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The thesis sets out to describe the geology of the Palas de

Rey area, which is situated approximately 80 kms. southeast of the

city of La Coruna in northwest Spain. The area (never described

before) lies west of a region of almost unmetamorphosed fossiliferous

lower Palaeozoic rocks; but contains in contrast, unfossiliferous,

metamorphosed and frequently strongly deformed rocks. Correlation

of these with the Palaeozoic rocks is only briefly discussed, as it

was discovered that a solution to this problem requires a detailed

knowledge of the neighbouring area to the southeast: it is deduced

however, that a major thrustfault may exist, separating the

fossiliferous Palaeozoic rocks of the east from the unfossiliferous

and metamorphosed ones of the west. Section A is a description of

the general geology (see briefly below); Section B is a statistical

and detailed structural analysis, showing that several tectonic

trends exist.

The Palas de Rey area is divided centrally by the triangular

mass of the late-syntectonic Palas Granite, which forms the apex to

a batholith of Hercynian granite in northern Portugal. In Palas de

Rey it contains several large roof septa of meta-sedimentary

sillimanite gneisses, and only shows partial, schistose contact

aureoles owing to faulting along its margins. The area is bordered

to the east by another late-syntectonic granite, the Guntin Granite.

This has a broad marginal facies of lineated (east-west) aplitic



granite and a contact aureole of garnet-staurolite schists, which

also show a marked east-west lineation and biotite fibre.

Country rocks between these granites are thought to occur

in three thrust sheets, and consist of graphitic phyllites and

black sheles, lineated (north-south) orthoquartzites and the "Ojos

de Sapo". This is an enigmatic formation of intensely deformed,

feldspar porphyroblastic schists and gneisses, which occur in the

cores of two en echelon anticlines. Leecal contact metamorphism

about the crestal regions of these in overlying and apparently

undeformed phyllites, is attributed to a late (post deformation)

intrusion of granite into the cores. The metamorphic grade of the

phyllites containing chloritoid and stilpnomelane, of the area

between the granites, lies in the greenschist facies; but rises

above this in a central zone (possibly overlying an anticlinal node

of granite) with a chloritoid-kyanite assemblage. Primary and

secondary folds occur: some of the secondary may have formed by the

sedimentary cover slipping westwards off the rising dome of Guntin

Granite.

West of the Palas Granite, granite migmatite, ultrabasic

and basic rocks are thought to form another series of thrust sheets.

In on intense deformation and dislocation metamorphism are shown

by zones of blastomylonitic rocks, and by a pronounced east-west

mineral fibre (parallel to the tectonic movement direction). In the

Palas de Rey area the ultrabasic rocks occur as an Alpine-type

serpentinite (a cold intrusion), but their outcrop pattern as a whole

in northwest Spain is similar to that of a lopolith. Locally in the

basic rocks an eclogitic gneiss occurs.
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INTRODUCTION

Palas de Rey lies approximately 80 kms. southeast of the

city of La Coruna in northwest Spain. The area is of geological

interest as it lies immediately west of a region where the rocks

are almost unmetamorphosed, still contain recognizable fossils, and

are known to be Lower Palaeozoic, whereas within the area mapped

the rocks are generally metamorphosed, unfossiliferous and have

been subjected to complex deformations.

The area mapped is a little less than 500 sq. kms., but other

brief reconnaissance work included a much larger area, shown on Map

I and east of a line passing south through Betanzos and Lalin.

The mapping, essentially reconnaissance in nature, was completed in

ten months during the summers of 1959 and 1960. The 1:50,000

topographical map was used as it was the only one available at the

time. Aerial photographs could not be obtained until the work was

nearly completed, and they proved of little value, except near

Guntin where intersecting tectonic trends showed up. The 1:50,000

map was enlarged ten times to a scale of 1:5,000 by means of a

transparent grid, for detailed mapping. 1:25,000 topographical

maps were obtained when the mapping was almost completed. One

metalled road traverses the area from east to west, passing through

Guntin, Palas de Rey and Mellid; another runs south from Guntin.

Apart from these, very few roads exist, although some are under

construction. The mapping was done in greater detail near the roads,

allowing sufficient readings to be taken for the structural analysis

of Section B.

Exposures are generally poor, especially over granites or

feldspathic gneisses where the rock has weathered heavily and

vegetation is profuse or the land is tilled. Along topographical

ridges, crags of quartzite, phyllite and in the west of basic and

ultrabasic rock locally occur. Much of the mapping was done from



 

cart tracks, along which rock identification was possible, although

exposures were too poor for structural analysis.

The western part of the area includes a zone of basic and

ultrabasic rocks which extends northwards to the coast, and also

outcrops further to the west. Along the western margin of the area,

the "Black and White Migmatite" (a microline augen gneiss) occurs,

and in the northwest a late non-tectonised granite. The central

part of the area is occupied by the Palas Granite, which represents

the roof region and northern extremity of a large granite batholith

extending into Portugal. This granite is partially bordered by

contact aureole schists, and encloses many roof pendants which form

ridges. East of the Palas Granite, low-grade metamorphic rocks

overlie a feldspar porphyroblastic schist ("Ojos de Sapo"); further

east still. similar rocks abut against the Guntin granite, where an

aureole of contact schists is strongly developed. The whole area

was divided into tectonic units by low-angle thrusting. Later,

the intrusion of the Hercynian granites of Palas and Guntin occurred,

with their thermal aureoles locally transecting the thrust

boundaries.

Stratigraphical correlation with the known Lower Palaeozoic

sequence to the east is difficult because of the unfossiliferous

nature of the rocks; while much of the area further west is

composed of gneisses and is extensively intruded by granites, making

correlation egually difficult. Unfortunately the area mapped does

not extend sufficiently far to the east to elucidate the transition

into the fossiliferous Cambrian. For this, the area should have

been centred on Puertomarin to the southeast, and therefore the

problems of correlation are only dealt with briefly.

No literature exists on the area itself, apart from a brief

description by Sampelayo (1922) of the Guntin iron-ore band. In

this work Sampelyao gives a short description of the Cambrian to the
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east and briefly discusses similar horizons to, and on strike with,

those passing through the area of Palas de Rey. However, these

localities are situated to the north, by the coast, and also south

of the area: the little detail of his 1:400,000 map vanishes

centrally in the area of Palas de Rey.

Walter Carle (1945) mapped Galicia west of Palas de Rey,

while Lotze (1945, 1956, 1957, 1958) has discussed the fossiliferous

Cambrian and Lower Palaeozoic rocks east of Palas de Rey. A very

brief note on the basic and ultrabasic rocks to the west and north-

west of the area was made by Parga Pondal (1956) in his summary of

the geology of Galicia. Schermerhorn (1956) and Soen (1958),

working in Portugal, have discussed the Hercynian granites, and also

narrow synclines of fossiliferous Palaeozoic rocks found there.



 

 



 

 
 
  



 

DIVISION OF THE AREA

For convenience of description, the rocks of Palas de Rey

are divided into I, a Western Group, characterised by basic and

ultrabasic rocks; and II, a Central and Hastern Group,

characterised by tectonised granites, with contact aureoles,

intruded into low grade phyllites. A brief summary of the

distribution of rock types in these Groups is given below:

DISTRIBUTION OF MAJOR ROCK TYPES

 

Western Group Central and Eastern Group

"Black and White Migmatite". Metasediments.
(essentially phyllites and quartzites)

Serpentised ultrabasic rocks.
"Ojos de Sapo"

Amphibolised basic rocks. (essentially feldspar -

(hornblende gneisses) porphyroblastic schist)

Non-tectonised acid and basic Guntin and Palas tectonised granites.

intrusives.

Each group is subdivided into thrust sheets (see tables on

pages 5 and 44). Descriptions of the rocks composing these thrust

sheets, their metamorphic history, stratigraphical or structural

sequence, and the nature of the dislocation boundaries are givene

The nature and distribution of the rock types are shown on

Maps 1 and 2. Thrust sheets are shown on Map 3, and metamorphic

facies and zones on Map 4. Fold styles are discussed and

illustrated in section B and Map 5. The vertical section ia}

shows the general tectonic style across the area.



MAP 3

THRUST SHEETS

MELLID THRUST SHEET

UPPER MEIRE THRUST SHEET

 

LOWER MEIRE THRUST SHEET

PALAS GRANITE

 

CUBELO THRUST SHEET
(with cores of Ojos de Sapo)

VAL DE PORRAS THRUST SHEET

 

GUNTIN THRUST SHEET

GUNTIN GRANITE
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I. WESTERN GROUP

Composition, Structure and Metamorphic History

THRUST SHEETS

Units Components

1. THE MELLID THRUST SHEET "Black and White Migmatite"

- - - = Thrust Fault - - - =

’ Poikilitic augite peridotite

Serpentinised enstatite dunite

(main
body)

(‘Ultrabasic
2s THE UPPER MEIRE | Rocks < Mylonitised enstatite dunite

} \ (marginal
THRUST — Antigorite schist favian)

\ \

\fale schist

Woe 6 es Linear Uralite Gneiss

- - = - Thrust Fault - - - =

(Eclogitic gneiss

3. THE LOWER MEIRE
Basic Rocks < Garnet hornblende gneiss

THRUST SHEET
\Hornblende gneiss

- - - - Thrust Fault - - - =

1, 2, 3 refers to the structural sequence from west to east.

* * oe
“ee & ee eee
* * *

NON-TECTONISED INTRUSIVES

Toques Granite

Late Gabbro
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THE MELLID THRUST SHEET
 

"Black and White Migmatite"

A distinctive though poorly exposed migmatite occurs in a

zone 2-4 kms. wide from north of Paradela to south of Barazon, and

often occupies the lower-lying land of the valleys. This migmatite

has a highly characteristic black and white mottled appearance. It

is astreaky black and white augen gneiss in its coarsely foliated

bands which vary from 15 cm. to 5 m in thickness; it is a dark very

evenly and uniformly fine textured gneiss in other bands, which vary

in thickness from 15 cm. to 1 m., and are in themselves finely

banded dark grey and white, at .5 - 2 mm. widths.

The coarse bands consist of streaky black and white folia.

These vary in width from 2 mm. to 1 cms, and contain numerous

megacrysts of potash feldspar, around which the folia bend, giving

the rock a markedly augen character. The megacrysts average

2.5 - 5 cme in length, but vary up to 10 cm., and represent from 10%

to 15% by volume of the rock. They are subhedral and have a peculiar

irridescent purplish-grey colour, but weather slightly reddish;

they are usually Carlsbad twins; they frequently have a narrow

border, .5 to 1 mm. wide, of very fine sugary myrmekitic plagioclase

which weathers yellowish-white. Plagioclase alss occurs in small

granular patches or streaky folia. Quartz is abundant; there is

little garnet. The Texture is dominated by the black biotite folia

which apparently wrap around the potash feldspar megacrysts when

viwed perpendicular to the lineation, but are often clearly inter-

sected by the megacrysts in a longitudinal section. As the coarse

bands become broader and coarser, they weather out like granite in

huge rounded boulders (see sketches MA and photos 1 and 2).
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The fine-grained bands consist of an equigranular aggregate

of very fresh polysynthetically twinned plagioclase, the grains

averaging .3 mm. across. There is also quartz, which is often

strained and somewhat sutured, and biotite. Interstitial potash

feldspar, although present, is rare. Fresh subhedral purplish-pink

poeciloblasts of garnet, mostly .5 - 1 mm. in diameter, are

disseminated throughout. Inclusions of guartz in these are rounded

and vary in size up to that of the external fabric; there is no

evidence of rotation or strain, and static growth is suggested. A

few subhedral grains of sphene, not larger than .05 mm. across, occur.

The approximate composition by volume* of the fine-grained bands is:-

oligoclase 42%, biotite 30%, quartz 20% and garnet 8%. Universal

stage work showed that the concentrically zoned oligoclase varies in

composition from An 28 (core) to An 15 (margin).

The "Black and White Migmatite" is normally extremely well

lineated, the lineation generally plunging at a low angle almost due

west, subperpendicular to the strike. This is especially so from

Mellid to the north, where the potash feldspar megacrysts have

become spindle shaped (see sketches MA). The lineation at K 13 on

the road to Corredorias is extreme, and occurs along a zone of

intense deformation, reflected in the topography and cultivation shown

on the 1:50,000 map.** Near Barazon¢ the marked linear structure,

accompanied by crude rodding, is parallel to fold axes and southerly

in trend. Here the mechanism of the lineation must have been

different from that further north; the potash feldspar megacrysts

are little deformed and svbhedral, with a preferred orientation of

(010) parallel to the fold axes; they have post-kinematically

crystallised.

* The percentages by volume have been estimated by eye and are very

approximate. They are considered to be of greater value than such

words as, "considerable", or "moderate", etc.

**Cartographia Militar de Espana.



Metamorphic History.

The migmatite shows considerable evidence of strain and

deformation but has recrystallised post-kinematically. A fresh

mineral fabric has developed; Giaphthoresis is only occasionally

evident where biotite has replaced garnet along polygonal fissures.

Chlorite is absent. The biotite is strongly pleochroic from deep

brownish-red to pale yellow. In the coarse bands the migmatite

shows pronounced metamorphic segregation, with the development of

nearly pure folia of quartz, plagioclase or biotite. In the more

strongly deformed rock there is a marked contrast between the

textures of the plagioclase and quartz folia (see sketches MB).

The plagioclase forms a crystalloblastic aggregate of subhedral

equant grains, while the quartz is inequigranular, strained and

intricately sutured. The plagioclase has deformed by polysynthetic

twinning. However, the larger plagioclase crystals, up to 4 mm.

show visible strain with shadowy extinction or bent twin lamellae

(see sketches MB), while others present a 'plucked' appearance. A

specimen from the hinge of a fold near Barazon shows poly-

synthetically twinned plagioclase with a marked preferred orientation;

the twin composition planes are subparallel to the fold axis. The

twinning was analysed with the universal stage, using Turner's

curves (1947), and proved to be on the Manebach law, with composition

plane (001) and the twin axis perpendicular to it. This is very

suggestive of multiple deformation twinning. In contrast, the

plagioclase enclosed in the potash feldspar megacrysts is twinned on

the albite law.

In detail, the subhedral outlines of the potash feldspar

megacrysts are embayed by myrmekite, which when further developed,

is finally transformed into a erystalloblastic aggregate of round

grains of plagioclase, up to .2 mm. across, and containing small relic
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globular inclusions of quartz. The plazioclase or myrmekite forms

a mantle between the megacrysts and the biotite folia,. The

megacrysts frequently develop cross-iiatch twinnine, indicative of

microcline. They enclose isolated subhedral plagioclase grains,

up to .5 mm., or aggregates of such grains up to 2 mm. across}

opaque ore that is probably ilmenite, which is surrounded by

Sphene sometimes within a plexus of biotite laths; and also

occasional isolated biotites.

A mantle of myrmekite surrounding potash feldspar megacrysts

(Rapakivi texture) is commented on in the literature by several

authors, and is quite common in the granites of Scandinavia. Two

main explanations have been proposed (Seitsaari 1951, page 93):-

1) that myrmekite is produced in connection with a replacement of

potash feldspar by plagioclase, and 2) that myrmekite is built up

at the expense of plagioclase in connection with the formation of

younger microcline. The first of these theories was proposed by

Becke (1908) and accepted by Sederholm (1916); and later by

others; the second has been slaborated by Drescher-Kaden

(1940. 1948), Edelman (1949, page 73) supporting the second, states:

"“Microcline porphyroblasts surrounded by myrmekite rims originate

probably at low temperature in gneisses, granites or diorites

through granitisation. The myrmekite is a result of a Ca-Na-Si

metasomatism caused by a K, Al metasomatism". He suggests, therefore

that the microcline is secondary and has erystallised in granulated

areas that have allowed the entry of K and Al, which have metasomat-

ically replaced older plagioclase, and concomitantly a basic front

has formed about the growing microcline producing the myrmekite

border, This explanation is not satisfactory for the "Black and

White Migmatite"; since where the rock shows greater deformation,

the proportion of potash feldspar megacrysts is less or they are



entirely lacking, indicating that deformation promotes plagioclase

at the expense of the potash feldspar megacrysts. The explanation

of the Rapakivi texture is probably similar to that of No. 1, given

above. Turner and Verhoogen (1951, page 288) consider that such

potash feldspar megacrysts are developed in a solid medium by the

metasomatic introduction of potash, followed by partial replacement

of the megacrysts by oligoclase, (presumably formed from later

metasomatic introduction of soda and lime).

Zwart (1958, page 461) working in the Pyrenees, states that

the granite and augen gneisses have undergone replacement by

microcline and muscovite at the expense of older plagioclase. This

replacement is post-kinematic and falls rather late in the meta-

morphic history. He further states that, "the microclinisation and

muscovitisation indicate an important introduction of potash".

Summary

It is suggested that the "Black and White Migmatite" was

formed through the granitisation of broadly banded country rocks and

that it suffered powerful deformation, but was later post-

kinematically recrystallised under high-grade conditions. This is

indicated by the freshness of the biotite and the development of

microcline megacrysts growing across biotite folia (near Barazon).

Pronounced potash metasomatism is indicated by the development of

microcline megacrysts, whose myrmekitic rims indicate later soda and

lime metasomatism, which was facilitated by granulation and

deformation of the gneiss.

The texture of the fine grained bands, and their biotite and

disseminated garnet content, sugzest that formerly they may have

been amphibolite gneisses. This is difficult to prove and open to

doubt, but if it were so, the coarse bands could represent the more

strongly granitised pelite horizons.
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Boundary Dislocation

As the map indicates, much of the Migmatite shows a low

foliation dip to the west; it is tentatively interpreted as a

marginal thrust facies, possibly of the large granite mass

lying to the southwest. Thrusting is inferred from the very

marked deformation which the migmatite displays and in particular

from the spindle shaped potash feldspar megacrysts, aligned east-

west. It is thought that the Migmatite immediately overlies a

low angle thrust fault, above the ultrabasic rocks.
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THE UPPER MEIRE THRUST SHEET
———————

Ultrabasic Rocks

Linear Uralite Gneiss

Ultrabasic Rocks

i) Poikilitic augite peridotite

ii) Serpentinised enstatite dunite

iii) Mylonitised enstatite dunite \

iv) Antigorite schist ‘\S... marginal facies

v) fale schist g

Introduction

To the west of the Palas granite, ultrabasic rocks occur in a

broad zone, up to 8 kms. in width, but tapering both towards the

north and south. There are intercalations of hornblende gneisses

and the Linear Uralite Gneiss, the latter is intimately intruded into

and isoclinally folded with the ultrabasic rock; while the former

occurs as two distinct major zones. Apart from textural and

mineralogocial differences due to degree of deformation which may be

extreme, the ultrabasic rocks may be divided petrographically into

two distinct types, (1) enstatite dunite with no clinopyroxene and (2)

@ poikilitic augite peridotite: both types are variously

serpentinised.

The foliation dip is rarely steeper than 30° and often

subhorizontal; consequently the rocks form wide basins in country of

low relief, supporting little vegetation other than gorse and

heather, neither of which grow into the substantial bushes which occur

over the feldspathised sediments and granite. With eubhorizontal dip,

water has difficulty in draining away and locally bog areas occur. In

the north between the villages of Villamoor and Vilouriz, small



 

* 13 +

streams have bitten deep into the outcrop forming little gorges,

which in midsummer are nearly dry. To the east, the margin of

the block forms the Sierra Careon, the predominating escarpment

of the area.

(i) Poikilitic eugite peridotite

This rock is restricted in its outcrop, occurring east of

Vimianzo, east of Furelos and just north of Penalinas (N.E. of

Meire). Its freshest outcrop is found about 300 m. south of

K 559 on the Guntin-Mellid road, where it forms a small erag of

‘massive extremely tough and relatively little serpentinised dark

purplish-grey rock, It is speckled white from altered pyroxene,

and sheared out on both sides to talc-tremolite schist.

The mineral texture is clearly shown in sketches MD.

Subhedral olivine grains form approximately 50% by volume of the

rock. They are greenish-black by reflected light; they range in

length from .5 to 5 mm.; they are partly altered to serpentine

which is further altered to tremolite, and they are poikilitically

enclosed by augites, up to 3.5 cm. in length, which are partly

altered to fibrous tremolite. Magnetite and possibly chromite

occur parallel to the serpentine fibres in skeletal grains, up to

-25 mm. in length. Rare small subhedral grains, probably of

perovskite, also occur.

The augite, from universal stage measurements, shows 2V

about 56° and extinction angle Yto C= 55°, It shows bright

interference colours, fine exsolution lamellae parallel to (100),

a distinct parting parallel to (010) and is optically positive.

The olivine is optically positive and some of it slightly zoned.
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(ii) Serpentinised enstatite dunite

Along the Guntin-Mellid road from the provincial boundary

towards Mellid, typical outcrops of the serpentinised enstatite

dunite may be seen. Often the rock forms numerous scattered

angular boulders from .3 to 7 m. across (see photo 5). It is

usually partially dissected in grid fashion as a result of

differential weathering along the contacts of serpentine-asbestos

veins and joint planes. These often bear an orthogonal relationship

to each other. Freshly exposed surfaces are coloured blackish-

purple, but outcrops normally show an asbestos-grey colour. Where

the rock is little deformed the surface is usually nodular owing

to differential weathering of the more resistant enstatite, which

ranges from 2 mm. to 1.5 cm. in length and often exhibits a bronze

colour. Where the rock is strongly deformed, it takes on a coarse

glossy schistose aspect and ultimately becomes a fine tale schist.

Where the rock is flaggy or schistose and heavily weathered,

the soil is locally coloured yellow or a deep rich red; this is

best displayed east of Monte (San Julian) in the northand between

Barazon and Ramil in the south. Along zones of more intense

deformation the rock becomes sufficiently magnetic to render the

compass useless. The land tends to be barren of villages.

However, localiy, intensely weathered rock often associated with

strongly-deformed Linear Uralite Gneiss, supports a thriving

industry of roof-tile manufacture.

Contacts between the Linear Uralite Gneiss and the serpentinised

dunite are sharp and usually of a structural nature: towards them

the dunite loses its massive texture and becomes coarsely schistose,

talcose shear zones being common.

The serpentinised enstatite dunite is often intimately riddled

or cross-veined by composite serpentine veins and veinlets with
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with accompanying magnetite. The predominant serpentine vein

system is subhorizontal, with veins spaced from 5 cm. to 1 m.

apart and mostly 1 to 15 cm. in width. They display sharp

boundaries and often bifurcate before terminating, suggesting a

tensional origin. The broader veins weather in a columnar manner

and consist of a dark purplish serpentine, partly lenticular

antigorite and partly serophite (or another serpentine mineral other

than chrysotile); grain size is from .2 to .5 mm. Scattered

within the serpentine occur ageregates of discrete grains or magnetite.

The dark purple serpentine veins are subdivided by parallel veins or

bands of white fibrous chrysotile asbestos. In a 10cm. vein a dozen

bands of chrysotile asbestos may occur. Independent chrysotile

veins, from 5 cm. to 15 cm. in width and with fibres perpendicular to

the vein walls, are rarely seen; however at the mine near Orosa a

20 em. wide chrysotile vein occurs, associated with the sheared

contact of a doleritic intrusion, about 3 m. wide. Also rare veins

of granular anorthosite, up to 30 cm. in thickness, occur.

Before alteration and serpentinisation the enstatite dunite

consisted of approximately:- 55% by volume of olivine, 40% enstatite

and 5% magnetite or spinel, as estimated visually from the palimpsest

texture: where the rock is most massive the proportion of serpentine

to olivine is now about 2/5, and where most schistose, for example

east of Monte, about 3/2.

The rock consists of light bronze-coloured, altered and

strained crystals of enstatite in a mass of serpentinised olivine,

through which, along polygonally arranged fissures, magnetite dust is

scattered. Universal stage measurements showed that the enstatite

is optically positive with 2 V ebout 76°. The enstatite crystals

show rounded outlines and are frequently embayed or corroded from

replacement by serpentine or tremolite. They are often bent or twisted,
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sometimes showing a slight sigmoidal shape, while others are

distinctly fragmented. Where the rock is more schistose the

enstatite crystals are occasionally almost completely replaced by

aggregates of tremolitic amphibole, also showing alteration to

serpentine.

Magnetite also occurs as anhedral grains within nests of

chlorite laths (see sketches MC No. 396), but spinel is entirely

absent. The serpentine is very fine-grained chrysotile, fresh and

undeformed.

(iii) Mylonitised enstatite dunite

Much of the ultrabasic rock, lying in the zone between the

garnet hornblende gneiss and the "Black and White Migmatite", is

mylonitic. It shows extremely fine banding and fluxion structure;

it shows characteristically excellent flaggy weathering; it is

very finely granular textured, similar to a very fine grained or

porcelaneous limestone; it is sometimes flinty and breaks with a

conchoidal fracture. East of Barazon Pequeno, it is seen to grade

into coarse enstatite dunite (with enstatite crystals averaging 1 cm.

in length) within a hundred metres across the strike. The thickness

of this mylonitic facies is difficult ‘o estimate: south of mellid

the zone is one kilometre wide, but with foliation dips of only 8°

to 20° it is probably of no great thickness.

Mineralogically the rock shows appreciable variation towards

its contacts. South of mellid and at about 500 m. from either

contact, it is dark purple on fresh fractures and the flaggy

weathering surfaces are flecked with roundish colourless megacrysts

of amphibole, .5 to 2 mm. across ~- All the amphibole, whether

megacryst or matrix, in this mylonitic facies, is quite unlike that

of the main body of the serpentinised enstatite dunite. It is

colourless to very pale green, faintly zoned with the extinction



angle, ¥ to C, varying from 20° at the core to 15° at the margin,

and optically positive with large 2V: it is probably cummingtonite.

Under the microscope the rock shows fluxion structure. Folia

(about .2 mm. in width) of serpentine containing variable amounts of

anhedral olivine relics, ,1 to .2 mm. in length, are separated from

folia of extremely fine pale yellow chrysotile serpentine by other

folia of very finely crystalloblastic amphibole and serpentine.

These alternating folia are sometimes distinctly separate, sometimes

vaguely defined. Throughout are scattered amphibole porphyroclasts,

serpentinised along their cleavages, rounded in outline, often

corroded with embayed margins, or strained and bent, sometimes with

distinct boudinage. Chlorite and magnetite are absent but there are

many grains of a rich green spinel, up to .5 mm. across. This rock

consists of about 50% by volume of serpentine, 23% relic olivine,

23% amphibole and 4% spinel.

Closer to the contact the proportion of olivine and serpentine

decreases rapidly until the rock consists of about 86% amphibole, 10%

olivine relics, 2% serpentine, and 2% spinel or magnetite in chlorite

nests (see sketches Mc). No progressive variation from spinel to

magnetite-chlorite nests could be detected. Near the contact the

rock . very finely foliated and consists of folia richer and poorer

in anhedral amphibole porphyroclasts, which average .25 mm. in length;

the larger of these are subhedral, up to 1 mm. in length and are

sometimes surrounded by a narrow corona of radiating serpentine. They

are enclosed in a very fine-grained crystalloblastic matrix of equant

grains of similar amphibole, averaging .Ol mm. across. The rock has a

typical blastomylonitic texture indicating strong deformation followed

by recrystallisation.

These rocks are very similar to the intensely mylonitised

dunites of St. Pauls Rock, attributed to pronounced dynamic meta-

morphism (Tilley 1947). Tilley comments on the possibility of the

 



 

mn 18 a

partial regeneration of olivine after the main mylonitisation, but

to what extent if at all this may have occurred at Palas de Rey is

not clear. It seems, from textural and field evidence that at

Palas de Rey the cummingtonitic amphibole has replaced serpentine.

No evidence exists for direct replacement of olivine or enstatite:

enstatite is entirely absent from these mylonitic rocks. The

amphibole in the matrix has crystallised post-kinematically, while

that of the porphyroclasts must be early syn-kinematic if not pre-

kinematic in relation to the main period of mylonitisation.

(iv) Antigorite schist

On proceeding west or northwest into the serpentinised

enstatite dunite from the contact with the eastern band of hornblende

gneiss, for instance near Orosa or Cuina, one passes through a zone,

up to about 200 m. broad, characterised by the occurrence of

anticoritic and tremolitic schistose rocks (often tight isoclinally

folded) before reaching the main body of nearly massive serpentinised

enstatite dunite. A zone with similar rocks occurs locally near to,

and east of the western band of garnet hornblende gneiss.

®hese schistose rocks essentially consist of a fibro-lamellar

ageregate of randomly oriented fresh antigorite, chlorite and

tremolite. The tremolite is fibrous or acicular in habit. It is

oriented parsllel to fold hinges, and together with the chlorite

gives the rock a marked mineral fibre: the chlorite is not

restricted to nests but develops in narrow folia. Magnetite is fairly

evenly distributed. Typically the rock is constituted of about 62%

by so.ame of antigorite, 20% chlorite, 12% tremolite and 6% magnetite.

Relic olivine, up to 5%, may occur but no enstatite. A little

carbonate also occasionally occurs.

Field evidence sugeests that this rock shows greater intensity

deformation than the schistose serpentinised enstatite dunite, which
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still contains appreciable enstatite and which is characterised by

chrysotile serpentine. Read (1934), discussing the Main

Serpentine Block of Unst, describes a marginal antigorite belt, up

to 4 mile wide, which he ascribes to movement and dislocation

metamorphism near the base of the block and above a major thrust

zone. Flinn (1958, page 128) considers this Main Serpentine to be

anappee Francis (1956, page 220), describing serpentine bodies in

the Moine schists, suggests that anticorite develops from mesh

serpentine (chrysotile) under high pressure and shearing stress.

Hess, Smith and Dengo (1952, vage 74) suggests that chrysotile

serpentine alters to antizgorite in rocks subjected to strong shearing

stress, under pressure-temperature conditions equivalent to the entry

of the epidote amphibolite facies. Marmo (1958, page 25) using

experimental data from Yoder, and Bowen and Tuttle, estimates that

chrysotile probably forms within the amphibolite facies. Hence we

can ascribe the amphibolite facies to this serpentine body of Palas

de Rey and suggest a retrogression to the epidote amphibolite facies

towards its margins due to dislocation metamorphism.

(v) Taleschist
North of Orosa a contact zone occurs, where the ultrabasic rock

is interbanded with hornblende gneiss and shows variable intensity of

deformation. Both recks are tightly folded and locally contorted.

Here in narrow zones of a few metres width, talcose schists and more

rarely brittle mylonitic rocks develop.

he eastern contact of the main mass of the ultrabasic rocks

with the graphitic phyllites, west of Cuina, is undoubtedly one of

intense deformation or thrusting. At the contact, which is complex,

tongues or bands of serpentine interfinger with phyllite. The

phyllite is veriously contorted and twisted. It frequently breaks



 

into nodules, often with smooth curved sides showing slickensides;

while the ultrabasic rock may show a similar structure or even

splinter into long spindles. The contact zone is also characterised

by tight folding, boudinage and frequent concordant quartz veining

(see sketches MD). The ultrabasic rock is schistose and talc-rich,

locally becoming a nearly pure tale schist,

A narrow isolated zone of ultrebasic rock occurs in the east

within the hornblende eneiss, extending from Ramil in the south,

northwards to west of Cuina: it is almost certainly a thrust slice

with tectonic boundaries. It consists of an intimate inter-

mingling of impure tale schist and graphitic phyllites with bands

of fairly pure bluish-white talc, 2 to 3 m. broad. Both the tale

and the phyllites often break into lenticular nodules with curved

sides and are frequently brecciated. Near the Guntin-Mellid main road

there is a small outcrop of an extremely finely banded, mylonitic

talcose rock. Narrow shear zones are common and there is much

concordant quartz veining. Serpentinised enstatite dunite or anti-

gorite schist are never encountered in ide zone; the deformation

has been extreme.

Comparison is again drawn with the Main Serpentine of Unst,

where tale schists characterise the thrust surface or junction of the

body in a similar manner.

Discussion

Parga Pondal's map (1956) of northwest Galicia suggests that

the ultrabasic rocks form a very large lopolith; those of Palas de

Rey form part of the eastern outcrop of this lopolith and dip gently

west beneath the Ordenes schists and migmatites to the west. In his

description Parga Pondal passes little further comment but refers to

the ultrabasic mass as a "lopolith". The author is unfamiliar with

the coast sections or any literature pertaining to them. It would be



 

foolish to speculate on the structure of this serpentine belt which

extends to the coast and has a lopolith like outcrop pattern, but

clearly the part mapped is a "cold intrusion" and must be classified

an Alpine-type serpentinite.

The basic and ultrabasic lopoliths of the world such as the

Sudbury norite, the Bushveld complex and the Stillwater complex, or

thick stratified bodies such as the Skaergaard intrusion are:-

(1) not or only partly serpentinised, (2) always distinctly banded,

(3) clearly differentiated and (4) show enillsduane contact

metamorphism. (Turner and Verhoogen 1951, pe». 225 - 239). None

of these characters are present at Palas de Rey. West of Cuina

where the ultrabasic rock interfingers with the phyllite no contact

metamorphism exists. On the other hand the ultrabasic rock in Palas

de Rey shows all the characteristics of the Alpine-type serpentinite

(op. cit pep. 239 = 252), namely:- (1) rock type is an oiivine-rich

harzburgite, (2) plagioclase, hornblende and biotite are typically

absent, (3) traces of incipient shearings are common while strongly

deformed schistose dunites and mylonites are by no means rare, (4)

cold intrusion and (5) intrusion usually occurs along zones of major

dislocation or thrusts.

The two outstanding features which suggest that this ultrabasic

body of northwest Spain is a lopolith are its regional outcrop

pattern and frequent low dip: most Alpine serpentinite belts of the

world show steeply dipping structures. If a lopolith, then the

part mapped at Palas de Rey has been thrust into a different tectonic

and metamorphic environment from that into which it was originally

intruded. Wilkinson (1953, page 312) in discussing Alipine-type

serpentinites, suggests that during a second orogenic episode further

movement along the original dislocation causes the formation of

schistose rocks: possibly this is applicable at Palas de Rey to a

lopolith type serpentinite.



 

Summary

The ultrabasic rock outcrops in a broad zone some 8 kms. wide,

west of the Palas granite. It encloses the Linear Uralite Gneiss

which is a later independent intrusion. It is mostly constituted of

serpentinised enstatite dunite which even where most massive is never

entirely free from strain effects: the enstatite erystals usually

show distinet strain. Narrow shear zones and boudinage (see

sketches MD) are common. The marginal facies of mylonitised

enstatite dunite, antigorite schist and tale schist clearly indicate,

both from field evidence and mineralogy, that the serpentinised

enstatite dunite has suffered marked deformation with accompanying

dislocation metamorphism. The serpentinised enstatite dunite has

altered from a rock with about 15% by volume of chrysotile

serpentine, 40% olivine, 35% enstatite, 5% tremolitic amphibole,

and 5% chlorite and magnetite to one with about 62% antigorite

serpentine, 12% tremolitic amphibole, 20% chlorite and 6% magnetite

or spinel (composition of the marginal anticorite schist). At the

contact it has altered into a tale schist. In the west, clear field

evidence shows that within a hundred metres, the serpentinised

enstatite dunite has altered to blastomylonite, composed of about

2% chrysotile serpentine, 10% olivine, 86% cummingtonitic amphibole,

and 2% spinel or magnetite-chlorite nests.

It is thought that under conditions where the enstatite dunite

was more fluxed with volatiles, alteration occurred first by the partial

disintegration of olivine and enstatite, followed by crystallisation

and development of tremolite. Later conditions changed and brought

about strong replacement of olivine, enstatite and tremolite by

chrysotile serpentine. This may have been repeated several times.

