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THE GEOMETRY OF STRUCTURES FORMING AROUND THE DUCTILE-
BRITTLE TRANSITION IN THE VOURINOS-PINDOS-OTHRIS
OCEANIC SLAB

A. Rassios., E. Grivas., G. Konsta.ntopoulou" and I. vacondios"”

LYNOYH

H peAétn 1tng Sopufg Twv o@LoALOLKOV oupnieyp&twv BoUpivou, 08puog Kol
Nivdou £detfe O6TL oL Sopégc UYnAiRg BOeppokpaciag (xcOevoopaLpLlKég) EXouv
avdhoyn vewpetpla pe 11 OARLpeg wkedveieg (A1Boopalplkég) Kol Bpavolye-
velg Oopég, mnou ouvdéovial pe tnv Tomofétnon Twv OQLOA{Bwv. OL Jdouég
UUnNARG Oepuokpaciag éxouv nepLotpapei péow 1ng OAKLUNG nopapdpewong noap&i—
AnAa npo¢ tn dteUdbuvon tonobétnong. Té6oo n meplotpopny 600 kKoL oL Souég nou
gxouv oxnuatiote{ kKovi& oto 6pLo OAKLUOU/Opavuciyevolc ouppiB&lovial ue
xivnon npoc PRopetoavatoAtlkd&. H nopadAndio 1wv SAKLPWV/OpauciLyeviv dSoudv
ota 1plo 0pLoAlBLxd& cupnAéyuata vnodnidver 611 autd anotelovcav xatd& Tnv
anokdAAnon evviala wWKedve o MTAGKO.

ABSTRACT
Structural studies in the Vourinos, Othris, and Pindos ophiolites show
a correspondence in geometry between high temperature peridotite fabrics

(aesthenospheric), later ductile oceanic fabric (lithospheric) and brit-
tle emplacement structures. High temperature fabrics are rotated through
ductile deformation into an emplacement parallel orientation. Structural

rotation and structures formed near the ductile-brittle boundary, recon-
cile verging towards the northeast. The parallelism of the three ophiolites
at the ductile/brittle boundary suggests that they were part of a contigu-
ous oceanic slab at the time of detachment.

INTRODUCTION

Conditions of peridotite deformation have been well-studied (e.g., Nicolas
and Boudier, 1975; Nicolas and Poirier, 1976; Borley, 1976; Gueguen and
Bouillier, 1976), such that the approximate thermal regime of any particu-
lar fabric can be estimated both from field observation and verified in
petrographic examination. Some work of this kind has already been estab-
lished for the Vourinos ophiolite (Ross and others, 1980; Frison, 1987),
and has been analytically applied to ophiolites such as Oman (Nicolas,
1989) . We are presently concluding an eight-year tectonic study of the
Othris, Pindos, and Vourinos peridotites (figure 1) including differentia-
tion of fabric type and geometry, and internal structural analyses. The
peridotites of western Othris have been mapped at 1:50,000 scale (Rassios
and Konstantopoulou,1992;1993 in prep.); about 800 km2 of the Pindos
ophiolitic terrain is completed at 1:20,000 scale (Rassios and Grivas,
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Fig.1: Location of the Vourinos (V)}, Pindos
(P}, Koziakas (K), and West Othris (0)
Ophiolites. Specific localities: 1.
Voidolakkos; 2. Dramala; 3. Salatoura;
4. Mavrovouni; 5. Koukourelo; 6.
Smokovo; 7. Mega Isoma.

Ix.1: Tono®£1non 1wV oPLOALBLKOV oupnieyp&—
1wv BoUpivou (V), Mivdou (P), K&ltaxka (K)
KXot AUt LXAG 0Bpuc(0). ELdLkéG tonobe-
oleg: 1. BoidoAaxkkag, 2. Nipopdio, 3.
TaAlatoUpa, 4. MoavpoPfouvi, 5. Kouxkoupé-
Ao, 6. IudkoPo, 7. Méya Iocwua.

