
. ill F, ,:I' . 

I t. ' " I'b " 
1l;l l .1 I' .r 

.i 1 !. ~ 1 I, 

we Ilj \. 

i , }(l() ' ( 

(l i t Itl' 'lj' 

Ill' ex\" 11 

Ja r,; ~t rl , 

:11 l'r ,iI 1,,1 
>I I of til" , 

'Il l a ppl i,": 
might (' 

1l111itc tull\' 
)\' K ri ~h1\, 1 

resent L' -'I 
Ilpyritc, a, 
\rks shoul d 

5 

!: 
<~ 

-10 ~ 
o 

,,1 
to I 
. I 

. P-T relation 
o e repre,en b 

, stress difler , 
art to flo\\' at 
i intrusion a, 
(hy proj ec tioll 
'.Ol1ta I di stance 
renre requi red 
;igni ficancc a i 

from Di\\·i c;; 
19 (1968) . 

f 

I 
I 

! 
t 

I 

FUR'j'llE l~ AOTF,S OX lJEFOHM,·lTIO.V OF SUI.PIDES 581 

',11 brill'" the deptll 111arkcd b.\' point k and r e­
. ,t.dli l.il lioll belo \\- tlte depth of point 111 . 

l ' Ilt l' iilrrca~cd temperature ~houlcl cause pla::.tic 
,I ell all three mineral s to occur at depths shal-

1' 1' than th(J ~e ~ho\\'n. j\t the prescnt time there 
.... ,Ir~ to he no quantitati\'c information on thi s 
'1 1It. The stress differences required to initiate 

. ·.I ,lic flu\I' at the minimuJl1 confinin g- pressures re­
I.,i red at 2~ 0 C are reduced at increased tl'mper­
.. lllrl'~, This has been di scussed tor galena. D ata 
.ll l ' le ss satisfactory for chalcopyrite, but the trend 
,j lk curve for intrusion suggests that a relation 

I,d \\'('l'n st ress difference for plastic flow in triaxial 
"" 1l1pression and applied pre,;s\1re in intrusion ex-
1~' ri1ll(' nt s , Jllay be ~illlilar. .There . is ,110 experi­
ILl'lItal e\' ldence beanng on thiS relatlOJl tor sphaler­
itt'. bUI it appea r s to be r easonabl e to assume <malo­
l!"l\S behayior. 

Inlnnna lion fro111 R oberts (Gill, 1969 ) indicates 
I il:11 recrystallization does not occur in sphal erite 
;\'; readi ly as ill chalcopyrite. 

I~ esult s obtained by ll. C. H eard in his eXjJeri-
1l1Cllt s on Y\11e ~Iarble (1963) sllgge ~t that, at 111\1ch 
lo\\'er strain rates . a steady ~tate of deformation of 
i:'aicna. sphale rite or chalcopyrite could be attained 
at stress difIerences well below the maxima shown 
in Figure 1. A.t ele"atcel temperatures the stress 
ditlcrellces r equired " 'ould be still lo\\'er. 

The cun'es sho\\'n for galena and chalcopyrite in­
l ru~io ll 011 Figure 3 are based on the res\1lts of 
('xperi111(,llts lasting onl~' about 2~· hours each. R. L. 
~lant OIl and H elen Gorman ( 1968) b;1\'e studied 
lite textural r('s\11t s of heating natural poly-crystalline 
~l1IEc1 e orcs in scaled, evacuated glass capsules for 
periods up to 90 days. They obtained clear e\'idence 
of grain bO\1ndary migration in galena. sphalerite 
:lIld chalcopyrite and deduced . by projection of 
graph s, lhat thi s process could start in galena at 
around 20° C and ill sphalerite at 60° C. Xo figure 
was obtained for chalcopyrite. 

The minor adjustments studied by Stanton and 
Gormall could, if accompanied by persistent slo\\' 
.'train, r esult in substantial changes oyer long periods 
oi time. The\' could not in thel11selyes produce the 
textural ef(l:'ct~ of major plastic flo\\', nor could they 
replace an old. dimensionally oriented texture by 
a ne\\' mosa ic of more or less equidilllensional grains. 
:15 occurs with recrystallization, 

The information no\\' ;\\'a ilabl e indicates that if a 
mixtllre of galena. sphaleritc, chalcopyrite and pyrite 
at a depth oj 3 k111 in the continelltal crust were sub­
jec ted to increasing stress, galena would flow at a 
stress difference of about 700 bars, continuing until 
the 1l10yemcnt brought grains of stronger minerals 
into contact. Ii the strain rate were relati\'ely hi~h, 
galena could fail by rupture bciore thi s occurred. 
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F1G. 3. Similar to Figure 2, but \I·ith a steeper temper­
ature "Tadient. Data from intrusion cxperimcnts on chalco­
pyrite'" art! added. Line i j k marks the beginning oi 
appreciahle plastic flow. Line abc marks th e star t at 
rcc r yst~llization. The levels shown for the starl oi pla stic 
flo\\" may be adj usted upward when more experimental data 
are ava ilabl e. Data irom Dayies (1965), Kri shnaml1l'thy 
(1 967). SiC111CS (1967), Saynisch (1967 ) and Lang (1968). 

If the strain rate were yery lo\\', rupture of galena 
would probably not result, If the deformation of 
galena \\'ere to transfer the bulk of the load to 
sphal erite or chalcopyrite, they \\'olde! fail by shearing 
at stress differences of around 600 bars, and galena 
could be forced into any op~nings created. If stress 
werc then transferred to pyrite, rupture of pyrite 
would occur at a stress difference of around 6,000 
hars. Galena and/ or granulated sphalerite or chal­
copy rite, or a mixture of these would be forced into 
the cracks or around fragments of pyrite. 

At a depth greater thai1 5 km galena would flow 
fir st. At rapid stra in rates it should shear at a 
stress difference of around 3 kilobars, If the re­
arrangement \\'ere to transfer the increasing load to 
sphalerite, this \\'olIld start to flow at a stress differ­
ence of around 4 kilobars, and chalcopyrite would 
flow at about 5.5 kilobars. Either could move 
pla stically to positions of reduced pressure created 
by complexities of transmission in such a mixture , 
At rapid strain rales sphalerite could shear at a 
stress differcnce of 6 to 6.5 kilobars, and chalcopyrite 
could shear at 7 to 7.5 kilobars. At low strain rates 
How ,,'ould continue until the stress huild-up was 
tran sferred to pyrite . Continued increase in stress 
\\'ould ultimately cause rupture of pyrite. Galena. 
sphalerite and chalcopyrite should then penetrate 
rupture surfaces and flow around pyrite fragm ents. 
If the temperatme ,,'ere raised to 560° C, chal­
cop~Tite \\'ould recrystallize to a mosaic texture and 
flow would be rclatiycly rapid . J n these circu1l1-
stances the mobility of sphalerite and chalcopyrite 
may be in a re\'er se relationship to that at the start 
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