Antigorite formed under special conditions towards the margin; while

in the west where strong hydrolysis or fluxing conditions were in
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abeyance, intense shearing stress with concomitant development of

mechanical heat caused dynamic or dislocation metamorphism with

the development of cummingtonitic blastomylonites. Throughout all

the rocks the serpentine is fresh and free from strain, and has

crystallised post-kinematically.

Boundary Dislocation

The mapping indicates that the ultrabasic body overlies

garnet hornblende gneiss in the west and hornblende gneiss in the

east. The junction, it is thought from structural and

mineralogical evidence (described above and seen towards the margin

of the enstatite dunite) constitutes a major thrust surface or

dislocation boundary.

Linear Uralite Gneiss

Introduction

Poor outcrop of this gneiss occurs along the 16 kms. of

strike in two distinct zones to the north and three to the south.

Where the zones are broader, the rock is coarser and more massive

with poor or less well developed lineation and mineral fibre. The

coarse rock is locally veined and anastomosed by altered dolerite.

Where the zones taper, for example south of the Guntin-Mellid main

oa in the west near Pinor and in the east, south of Meire, the

reck takes on a very marked linear aspect from intense deformation,

with preferred orientation of the amphibole producing a pronounced

mineral fibre. The statistical analysis of the mineral fibre and

folds in the rock are discussed in Section B.

The rock is easily recognized in the field. It is a medium-

grained dead-white and medium-green streakily foliated eneiss,

occasionally, where little deformed, with palimpsest gabbroic

texture. It is rarely mylonitic with fine banding. The green folia
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consist of amphibole which averages .5 = 2 mm. in length; the

white folia are partly plagioclase and partly clinozoisite or

epidote and zoisite. The rock is entirely devoid of garnets. in

the more massive rock a pegmatitic variety locally occurs with

amphibole up to 5 cm. in length, but many of the green augen-

shaped patches, up to 5 cm. in length, are composed of a number of

smaller recrystallised grains.

Where the rock is more massive, locally a fine-grained

selvage, «75 cm. to 15 cm. thick, of very fine grained amphibolised

dolerite occurs against the ultrabasic rock, suggestive of a

chilled margin. This is not seen in the more strongly deformed rock

where both it and the ultrabasic rock show a schistose character

towards the contact.

Mineralogy

Under the microscope the amphibole is seen to occur in two

generations. The earlier amphibole crystals are occasionally up to

-5 cm. long and frequently augen shaped. They are boudinaged or

torn apart, and shredded at their ends where replacement to chlorite

occurs: extensive chlorite replacement only occurs in the rare

mylonitic variety of the rock. The early amphibole crystals or

porphyroclasts are sometimes replaced by finer grained aggregates

of later generation amphibole and incipient epidote. In the less

deformed and more massive rock, some of the larger augen-shaped

amphibole crystals show rounded boundaries with granulation or

replacement by finer amphibole, and contain centrally corroded relic

augite. The amphibole is uralite of the tremolite-actinolite

series. It is pleochroic with ~ pale yellowish-green, 2 pale green

and ¥ pale bluish-green; it is concentrically zoned with the

extinction angle, ¥ to C, 12° centrally decreasing to 5° at the

margin, and is optically negative.
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Plagioclase is present in only small quantity in much of

the streaky gneiss. It occurs partially as small blastic grains

of albite; it ic almost ebsent in the mylonitic variety of the

rock. However in the coarser rock, there are boudinaged and

strained grains, up to 3 mm. across, of dusty brown cloudy basic

plagioclase, concentrically zoned from An 54 to An 46 at the margin

(from universal stage measurements), and much altered to incipient

epidote. Plagioclase tends to be obscured by the extensive

éevelopment of clinozoisite and epidote throuchout the eneiss.

Epidote and clinozoisite both occur, as optical signs are

positive and negative. These minerals are abundant, and occur as

small discrete subhedral grains, generally up to .3 mm. in length

but occasionally up to 3 mm., and also as network like stringers of

anhedral grains, not greater than .1 mm. across. Characteristically

they occur with the plagioclase in the white folia but to a lesser

extent with the amphibole, which the epidote locally replaces.

Generally the clinozoisite and epidote are free of any strain effects.

In both the streaky and mylonitic types of gneiss, zoisite occurs and

is locally abundant. It shows 2V about 35° and grey interference

colours; it occurs in subhedral prisms, .5 to 2 mm. in length,

characteristically with splayed ends or bow-tie like structures. The

prisms lie perpendicular to the foliation and clearly indicate static

post-kinematic crystallisation.
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Summary

The Linear Uralite Gneiss is thought to be an intensely

deformed gabobro; evidence for this is seen in the labradorite

composition of cloudy relic plagioclase, in occasional relic

augite found within larger uralite crystal=, and in the somewhat

gebbroic texture of the least deformed rock. The rock is mostly

a streaky green and white foliated gneiss with a pronounced

lineation and mineral fibre. The green folia consist essentially

of uralite. The larger uralite pe have pre-kinematically or

early syn-kinematically crystallised, while the smaller have post-

kinematically crystallised. It is thought that the mineral fibre

is formed from the mechanical rotation of the larger uralite grains

together with mimetic growth of the smaller. The white folia

mostly consist of epidote-clinozoisite and zoisite, both post-

kinematically crystallised. Minor albitic plagioclase occurs and

also some relic basic plagioclase.

 



 

s 29 «

THE LOWER MEIRE THRUST SHEET
 

Basic Rocks

i) Eclogitic gneiss

ii) Garnet hornblende gneiss

iii) Hornblende gneiss

Introduction

These rocks occur in two distinct zones underlying the

ultrabasic rocks. The western zone is characterised by frecuent

garnets and is best seen from Fureles to Barazon where scattered

outcrops occur along a ridge. South of Barazon the outcrop is

similar but poorer; while north of Furelos it is very poor. The

eastern zone, characterised by abundant epidote and absence of

garnets, is best seen near Orosa and extends the full depth of the

mapped area just west of the Palas granite, but with very poor outcrop

in the north. The two zones are thought to represent one basic sheet

that has suffered different degrees of the same regional metamorphism.

In both zones the rock is a dark green banded gneiss, consisting of

60% to 80% by volume of hornblende with white, often streaky, bands

of plagioclase varying from 1 to 2 mm. in thickness. With regard

to the eastern zone, the contact with the phyllites was not seen in

the north, but south of the Guntin-Mellid road it is distinctly

tectonic with faults and thrusts. For the western zone, at the

contact with ultrabasic rock near Pinor, the proportion of garnets

decreases and the rock becomes much finer banded, almost slaty;

while at Furelos the rock is mylonitic and devoid of garnets. Near

Orosa (southeast of Meire), similarly brittle and mylonitic rock

occurs at the contact with the ultrabasic rock.
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i) Eclogitic gneiss

Almost centrally within the western zone and west-southwest

of Vimianzo, the banded gneiss takes on a more massive character.

It is extremely tough and shows a slightly more bluish green cast

than is usual. A sample taken had the following character:-

Approximately 50% by volume of garnet, 18% pyroxene, 12% hornblende,

16% plagioclase with some quartz, and 4% rutile and iron oxide.

The pyroxene had the following properties:- 2V = 61°

(measured by the universal stage): maximum extinction angle, x to

C, 64° at the core to 60° at the margin, with diffuse concentric

zoning; optically positive; coloured a bright bluish-green;

generally of very fresh appearance but replaced marginally by olive-

green hornblende; occurred as anhedral grains, often nearly

equidimensional and .3 mm. in diameter.

Garnet occurs in fresh subhedral grains which average nearly

a millimetre in diameter. It is generally little fissured and

sometimes encloses a few grains of iron oxide and rutile, or an

occasional hornblende and pyroxene. Like the pyroxene, the garnet

is often bordered by a narrow rim of small hornblende grains.

The hornblende occurs in ahedral olive-green grains, .02 to

-0O5 mm. across and is interstitial to both the garnet and pyroxene.

It is entirely secondary in origin, mostly after pyroxene but to a

lesser extent after garnet. The difference in grain size of the

hornblende, the crystalloblastic aggregate rims of hornblende about

the garnet and pyroxene, and the anhedral nature of the pyroxene

give the rock a distinct mortar texture. The rock is granulitic,

banding and folia remain obscure.

Plagioclase occurs in anhedral sutured grains, up to .15 mm.

in diameter, and is often strained. It is concentrically zoned

from An 27 to An 17 marginally, from measurement with the universal
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stage; it shows no symplekitic intergrowth with pyroxene, but

occurs independently amongst the hornblende grains or forms

small aggregate patches with occasional quartz.

The rock was compared under the microscope with a typical

eclopite from Glenelg (Alderman 1936) and seen to be very

similar. The colour of the pyroxene is very similar; that from

Spain slightly more bluish. An essential and important

difference is the presence of more than 10% plagioclase, but

this is probably not fundamental as in both areas, the eclogite

has altered to hornblende plagioclase gneiss. Turner and

Verhoogen (1951, page 478) state, "secondary crystallisation of

hornblende, plagioclase, and other minerals at the expense of

omphacite and garnet is very common in eclogites and may be

attributed to incipient chemical adjustment of the rock to falling

pressure and temperature". In other words, rock of eclogite

facies is changing into the amphibolite facies.

ii) Garnet hornblende gneiss

The western zone of garnet hornblende gneiss is thought to

lie within the amphibolite facies mainly because the eclogitic

rock is seen to grade into this banded gneiss with no sharp

boundary. However, if comparison is made with the Epidiorites

of the Central and Southwest Highlands of Scotland (Wiseman 1934),

it is seen that garnet-plagioclase-amphibole and garnet-epidote-

plagioclase-amphibole assemblages are characteristic of both the

amphibolite and epidote amphibolite facies: thus it is difficult

in these Spanish rocks, where no accompanying pelites occur, to

distinguish their metamorphic facies.
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Two specimens, collected near the ultrabasic contact,

contained small amounts of the omphacitic bluish-green pyroxene

as discrete grains; otherwise quite typical of the banded gneiss

which is normally quite devoid of pyroxene. The banded gneiss is

characterised by two generations of hornblende. Hornblende

crystals, «3 to 2mm. in length, of the earlier generation occur as

pre-kinematic or early syn-kinematic porphyroblasts or

porphyroclasts, as their form (see sketches MF and MG) is indicative

ef considerable catalclasis. They are frequently bent or strained

and occasionally boudinaged. Both the hornblende of the

porphyroblasts and matrix shows strong pleochroism, x straw yellow,

P olive green, y slightly-~bluish olivine green. It is

concentrically zoned with the maximum extinction angle, y to C,

48° oan” centrally and decreasing by 5° towards the margin; it

is characteristically free from inclusions and is very fresh with

no alteration to epidote or chlorite. Rare porphyroblasts of

hoenblende, seen in a specimen also collected near the ultrabasic

contact, contain relic cores of colourless pyroxene, vith habit

and texture very similar to the relic augite, seen in the Linear

Uralite Gneiss. If this colourless pyroxene is of different origin

from the bluish-green omphacitic pyroxene of the eclogitic gneiss,

then the latter could be secondary and developed under conditions

of plutonic metamorvhism. On the other hand the colourless

pyroxene may have been bleached by the migration of ions to the

replacing hornblende.

Yoder (1952, page 615) has suggested that it is possible for

the transitions eclogite <> amphibolite => green schist to occur at

600°C and 15,000 pes-i., merely depending upon deficiency or excess

of water vapour. It is interesting to note that those specimens

with small amounts of omphacitic pyroxene and relic cores of
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colourless pyroxene in hornblende porphyroblasts, occurred guite

close to the ultrabasic rock, which may have acted as a sink for

water vapour present; however the eclogitic gneiss, west-

southwest of Vimianzo, is at an appreciable distance from

ultrabasic rock.

The garnet hornblende gneiss has suffered considerable

deformation and yet preserved a very fresh crystalloblastic fabric

with no decomposition of the hornblende into lower grade minerals:

many of the larger hornblende 'porphyroclasts' appear very similar

te post-kinematic porphyroblasts. Sutton and Watson (1959),

discussing the Ubende series in Tanganyika, have recorded a similar

phenomenon. There, in mylonitic belts, rocks vary in texture from

true mylonites into hornflesic types. Sutton and Watson state that

the edges of large crystals, such as hornblende, are generally

smoothed off into ovoid or rounded form (c.f. sketches MF), and that

at no time do the minerals seem to have been chemically unstable, for

they are not associated with alteration products. Their explanation

is that such rocks were formed at considerable depth, but they also

suggest that the zone was poor in water (conditions for the eclogite

facies) and that static recrystallisation may have been caused by

heat generated during movement.

Texturally, the garnet hornblende gneiss is very dark green

and streakily-white banded,in widths from .2 to 2 mmes superimposed

upon which there is a broader colour banding of darker and lighter

green from slight differences in minerszlogical composition, such as

sphene and epidote content, due to variation in the degree of

deformation. The gneiss is speckled with pink garnets. Apart

from the large hornblende crystals, the minerals show static post-

kinematic crystallisation.
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Pink garnet shows similar character throughout the gneiss

and is frequently replaced centrally or marginally by epidote.

Sometimes a composite pseudomorph is formed where hornblende has

replaced the garnet centrally and epidote marginally (see sketches

ME). Also epidote may occur as a fuzzy narrow rim of incipient

anhedral grains or as a border of radiating crystals.

Alderman (1936, page 515) refers to kelyphitic borders about garnet.

In these garnet has broken down into plagioclase, immediately

surrounding the relic garnet, and hornblende as an outer rim.

Although garnet in some specimens occurred within = pool of

plagioclase, an outer hornblende rim es such was not recognised.

In other specimens of essentially garnet Lornblende gneiss, containing

some omphacitic pyroxene which appeared fresh and showed no

symplectitic textures, garnet showed break-down with well developed

kelyphitic borders of a symplectitic intergrowth of hornblende and

plagioclase, occasionally with complete replacement of the garnet.

Garnet is also replaced by hornblende which may completely

pseudomorph the crystal as one grain or as an aggregate of subhedral

grains. Where hornblende replaces garnet, similar to that described

by Alderman, it shows a more bluish-green tint, quite different from

the other olive-green hornblendes of the rock. Sometimes the garnet

is slightly poikilitic and most of it is suggestive of static post-

kinematic crystallisation (see sketches ME).

Epidote is quite abundant replacing garnet as described above.

It also occurs as subhedral stumpy prisms generally not larger than

-3 mm. in length; it is sometimes prekinematic of the last

deformation the rock has suffered, as it is strained, bent or

boudinaged; it often occurs with a corroded outline where the crystals

may have a darker border of the fuzzy incipient type of epidote. Often

the stumpy prisms are strongly idiomorphically zoned with deep orange

interference colours marginally, suggestive of increase in iron content.
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The other characteristic habit of epidote is as fuzzy dendritic

growths of incipient crystals or aggregates of such crystals, up

to «33 mm. in diameter (see sketches MH). These usually occur

in the plagioclase bands and sometimes form discontinuous folia

(see sketches MG), clearly indicative of movement, especially

where accompanied by deformed plagioclase with bent twin lemellae.

Quartz is generally scarce. Plagioclase with accompanying

epidote constitutes the bulk of the white material and occurs in

somewhat sutured grains not greater than ».2 mm. across. It is

zoned from a core of An 28 to a margin of An 14 (measured with the

universal stage).

Chlorite cccurs in minor amount and occasionally replaces

garnet. .

iii) Hornblende gneiss

Where this rock is best developed southwest of Orosa, it

is simply constituted of hornblende, plagioclase and epidote;

entirely devoid of garnets and contains little chlorite. Sphene

also occurs in small quantity. Without accompanying pelites or

chemical analyses it is difficult to assign to it a definite

metamorphic facies, but several factors suggest a lower metamorphic

grade than the amphibolite facies of the garnet hornblende gneiss

in the west. These are:=- (1) the increase in and abundance of

epidote, (2), the presence of a much more albitic plagioclase and

(3) the absence of garnet in conjunction with the fact that epidote

replaces garnet in the garnet hornblende gneiss of the west - a

retrogressive change. As the freshness of the hornblende, without

alteration to chlorite, precludes the Barrovian biotite zone or

the greenschist facies, it is concluded that the hornblende gneiss

lies in the epidote amphibolite facies.



 

In comparicon to the garnet hornblende gneiss, the rock is

more schistose; hornblende is more acicular in habit, and bluish-

green in colour, which lends support to Wiseman's (1934, page 411)

suggestion that the production of garnet is probably related to a

compositional change in the hornblende. As the hornblende is

occasionally bent in the tight microhinges of secondary folds, it

is suggested that it has crystallised pre-kinematically or syn-

kinematically with respect to this secondary folding. Occasional

large porphyroclasts, similar to those in the garnet hornblende

gneiss, also occur.

Epidete occurs up to about 20% by volume of the rock and

extensively pseudorphs plagioclase porphyroblasts. It also

occurs independently of the plagioclase as subhedral prisms up to

1 mm. in length. Plagioclase develops in anhedral and subhedral

porphyroblasts, up to 3 mm. in length. In the matrix, it is more

intricately sutured than is general in the garnet hornblende gneiss.

The placioclase is zoned from An 8 to pure albite (measured with the

universal stage).

Summary

These basic rocks, within the area mapped, outcrop in two

distinct and separate zones which, from the mapping, their structure

and mineralogy, are thought to represent one basic sheet. This

underlies the ultrebasic mass, and has suffered different degrees of

the same regional metamorphism. The western zone is characterised

by high grade metamorphism with local occurrence of eclogitic rocks,

and essentially consists of earnet-hornblende-oligoclase-epidote

banded gneisses with granulitic texture, assigned to the amphibolite

facies. The eastern zone is characterised by more finely foliated

rock, which is nematoblastically schistose from the development of

acicular hornblende. It is essentially constituted of a hornblende-
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epidote-albite assemblage, and assigned to the epidote amphibolite

facies.

Both zones show penetrative deformation, and towards their

margin or contact with the ultrabasic mass, a mylonitic facies

develops. Apart from the larger early hornblende porphyroblasts or

porphyroclasts, the rock is characterised by static post-kinematic

crystallisation.

No direct evidence exists to show that these banded gneisses

were formed from eclogite by injection of acid ingneous material, a

possible origin suggested by Alderman (1936) for the banded gneisses

of Glenelg; nor is there any evidence for the former presence of

low grade albite-epidote-chlorite schists, since up-graded into the

amphibolite or eclogite facies. The banded gneisses of the Palas

de Rey area may have formed under conditions of metamorphism similar

to those of the metadolerites of the Dalradian rocks of Banffshire,

and of the Laxfordian area in Scotland (Sutton and Watson 1951,

page 34). That is, they were formed directly under conditions of

medium grade regional metamorphism.

In both the eastern and western zones the matrix hornblende

proved too fine and the porphyroclasts too few for observation on

mineral fibre. Locally in the western zone, hornblende showed

preferred orientation parallel to secondary fold hinges. The

structural analysis of the rock is discussed in Section B.

Boundary Dislocation

The upper contact or boundary of the basic rocks with the

ultrabasic mass has been commented on earlier: structural and

mineralogical evidence indicate that the junction forms a major

thrust surface. The lower contact between the basic rocks of the

eastern zone and the phyllites, which occur just west of the Palas

granite, is difficult to find owing to poor outcrop. Basic rock of
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the eastern zone is seen to be mylonitised near to phyllites,

south of the Guntin-Mellid main road; however, this occurs

closely associated with the schuppen zone of the overlying

ultrabasic mass, and consequently it is uncertain from this

evidence whether a separate thrust fault has occurred or not.

The whole region, however, being one of marked deformation and

thrustinz, this lower contact has been drawn as a postulated

thrust fault on the maps.
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NON-TECTONISED INTRUSIVES
 

(a) Toques Granite

(b) Late Gabbro

(a) Togues Granite

The Toques Granite occurs in the northwest of the mapped

area, forming a considerable massif. It constitutes an upland

region with small mountains rising to 800 m., where the outerop

is seen mostly as large boulders up tc 7 m. across, relatively

fresh and little weathered. The topography is that of dissected

domes, in marked contrast to the elongated ridses of the Palas

Granite described later. Its appearance is quite unlike those of

the "Coarse Porphyritic" and "Spotted" granites of Palas and Guntin.

It is massive in texture except for a late crude schistosity which

is present towards its eareies If a finer grained marginal zone

occurs this must be restricted to a few metres and was never seen

due to poor outcrop, the lower slopes of the mountains being well

wooded and cultivated. The absence or extreme thinness of a fine

grained margin is in contrast to the Guntin Granite which has a

marginal zone nearly 500 m. across. It is sugzvested that the

Toques Granite intruded into hot migmatitic country rock as it is

surrounded by the "Black and White Migmatite" of extremely coarse

texture and high metamorphic grade; no hornfelsing or contact

aureole effects are seen.

The granite is coarse, more or less massive, and mottled black

and white. It is almost mesocratic from biotite, which occurs in

the form of anhedral crystals up to 1 cm. in length, and which varies

up to 25% by volume. In the small outcrop of the granite southwest
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of Mellid as much as 5% by volume of the rock is a dark purplish

pink garnet. This is usually in 1-3 mm. subhedral crystals which

occasionally reach 1 cm. in diameter. Subhedral plagioclase

crystals occur, many from .5 - 1 cm. in length and constitute

about 30% by volume. There are scattered larger subhedral

potash feldspar crystals, 1.3 - 3 cm. in length, with patch

perthite and carlsbad twinning: these do not make the rock

porphyritic as they are not abundant, grade into the matrix and are

often difficult to see. Quartz is abundant but somewhat less

plentiful than the plagioclase, occurring as glossy patches 4-5 mm.

acrosSe The texture under the microscope is very fresh

hypidiomorphic granular.

The finer grained potash feldspar occurs as anhedral crystals

up to 4 mm. across. It is corroded and embayed by aggregates of

subhedral plagioclase crystals. These often contain relic

vermicular quartz inclusions of the myrmekite from which they have

devebped. Myrmekite may still remain but Rapekivi texture is less

perfectly developed than in the "Black and White Migmatite", and is

not visible megascopically in the field. The potash feldspar is

sometimes cross-hatch twinned.

The plagioclase, which is often subhedral in the larger grains

of 1 mm.-1 cm. in length, is both diffusely concentrically and

sharply idiomorphically zoned. The diffuse zoning, from measurement

with the universal stage, varied from An 18 at the core to about An 6

near the marvin. The idiomorphic zoning is seen as zones up to

+33 mm. wide of sericite laths, in preferred orientation parallel to

cleavage directions of the plagioclase hest. The idiomorphic zones

eut across but are deflected by the granuintion boundaries in the

plagioclase. Occasionally plagioclase shows distinct blastic growth

and partially encloses biotite or garnet erystals. The larger
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plagioclase crystals, which are generally a little sericitised and

cloudy from minute granules of epidote, contain other smaller relic

subhedral plagioclase crystals. These are up to 1 mm. in length

and almost entirely replaced by fine grained sericite.

Muscovite is present in small amount, not greater than 2%

by volume; it is somewhat corroded by quartz.

The biotite, as seen in the hand specimen, occurs as

anhedral blackish crystals up to 1 cm. in length. It often shows

somewhat dendritic borders, up to 2 mm. in width, which protrude

into the quartz and feldspar. Under the microscope the larger

erystals are sometimes seen to consist of two or three interlocking

sub-individuals that are markedly twisted and strained, usually

with some development of "kink bands" (Voll 1959, page 548) The

biotite is strongly pleochroic from a deep reddish brown to pale

yellow. It may poeciloblastically enclose quartz mosaics of finer

grain than the external fabric, also subhedral opaque ore

(ileminite?), which is sometimes mantled by sphene. Pleochroic

haloes about subhedral zircon crystals and others possibly about

monazite crystals, indicated by the broader width of the halo and

oblique extinction of the mineral, are frequent.

Garnet mostly occurs as polygonally cracked subhedral grains

with slight alteration to biotite within the cracks. It also

mantles large biotite grains.as partial rims up to .25 mm. in width,

but elsewhere it is seen to be replaced by biotite as a radial

outgrowth of laths.

Rare subhedral prisms, up to -5 mm. in length, of apatite

and rare small anhedral grains of green tourmaline also occur.

The granite has suffered a slight cataclasis, resulting in

the local granulation of the minerals and incipient schistosity,

but it is essentially quite massive. -
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(bo) Late-Gabbro

The Late-Gabbro is poorly exposed with the broadest extent

of its outcrop on the steep hillside, east of and facing Toques,

in the northwest of the Palas de Rey mapped area. It occurs

structurally between the ultrabasic rocks and the "Black and White

Migmatite".

Further but very small outcrops occur, one in a small quarry

a little west of Mellid just past K 563 on the Mellid-Santiago road,

and another northwest of Moldes, just west of the Rio Furelos. The

gabbro is coarsely gabbroic textured with thin plagioclase laths

reaching 1.5 cm. but averaging 3-4 mm. in length, and with

amphibole crystals reaching 2 cm. but averaging 25 em. in length.

The gabbro is coloured dark green with a purplish cast where it is

coarse grained, but a medium greyish or bluish-green where it is

finer grained. This is seen towards the crest of the hill (on

approaching San Julian) and the contact of the body, which, due to

poor exposure, was not recognised. The gabbro is perfectly massive;

it retains its igneous texture and is devoid of any S planes,

indicating its late intrusive character in very marked contrast to

the surrounding rocks.

Under the microscope the rock is seen to be an extensively

uralitised hypersthene quartz gabbro; the extensive replacement of

the pyroxene, now only remaining as relics, wakes it difficult to

estimate the relative proportions of hypersthene and augite. The

hypersthene occurs in appreciable quantity, much of which is

directly replaced by a very fine agvyregate of tale and sericite: the

relic hypersthene however, retains a narrow corona of radiating

erystals of fibrous strongly pleochroic green uralite.



 

Sericite is frequently seen to have replaced the uralite.

Occasionally uralite is seen replacing the sericite-tale pseudo-

morphs of the hypersthene, developing from and along oblique

cracks traversing the pseudomorph.

The texture is typically gabbroic, but the ophitic and

interstitial habit of the pyroxenes is obscured by the extensive

uralitisation. Small interstitial areas between plagioclase

laths are partly formed of a fibro-lamellar aggregate of very

fine uralite that might be termed, nephrite, (Rogers and Kerr 1942,

page 254), and partly of chlorite.

Biotite occurs in scattered subhedral crystals up to 5 mm.

in length, sometimes strongly replaced by secondary chlorite about

its margins. The biotite encloses magnetite, apatite and zircon.

*%4rcon also occurs as small subhedral grains throughout the

rock, and apatite as aciculer prisms, up to «7 mm. in length, is

quite abundant. From the mutual arrangement of these minerals

it appears that apatite and zircon crystallised out first, followed

by magnetite (locally enclosing them) and later by biotite. Small

crystals of biotite are seen within the uralitised pyroxene, but

these may be secondary.

Quartz, in very small quantity, is present interstitially in

anhedral grains, up to .5 mm. across. Larger granulated grains, up

to .5 cm. across, are probably of late secondary origin.

Plagioclase, varying in habit from anhedral to subhedral

laths, is fresh with only rare patches of fine grained sericite. It

is sharply polysynthetically albite twinned with local development

of oblique narrow pericline twin lamellae: it is markedly concentric

zoned from An 52 to An 46 (measured with the universal stage).

In the finer grained marginal facies (near San Julian) the

texture is very similar but much of the vralite is of the fibro-

lamellar variety, nephrite, with a grain size up to .05 mm.
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SUMMARY OF WESTERN GROUP

Three major tectonised rock groups occur, tentatively

thought to form e series of thrust sheets. These occur in

sequence from the lowest to the highest as follows:-

(1) The Lower Meire Thrust Sheet or Basic Rocks, (2) The Upper

Meire Thrust Sheet or Ultrabasic Rocks, including the Linear

Uralite Gneiss and (3) The Mellid Thrust Sheet or the "Black and

White Migmatite". Each is characterised by intensely deformed

and mylonitic dislocation boundaries, and also by penetrative

deformation to a lesser extent. Metamorphic grade mostly lies in

the amphibolite facies, but dislocation metamorphism towards the

boundaries of the thrust sheets has caused a fall to the epidote

amphibolite facies. The overall disposition of the thrust sheets

is thought to be nearer horizontal than vertical, because of the

frequent low dip and broad width of their marginal (mylonitic

and schistose) facies.

The basic rocks are thought to form a single sheet underlying

the ultrabasic mass, and outcrop in two zones. The western of which

is formed of garnet-hornblende-epidote-albite gneisses, and the

eastern of hornblende-epidote-albite gneisses. The ultrabasic rocks

consist of serpentinised enstatite dunite and its marginal deformation

facies, and a small minor zone of augite peridotite. They also

enclose a deformed uralitised gabbro, the Linear Uralite Gneiss.

Within the Palas de Rey area the ultrabasic mass (apart from its low

dip) is similar to Alpine-type serpentinites; however, existing maps

of N.W. Galicia indicate a "lopolith" type outcrop for the body as a

whole. The "Black and White Migmatite" has formed through

differential granitisation of a broadly banded sediment: in the

coarser bands it varies into a coarse porphyritic microclire granite,

The basic rocks of the western zone are banded gneisses of

granulitic post-kinematic erystallisation, but contain porphyroclasts

of fresh hornblende, free from alteration products —- a texture

suggested by Sutton and Watson (1959, page 10) as possibly due to
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deep seated conditions. Features which also suggest deep seated

plutonic conditions are the close association or proximity of the

"Black and White Migmatite", clearly a granitised sediment, and

the occurrence of local bodies of eclogitic rock within the banded

gneisses. Possibly these basic rocks were formerly dolerite, which

underwent plutonic metamorphism with the formation of eclogite in

the highest grade, making the omphacitic pyroxene secondary in

character.

However, local dislocation metamorphism, controlled by

deficiency or abundance of water vapour (whether under plutonic

conditions or not), is a more satisfactory explanation of certain

facts: such as the presence of omphacitic pyroxene in otherwise

normal garnet hornblende gneiss, only seen close to the ultrabasic

contact; the lack of alteration of the hornblende porphyroclasts

of the banded gneisses; and the development of a mylonitic

cummingtonitic rock undeniably related to a dislocation boundary.

Yoder's suggestion that at 600°C. and 15,000 p.s.i. it is possible

to effect the transitions eclogite=*amphibolite == greenschist,

merely upon variation in water content, could explain the lower

metamorphic grade of the basic rocks in the eastern zone, and also

the contrast between cummingtonite mylonitic rocks of the west and

tale schists of the east, both being products of extreme deformation

of the same serpentinised dunite.

Non tectonised late intrusives occur in the northwest of

the mapped area and include the massive Toques Granite and a

uralitised gabbro.

 



 

Il CENTRAL AND EASTERN GROUP

Composition, Structure and Metamorphic History

THRUST SHEETS

Units Components
 

Dark Grey Phyllites (a)

4, THE CUBELO THRUST SHEET Linear Quartzites

"Ojos de Sapo" ... . Pre-Cambrian?

-~ - - = Postulated Thrust Fault - - - -

Siltstones

e
y

5. THE VAL DE PORRAS Dark Grey Phyllites (b) 7? Cambrian?

sneiahdd yacacia! Black Shales /

- - - ~ Postulated Thrust Fault - - - -

6. THE GUNTIN THRUST SHEET "Limestone-Impure

Quartzite Series" -+°:: Cambrian?

4, 5, 6 refers to the structural sequence from west to east.

* * *
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* * *

TECTONISED INTRUSIVES

Guntin Granite |
he e « « Hercynian

|
Pelas Granite -

TERTIARY SEDIMENTS

Ferruginous Conglomerate
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THE CUBELO THRUST SHEET

Dark Grey Phyllites (a)

Linear Quartzites

"Qjos de Sapo"

Introduction

Centrally this tectonic unit consists of an anticlinal core

of the "Ojos de Sapo" (feldspar-porphyroblastic schist), mantled

by a thin quartzite overlain by dark grey phyllites with quartz

veins; and along the eastern boundary, it consists of the San Simon

zone of white current-bedded linear-quartzites, thought to be thrust

over the rocks of the Val de Porras Thrust Sheet. The western

boundary is the faulted contact of the Palas Granite.

Dark Grey Phyllites (a)

Dark grey graphitic phyllites outcrop between the San Simon

zone of linear-quartzites and the Palas Granite, but are divided

by the anticlinal cores of the "Ojos de Sapo". In the south, the

phyllites form lower ground, but in the north, and west of the

northern anticline of the "Ojos de Sapo", they form prominent ridges

and watersheds.

In contrast to the phyllites of the Val de Porras Thrust

Sheet these are characterised by abundant concordant quartz veins,

which vary in thickness from less than -5 cm. to about 15 cm. and

which are frequently tightly folded and boudinaged (see shetches Md

and MK). In the narrow zones where phyllite and quartzite are

interbanded, the quartzites are also in places boudinaged (see

sketches MK).
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Especially towards the Palas Granite but also elsewhere, a

subvertical fracture-cleavage is characteristically developed in

these phyllites (see Section B, page /7s for detailed discussion).

The fracture-cleavage planes are closely spaced and produce a

lenticular structure. Also several systems of interfering secondary

folds tend to produce warped schistosity surfaces (see sketches MJ).

Mineralogy

The phyllites, east of the Sierra de Ligonde and south of

the Guntin-Mellid main road, are those least affected either by the

Palas Granite or any metamorphism originating in the "Ojos de Sapo".

Under the microscope they are seen to vary in quartz content from

about 30% to 60% by volume. The quartz, in grains up to -1 mm.

across is unstrained and displays only incipient suturing.

Muscovite is abundant in tiny laths up to .1 mm. in length, and is

occesionally bent, in consequence of secondary folding. Although

chlorite may be present, the dark mica is essentialiy stilpnomelane.

It is fibrous and shows vague pleochroism from golden yellow to pale

yellow brown; it shows interference colours of blues and reds; and

its size and distribution are similar to those of the muscovite.

Chloritoid is scattered sparsely as individual crystals, up to .1 mm.

in length. Occasional grains of opaque iron oxide occur and the

graphite content is similar to, or slightly less than, that of the

phyllites in the Val de Porras Thrust Sheet.

According to Turner and Verhoogen (1951, page 491) chloritoid

may occur in pelites, which are relatively rich in alumina and poor

in potash, in the muscovite-chlorite subfacies (equivalent to the

Barrovian chlorite zone) of the green schist facies; while

stilpnomelane accompanies or takes the place of chlorite in rocks of

the same subfacies which are rich in iron oxides relative to magnesiae

Thus it is thought that these phyllites are relatively rich in alumina
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and iron oxides but poor in potash, and that their metamorphic grade

is equivalent to the Barrovian chlorite zone. This is consistent

with the fact that the metamorphic grade increases towards the "Ojos

de Sapo" and the Palas Granite, yet does not there exceed the

equivalent of the Barrovian biotite zone.

Progressive metamorphism towards the "Ojos de Sapo".

Progressive metamorphism of the phyllites towards the "Ojos

de Sapo" is most distinct in the crestal regions over the anticlinal

cores containing the "Ojos de Sapo"; that is, immediately sath of

Cubelo, and near Villamourel (see sketches MN).

North ef the Guntin-Mellid road but south of Cubelo, at the

head of a small valley, a distinctly spotted phyllite is seen where

there are exposures. Under the microscope, the spotting in this

phyllite is seen to be due to a rich development (about 15% by volume)

of chloritoid porphyroblasts; these occur up to 1 mm. in Length and

are often idiomorphically zoned, with a graphitic core surrounded by a

clear margin free of inclusions. The porphyroblasts are later than

the primary folding, as shown by the undisturbed manner in which the

grephite folia pass through them; but earlier than the secondary

folding (green symbols on Map 2), which has locally rotated them and

displaced the micaceous folia to form small augen, where quartz,

chlorite and muscovite grains up to .25 mm. in length, have developed

in the stress shadows.