V = Vourinos
P = Pindos

K= Kozigkas
O = Wesi Othris

1992; and 1993 in prep.), and Vourinos as a whole and by mine district on
scales of 1:10,000 down to 1:1000 (Konstantopoulou, 1992a, 1992b, 1990;
Konstantopoulou and Wright, 1990; Grivas and others, 1993; Roberts and
others, 1988; Wright, 1986, Grivas and others, 1986). This paper deals
with aspects of peridotite deformation within the three ophiolites accom-
panying the ductile-brittle transition.

An ophiolitic slab is assumed to be at high temperatures of about 1250
degrees near the spreading centre, and cool gradually as it moves into
cooler temperature regimes accompanying slab detachment and obduction. A.
Nicolas (1989) deems high temperature fabrics (about 1200 C) as
aesthenospheric, and those formed below 1000 degrees as lithospheric in
origin; peridotites deform in brittle fashion at temperatures below about
700 degrees (Calmant, 1987, Watts and others, 1980). The following basic
assumptions are made concerning the period of 1lithospheric deformation
(Grivas and others, 1993):

a. The slab ranges from relatively high temperature and pressure condi-
tions (ductile field) at its base to cooler brittle field conditions at its
top. Thus, at any time in its history, brittle structures form in the same
strain framework as concurrent ductile structures lower in the slab.

b. The ductile to brittle boundary is assumed to be shallow near the
ridgecrest and to deepen with distance from it. Thus, lower temperature
deformation penetrates to deeper levels and imprints higher temperature
structures with the lower geotherm approaching the continental margin.

c¢. During obduction, an ophiolitic slab is transported from oceanic to
continental conditions via constriction and thrusting. Concurrent ductile
and brittle structures from this period share the same strain environment.

Detachment of the slab itself is a brittle deformation, and temperatures
of ophiolitic amphibolite soles are about those of the cessation of duc-
tile deformation of peridotite (Ghent and Stout, 1981; Spray, 1984; Zimmerman,
1968) . Ductile deformation in the Oman ophiolite apparently terminated
preceding establishment of detachment strain (Nicolas, 1989), such that
oceanic regime structures can be considered separately from those of
detachment and emplacement (that is, the obduction overprint is entirely

brittle field and independent of oceanic strain). For the ophiolites of
our study, mylonitic (lithospheric) ductile deformation concurs in geom-
etry with that of emplacement tectonism; this implies (at least in the
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case of Vourinos, the Pindos, and Othris) that detachment was preceded by
a ductile phase of deformation which effectively turned older, hotter
structures into the emplacement geometry, and strained the slab towards
the obduction front immediately preceding brittle detachment.

Our structural studies are based on the point of view of the ophiolitic

peridotites of Vourinos, Othris, and the Pindos: we are interested in
strain recorded by the peridotite and less so with tectono-stratigraphic
correlation. Only later brittle deformations to the peridotite can be

correlated with structures in non-ophiolitic regional hosts (such as in
flysch formations) or as structures cross-cutting both the ophiolitic and
younger formations (such as faults relating to formation/closure of the
Meso-Hellenic trough, Rasslos and Grivas, 1992).

Fig.2. a: "Aesthenospheric" peridotite hosting “lithospheric” mylonite, =zones,
Voidolakkos, Vourinos ophiolite. b. Pervasive mylonitic “Lithospheric®
peridotite. Note brittle shears parallel to fabric. c. Ductile-Brittle
shears, Vourinos ophiolite. d. Brittle shears, tectonic imbricates, Othris
ophiolite.

EX.2. a: "AoBevoopulplkdg nepldoritng nmou @Lhofevel "ALBoocpuLpLlkEQ" {hveg puAoviti-

®wong, BolSOAaxkkag BoUptvou. B. MuloviTLkOG "ALB00putLplkSC™ nepidotitng. O

8pavotiyevels (bdveg odiobnong eivatl noap&AAnAeg¢ npog¢ To HUAOVLITLKS (OTH. V.

