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li'lERNAL STRUCTUHE. AND.PSEUDOSTRATIGRAPHY OF THE DRAMALA PERIDOTITE MASSIF
F PINDOS MOUNTAINS, GREECE

d A. Rassios"

ABSTRACT

The Dramala peridotite massif of the Pindos contains an internal pseudo-
stratigraphy consistent with an up-section oriented to the east, across a gently-
-dipping, intact, petrologic moho. Chief structures are consistent with initial
development of high temperature, 125/S5 dipping fabric (ridgecrest geometry) with
rotation into, and new development of 040 fabric at lower temperatures. Both de-
formations continue into brittle field structures. These geometries constrain the
position of the Vourinos and Dramala peridotite within a single obduct1ng sheet:
Vourinos is placed along a brittle-field leading edge, while Dramala is positio-
ned at greater depth, along the trailing edge, where transform and decoupling de-
formation is well into the ductile field.

ZYNOWH

H nepudotitikn pala tng neproxnc Ntpapdha tng Mivdou napouolalstal uia
EOWTEPLKA OTpwpaTOypapla HUE TO VEWTEPA TNC WEANM MPOC avaTOAdE, KaTd pikog pLag E-
Aappig kekAipévne netpohoyikng enapAg MOHO. OL kuplwg Bopég elvar Ouvemelg MpE TNV
apyLkr avantuin Souwv udnAwv Beppokpaoilwv 125/vétia (yEwpeTplo wkedvLag payng)

JE nepLoTpopn o pla kaivoUpyLa Bopr xaunhwv Beppokpaciwy 040/véTia. Kau oL Slo
Mapandvw napapopywocLs ouveyifouv ot nedlo Enpwv dopwv. H yewpeTpla pag avaykalel
va SeyxBouus tig Béoelg Tou Bouplvou kaL tng Nipaupdiag oto (dio enwlBnuévo (OBDU-
CTION) tépayog.

INTRODUCT TON

The pindos Ophiolite comprises a series of deformed thrust sheets expo-
over an area of 2,000 sq km (Figure 1). The highest thrust sheet consists of
er mantle peridotite that includes pyroxenite and gabbro dikes, Targe dunite
Dodies, and rare chromite occurrences (Brunn, 1956): These suggest a near-moho
8ssociation of the peridotite.
Dramala is one of the largest peridotite massifs of the Pindes, with an
a of 80 sq km and thickness of peridotite about 700 m. Dramala is exceptional
the Pindus in that its peridotite lacks serpentinization, and the transition
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Fig. 1. Location of Dramala and general geology of the Pindos. Inset: Loc:

Pindos and Vourines ophiolites,
zone through the petrologic moho is intact. Lavas representative of Tria
fting, Jurassic ocean ridge and supra-subduction zone with island arc affir
occur in thrust sheets underlying the peridotite. Supra-subduction zone
{boninites) intrude the crustal portion of the Dramala section, and more
mediately over-thrust by, and beljeved genetically related to, the Orama’
dotite (Kostopoulos, 1986). The full ophiolitic sequence, which includes
mala unit as oceanic layer 3 and 4 equivalent, is interpreted as a supra

Fig. 2. Geology of the Dramala Peridotite. Legend: Pdt = undifferentiated perido-
tite., Hz = harzburgite. Hz+P = harzburgite with p;roxen1te. Hngab = har-
zburgite with gabbro. Hz+D = harzburgite with dunite. P = massive pyroxe-
nite. M = mixed unit. C = cumulates. * = chromite occurrence. D1aggna1
lines = underlyina thrust sheets. Double line = limit of "petrologic mo-
ho'. Arrow = strike-slip faults. Lines with triangles = thrust:fauits.
Lines with hatchures = steep faults. Strike/dip with filled Fr\angles.=
pyroxenite dikes. Strikie/dip with open triangles = gabbro dikes, Strike
/dip with box = cumulate layers.

ction zone ophiolite (Pearce et al., 1984).

INTERNAL PSEUDOSTRATIGRAPHY OF THE DRAMALA UNIT
The north, west, and south boundaries of the map area (Figure 2)
pond to strike-slip faults (right-, right-, and left- lateral respectiy '
cut through the peridotite into unerlying thrust sheets. The thrust bou
the Dramala unit crops out on the west, north, and east margins of the

presence of pyroxenite (generally less than 1% of exposure) occurs in the center
of the area, apparently overlying the “plain" harzburgite (a..above). Most pyro-
Xenite is present as 10 c¢m to 3 m wide dikes or boudins, but several massive py--
‘foxenite bodies align NS across the area.

€) Harzburgite, as above, hosting gabbroic veins and dikes as well as pyroxenite
mulates overide a Tower cumulate imbricate along the SE margin. In sity 0

bolite sole is exposed along the NW thrust boundary.