The matrix shows fine grained muscovite, up to .05 mm. in

length, straight and undeformed even in the small microfold hinges.

Most of the dark mica is stilpnomelane, which is similar in size and

habit to the muscovite; chlorite is also present. Scattered

throughout are frequent small grains of opaque iron oxide, up to

-025 mm. in length; occasional larger ones up to .05 mm. are

identified as haematite. The rock is quite richly dusted with
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graphite and the quartz content is of the order of 25% by volume.

It is thought that the metamorphic grade is that of the

Barrovian biotite zone, and that wart of the abundant chioritoid

has formed through a reaction between muscovite and dark mica, which

in less aluminous rocks would have produced biotite (Snelling 1957,

page 298). Halferdahi Ot) eeen 125) remarks that, "in low

grade recks chloritoid-biotite assemblages are not common, probably

because most chloritoid-bearing rocks are too high in alumina for

biotite to form."

Close to the "Ojos de Sapo", near Cubelo and near the northern

tip of the southern anticline, near Villamourel, the schistosity

surfaces of the phyllites lose their dull grey cast and become glossy

silvery-grey in appearance. This is the expression of a coarser

development of muscovite and the absence of graphite. Under the

microscope these phyllites are seen to contain up to about 85%

muscovite, finely foliated and up to .1 mm. in length. This, and

the presence of numerous prisms of tourmaline (pleochroic from

colourless to deep greenish brown, and up to .2 mm. in length) and

abundant small grains of magnetite suggest contact metamorphism, if

not metasomatism.

The progressive metamorphism towards the Palas Granite is

discussed under the section headed, "Palas Granite."

Linear Quartzites

The formation here described as Linear Quartzite consists

predominantly of intensely lineated white orthoquartzite (more simply

referred to as linear-quartzite) and occurs in several zones. Three

zones are described separately and finally a short comment is passed

on a possible stratigraphical correlation of the zones.

 



 

i

(4) San Simon zone of Linear Quartzite

In the south of the Palas de Rey area the San Simon zone of

Linear Quartzite forms an east-facing escarpment, the Divisoria de

Codeiras (west of Nespereira); northwards this merges into the

symmetrical ridge of San Simon, which persists as a topographical

feature to near Apregacion. Linear-quartzite outcrops on a series

of parallel minor ridges, in scattered discontinuous crags,

separated one from another both along end across the strike by

dense vegetation of gorse and heather. This zone of massive bedded

white quartzites forms one of the marker horizons of Galicia,

extending over 200 kms. from south of Palas de Rey to the coast near

Vivero. Unfortunately no fossils have been found in it.

In the Divisoria de Coddras linear-quartzite outcrops over a

maximum width of 1300 m., but not as one massive quartzite band. It

is interbanded with fine-grained dark grey graphitic phyllite: the

broadest band of quartzite, with only minor intercalations of

phyllite, is thought to have an outcrop width of 550 m. and occurs

towards the east of the zone. A traverse near Comeas shows very

clearly the intimate interbanding of the phyllite and quartzite between

the more massive bands of fairly pure quartzite (see sketches MI).

West of Comeas the width of the quartzite bands decrease until the

rock becomes a phyllite with only rare bands of quartzite.

The bedding planes show on fresh joint surfaces as darker and

lighter grey bands, richer and poorer in mica. Occasionally there

is a suggestion of grading but this is not characteristic; on the

contrary, current bedding is charactertistic and it can frequently be

found both across and along the strike. The type of current bedding,

normally only seen in each instance over a foot or two of a smooth

joint face, is uniform. Sketches ZE, figs. 1 and 2, show its typical

appearance. A rare distorted type, possibly deformed during
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development of cleavage, and similar to that described by Ambrose

(1936, page 281) from the Missi series in Manitoba, is shown in

sketches ZE, figs. 3 and 4.

The nature, development and significance of the very

pronounced rodding or mullion structure, parallel to the strike,

characteristically displayed by this linear-quartzite, is

discussed fully in Section B. White quartz veins, 1 cm. to

more than 30 cm. in width, often occur subparallel to the axial

planeSof folds, and elsewhere in irregular forms.

Under the microscope, linear-quartzite from the San Simon

zone shows a very fine equigrenular crystalloblastic texture with

all original clastic quartz grains recrystallised. The quartz

grains, which average .05 mm. in diameter, are incipiently

sutured and free of strain. They are slightly flattened parallel

to a penetrative cleavage. Grains of potash feldspar and

plagioclase were not recognized. Interspersed along the quartz

grain boundaries are flakes of muscovite, and a very pale

pleochroic greenish-brown mica which may be biotite: these micas

average .O3 mm. in length and are subhedral in habit. Scattered

larger mica flakes, up to .3 mm. in length, are possibly

suggestive of detrital origin from their larger size and ragged

appearance. Small grains of tourmaline are common and there are

a few of haematite.

(44) Zone of Linear Quartzite marginal to the "Ojos de Sapo".

Along the eastern border of the northern anticline of the

"Ojos de Sapo" there is a broad band of linear-quartzite. In

the south the width of this band is about 200 m. and in the north

probably up to 500 m. The outerops are decidedly poor and it

is more than likely that the quartzite is interbanded with

phyllite.
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In the south near its contact with "Ojos de Sapo", this

linear-quartzite differs from linear-quartzite of the San Simon

zone in developing small (not greater than 2 mm. in diameter)

porphyroblasts of potash feldspar as well as containing it in the

matrix, causing the rock to be less resistant to weathering. Near

Apregacion, this broad band of quartzite becomes much coarser owing

to metamorphism, but no feldspar porphyroblastesis has occurred.

Quartz is seen as a crystalloblastic mosaic; the grains range from

-25 to «5 mm. in diameter (c.f. that of the San Simon zone, in which

-O5 mm. is the usual grain size). They are free of strain, and

grain boundaries tend to be straight with only feeble suturing.

Muscovite forms subhedral to euhedral grains that average .5 mm. in

length, but biotite is only incipient, marginal to the muscovite near

grains of haematite. The quartzite has been statically

reerystallised, but shows a morphological preferred orientation of

both quartz and muscovite parallel to a penetrative cleavage, thought

to be secondary.

The western border of the northern anticline of the "Ojos de

Sapo" is also mantled by a zone with quartzite bands, but it is only

a few metres in width and was not studied in detail owing to poor

exposures.

Linear Quartzite mantles both the eastern and western borders

of the southern anticline of the "Ojos de Sapo", where it forms the

marginal quartzitic groups, (2) and (3), (described on page 5¢ , and

gradually merges into the "Quartz-Porphyroblastic Schist" of the

outer part of the "Ojos de Sapo".

(441) Zone of Linear Quartzite at the eastern margin of the Palas

Granite.

Close to the eastern margin of the Palas Granite there is

another persistent zone of Linear Quartzite. It probably never
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exceeds 50 m. in outcrop width. The subvertical attitude of the

bedding causes narrow discontinuous crags or shark fins of white

linear-quartzite to protrude through the vegetation. No current

bedding was seen in this zone, otherwise with quartzite very

similar to that of the San Simon zone.

Tentatively it is thought from the mapping, as the Linear

Quartzite of the San Simon zone is the right way up (current-bedding

evidence), dips west, and the fold to the west of it with a core of

"Qjos de Sapo" is an anticline, that the Linear Quartzite of the

San Simon zone and that forming the envelope to the "Ojos de Sapo"

may be one stratigraphical unit, thinning to the west (see further

under Boundary dislocation page 7¢ ). The zone close to the Palas

Granite is thought to be a separate horizon. South of the northern

fold of the "Ojos de Sapo" several zones of interbanded quartzite

and phyllite are encountered}; mone more than a few metres in width.

"Ojos de Sapo"

Introduction

The various aspects of the "Ojos de Sapo" have caused

different geologists to refer to it as a grit, a sheared granite, a

conglomerate, a porphyrotiastic schist or gneiss, or as a tuff. For

this reason the author has used the Spanish nanie of "Ojos de Sapo",

given to him by Don Parga Pondal and equivalent to "Ollo de Sapo",

used by Sampelayo (1922 p.47).

The "Ojos de Sapo" is an important marker horizon in Galicia

and is known to occur from the coast to 150 kms. southeast of Palas

de Rey. In the north extensive outcrops occur in the Val de

Gestoso and the Isle of Colliera (op, cit. page 44), where it is

described as a nodular micaceous quertzite varying into true felds-

pathic glandular or augen gneisses. These are often characterised

by intense weathering, with loose crystals of quartz and feldspar
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lying on their surfaces. In the Sierra de la Faladora and de

Freixo the "Ojos de Sapo" is bordered both on the cast and west

by phyllites, whose symmetrical arrangement led Sapelayo (1922,

page 48) to consider the "Ojos de Sapo" as representing an anticline

of the "terreno primitivo", overlain by the Palaeozoics (the

phyllites), but without any sign of discordance.

Within the Palas de Rey area, the "Ojos de Sapo" occurs in

the cores of two en-echelon (northern and southern) anticlines,

overlain by the dark grey phyllites. The core of the southern

anticline, in the extreme south of the Palas de Rey area, has a

width of 2 kms., and tapers gradually but continuously until it

disappears nearly 10 kms. to the north, near Villamourel.

Similarly the core of the northern anticline has a width of several

kilometres near Apregacion, but tapers southwards until it finally

disappears at Cubelo (see map, sketches MN).

About sixteen differcnt traverses were made across the

strike of the "Ojos de Sapo", several of them in the region just

north of the Guntin-Mellid main road, in an endeavour to ascertain

beyond doubt the exact nature of the contact between the phyllites

and the "Ojos de Sapo", and to decide whether the two cores might

have been separated by a wrench fault striking southeast. It must

be appreciated that all the land supports excellent vegetation with

frequent patches of quite impenetrable gorse and heather, especially

profuse over the "Ojos de Sapo" because of its rapid weathering due

to decomposition of the feldspars. Consequently there are only

scattered isolated crags and indications along footpaths from which

to map. Nevertheless the author is perfectly satisfied that the

whole area, 14 to 2 kms. wide, between Castrovilar and Regedoiro is

underlain by phyllites, and therefore no major fold of the form shown

in the map of sketches MN exists.
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To prove that no wrench fault with southeasterly strike

separates the two segments or en-echelon cores of the "Ojos de

Sapo" is more difficult. However the persistence of a

symmetrical distribution of lithological types within each anti-

cline discounts the wrench fault hypothesis. For instance in

the southern anticline, from Ligonde to within one kilometre of

its termination near Villamourel, the "Ojos de Sapo" is separated

on either side from the phyllites by a zone, about 25 m. in width,

of interbanded phyllite and fine grained pure quartzite. A

little north of the Arroyo de Portapiago, when outcrops could be

found, the similarity between the eastern and western margin of

the "Ojos de Sapo" was striking, both as regards to the occurrence

and number of quartzite bands: here the width of the "Ojos de

Sapo" is only 300 m.

An east-west traverse just north of Villamourel failed to

reveal any "Ojos de Sapo", but instead crossed a zone, on the

axis of the southern anticline, of silvery schistose phyllites.

This leaves less than one kilometre, between the traverses, just

north of the Arroyo de Portapiago and near Viliamourel, where,

owing to poor outcrop, an unseen fault could obliquely intersect

the core of "Ojos de Sapo" of the southern anticline. However,

along the western boundary of the northern en-echelon core of "Ojos

de Sapo", particularly south of Regedoiro, there is ample evidence

in the field for the existence of a thin zone of interbanded

phyllite and white quartzite. This continues south of Cubelo,

where it changes its strike to a northeasterly direction and leaves

no possible southerly extension of the "Ojos de Sapo" to be

obliquely intersected by a wrench fault (see map, sketches MN).

Hence it is almost certain that the distribution of the rocks is a

consequence of two anticlines, en-echelon: the southern plunging to

the north and the northern one to the south.
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The southern anticline

Sufficient ourcrops occur to indicate the symmetrical

distribution of the rock types. Beginning from either margin

and procressing towards the centre of the fold we have:-

i. Dark grey phyllites

2s Marginal zone of interbanded white linear-quortzite and

dark grey phyllites, not exceeding 25 m. in outcrop width.

3a Schistose muscovite linear-quartzite, not exceeding 25 m.

in outcrop width.

ke Quartz=porphyroblastic schist (schistose linear-quartzite

with quartz porphyroblasts) not exceeding 50 m. in outcrop

width.

De Green feldspar-porphyroblastic chlorite schist, more than

200 m. in outcrop width.

Ge Central zone, of streaky dark feldspar-porphyroblastic

biotite schist, more than 200 m. in outcrop width.

Groups 4, 5 and 6 may be classified as "Ojos de Sapo", but

group 6 is ekse "Ojos de Sapo" sensu stricti.

In essence the sequence is as stated above, although traverses

show variations in detail. One point is that although a chloritic

rock always occurs on the inner side of the Quartz-Porphyroblastic

Schist, some traverses show an alternation of more chloritic and

more biotitic zones. Secondly although indubitably the largest

feldspar porphyroblasts are developed in the central part of the "Ojos

de Sapo" core; types occur which are intermediate between a

feldspar-porphyroblastic schist and a quartz-porphyroblastic schist,

depending on the relative numbers of quartz and feldspar

porphyroblasts. It is thought that the difference between groups

5 and 6 is due to a higher grade of metamorphism centrally and a

greater degree of shearing laterally.
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Group 1 - Dark grey phyllites.

These are the external phyllites, which have already been

described (see page +5).

Groups 2, 3 and 4.

These three groups are discussed together as they constitute

one lithological group, Linear Quartzite. The interpretation to

be proposed is that these groups formed a barrier which was

responsible for a metamorphic front, the metamorphism being more

distinct in groups 5 and 6. The marginal zone of interbanded white

linear-quartzite and dark grey phyllite, away from the apex of the

fold near Villamourel, shows no obvious visible metamorphic effects

in the field, but forms a zone of passage beds between phyllite and

quartzite. No evidence was seen of thrusting or shearing in this

zone of passage beds,

- The schistose muscovitic linear-quartzite, group 3, is

similar to linear-auartzite from the San Simon zone, but is more

schistose owing to better recrystallisation and some increase in

content of the muscovite. Inwards this quartzite imperceptibly

grades into the Quartz-Porphyroblastic Schist: the quartz

porphyroblasts are taken to indicate the first marked increase in

metamorphism. South of the Guntin-Mellid main road, the sequence

from the phyllites to the Quartz-Porphyroblastic Schist is locally

as distinctly seen on an inward traverse to the western margin of

the "Ojos de Sapo" as to the eastern margin.

The Quartz-Porphyroblastic Schist is characterised by the

development of opalescent greyish-blue to light pinkish-purple quartz

porphyroblasts. The colour is possibly dependent on titanium

content. They are ellipsoidal in shape and elongated mostly in a

ratio not exceeding 5:2, being etheneneat circular in cross section.

They average 3-4 mm. and do not exceed 1 cm. in length. They show a



 

morphological preferred orientation, as though they have been

retated by the secondary folding and elongated parallel to its

axis and the rodéing (the significance and nature of which is

discussed fully in Section B) which the schist displays. Under

the microscope some of the quartz porphyroblasts are seen to be

strained and crossed by shears, while others are distinctly

granulated to a mosaic. In a cross section perpendicular to the

rodding, where the porphyroblasts average one per square

centimetre, no obvious crystallographic preferred orientation was

apparent; however, no petrofabric analysis was made. It is

difficult to show beyond doubt that the quartzt¢e nodules are

porphyroblasts and not recrystallised pebbles, however the following

facts are more suggestive of the former: viz, that all nodules are

of quartz; that many are of a single quartz crystal; that they

are of similar size; that they are randomly scattered throughout

the rock and are not restricted to particular beds; and that in

groups 5 and 6 they occur in an environment with feldspar

porphyroblasts.

The matrix of the Quartz-Porphyroblastic Schist consists

essentially of quartz and muscovite. Quartz, mostly .05 to 1 mm.

in diameter, forms about 70% by volume of the matrix. It is fresh

with few inclusions; it is little strained and forms a crystallo-

blastic mosaic, with a tendency for the grains to show triple

stwight-edge junctions. Muscovite laths average .1 mm. in length,

but are very suggestive of having been larger, at about .25 mm. in

length, and since granulated. A few muscovite laths, about .2 mm.

in length, are slightly bent, but the smaller are straight and have

crystallised post-kinematically with respect to a secondary folding.

Rare zircon grains, up to .05 mm. in length, frequent tourmaline

grains, up to .2 mmi-, and frequent minute needles, possibly rutile,

also occur.
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The Quartz-Porphyroblastic Schist shows a distinct

foliation and also bedding (see sketches ZF).

Group 5. Feldspar-Porphyroblastic Chlorite Schist.

This is a feldspathic schist, normally chloritic and

distinetly greenish but with a “pepper and salt" appearance. This

appearance, developed especially with weathering, is due to white

feldspar grains, 1-3 mm. in diameter, being set loosely in a finer-

grained matrix, which includes small black ilmenite grains.

Bedding is rarely seen, but occasional outcrops near Ligonde

showed a compositional banding, thought to be bedding md

illustrated in sketches MM, where more feldspathic schistose bands

alternate with quartzitic types with only fine-grained feldspar.

Locally thin quartzitic beds may be seen with a graphitic film on

their surface, the significance of which is not understood.

However, the primary schistosity or foliation is parallel to the

compositional banding which, it is thought, may possibly also

reflect different intensities of shearing.

Under the microscope the primary schistosity is seen to be

crossed obliquely by a strain-slip cleavage; this is associated

with the folds, shown by brown symbols on Map 2. The strain=-slip

cleavage is penetrative; the slip-planes are spaced from .25 tol

mm. apart, and often displace and separate feldspar grains. The

feldspar grains, which are clouded with muscovite laths, fine opaque

inclusions and sometimes incipient epidote, are usually 1-3 mm.

across: many are circular and lenticular in outline, as seen in

thin section, and sometimes they contain strained twin-lamellae,

clearly indicating strong deformation. They display occasionally a

fresh clear outgrowth (of similar composition) which has grown into the

matrix after the secondary folding (see sketches MM). East of Ligonde,

this Feldspar-
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Porphyroblastic Chlorite Schist contains cloudy feldspar which is

noticeably inequigranular and varied in habit; many grains are

nearly circular in outline, others occur as corroded euhedral laths

and many are decidedly angular, forming in thin section triangular

shapes. This rock shows a considerable resemblance to true grits,

found near Alcanices nearly 200 kms. to the southeast and roughly

on strike - compare photos. 20 and 21. This resemblance is

possibly fortuitous: the texture of the feldspathic schist is

thought to be due primarily to deformation or shearing. Measurement

with the universal stage shows that the feldspar is an albitic

plagioclase with a composition close to An 8; the feldspar is not

concentrically zoned.

Quartz occurs as occasional porphyroblasts up to 2 mm. in

diameter, sometimes xenomorphic and little strained, sometimes

granulated to a sutured mosaic. The quartz grains in the matrix

are about .05 mm. in diameter, generally little strained and show

crystalloblastic texture.

Muscovite and dark mica are about equally abundant, both in

flakes averaging .1 mm. in length. The dark mica is usually

chlorite, strongly pleochroic from pale to medium green, with

distinct grey or anamalous brownish-grey interference colours, very

fresh in appearance and containing occasional pleochroic haloes;

it crystallised after the secondary folding, since it forms

unstrained laths in the microhinges. However some parts of the rock,

sometimes within the same hand-specimen which elsewhere contains

chlorite, may contain biotite, pleochroic from pale greenish-yellow

to olive-green with bluish and red interference colours, and fibrous

in appearance. Occasionally there remains a biotite which is

strongly pleochroic from olive-green to brown, with high

birefringence.



Among the accessories, ilmenite predominates. It is

disseminated throughout the schist as numerous irregular corroded

grains, up to .6 mm. in length, that are often extensively

altered to sphene. Sphene also occurs as smaller isolated grains.

Rare grains of apatite, up to .5 mm. in length, end epidote and

zoisite also occurs

The sheared or deformed nature of the schist is more clearly

seen to the southeast of the Palas de Rey area; thus near Fiolleda

(east of Chantada), a specimen collected by Professor Shackleton

shows excellently the streaky lenticular structure of a mylonite.

The feldspars are variously disintegrated and dragged apart while

the former quartz porphyroblasts are now boudinaged, strongly-

deformed and elongated into lenticles, the guartz showing shaddowy

extinction. The dark mica is an olive~green biotite with

relatively low birefringence. Another specimen, similar in

appearance from still further southeast, near the Rio Sil, shows

better recrystallisation of dark mica: discordal biotitic

lenticles or shreds cf folia, 3-4 mm. in diameter, consist of

| parallel ageregates of fresh biotite laths, strongly pleochroic

from pale yellow to deep reddish-brown. It is doubtful whether the

biotite formed from former chlorite. This rock is strongly

granulated and the quartz has recrystallised into roundish areas

(incipient porphyroblasts) in a mosaic of strained and sutured

grains. These roundish areas cut across the mica foliation and

are of late blastic asioiai they may result from the recuperation

of original quartz porphyroblasts. In contrast the feldspar 
remained apparently inert, in perfectly round and angular fragments.

The texture suggests high temperature deformation followed by static

post-kinematic recrystallation. where the streaky or mylonitic

texture of the schist is more pronounced, the dark mica tends to be

a fresh chlorite. 
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Group 6 - Feldspar-Porphyroblastic Biotite Schist

To some geologists this schist (the "Ojos de Sapo" proper)

has appeared as a sheared granite. It is a fine-grained greyish

to reddish-brown, coarse wavily-foliated biotite schist; it is

streaked white with discontinuous feldspathic folia and

lenticles; it contains isolated polished feldspar megacrysts, up

to 10 cm. in length, and small bluish-grey quartz augen (see

sketches ML).

The feldspar megacrysts easily weather out, but are neither

decomposed nor decayed in contrast to the phenoeryats in the

Coarse Porphyritic Granite. They are thought to have been

originally euhedral but now, enveloped in the micaceous folia,

they show rounded forms with smoothed off corners: many are well

polished, so that they feel not unlike a well worn river pebble in

one's hands. On close examination some show a shallow grooving -

like striae on slickensides. Some of the larger show tensional

cross~fractures, often filled with quartz, along which there has

been slight displacement, and they may be slightly bent or arched.

There can be little doubt that these megacrysts have been polished

by differential movement or shearing. Many show a marginal

vermicular intergrowth with quartz, developed previous to the

polishing, and polysynthetic albite twinning. From measurement

with the universal stage, they were found to have a composition of

about An 6; however, many of the larger ones are patch-antiperthites;

this is discussed more fully below (pagecé ), where they are

compared to those of the northern anticline.

Mylonitisation is perhaps suggested by the extreme ratio,

which may exceed 1000:1, between the grain size of the quartz and

feldspar (7) of the matrix, and the megacrysts. It is possibly

further sucgested by the difference in the relative sizes of the
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biotite and the megacrysts, compared to those of the "Ojos de

Sapo" core (of higher metamorphic grade) of the northern

anticline. In the northern anticline biotite frequently reaches

2mm. in length and occurs with feldspar megacrysts, smaller than

the larger ones in this Feldspar-Porphyroblastic Biotite Schist,

where the biotite is smaller and varies from .05 mm. to only .25

mm. in length.

The quartz of the matrix is often slightly strained and

shows sutured boundaries. It occurs in grains which average less

than .1 mm. in diameter; it forms approximately 20% by volume, but

almost certainly contains some unobserved feldspar. Porphyroblastic

quartz occurs as occasional lenticles, up to «5 cm. in cross section.

Micas form about 50% by volume of the schist. Muscovite occurs in

subhedral laths, up to .2 mm. in length, parallel to the foliation

and sometimes bent in the microhinges of the secondary folds.

Biotite, which is pleochroic from light to dark olive-green, is

thought to be retrograde. It is fibrous, and the exsolution of

iron oxides has somewhat obscured its interference colours and often

stained the schist redcish brown. Some of the larger biotite

erystals have been bent or fractured in the microhinges of the

secondary folds, others have recrystallised there; elsewhere the

biotite crystals often lie across the foliation. This suggests

that the biotite recrystallised after the main deformation or

mylonitisation, but before or at the same time as the formation of

the late secondary folds. Occasional small grains of sphene and

apatite occur.

The northern anticline

The northern anticline, of which the core plunges down just 
south of Cubelo, is complicated by intrusion of Spotted Granite.

Nearly everywhere, except perhaps in its extreme south, it is ina

much higher grade of metamorphism than the southern anticline. In
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the north numerous aplite and granite intrusions, varying in width

from a few centimetres to zones several metres across, have caused

the rock to weather only too easily, leaving outcrops poor and

scarcee

East-west traverses across the southern part of the northern

anticline show a similar arrangement of zones to that within the

southern anticline, but the centralzone, containing coarse feldspar

megacrysts or porphyroblasts, is much broader. The green

chloritic schist (of group 5) with feldspars, 2-3 mm. in grain size,

is restricted to a narrow marginal zone, at most a few tens of

metres wide. However, although the outcrop of the schistose

quartzite band along the western margin is only a few metres in width,

that along the eastern margin is over 100 m., before the abrupt

change to dark grey phyllites is reached.

The Quartz-Porphyroblastic Schist was not recognized towards

the south of the northern anticline. It occurs in the north, near

Apregacion (San Juan), along the eastern margin, where it is similar

to the outcrops east of Ligonde, but in a much higher grade of meta-

morphism: this higher metamorphic grade is seen by the presence of

well developed fresh biotite, pleochroic from pale yellow to reddish-

brown, and by scattered porphyrebiasts of feldspar, up to 4 mm. in

diameter. A quartz-porphyroblastic gneiss occurs in the middle of

the "Ojos de Sapo", just west of Apregacion (San Ciprian), possibly

on the strike of a micaceous quartzite further south. In the field

this quartz-porphyroblastic gneiss was described as, "a coarse to

medium textured gneiss, containing much feldspar material of 1-2

mm. grain size, numerous muscovite porphyroblasts, up to .5 cm. in

diameter, and numerous spherical or ellipsoidal porphyroblasts of

purplish grey quartz, also up to .5 cm. in diameter". In the north,

because of the higher grade of metamorphism, the granite intrusion,

the poor outcropad the breadth of the fold, it is impossible to

make a comparison with the southern anticline.
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A traverse north along the axial trace into the deeper

zones of this southerly plunging anticline is interesting; as

the rock can be seen to grade from a schist with megacrysts

averaging 1-2 cm., near Santin, through a flasery gneiss with

megacrysts averaging 3-4 cm., near Casas Vilache, to a coarse

augen-eneiss or migmatite with megacrysts averaging 6 cm., near

Carballedo. Near Carballedo the feldspar megacrysts have

sometimes weathered out. They accumulate locally at the bottom

of steep paths as small patches of scree, and although rounded are

guite fresh; this again contrasts with the Coarse Porphyritic

Granite, whose phenocrysts tend to decompose as fast as the matrix.

Towards the north, field descriptions clearly indicate the

high metamorphic grade of the rock and its close association with

granite. Three field descriptions follow:-

i. Near Ferreira (San Martin)

The rock is mostly a flasery gneiss, with biotite about 25%

by volume and averaging 2 mm. in length. Locally the gneiss is

almost banded. Rare scattered feldspar porphyroblasts, up to

6 cm. in length, occur. A biotite rich aplite granite is intimately

associated with the gneiss, and occurs in bands or concordant veins,

about 15 cm. wide, and occasionally as cross-cutting veins.

Elsewhere the gneiss actually passes into a type of Spotted Granite

with feldspar phenocrysts, quite numerous and up to 2.5 cm. in length.

ii. Near Carballedo

The rock is a migmatite. It has a coarse to very coarse

streaky texture; it is rich in black biotite, mostly 1 mm. in grain

size but locally up to 4 mm. At least half the matrix is quartz

and feldspar of grain size 1-2 mm., the rest is streaky black

biotite. The rock contains approximately 10% by volume of feldspar

porphyroblasts, greater than 2.5 cm. but less than 8 cm. in length;

and it is similar to the schist, near Ligonde in the southern anti-~-

cline, but of higher grade and richer in granite material.
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iii. Near Apregacion (San Ciprian)

The rock is a distinctly banded migmatite of black

continuous folie of biotite, and broader quartz-feldspar folia,

which open out into augen where the feldspar porphyroblasts occur.

There are scattered muscovite porphyroblasts, up to 4 mm. in length,

and zones, several metres wide, of aplitic and Spotted Granite.

The migmatite from San Ciprian shows a fresh crystallo-

blastic texture. Biotite occurs in subhedral laths, which are

sometimes slightly strained and mostly from .5 to 2 mm. in length.

It is strongly pleochroic from pale greenish to reddish-brown; and

it contains pleochroic haloes about zircon crystals, up to .02 mm.

in length. The muscovite is of a similar grain size but more often

bent than the biotite. Quartz occurs in sutured mosaics of

strained grains, «3 - .5 mm. in diameter. Porphyroblastic quartz

is seen in grains, up to 4 mm. in diameter. Oligoclase occurs as |

frequent small augen, up to 1 cm. in length. Many of these are

somewhat granulated; this together with the sutured quartz and the

slightly bent nature of the micas is indicative of slight deformation

which the rock has undergone. The oligoclase shows subhedral

blastic growth and chequer albite twinning; it is zoned idio-

morphically with muscovite and quartz inclusions, lying parallel to

its cleavage in » grid pattern; it is not concentrically zoned and

the maximum symmetrical extinction of the albite twin lamellae is

near o. The refractive indices, y ‘and oe are both greater

than that of Canada balsam.

In this migmatite, the megacrysts which average 6 cm. in

length, have quite a different composition. Some, with the

refractive index, )’, distinctly less than that of Canada balsam,

are cross~hatch twinned, display globular attack by myrmekite along

fractures, and contain frequent inclusions, up to 3 mm. in length,
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of subhedral oligoclase with a more albitic rim: a texture not

unlike that of the microcline phenocrysts in the Coarse

Porphyritic and Spotted Granites. These megacrysts are potash

feldspar or microcline. Many are also perthitic with about 30%

of the crystal oligociase, which occurs patchily, in optical

continuity, and sharply polysynthetically albite twinned with

maximum symmetrical extinction of about 8°. Other megacrysts, of

Slightly greater refractive index, are free of cross-hatch twinning,

but are similarly patch-perthites and contain inclusions of

subhedral oligoclase, muscovite and biotite.

In the Feldspar-Porphyroblastic Biotite Schist of the southern

anticline, the smaller megacrysts are albite of An 8 composition;

some of the larger, greater than 5 cm. in diameter, are patch-

antiperthites (seen clearly under crossed nicols from darker

untwinned and lighter twinned patches), with about 40% of the mega-

cryst potash feldspar. The plagioclase part of the megacryst may

be very finely polysynthetically albite twinned and almost fibrous

in appearance: its maximum symmetrical extinction of i, in

conjunction with the refractive index, i about equal to that of

Canada balsam, indicates an albitic composition of An 8, These

large megacrysts, similar to those in the migmatite of the northern

anticline, contain inclusions of subhedral oligoclase. This is

generally of rather a corroded appearance with numerous sericite

inclusions in contrast to the host, broadly albite twinned and

concentrically zoned down to a refractive index, at its margin

similar to that of the host. Other inclusions occur of subhedral

biotite and globuler quartz; the latter, however, is probably of

replacement origin as it may develop into garland and vermicular

intergrowths with the host.
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It is thought that the large megacrysts of the southern and

northern anticlinesare essentially similar, but that each has

adjusted its composition to be in equilibrium with the respective

metamorphic grades of the enclosing rock.

Summary and discussion of the Cubelo Thrust Sheet

The Cubelo tectonic unit contains three main components, (1)

The Dark Grey Phyllites, (2) The Linear Quartzite, and (3) The "Ojos

de Sapo". The apparent sharp break in metamorphism or porphyro-

blastesis of feldspar and quartz at the quartzite horizon, which

immediately underlies the phyllites and overlies the "Ojos de Sapo",

tends to emphasise the northern and southern anticlinal folds.

The dark grey graphitic and quartz-veined phyllites are

unfossiliferous low-grade metamorphic rocks, equivalent to the

Barrovian chlorite zone, and relatively rich in alumina and iron but

poor in potash. They are characterised by a muscovite-quartz-

stilpnomelane - (chlorite) assemblage, with only scattered small

porphyroblasts of chlovitoid, Progressive metamorphism is

recognized towards the "Ojos de Sapo" near the apices of the northern

and southern echelon folds, where there is marked porphyroblastesis

of chloritoid, muscovitisation, minor tourmalinisation and removal of

graphite. Progressive metamorphism towards the Palas Granite is

seen in an incomplete aureole, to be discussed under the section,

Palas Granite, (p /%°).

It is thought that the Linear Quartzite which forms a broad

zone of several bands of massive current-bedded orthoquartzite along

the eastern margin of the unit, may thin towards the west and

possibly correspond to the quartzite which mantles the "Ojos de Sapo".

(See also under Boundary Dislocation below). The massive quartzites

at the eastern margin of the unit dip moderately to the west with the

bedding the right way up.
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The "Ojos de Sapo" forms the cores of the northern and

southern anticlinal echelon folds, perhaps as a type of infra-

structure underlying a superstructure of dark grey phyllites.

No discordance has been detected between the "Ojos de Sapo” and

the quartzite, or between this and the phyllites.

A question which remains is whether the intrusion of the

aplite and Spotted Granites in the northern anticline is due to

an increase in grade of regional metamorphism, or is the increase

in grade due to the intrusion. Perhaps they are one and the same

thing, but it should be remembered that the Spotted Granite has

intruded Coarse Porphyritic Graniteg in the adjacent area, showing

that before the intrusions of the Spotted Granite occurred,

neighbouring rocks had been in a high metamorphic grade. Another

question is whether the migmatites were first strongly sheared and

dynamically metamorphosed in a low grade, and later up-graded to

their present state? Or, what seems more likely, have the

migmatites undergone intense deformation like the sylonitic schists

of the southern anticline but at a much higher grade, with the

consequent formation of flasery or augen-gneisses. In the

migmatites, the small feldspar porphyroblasts, .5 to 1 cm. in length,

are cf oligoclase and not unlike those in the granites. It is

possible that these oligoclase crystals could have developed

simultaneously with the intrusion of the Spotted Granite; but what

of the large megacrysts, which in the migmatite are perthitic

potash feldspar, and in the schists of the southern anticline,

antiperthitic albite?

It is thought that the mylonitic feldspathic schists of the

southern anticline were formerly a migmatite, like that in the

northern fold, with abundant reddish-brown biotite and feldspar

porphyroblasts; possibly the metamorphic grade or intensity of

feldspar porphyroblastesis decreased towards the contact with the

 



 

phyllites. During or before the primary folding, this migmatite

suffered intense deformation with complete recrystallisation of

all the minerals except the larger feldspars which, on account of

their superior rigidity, survived. Biotite recrystallised in

the interior of the core, and chlorite, partly after biotite,

towards the exterior. Later a recrudesence of metamorphism must

have occurred, probably to be correlated with the intrusion of the

Spotted Granite and the secondary folding; since fresh chlorite

hee crystallised after the secondary folding which, as shown by

the enalysis in Sectioa B, must be considerably later than the

primary folds on whose flanks it has developed. The present

chlorite cannot therefore be attributed to a dislocation meta~

morphism or mylonitisation, associated with the main period of

deformation.