OAktpeg/Bpavolyeveic {dveg oAioBnong, BoUpivo. 3. Bpavctyeveis oAloBAceLg

kol Aemiboetg, 06 Ua.
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OPHIOLITIC STRUCTURES WITHIN PERIDOTITE

The earliest and highest temperature structures recorded by ophiolitic
peridotites (aesthenospheric) reflect strain imposed on mantle rocks shortly
after, and possibly concurrent, to partial melting. Ross and others (1980)
estimate the conditions responsible for such deformation as 1200 to 3900 C
at 100 to 40 km depth for the Vourinos ophiolite. These structures tend to
look like a weak mineral fabric in the field, since most deformation is
effected by intra-crystalline ductile mechanisms and annealing; the rocks
(figure 2a) ‘are coarse-grained harzburgites and lherzolites with blocky
pyroxenes: shape-defined foliations are somewhat difficult to discern in
the field but petrofabric orientations are quite strong (Ross and others,
op. cit.; Harkins and others, 1980; Jackson and others, 1975). In some
areas, mantle compositional layering is apparent, a structure considered
by Nicolas (1989) as due to relict aesthenospheric flow. These high-
temperature structures may be used to determine the sub-ridgecrest strain
framework as for Oman (Nicolas, op. cit.), or, as we propose herein, they
may have been passively rotated by subsequent lower temperature movement,
thus obscuring original ridgecrest geometry.

Mylonitic structures (figures 2a,b) are more diverse in type and in
appearance. At temperatures of about 1000 down to 800 C, peridotite de-
forms under increased shear stress, and a strong shape-defined foliation
is observable in the field. Mylonitic fabric can be pervasive over large
areas (such as the Pindos Koukourelo Massif of about 10 km2) or restricted
to discrete mylonite zones hosted by peridotite of higher temperature
strain, such as the mylonite zones of Voidolakkos, Vourinos. Annealing of
neoblasts in these conditions is greatly aided by the presence of fluids
(Borley, 1976; Kurat, 1984, Nicolas and others, 1987; Norton, 1988); the
presence of amphiboles has been observed in mylonitic samples from the
pindos and Vourinos, as well as large, undeformed euhedral spinels that
appear to have undergone metasomatic growth into and along mylonitic
foliation.

In the Dramala Massif of the Pindos (Rassios, 1987), a pervasive mylonitic
fabric affects peridotites immediately above the basal sole and is pre-
sumed a result of sole formation and detachment as for similar mylonitic
peridotite overlying the soles of other ophiolites (Nicolas, 1989). Else-
where in the Dramala massif, 2zones of pervasive mylonitic material can
reflect incipient detachment zones, broad zones of ductile faults, the du-
ctile portions of faults that penetrate from brittle to ductile field, or
areas of heterogeneous fluid presence in conditions of otherwise homogene-
ous stress.

Distinct mylonite zones best describe deformation within the ductile/
brittle transition itself. Mylonite zones cross higher-temperature aestheno~
spheric and lithospheric structures. The mylonite zones of Vourinos (Gri-
vas and others, 1993) describe the transition precisely: mylonite zones
of low-temperature ductile deformation cross higher~temperature fabric of
regional harzburgite; these zones are continuous into dunite bodies where
the zones become brittle shear zones. We thus conclude that while harzburgite
is still undergoing ductile deformation within discrete mylonitic =zones,
dunite is deforming as a brittle material.

Ductile-brittle shears (figure 2c) display an appearance of both mylonitic
and brittle fabric. Thin cataclasis zones, sometimes with growth of neo-
blast phases, accompanies a brittle fracture. Zones of such shears, as at
Ano Konivos, mimic imbricate geometry.
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Brittle shears can be arrayed in shear 2zones, ramping structures, or
imposed upon older brittle structures (figures 24). Relative ages of
brittle systems are easily judged by the statistical interpretation of
cross-cutting relations in outcrops including multiple shear sets. In the
Mega Isoma area of Othris (Rassios and Konstantopoulou, 1992), for exam-
ple, twenty-one outcrops could be so investigated: each included three
distinct  imprinting shear sets. Pindos peridotites contain two older she-
ar systems overprinted by younger shears. Through relative dating, brit-
tle shears of both the Pindos and Othris thus can be divided into three
general strain sets: i) 0ld sets parallel emplacement deformation verging
towards the northeast and, as we will show, parallel ductile deformation,
ii) Intermediate sets require thrusting and verging to the southwest and
probably correlate with Eocene movement of the peridotite massifs over
flysch; iii) Young shears (of several deformational episodes) relate to
local compressional neotectonics.