Occurs to the east and overlies the pyroxenite-harzburgite unit.

@) Harzburgite hosting a significant presence of dunite (greater than 20% of se-
The following lithologic divisions are mapped over the massif: | '

a) Harzburgite with a moderate amount of dunite (0-10% of exposure) as la
small pods crops out around the north, west, and southwest of YryprorhaBIp
b) Harzburgite similar to the afore-mentioned unit but with a small, perv
294

tion) as deformed layers, pods, and moderate-sized dunite bodies is mapped throu-
ghout the area: A harzburgite-dunite “layer" including dunite bodies of Jarge si-
2 TG TEWAONiIOG: AMMi@e gabbro-harzburgite zone bordering the "mixed" zone (see
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i below).
e) The "miged" zone includes restite harzburgite and magmatic rocks with deg
sing preportions of harzburgite to the east, comprising a petrologic trans
betwéen vestite"and magmatic sequences.”The magmatic rocks consist chiefly g
giocfase dunite, pyroxenites, and gdbbros, all with weakly oriented cumulate
brics! Pyroxenite and gabbroic dikes cut’the mixed zome, and a pyroxenite d
swarm=(similar to that on the Aliakmon River in Mourinos, Moores, 1969) crops
within the zone. In areas with abundant magmatic rocks, the restite appears a
remnant screens with sharp contacts against cumulates: Structural continuity |
ween these screens implies no significant rotation or displacement by magmatie
intrusion.
f) Cumulate magmatic rocks crop out in the SE of the map area. These include
gioclase dunite and oikocryst-bearing wehrlite, but are dominated by troctol
gabbro. In comparison to the layered cyclic-unit cumulates of Vourinos (Ra

1981, Rassios et al., 1983), the Pindos cumulates resemble a series of cumul

"sil1s", including abundant xenolithic material, finer-grained (chilled) 1
margins, and magmatic flow-induced deformation structures.

The "mixed" zone is about 300-3000 m wide, and corresponds to the appi Fig. 3. Peridotite fabrics of Dramala. 3a. Type 2 harzburgite (see text) hosting
type 4 harzburgite. 3b. Type 3 harzurgite (white) hosting deformgd dunite
layer (grey). Elongate ribbons conform to 040/S dipping deformat!on: and
dunite layer to older 120/S dipping geometry, From area of decoupling
fault.

ximate position of the petrologic moho and transition zone of Vourinos (Jac
et al., 1975). At Vourinos, however, the "moho" contact is quite sharp, with
stite inclusions only in the lower 10 m of the transition zone cumulates (ha '
et al., 1980). The Pindos moho can be assumed to parallel the mixed zone/cum
te contact: This dips gently (7?30 degrees) SE in the east and central parts
the area, in agreement with the orientation of major mappable units. The orien
tion of cumulate layers do not parallel this "moho", at least partly because
deformation (described below). The remnant of "moho" preserved may be marginal
to, rather than directly below, the chief magmatic zone. neral fabrics dominated in appearance by orthopyroxene foliation and lineation

Outcrop patterns of the above units outline a synform with respect'n:
the petrologic moho. Cumulate layers rotate into this fold. The fold axis para

(Figure 3). By comparison, the fabric of the Vourinos harzburgite is blocky, and
its orientation is difficult to measure.

lels a NW-SE trending steep fault zone. The effect of deformation around this. fgg;ig_§gglg: One feature of peridotite mapped perhaps for the first time consists
fault zone is severe: The mixed zone/cumulate contact becomes steep, and thick
ness of the mixed zone highly attenuated. The dunite-harzburgite layer below |

mixed zone is not attenuated, but appears offset by as much as 1 km. How much

of an easily employed fabric "scale" applicable to harzburgite in outcrop, as
follows: *0: No foliation observable in the field. *1: Weak foliation of blocky
orthopyroxene. *2: Strong foliation of blocky orthopyroxene. *3: Plastic deforma-
the change in structure within this area is due to the synformal deformati Lion of orthopyroxene into "augen" shapes or elongations up to 5:1. *4: Orthopy-
fault, or inherent Tateral stratigraphic variation in the nature of the op

tic section (Rassios et al., 1983) cannot be estimated.

ToXenes elongated in excess of 5:1, grading to sugar-grained textured mylonites.
Petrofabric evaluations crudely correlate fabric types to rock deforma-
Eion mechanisms, as follows: Weak foljated fabrics represent high-temperature pe-

1_d° 5 s ) . ro
PERIDOTITE FABRIC tite structures (1200 degrees, A. Nicolas, Pers. Obs.) corresponding to dia

The Dramala peridotite characteristically displays strongly defined

WYneiakn BiBAIoS piua Mewhoyiag. A.M.O.
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Mineral and Lithologic Fabrics: Orthopyroxene foliation measurements show two ma-
xima (Figure 6a), one well-defined at 125/50-60S, and another with a spread a-
round 040/50~605. The strong concentration of orthopyroxene lineations at 020--
20,305 (Figure 6b) corresponds in position to a possible intersection lineation

Fig., 5. Areal distribution of fabric types over the Dramala Peridotite.

o e . ; . .-
piric and near-ridge fabrics of Vourinos (Ross et al., 1980, Nicolas, 1932, hetisan e Fin: FSTTEEAGH BAKSHa.