It is inferred that there were two main periods of meta-

morphism, during both of which a higher grade is thought to have been

reached centrally, in the northern and southern anticlinal cores of

the primary echelon folds. During the second period, the core of

structural

the southern fold was at a higher/level than the core of the northern

fold with respect to the height of the metamorphic front, which is

probably to be correlated with an underlying mass of Spotted Granite;

this was responsible for some porphyroblastesis of feldspar and

quartz, the retrograde nature of the biotite centrally and the

recrystallisation of chlorite laterally.

A suggestion that the contact between the core of the "Ojos

de Sapo" and its mantle of quartzite rocks, including the Quartz

Porphyroblastic Schist, constitutes a major thrust plane to account

for the extreme deformation in the core of the southern anticline, is

not unreasonable: the quartz porphyroblastesis in the mantle

(unlikely to have formed through dislocation metamorphism in

apparently non-mylonitic quartzites) can be correlated with under~-

lying Spotted Granite.
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Diaphthoresis of the original migmatite in the southern

anticline with crystallisation of biotite towards the interior,

and chlorite towards the exterior of the fold and adjacent to

the phyllites, is an example of metamorphic convergence. The

inner core of the fold occurs in the upper subfacies of the green-

schist facies, equivalent to the Barrovian biotite zone; the

phyllites occur in the lower subfacies, equivalent to the Barrovian

chlorite zone.

Boundary Dislocation

The broad zone of Linear Guartzite which mantles the eastern

margin of the northern anticline of "Ojos de Sapo" is close to that

of the San Simon zone of Linear Quartzite. Between these zones

there is no evidence in the field for a thrust fault. West of

Comeas,* the linear-quartzite bands are seen to decrease in number

and width until the Linear Quartzite formation changes into that of

dark grey phyliites. As the massive linear-quartzite bands of the

San Simon zone face and dip moderately west, and the echelon folds

to the west of them with cores of "Ojos de Sapo" are anticlines, it

is postulated that the Linear Quartzite of the San Simon zone and

that forming the envelope to the "Ojos de Sapo" is one strati-

graphical unit, thinning to the west. The change from Linear

Quartzite to phyllites at the eastern margin of the San Simon zone

is sharp, but again there is no field evidence to indicate a thrust

fault. The linear-quartzites at the eastern boundary of the San

Simon zone are not overturned, and the phyllites just east of these,

when the occasional graded bedding could be found, also faced west.

The width of the Val de Porras Thrust Sheet, which displays a nearly

symmetrical distribution of rock types, is broad; and if an

* 8 kms. S.S.E. of San Simon in the same zone of Linear Quartzite.
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anticline, it is difficult to account for the absence of "Ojos de

Sapo" without a thrust fault at the base of the San Simon zone of

Linear Quartzite (see vertical section Ak b> Similarly a thrust

fault is indicated here if the Val de Porras Thrust Sheet were a

syncline. For the above reasons a thrust fault is postulated at

the base of the Linear Quartzite of the San Simon zone, and it forms

the eastern boundary of the Cubelo Thrust Sheet.

If a major thrust plane forms the contact between the core of

the "Ojos de Sapo" and its mantle of Linear Quartzite, it is possible

that it is the same thrust plane as that at the base of the San

Simon zone of Linear Quartzite. There is no corroborative evidence

. for this, but the section AA shows that it is not impossible.

The western boundary of the Cubelo Block is the faulted margin

of the Palas Granite, and is discussed under the section Palas

Granite ( page +72).



 

THE VAL DE PORRAS THRUST SHEET

Siltstones

Dark Grey Phyllites (b)

Black Shales

Introduction

The Val de Porras Thrust Sheet forms a broad zone lying

between the San Simon zone of Linear Quartzite to the west and

the "Limestone Impure Quartzite series" to the east. It consists

of dark grey phyllites, grading upwards into siltstones and down~

wards into black shales, and is overlain by scattered remnants of

a Tertiary ferruginous conglomerate with associated iron ore vdning

(discussed separately, page/+c). The boundaries of the Thrust

Sheet are inferred to be thrust planes, while the rocks within it

show both primary and secondary folding. Bedding is usually

obscure, but is locally clearly seen on the glossy schistosity

surfaces of the phyllites. The rocks appear to be devoid of fossils

in contrast to the lower palaeozoic rocks to the east, but they were

interpreted as Cambrian by Sampelayo (1922, p.p. 53 and 219).

Within the Palas de Rey area the metamorphism of the Thrust Sheet

mostly corresponds to the biotite zone, rising centrally into the

almandine zone and along its eastern margin (discussed separately,

page 95 ), within the contact aureole of the Guntin Granite, into

the staurolite zone.

Dark Grey Phyllites (b)

Introduction

No distinct topographical feature is associated with these

phyllites, which occur both on high and low ground. Outcrops are

frequent. Scattered crags occur where the country is deeply
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dissected by rivers, but on the upper desolate land, typified by

the western slopes of Mount Cotoroso, outcrops are scarce.

Including the narrow zones of black shales and siltstones, the

phyllites outcrop over a width of 4+ kms. The phyllite is

uniform in appearance, medium to light grey in colour, with glossy

schistosity surfaces, on which the silvery sheen of well developed

muscovite (seen in the contact schists) is always absent. The

flat or gently undulating schistosity surfaces walked on in the

field (see photo. 56), are usually primary or secondary strain-

slip cleavage planes and only rarely bedding. Secondary micro-

crumpling or folding, warping, pencilling and various lineations,

one of which is an extremely fine mineral fibre may be present. The

secondary strain-slip cleavages often cause the rock to fracture in

peculiar wedge-shapes (see photo. 58). Southeast of Val de Porras,

where the primary cleavage is refracted across the bedding, the

bedding can be recognized in the field, but usually it can only be

seen on pdished or thin sections.

Primary and secondary mesoscopic folds are seen. It is

thought that the phyllites were overfolded to the east in the first

phase, and that later, doming by the Guntin Granite caused the

sedimentary cover to slip westwards. In consequence secondary

folds, overturned westwards, developed both in the aureole rocks

and further west in the phyllites (see further under section, Guntin

Granite, page )e Detailed analysis of the folding is presented in

Section B under Subarea No. 2, and the postulated overall structure

is shown in the vertical secticn (AA’ ).

Metamorphic history

In the field, a broad central zone (about 1 km. wide, through

Penas Albas and Val de Porras) can be recognized where some layers

in the phyllite become papery on weathering, or take on an

appearance and texture not unlike the walls of a wasp's nest; they
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have an insipid greyish-yellow colour with small blackish flecks

of segregated graphite. This central zone is also characterised

by small dark grey spots, varying from 1 to 2 mm. in diameter,

and by numerous slightly smaller pearly rosettes of chloritoid.

Under the microscope, the dark grey spots are mostly seen to

be composed of shimmer aggregate. In this the muscovite is

foliated in continuity with the finer-grained external micas of the

primary foliation, and separated from them by a margin of segregated

graphite. The spots are deformed and elongated independently of

the strain-slip cleavage. Many approximate to a rectangular shape

and a few are nearly square or rhombic in cross-section. Rarely

they contain relics of a mineral which may show a rectangular

cleavaze pattern and is possibly length fast. It is thought that

these spots were probably andalusite crystals, which crystallised

during the primary folding.

Throughout both the matrix and the spots there are many

porphyroblasts of kyanite, generally stumpy prisms less than .5 mm.

in length, and numerous similar-sized porphyroblasts of chloritoid,

as rosettes and individual prisms. These minerals have clearly

crystallised after the primary folding, since the graphite folia pass

through them undisturbed, but before the late secondary folding (red

symbols of Map 2), since the porphyroblasts are frequently sharply

bent in the microfolds of the strain-slip cleavage.

The matrix is finely foliated parallel to the primary schistosity

and consists essentially of muscovite, chlorite, stilpnomelane (7),

quartz and graphite. The muscovite flakes may reach .1 mm. in

length but most are no greater than .05 mm; the chiorite, which is

pale greenish-brown and is possibly associated with incipient

stilpnomelane, is less abundant but similar in size to the muscovite;

the quartz is free from strain and amounts to less than 20% by volume;

graphite is relatively abundant and tends to obscure the smaller micas.
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There are scattered grains, probably of rutile, not longer than .05

mM» The micas, even in tight micro-hinges of the secondary

folding, are straight and have recrystallised post-kinematically.

Read (1934, page 658), in his description of the Saxa Vord

kyanite-chloritoid schists of Unst, considered that three phases

of metamorphism had occurred: the last is not relevant to the

present discussion. Read considered the first two to be closely

linked and a clear example of polymetamorphism. First

staurolite, andalusite, biotite and probably garnet were formed,

followed later by kyanite and chloritoid which replaced the earlier

minerals. As evidence Read showed staurolite porphyroblasts that

were partly replaced by choritoid and kyanite, and also pseudomorphs

of andalusite crystals, up to 2.5 em. across, that were shimmer

aggregates containing kyanite and chloritoid. In comparison to the

Unst occurrence, in Palas de Rey the spots are small. They are

almost certainly pseudomorphs after an alumino-silicate, but

kyanite and chloritoid have formed as readily in the matrix as

within the spots. Also, this central zone of chloritoid-kyanite

phyllites, with their fine grained graphite, could never formerly

have been in a similar metamorphic grade to the silvery staurolite

schists of the inner aureole of the Guntin Granite, and since have

suffered diaphthoresis: however, they could formerly have been

similar to those of the outer aureole, where both staurolite and

andalusite occur in finely foliated black graphitic phyllites,

without any chloritoid or kyanite.

Thompson (1955, page 98), suggests that rocks are likely to

be kept open (with respect to volatiles) by orogenic movements. He

states that a given devolatilisation will take place at a lower

temperature at a given depth in typical regional than in typical

thermal contact metamorphism; and that the break-down of hydrous

aluminium silicates to yield A1,0, may occur in the field of kyanite
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in most regional metamorphism, but may be delayed until andalusite,

sillimanite or mullite is stable in contact metamorphism. In

Palas de Rey, where the metamorphism is intermediate in character

between typical thermal and typical regional, this statement might

be interpreted as implying that the break-down of hydrous

aluminium silicates depends on the relative rate of increase in

temperature with respect to escape or volatiles; whereby in the

central zone andalusite was first formed by rapid increase of

temperature, but later reverted to chloritoid and kyanite.

Chloritoid and kyanite also formed independently of andalusite,

when the rock became more open through orogenic movements.

Without entering into the controversy about the Buchan and

Barrovian type metamorphisms, it may be noted that Zwart (1958,

page 459), discussing the Trois Seigneurs Massif in the central

Pyrenees, describes a major belt of syn-tectonic andalusite schists

which contain some large bodies of muscovite biotite granite: It

is thought that in Palas de Rey, the central zone of chloritoid-

kyanite phyllites indicates the presence of an anticlinal node of

Guntin Granite beneath the phyllite sedimentary cover (see Section

Aa’).

Recent writers, for exampl: Clark et al (1957,page 638) and

Clifford (1958, page 342) regarding kyanite and Halferdahl (1961,

pep.» 104-109) regarding chloritoid, state that stress is not

necessary for the formation of these minerals although they are

frequently associated with stress conditions such as thrusting, and

as sugrested above, they may form preferentially in deformed rocks

only because here the rocks are more open to volatiles and solutions.

They suggest that frequently, as at Palas de Rey, kyanite and

chloritoid have formed post-kinematically; the wave of meta-

morphism or heat-transfer outlasting the deformation.
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Francis (1956), discussing facies boundaries in pelites, has

distinguished in the lower part of the epidote amphibolite facies a

chloritoid-almandine subfacies with the assemblages kyanite-

chloritoid-guartz. This replaces the pair andalusite~staurolite

of the upper part of the epidote amphibolite facies. The central

zone in the phyllites is considered to lie in this chloritoid-

almandine subfacies, which is equivalent to the Barrovian almandine

ZONes

Away from the centralzone, the phyllites remain similar in

appearance, and apparently in composition although no chemical

analyses were made; they are still characterised by frequent small

prisms of chloritoid, but kyanite is entirely absent. Here the

metamorphic grade is thought to be equivalent to the Barrovian

biotite zone. Snelling (1957, page 298) has suggested that

whereas in normal rocks magnesium-rich chlorite reacts with

muscovite to form biotite and a more aluminous chlorite with quartz

and water (similar to the ideas of Tilley (1924) il Barth (1952,

page 337), in more aluminous rocks, chloritoid appears instead and

is associated with muscovite and chlorite. Halferdahl (1961,

P-p+ 109-126) has similarly suggested that chloritoid only forms

in rocks relatively high in A1,0,, and that chloritoid-bearing rocks

are probably too high in A130, for biotite to form. Halferdahl

also states that chloritoid-bearing rocks contain relatively more

FeO than MgO. These phyllites of Palas de Rey are presumably

therefore relatively rich in both alumina and ferrous oxide.

Summary

The grey graphitic phyllites are very fine-grained and

finely foliated, with a mineral assemblage which suggests that they

are relatively rich in alumina and ferrous oxide. Small dark grey
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pseudomorphs, probably after early andalusite, grew before chloritoid

and kyanite, suggesting that these phyllites are polymetamorphic, -

although the two metamorphic stages were probably closely connected,

Chloritoid and kyanite grew after the primary folding but before the

secondary; while the mica recrystallised after the secondary. The

metamorphism is thought to be associated with an underlying granite

body.

Siltstones

A lithological change within the phyllites takes place where

they grade upwards (see vertical section AK ) into siltstones. This

is seen in two zones, each about 4 km. in width. One (the western)

is found just east of Marzan and extends from the Guntin-Mellid road

to south of Nespereira, and the other is seen best at Teixugueiras.

Both are characterised by a very low graphite content and local

development of graded bedding. The western zone is also

characterised by the development of grey discoidal nodules of

similar composition to the rock, 1-8 cm. in diameter and ; - + cm.

in thickness. These are easily detached from the rock which shows

associated small flat sigmoidal channels or grooves in the bedding

planes (see photos. 22 and 23). The siltstones are finer-grained

and somewhat lighter grey than the phyllites in general. Where

more distinctly bedded, the bands, which range from one to two

centimetres in thickness, vary in colour from sandy-yellow to light

grey, corresponding to a variation in quartz content from about 80%

to 30%. Some beds, soft and argillaceous, are distinctive, because

of the narrow quartz veins which criss-cross their surfaces, and

which stand out as small ridges.

The siltstones show a metamorphic grade equivalent to the

Barrovian chlorite zone. They are finely crystalloblastic, the grain

size varying from .03 to .1 mm. in diameter. Chloritoid porphyro-
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blasts are scarce and never exceed .1 mm. in length, except at

the eastern margin of the Teixugueiras zone, just within the

contact aureole of the Guntin Granite. The quartz and micas have

recrystallised after the secondary folding, although some

scattered muscovite crystals (up to .25 mm. in length) are slightly

bent: these may be detrital. Quartz is fresh and unstrained

but the grains are somewhat flattened or eloncated parallel to the

long limbs of the secondary microfolds. Dark micas form about

50% of the micaceous material. They consist partly of chlorite,

pale greenish-brown, with grey interference colours and often

grown across the foliation; partly of stilpnomelane, more fibrous

in appearance, darker brown and with relatively high birefringence,

displaying distinct red and blue interference colours. Scattered

grains of tourmaline, rutile and opaque iron oxide also occur.

Black Shales

Within the Palas de Rey area, the phyllites grade downwards

into two distinct zones of black shales: the western is that of

Nespereira ~- Marzan - Villamayor de Negral, and the eastern is that

of Guntin - Retorta - Rebordelo. They are thought to constitute

one stratigraphical horizon, and extending from east of Chantada to

the coast (Sampelayo, 1922, page 52). The western zone, which is

entirely free from contact metarorphism, outcrops north of

Villamayor de Negral over a width of about 750 m., but this decreases

in the south to less than 30C m; while the eastern zone, including

the part which is contact-metamorphosed, is 300 m. wide north of

Guntin but broadens to 500 m. in the south. Two other minor zones

occur, one passing through Val de Porras, the other just west of

Teixugueiras. They are easily mapped despite poor outcrop, by the

black colour of the soil. Crossing one of these black shale zones
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in dry weather, one's person is blackened and the dust creates

an atmosphere normally associated with coal mines in England.

The black shale, except where it is contact metamorphosed

is very soft, and tends to underlie valleys. This topographical

expression is displayed northwards from Mencide*by the western

zone, which for a distance of more than 10 kms. occurs in a broad

valley; the consequent tributary streams, flowing east off the

Linear Quartzite and west off the contact aureole of the Guntin

Granite. meet in this valley to form the main stream. This

flows southwards, meandering in its flood-plain just north of

Mencide.

Bedding is generally unrecognizable, but is dictinct in

the roadcut near Guntin (see sketches MO). Here, east of a small

fault, vague graded bedding (in strongly boudinaged bands)

appears to be the right way up. In Herreria, and near Guntin

and Lousadela, certain beds contain abundant flattened ellipsoidal

black nodules (see photo 26). These vary from about 1 cm., when

generally nearly spherical, to 7 cm. in diameter, when somewhat

flat. Near Marzan occasional hollow-spheroids occur. These

have a shell of quartz and are lined with iron oxide. In the

eastern zone, bedding surfaces occasionally show regular white

ridges (1 mm. in height, 2-3 mm. wide, not exceeding 15 cm. in

length and spaced 1 cm. apart), oriented east-west. They are

thought to be some form of slickenside (7).

The black shales, including adjacent phyllites, contain

certain horizons, seen for example near Lousadela, Marzan and

Taboada, where a reddish-purple coloration has developed due to

the oxidation of abundant iron. It is evident that the black

shales are relatively rich in iron, since on metamorphism numerous

chloritoid and staurolite porphyroblasts develop. They may be

similar in composition to those of Silurian age in the Pyrenees,

where the black colour is due more to finely disseminated iron.

* Mencide lies halfway between Villemayor de Negral and Marzan.
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sulphide than to graphite (de Sitter 1958, page 375). Near

Marzan numerous casts after pyrite, up to .75 cm. across, occur;

while near Mencide pyrite forms irregular segregations (up to 5 em.

in length) and fine veinlets.

Away from the contact aureole of the Guntin Granite, the

black shale consists of very thin folia of quartz and muscovite

(the grain size often not exceeding .02 mm. in diameter), with

anhedral opaque dusty particles of graphite and iron sulphide (7)

thickly disseminated throughout. The progressive metamorphism of

the black shale within the contact aureole of the Guntin Granite is

@iscussed under the section, Guntin Granite (page 95).

Summary of the Val de Porras Thrust Sheet

The Val de Porras Thrust Sheet, some 4+ kms. in outcrop width,

lies between the San Simon zone of Linear Quartzite to the west and

the "Limestone-Impure Quartzite Series" to the east; it is

tentatively separated from both by thrust faults (see below, under

Boundary dislocations).

The Thrust Sheet is composed of medium-grey phyllites which

in two zones grade downwards into black graphitic shales and

upwards into siltstones, where bedding is slightly more distinct.

This is a euxinic type of sedimentation (Pettijohn 1956, page 622),

in conformity with which these phyllites and black shales are

frequently very poor in quartz, but rich in aluminium and iron oxides,

and very rich in fine graphite and possibly also fine iron sulphides.

Metamorphic grade is mostly in the greenschist facies,

equivalent to the Barrovian chlorite and biotite zones. It rises

centrally, probably along a minor antiform, to the lower part of the

epidote amphibiolite facies, equivalent to the Barrovian almandine

zone, and is characterised by a kyanite-chloritoid assemblage. This
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assemblage may have formed penecontemporaneously with the Guntin

Granite aureole and reflect a subjacent body of magmatic granite.

Polymetamorphism of the phyllites is suggested in the central

part of the Thrust Sheet by the presence of tiny spots, possibly

pseudomorphs after andalusite. The eastern border of the Thrust

Sheet lies within the Guntin Granite aureole, which is thought to

have been formed after the postulated eastern boundary thrust-fault.

Folding is seen as primary overfolds to the east, possibly

associated with the boundary thrust faults; also as secondary

overfolds to the west, thought to be a consequence of doming by

the Guntin Granite. The folding is discussed in detail in

Section B.

Boundary Dislocations

The western boundary of the Val de Porras Thrust Sheet has

been discussed under the boundary dislocation of the Cubelo Thrust

Sheet (page 7° ). It occurs as a thrustfault at the base of the

San Simon zone of Linear Quartzite. The eastern boundary is

thought to be a thrustfault immediately overlying the "Limestone-

Impure Quartzite Series" of the Guntin Thrust Sheet, and will be

discussed after this has been described.
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THE GUNTIN THRUST SHEET

"Limestone-Impure Quartzite Series"

Introduction

The Guntin Thrust Sheet, within the Palas de Rey area,

forms a narrow strip of contact metamorphosed sediments. These

occur within the inner contact aureole and along the western

boundary of the Guntin Granite. Replacement by the granite has

caused the apparent narrowness of the Thrust Sheet whose former

width is indicated by the sedimentary sheets which locally remain

in the granite.

"Limestone-Impure Quartzite Series"

In the Palas de Rey area, the "Limestone-Impure Quartzite

series" forms the narrow zone of the Guntin Thrust Sheet, along

the western boundary of the Guntin Granite. It is about 300 m.

broad, with moderate westerly dip, and poorly exposed. However,

as shown on Map 1, the zone broadens to the southeast and forms an

extensive area about Sarria. From here it can be traced north

along the eastern margin of the Guntin Granite, where it dips

gently east away from the granite. Along the western margin of

the Guntin Granite the Series is within the inner contact aureole,

and there, consists of evenly banded flagey biotite gneisses with

little feldspar, varying into impure quartzites. Here the grade of

metamorphism is high (staurolite zone or above). Two kilometres

south of Sarria the Series is at a lower metamorphic grade but still

exhibits biotite porphyroblasts and occasional small garnets. About

hn kilometres east of Sarria, probably the same horizon occurs

in a still lower grade, as very fine-grained slates. At Lugo and

Puertomarin the Series contains flat-lying beds, exposed over a
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depth of several metres, of evenly banded impure quartzite, medium-

grey in colour; while just west of Villalba probably the same

horizon is composed of more massive white quartzite. Throughout

the region cale-silicate (former limestone?) bands occur inter-

calated in the flaggy quartzite and biotite gneiss; while near

Puertomarin the Series is thought to be overlain locally by massive

limestone bands of Cambrian (7) age.

In the Palas de Rey area, few mesoscopic folds were observed

in the Series because of the poor exposures: near Guntin, the

folds were seen to be secondary overfolds to the west, with their

axes trending approximately south. However, easily seen in the

field, is the characteristic and pronounced biotite fibre, which is

oriented approximately perpendicular to the granite contact, and

down dip. This lineation and the secondary overfolds to the west

are thought to be a consequence of the intrusion of the granite.

Both are discussed under the section, Guntin Granite (page 7+),

and Section B, (page /57).

Texture and Mineralogy

in the Series

In the Palas de Rey area, bedding/is seen as a very regular

banding. The bands are a few centimetres in width and parallel

to the micaceous foliation. This causes the rock to have a very

characteristic flaggy weathering, and sheets, several square metres

in area, can easily be quarried out. Quartzite bands show a fresh

erystalloblastic granular texture with almost equidimensional

quartz. This is slightly flattened parallel to the foliation and

varies from .05 mm. to .25 mm. in diameter. In the coarser-textured

bands, equigranular quartz (about .2 mm. in diameter) is free from

inclusions, unstrained, poorly sutured and tends to triple straight

edge junctions.
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With increase of biotite content, the impure quartzite grades

into biotite gneiss. The biotite occurs both as fine folia and as

a dissemination throughout the quartz mosaic; it imparts to fresh

schistosity surfaces a purplish colour and a marked mineral fibre,

owing to its acicular habit and preferred orientation. Biotite

forms from 20% to 30% by volume of the rock. It is strongly

pleochroic from pale yellow to reddish-brown, becoming darker nearer

the granite; it varies in size from that of the quartz grains to

its occurrence as acicular porphyroblasts, which reach 3 mm. in

length; and it is replaced occasionally by chlorite. Muscovite is

often rare or absent, but some beds contain muscovite-rich folia.

Pink garnet is common, often evenly disseminated in small subhedral

grains (1 mm. in diameter). Many of these are entirely fresh, but

others are almost totally altered to chlorite; they may occur as

post-tectonic poeciloblasts which show a finer-grained internal than

external fabric of quartz grains. Albitic plagioclase is present

in minor quantity, occasionally becoming abundant in the

recrystallised hinges of folds. In thin sections it is similar to

the quartz in appearance. Apatite occurs sparsely, as euhedral

prisms up to .5 mm. in length, and tourmaline and magnetite in minor

amcunts, but these increase in abundance towards the granite; while

pyrite may occur as an appreciable dissemination in bands, up to «5

em. thick.

Numerous pseudomorphs after andalusite (?), which reach

10 em. in length, are occasionally seen on glossy schistosity

surfaces of the biotite gneiss (see photo. 28), where it is inter-

banded with linear-aplite granite, east of Guntin. Here, the

biotite gneiss gives a peculiar metallic ring when struck by the

hammer, probably indicative of hornfelsing.
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Calce-silicate bands

Cale-silicate bands (perhaps after former impure limestone),

5 cme to 10 cm. thick, occur somewhat sparsely; they occasionally

carry hornblende. At Guntin the bands show a peculiar greenish-

grey cast, are extremely tough’ and spotted with pale pink garnets

but devoid of hornblende. These bands consist essentially of

quartz and basic plagioclase folia. The guartz is fresh and forms

a erystalloblastic granular texture. The plagioclase fabric is

similar, but the grains are considerably altered to a fibro-

lamellar aggregate of muscovite, and to darker fuzzy patches of

epidote. High relief against quartz sugzests that the

plagioclase is basic: twinning is rarely seen. Biotite is

scarce and subhedral pyrite occurs as grains up to .75 mm. across.

Boundary Dislocation

Away from the Guntin Granite, for instance both to the south

near Puertomarin and to the north near Villalba, the "Limestone-

Impure Quartzite Series", immediately east of the Guntin-Retorta-

Rebordelo zone of black shales, dips westwards at low angles, and

at Puertomarin is thought to be overlain (?) by a band of massive

Cambrian (7) limestone. Massive limestones, extending to the coast,

are rever seen west of the strike passing through Puertomarin. The

stratigraphical relation between the "Limestone-Impure Quartzite

Series" and the black shale zone of Guntin has presented considerable

difficulty to earlier workers in Galicia (Sampelayo 1922, pp. 51-56).*

The difficulty arises from the fact that it is impossible to

correlate the stratigraphy, west of the "Limestone-Impure Quartzite

Series", with that of the known lower palaeozoic rocks further east.

* The "Limestone-Impure Quartzite Series" essentially constitutes

the “estrato-cristalino" of the region of Villalba and Lugo.
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Thick limestones, underlying the Paradoxidee slates of

upper Lower-Cambrian age, are characteristic of Spain and south-

west Europe. These, in the Cantabrian region of Asturias and

Leon, occur as bedded dolomite from 50 to 80 m. thick (Lotze 1958).

It is thought that those of Puertomarin belong to a similar

horizon. These limestones in the Cantabrian region are immediately

underlain by 200 m. of sandstone with slate and individual limestone

beds, below which there occurs up to 1000 m. of bedded quartzite,

becoming coarser-grained and conglomeratic towards the base. In

Asturias a distinct unconformity separates the conglomeratic base

of the lower Cambrian from the Algonkian (Lotze 1956). - West

of the “Limestone-Impure Quartzite Series" no unconformity or basal

conglomerate has been recognized. In Asturias these massive

limestones are immediately overlain by several tens of metres of

marly limestones and marls, then by several hundred metres of

sandstone, slate and quartzite with many fossiliferous horizons,

and this grades into the Armorican quartzite of Ordovician age.

- Weet of the "Limestone-Impure Quartzites Series" no fossils have

been discovered in Galicia.

Schermerhorn (1956, page 42) has correlated the Beira Schists

(underlying fossiliferous Ordovician) of Portugal with those of the

Salamanca and Caceres zone (Schmidt Thome 1945), the latter lying

approximately 250 kms. to the southeast and possibly on strike with

the "Limestone-Impure Quartzite Series". Both the salamanca and

Beira Schists are characterised by thin marly beds, whieh in high

grade areas are metamorphosed into amphibole schists. The Beira

Schists are thought by Schemerhorn to be more than 24 kms. in

thickness, part of which is probably Pre-Cambrian in age.

Sampelayo considered the black shales of Guntin to be Cambrian;

while de Yarsa (Sampelayo 1922, page 52), earlier, considered them to

be Silurian in age, mainly because of the iron formation (although



 

» 88 -

non-oolitic) conteined within them. From the Pyrenees (de Sitter

and Swart, 1958, and Kleinsmiede, 1960) to Galicia the Silurian

(Upper Silurian $.1.) is characterised by a zone of black graphitic

shales, which vary in thickness from a few to 300 metres. These,

in eastern Galicia and Asturias, are associated with eolitic iron

formation. In the phyllites and black shales west of the

“Limestone-Impure Quartzite Series", metamorphism (or polymeta-

morphism (7)) could have destroyed all fossils and also the

colitic character of the iron formation, In this way the Guntin

black shales might be considered Silurian in ARC. If so, then

some form of hiatus, sedimentary or structural, is almost

certainly indicated between them and the "Limestone~Impure

Quartzite Series", since the latter occurs in close association

with the massive limestones of probable Cambrian AZee

However, a Lower Cambrian or Pre-Cambrian age may be

considered more likely for the Guntin black shales. Two

alternative hypotheses are considered to explain the lack of

stratigraphical correlation between these and the known palaeozoic

rocks further east: (1) a facies change or (2) a low angle

thrustfault.

(1) If there is no structural hiatus, the Guntin black

Shales must lie stratigraphically not far from the horizon of the

massive limestones of Puertomarin, because of the subhorizontal to

low westerly dip of the beds, away from the granite. Schermerhorn

(1956, page 42) comments on the apparent wedging out of the

limestones of Western Spain in the direction of Portugal and

Suggests that their absence in the Beira Schists is possibly to be

explained by non-deposition in the deeper parts of the geosyncline.

It could be suggested that the steeply west-dipping

(exceeding 45° before the secondary folding) beds of the "Limestone-

Impure Quartzite Series" at Guntin represent an enormous overturned



limb, and that the massive limestone bands and higher strata of

the normal limb have since been eroded away to the west. This

is thought unlikely because; (a) ne evidence of inversion could

be found at Guntin, although it cannot be excluded as graded

bedding was only rarely seen; (b) away from the Guntin Granite

to the south and north, the beds are flat-lying; (¢) the

steepening of the beds along the western margin of the Guntin

Granite is thought to be due to the diapiric intrusion of the

granite, Moreover on this hypothesis, a facies change would have

to be postulated to explain the absence of the black shale

horizon under the massive limestones in Asturias.

(2) A lowe-angle thrustfault, bringing Lower Cambrian or

Pre-Cambrian strata in contact with upper Lower-Cambrian, seens

the most likely explanation for the apparent hiatus between the

Guntin black shales and the "Limestone-Impure Quartzite Series".

This would be consistent with the intense thrusting seen in the

west of the Palas de Rey area and the regional eastward over-

folding. De Sitter (personal communication) has mentioned low-

angle thrustfaults further east in the Cantabrian mountains, which

carry Cambrian over Carboniferous strata in a sequence which but

for fossil evidence couid have been interpreted as a normal

stratigraphical one.
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TECTONISED INTRUSIVES

Guntin Granite )

) seeccesecses Hercynian

Palas Granite )

GUNTIN GRANITE.

Spotted Granite. eC e eee ee esatas (main body)

Linear Aplite Granite..........(marginal facies)

Eastern contact schists

Introduction

The Guntin Granite is a massive body which extends for

60 kms. from south of Villalba to just north of Puertomarin, with

a maximum width of 18 kms. west of Lugo (see Map 1). It is a

late syntectonic intrusion, which was intruded within a strong

directional stress field, and consequently developed a schistose

aureole. Within the Palas de Rey area it occurs near Guntin and

mostly consists of an aplitic marginal facies, the Linear Aplite

Granite, which merges into the main body of Spotted Granite.

Spotted Granite

The Spotted Granite was not studied in detail in the north-

the
east of/Palas de Rey area, where some exposures of it occur. Its

petrography is discussed fully in the description of the Palas

Granite, and it is not further mentioned here.

Linear Aplite Granite

Contact relations and lineation

The marginal facies of Linear Aplite Granite occupies a zone

half a kilometre in width, and towards the sediment contact is

broadly interbanded or sheeted with the "Limestone-Impure quartzite

Series". At a distance of a few metres or tens of metres from
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contacts with the sediment, the granite shows a very marked

lineation. This is a fine ribbing or corrugation; it is

subperpendicular to the contact and parallel with the mineral

fibre and lineation of the hich grade contact schists. Map 1

shows the sediments dipping away from the granite on both the

eastern and western margins, with the pronounced mineral fibre

sub-perpendicular to the contact.

Petrography

In sections cut perpendicularly to the lineation, the

majority of the grains easily seen megascopically, apart from

micas, are circular or rounded in outline and between 1-2 mm. in

diameter. Under the microscope the plagioclase is seen to form

somewhat fractured subhedral grains and others rounded or circular

in outline. It shows fine albite twinning, the lamellae often

being bent and sometimes crossed by stringers of potash feldspar.

Some of the plagioclase is strongly zoned and sericitized with

only a narrow clear rim; much is fresh, occurring in fine grained

(grain size .1 to .3 mm. in diameter) mosaics with quartz, where

grains show triple straight edge junctions. Composition of the

plagioclase is similar to that of the Spotted Granite (discussed

below, page //7 ). Potash feldspar, with fine but sharp cross=

hatch twinning, occurs in grains of a similar shape and size

(1-2 mm. in diameter) to the larger plagioclase. It is often

partially replaced by myrmekite II (Drescher Kaden 1948, page 80).

As distinct crystals, it is far less abundant than the plagioclase,

but in total quantity it is probably similar, as much of it occurs

as anhedral interstitial grains or stringers. The quartz in these

sections cut perpendicularly to the lineation is seen to form

anhedral grains, up to 1 mm. in diameter. The grains are somewhat

flattened parallel to the foliation. Strongly sutured mosaic

folia are absent, in contrast to the Coarse Porphyritic and

Spotted granites of the Palas Granite.
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In sections parallel to the lineation, grains are elongated:

unstrained quartz only .7 mm. in width, may exceed 3 mm. in length.

Augen up to 4 mm. in length are common. These are frequently

centrally
composed of a single strained feldspar, with the corners a mosaic

of quartz and potash feldspar.

Muscovite, mostly in subhedral laths less than 2 mm. in

length, is often strained. It locally replaces plagioclase and

is not attacked by quartz. Biotite is scattered in small, up to

1 mm., subhedral grains, generally bleached and decayed in

appearance. The micas constitute about 5% of the rock.

In spite of the bleaching and decay of the biotite, the

sericitisation of the larger plagioclase, the deformed and

elongated nature of the minerals, this Linear Ayplite Granite has

a fresh appearance, seen especially in the fine-grained mosaics of

quartz and feldspar: it exhibits a protoclastic texture.

Eastern contact schists

Introduction

It is thought that the Guntin Granite was intruded under

conditions which combined high temperature and strong directed

stress. It produced along its western margin, in the Palas de

Rey area, a very distinct but narrow thermal aureole of coarse

silvery, staurolite-garnet contact schists. These overlie the

"Limestone-Impure Quartzite Series", immediately adjacent to the

granite. It is believed that these bright silvery schists were

originally similar to the black shales in which locally an outer

contact aureole is developed, with andalusite-staurolite

assemblages. The "Limestone-Impure Quartzite Series", although

it locally develops a distinct hornfels texture, is unsatisfactory
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for observation of progressive metamorphism as outcrop is poor,

"limestone" horizons are scarce and it is too rich in quartz. On

the other hand progressive metamorphism of the black shale can be

followed in detail, east of Lousadela. This dispels any doubt

that a major post-granite fault is responsible for the rapid

change, within a few tens of metres, from black shale or

phyllites to silvery coarse textured schists.