Studies of shear deformation in complex brittle fault zones (such as
within duplex faults, e.g. Doutsos and Poulimenos, 1992), while greatly
respected by ourselves, have not been analysed in detail by our group.
Where possible, we examine structures around such faults to make estimates
of relative movement. We would like to point out, however, that as for low-
temperature faults, high temperature ductile zones may show evidence of
contradictory strain (that is, constrictional in some parts, and extensional
elsewhere). Relative movement across emplacement tear systems in peridotite
thrust sheets is difficult to evaluate since distinct marker units are
generally lacking (in rare cases, an offset dike or dunite contact can be
found), and since these are in affect transform faults (peridotites on
both sides of the fault are moving in the same direction, with one side mo-
ving more rapidly than the other), they deflect older fabrics into the
fault zone by nearly mirror-image bowing of older fabric.

Parasitic deformation is a major consideration of complex structures in
all three ophiolites. Obviously, once a weakness zone is established in
the peridotite at any temperature, it provides a preexisting weakness for
facilitating deformation at subsequently lower temperatures later in the
history of the massif. In the Mavrovouni area of the Pindos, mylonitic
fabric zones several hundreds of meters broad parallel and host ductile-
brittle fault zones that facilitate emplacement tear motions; these
systems initiate at temperature conditions on the order of 1000 degrees
and thus date from an oceanic setting of the mantle slab. However, the
brittle lineaments observed in aerial photographs accompanying these same
structures can be traced as brittle faults into flysch formations (Migiros,
unpubl. map); this is an excellent example of re-activation of oceanic
faults in a much younger tectonic environment. In Othris, analyses of
shears within tear systems show that the same faults which facilitated
emplacement movement of ophiolitic nappes to the northeast are parasiti-
cally overprinted by later nappe-over-flysch thrusting to the southwest.
Emplacement tear systems initiating in oceanic conditions provide a con-
venient breaking point for low temperature faults relating to movement of
the nappes over the flysch in the opposite direction (Rassios and
Konstantopoulou, 1992). :

Such parasitic strain in the Pindos is chiefly responsible for the for-
mation of northeast-southwest directed corridors which divide ophiolitic
nappe units and complicate relations between ophiolitic and melange imbri-
cates with flysch and limestone basement. Mechanically competent lime-
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stone in such a deforming zone in which the hosting material consists of
relatively incompetent serpentine, melange matrix mudstones, and flysch,
has a tendency to protrude through the corridors, becoming tectonically
juxtaposed atop ophiolitic and melange units, i.e., forming resistant
pop-up teeth and ridges. Away from the corridors, the strato-teconic
succession of Jones and Robertson (1991) -is always the rule.

THE GEOMETRY OF OPHIOLITIC FABRICS AND STRUCTURES FORMED NEAR THE DUC-
TILE-BRITTLE BOUNDARY

In the present review, we illustrate some of the structures and their
effects on peridotite deforming in conditions near the ductile-brittle
transition:

I. Structural Rotation of Fabric (Pindos)

The orientation and approximate thermal conditions of peridotite fab-
rics have been noted over the contiguous peridotite nappes of Dramala,
Salatoura, and Mavrovouni. Field analysis of strain conditions (Rassios,

1987) have been backed up by petrofabric examination; in short, fabrics
noted as type I during mapping as a weak orientation of blocky orthopyroxenes
are aesthenospheric according to the definitions of Nicolas (1989); those

of types II, III, and IV form at decreasing temperatures such that type IV
peridotite 1is a pervasive mylonite with elongation ratios of remnant
orthopyroxene in excess of 5:1 and represents the lithospheric end of such
fabrics.

