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Recent conferences on this subject  were largely devoted to highl ,
special ized work:  exper imental  ,  theoret ical  and nodel  work.  Geologists
very quickly learned to apply knowledge accumulated in natef ' ia ls science
to geological  mater ia ls.  Ai though the appl icat ion of  th is special ist  work
to speci f ic  f ie ld geological  problems was not always inmediately obvious,
a ser ies of  special ist  conferences, start ing wi th Leiden in 1976, \ .Jas
necessary to provide a physicai  basis for  useful  microfabf jc work.  For example,
i t  is  probably fa i r  to say that the very t ime consuning petrofabr ic
invest igat ions on a U-stage were in no proport ion to their  usefulness
unt i l  only a few years ago.

The concept of  defornrat ion mechanisms made geologjsts aware that there
is a range of  d lTFerenl  ptrysi ia l  processes leading to strain accumulat ion,
each of  then associated wjth a part icular f lo!r '  lav/  and a diagnost ic nl icro-
fabr ic.  The concept of  deformat ion f iechanisms has been very useful  in lhe
case of  monomineral ic rocks in order to plan relevant exper iments and for
a rel iable extrapolat ion of  laboratory data to geological  condi t ions of
strain rate.  I t  was even hoped that microfabr ic cr i ter ia l r 'ould eventual ly
al lovJ us to reconstruct  the condi t ions of  stress,  strain rate and
tenrperature in a geologjcal  environment,  as the study of  n letanorphic
assemblages helps to establ ish p-T condi t ions dur ing netamorphism. ,

There are some problenrs,  however,  wi th such a straightforward appl icat ion:
( i )  Steady state condi t jons are assumed and strain does not appear as

a var jabie on deformat ion nechanism naps. The strain may al ter  the
microstructure suf f ic ient ly to induce work hardening or sof tening
after an in i t la l  stage of  steady state creep.

( i j )  Some defornrat ion mechanisms are non-addi t ive,  others are addi t ive only
near the mechanism boundary,  due to the vast ly di f ferent contr ibut ions
to the bulk strain rate.  Field observat ions however indicate that
usual ly more than one mechanism operates at  the same t ime. This is
part icular ly t rue for pressure solut ion in combinat ion wi th intra-
crystal l ine plast ic i ty.of ten th js can be explained by the inhomogeneous
cof lposj t jon of  a real  rock in ternrs of  grain s ize and nineralogy.
The not ion of  a s ingle deformat ion nechanisnl  breaks down in the
case of  pol  ymine'al  ' .  rocks.

{  i  i  i  )As a resul  t  of  the recent ly establ  i  shed djal  ogue between structural
geologists and petrologists we al  l  became alr 'are of  the interact ions
between phase changes and rheology. l ' l ineral  react ions may have an
effect  on deformat ion mechanisms ( t ransformat ion plast ic i ty)  .  0n the
other hand, intracrystal l  ine plast ic strain l fay inf luence nletanorphic
react ions.  both in ter  s of  the k inet ics and mineral  equi l ibr ja (e g.
changes in solubi l i ty  as a resul t  of  stored plast ic energy).

Exper imental  deformat ion work on the most important rock forming r l inerals
end monomlrer; l ic  ro; f , ! -provided the basic f rarnework for  a better understanding
of exper iments on polynr ineral ic rocks,  such as grani te.  From this new \4ork on
grani tes i t  appears that  a part jcular njneral  in the rock may lar le ly
determine the bulk rheologjcal  response of  the polynineral ic aggregate.
0ther exper imental ists started to perfonn shear ing exper iments.  This type
of exper jnent is crucial  for  a better understanding of  mjcrofabr ic



developnent and the rheology under non-coaxial  condi t ions,  conmonly en-
countered ' in geology. Another advantage of  th is method is that  large
strains can be achieved under control led boundary condi t ions.  Recent
high-temperature exper iments on marble indicated that work sof tening sets
in only af ter  a shear strain of  Y )  I ,  fo l lo!r ' ing a long in i t ia l  stage of
s+eady state t low. Sore of  the most speclacular insiqhts into the micro-
structural  develop[ent dur ing deformat ion was gajned from exper inents
on rock analogues. These exper iments are relat ively easy to perfonn and
some of them al lo\ , l  for  in-s i tu observat ions.