Coarse schists rather than normal hornfelses in meta-

morphic aureoles, surrounding intrusive granites, are not unknown.

Indeed, Barrow in 1893 suggested that his zones were in the nature

of thermal aureoles surrounding centres of older granite igneous

activity. Grout (1933) considered that in general schists rather

than hornfelses are the normal products of contact metamorphism

about granites. This Grout attributed to the relatively low

temperatures of granite, as contrasted with gabbroid magmas, and

to the frequency with which intrusion of the acid magmas is

effected under high stress during deformation of the invaded rocks.

James (1955, page 1455), in discussing zones of regional metamorphism

in the Pre-Cambrian of northern Michigan, states, "analysis of

thermal gradients inferred from the metamorphic sonation indicates

that the heat required for the metamorphism must have been derived

from subjacent bodies of magma". Pitcher and Read (1960), in their

description of the aureole of the main Donegal Granite, have shown

beyond any doubt that schists rather than hornfelses compose the

contact aureole when intrusion has occurred under high temperature

and strong directed pressures. They state, "the aureole rocks are

similar to many regionally met»morphosed rocks of differing grades”

(op. cit. page 2). — The considerable similarity between the

Guntin Granite aureole and the Donegal Granite aureole is discussed

further below. The Barrovian zones in the southeast Highlands of

Scotland and the similar ones in northern Michigan are of the order
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of a few miles in width. The Donegal Granite aureole is

about a mile in width. However, the width of the Guntin

Granite aureole is less than threequarters of a mile, and its

dependence upon the intrusion of the granite is further seen in

the post-tectonic character of the andalusite and staurolite

porphyroblasts in the outer-zone.

The country rocks into which the Guntin Granite intruded,

apart from the "Limestone-Impure Quartzite Series", are the low

grade phyllites and black shales described previously. These,

away from the central zone (see page 73) where metamorphism

possibly developed contemporaneously with the intrusion of the

Guntin Granite, lie in the greenschist facies.

Structure

The schists of the inner contact aureole, and those of

the sheeted zone in the marginal linear aplitic granite, show a

very pronounced mineral fibre or preferred mineral orientation.

This trends approximately east-west and is sub-normal both to

the granite margin and to axes of occasional gently-plunsing

step-like secondary folds. The mineral fibre, further discussed

in Section B, is thought to indicate the movement direction in a

regional directed stress field, operative while the Guntin

Granite was being intruded. In the aureole of the Donegal

Granite, compressional secondary folds, with steep axial planes,

formed by distension of the granite body; but in the aureole of

the Guntin Granite the secondary folds have gently dipping axial

planes.
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It is thought that these secondary folds, always of similar style,

formed by the upper beds moving west relative to the lower,

possibly due to gravitational effects whereby the updomed

sedimentary cover secke slid westwards off the rising dome of the

granite body.

 

To the west of the aureole, the secondary folds in the

phyllites raintain this asymmetrical style which suggests movement

of the upper beds to the west. Symmetrical-compressional or

concertina style folds from normal gravity loading, or conjugate

folds, were never encountered. Consequently it is assumed that

the Guntin Granite is "diapiric" and probably late syn-tectonic in

character. Further evidence for which is seen in the partly syn-

kinematic and partly post~-kinematic character of the oriented

porphyroblasts of biotite and staurolite in the inner contact

aureole.

That some readjustment took place during the intrusion of

the Guntin Granite is apparent from the development of minor faults

and shears, in or near the contact aureole. This is seen, for

instance, in the road-cut west of Guntin (see sketches MO).

Progressive metamorphism

The progressive metamorphism was studied in detail near

Lousadela," where both the inner and outer contact aureoles can be

followed stage by stage. For sixteen kilometres along the strike,

*Lousadela is 13 kms. south of Guntin.
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the outer aureole can only with difficulty be distinguished from

the adjacent black shales; but the inner aureole, because of

its distinctive character and greater resistance to weathering,

can be seen to persist right across the Palas de Rey area, almost

without break.

Outer aureole (near Lousadela)

At about 1 km. from the granite some bands in the black

shale or phyllite remain apparently unaffected by contact meta-

morphism. These are finely foliated; the folia, not exceeding

-O5 mm. in thickness, consist of about 45% muscovite, 40% quartz

and 25% fine opaque grains, mostly graphite but probably also iron

oxides and sulphides. No porphyroblasts, nor spotting or

aggregation of the graphite occur. Other bands, at a similar

distance from the granite and superficially of very similar

appearance, may consist of about 80% micas, 20% graphite and opaque

greins, and no quartz. in these, post-kinematic porphyroblasts of

muscovite, up to .2 mm., and chlorite, up to.6 mm. in length, grow

across the foliation, with the graphite folia passing through the

porphyroblasts undisturbed. Fine rutile and tourmaline grains are

scattered throughout. These bands of muscovite-chlorite-graphite

phyllite characterize the outer margin of the contact aureole:

chloritoid is absent.

At about 600 m. from the granite contact, the phyllite is

still black, filthy to touch and still finely foliated. It is

composed of about 70% muscovite with some chlorite; there is no

quartz but it is rich in graphite, and frequent irregular translucent

brownish-red grains of haematite, up to .3 mm. across, occur. Much

of the muscovite has grown post-kinematically across the foliation,

to form grains up to .25 mm. in length. More interesting is the

development of andalusite porphyroblasts, up to 1-5 cm. in length,
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poeciloblastically enclosing all the other minerals including small

staurolites, up to 2 mm. across. These staurolites, which are

quite abundant, form euhedral crystals and are clearly post-

kinematic, since the graphite folia pass through them without

deflection. This rock is thus an andalusite-staurolite-

muscovite-haematite-graphite phyllite. The absence of biotite is

noteworthy.

At about 500 m. from the granite, the phyllite is still

dark grey and finely foliated; the folia are only .05 mm. thick.

Here schistosity surfaces begin to show a gloss owing to the

coarser crystallisation of the mica. East of Lousadela at this

distance from the granite, andalusite-staurolite-muscovite-quartz-

haematite-graphite phyllites contain 5% to 15% quartz in unstrained

grains, averaging .025 mm. across. A dark mica is now definitely

recognizable in the matrix; it is fibrous, yellowish to brown with

a birefringence similar to muscovite, and is possibly stilpnomelane

or incipient biotite. Haematite is abundant in translucent red

grains, up to .5 mm. across. Besides the post-kinematic andalusite

and staurolite porphyroblasts, small prismatic pseudomorphs composed

of quartz and micas, and often containing one or two small

staurolites, occur. These pseudomorphs, to judge from their shape,

are after an earlier alumino-silicate, probably andalusite or

staurolite; they are pre-kinematic or syn~kinematic in character,

some being clearly rotated with the foliation. Occasionally shimmer

ageregates have replaced the euhedral staurolite porphyroblasts:

however, one of the most characteristic features of the rock is the

sigh-ddnenatto character of the clearly defined staurolite porphyro-

blasts. These have grown over the fine graphite folia, (which may

be in open helicitic folds) without disturbing them.
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Approaching nearer the granite, an essential change is

the rapid development, within a few metres or tens of metres, of

biotite. It is strongly pleochroic from pale yellow to deep

amber brown; it grows post-kinematically across the foliation,

in crystals up to 1 mm. in diameter, and often it is contiguous

or close to staurolite. East of Lousadela, a rapid change is

noticed in the field at this stage, as the earlier flageiness and

fine foliation of the blackish phyllites is replaced by a knotty

coarse schistosity. The average thickness of the folia is now

about .25 mm. in contrast to .05 mm. in the phyllites, and the

silvery schistosity surfaces display a distinct mineral fibre,

trending approximately east-west. Here then is developed an

andalusite-staurolite-biotite-quartz-muscovite schist, net unlike

that described from the outer aureole of the main Donegal Granite.

In this schist, constituted by a little more than a third

of quartz; the quartz grains, which average .1 mm. in diameter, are

unstrained and often display triple straight-edge junctions.

Muscovite, which has decreased in quantity though still abundant

in certain folia, occurs as subhedral crystals up to .33 m. in

length. Biotite now constitutes a little more than 5% of the rock

and has frown, up to 1 mm., in diameter. It has crystallised post-

kinematically, as shown by the fine graphite folia which pass

through undisturbed. It is strongly pleochroic from pale yellow

to deep reddish-brown, with occasional pleochroic haloes around

zircon (or thorite); it sometimes partially encloses or appears to

replace staurolite, but elsewhere staurolite and biotite appear

mutually stable. Staurolite still occurs in relatively small

euhedral crystals, up to 2 mm. in length, but may now be poeciloblastic

with inclusions of quartz, noticeably finer-grained than those in

the matrix. Post-kinematic growth is indicated as before by the

undisturbed trails of graphite. As in the phyllites further from
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the granite, the staurolite shows only a moderate or feeble

pleochroism in yellow. Andalvceite occurs throughout as post-

kinematic coarse poeciloblasts. These enclose all the other

minerals, which show little difference between internal and

external fabrics. Iron oxide has decreased noticeably in

abundance but plates of magnetite (7), up to .3 mm. in length,

and similar-sized irregular grains of translucent red haematite

still occur. Kyanite, up to .5 mm. in length, occurs rarely,

when it may be enclosed by andalusite: intergrowthe or reactions

of the kyanite with other minerals were not observed and so little

ean be said on its stability relations.

Inner aureole

Like the contact aureole of the Donegal Granite, the inner

contact aureole of the Guntin Granite is constituted mainly of

coarse staurolite-carnet-biotite-quartz-muscovite schists. These

show brilliant silvery schistosity surfaces, on which a distinct

mineral (biotite) fibre trends east-west. The equivalent

foliation to that in the phyllites is ten times coarser, with the

folia about .5 mm. in width. Some of the silvery schistosity

surfaces show a patchy staining or a "dulling" of the silvery

colour; this reflects the final removal of the graphite. Under

the microscope the rocks generally appear cleanand free from

graphite.

The coarse schist essentially is constituted of about 25%

guartz, 30% muscovite, 20% biotite and 10% staurolite and garnet,

with rare andalusite and a little magnetite and tourmaline.

Albitic plagioclase occurs within the quartz mosaics, especially

near fold hinges, but no feldspar porphyroblasts were seen.

Staurolite is ubiquitous; it is seen in the field as prisms

up to 1 cm. in length, and under the microscope as subhedral and

euhedral crystals which yoeciloblastically enclose quartz and
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magnetite: the enclosed quartz is finer-grained than that of the

matrix (see sketches MP figs. 2 and 5). Staurolite also shows

late skeletal growth with little difference in the grain size of

the internal and external quartz (see sketches MP fig. 1). It is

strongly pleochroic from light to dark lemon-yellow. Pink garnet,

up to 4 mm. across, occurs similarly to the staurolite but is less

abundant; it is poeciloblastic and subhedral. Occasionally

garnet poeciloblasts enclose small staurolite crystals, but the

two minerals are essentially coeval and mutually stable. The

staurolite and garnet poeciloblasts show both syn-kinematic (see

sketches B. fig. 3) and post-kinematic crystallisation in relation

to the secondary folding; this suggests a long period of

crystallisation, further suggested by the variation in habit of

the staurolite from euhedral, with fine inclusions, to coarse

skeletal growths.

Biotite as books, somewhat skeletal and elongated up to 3

mm. in length, shows a preferred shape-orientation parallel to the

foliation, to which its cleavage is oblique (see sketches MP fig.3).

It is often slightly bent and the larger crystals occasionally

enclose muscovite crystals, up to .5 mm. in length. The biotite is

also normally very fresh and strongly pleochroic from pale to deep-

reddish-brown: occasionally chlorite partly replaces both biotite

and garnet. Larger muscovite laths (up to .6 mm. in length) are

often slightly bent, whereas the smaller (up to .25 mm. in length)

are straight. Quartz, as fresh unstrained crystalloblastic

mosacis with grain size from .2 to .7 mm., shows incipient suturing,

but with a tendency to straight~edge boundaries. Andalusite is

rare, as subhedral crystals up to 3 mm. in length, which contrast

with the large coarse poeciloblasts in the outer aureole.

Magnetite occurs in minor amount as subhedral plates following the

foliation, and tourmaline is scattered as pleochroic greenish grains,

up to .05 mm. in length.
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Summary and Discussion

The Guntin Granite, a high-level late-syntectonic intrusion,

was intruded within a strong directional stress field with the

consequent development of a schistose aureole. The contact schists

ef this aureole along the western border of the Granite are divided

into an inner and an outer aureole. The inner, generally extending

out to approximately 350 m. from the granite, is composed of coarse

silvery staurolite-garnet-biotite-quartz-muscovite schists with a

marked east-west mineral fibre. The outer is composed of fine-

grained black andalusite-staurolite-muscovite-quartz-haematite

phyllites, and near Lousadela extends out to approximately 800 m.

from the granite. Beyond this to about 1 km. from the granite,

small muscovite and chlorite porphyroblasts in the black shales

indicate the outermost zone of the aureole. The presence of

sillimanite in the innermost part (i.e. the zone of sheets) of the

Guntin aureole is conjectional, but sillimanite in the sediments

within the similar Palas Granite is plentiful. These zones of

progressive metamorphism are not unlike those in the thermal aureole

of the main Donegal Granite, also developed in schistose rocks.

However the zones adjacent to the Guntin Granite are considerably

narrower, and its outer aureole is characterised by post-tectonic

crystallisation of the porphyroblasts.

The outer aureole of andslusite-staurolite phyllites, is

placed in the staurolite-quartz sub-facies of the epidote-

amphibolite facies. This is equivalent to the Barrovian staurolite

zone (Francis 1956, page 365). Francis considers that the

assemblage, andalusite-staurolite, may replace that of kyanite-

chloritoid with increasing metamorphism. Pitcher and Read sugeest

that chloritoid-bearing rocks formed at the outer edge of the Donegal

Granite aureole. This seems unlikely in the case of the Guntin
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Granite; since the development of chloritoid decreases towards

the granite and away from the central zone (see Map 4amd page 73 )

of the phyllites, in apparently chemically similar rocks. It is

suggested that during metamorphism the rocks were more "open" in

the central zone of the phyllites, where progressive metamorphism,

possibly contemporaneous with that in the aureole, produced

chloritoid-kyanite assemblages centrally and chloritoid-bearing

rocks laterally.

The appearance of garnet and biotite, the increased

coarseness of the rocks and the removal of graphite suggest a

distinct increase in metamorphic grade on entry into the inner

aureole, characterised by a staurolite-garnet-biotite-quartz-

muscovite assemblage. A marked increase in metamorphic grade would

place the inner aureole in the amphibolite facies, where Ramberg

(1952, page 151) considers staurolite to be unstable. Francis

considers that the assemblages, staurolite-almandine-muscovite (of

the inner aureole) and staurolite-andalusite-muscovite (of the

outer aureole) are equivalent in metamorphic grade, if a change in

chemical composition takes place. Nevertheless, field evidence is

more convincing of an increase in grade on entry into the inner

aureole. This is characterised mineralogically by development of

biotite and garnet, both iron-bearing minerals, together with a

noticeable decrease in the free iron oxide orhaematite content of

the rock. Concurrently the pleochroism of the staurolite becomes

deeper, possibly reflectinga iron content. It is suggested

that here the metamorphic grade had reached the point where breakdown

of haematite occurred without difficulty. The liberated iron entered

the crystallising stavrolite, garnet and biotite crystals: potash

metasomatism may also be a factor in the development of the biotite.

As in the Donegal Granite aureole, cordierite is totally

absent; this mineral is only characteristic of static aureoles

(Pitcher and Read 1960). Kyanite, although present, is scarce.
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PALAS GRANITE

(i) Coarse Porphyritic Granite

(id) Spotted Granite

(444) Aplitic granites

(iv) Veining in the granites

(v) Sediments within the granites

(vi) Contact schists

Introduction

Within the Palas de Rey area (see Map 3), the Palas Granite

occupies a roughly triangular area, between the phyllites to the

east and the basic and ultrabasic rocks to the west. It is

composed of three independent granites, the oldest and most

strongly tectonised of which is the Coarse Porphyritic Granite;

the younger include the Spotted and aplitic granites. These were

intruded into the Coarse Porphyritic Granite, and all three are

thought to be late syn-tectonic to post-tectonic high-level

intrusives. Faulting occurs along both contacts of the Palas

Granite. Along the eastern, the inner aureole of contact schists

is cut out; along the western, however, an aureole of high grade

contact schists is preserved near Mato.

Within the larger area covered by Map 1, the same granite or

granites is seen to extend south of Chantada. The 1:1000,900.

geological map of Spain shows the same body, broadening in outcrop

width, continuing south of Orense to join the huge batholith of

northern Portugal; while to the north this particular body is seen

to pinch out. The convergence to anapex in the north of the Palas

de Rey area is possibly accentuated by faulting: however the fault

at the eastern boundary of the granite, a little south of this area,

near Taboada, is already of little signficance as andalusite-

bearing contact schists occur adjacent to the granite. Thus from
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large scale features it appears that the roof of the granite

plunges down to the north. This suggestion is supported by the

presence in the granite of topographic ridges, produced by screens

of meta-sediments (quartzites and sillimanite gneisses). The

larger isolated screens, for instance about Carballal and the

town of Palas de Rey, are thought to represent individual septa of

roof rocks, but smaller bodies elsewhere are possibly free-

swinming rafts. These screens are mostly seen in the Coarse

Porphyritic Granite: marginal zones of sheeting, similar to that

in the Guntin Granite, are absent.

Extensive treatises have been published on the petrography

and petrology of the granites of northern Portugal and also some

work on those from northern Spain, but with little detailed comment

on the structure of the granites. Schermerhorn (1956), in a long

discussion on the granites about Viseu in northern Portugal,

describes 36 units or different granites which he divides into

Older and Younger Granites. Of the Older Granites, Schermerhorn

says that a close estimate of age is impossible, but they are later

than the regional metamorphism and therefore at least posterior to

the first Hercynian folding phase; some are pre-Stephanian. No

granites comparable with these are encountered in the Palas de Rey

area, where the oldest is a coarse porphyritic granite, which both

petrographically and in field appearance is very similar to the

"“Granito dente de Cavalo". This is a coarse porphyritic granite,

which outcrops extensively in Portugal and is the most conspicuous

member of the Younger Granites. These, according to Schermerhorn,

are clearly intrusive and late Hercynian or post-Stephanian in age.

Schermerhorn writes that, "there are no syn-tectonic granites in

the area mapped (near Viseu), as follows from the absence of strong

primary gneissose structures. The older granites are younger than 
the regional metamorphism which is itself, as regards its

porphyroblastic phase, largely younger than the deformation of the 
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schists. The contact relations of all granites in contact with

the schists show that these granites intruded after folding:

their apophyses penetrate into folded schists and they carry

fragments of folded rock ..... « Since there is generally some

degree of orientation of components in most granites, however

faint, it may not be unlikely that these granites are not entirely

post-tectonic; they may be regarded as late-syntectonic to post-

tectonic" (op. cit. page 271).

Parga Pondal (1935) divided the granites of Galicia into

three main groups on textural grounds; Archean muscovite-rich and

frequently gneissose granites, Huronian biotite-muscovite-granites,

massive and non-gneissose, and Hercynian biotite granites which are

often porphyritic. These divisions are no longer thought to be

valid, but again as in Portugal, one member of the series is a

porphyritic biotite granite.

Walter Carle (1945), in mapping western Galicia, distinguished

several groups of granites, all of which he considered to be

Hercynian. The oldest are concordant plutons, thought to be syn-

tectonic, of schistose biotite gneiss. The second group is of

partly concordant massifs of even-grained and porphyritic granite

gneiss, regarded as late syn-tectonic. The youngest group is of

discordant mainly post-tectonic massives of even-grained and

porphyritic granites, partly with oriented elements. Thus in this

region too the youngest group includes a coarse porphyritic granite.

Schmidt-Thome (1945) working in western Spain, distinguished

three age-groups among the granites. The oldest is a tourmaline-

bearing biotite-muscovite granite, which has been extensively

sheared with subsequent development of new muscovite. Secondly,

there is an older porphyritic granite, discordant to the oldest

granite and surrounded by a contact aureole. The youngest is a

coarse porphyritic granite, which forms a massif within the second
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granite, mentioned above. These groups are regarded as early syn-

tectonic, syn-tectonic and late syn-tectonic, Perhaps the

second may be correlated with the Coarse Porphyritic Granite of

Palas de Rey.

(i) Coarse Porphyritic Granite

Within the Palas de Rey area, ovuterops of the Coarse

Porphyritic Granite are generally poor, and it often forms the

lower ground. However, good exposures occur near Lestedo,*where

there are large woolsack crags, 3 to 7 m. across, characteristically

with regular jointing. The granite is leucocratic, displays a

medium to coarse hypidiomorphic gneissose texture and towards the

eastern contact becomes a flaser gneiss. It is markedly

porphyritic with large potash-feldspar phenocrysts, which generally

show an excellent planar parallelism (see photos. 29, 30 and 31).

Of the fine-grained material, plagioclase occurs in grains which are

1-4 mm in diameter, and quartz (about 12% by volume) in grains

2-4 mm in diameter (c.f. the "Granito dente de Cavalo" of Portugal

in which the quartz grains are about 1 cm. in diameter).

Muscovite is less than 1% by volume; biotite is about 10% by

volume, mostly in grains 1-3 mm. in length, and opaque iron oxides

are generally entirely absent.

Besides the general planar parallelism of the phenocrysts,

flow is indicated by banded-zones (see below) very rich in phenocrysts,

and by occasional raft trains of biotitic schistose xenoliths; these

raft trains for instance, are seen along the zone, Lodeiro-Lardeiros.

On the other hand the more extensive interbanded sedimentary

intercalations in the granite, in particular about Carballal and

Palas de Rey, are thought to be septa of roof material in situ.

*Lestedo is near Lodeiro, see Map e.
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The granite is characterised by numerous white-weathering

euhedral potash-feldspar phenecrysts, which constitute about 30%

by volume of the rock. They are generally about 3.5 cm. but

sometimes up to 10 cm. in length, and frequently weather .5 to

1 cm. above the surface of the rock. Compared with the porphyro-

blasts in the migmatites and in the Ojos de Sapo, the phenocrysts

in the granite are generally a little smaller. Usually but not

always they show an excellent planar parallelism of their (010)

faces and sometimes a distinct subhorizontal lineation of their

C axes. Although this feature was constantly sought after, only

in a very few places could it be definitely established. The

author had the impression however, that if a lineation was present

it was subhorizontal. By contrast, in northern Portugal the

lineation of the phenocrysts where seen is vertical.

In this granite within the Palas de Rey area, there are

eccasional north trending banded-zones, a few metres wide. These

are composed of bands, parallel to the zone and from 15 cm. to 2 m.

wide, which are exceptionally rich in oriented phenocrysts,

forming from 50% to 90% by volume of the band (see photo. 35).

The zones, for instance west of Palas de Rey, are persistent,

possibly discontinuously, but nevertheless for a strike distance of

over 2 kms. and are much more prominent than in the deeper parts of

the batholith in northern Portugal. The planar parallelism in

Portugel is more pronounced near to the granite walle, while in

Palas de Rey there is no difference across the granite.

In northern Portugal reference is made to only one planar

parellelism, that of the phenocrysts; but in Palas de Rey there is

a pronounced biotite foliation or schistosity also, which towards

the east of the granite intersects the planar parallelism of the

phenocrysts at an angle of about 30° (see sketches MS), while

towards the centre and to the west these two directions are usually
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subparallel. The biotite schistosity is thought to be the

primary foliation of the granite, but the planar parallelism

of the phenocrysts may be due to various causes.

In the east of the granite, the phenocrysts have been

retated by a late secondary penetrative shearing or coarse strain-

slip cleavage. Horizontal slickensides occur and perhaps the

word "shearing" is more appropriate, since no folding can be

correlated with this structure. It probably constitutes a type

of “shears of the second order" (McKinstry 1953) in association

with the eastern boundary fault of the granite; it is also

developed in the phyllites where it is seen to be later than the

latest secondary folding. On the other hand, the planar

parallelism of the phenocrysts in the banded-zones in the centre

of the granite is primary.

Other schistosities occur in the granite. For instance,

the S.S.W. trend of the axial plane of the secondary folds (blue

symbols on Map 2) is prominent. This is the direction, parallel

to which the younger Spotted and aplite granites have intruded,

and parallel to which their schistosity is aligned. The angular

discordance between the primary and secondary schistosities over

much of the area within the Palas Granite triangle is small.

Consequently, it is often difficult to distinguish between them,

or to recognize their presence in medium to coarse textured

granite, with only moderate biotite content. It is conceivable

that the biotite foliation is secondary, but from the petrography

there is nothing to support this view. The similarity to the

biotite in the northern Portugese granite also suggests that it

is of primary origin.

The Coarse Porphyritic Granite is thought to be e magmatic

late syn-tectonic granite, which was emplaced at a relatively

high temperature as a molten silicate mass, containing only a few

erystals of biotite and accessories. The evidence for this, due
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to later movements and intrusion of the Spotted and aplitic granites,

is less distinct than that for the granites of northern Portugal.

The outer part only, of the contact aureole is preserved along the

eastern boundary of the granite owing to faulting. However, along

the western boundary, in the Mato area, highgrade contact schists

have developed; these have a complex history and they result from

the intrusions of both the Coarse Porphyritic and Spotted Granites.

The granite ses occasionally be seen to cut the folded compositional

banding of country rock roof septa; much more frequently though,

the granite intrudes this concordantly, in lit-par-lit manner, as

is to be expected if this is isoclinally folded with sub-vertical

axial planes. There is often no gradation in the granite towards

the meta-sediments of the country rock; instead, the size and

abundance of the phenocrysts remains constant to the very contact.

Petography of the granite

The petrography of the Coarse Porphyritic Granite is best

understood by comparison with that of the granites from northern

Portugal (Schermerhorn 1956, pepe 272-411, and Soen 1958, pep. 98-140),

where there is far less deformation and much more extensive outcrop.

We shall confine ourselves to a brief comparative study.

In Palas de Rey, the granite has been affected by late

penetrative shearing and secondary schistosities, but retains

certain features, found in the Portugese granites, which Schermerhorn

used as evidence in support of magmatic origin. One is the

preferential inclusion of primary accessories in biotite, the

earliest main constituent. Better proof of magmatic origin is

afforded by the zonal distribution of the accessories, occasionally

seen in basal sections of biotite; this is also commented on by

Seen (1958, page 132) in discussing the northern Portugese granites.

It is thought that these accessories were drawn to the surfaces or
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edges of the biotite crystals by surface tension while they were

floating in the magma. A similar explanation can be applied to

the subhedral plagioclase and biotite crystals that are enclosed

in, and aligned parallel to crystal edges of, potash-feldspar

phenocrysts.

The origin of the banded-zones of phenocrysts poses a

problem, as does the formation of the phenocrysts themselves. In

the field the phenocrysts in the banded-zones are smaller than the

larger porphyroblasts in the migmatites, suggesting that these

banded-zones are probably not the final residue after digestion of

sediments from which only the porphyroblasts now remain. They may

represent masses of phenocrysts collected by convection currents,

but if so, this can only be part of the crystallisation history of

the phenocrysts, as blastic growth from their margins has sometimes

taken place. This has led to the partial enclosure of biotite

folia and infers that two stages of crystallisation, magmatic and

endoblastic, must have occurred.

Potash feldspar

The internal fabric of the potash-feldspar phenocrysts is

identical with that of the phenocrysts in the granite from northern

Portugal. The frequent inclusions, up to 3 mm. in length, of

subhedral plagioclase with an albitic rim, of subhedral biotite, of

occasional primary muscovite and of subhedral or euhedral quartz I

(Schermerhorn 1956, page 311), up to 2 mm. in diameter, are common

to both; as is also the distribution of the tabular biotite and

plagioclase which often lie parallel to crystallographic faces,

particularly (010), (110), (ITO) and (001), of the potash-feldspar

host. A vague idiomorphic zoning in these potash-feldspar pheno-~

erysts can often be seen in the field, picked out by differential

weathering of the different zones and accentuated by the zonal

distribution of black biotite crystals, up to 2 mm. in length.
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Under the microscope this zoning is made apparent by well-

developed sericite, oriented often parallel to crystallographic

directions and restricted to distinct narrow idiomorphic zones.

The potash-feldspar phenocrysts are nearly always Carlsbad

twinned; the composition plane is often stepped or irregular in

detail, although megascopically straight. They are perthitic,

with vein perthite which intersects the (010) composition plane

at a broad angle and which locally develops into patch perthite.

This is concentrically zoned and shows distinct albite-twinning

with the (010) composition planes parallel to that of the host

phenocryst. Also the phenocrysts usually show sharp cross-hatch

twinning, but this may be patchy: in one phenocryst where 2V was

measured in an untwinned part, it proved to be about 92°, the value

generally stated for orthoclase and not microcline. This

patchiness, and relatively small 2V, is also described from the

Portugese granites. The phenocrysts probably were formerly

orthoclase which has been altered almost entirely to microcline.

The phenocrysts, where the granite is less deformed, lie

sub-parallel to the biotite foliation and appear euhedral

megascopically, but under the microscope blastic growth is sometimes

seen to have occurred, partly enclosing the biotite folia: also the

faces of the phenocrysts are uneven owing to vigorous attack by

myrmekite II (Drescher-Kaden 1948, page 80, Schermerhorn 1956,

page 388), which may embay much of the length of a crystal face,

Where the rock is a flaser-gneiss, the phenocrysts are often rounded

or augen-shaped; they are more vigorously attached by myrmekite II

and late muscovite, and also enveloped by quartz-mica folia.

Potash feldspar occurs to a minor extent in the matrix as

anhedral grseins, up to 2 mm. across, but is frequently absent from

quartz mosaics.
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Plagioclase

Both the plagioclase included within the potash-feldspar

phenocrysts and that occurring externally was analysed by the

universal stage, using both Turner's curves (1947) and Rittmann's

method. Most of it is concentrically zoned with a core varying

outwards from Ans, to AD5y5 that is from sodic-andesine to

oligoclase; it is optically negative with a refractive index above

that of Canada balsam. This agrees remarkably well with the

placioclase from the coarse porphyritic granite of northern

Portugal.

Frequently, and especially in crystals enclosed within

potash-feldspar phenocrysts, the plagioclase shows a break in

optical continuity in the sodic-oligoclase region, often made

apparent by a distinet Becke line. Sometimes there are two breaks

in the optical continuity and two Becke lines. Usually the core,

outlined by the Becke line, tends to be more idiomorphic than the

complete crystal, and is strongly altered to either sericite or

saussurite, while the border is much clearer. This may show as

a very sharp narrow rim, but is more often broader and strongly

zoned from about AN5o» outwards to fairly pure albite. It is

also locally lobate, or convex to the potash-feldspar host, which

here it is replacing. Other plagioclase crystals, either

enclosed in the potash-feldspar host or external, may show an

irregular corroded outline with a parallel border of rapid diffuse

zoning, generally without or with only a faint Eecke line; this

is thought to represent a decalcified border with potash feldspar

replacing the plagioclase.

Although some of the plagioclase occurs in subhedral crystals,

up to 4 mm. in length, with larger sometimes enclosing smaller ones;

much of it differs from that of north Portugal, in forming round

crystals, especially where it is associated with streaky strongly
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sutured quartz folia of the shear or movement planes. Also the

plagioclase is frequently fractured.

In summary; the plagioclase generally shows sharp poly-

synthetic albite twinning and is often idiomorphically zoned with

a more albitic border, superimposed upon which is a continuous

normal diffuse concentric zoning; where not deformed it is often

subhedral, but it is frequently rounded by shearing, and fractured

and bent.

€Quartz

Although quartz may vary up to about 25% by volume lecally,

it averages about 12% and occurs in grains up to 4mm. in

diameter. This is markedly smaller than in the coarse porphyritic

granite of northern Portugal. Early primary magmatic quartz

(quartz I of Schermerhorn) is quite common, enclosed within the

potash-feldspar phenocrysts as subhedral to euhedral grains, up

to 2 mm. in diameter; it is sometimes granulated. Anhedral

secondary quartz inclusions also occur in the phenocrysts but most

of the quartz, quite unlike that in the Portugese granite has

recrystallised in folia that envelop the phenocrysts. These folia

consist of mosaics of strained and intricately sutured quartz

grains (often .1 to .2 mm. in diameter) which, with the other and

larger grains including feldspar, constitute a well developed

mortar texture. In some folia, rounded quartz grains, 2-3 mm. in

diameter, are distinctive. Occasionally the strained and sutured

quartz folia are seen to terminate against a potash-feldspar

phenocryst; this is possibly due to blastic growth, outward from

the phenocryst, destroying the sharp deflection of the foliation

which is seen against other phenocrysts.
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sestauten

Muscovite, in at least two generations, generally amounts

to about 1% by volume. Muscovite I (Schermerhorn 1956, page

300), the early magmatic muscovite, is occasionally seen as

subhedral to euhedral laths enclosed in biotite, potash feldspar

and plagioclase; it is sometimes corroded by the last. Most of

the muscovite is of late origin and replaces biotite and feldspar,

especially along movement planes. These may occur between

feldepar phenocrysts where the muscovite is seen as an ageregate

of crushed and strained crystals, up to .33 mm. across. Late

muscovite may also form aborescent outgrowths which partially

replace both myrmekite II and the corroded feldspar phenocrysts.

Biotite

Biotite, about 10% by volume, occurs in anhedral to subhedral

crystals, up to 2mm. in length. These are usually bent and

strained, but generally they retain a fresh appearance; they are

strongly pleochroic from pale yellow to deep reddish-brown, although

sometimes bleached. They are often jagged or fibrous, like a

newly snapped green bouch, at their ends, where late muscovite is

replacing them. They display numerous pleochroic haloes, mostly

surrounding zircon (or thorite); these are sometimes arranged

zonally, as seen in basal sections: occasional inclusions of

early muscovite also occur.

Accessories

Zircon occurs as minute grains restricted to the biotite and

surrounded by distinct pleochroic haloes. There is also a

similar-looking mineral with distinct oblique extinction and much

broader pleochroic halo, probably monazite, which is relatively

common in the coarse porphyritic granite of northern Portugal.

Occasional «mall anhedrel grains of sphene occur partly enclosed



 

-115-

in the biotite, but apatite is more common. The apatite is

locally developed as subhedral crystals, up to .33 mm. in length,

again often associated with biotite and sometimes surrounded by a

very narrow pleochroic halo. It also occurs away from biotite

amongst the quartz-feldspar aggregate. In only one specimen was

a little opaque iron oxide seen. fourmaline is apparently

absent or very rare.

(ii) Spotted Granite

Within the Palas Granite triangle, the Spotted Granite

eccurs in three localities. In the southwest it eccurs about

Cabana as a distinct topographical dome, forming a massif with an

aplitic border facies seen in two major tongues protruding north-

wards, and with markedly discordant contacts. Further east,

stretching southwards from Camino, there is a long, rather ill-

defined tongue of Spotted Granite, poorly exposed with obscure

contacts against the Coarse Porphyritic Granite. East of the

Palas de Rey sedimentary ridge and forming yet higher ground is

the largest body of Spotted Granite, which to the newts and south

merges into aplitic granite; however, some of the aplites to the

south are later intrusives, not marginal facies of the Spotted

Granite.