Spinel foliations in harzburgite show a strong 040 maximum (Figure 6c),
‘and translation of the 125 maximum to nearly EW, The orientation of dunite con-
~tacts (Figure 6d) define a double maxima essentially the same in geometry as that
of orthopyroxene. The foliation of spinels within the dunites (Figure 7a) show a
- stronger maximum at 125/50S. While spinels in harzburgite are strongly deformed
in the 040 deformation, spinels in intruding dunites, mostly higher in the se-
‘Ction, apparently retain the high-temperature foliation pattern.
The orientations of pyroxenite dikes display a pattern consistent to the
‘Orthopyroxene fabric (Figure 7b): A “spreading" maxima is centered about 040/S

o 89K iGeNAtMg ned maxima at 125/S. Plots of gabbro dikes (Figure 7c) show
0 girdles, one with a maximum at 060/S, and the other about NS.

las et al., 1980, Nicolas and Poirier, 1976), while elongate orthopyroxeﬁi
brics tend to lower temperature, sub-mylonitic deformation. The granulit :
bric of the Pindus corresponds to mylonite development at 800-900 degrees (
and Zimmerman, 1982, A. Nicolas, pers. obs.). The mylonites of Vourinos |
al., 1980) fall inte the *3 fabric scale type {pers. obs.). .
Figure 4 compares the relative abundance of these fabric types
well-spaced stations over Dramala to an estimate of abundance of similar
types of Vourinos. '
The distribution of these fabrics (Figure 5) delineate broadly
-south to N30E trending patterns. The fabric zones are not strictly grad
one into another: *3 zones contact *1 zones directly as often‘gg¢%ﬂ€&85ghﬁ
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Fig. 8. Orthopyroxene form lines over the
| Dramala Peridotite. Dashed lines
= 040/south dipping form lines.
Solid lines = 125 form lines and
125 structures rotating to 040,
with dips as indicated by boxes.
Open boxes = Cumulate layering.
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kFigure 3b). In the central part of the area, rocks with high-temperature fabric

are cross-cut by the granulation texture.

Cumulate lamination and layering paralliels the high-temperature 125 fa-

bric, and thus preserves a "near ridgecrest" geometry. The 040 fabric can be dis-
cerned in the crustal section in several ways, including high- to low-temperatu-

re deformations, as follow: 1. Ductile deformation of mineral oikocrysts in duni-

7C  gabbroapes Td neany sheans

4 myloies
n=B8, 1% conjours

wlate shears & Aoolegtyms taully

te in the extreme NE of the cumulate area. 2. Intrusion of late gabbro dikes with
040/5 geometry into minor ductile shear fold planes parallel to a late extension
direction. 3. A weak "tectonite" fabric superposed onto cumulates (not parallel
g to layering or lamination). 4. Growth of amphiboles into the 040 geometry in al-
Figure 7d displays the range of mylonite and shear orientations in

Dramala massif: Mylonites and parallel brittle shears are associated with bo
the 125/south maximum and the 040/south maximum. Some of the mylonites withi

tered gabbros. 5. A low-temperature kinking of pyroxene phenocrysts within a bo-
ninite intrusion in the cumulate section.

Figure B is a form line map of the two orthopyroxene fabrics. A1)l mea-
Surements strictly parallel to the 040 and south dipping are represented as da-
shed lines. The remaining fabrics represent the 125/S fabric, and high-temperatu-
re fabrics rotating into the 040 fabric. The 125 fabric looks relatively undefor-

extreme range of the 040 geometry appear to have been rotated from the 125
try. Others developed strictly parallel to the D40 geometry. That each set o
lonites is accompanied by shears implies that both formed at the beginning of i
transition to a brittle environment, with no change in orientation of defor

med in the east, apart from the area of the fault-parallel synformal axis. In the

Rather than place the peridotite through two succeeding ductile/brittle epis west, the form lines of the high-temperature foliation delineate shear and drag

both geometrical orientations of mylonites are postulated to have developed folds.

-concurrently.