Figure 3 shows pi diagrams of planar fabrics representative of struc-
tures formed in decreasing thermal regimes of the peridotite. The transi-
tion in orientation between fabric types 1is continual. The earliest
aesthenospheric fabric shows a maximum indicating southwest-dipping planes.
These rotate into steep, southeast dipping planes via continuous ductile

deformation at decreasing temperatures (stages II, III, 1V). Mylonite
zones (stage V) are strictly parallel to pervasive mylonitic fabric (stage
IV). At the ductile-brittle boundary, ductile-brittle shears (triangles

in stage VI) overlap geometrically with the preceding mylonitic deforma-
tion, and with oldest brittle shears (contoured distribution of stage VI)
which show an orientation similar to *that of the highest temperature
structures, stage I, above. The overprint of totally brittle shears
reconciling cold-temperature thrusting towards the southeast is shown as
stage VI. (Later neotectonic shears are deleted from the present summary.)
We thus conclude (a) that high temperature fabrics are rotated to an
orientation parallel to that of constrictional lithospheric strain, and
(b) that oceanic lithospheric and early brittle constrictive strain are
parallel.

II. Ductile imbricate structures

Within all three ophiolites of the present study, a particularly in-
triguing sets of drag or sheath folds have been discovered which mimic ramp
structures. These folds are shaped like tongues and have wavelengths of
tens to at most a hundred metres, and thus are difficult to map individu-
ally on all but the most detailed map scales (i.e., in excess of 1:1000
scale) .

Fold systems of this kind were discovered initially by stereonet analy-
ses of puzzling structural domains in the Pindos massifs. Figure 4a shows
the orientation of original ridgecrest fabrics of cumulate layers that ha-
ve been imprinted by a tectonic fabric in the near-moho rocks of the Drama-
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Fig.3: Stereonet representations of Pindos
High (1) to low (IV ) temperature peridotite fabrics characteristic
ductile peridotite fabric, Mylonite of decreasing thermal conditions
{V),ond Shear Sets (VI,VH) in {all nets display 1% countours,
the Pindos Peridotite. with maxima from 4 to 12%): I
High temperature orthopyroxene fab-
ric (weak foliation of blocky
pyroxene). n = 380. II. Strong fo-
liation of blocky puroxene (ini-
tiation of shear strain fabrics).
n = 452. III. Strong foliation of
elongate orthopyroxene in
neoblastic olivine matrix. n = 354.
IV. Pervasive mylonitic fabric;
pyroxene elongation in excess of
5:1, olivine and orthopyroxene
neoblasts. n = 200. V. Mylonite
zones. n = 200. VI. Triangles are
poles to ductile/brittle shears.
0ld brittle shears are contoured,
n = 109. VII. Brittle shear sets
cross-cutting older shears. The
younger are probably related to
Eocene thrust of peridotite nappes
over flysch. n = 82.
Zx.3: ZrepeoypapLlkéC TPOROAEC Twv ndh-
Awv eninedwv Sopdbv amo 10 oPlLo-
A101xb6 oUpnmieypa tng TNivdou. I,
II, III. YyYnAAnG Bepuoxpaciag Souécg,
IV. Tumitkh MUAOVLITLKA @UAAwon: H
emLuAkUvVOn Tou opbBonupdicvou £i-
voL peyoahUtepn oano 5:1. V. Muho-
VItLkéEG {oveg. VI. @pauociyeveic
{dveg oAlobnong. Ta tplveva avii-
neocwnetouv néiloug lwvdv oi{ogbn-
ong oto nedio OAxipov/Bpavoiye-
voUug. VII. Tepvopeva OCUCTHRATO
Opavotyevdv {wvdv oAicbnong. Ta
vedTeEpa OUvdEvVIaL MmLBav& upe Ny
Hoxolvixh endenon twv OopLoALB LKoY
KOAUP&TWV mévw o010 QAUCXN.

la massif (Rassios, 1987). Figure 4b demonstrates essentially the same
pattern among old and new fold axes in peridotites of the contiguous Sala-
toura massif. 1In each case, the geometry of the stereonets can be explai-
ned by a set of (older) northwest-southeast trending shallow fold axes im-
printed by northeast-southwest axes including steeper plunge. Folds of
this nature (figure 5) mimic tongue or imbricate shapes. Drag folds
verging to the northeast show near horizontal northwest axes, and layers
generally southwest dipping, but rotated and overturned in the fold nose
area (figure b5a); Mylonitic transport bows the folds into ductile tear
systems, generating axes which are near vertical (but which themselves may
rotate into the verging direction, figure 5b).