Although outcrops are poor, there is sufficient evidence to

show that the Spotted Granite often grades into a more aplitic or

finer grained variety, with aplitic apophyses veining the Coarse

Porphyritic Granite (see sketches MS). The younger age of the

Spotted Granite is further demonstrated by the presence of only one

schistosity in contrast to at least two in the Coarse Porphyritic

Granite. The schistosity of the Spotted Granite is quite

insignificant in the field when compared to those of the Coarse

Porphyritic Granite, which often weathers and crumbles very readily

on account of them.
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The Spotted Granite is thought to be late syn-tectonic

intrusion, probably diapiric with internal deformation

accompanying intrusion. Originally the granite had a

hypidicmorphic granular or normal eranitic texture, but it has

clearly suffered considerable deformation, probably protoclastic.

This has left many of the crystals anhedral, some only of the

plagioclase and potash feldepars retaining their subhedral shape.

Sections cut perpendicular to the gneissosity often show potash

feldspars with roughly circular outlines where the granite has

been slightly more intensely deformed.

The Spotted Granite is seen to be leucocratic, often with

a slight pink tinge. It is seemingly almost massive because of

the lack of dark minerals to accentuate its gneissosity; there

is only one § plane and that is often obscure; also the pheno-

erysts which average 1 cm. in length, merge into the coarse matrix.

Characteristically in the field the granite is spotted, even on

fresh surfaces, from distinct limonite haloes around the scattered

biotite crystals. Because of evidence in quarries that this

spotting continues to depth, it is thought to be an endoblastic

effect caused by volatiles bleaching the biotite in the final

stages of consolidation.

Biotite averages about 7% by volume and occurs evenly

scattered throughout the matrix. It is not restricted to folia,

in contrast to the Coarse Porphyritic Granite. Muscovite

similar in abundance to the biotite, is often conspicuous in

flakes 4 mm. across; it occasionally surrounds biotite. Quartz

is prominent in grains, 3-4 mm. across, and averages about 25% by

volume; this is considerably more than in the Coarse Porphyritic

Granite. Plagioclase is abundant in anhedral to subhedral

crystals from 1 to 4 mm. in length. Potash feldspar forms the

phenocrysts, which never exceed 2.5 cm. in length and average about



  

- 117 -

10% by volume; however the proportion of potash feldepar in the

rock is appreciably higher, as it is common in the matrix,

although less plentiful than plagioclase.

The petrography of the Spotted Granite is not unlike that

of the Coarse Porphyritic Granite.

Plagioclase

The plagioclase tends to be subhedral, but is often

irregular where it is sheared off at a movement plane, or where

it shows late blastic growth. Frequently it is more fragmented

than the potash feldspar, with polysynthetic elbite twinning

stopping at fracture surfaces. The plagicclase corrodes and

partly enclosed the better-formed early muscovite, but is

replaced by later muscovite with which it may show a garland

intergrowth. The composition of the plagioclase outside and

inside the potash feldspar phenocrysts was determined, using the

universal stage, and found to be similar. The cores of the

erystals are concentrically zoned from about Ano? outwards to

ABo,° They are usually more sericitised and saussuritised than

the borders from which they are often separated by an optical

discontinuity shown by a Becke line; the border is zoned from

about AR)ys outwards to Ags Between granulated potash«-feldspar

crystals, there is sometimes a narrow zone of granular albitic

plagioclase.

Potash feldspar

Some of the larger potash-feldspar phenocrysts show an

internal fabric very similar to that in the Coarse Porphyritic

Granite as regards the nature of the plagioclase, the cross-—-hatch

twinning and perthitic texture, but biotite inclusions are often

bleached and decayed in appearance, and muscovite inclusions,

subhedral and up to 1 mm. in length, are much more common. These
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muscovite inclusions are partly secondary, either replacing the

potash feldspar itself or the enclosed primary biotite. Other

potash-feldspar crystals, round in outline and about 1 cm. in

diameter, consist of a few fragments of potash feldspar, each

Carlsbad twinned end with plagioclase inclusions, welded together.

This is not the "glomerophyric" texture (Soen 1958, page 132), due

to the adherence of free floating crystals in magma, since in

Palas de Rey these rounded structures only occur in the more

strongly deformed granite and must be protoclastic.

Most of the potach feldspar is sharply cross-hatch twinned

and is probably microcline. Much of it occurs as anhedral to

subhedral crystals, 2 to 4 mm. in length; while an appreciable

quantity may also occur interstitially in the quartz mosaics and

as larger irregular blastic crystals, which partially enclose the

other minerals. It occasionally appears to have replaced

subhedral plagioclase to a notable extent. Considerable corrosion

from muscovite about the margins of potash feldspar crystals occurs,

but replacement by myrmekite II is relatively insignificant

compared to that of the phenoerysts in the Coarse Porphyritic

Granite. It appears that myrmekite II and secondary muscovite may

show an antipathetic relationship.

Quartz

Quartz is abundant and averages about 25% by volume of the

granite, it is often strongly sutured and strained in the anhedral

grains, .2 to .4 mm. across, which form the quartz-rich folia.

Within the potash-feldspar phenocrysts, there occurs subhedral

rounded quartz which may correspond to quartz I; this quartz does

not show the distinct euhedral shape seen in the Coarse Porphyritic

Granite. The quartz is strongly corrosive, attacking both the

muscovite laths and plagioclase.
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Biotite

Biotite, which averages about 7% by volume of the granite,

is markedly bleached and pleochroic from very pale brown to

olive-green. It has high birefringence and is slightly fibrous;

it is evenly disseminated throughout the matrix in subhedral

erystals, mostly less than 2 mm. in length; and it is sometimes

considerably less abundant than the muscovite.

Muscovite

Muscovite, occuring in similar quantity to biotite, is far

more abundant than in the Coarse Porphrytic Granite. It forms

anhedral to subhedral flakes generally not more than 2 mm. long,

but is sometimes prominent in others up to 5 mm. long. They are

arranged in clusters and in discontinuous folia; they are often

slightly bent and strained, and occasional large ones are seen in

the field to enclose centrally black subhedral biotite. In some

clusters biotite is interstitial between larger nuscovite flakes or

moulded against them, but elsewhere muscovite replaces biotite; it

also replaces potash feldspar and plagioclase.

Accessories

As in the Coarse Porphyritic Granite accessory minerals are

very scarce. There are nearly opaque small prisms of rutile in

some biotite erystals, and occasional small black skeletal growths

of tourmaline are seen in the field (see sketches MR).

(iii) Apliticgranites

From north or Rosario ( 2 kms. east of Palas de Rey) to

north and east of Filgueira there is a persistent narrow zone of

aplite, with a strike length of more than 2 kms; this aplite

forms the western margin of the Spotted Granite into which it is

thought to merge gradually. Locally between this aplite and the
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Spotted Granite proper, exposures of intermediate somewhat

aplitic granite occur, and small aplitic bodies are seen to

merge into the Spotted Granite, (see sketches MS). However, it

is known also that other aplitic bodies intrude the Spotted

Granite discordantly.

The aplite is almost white and nearly equigranular, with

grains .5 to 2 mm. in diameter; it is evenly gneissose

structured from an indistinct foliation. It contains a mica

which is possibly lepidolite (?): this is deep straw coloured

with a slight purplish cast as seen in the field, but is almost

colourless under the microscope. This mica is evenly

distributed throughout the rock in subhedral crystals, markedly

corroded by quartz and often slightly strained.

Plagioclase is similar in composition to that of the Spotted

Granite and where strongly zoned varies from about Anos outwards

to ARSos from measurement with the universal stage; clear grains

may vary to almost pure albite. The plagioclase usually shows

albite twinning or where somewhat granulated a chequer habit; it

tends to be subhedral, although mutual openly-sutured contacts are

common; it is only slightly or not at all clouded; it is

sometimes partly replaced by potash feldspar and is frequently

corroded by quartz.

Potash feldspar is less well formed but of similar size to

the plagioclase, against which it is often moulded; it usually

forms anhedral grains and is free of inclusions of plagioclase.

It is not generally cross-hatch twinned, but occasional grains are

sharply so.

Quartz occurs in openly-sutured anhedral grains, up to 2

mm. in diameter. These tend to be convex and are often slightly

strained: granulation to small grain size occurs along certain

foliation planes. The quartz is markedly corrosive to muscovite,
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plagioclase and potash feldspar.

Tourmaline occurs, as in the Spotted Granite, in isolated

rare skeletal growths, and apatite in small subhedral prisms, up

to 33 mm. in length. South of the main road a similar aplite,

but with colourless muscovite as the mica, shows a sparse

dissemination of pink garnets, up to .75 mm. in diameter.

From south of Tarrio northwards to the Guntin-Mellid main

road, at about K 543, another distinct aplite body forms the

topographical ridge of Alto das Cabanas. This aplite is

distinctive in the field and quite different from the one described

above. Field mapping suggests that it may be an independent

intrusive body and not a finer-grained marginal facies of the

Spotted Granite. It shows an even gneissose structure and a

ae pinkish colour from the development of diffuse limonite

haloes about its numerous scattered biotites. These and

muscovite erystals richly speckle the rock, each forming about

10% by volume and varying up to 3 mm. in length for the muscovite

and a little less for the biotite. The potash feldspar may

attain 3 mm. in length, the plagioclase rarely more than 2 mm.

Under the microscope the texture is seen to be allotrio-

morphic inequigranulare The plagioclase is cloudy, strongly

sericitised, corroded by quartz and extensively replaced by potash

feldspar; it is often slightly granulated or fractured.

Measurement with the universal stage showed that the plagioclase

is similar to that in the Spotted Granite, with sericitised cores

zoned from about Anos outwards to Ansys surrounded by narrow more

albitic clear margins, these are sometimes separated from the

cores by an optical discontinuity (Becke line).

The potash feldspar, much of which is strongly cross-hatch

twinned, forms anhedral grains free of inclusions, and irregular

poeciloblasts enclosing plagioclase; some occurs interstitially in
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the quartz-rich mosaics. It rarely shows crystal faces and

tends to be very irregular in outline. Quartz is most

inequigranular, occurring in irregular and often strongly sutured

grains, from about .2 to 2 mm. in diameter; it is generally only

slightly strained.

Muscovite forms fresh subhedral crystals, which locally

enclose quartz and which are sometimes slightly strained. Biotite

is quite different, with a decayed appearance and strongly

bleached. It is pleochroic in olive-green, strongly birefringent,

and contains small nearly opaque prismatic inclusions, some of

which are rutile. Apatite forms occasional small subhedral

prisms, up to .33 mm. long.

(iv) Veining in the granites

In the Palas Granite, numerous veins are encountered within

the Palas de Rey area. These are nearly all leucocratic, apart

from those of tourmaline, and vary between 2 and 30 cm. in width.

The whole granite is probably richly veined, but only the central

part, within two to three kilometres of the Guntin-Mellid main

road, was mapped in detail. Map 2 gives an indication of the

distribution of the veins there: for instance west of Lardeiros,

there are numerous veins with an E.S.E. strike, while towards

the western margin of the granite a S.S.W. strike is commoner.

Sometimes the veins are spaced % to 1 m. apart; eighteen may cross

a track within fifteen metres.

An attempt was made in the field to discriminate between

shear and tension veins, but this was only partly achieved; however,

a distinct pattern emerges. A dextral set of conjugate shear

veins with roughly 5.S.W. strike, and a less prominent sinistral

set with roughtly S.S.E. strike occur, and a much more prominent
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tensional set of roughly E. - W. strike. This is not to say that

all veins with a roughly E. - We strike are tensional; as

tensional veins in particular show rather a variable strike.

Stereogram No. 22 is a plot of all veins and to a certain extent

reflects the above described pattern. Although veins with dips

of 30° to 55° occur, the majority are subvertical in attitude.

The sketches MT, MU, MV and MW indicate the style of the

veining. The tensional veins are often composite with different

zones parallel to the vein wall; these zones may be of tourmaline,

quartz, aplite or pegmatite, and their order varies. Tourmaline

is frequently the medial zone but also occurs marginally. The

tensional veins do not show knife-sharp contacts with the granite,

but slightly gradational ones, always however distinct due to the

sudden cessation of biotite, so conspicuous in the granite. Many

of the veins are of replacement origin, the muscovite folia of the

vein continuing those of biotite in the granite, obliquely across

the vein without deflection (see sketches MT, bottom right-hand

corner). Under the microscope some specimens appear to show

muscovite replacing biotite.

Another type of vein shows tourmaline needles arranged normal

to the vein walls. The needles taper towards but do not

penetrate the granite, and they are often disjointed - possibly

from dilation of the vein. Some veins have a perfectly developed

comb-texture, while others have a medial joint or tension fracture.

As tensional veins, those of quartz with only a very little

interstitial feldspar are sometimes prominent. These are usually

less than 30 cm. in width but occasionally develop as milky-white

veins up to 1.3 me in width, which never persist far along the

strike. This is seen for instance south of Camino*t accompanying

* Camino is 1% kms. west of Carballal.
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pronounced muscovite porphyroblastesis in the metasediments;

here the unusual size of such veins and the intense muscovite

porphyroblastesis is possibly caused by the escape of hydro-

thermal solutions (following the second boiling point (?),

Barth 1952, page 138) during crystallisation of the Spotted

Granite. Mostly the veins are characterised by their narrow

width, usually from 1 to 10 cm., and often by their somewhat

limonite-~stained apesrance. Many show slickensides with

gently plungine striae, while others are boudinaged and

brecciated. Some of these tourmaline shear veins are wider

and composite (for instance, see sketches MW ~ detail of vein A).

The feathery character of the black tourmaline, seen in the

sketch, as well as the subhorizontal striae along the vein walls

and microscopic evidence of streaky quartz folia, indicate

shearing.

Veining in the Arroyo Ruxian, 1 km. west of Palas de Rey,

is suggestive of shear, possibly with some dilation (see

sketches MU). The lateral displacement of the one wall relative

to theother cannot be much, unless the movement took place at a

relatively high temperature under mobile conditions; since

although some of the phenocrysts of the granite are slightly bent,

many extend across the vein wall boundary, as do a few schistose

biotitic xenoliths. Nevertheless the sigmoid foliation pattern

shows that the vein has not formed merely by the filling of a

fissure. Possibly replacement has occurred along a pre-

existing shear plane or planes.

Varied and irregular veining or stockworks are common.

Examples from near Tarrio, and 2 kms. north of Camino are

illustrated. (See sketches MV).
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Petrography

Most veins are alotriomorphic inequigranular aggregates

of quartz, feldspar, muscovite, and sometimes tourmaline.

Biotite occurs occasionally in aplite veins and forms up to about

5% by volume, while other veins may contain sparsely

disseminated small pink garnets, or apatite crystals less than

1 mm. in length. Grain size of the aplites is generally less

than 2 mm.; while in the pegmatites, occasional feldspar crystals

may exceed 4 cm. and muscovite crystals 3 cm., but frequently the

veins show a gradation from aplitic to pegmatitic texture.

Plagioclase, sometimes strongly sericitised, is concentrically

zoned from about An,91 outwards to An,’ It is mostly anhedral and

occurs in mosaics with quartz as openly-sutured grains, tending

however to be convex towards potash feldspar. It is often slightly

bent and fractured, causing a type of chequer albite twinning, which

elsewhere has formed as a further stage from patch-perthite

(Anderson 1929, page 151), when only occasional relics of the

potash feldspar remain. Potash feldspar mostly forms irregular

interstitial anhedral grains or poecileoblasts enclosing other

minerals, especially tourmaline in the black streaky part of the

veins. It is usually finely cross-hatch twinned and perthitic,

varying from vein-perthite to coarse patch-perthite. It may show

attack by myrmekite II.

Quartz frequently occurs in relatively coarse mosaics, where

| it is openly-sutured and little strained. Many veins, however,

show certain folia where some movement and granulation has taken

effect; this is particularly so in shear veins (see sketches MW ~

vein A). Here quartz shows a mortar texture in streaky folia, and

consists of strongly sutured and strained iregular grains.
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Biotite, up to 5% by volume, occurs in only a few veins,

where it is mostly decayed and partially bleached; it is better

preserved within occasional large potash-feldspar crystals, which

may be unreplaced phenocrysts from the granite. Muscovite

rarely forms more than 10% by volume and is sometimes almost

absent. It corrodes both plagioclase and potash feldspar, but

is itself corroded by quartz.

Under the microscope, the black streaky tourmaline folia of

the shear veins are seen to consist of aggregates of subhedral to

euhedral prisms of tourmaline, partly contiguous with each other,

but mostly separated by quartz and feldspar. Generally the

prisms are less than 3 mm. in length, and are sometimes bent and

strained. Occasionally poeciloblasts of tourmaline are seen, in

which internal fabrics of enclosed quartz grains are appreciably

finer than the external fabric. The tourmaline is sharply

idiomorphically zoned, with a greenish-blue core and a broad

yellowish-brown margin (ordinary ray), or is nearly colourless

(extraordinary ray).

(v) Sediments within the granites

Introduction

Within both the Coarse Porphyritic and Spotted Granites,

especially the former, there are discontinuously exposed zones of

meta-sediments. Where broader, these sedimentary zones cross the

granite as long topographical ridges, exemplified by the one, about

3 kms. in length and up to 400 m. wide, almost passing through the

town of Palas de Rey. Another stretches from south of Carballal

to north of Quindimil, a distance of over 5 kms. These zones are

not purely of meta-sediments, but contain subordinate interbanded

granite, in bands up to a few metres in width. Towards the west

there are numerous zones of meta-sediments, usually of only a few

metres in width and generally very poorly exposed, (see sketches MY).
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There are also three zones of trains of biotitic schistose

xenoliths (see sketches MU) and one narrow band of sreenstone

near Meijide. Map 2 shows a greater concentration of meta-

sedimentary zones centrally, where the mapping was carried out

in detail; however the actual concentration does decrease to

the north.

Description of rock types

(i) Quartzites

Occasional bands of Quartzite occur; for instance, there

is one in the centre of the Palas de Rey meta-sedimentary zone

and another occurs north of Tarrio. These are essentially

constituted of about 80% quartz and 20% muscovite by volume. The

Quartz occurs as a nearly equigranular crystalloblastic aggregate

of grains, about .4 mm. in diameter. These are full of

inclusions, the larger of which are white mica and the finer,

needies of sillimenite. Muscovite grows across the schistosity

and up to 2 mm. in length.

(ii) Garnetiferous meta-sediments

Garnetiferous meta-sediments were found in two zones only;

their rarity is perhaps due to the small Quantity of CaO in most

of the original sediments. One zone occurs along the western

margin of the Palas de Rey meta-sedimentary zone and the other

near Quindimil. In both, the pink garnet is similar in

appearance to that from the basic rocks and contact-schists.

Specimens of this meta-sediment at Palas de Rey are composed of

about 45% quartz, 45% biotite and 10% garnet. The garnet varies

in habit from subhedral grains, up to 3 mm. in diameter, to

stringers, parallel to the foliationof anhedral garnets. The

garnet is isotropic and polygonally cracked with fissures filled
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with translucent red haematite. Brown biotite, in subhedral

grains, mostly .3 to .5 mm. in length, occurs evenly

disseminated throughout the crystalloblestic quartz mosaic};

it is very fresh and not altering to fibrolite.

(4ii) Tourmalinised meta-sediments

Near Carballal there is a zone of tourmalinised meta-

sediments, containing up to about 35% by volume of tourmaline.

The tourmaline takes the place of most of the biotite, which

usually occurs in the meta-sediments, and the biotite here only

amounts to about 5% by volume. Muscovite and quartz, each about

30% by volume, constitute the remainder of the rock. Tourmaline

forms numerous subhedral poeciloblastic prisms foe 2 to 13 mm.

in length. It is black in the hand specimen and strongly

pleochroic from greenish-brown to pale brownish-yellow; it is of

late blastic growth (see sketches MZ) and encloses quartz,

muscovite and opaque iron oxides, similar in coarseness to the

external fabric. This tourmaline-rich meta-sediment is coarsely

gneissose; the quartz is segregated into folia where it forms

crystalloblastic mosaics of strongly sutured and strained grains,

which average .5 mm. in diameter. Muscovite, varying up to 4 mm.

in length, is similar in occurrence to that in the coarse pelitic

schists, to be described below. Haematite is prominent in

translucent red grains and opaque iron oxide is also developed in

skeletal crystals, up to .5 mm. in length. Fibrolite is absent.

(iv) Pelitic meta-sediments

The great majority of the meta-sediments occurring in the

Palas Granite are coarsely foliated or banded micaceous schists

and gneisses, characterised by the development of sillimanite and

an abundance of muscovite porphyroblasts. Where most coarse,

these gneisses are not unlike the migmatites of the northern anti-
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cline of the "Ojos de Sapo", texturally, but unlike those they

never contain a single porphyroblast of feldspar, even within

a centimetre of granite contacts; the feldspar which does occur

is always xenomorphic and interstitial to the quartz and is

usually scarce.

The pelitic meta-sediments vary from fine-grained evenly

banded gneisses to coarse-grained, streaky schists and gneisses

(see sketches MX for coarse streaky type). In these the dark

biotite-rich lenticular folia, speckled and streaked with

numerous porphyroblasts and wisps of muscovite, alternate with

finer-textured quartzofeldspathiec bands or folia which contain

little muscovite or biotite. Lit-par-lit injections of

muscovite-rich aplogranite, and concordant quartz veins and lenses,

from 1 mm. to a few centimetres wide, are common. Essentially

these gneisses are constituted of biotite, muscovite and quartz,

each of which may vary from 20% to 50% by volume, with minor

feldspar and sillimanite.

In the fine-grained gneisses with a grain size of about

3 mm. in diameter, muscovite forms numerous discrete

poeciloblasts. These are often somewhat augen-shaped, from 1

to 2 mm. long and usually grow across the foliation.

In the coarse-grained gneisses, muscovite porphyroblasts

have developed profusely, so that some hand-specimens are

composed of about 50% by volume of muscovite (and 50% by volume

of biotite). Muscovite often averages 4 mm. and occasionally

reaches 8 mm. in length. Under the microscope, the wisps or

small discontinuous folia of muscovite are seen to consist of

granoblastic mosaics, varying into crush-assemblages of inter-

fingering and sutured crystals, about -3 mm. in diameter. This

texture, indicative of strong deformation is quite analagous to
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that of strongly sutured quartz mosaics which form streaky

lenticular folia. Further evidence of deformation is seen in

the granulated margins of muscovite crystals, sometimes circular

in outline and occasionally with slightly sigmoid cleavage (see

sketches MZ). A long crystallisation period or renewed

muscovite growth is indicated by late muscovite poeciloblasts;

these have grown right across crush-assemblages of small

muscovites and enclose all the other minerals.

Fibrolite inclusions in the muscovite are particularly

common and may occur as tufts protruding from decaying biotites

(see sketches MZ); where it is better developed as fine needles

in some of the larger muscovites, there is nothing to suggest

growth from former biotite. Dendritic growths, individual fine

needles, rosettes, randomly-oriented tufts and swirls are

various habits shown by the fyvibrolite, and they are

characteristically developed away from the margin of the muscovite

host. The coarse schist also shows muscovite enclosing larger

subhedral and skeletal prisms of sillimanite; some of these are

enclosed by biotite, which is itself enclosed by the muscovite.

The biotite is strongly pleochroic from deep reddish-brown

to palest yellow. It is often somewhat fibrous and decayed,

sometimes nearly opaque or translucent~-amber to red from

replacement by haematite. It forms anhedral to subhedral grains,

frequently about .5 mm. across, and has a habit entirely different

from the muscovite. The flakes are usually subparallel to the

foliation, and where it forms decussate aggregates, the grains

are not interfingering or sutured; it is difficult to be certain

whether reerystallisation has occurred or not. Extensive replacement

by fibrolite, leaving irregular decayed relics of biotite, is common.
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This is more often seen within a muscovite host than externally,

where the replacement appears to be selective; certain folia,

possibly shears or movement zones, being preferred. By

contrast, contacts of prismatic sillimanite with biotite appear

to be stable. In some specimens decussate aggregates of

subhedral fresh biotites, averaging .3 mm. in length, are

partially enclosed by large muscovite porphyroblasts, apparently

in stable equilibrium; other specimens show biotites restricted

to the margins of large boat-shaped muscovite porphyroblasts, as

though these could have developed at the expense of the biotite (7).

The quartz, in the broader folia, occurs as a mosaic of

fairly equidimensional grains, slightly flattened parallel to

the foliation and with only incipient suturing and slight strain.

It may be poeciloblastic, with numerous fine inclusions of

fibrolite, or occasionally with relict biotite, altering to

fibrolite. A little potash feldspar occurs interstitially to

the quartz. In the thinner quartz folia, often close to crush-

assemblages of muscovite, the quartz is strongly sutured and often

markedly flattened parallel to the foliation.

In these pelitic meta-sediments, besides haematite

replacing or surrounding decayed biotite, iron oxide occurs as

small opaque skeletal crystals (see sketches MZ). Other accessory

minerals include rare tiny crystals of zircon and occasional ones

of tourmaline.

(v) Biotitic schistose-xenoliths

Certain zones in the Cosrse Porphyritic Grenite, for instance

near Carballal and that of Loderio-Lardeiros, contain numerous

dark grey lenticular xenoliths, rarely exceeding 60 x 10 cm. in

size, in which biotite amounts to about 60% by volume. These are
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thought to be biotitised greenstone relics because of their

constant even-grained appearance unlike any of the other meta-

sediments, and their high biotite content.

The xenoliths are fine-grained and evenly granular with

a grain size for the matrix up to .5 mm. in diameter. They are

coloured medium grey by disseminated biotite; they contain

numerous angular and subhedral feldspar crystals, .5 to 4 mm. in

length, occasional quartz lenses up to 7 mm. in length, and

frequent biotite porphyroblastsvhich average 3 mm. in length.

Under the microscope the larger (.5 to 4 mm.) feldspars

are seen to be plagioclase, which are often Lisisahindé and

strongly sericitised; they are zoned from about Anogs outwards

to Anjo» and surrounded by fresh more albitic rims. In the matrix,

much clear albitic plagioclase occurs as anhedral grains. Potash

feldspar is entirely absent. Quartz is prominent as clear

anhedral grains with a marked tendency to givatsitlides mutual

‘contacte; it is little sutured or strained. Biotite is

abundant as anhedral to subhedral fresh grains, up to .3 mm. in

length, it is strongly pleochroic from a deep reddish-brown to

pale yellow, occasionally with pleochroic haloes. It is evenly

distributed throughout the xenoliths. Fresh biotite, containing

numerous pleochroic haloes, also occurs as the anhedral porphyro-

blasts; these are uneven at their ends with blastic growth.

The absence of potash feldspar and the lath-shaped

plagioclase are again suggestive of derivation from a basic rock.

Discussion

Unfortunately exposures in the Palas Granite are poor, but

a meta-sedimentary ridge persists for over 2 kms. at Palas de Rey

and a less well defined one through Carballal for over 5 kms; it

is probably safe to assume that at Palas de Rey the meta-sediments
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are continuous for over 800 m. and very likely for over 2 kms.

This being so, these two zones in particular if not the smaller

ones also, are thought to be screens of roof rocks in situ, rather

than trains of free swimming rafts, such as are found in the main

Donegal Granite of Ireland.

Pitcher and Read (1958, page 294), have stated that some

quartzite rafts in the Donegal Granite are over 400 yards long, so

that in poorly exposed country, size is a doubtful criterion.

However they further state that the trains of free-swimming rafts

can be shown to have been derived from definite roof or wall

horizons of the country rock envelope; in the north of the Palas

Granite, there are extensive outcrops of aplitic granite and no

evidence is seen of the source of the meta-sediments. bivergence

of raft trains is suggested as decisive evidence for their free-

swimming character and for the intrusive nature of the Donegal

Granite. Divergence is also seen in the sedimentary enclaves in

the Palas Granite, but it is thought to be of little significance

as the regional strike of the country rock along the eastern and

western margins also shows marked divergence.

Banding (see photos. 36 and 39) in the Coarse Porphyritic

Granite is not commonly observed, apart from the local development

of prominent banded-zones rich in phenocrysts. These ecekelouae

and the occasional zones of small biotitic xenoliths, probably

constituting free-swimming raft trains, may indicate a flow of magma

along the length of the granite body. Pitcher and Read (op. cit.

page 298) have suggested lateral magmatic wedging with horizontal

flow of magma as the mode of emplacement of the main Donegal Granite:

possible the Coarse Porphyritic Granite may have been intruded in a

similar way. The Spotted and plitic Granites were intruded into

the Coarse Porphyritic Granite later, as dome~like bodies, resulting

from the vertical rise of magma.



  

o 19h «

The meta-sediments within the Palas Granite are considered

to lie within the sillimanite-almandine subfacies of the

amphibolite facies (Francis 1956, page 365), equivalent to the

Barrovian sillimanite mne. These meta-sediments may be thought

of as the innermost zone in the aureole of contact schists surrounding

the Palas anc Guntin Granites; but almost certainly, metasomatic

processes have played an important part in their development.

Staurolite, kyanite and andalusite are entirely absent.

In recent literature, Tozer (1955), Hietanen (1956),

Francis (1956) and Clifford 1958, have all stressed the development

of sillimanite as a break-down product at the upper temperature

stability limit of biotite, and without doubt much of the fibrolite

seen in the pelitic meta-sediments in the Palas Granite has

developed in this manner. Tozer suggested that early sillimanite

was formed in this way during the main period of metamorphism in

the sedimentary rafts and inner contact aureole of the Donegal

Granite, with the expulsion of Fe, Mg, and K; later there was an

influx of new K from the granite, which led to growth of

muscovite megacrysts.

In Palas de Rey it is difficult to attribute the intense

muscovite porphyroblastesis, such that some hand-specimens consist

of 50% muscovite (and 50% biotite), to potassium metasomatism alone

or with hydroxyl, considering the relative scarcity of potash

feldspar. It seems more likely that some alumina was also

introduced, but without chemical analyses it is impossible to make

a positive statement. It is thus suggested that the growth of

muscovite porphyroblasts and possibly some recrystallisation of

biotite, were induced by the passage into the country rocks of

potash and alumina, carried by late-stage fluids from the Coarse

Porphyritic Granite, and possibly also from the Spotted Granite.



 

* 135 -

Late muscovite has prown at the expense of biotite,

fibrolite and possibly quartz. Tozer (op.cit. page 319) has

suggested that the persistence or complete obliteration of

sillimanite in the Donegal Granite rafts depended on extremely

local variations in the chemical composition of the schists,

i.e. on variations in the amounts of potassium and hydroxyl

presente This is probably equally applicable to the meta-

sediments in the Palas Granite; another controlling factor may

be the distribution of planes of movement or shearing. The

freshness and coarseness of some of the fitrolite crystals,

enclosed within muscovite hosts but away from their margins,

suggests that recrystallisation of the fibrolite may have occurred,

although elsewhere decayed relict cores of biotite altering to

fibrolite are still seen within the muscovite. Thus muscovite

porphyroblastesis has been accompanied by both destruction and

recrystallisation of the fibrolite and is clearly complex.

Muscovite porphyroblastesis has been extreme in the neta-

sediments, especially near the margin of the Spotted Granite south-

west of Carballal. Here muscovite porphyroblasts enclose large

embayed crystals of biotite, some of which enclose, apparently in

stable equilibrium, large prisms of sillimanite; while other

biotite crystals, apparently of the same generation, show marked

replacement by fibrolite, thus clearly indicating two generations

of sillimanite.

This is an important observation as it may suggest, if the

biotite is not of more than one generation, that the sillimanite

which originally formed during the main period of metamorphism in

equilibrium with the biotite was coarsely prismatic, unlike that

in the sedimentary enclaves of the Donegal Granite, and that

fibrolite developed later at the expense of the biotite, possibly

under metasomatic conditions. However, as the prismatic
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sillimanite, found in the coarsest meta-sediment, occurs near

the margin of the Spotted Granite, a more likely explanation is

that further crystallisation of sillimanite and biotite was

associated with the later intrusion of the Spotted Granite,

reflecting an alternation of thermal-pressure conditions which

made biotite alternatively more and less stable, than

sillimanite.

(vi) Contact schists

(1) Western contact schists

Within the Palas de Rey area, the western contact aureole

of the Palas Granite is recognized in a triangular area, which

lies north of the Spotted Granite dome of Cabana, and terminates

as a narrow strip west of Cuina. Monte Endemil is a line of

hills owing their origin to the contact action of the granite.

Apart from greenstone bands, the contact schists are

characterised by three rock types:- (i) Black graphitic impure

quartzites. (ii) Yellow-weathering fairly pure quartzites.

(iii) Pelitic schists. All three types show intimate concordant

quartz veining and some mylonitic structures. No progressive

metamorphism was recognized, and the pelites are represented by

high grade andalusite-garnet-staurolite-biotite schists, thought

to lie within the epidote amphibolite facies, equivalent to the

Barrovian staurolite zone (Francis 1956).

(i) Black graphitic impure quartzites.

These graphitic beds, although persistent along the strike,

eccur as narrow bands which are in extent not comparable with the

broad zones of the graphitic shales of Marzan or Guntin, and are

considerably more queartzitic. They consist of fine-grained black,

richly-graphitic shale grading into quartzite; they are evenly
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banded or foliated, from mere films up to 2 mm. widths, and no

spotting or segregation of graphite was noticed. Quartz

veining is intimate and parallel to the bedding, the individual

veinlets being .5 mm. to 1 em. thick.

(ii)  Yellow-weathering fairly pure quartzites

These yellow-weathering schistose quartzites are broadly

interbanded with the pelites and consist of about 75% by volume

quartz, about 16% muscovite and about 8% biotite. The quartz in

th thicker folia occurs in evenly granular crystalloblastic

mosaics with a strong tendency for the grains, mostly .05 to .1 mm.

in diameter, to show triple straight~edge mutual junctions and

only incipient suturing; in the thinner folia, the quartz is

elongated or flattened parallel to the foliation. Feldspar grains,

similar in size and shape to the quartz, are generally present in

minor amount. The muscovite is fresh and undeformed as stout

laths, up to .25 mm. in length. These usually lie parallel to

the foliation, but occasional larger grains lie athwart it. The

biotite is not fresh and is pleochroic in green and brown; it

forms flakes up tec .2 mm. in length.

Boudinaged quartz veins, varying in widths from .5 mm. to

5 cm. are common and give the quartzite a streaky appearance.

The veins consist of coarse granular quartz, frequently strained,

and small aggregates of tourmaline prisms.

(i141) Pelitic schists

The pelitic schists, often a very tough rock to break, are

medium grained andalusite-garnet-staurolite-biotite-muscovite

schists, with silvery schistosity surfaces due to well developed

muscovite. They are frequently veined with quartz, like the

yellow-weathering quartzites. Andalusite is locally very abundant
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along certain bands, 15 to 30 cm. wide, where it forms euhedral

dark bluish-grey porphyroblasts, which average 4 mm. in length;

these give the rock a knotty texture. Accompanying the

andalusite, and usually slightly smaller, dark red garnets are

often prominent.

Andalusite has crystallised post-tectonically and is

markedly poeciloblastic, enclosing all the other minerals

including garnet, to which it appears to bear a stable relation-

ship; the smaller size of the garnets is possibly to be

correlated with a shorter growth period before lack of Ca of Mg

stopped their formation. There is ample evidence te show that

much of the andalusite has grown at the expense of staurolite,

of which many corroded relics remain in the andalusite; this

may explain the relative dearth of staurolite in these contact

achists compared with those of the inner contact aureole at Guntin.

