill ents by a constant iactor gin'lI I,." l'i 1));- - 0.·1. 

Figure 1 shows that the "tre", dit'(,'rl'IIl'(' fl'ql lirl'c\ 
to initiate pl astic flo\\' ill ga!C'tl:t al~, 1 \ ari(" \\ ith thl' 
confining pressure. Line i i j ill Fi;.!lll'c 2 was 
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