If the ductile-brittle boundary is crossed, a series of imbricates is
formed with high temperature and mylonitic fabric corresponding to the
geometry of the brittle imbricate (Figure 5c¢). Terrane demonstrating folds
of this kind in the Pindos occurs near the petrologic moho; single folds

appear to be on the order of about 100 m wavelength. Terrane dominated by
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Fig.4: Stereonet of planar (4a) and
linear (4b) structures repre-
sentative of ductile imbricate
sets. 4a shows contours of
cumilate layers (stipled,n =
42) imprinted by a tectonic
mineral foliation (hatched, n
= 37).

Ix.4: Aloypdupoto npofoAdv  eninedwv
(do) koL ypouuitxkov (4B) doudv
oU oI LIIPOCWIEUOUY  CUCTAUXTX
OAKLPWY AenLdoewv. OL £0TLYHE-
VEG MEPLOXEG 010 4o aviLloToL-
xoUV Of OWPEELTLKA a1pdon, €evd
Ol YPOUHOOKLOCUEVEG OF OPUKTIO-
AOY LKA TeKTOVLKA QUAAWOD.

ductile imbricate geometry has also been located in Othris in the west
Smokovo and Mega Isoma areas {(Rassios and Konstantopoulou, 1992), though
relation to position of the petrologic moho is not known.

Individual ductile imbricates have been mapped on detailed structural
maps (1: 1000 and 1:500 scale) of individual ore districts in Vourinos. Of
the best, a ductile imbricate in the southwest of the Voidolakkos Ore
District (figure 6) shows the characteristic rotation of high temperature
fabric to an imbricate form; the fold is cross-cut by brittle, non-folded
ramp shears which clearly show transport towards the northeast. Thus, the
imbricate geometry precedes that of brittle ramping.

Structures with this tongue-shaped geometry must form very close to the
ductile-brittle transition. They would be indicative of oceanic slabs
which undergo continuous ductile deformation to the point of detachment.

III. Mylonite Zones of Vourinos

The significance of distinct mylonite zones has been best studied at
Voidolakkos because of their economic importance (Grivas and others, 1993).
Ross and others (1980) determine an oceanic lithospheric regime for forma-
tion of these zones; field studies published in Roberts and others (1988)
noted the coincidence of ore bodies within continuations of the mylonite
zones within dunite; Wright (1986) first pointed out the coincidence of
mylonite geometry with brittle emplacement structures. As a result, a
drilling programme for chrome ore was designed assuming that the geometry
and displacement of the oceanic mylonite zones was analogous to later
brittle emplacement tectonism. The programme (Grivas and others, 1993)
was a success, with blind chrome ore bodies successfully targeted to
depths of 180 m. The ore bodies (figure 7), previously sought in the
subsurface as down-dip continuation of planar bodies with position result-
ing from ridge crest extensional tectonics, were investigated as linear
features, elongate along the planar mylonite zones as features dragged
parallel to emplacement motion during northeastern ductile verging; the
mylonite zones are essentially ductile-phase emplacement ramps.

IV. The Coincidence of Aesthenospheric with brittle emplacement struc-
tures (Vourinos and Othris ophiolites)

The parallelism of ductile and brittle emplacement structures is best
documented for Vourinos and the Mega Isoma massif in Othris (Rassios and
Konstantopoulou, 1992). At Vourinos, the high temperature (1200 degrees
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Fig.5: "Cartoon" representation of the geometry
and evolution of ductile imbricates.5a shows
development of drag folds delineated by
high-temperature ridgecrest fabrics; these
are rotated into and imprinted by lower
temperature deformation fabrics (Sb): de-
tachment of the folds results in imbri-
cates delineated by ductile fabrics (5c).