Andalusite shows two periods of crystallisation, seen

Clearly in the internal febric of the mineral. A break occurs in

the grain size of the included iron-oxide minerals between the core

and the margin, as an idiomorphic zoning. There is a distinct

marginal zone in which the internal fabric of opaque iron-oxide

inclusions is as coarse as the external fabric, and where the host

andalusite is clearer than its core with fewer inclusions. A

similar phenomenon is perhaps seen in the idiomerphically zoned

erystals with pleochroic pink cores, surrounded by borders of the

more usual grey andalusite. As some garnets also show cores full

of smallopa xu inclusions, and clear narrower border zones, it is

thought that tnese textures, indicative of two periods of

crystallisation, may reflect the separate contact effects of the

Coarse Porphyritic and Spotted Granites.
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Garnet is variable in habit; the larger grains, 2 to 3 mm.

in diameter, are syn-tectonic, containing S-shaped trails of

opaque inclusions. Sometimes the garnet crystals themselves also

tend to show S-shaped outlines. Other garnets are subhedral;

some are clearly of post-tectonic static crystallisation, like the

andalusite, with trails of opaque inclusions passing through them

undisturbed. Mostly they are somewhat poeciloblastic with

respect to quartz, with the internal quartz fabric finer than that

of the matrix. They show various degrees of alteration to

chlorite; some grains are entirely fresh, others are partly

altered to biotite altering to chlorite, and a few are completely

altered to chlorite.

The abundant biotite, occurring throughout the matrix of

the rock and mostly less than 1 mm. in length, has undergone

retrograde metamorphism; it only remains fresh, as deep reddish-

brown pleochroic grains, where armoured in andalusite.

Elsewhere the biotite is considerably altered to chlorite, and is

pleochroic in brown and green; it is often surrounded by iron-

oxides and encloses fine needles of rutile. The interference

colours of the retrograde biotite vary from second order to the

greys of chlorite.

In summary:- Zones of progressive metamorphism have not

been recognized in the western aureole of the Palas Granite. The

andalusite-garnet-staurolite schists, equivalent to the inner

contact aureole of the Guntin Granite, show two periods of

crystallisation, which probably correspond with the intrusions of

the Coarse Porphyritic and Spotted Granites. The retrograde meta-

morphism of the biotite is considered a late-stage effect, possibly

associated with a late discharge of volatiles from the Spotted

Granite.
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(2) Eastern contact schists

Within the Palas de Rey area, the eastern contact aureole

of the Palas Granite has been studied west of Ligonde. Here

progressive metamorphism towards the granite is first noticed at

some 450 m. from its contact, by a slight green cast on the

schistosity surfaces of the phyllites. This coloration, which

is rather vague in the field but clear in thin section, is caused

by a dark mica. This is chlorite which occurs with the

muscovite as the micaceous folia; it is somewhat fibrous and

shows distinct grey interference colours. The quartz content is

about 10% by volume and chloritoid is absent. The texture of

the rock is similer to that of the normal phyllites, thus the

extreme outermost zone of the aureole consists of muscovite-

chlorite-quartz phyllites, as in the Guntin Granite aureole.

At 175 m. from the granite, schistosity surfaces are

distinctly greenish or silvery-greenish from better development

of muscovite and dark mica. Under the microscope these rocks

are seen to consist essentially of muscovite and dark mica with

about 10% by volume of unstrained quartz: little graphite is

present. Muscovite is still fine-grained, in flakes up to .1

mm. in length; it is about 50% by volume and has post-

kinematically recrystallised, remaining straight even in tight

micro-hinges. The dark mica, which occurs in similar habit and

size to muscovite, shows strong pleochroism from light to rich

green, with distinct red and blue interference colours. It is

not fibrous and represents a fresh growth of green-biotite. Iron

oxide and tourmaline occur in scattered grains, up to .05 mm. in

length. These rocks are muscovitetgreen) biotite-quartz

phyllites.
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At 80 m. from the granite the change in lithelogy is more

pronounced and the rocks could be described as schists; the

individual flakes of muscovite and biotite are distinctly visible

to the naked eye. The rocks are much more coarsely foliated

than those described above, and now have a fine lenticular or

flaser structure, with a quartz content abow 50% by vwiume;

possibly this increase in quartz indicates metasomatic

introduction of silica. Numerous quartz lenticles occur along

the foliation; they are sometimes single streined grains, but

more often granulated sutured mosaics, and they are mostly from

«5 to «75 mm. in length. The muscovite and dark mica are about

equal in quantity and similar in grain size; the flakes are

generally up to .25 mm. in length, parallel to the foliation and

occasionally bent. The biotite is now strongly pleochroic from

yellow to brown, shows the typical high birefringence and is not

fibrous. Tourmaline is seen asscattered grains, up to .1 mm.

in length.

At 10 m. from the granite, the quartz content remains about

50% by volume. Microhinges which were still visible at 80 m.

from the raiseativan partially obscured by the quartz

porphyroblastesis, are now obliterated. The foliation is parallel

throughout. Muscovite forms stout flakes up to .5 mm. in length,

which sometimes grow across the foliation. Biotite, up to .1 mm.

in length, is strongly pleochroic from straw yellow to deep

reddish-brown and very fresh in appearance. Tourmaline is deep

bluish-green, and has increased in quantity and size; cross

sections up to .15 mm. across occurs Thus the innermost zone of

the aureole, immediately adjacent to the granite, consists of

muscovite-(brown) biotite-quartz schists.
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Without chemical analyses it is difficult to be certain

whether a marked chemical change takes place in the phyllites

west of Ligonde towards the granite, although there would seem to

be an increase in silica.

It is thought that the eastern boundary of the Palas

Granite in the Palas de Rey area is faulted, because high-grade

schists containing andalusite, staurolite or garnet porphyroblasts,

found at other contacts with granite, are absent there. -— In the

outer aureole of the Guntin Granite, in the western and near

Taboada (south of Palas de Rey) in the eastern aureole of the

Palas Granite, andalusite occurs in relatively quartz-rich schists:

also at Guntin and near Mato, staurolite-garnet assemblages occur

in the aureoles of the Guntin and Palas Granites respectively.

Moreover independent evidence of at least minor faulting parallel

to the eastern contact of the Palas Granite, is provided by the

narrow vertical gouge zones in the phyllites north of Ferradal, and

by the mylonitic aspect of the quartzites at Villamourel. The

penetrative fracture-cleavage (described on p.p.4¢and/76) is also

thought to represent shears of the second order, indicating the

presence of a major fault along the granite boundary.

SUMMARY

In the Palas de Rey area, the Palas Granite forms the

triangular apex of a large batholith of Hercynian granite in

northern Portugal and represents intrusion at a high structural

level near the roof zone. The Palas Granite is composite, formed

of an earlier Coarse Porphyritic and a later Spotted Granite.

Only an outer contact aureole is preserved along the eastern margin,

where faulting is thought to have formed a dislocation boundary with

the phyllites to the east; while the western margin is similarly
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thought to be faulted, but north of Cabana an area of high-grade

contact schists occurs. These show 2 complex metamorphic

history and are thought to have suffered contact metamorphism

from both the Coarse end Porphyritiec and Spotted Granites.

The Coarse Porphyritic Granite is petrographically very

similar to the Younger post-Stephanian coarse porphyritic grenites

of northern Portugal and is Similarly thought to be late syn=

tectonic. It is coarsely porphyritic with large micrecline

phenocrysts, often constituting about 30% by volume of the rock

and occasionally 8-9 cm. in length. The granite is leucocratic

with about 10% by volume of biotite and less than 1% by volume of

muscovite. Abundant plagioclase is strongly zoned with cores

which vary from sodic andesine to oligoclase, surrounded by

albitic rims.

However, the Coarse Porphyritic Granite of Palas de Rey

shows important structural differences from that of northern

Portugal, being strongly tectonised with at least two pronounced

schistosities in contrast to the one of northern Portugal. Also

there is a pronounced planar parallelism and probable horizontal

lineation of the phenocrysts, in contrast to only an occasionally

developed planar parallelism and probable vertical lineation in

northern Portugal.

There is also considerable similarity to the main Donegal

Granite of Ireland, where magmatic wedging by horizontally flowing

magma has been proposed as the mode of emplacement of the granite.

In the Coarse Porphyritic Granite of Palas de Rey, apart from the

general planar parallelism mentioned above, banded-zones very rich

in phenocrysts, and trains of biotitic xenoliths are thought to

indicate intrusion of the granite as a molten silicate mass, with

horizontal flow along the length of the body and parallel to large

pendent roof septa. These are the meta~sedimentary ridges of

Palas de Rey and Carballal.
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The Spotted Granite later intruded into the Coarse

Porphyritic Granite as dome like bodies, suffering considerable

protoclastic deformation during what is thought to be diapiric

intrusion with vertical rise of magma. Extensive aplitic

marpimal facies occur, while independent aplite bodies, such as

that of Altas das Cabanas, may represent cupolas overlying

Spotted Granite beneath.

The Spotted Granite is a coarse leucocratic quartz-rich

muscovite biotite granite, occasionally porphyritic and

displaying only one rather obscure schistosity. It is

characterised by limonite haloes about the disseminated biotite

crystals. Muscovite is abundant, equalling or exceeding

biotite in abundance, and constituting betwee: 5% and 10% by

volume. The plagioclase is similar to that in the Coarse

Porphyritic Granite, as are the larger crystals or phenocrysts

of potash feldspar.

Extensive veining occurs in the Palas Granite, within which

a distinct pattern of conjugate shear veins, a dextral set

striking southwest and a sinistral southeast, and numerous east-

west tension veins can be recognized. Apart from tourmaline which

occurs characteristically in the shear veins as black, often

streaky folia, the veins are leucocratic and mostly consist

simply of muscovite, quartz, albitic plagioclase and perthitic

potash feldspar. The veins are generally between 2 and 30 cm. in

thickness; and are frequently composite, with tourmaline, quartz,

aplite or pegmatite zones parallel to the vein walls.

Many zones of meta-sediments occur within the Palas Granite,

the larger of which, at Palas de Rey and Carballal, are thought to

be long narrow roof septa; but some of the smaller bodies may be
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free-swimming rafts like those in the Donegal Granite. The

metamorphic grade corresponds to the sillimanite zone and the meta-

sediments mostly form coarse sillimanite or fibrolite biotite

schists and gneisses, with extensive late porphyroblastesis of

muscovite, attributed to a metasomatic introduction of potash and

probably alumina also.

Porphyroblasts of potash feldspar are entirely absent from

the meta-sediments, as are andalusite, kyanite and staurolite.

These meta-sediments may be thought of as the innermost zone of the

contact aureole, where sillimanite crystallises. In the coarser

rocks both early prismatic sillimanite and fibrolite occur, the

_former stable towards and the latter replacing biotite: a

relationship perhaps to be correlated with a change in equilibrium

conditions due to later intrusion of the Spotted Granite.

In the Palas de Rey area along the eastern margin of the

Palas Granite, only a partial outer thermal aureole with medium

grained muscovite-biotite schists is preserved. Along the western

margin there are high-grade andalusite-garnet-staurolite contact

schists, equivalent to the inner contact aureole of the Guntin

Granite, in which both the andalusite and garnet show two periods of

crystallisation, reflecting, it is thought, the successive intrusions

of the Coarse Porphyritic and Spotted Granites.



 

TERTIARY SEDIMENTS

Ferruginous Conglomerate

From north of San Simon for more than eight kilometres

south-eastwards, to south of Nespereira, the Linear Quartzite

forms am escarpment rising to 700 m. elevation and facing north-

east. In front of the escarpment lies a broad valley, the

northeast side of which is formed by the Guntin Granite. The

valley, running parallel to the regional strike, contains

scattered remnants of an iren-cemented conglomerate, which overlies

the tightly folded phyllites and black shales of the Val de Porras

Thrust Sheet.

The remnants occur as flat lying cappings of a hundred

metres in length or more. They are best seen east and northeast

of Nespereira where they show a steady dip of about 24° away from

the escarpment; at one kilometre from which they are at an

elevation of 550 m., decreasing to 490 m. at a distance of two and

three-quarter kilometres. At this distance from the escarpment,

near Guntin, some of them occur as low as 430 m. elevation and

probably represent the deepest channels in an ancient valley.

Northeast of Guntin no remnants of the conglomerate were seen in

situ, but scree is common. It is thought that the conglomerate was

deposited in an ancient river valley with the Linear Quartzite

forming one of its banks as a line of cliffs.

The conglomerate, (see photos. 40, 41 and 42), as seen in

the open-cast iron mines at Guntin and southeast of Val de Porras,

is stratified and lecally shows structures suggestive of current or

false bedding. It lies unconformably as a subhcrizontal sheet on

the somewhat uneven surface of the folded phyllites and often

begins with a gravel bed. The pebbles, usually not exceeding about
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1 cm. in length in the gravel beds, are mostly fragments of

phyllite, with fewer of quartzite and occasional ones of vein

quartz. Both the phyllite fragments, which are up to 30 cm. long

in the coarse beds, and the matrix of the conglomerate, are

extensively replaced by iron hydroxides; the matrix now consists

of exceedingly fine-grained iron hydroxides and quartz grains.

The colour of the conglomerate varies from bright yellow to deep

purple depending upon the degree of weathering and the type of

hydroxide present. Limonite boxworks and honey-comb structures

are common, while the foliated gravel beds may show numerous

cavities between the phyllite pebbles. The gravel beds, where

seen, varied between 15 and 30 cm. in thickness.

Overlying the basal gravel bed occurs the rain boulder bed,

which is sometimes centrally divided by another gravel horizon.

The total thickness of the conglomerate was never seen to exceed

4 me The boulder bed is characterised by polished and often

angular boulders of linear-quartzite, the majority less than 30 cms.

but occasionally exceeding 1 m. in length. The boulders are

scattered among smaller fragments and matrix: the conglomerate is

in fact very poorly sortedor graded, suggesting channel rather

than beach deposits.

Sampelayo (1922, page 116) mentions a similar Geposit which

occurs in places along the north Galician coast, and he considers

it Tertiary. De Sitter (personal communication) also mentioned the

occurrence of a similar deposit at the coast.

The conglomerate is locally brecciated and crossed by

fractures, but more important in Palas de Rey it frequently overlies

iron ore veins. The conglomerate outliers or remnants often only

remain above or near these veins, as though better cementing by iron

hydroxides has caused their preservation. Conversely those iron

ore veins occuring independently of the conglomerate are usually of

poor quality and smaller than those closely associated with it.
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Sampelayo (1922) has discussed extensively the iron ores

of Galicia, mentioning briefly those of the Guntin band,* which

he considers to have formed epigenetically by circulating aqueous

solutions and segregations of iron hydroxides. In the Palas de

Rey area the iron ore veining consists of zones, up to about

3 m-» in outcrop width and 5 to 6 m. in depth, where the

phyllite has been sufficiently richly replaced by iron hydroxides

to be economically exploitable. Individual zones or veins

persist along the strike for a few tens of metres; they are

arranged en echelon within the band which extends to the coast,

a distance of 150 kms. From the mapping in Palas de Rey, it is

not clear whether the veining is associated with tensional stress

or with shear planes subparallel to the axial planes of the

primary folds. Certainly locally along zones of thrusting and

boudinage, iron hydroxide replacement has occurred.

* Banda pizarrosa de Guimarey, op. cit. page 231.
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SUMMARY OF CENTRAL AND EASTERN GROUP

The Central and Eastern Group includes the tectonised

Hercynian Palas and Guntin Granites, and the sediments lying

between them. The sediments have been split up into three

thrust sheets, which are from west to east:- the Cubkelo Thrust

Sheet, the Val de Porras Thrust Sheet and the Guntin Thrust

Sheet. The boundary dislocations between these have been

inferred from the mapping and stratigraphy: direct field

evidence of major thrusts separating them is not seen.

In the Cubelo Thrust Sheet, the "Ojos de Sapo" forms the

cores of northern and southern en echelon primary anticlines; it

is mantled by thin linear-quartiztes, overlain by grey graphitic

phyllites. These are unfossiliferous, relatively rich in

alumina and iron oxides but poor in potash. The "Ojos de Sapo”

in the northern anticline occurs as a coarse migmatite with

numerous microcline megacrysts, and in the southern as a coarse

mylonite-schist with numerous albite megacrysts. The contrast

between this mylonite-schist and its apparently undeformed

mantle suggests that a major thrust surface may separate them;

but no angular discordance exists. The cores of the anticlines

are characterised by feldspar porphyroblasts (the megacrysts

mentioned above), and the mantles by quartz porphyroblasts;

since these do not form in the overlying phyllites, it is

suggested that the linear-quartizte mantle may act as a meta-

morphic barrier. This porphyroblastesis of quartz is perhaps

to be correlated with the intrusion of the Spotted Granite, which

eccurs as distinct zones in the migmatite of the northern anticline.

It is thought that the "Ojos de Sapo" has undergone two

main periods of metamorphism. Biotite has crystallised in the

northern core and innermost part of the southern one; in this
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towards its mantle, a fresh chlorite has crystallised after the

secondary folding, which occurred much later than the mylonitic

deformation, responsible for the destruction of all the original

minerals except the rigid feldspar megacrysts. The overlying

phyllites have a muscovite-stilpnorelane-chlorite-(chloritoid)-

Quartz assemblage, equivalent to the Barrovian chlorite zone:

about the apex of the northern core, chloritoid is locally

profusely developed in the phyllites and the metamorphic grade

here probably rises to that of the biotite zone.

It is thought from the mapping that the San Simon zone of

Linear Quartzite thins to the west and is equivalent to the

linear-quartzites of the mantle of the "Ojos de Sapo". In the

San Simon zone, massive strongly lineated white orthouuartuites

face and dip moderately west.

The Val de Porras Thrust Sheet is composed of grey

unfossiliferous phyllites which grade downwards into black abaies

and upwards into siltstones. Sedimentation occurred under

euxinic conditions and consequently these rocks are frequently

very poor in quartz, but rich in aluminium and iron oxides, and

very rich in fine graphite and possibly also fine iron sulphides.

This is reflected in the muscovite~-stilpnomelane-chlorite-

chloritoid-quartz assemblage, equivalent to either the Barrovian

biotite or chlorite zones, depending on the proportion of chlori-

toid present. Metamorphic grade rises centrally within this

thrust sheet, possibly over an anticlinal node of Guntin Granite,

and is equivalent to the Barrovian almandine zone. Here a

chloritoid-kyanite assemblage has developed, and the presence of

psevdormorphs, possibly after andalusite, suggests that polymeta-

morphism may have occurred. It is thought that this mineral

assemblage may have formed penecontemporaneously with the Guntin

Granite aureole, but under more "open" conditions.



Primary folds, similar to those in the Linear Quartzite

of the San Simon zone, are seen as overfolds to the east.

Secondary overfolds to the west of low axial plane dip also occur;

these are present in the Guntin Thrust Sheet also, but more or less

die out before reaching the Cubelo Thrust Sheet, and are thought to

be a consequence of the sedimentary cover sliding westwards off the

rising dome of the Guntin Granite.

The Guntin Thrust Sheet, most of which has been replaced by

the Guntin Granite, is formed of the "Limestone-Impure Quartzite

Series" and lies in the Barrovian staurolite zone of the inner

contact aureole of the Guntin Granite, in the Palas de Rey areae

Here the "limestone" occurs as thin bands of calc-silicate rock,

which it is thought, may have been similar to the impure limestones

of lower Cambrian age in Asturias, before contact metamorphism.

As no massive or impure limestones occur west of the strike

passing through Puertomarin, wheres the “Limestone-Impure

Quartzite Series" is seen to underlie (7) such limestones, and

as no fossils have been found west of the "Limestone-Impure

Quartzite Series", it is very difficult to correlate the strati-

graphy across this formation. Although some similarity between

the black shales of Guntin and those of Silurian age further

east in the Cantabrian mountains exists, it is thought more likely

that the Guntin black shales and phyllites, lying west of the

“Limestone-Impure Quartzite series" are Pre-Cambrian or Lower

Cambrian in age, and have been thrust eastwards along a low angle

thrustfault over the "Limestone-Impure Quartzite Series".

Small flat lying cappings or outliers of a ferruginous

Tertiary conglomerate occur scattered over the tightly folded

phyllites, east of the San Simon zone of Linear Quartzite. They

are associated with iron ore veining, where the underlying

phyllite, the matrix and phyllitic pebbles of the conglomerate
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have been replaced by iron hydroxides. At Guntin and elsewhere

such deposits are exploited in small open-cast mines.

The Guntin Granite, only a small part of which occurs in

the Palas de Rey area, is part of a massive granite body which

extends for 60 kms. from south of Villalba to Puertomarin. It

is thought to be a high level late syn-tectonic granite. Within

the Palas de Rey area, it is mostly composed of Spotted Granite

and a broad marginal zone of linear-aplite granite; this shows

a foliated protoclastic structure which is strongly lineated

down dip, perpendicular to the strike of the contact with the

sediments. The pronounced biotite fibre of the "Limestone-

Impure Quartzite Series" and of the contact schists of the

inner aureole, is parallel to this lineation and indicates the

movement direction of the sedimentary cover slipping westwards off

the rising dome of the diapiric granite.

Along the margin of the Guntin Granite within the Palas de

Rey area, a distinct contact aureole has formed. In this, black

shales have been converted into high-grade contact schists, and

typical hornfels textures are generally absent. The schistose

nature of the rocks indicate a dynamic aureole. This dynamic

state is also seen in the syn-kinematic staurolite and biotite

porphyroblasts of the inner aureole: the complete absence of

 cordierite may reflect it too, but this could be due to a relative

lack of magnesia since these rocks are rich in alumina and iron

oxides.

The contact aureole extends outwards to between a half and

one kilometre from the granite. it is divided into an outer and

an inner aureole: the inner terminates mostly at about 4350 m.

from the granite. The metamorphic grade of both is thought to

lie within the Barrovian staurolite zone, but the inner is

Clearly of higher grade than the outer. In the inner aureole,
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graphite has been expelled and the free iron oxide or haematite

content has markedly decreased with concomitant development of

biotite and garnet (both iron bearing minerals). The inner

aureole is composed of coarse silvery staurolite-garnet-biotite-

quartz-muscovite schists, and the outer of fine-grained black

andalusite-staurolite-muscovite-quartz-haematite phyllites; in

these the staurolite porphyroblasts are post-kinematic.

The Palas Granite forms the apex of a batholith of

fercynien granite in northern Portugal. It is thought to be a

late syn-tectonic granite, and to represent intrusion at a high

structural level, near the roof zone, in a regional directed

stress field. It is composite, formed of an earlier Coarse

Porphyritic Granite with at least two schistosities, and a later

Spotted Granite with one vague schistosity. Extensive

pegmatite, aplite, quartz and tourmaline veining occurred in the

Palas de Rey area, where a distinct pattern of conjugate shear

veins developed, striking southeast and southwest, and numerous

east-west tension veins. Faulting along the granite margins

and the penetrative development of shears of the second order

(probably associated with this faulting), is also thought to be a

consequence of the same regional stress field.

The Coarse Forphyritic Granite was emplaced by magmatic

wedging with horizontal flow of magma; banded-zones very rich

in microcline phenocrysts and trains of biotitic xenoliths reflect

this movement, as ‘cus the general planar parallelism of the

phenocrysts. The granite is leucocratic with about 10% biotite.

The Spotted Granite later intruded the Coarse Porphyritic

Granite, as dome-like bodies from vertical rise of magma. It is

characterised by a protoclastic structure, by generally less than

10% microcline phenocrysts, and by limonite baiein abet

disseminated biotite crystals. It is also leucocratic with less
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than 10% biotite, but much richer in muscovite (present in about

equal quantity to the biotite) than the Coarse Porphyritic

Granite. In both granites the plagioclase is strongly zoned,

varying from sodic andesine to Oligoclase, and surrounded by

albitic rims.

Only a narrow outer contact aureole is preserved along

the eastern margin of the Palas Granite in the Palas de Rey area,

where faulting is thought to have formed a dislocation boundary

with the phyllites; here in the contact schists a muscovite-

biotite guertz assemblage has developed, equivalent to the

Barrovian biotite zone. The western margin is Similarly faulted,

but north of Cabana an area of high-grade andalusite-garnet-

Sstaurolite contact schists occurs. These are equivalent to the

inner aureole of Guntin Granite and to the Barrovian staurolite

zone. They show a complex metamorphic history and have suffered

contact metamorphism from both the Coarse Porphyritic and

Spotted Granites. Many zones of meta-sediments occur within

the Palas Granite; the larger are long narrow roof septa, and

the smaller may be free-swimming rafts. These meta-sediments

are composed of sillimanite or fibrolite biotitic gneisses,

with extensive porphyroblastesis of muscovite; they may be thought

of as the innermost zone of the contact aureole equivalent to the

Barrovian sillimanite zone. Porphyroblasts of feldspar are

entirely absent from them, as are andalusite, kyanite and

staurolite; garnet occurs locally.
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(Statistical and detailed analysis of the fold structures).
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LRPFROD VE TION

A central zone across the Palas de Rey area has been split

up into 10 subareas, shown in Map 3, in an endeavour to determine

the various fold systems present. Numerous illustrations are

included, intended as descriptions in themselves, to show the

various styles of folding.

Each subarea is discussed in detail, and stereograms have

been drawn of the lineations and poles to the schistosity or

bedding planes in an attempt to correlate the various structures.

A few stereograms are explanations to accompanying sketches.

Some of the subareas are too large, others contain too few readings,

nevertheless a number of distinct tectonic trends is found.

The contoured stereograms were made by plotting the readings

on an equal-area projection or net; this was then contoured by

moving a circle, of area i100 per cent of the area of the net (where

x is the total number of seiitaee plotted) over a counting-out grid.

The distance between the intersections of the grid was decreased as

far as was practicable in an attempt to approximate to the Mellis

method of contouring (D. Flinn. 1958. page 432). The highest

contour which showed a distinctive pattern or reflected some form

of symmetry was first drawn, after which one or more lower contours

were added. Axes are normally described in terms of an exact

number of degrees, e.g. 152° in stereogram No. 12, or 222° in

stereogram No. 28. This is not intended to imply an accuracy to

the nearest degree; indeed, the great circles along which the

partial girdles may lie were determined by inspection and therefore

their axes also. The use of an exact number (e.g. 222) is for

ease of description and comparison of the stereograms.

Finally a summary is given at the end of the Section and

a tentative sequence of events is briefly outlined.
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SUBAREA No. il

Although this subarea includes grey phyllite and black

shale horizons in the southwest and granite in the northeast,

most readings were taken from the high grade contact schists and

"Limestone-Impure Quartzite Series". Few fold axes or cleavages

were seen in the field, the rocks being characterised by large

flagey foliation surfaces upon which there is a very pronounced

lineation and mineral fibre.

In stereogram No. 1, biotite fibre lineations and poles

to the foliation (or bedding) planes have been plotted. It is

demonstrated that the maxima lie at 90° to each other, or, that the

fold axis is perpendicular to the biotite fibre. If the biotite

fibre is parallel to the movement direction, this accords with

concentric or flexural slip folding; because in this, the fold

axis is the kinematic B axis or axis of slip (Weiss 1959, page 92),

amd consequently the movement direction is perpendicular to the

fold axis.

Unfortunately the only fold hinge found and analysed is

complex (see sketches A), nevertheless certain features are clear

with regard to it. In the field this hinge is seen to occur

along the axis of a step-like fold on 180° aZ. It is formed of

a later (180° azimuth) fold which is concentric in style with

little appreciable thickening in the hinge, and of an earlier fold,

"similar" in style, whose axial plane is folded by the later fold.

Biotite porphyroblasts which form the fibre, irrespective of their

position relative to the binkae zone of the earlier fold, remain

fresh and oriented perpendicular to the later (180° azimuth) fold.

They lie in the bedding or foliation surface which, in the hand

specimen, they can be seen to follow round the hinge of the later

fold, remaining perpendicular to its axis. Although it cannot be
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proved, it seems that the preferred orientation of the bictite

porphyroblasts is to be correlated with the later (180° azimuth)

fold. The axial plane cleavage of this fold occurs as

discontinuous biotite folia which intersect the bedding, parallel

to which the foliation in general has recrystallised, at an acute

angle: near the hinge of the fold it occurs as a fracture

cleavage. The earlier fold is possibly early secondary and not

primary in character; since an earlier axial plane schistosity

can be folded at a later stage of the same deformation to give a

new series of cylindroidal folds (Whitten 1959, page 26).

Parallel to the biotite fibre, in the field an open cross-

folding or more generally a fine crinkling of the foliation

surface is observed (wavelength .5 mm. to 1 cm. and amplitude

not greater than 2 mm.), and in the hand specimen ¥illustrated

(sketches A. fig.1), a fine penetrative cleavage. This is sub-

perpendicular to the foliation and parallel to the axial plane of

the crinkles; under the microscope it is seen as discontinuous

trails or bands of quartz grains. Where the meta-sediments are

interbanded with the Linear Aplite Granite, this granite shows a

Similar structure with ribbing or crinkling, but owing to its

coarse texture the perpendicular cleavage cannot be recognized.

Although the origin of cross-folds may be disputed, their

presence is frequently mentioned in the literature. Sutton (1960,

page 154) mentions contemporaneous cross-folds, - "shallow open

structures" ~ and also tight ones with a strong axial plane

schistosity. Flinn (1961, page 253) considers that cross-folds

can develop in the "a" direction indirectly through movement or

transport by later flow into regions at lower pressure, without

stretching in the "a" direction. Kvale (1953, page 61)

discussing structures on a broad scale, states that one may have

lineation and smali scale folding in the movement direction.
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Voll (1959, page 551) discussing slip folding (Weiss 1959, page 92),

considers that where S, the axial plane cleavage, is flat the

stretching fibre also lies flat in the "a" or movement direction,

but stresses the need for direct evidence of stretching, such as

tension features or boudinage of the minerals, which is not seen

in the schists of this subarea. Voll also states that in zones

of strong deformation two penetrative cleavages intersect parallel

to "a", parallel to which folding may take place, and that a B

normal to B fabric is thus developed (op. cit. page 554).

In this subarea about Guntin, it is suggested that the

biotite fibre is in "2" and parallel to the movement direction of

south trending secondary folds: the biotite fibre is the most

pronounced structural featre of the rocks that is seen in the

field.

Zwart (1960), discussing the structure of the axial zone of

the Central Pyrenees, considers that the cross folding may have

taken place by bending only (iee., flexural slip folding) and not

by shear folding. He describes a B normal to B fabric with

stretching in a sub-horizontal plane and the presence of a

pronounced biotite fibre; but the fabric he describes is

fundamentally different from that under discussion for he says,

"even in hand specimens the parallelism of the large biotite

porphyroblasts with the original B lineation can be seen"; (op.

cit. page 178); if this were so at Guntin, the biotite fibre

would trend south instead of nearly west. This confusing

comparison is made because both from his description and phtographs

the biotite porphyroblasts are very similar in occurrence to those

in the Guntin area, if considered irrespective of fold axes.

At Guntin, the acicular or elongated habit of the biotite

is most clearly seen in the porphyroblasts, but it is also present

in the finer grained matrix. Where the rock is fine grained and
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equigranular the biotite fibre is still well developed. Some

specimens show the biotite with a preferred orientation of its

cleavage at a broad angle to the foliation, but generally the

cleavage is seen to be randomly oriented (see sketches MR).

In many specimens the character of the porphyroblastic

biotite is sugzestive of static post-kinematic (of a secondary

folding) crystallisation (see sketches M.P.)3; however, in other

specimens (see photo. 43 and sketches B, fig. 1), slight helicitic

folds of an early schistosity remain in the biotite while outside

it a completely new schistosity has developed. This is

indicative of late syn-kinematic crystallisation (op. cit.

page 179). In this case the internal fabric of the porphyro-

blasts is more planar centrally, suggestive of increase in rate

of deformation or slower relative growth of the porphyroblast

with time. The spindle shape, often with strain extinction,

which some of them show, indicates a later phase of deformation

whencrystal growth had almost ceased. The slight helicitic folds

were only seen in sections cut parallel to the fibre (see sketches

B), suggesting that axes of these folds are perpendicular to it

and approximately north-south in trend.

Staurolite porphyroblasts behave similarly to the biotite

porphyroblasts but are less perfectly oriented. Some

staurolite crystals (see sketches B fig. 3) are indicative of

early syn-kinematic crystallisation (op. cit., page 176), while

others have grown statically and have post-kinematically

crystallised with relation to the cross-folding parallel to the

fibre (see sketches M.P. fig. 2). This does not necessarily

imply that the cross-folding is earlier than the secondary folding,

south in azimuth, but that the staurolite has a long

crystallisation period.
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Conclusion

It is considered that the biotite fibre and associated

cross-folds are in "a" and parallel to the movement direction

of south trending secondary folds. These are thought to have

formed essentially by flexural slip, as it is shown that the

fibre is perpendicular to the fold axes: earlier folds, primary

or early secondary in origin, may have trended approximately

south also. The biotite and staurolite porphyroblasts of the

fibre grew both syn-kinematically and post-kinematically in

the directional stress field, where tectonic transport and cross-

folding trended approximately east-west and sub-homoaxial

folding approximately north-south. In consequence a B normal

to B fabric developed in the rocks of the Subarea.

On the 1:25,000 map of Palas de Rey (Map 2), primary

fold symbols are coloured yellow and secondary fcld symbols red.
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SUBAREA No. 2

Primary folding

Southeast of Val de Porras an excellent primary cylindroidal

fold (see sketches C), plunging 15° at 165° AZ, remains as the

dominant mesoscopic (Weiss and McIntyre 1957, p.p. 577 and 584)

structure. The fold shows on its limb a subordinate lineation

(140° az), formed by the intersection of the bedding with a

secondary strain-slip cleavage (see stereogram No. 2). The

bedding is distinct, the correct way up and where graded, sharply

refracts the rrimary cleavage. Sigmoidal effects due to bedding

piane slip, seen in subarea No. 4%, are absent. It is thought that

this fold has preserved an earlier attitude of bedding, with the

primary axial plane cleavage dipping steeply to the west; an

attitude destroyed elsewhere by the generally more dominant

secondary folds.

The secondary strain-slip cleavage planes show on their

surfaces where they intersect the bedding, another fine lineation

(230 AZ); this is perpendicular to their intersection with the

bedding and possibly represents the movement direction during the

secondary folding. No explanation is given of a 200° az

lineation, shown in sketches C. No other dominant mesoscopic

primary fold was found.

Secondary folding

fo the northwest and southeast of Val de Porras partial

mesoscopic secondary fold hinges remain as scattered crags (see

sketches D figl, F fig. 6 and photo. 60). In subarea No. 2

generally, these secondary folds (red symbols of Map 2) are the

dominant mesoscopic structures and the primary folds are sub-

ordinate. In sketches E, isoclinal primary folds are seen, but
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the dominant mesoscopic structure is controlled by a secondary

sub-horizontal strain-slip cleavage (2), (4) is of lesser

importance. However, due to homoaxial folding rodding

frequently occurs.

Rodding is the tendency for the rock to split into long

prisms whose shapes in cross-section are rounded, angular or

parallelograms (see sketches E, @ and Y). It is similar to

the mullion structures described by Gilbert Wilson (1953) and

in particular to his cleavage mullions, but differs essentially

in that three § planes are necessary, viz., bedding and two

axial plane cleavares from homoaxial folding. It is not to be

confused with the quartz rodding described by Gilbert Wilson and

which is now known to be due to stretched pebbles (D. Flinn,

personal communication). Stereogram No. 3 shows how various

mesoscopic fold hinges may develop; i.e., at a-b or c-d, or at e.

This gives rise to the rodding shown in sketches D. Rodding is

further discussed in subarea No. 3.

From field observations the style of the secondary folding

is constant for the whole of the subarea (see sketches F and G),

and consequently this folding is considered to be syngenetic.