ai l thoi igh the extrapolat ion of  laboratory determined f low laws gives
a rough est imate of  the f low stresses expected for di f ferent monomi-
neral ic rocks,  such extrapolat ions are far  f rom accurate.  Paleostress
determ i  na t i  ons based on m i  crosLructural  fea tures (  d i  s1 ocat i  on Zeni i  ty,
iu6gEf i i lze,  recrystal l ized grainsize) gave us a more direct  means
of est imat ing the di f ferent ia l  stress nagni tude, so far  the least  known
physical  quant i ty dur ing rock defornat ion.  The use of  the recrystal l ized
grain s ize method was part jcular ly useful  because this microstructural
feature is reasonably stable and because this method asks for an ordi-
nary microscope only.  At  the same t ime, th is method of fers an i l lustra-
t ion of  the dangers of  an uncr i t ical  appl icat ion.  I t  has been shown
on rock sal t  and calc i te that  d j f ferent nrechanisms of  recrystal l izat ion
(e.g.  subgrain rotat ion and grain boundary nr igrat ion) lead to dj f ferent
grain s izes at  the same level  of  d i f ferent ia l  stress.  A better under-
standing of  the mechanisms of  recrystal l izat ion,  both in the exper i -
ments used to cal ibrate the paleopiezometer and in the qeological  mater ia l
under i  nves t i  gat i  on js imperat ive.

The numerous studies on shear zones provided an insight into possible
mechanisms of  work sof tening and also provided us wi th useful  tools
to infer the s leaf lEns6 ln large scale shear zones, such as myloni te
belts. It is oTE6n-imffisible to find offset marker horizons or syste-
mat ical ly def lected schist0si ty patterns wi th in myloni tes.  A number of
cr i ter ia,  such as asymmetr ical  augen structures,  shear bands and recry-
stal l ized grains wi th their  e longat ion direct ion obl ique to the macro-
scopic fo l iat ion are best used in conbinat ion to give consistent resul ts,
In the case of  the myloni tes along the Insubr ic l ine these cr i ter ia,  together
with lat t ice preferred or ientat ion studies,  gave surpr is jngly consistent
answers.  In other 'cases inconsistent resul ts are reported, cal l ing for
a more compl jcated deformat ion history or coaxial  deformat ion on a
I  arge scale.

Several  models of  strain sof tening have been proposed. The most popular
model is that  of  shear heat ing.  Al though this process can produce part ' ja l
melt ing dur jng high stress pulses,  d i rect  evidence for i ts ef fect iveness
is scarse in the case of  duct i le shear zones and myloni tes.  Since the
grain s ize in nryloni tes is comnonly drast ical ' ly  reduced due to dynamic
recrystal l izat ion the idea of  sof tening associated \ , ] j th a change in de-
format ion mechanism towards qrain s ize sensi t ive f low laws is very at t rac-
t ive.  There is good evidence for th is type of  sof tening in the case of
l inestone nryloni tes.  In the case of  quartz,  however,  a very strong lat t ice
preferred or ientat jon is commonly observed. The interpretat ion of  these
preferred or ientat jon patterns jn tenns of  end-or ientat ions for  easy s l ip
cal ls for  geometr ical  sof tening as a better model .  The development of  a



myloni t ic  fo l iat ion is of ten accompanied by a rearrangement of  the most
dJct i le phase, namely quartz,  into cont inuous layers.  This may lead to
fol iat ion ind!ced softening because the shear ing displacenents are now
largely taken up by strain wi th in the l teakest mineral  phase in the rock.
The interact ion between mineralogical  changes and deformat ion were al-
ready ment ioned. In many myloni te bel ts f ie ld observat ions indicate that
mineralog' jcal  changes are a prerequis i te for  myloni t izat ion and strain
local izat ion.