Ex. 5: Iyxnuatikfi ane(xdévion NG YEWRETPIXG Kol
eféENLENG Twv OAKLpwWV Aentdoewv. Sa.
Zuppdueves nrtuxég nou dlaypd&poviat ond
uYnAnG Oeppokpaciag UpEg mou SnuLoupyRONKav
kKovi& o0Tnv wkedvela pdxn: QqUIEQ
neptotpdenoay kot eniLoxit&ornxav oand UeEg
xaunAdtepng Beppokpaociag napapdppwong (58) .
H anoxdAAnon twv nrtuxdv odfynoe oe Aenlwon,
nmou Staypdpetal and SAxLUEG Upég (Sy)

C) fabrics of Ross and others (1980) parallel those of mylonitic and
brittle fabrics for all detailed study districts (figure 5). A similar
correspondence has been shown in form line maps of high-temperature,
mylonitic, and brittle shear fabrics in the Mega Isoma massif of Othris
(see Rassios and Konstantopoulou, 1992, figure 12). From this coincidence,
we can deduce either that high temperature strucures were rotated into
concurrence with brittle emplacement structures via some pre-brittle duc-
tile phase of deformation, or that aesthenospheric and brittle strain were
geometrically analogous.

OTHRIS~VOURINOS-PINDOS: A CONTIGUOUS OCEANIC SLAB AT THE TIME OF DE-
TACHMENT

In the Pindos, Othris and Vourinos, high-temperature peridotite fabrics
may have formed in deep spreading centre conditions, but their present
orientation is that of obduction strain. We do not consider this coinci-
dental; high temperature peridotite fabric has been rotated by ductile
ramping or ductile differential motions that immediately precede brittle
detachment, i.e., ductile shear strain is reconciled by structures similar
in geometry to those of the brittle field. Orthopyroxene and spinel lineations
(Roberts and others, 1988; Konstantopoulou, 1992, 1990, Konstantopoulou
and Wright, 1990; Grivas and others, 1993; Frison, 1987; Rassios, 1987)
show strong maxima plunging to the southwest: this lineation is a perva-
sive axial lineation in high temperature peridotites,and somewhat analo-
gous to slickenslides in mylonitic peridotites. The geometry of strain at
the ductile-brittle transition overlaps that of higher temperature struc-
tures and brittle field emplacement tectonism.

We cannot, then, reconstruct the original ridgecrest geometry of these
ophiolites in the manner of Nicolas for Oman (1989). Our results would
demand that the ridgecrest fabric parallells that of the emplacement front
onto the continental margin, which in modern ocean systems is a rare
configuration (e.g., consult Burke and Drake, 1974). We point out that any
orientation of the ridgecrest (figure 9) deformed by northeast verging
ductile deformation would result in essentially the same final geometry.
The significance for our ophiolites is this: since the geometry of each at
the ductile-brittle transition is the same, obviously they were emplaced
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Fig.7:

Ix.7:

Fig.6: Individual tongue-shaped fold mapped at the
Voidolakkos Ore District, Vourinos. Ore zones
are black, dunite is stippled, harzburgite
is white. High temperature form lines are
solid; brittle shears dashed.

Ex.é: TAwoooe LBAC MTUX O TUANX TNG HETaANopdpag
neEPLOXAC TOU BOTdOAAKKX, BoUpLvou. Tuufodi-
oudg: MaUpo=uetaliopbdpeg (bveg, €o0Tivpévn
neptoxn=8ouvitng, Asukd=xapt{fovpvyitng, ou-
vexeig ypappég=Souéc uvyYnAAg Oepupoxpadiag,
SLaKkeKkopéveG=6pavalyevel¢ {dveg olioBnong.