Mapped Fabrics: Across Dramala, the 040 foliation dominates the west, whil
125 foliation dominates the east. Where best represented, the 125 fabric rese

Neither form line fabric parallels the patterns displayed on Figure 5:
The areal distribution of similarly deformed pyroxenes does not correspond to the

ajor fabric trends. For demonstration, the elongate zone of highly deformed py-
bles a typical but strong high-temperature peridotite fabric (types 1 and 2, @ Xenes (type 3) in the west-center of the area (Figure 5) trends north-south,
While pyroxene foliations cross the zone trending 040 or 125.

1 i f3 5 with the distribution of faults within the peri-
]'&r’]pa Fs&%ea” °F|.é.f queR 5 With & P

ve) while the 040 foliation represents a lower temperature granulation fabr
(types 3 to 4, 900 degrees). At several places, a l125-oriented fabric can

4 Yneiakr BIBA
ced into an 040 "zone", while elsewhere, the 040 deformation crossfghtsnthﬁ L
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te shows a surprisingly good correspondence (Figure 9): The highly deformed
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type 3 and 4 harzburgite align with major internal thrust faults and (at the Fig. 10. Speculative model showing geometry and position of Dramala and Vourinos

edge of the thrust sheet) overlie the amphibolite sole. South-west over—r{&iq in a NE obducting thrust sheet.

internal thrusts lack corresponding zones of highly elongate pyroxenes. Figure 10 is a cartoon reconstruction of the possible position of Vouri-

The fay1t indicated by a double Tine on figure 9 parallels a major 2 nos and the Dramala peridotite within a single obducting sheet: Vourinos is pla-

2 *1 - 3 3 : 4 g
of *3- and *4-type fabric. Brittle movements within the fault zone offset q ced along the leading edge, section turned near-vertical, and in an obduction en=

with right-lateral displacement, but ramp and slickenslide structures indic vironment in which tear faults are brittle field. Dramala is postioned at grea-

movement to the east. Thus the fault trace is the 1imit of an internal thr ter depth, along the trailing edge, where transform and decoupling deformation

the trace itself representing the trailing edge of the sheet. The correspon t5 well into the ductile fisld

of the fault trace with *3 and *4 harzburgite imp]ies deformation 1n1t1&t34' The timing of development of ductile-brittle faults coincides with tran-

thin the ductile field. The synform and axis-paralle] fault contained in Uiy sistion of the ophiolite from oceanic to obducting environments. Zones of simi-

-riding part (to the east, Figure 2) cannot be traced into the footwall per larly deformed peridotite (Figure 5) parallel these structures. The apparently

tes. Massive pyroxenite bodies in the footwall align as well with the fault similar geometry between deformation and the position of pyroxenite bodies,chro-

pression. For these reasons, this fault is interpreted as a decoupling within
peridotite sheet that initiated in the ductile field.

mite occurrences, and dunite contacts suggests even a near-ridgecrest association
for early compression.

The mapped trends of the fabric scale and parallel position of massive
SIGNIFICANCE

The pseudostratigraphy of Dramala, 1ike the orientation of the p

Pyroxenites, chromites, and the decoupling fault imply variation in fluid con-
tent. Constant stress applied to zones with more or less fluid content might pro-
duce neighboring types 1 and 3 peridotites: High-strained zones suggest higher
fluid content. Both lithologies require the presence of fluids {Dunlop and Fou=
‘illac, 1986, Johan et al., 1983). "Faster" cooling fluid-rich zones become the

Weak points for incipient faults. The decoupling zone would have been an appro-

gic moho, dips gently east, while Vourinos pseudostratigraphy is steeply |
-dipping. The deformation geometry of Dramala parallels that of Vourinos,
is, Vourinos high-temperature harzburgite fabrics trend NNW and dip 50-60
south (Roberts et al., 1988, Wright, 1986), and are paralleled by SW-dipp
Tonite zones across which dunite bodies and chrome ores are displaced ( Priate weak zone for fluid circulation, or the occurrence of fluids might have
et al., 1988, Vrahatis and Grivas, 1986). Mylonite offsets mimic rampin facilitated development of a weak zone.
res, defining overthrust to the NE. Tear fault systems at Vourinos and Dra
trend 040, but this deformation is dominantly ductile over Dramala, and b

0!
E 'IgLrJ]JpSJ s&;)\oyiag. A.MN.G.

<. +#e lithologic distribution of Oramala can be equally well explained by proxi-
303

over Yourinos.
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. =" mity to a fluid=rich, ductileldecoupling zone, or by an inherent upper mant

| pseudorstratigraphy.
7 AN the structural et patterns ake consistent with initial development
maxi#ﬁ at high temperatures with rotation into, and new development of 040 §
at lower témﬁeratufei,=contjnudng_ﬁnta the field of brittTe deformation.
3.9The structures recognized within the Pindos ophiolitic peridotite dascfk'
evolution of a mantie slaby magmatically active at Téast through early pﬁ

‘through the processes of ‘oceanic transport, abduction, and imbricate format
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