The increased ' jnterest  in lat t ice preferred or jentat ion is a good example
of the inf luence mater ia l  i i ience concepts-Iad or l  r icrofabr ic work.  In
the case of  quartz myloni tes two dominant types of  of  preferred or ien-
tat jon have emerged: The sjngle c-axis qirdle normal to the a-maximum
close to the infered shear direcTion and the " type l "  c-axis crossed
qirdle wi th t i , /o a-nraxima. The interest jng fact  that  those patterns are
observed whetheior not there is extensive dynamic recrystal l izat ion
asks for an explanat ion in terms of  a model ,

Such a general  model for  the developnent of  preferred or ientat ions'  a
nl icrodynamical  model ,  is  desirable for  two addi t ional  reasons: j t  would
enabie the rheology of  the rocks to be establ ished and i t  l tould enable
oreferred or ientat ion to be used as an indicator of  deformat ion history
and condj t ions.  The search for such a nodel  has occupied many geologists
for many years and var ious possibi l i t ies have been explored. Two rnain
processes have been proposed for the development of  preferred or ienta-
t ion:  recrystal l izat ion and lat t ice rotat ion caused by dis locat ion
movement:

Kamb proposed that or ientat ions stable under recrystal l izat ion would be
those for which the stored elast ic strajn energy l .Jas lowest.  This model
is not so sat isfactory as i t  re lates the preferred or ientat ion to the
stress and not to the deformat ion history.

Latt ice rotat ion models include the model of  Etchecopar and the Taylor-
Bishop-Hj l l  theory appl ied to quartz i tes by Lister.  The Etchecopar nodel
is pr inar i ly  geometr ic but al lows the calculat ion of  preferred or ienta-
t ions for  nater ja ls wi th one sl ip systen. The Taylor-Bishop-Hi l l  analysis
has the advantages that i t  is  r igorously der jved and al l  the parameters
have a physical  nreaning. A maior problem in i ts appl icat ion to quartz
is that  s l ip on the rhombs in the direct ion c + a must be permit ted
to make up ihe f ive independent s l ip systens ieceTsary for  the acconp-
l jshnent of  a general  strain.  l , lhen appl ied to the calculat ion of  preferred
0r ientat ion in quartz i tes deformed under s imple shear or approximate
simple shear condi t ions,  th is analysis gfves fa i r ly c lose agreement for
c in the case of  the " type l "  crossed girdles bul  less good sinulat ions
For the c-axis s ingle girdles and for the a-axis distr ibut ions found
in X-raatexture studies.  An a-maxinum cloae to the inferred shear direct iof
is to bi  expected fron Taylor:Bishop-Hi1l ,  but  the tvJo a-maxima symnetr ical
to the l ineat ion observed for " type l "  crossed gjrdle fabnjcs is not.

Both models based on lat t ice rotat ions caused by dis locat ion movements do
not take into account the ef fects dynamic recrystal l izat ion may have on



the bui id up of  preferred or ientat ion.  Kanb, on the other hand, in-
voked recrystallization of a different type. ue suggest a Kamb-type
nodel adapted to crystal plastic deformation and associated dynamic
recrystal  l izat ion,  Such a model proposes that stable or ientat ions are
those for which the imposed deformation causes the ninimum dissipation
of energy^by the act ive gl ide systems. Reor ientat ion by gl ide induced
lat t ice or ier i tat ions would be gr:eat ly enhanced by recrystal l izat ion,
Grains which have an unstable or ientat ion nore rapidly bui ld up dis-
tor t ional  lat t ice energy and, as a consequence, are select ively el imi-
nated by recrystal l izat ion.  Such a model would explain why the preferred
or ientat ion in fu l ' ly  recrystal l ized myloni tes can st i l l  be interpreted
in ter.ms ol stable orientations for easy glide. In such a nodel , re-
crysta'lI ization }./ould assist geometrical softening.