Movement on mylonitic
surfoce
Mineral kneation or fold oxis

——— Minerol folation “Show ’of mossive ore

Apparant strike/dip \
of ‘plonar~ ore-

ore-beor
mylonitic “ramp *

Mossive ore
bodies on
mylonite surface

Schematic representation of the form of ore bodies on a mylonite zone,
Voidolakkos, Greece. Three drill sites represent hypothetical targeting schemes:
Drill "A" was sited to intercept the apparent strike/dip of a psudotabular
exposed ore body; it was unsuccessful. Drill 6BO was sited to intercept the
mylonitic surface, regional lineation, and surficial spinel shows; it was
successful. Drill "C” targeted a hypothetical massive orebody entrapped on the
mylontic surface, down plunge of regional lineation at the intersection of a
dunite-mylonite lense; it was successful.

IXNUAT LKA avanopdataon TN0¢ HOPPHC TGV HETAAAOPSPWYV TWHETWYV 0F MU MUAOVIT LKA
{ovn oto Boldd6Aakka BoUptvou. Tpel¢ YEWIPACELG OTOoXEUOUV UMOBETLXKOUG OTOXOUG:
H yedtpnon “A” tonofetfibnke £10L OOTe va THACEL Katd dLeU6uvon xal kAion éva
Yeudonmivakoe186g enmipave Lkd odpa {amotuxnuévn). H yedipnon “B” tonobetfdnke
Hdote va TPACgEL TN IGvn puAovitiwong oUugwva Je TNV TOMLKA ypduuwon KAl TL¢
entpave lakéc evdeifelg xpwpitn (enituxnuévn). H vedipnon “I'" otdxeve £va
“TUQAS” oupnay£éc XPwutTLKO obduo maytdsupévo péoo otn pulov LTkl {dvn, KAT& 1N
BUBLON TNG TOMLKAG YPAUMWONG OTn SLaTONH TNG BeE Eva SoUvITiKO PUAOVLITLKE paxd
(emituxnpévn) .

as part of a larger, contiguous slab, most likely with the form first
suggested by Rassios (1987).

While this conclusion reconciles structural similarity between Pindos,
Vourinos, and Othris, it raises interest in the petrologic dissimilarities
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rig.8:

Ix.8:

Dramala
Area

General pattern of high temperature plastic deformation structures in the
Vourinos mantle sequence. Form lines include chrome ore layers, mantle
layering, orthopyroxene and spinel foliation. Arrow represent spinel and/or
orthopyroxene lineation. Pi diagrams (approximate 1% contours, maxima 4-10%)
show range of measurements in well-studied ore districts. V = Voidolakkos: Va
= orthopuroxene fos orthopyroxene foliation, n = 21; ST2 = Kerasitsa traverse
orthopyroxene foliation, n = 50; ST1 = Grand Traverse orthopyroxene foliati-
on, n = 102,

Tevikh popen twv dopdv uYnAAG Beppokpac{ag nopapdpewong otn PavdVakh oOf Lp&
10U BoUptvou. O OXNUOTLKEG YPAUNES avVI LAPOCWNEVUOUV XPWHRLT LKA o1pdon, pavdua-
Kl OTpOOon, @UAAWON OnLvéAALoU kot opbonupdfevou. Ta BREAN avILIpoowneUouv
ypdupwon tou onuvéAAilou kai/f opBonupdfevou.

000 7 Vourinos

Pig.9: Cartoon reconstruction of the
Pindos and Vourinos ophiolites
in a single obducting slab, rec-
onciling geometry and
peridotite strain patterns
(from Rassios, 1987).

Ix.9: IXNPAT LXA oavanapdoTaon 1wy o=
@LoAifuv Mivdou xal BoUpilvou ot
Pl evviaia nA&dxa pe olpewvn
veopnetpia kot 1&0N nopandpew-—
ong (Rassios, 1987).
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between these ophiolites; future models of the Greek Jurassic oceanic
system must better reconcile the co-existence of MORB (Othris), fore arc
(Vourinos) and complex ophiolite petrology (the Pindos) in a single oce-
anic basin rather than ascribing yet another Jurassic ocean basin for each
petrologically distinct ophiolite.
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