The idea that folds of similar style may be syngenetic is not

new and was used by Weiss and McIntyre in their discussion of

Loch Leven (1957).

Near Guntin and elsewhere, for instance near Retorta, some

7? kms. north along the strike from Guntin, the secondary axial

plane strain-slip cleavage shows a marked increase in dip to a

maximum of 65° E. just before the contact with the black shale

horizon (see photo. 55). This is interpreted as a refraction due

to grading of bedding, imperceptible mesoscopically. The idea

is borrowed from the refraction seen in individual hand specimens

(see sketches I). Fig. 2 of sketches H shows that more than one
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strain-slip cleavage may form. However, in the field where the

prominent strain-slip cleavage shows the notable increase in dip,

no evidence could be seen of a later penetrative strain-slip

cleavage responsible for folding it, but this cannot be ruled out.

Near the contact with the black shales, the secondary folds

in the phyllites show one very distinct axial plane strain-slip

cleavage (see photos. 54 and 55) and frequentlyalso a fine but

distinct lineation perpendicular to their hinges. In the

Teixugueiras zone, a little to the west, several axial plane

strain-slip cleavages with low dips have developed. Here in the

field early strain-slip cleavage surfaces are seen to have been

tightly folded by later ones: sketches L and photograph 57 show

this beyond any reasonable doubt, and careful examination under

the microscope of several specimens confirms it, (see photos.

Bis Se and $3). Simultaneous conjugate cleavage sets did not

develop. In this zone the wedge jointing in the phyllites (see

photo. 58) is a consequence of the rock splitting along two strain-

slip cleavage directions.

The style of the microfolding is shown in sketches J to P,

and it should be noted that the strain-slip cleavage has developed

sufficiently penetratively to form the schistosity surfaces walked

on in the field. Sketches (K fig. 2), (M fig. 2) and (P. fig 2)

illustrate its even nature. Sub-perpendicular to the microfold

axis the strain-slip cleavage is seen to be crenulated, warped or

fluted (see sketches K fig. 1, N fig. 1, P fig. 1, and in

particular @ fig. 1 and M fig. 3, where only one secondary strain-

slip cleavage has developed). The crenulation or warping forms

a cross-lineation in "a", parallel to the direction of transport.

Frequently this lineation resembles the striae on a slickenside,

ia it is not stepped perpendicular to its length. Figure 3 of
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sketches M with regard to the structure, is similar to sections

normal to the biotite fibre in the fine grained rock of subarea

No. l. It shows the development of a sub-vertical cleavage.

Statistical distribution of the fold structures

Stereogram No. 12 is a plot of 150 poles to the schistosity

for subarea No. 2 as a whole. This includes a fair number of

secondary strain-slip cleavage surfaces owing to their

penetrative nature, but the majority are of primary micaceous

schistosity. The overall symmetry axis is thought to occur on

152° AZ*, which is confirmed by stereogram No. ai, &@ plot of the

mesoscopic fold hinges,measured directly in the field as the

locally dominant structures. This zimuth is also seen in the

broad zone, marked "152° AZ" in the aerial photograph, from which

many of the readings were obtained. Stereogram No. 12 is a plot

of the schistosity surfaces, mostly primary, and not the bedding;

this suggests that the axis of 152” AZ. is essentially that of the

dominant secondary folding, which however is frequently also

parallel or sub-parallel to the primary folding. The mesoscopic

folds measured were often distinctly seen to be secondary, for

instance see sketches E.

It is thought that stereogram No. 12 shows a lesser but

still prominent symmetry axis on about 310° - 130° AZ. This is

confirmed by stereogram No. 10, which is a plot of strain-slip

cleavage surfaces taken over a limited traverse just northwest of

the road marked A - B in the aerial photograph. The traverse

crosses the end of a zone with a predominant 310° AZ trend, extending

from Subarea No. 1 (see aerial photograph). This symmetry axis of

about 310° AZ is found right across the Palas de Rey area, and

although some of the later tight mesoscopic folds with low axial

plane dip in Subarea No. 2 show this trend, it is thought more

* See Introduction.
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likely that what is being reflected in the stereograms is a

superposed open warping. This same structure is responsible for

rotating or spreading the biotite fibre maximum of stereogram

Noe 1 along a small circle, and the poles to the schistosity on

a great circle, centred on 310° AZe

The existence of a 183° AZ. symmetry axis (similar to

that in stereogram No. 1 of Subarea No. 1) in stereogram No. 12

is questionable, but north of the subarea this axial trend is

again seen locally as a prominent lineation, in the aerial

photographs. The 210° az symmetry axis suggested in stereogram

Nos. 12 is also possibly real, since in Subarea No. 3 to the west,

this azimuth is prominent as the trend of a late fold system,

possibly associated with the warps in the regional strike.

Stereogram No. 9 is a plot of the lineations, which were

interpreted in the field as due to movement in the direction of

tectonic transport; they occur as a fine crenulation, flat

fluting or grooving on the schistosity surfaces. It will be

seen that the groupings on about 263° and 67° azimuths are sub-

perpendicular to the 152° AZ symmetry axis of the mesoscopic folds,

shown in stereogram No. ll. The phyllites are usually too fine-

grained for the mineral fibre to be recognized, but where it can

be seen it also trends approximately east-west.

Discussion on the development of the secondary folding

An interpretation of the secondary folding, generally with

recumbent axial plane cleavage, is shown in sketches S; it is

based on the strain ellipsoid theory applied to a secondary

cleavage (Billings 1942, page 230). Two planes of maximum

shear have developed, but one is parallel to the bedding or an

earlier schistosity along which it is suggested slip takes place.

This was seen, on a mesoscopic scale, in a hand specimen taken

from the crag shown in photograph 5l. The hand specimen shows
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on isoclinal fold limbs a marked grooving or fluting

perpendicular to the fold axis, and a prominent strain-slip

cleavage restricted to the hinge zone; it thus forms a type

of small accordion-fold, or perhaps a chevron-fold (de Sitter

1956, page 216) that has later been appressed or flattened.

The forces responsible for this folding can be conceived

as a gently dipping couple or a simple vertical compression.

Superficially the phyllites may appear to be concertina folded

as though from direct vertical load (see photos. 51 and 60) and

a simple vertical compression is perhaps again suggested by the

microstructures shown in sketches P. fig. 2. However,

tightening of a fold may also produce similar structures, for

instance as described by Hoeppener (1956) and by Weiss and

McIntyre (1957, page 599) that, "at a certain value for the

shearing stress, slip ceases, and further deformation can be

achieved only by flattening of the plates (the zones between the

strain-slip surfaces) between discrete slip surfaces by flexural

slips of S" (S indicates either the primary schistosity or an

earlier strain-slip cleavage).

The main argument against a simple vertical compression

is that the secondary folds very generally show the same sense

of movement, the upper beds moving west with respect to the lower.

For this reason it is thought that these secondary folds with a

recumbent axial plane cleavage have formed as a consequence of

the sedimentary envelope sliding westwards off the rising dome of

the Guntin Granite.

Discussion of strain-slip cleavage

The term "strain-slip" has frequently been used above in

describing the secondary cleavage; it is hoped that what it meant

is perfectly clear from the sketches. Individual ink strokes do

not necessarily represent a single muscovite or dark mica crystal,
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but their density or grouping is accurately representative of

the micas. The planes of the primary micaceous schistosity

are drawn with the thickness of a Single stroke and those of

the strain-slip cleavage considerably thicker.

Strain-slip is not used here in a genetic sense, and the

development of the cleavage is like that of the secondary S$

surfaces described by Weiss and McIntyre (1957 pep. 581 - 583)

in their discussion of the rocks of Loch Leven, or the crenulation

cleavage described by Rickard (1961), who with regard to its

mechanism quotes White (1949, page 590), "that the crinkles are

the independent part and the slip cleavage the dependent part of

the phenomena"; meaning that the crinkles must be formed first

and appressed before slip along their surfaces can take place.

The idea of a strain-slip or fracture cleavage altering to

a slaty or flow cleavage is quite common in the literature. De

Sitter (1956, page 98) suggzests this, "We concluded that it

(fracture cleavage) could develop into a general cleavage. Such

a general cleavage is termed slaty-cleavage when crystallisation

in the cleavage planes is small. When other minerals, in

addition to mica, become involved in the process of reerystall-

isation (with the result that the original bedding disappears or

is recognized only as a faint relic texture) it is termed flow

cleavage". Weiss and McIntyre (1957, page 583) state that the

final stage of S is the marked erystallisation ofplaty minerals

along 8 . Rickard (1961, page 327 states that, "crenulation

Cleavages are often preserved in the cores of minor folds and can

be traced into this slaty cleavage, suggesting that the latter has

been derived from or developed at the same time as the crenulation

type". Knill (1960) suggests that by crystallisation strain-

Slip cleavage can alter into a micaceous schistosity. Billings
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(1942, page 217) states that in shear cleavage the platy minerals

may be dragged out to simulate flow cleavage. Williams

(1961, page 322) states that "differences in the degree of the

ease with which internal rearrangements take place within layers,

or within bedding laminations of a layer, may result in the

gradation between slaty cleavage and fracture cleavage." Knopf

(1931) and Turner (1936) consider crenulation cleavage an

intermediate stage in the transposition of a schistosity into a

new direction. Hence the idea that, slaty or flow cleavage and

micaceous schistosity are originally mechanical seems to be

accepted by a number of authors.

In Subarea No. 2 the spacing of the strain-slip cleavage

planes varies mostly from 2mm. (see sketches H fig. 3) to 4 mm.

(see sketches K fig. 2 or M fig. 2). In Subarea No. 2A we find

it perfectly developed on a scale of 18 to one millimetre (see

sketches R fig. 3) in metamorphosed siltstones. On strike south

of these metamorphosed siltstones an apparent "slaty" or flow

cleavage with a coarser spacing has developed in a similar rock or

alate. In this the original primary schistosity is still believed

to be visible as relic hinges between the "slaty" cleavage planes

(see sketches R fig. 4). Under the microscope this slate

resembles one shown by Voll (1959, page 552, plate 23 fig. 1) who

states (p. 551), "the constant presence of more than one set of

S planes, the division into two different partial fabrics (mica

films and lenticles of matrix between them) and often the attitude

of S, forbids the view that slaty cleavage forms purely by growth

of platy minerals normal to the maximal compressive stress".



 

The author is in agreement with the views expressed

above, in their application to the cleavages in the rocks of

Palas de Rey. Further, he thinks along the lines of Hoeppner

that the secondary foliation forms initially as a set of slip

surfaces in a plane of high shearing stress which rotates as

slip proceeds towards a limiting orientation, normal to the

greatest principal axis of stress. If at the same time

crystallis*tion increases as the secondary strain-slip cleavage

surfaces become appressed this transforms them into a slaty

cleavage.
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SUBAREAS Nos. 3 and 3A

Introduction

The phyliites of this zone rarely show the well-developed

sub-horizontal strain-slip surfaces of the secondary folds, such

as are seen in subarea No. 2, but instead the primary micaceous

cleavage or schistosity is generally distinct (see sketches V).

The later secondary fracture cleavages tend to be crude, in the

form of microfaults intersecting the primary schistosity at a

broad angle. As in subarea No. 2, numerous lineations occur,

due to intersecting S planes. Primary folding is generally not

recognized in the phyllites owing to the absence of visible

bedding, and schistosity surfaces measured in the field are nearly

always that of primary micaceous cleavage. Primary folds are

occasionally seen under the microscope and sketches V fig. 3,

indicate their tight iscclinal nature. Although they are

probably the dominant folds in the Linear Quartzite, they cannot

be described independently of rodding.

The Rodding

The linear-quartzite bands of the San Simon zone are over-

folded to the east as shown in sketches Z. Here the primary

folds suffered a later compression with the development of a

steeper, penetrative axial plane cleavage. This folded or

curved the primary cleavage and axial planes (see sketches ZC and

also the different attitudes of the axial planes in photos 65

and 67). It is thought that in a similarly oriented stress

field a continuous sequence of deformations occurred, with the

result that the primary and secondary fold axee are homoaxial:

the consequent psrallel intersection of two cleavages and one

bedding plane produces the perfect rodding or mullion structures

(see sketches \% figs. 1 and 2, ZB figs. 2, 3 and 4, and photos

62 and 65).
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The primary folds are shown by yellow, and ae secondary

with steeper axial planes by green symbols on Map 2.

Gilbert Wilson (1953, page 122) in discussing mullion

structures at Oykell Bridge, Sutherland, states, "the

spectacular mullions in this area thus lie in or near the core

of this syncline, and are considered to be the result of

crumpling and rupture of the beds in the heart of the fold:

they are accommodation structures." If the mullionsin his

photograph (op. cit. plate 7a) are compared to those in

photograph 62, they appear to be very similar. Nevertheless

Gilbert Wilson makes no mention of two cleavages, whereas at

Palas de Rey, two, both penetrative, certainly exist although

sifficult to see. At Oykell Bridge a thin micaceous veneer

is formed on the surfaces of the mullions, partly parallel and

partly cross-cutting their internal structures, suggesting

shear or movement along certain planes sub-parallel to the

bedding. At Palas de Rey this was not recognized, but instead

along bedding-

flexure gliding of bedding/planes is clearly indicated by the

sigmoidal shape of the primary cleavage (Leith 1913, page 23,

Voll. 1959 ((personal communication)) and see sketches ZB and

photo. 64). This sigmoidal cleavage is distinct from the

refracted cleavage due to graded-bedding, such as is seen in

subarea No. 2. The long limbs of the folds in the linear-

quartzite along the eastern margin of the San Simon zone of

Linear Quartzite face and dip moderately west, and there is no

evidence for the overturning to the east of this Linear

Quartzite formation. Thus to sugsest that the eastern margin

of the San Simon zone, where these mullions are particularly

well developed, is the "heart" of an anticline is thoug:

untenable. Consequently these mullions are not considered

accommodation structures.
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More examples of these cleavage mullions or rodding

structures are shown in sketches, ZC, figs. 4 and 5, and in

photograph 63 from north of the subarea, near Cubelo. The

length of the mullion or column of rock as seen in the field,

is determined by the cross-jointing, generally sub-verpendicular

to the axis of the mullion. This cross-jointing occasionally

forms a distinct herring-bone pattern (see sketches ZB fig. 4),

which is possibly to be interpreted as the acute intersection

of shear-joints across the direction of maximum stress or

pressure.

The rodding is a structure of Sander's B axis type; the

result of movements normal to the axis. No perpendicular

cross-lineation was observed. An oblique lineation, associated

with a sub-horizontal § plane, is occasionally seen in linear-

quartzite, phyllite and "Ojos de Sapo". It is interpreted as

a subordinate structure of the secondary folding (red symbols

of Map 2), seen in subarea No. 2.

In the valley between the Sierra de Ligonde and the

Divisoria de Codeiras, phyllites near Vacariza show perfect

rodding on a small scale (see sketches Y). This may be

"accommodation folding" in the heart of a syncline (see vertical

section ak), Sketches Y shew the development of various

potential parting surfaces or § planes, one of which, 85s is

a pseudo strain-slip cleavage, formed by the unfolding of an

earlier strain-slip cleavage. As the intersections of the

various § planes are parallel, the rodding is almost perfect.

North along the strike near Rego, the intersections of the S planes

are only sub-parallel and rodding is less perfect (see sketches W

and X, also stereogram No. 18).
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Along the eastern margin of the southern anticline of

"Ojos de Sapo", further rodding is seen in the Quartz-

Porphyroblastic Schist, where the lineation is emphasized

by the eloneation of the quartz porphyroblasts parallel to the

rodding axis. These porphyroblasts show a roughly circular

cross-section (see sketches ZF), and are usualiy elongated in

a ratio of about 5:2 or 3:1. It is thought that they are

earlier than the strain-slip cleavages and have been rotated

with the primary micaceous cleavage of schistosity, — "rolling

is held by many fabrie students to be one of the most important

means of producing lineation" (Cloos 1946, page 18). Clearly

some extension in B is indicated and the rock is a B axis

tectonite (Sander). No petrofabric analysis was carried out,

but there was no obvious preferred orientation of the quartz.

The Quartz-Porphyroblastic Schist is interesting for its

apparent orthohombic fabric, developed with an easterly dipping

strain-slip cleavage (see sketches ZF figs. 4 and 5, also photo.

972, and sketches ZG fig. 1). The easterly dipping strain-slip

S planes (brown symbols on Map 2) are characteristic of the

eastern margin of the southern anticline of the "Ojos de Sapo"

and they are thought to be characteristically developed where the

bedding becomes sub-horizontal (see sketches 7f fig. 5 and photo.

71), possibly on the short limb of a step-fold. The idea is

borrowed from Voll (1959) pep. 554 - 560, who surgests that

folding forms from antithetic and syn-thetic strain-slip cleavages

in the long and short limbs respectively, — "The syn-thetic set

formed first in the short limbs is quickly joined by the anti-

thetic set, as it is soon rotated into parallelism with the

maximal compressive stress. An orthorhombic fabric forms in the

short limb" (op. cit. p. 557). Also:=- "In the third zone it

(an early secondary cleavage) was still inclined before the third
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folding, It was steepened by the horizontal compressive

stress of the third folding. One set of strain-slips pre-

dominates so that the deformation is monoclinic. On the flat

short limbs of the step-folds, the deformation is orthorhombic,

with or without two equally developed sets of steep strain-

slips" (op. cit. plate 24), Voll, discussing this, in the

structural development of the Southern Dairadian, refers to

"“symmetry-constant" refolding of bedding and cleavage, wrich I

interpret as the same as the homoaxial folding in the structural

development of the rocks of Palas de Rey.

The rodding structures of sketches 7G, ZH, and ZI are

imperfect as the axes (from intersecting S planes) intersect

at angles of 30° or more, but in sketches ZJ, fair, as the angle

is about 1s". In contrast, the effect in sketches 2K, is merely a

cross-warped surface. Stereogram No. 19 is interesting for the

contancy of the axis, although hand specimens, Nos. 96 and 98,

occurred more than 2 kms. obliquely across the strike from Nos.

115 and 116. This contancy of the axis is also emphasized in

stereogram No. 14 of 86 coarse lineations (from subarea No. 3a)

where a statistical maximum of 23% exists at, 25° at 172° AZe

These coarse lineations are rodding axes and axes formed from

secondary strain-slip intersections. It is interesting to

compare their dispersal on a small circle with an axis on

138° AZ ia stereogram No. 14, with that of stereogram No. 1 with

dispersal on 310° (130°) AZ axis. Stereogram No. 13 of bedding

poles confirms the main symmetry axis, here approximately 20°

at 165° AZ., and shows dispersal of the poles on 142° az. axis,

while stereogram No. 15 of primary micaceous schistosity further

confirms the main symmetry axis, on 165° AZ.
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In the San Simon zone of Linear Quartzite, the primary

folds are overturned to the east. These were compressed and

developed a secondary, steep westerly dipping axial plane

cleavage. To the west in the anticlinal cores of "Ojos de

Sapo", the primary folds are isoclinal; the secondary axial

plane cleavage is steep, becoming easterly dipping with the

development of an orthorhombic fabric along the eastern margin

of the cores, where the bedding is locally seen to be sub-

horizontal. West of the "Ojos de Sapo" in phyllite and linear-

quartzite, the primary folds are also isoclinal but with sub-vertical

dip of the bedding: secondary folds here, are discussed below.

Superposed folds of south-southwest trend

West of the "Ojos de Sapo” the characteristic style of this

folding (blue symbols of Map 2) is strongly in evidence. The

folding always occurs as minor superposed folds, clearly not

affecting the stereograms Nos. 13, 14 and 15. It trends on an

azimuth of 200° - 210", and is considered a late phenomenon,

later than the rodding of linear-quartzite in the San Simon zone.

It often forms where a secondary, subvertical axial plane cleavage

obliquely intersects steeply dipping and southeasterly striking

limbs of earlier folds, essentially primary. It shows typically

as the "drag" folding seen in sketches T figs. 3 and 5, and

sketches U fig. 3. Sketches T. fig. 4 or photograph 61 show it

characteristically also.

Although this 200" - 210° AZ trend is only recognized in

the field by minor folds, it is of regional importance as a

direction of weakness along which the Spotted Granite intruded

(see Map 2). To the north of the subarea, a parallelism of

axial directions on 200° - 210° AZ is inferred from the crude

rod?ing or mullion structures seen in the field. The axial
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azimuth is somewhat variable but a noticeable preponderance

exists at about 205°. No statistical analyses with stereograms

were made of this folding.

Cross-folds of east-west trend

North of subarea No. 3, the regional cross-folding is

occasionally seen as small scale structures, shown as the purple

symbols of Map 2 and illustrated in sketches T fig. 7. The folds

are usually more open than this figure shows, and an axial plane

cleavage is absent or poorly developed. The axial plane is

generally sub-vertical and trends approximately east-west.

Shears of the 2nd. order

The phyllites of subarea No. 3 are characterised by a

lenticular structure, as seen on sub-horizontal surfaces in the

field. This is a consequence of the penetrative development of

late secondary conjugate cleavage planes, the sinistral set of

which greatly predominates (see sketches MK and stereogram No. 16).

The cleavage planes are spaced from 1 to 15 cm. apart, and are not

unlike those described by Rickard (1961, page 330). Minor folds

associated with them were not recognized. They appear to be later

than all the structures discussed above: Rickard states that such

cleavages develop at a very late stage of tectonic activity under

low grade metamorphic conditions.

The Palas Granite lies immediately to the west of the area

where these cleavage ahsee best developed, and is in faulted

contact with the phyllites; if the slip on the fault plane was

essentially horizontal, these conjugate cleavage structures may be

shears of the 2nd. order (McKinstry 1953), and the main fault

sinistral also. It is to be noted that although they are seen

in the granite (where the dextral set is better developed than
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indicated in stereogram No. 16), not one was seen east of the

San Simon zone of Linear Quartzite, and they are most

conspicuous west of the "Ojos de Sapo" and towards the granite

contact.

Joint drags

East of the San Simon zone of Linear Quartzite, joint

drags (Knill 1961) or knicked cleavage structures (Kleinsmiede

1960, page 196) are occasionally encountered in the finely

schistose phyllites. Knill and Hoeppener (1955) consider them

to be similar to McKinstry's shears of the 2nd. order,

developed in associstion with faulting. Kleinsmiede considers

them to be caused (in the Pyrenees) by dilation due to tension,

originating at the end of a post-orogenic Hercynian uplift. In

Palas de Rey some were recorded with east-west strike and sub-

vertical dip, but no statistical analysis was made.
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SUBAREA Noe 4

This is a broad subarea which crosses the Palas Granite

from one side to the other and includes several ridges of

sedimentary rock. Two of these ridges, those of Palas de Rey

and Carballal, are thought to be roof septa in situ in the

granite. Their size alone is indicative of this but also the

style and attitude of the folds contained within them. These

are V shaped or chevron type similar folds which proceed to

depth and do not die out in the manner cof concentric folds.

Their axial planes are often sub-vertical to steeply west

dipping (see sketches 7L, ZM, and ZN), suggesting overfolding to

the east. It is believed that this folding is secondary and

superposed on long isoclinal limbs of earlier primary folds which

are no longer recogizable in the field. Reasons for this belief

are, firstly, that when occasionally a fresh sub-vertical east-

west joint face is exposed, the axial plane cleavage is seen to

be of a strain-slip type (see sketches ZM). Secondly, the

outcrop pattern of the Palas de Rey ridge is of a parallel-sided

elongated structure of several kilometres length, suggestive of

a primary structure and hardly to be reconciled with plunges

varying from 60° south to 50° north of the chevron-type similar

folds. Thirdly, the nature of the foliation resembles that

developed elsewhere from erystallisation in isoclinal primary

folds; and fourthly, both to the east and west of the Palas

Granite at least two periods of folding are present.

Thus the dominant macroscopic (Weiss and McIntyre 1957,

page 577) structure is that of the primary folds, on which

mesoscopic secondary folds form the subordinate structure.

Stereograms Nos. 23 and 24, where eight secondary cleavages are

drawn (Ww, X, Y, Z, and R, S, thought to be one set developed under
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the same stress conditions with variation due to fanning and

difference in anisotropy of the rock, and P, @, an independent

set), illustrate that variation in plunge from north to south

and differences in azimuth of the secondary folds is merely

caused by a slight variation in the azimuth of the steep strain-

slip cleavage of one set or the other, on either the steeply

dipping east or west limbs of the earlier structure.

As might be expected, rodding is occasionally present

but always feebly developed, «nd it is doubtful whether the term

should be used: coarse crenulation is more appropriate.

On Map 2, the symbols for those folds with a sub-vertical

axial plane approaching 205° AZ have been coloured blue, those

with a trend approaching 185az, dark grey and one in the east

of the subarea, green, because its style resembles that of the

folding in the San Simon zone of Linear Quartzite (see sketches

ZM fig. 5).

The secondary cleavage could not be treated statistically

because of the generally poor quality end quartzitic lithology

of most of the outcrops. Lineations were easier to record and

stereogram No. 21 shows a number of these, all thought to result

from the intersection of a secondary cleavage with the

compositional banding. These lineations have tended to split

into two groups, one on approximately 180° az. and the other on

approximately 25” aS. (1.5. 205° AZ). Stereogram No. 21 is

also of interest because of the distinct partial girdle formed

from the poles of the compositional banding; %% and 11%

contours are of significance and therefore the girdle axis too,

on 183° AZ. (not exactly coincident with the lineations). This

is possibly the primary fold axis, but it is open to doubt.
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Although stereogram No. 20 is a plot of twice as many

poles as No. 21, the partial girdle, which it shows with an

axis of 4° at 185° AZ., has to rely on the 2% contour that is

hardly of significance: the 10% contour is essentially parallel

to the perimeter. On the other hand it is to be expected that

the structures will be far less well imprinted in the relatively

poorly schistose and more isotropic granite. To suggest from

this that the granite is syn-tectonic or pre-tectonic, while

plausible. is possibly only proven when other evidence is taken

into account (see Section A).

Sketches ZN’ show a suggested regional stress field in

the Palas Granite in which the tensional direction is

approximately north-south, with compression east-west. Also,

stereogram No. 22 is a plot of the poles of 180 aplite and

pegmatite veins, the majority of which are tensional: the

10% maximum, at about 170° AZ., is a reasonable indication of the

north-south tension. Possibly the 4% maxima at A and B in the

southeast and northwest quadrants are indicative of shear veins.

Indications of this stress field are not only seen in

terms of the veining, but also by the trend and nature of the

boundaries of the granite, and the penetrative minor structures

contained within it. The granite shows, in particular towards

its eastern contact, an excellent development of conjugate strain-

slip cleavage planes, the sinistral set of which is the better

developed (see sketches MS and ZN, and Map 2). The cleavage

planes have trends similar to those of the conjugate set in

subarea No. 3, and slickensides on them show the movement to have

been subhorizontal. Consequently they are interpreted as shears

of the second order in relation to the eastern boundary fault.
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it can also be seen that the western contact of the granite,

over a distance of 10 kms., is approximately parallel to one

of the potential shear directions of the regional stress field.

Parallel to this contact and extending from within the granite

in the north near Hospital, to within the contact schists in

the south near Mato, there exists a prominent subvertical

quertz vein or zone of quartz veins, intruded parallel to late

tectonic faults. It is suggested that this structure is

another manifestation of the same regional stress field.
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SUBAREAS Nos. 5, 6, 7 and 8, 9, 10

Introduction

This section is concerned essentially with the structures

in the basic and ultrabasic rocks to the west of the Palas

Granite, It also includes structures in the "Black and White

Migmatite" further west, and in phyllites and contact schists

adjacent to the granite. The region has been split up into six

subereas in an attempt to show the structural trends, any one of

which may become prominent locally but tends to become diffuse

or dispersed as the size of the subarea is increased.

Certain distinct fold styles can be recognized despite

poor outcrop, and those of a similar style are probably syngenetic

(Weiss and McIntyre 1957, page 578). However, transitions in

style exist and it is difficult sometimes to decide whether a

fold should be placed in the category of primary or early secondarye

Primary folds

Typical primary folds, only identified for certain in the

Garnet Hornblende Gneiss,* are shown in photograph 82, sketches

2Q fig. 4, ZS figs. 5 and 8, and ZT figs. 2 and 5. They are

tight isoclinal folds with long limbs and sharp hinges. The

axial plane is almost parallel to the limbs and the axial plane

cleavage cannot be identified as such: the most penetrative

schistosity or S plane is parallel to the compositional banding.

These folds may only show as a ribbing on sub-horizontal joint

or other S planes; this is seen in photographs 80 and 81.

Photograph 94 demonstrates the usual appearance of the Garnet

Hornblende Gneiss (with its surfaces warped, due to later super-

posed folds) where the isoclinal folds of the primary folding are

* The western zone of the Basic Rocks.
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not distinct. The ultrabasic rocks occasionally show not

dissimilar fold styles (see photo 83), although these folds

could conceivably be early secondary. Primary folds are shown

by yellow symbols on Map 2.

Early secondary folds

Typicai early secondary folds in the Garnet Hornblende

Gneiss are shown in sketches ZR fig. 2, sketches Z2Q fig. 3 and

photograph 85. They occur mostly as blunt-nosed folds, over-

turned to the east with axial planes dipping about 30° west.

Geometrically they are similar folds; in origin, probably slip-

folds (Weiss 1959, page 92), since the axial plane cleavage is

often distinct as a separate § plane and thickening occurs in

the hinge zones. Other examples of early secondary folds in

the Garnet Hornblende Gneiss are seen in sketches 7R figs. 3 and

4, sketches ZS figs. 1, 2, 3, 6 and 7, and sketches 2T figs. 1

(axial plane drawn a little too steeply) and 3. Further east

in the Linear Uralite Gneiss the outcrop worsens and structures

are difficult to determine. Boudinage is frequent (see photos.

87 and 88) and indistinct folds are only occasionally seen (see

photo. 86). The style of these folds, when determinable is

similar to that of the early secondary folds in the Garnet

Hornblende Gneiss and it is possible they are syngenetic. Early

secondary folds are shown by orange symbols on Map 2e

Superposed folds of south to south-southwest trend

Clearly later than the early secondary folds are sub-

orthorhombic folds which vary in trend from south to south-south-

west. These are thought to be syngenetic because of their

similarity of style and relatively small variation in trend.

However, as a south-southwest (205° aZ) trend is prominent in

subarea No. 10 (see stereogram Nos. 32 and 33) as well as
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elsewhere (subareas Nos. 3 and 4) in Palas de Rey, late secondary

folds with steep axial planes approaching this trend, are shown

differently (by blue symbols) on Map 2 from those (grey symbols)

nearly south in trend. The sub-orthorhombic folds show a crude

axial plane fracture cleavage, which sometimes becomes more

penetrative and develops into a coarse strain-slip cleavage;

this always dips steeper than 70°. These folds tend to be sub-

parallel with the early secondary or primary folds and

conseguently rodding or mullion structures develop. The mullions

although developed in hornblendic rock, are generally cruder

than those in linear-quartzite of the San Simon zone, but locally

to the north near Auceira, they are equally well developed.

Mullions, in the Garnet Hernblende Gneiss, are shown in sketches

ZO fig. 1 or photograph 74, sketches ZO figs. 3 and &yand 25

figs 1. Similar mullions also occur in the ultrabasic rocks,

west of Fureolos and near Vacariza (see photo. 75).

The Garnet Hornblende Gneiss is often characterised by

irrecularly unduleting schistosity surfaces, parallel or sub-

parallel to the compositional banding. The undulation is

caused by interference of equally well-developed folds or fold

systems. It is shown in sketches ZP figs. 3 and 5, 2Q fig. 5,

and in photographs 89 and 90.

Late secondary folds of northwest trend

A fold system with a northwest trend is important, although

it is scarcely recognized in the field in the western half of the

area, where the warping shown in sketches Z2Q. fig. 4, is the only

recorded mesoscopic structure with this trend; however, a glance

at Map 5 clearly shows its prominence on a macroscopic (Weiss

and McIntyre 1957, p- 577) scale. In the east (subareas 5, 6

end 7) it is seen mesoscopically in the field; in particular
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near Arcosae Here, small but pronounced rodding structures have

developed (see photo. 76). These rodding structures are thought

to be in the hingeg or near the "heart of the fold", and

possibly may be considered as "accommodation structures" (Gilbert

Wilson 1953): in the west (subareas 8, 9 and 10) where this

folding with a northwest trend is more open, rodding on a similar

trend is never seen. The axial planes of these mesoscopic folds

when recognizable are steep, but too few are exposed for

statistical treatment. These folds are shown by yellowish-

green symbols on Map 2.

Amphibole fibre, lineation and cross-folding

A very striking and perhaps the most interesting structural

feature of the area is the pronounced lineation of the Linear

Uralite Gneiss and the "Black and White Migmatite"; it generally

trends approximately east-west. The character of the lineation

is shown in photograph 92, which also shows the typical aspect of

the Linear Uralite Gneiss, and in 94 which shows a cross-section

(hammered off and lying on the hammer) from the same outcrop.

If photograph 94 is studied very closely, it will be seen that

the cross-section shows tight recumbent folds. In this Gneiss

parallel to the lineation is a well developed amphibole fibre,

with crystals usually of the order of 1 mm. in length.

Observation of these under the microscope shows marked boudinage

and stretching parallel to the mesoscopic lineation. The "Black

and White Migmatite" with its very coarse fabric, shows mesoscop-

ically, structures similar to those seen microscopically in the

Linear Uralite Gneiss. In the Migmatite the lineation is

formed by a marked streakiness and frequent extreme elongation

of the feldspar megacrysts (see sketches MA); it is probably to

be interpreted as excessive stretching parallel to the direction



- 186 -

of tectonic transport (discussed further below). Locally, near

Meire and elsewhere where the Linear Uralite Gneiss becomes very

coarse, it superficially resembles the Migmatite, and this, in

zones of very Civiae dutereation the Linear Uralite Gneiss.

Neither the Garnet Hornblende Gneiss nor the Hornblende Gneiss

show this lineation.

The lineation is characteristically down-dip, and its

general trend is seen in Maps 1 and 2. Stereogram No. 31 shows

its distribution in subarea No. 7, with a vague maximum a little

south of west, and No. 30 shows its distribution in the larger

subarea No. 6. Both tereograms show considerable dispersal of

the readings. Weise (1959, page 100) discussing lineations, |

states, "for the field as a whole ....... the second deformation

by flexural slip folding tends to dispose the initial maximum of

B structures (i.e. former lineations, etc.) irregularly".

However, the readings of stereogram No. 351 are not disposed

entirely irregularly.

That the lineation originated as a b-lineation parallel

to the primary fold axes wiry difficult to @isprove, especially

as no primary fold axes have been recognized in the Linear Uralite

Gneiss. The trend of the primary fold axes in the Garnet Horn-

blend Gneiss is frequently approximately south, and that of the

accompanying hornblende fibre (judging by analysis of hand

specimens) is south to southwest. Hence one is forced to

conclude that if this lineation, with its approximate east-west

trend, is a primary b-lineation, parallel to the primary fold

axes in the Linear Uralite Gneiss and in the "Black and White

Migmatite", it would have to be on the (macroscopic) overturned

recumbent limbs of early secondary folds of southwest azimuth.

This is possible but no other direct evidence is available to

support the contention.
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Also, the possibility that the lineation is a b-lineation

and parallel to the fold axes of a prominent secondary oblique

folding is ruled out, since none of the stereograms of poles

to the compositional banding or schistosity surfaces show an

approximate east-west symmetry axis.

We might consider the lineation to be an a-lineation

parallel to the movement direction of the late secondary folding

or northwest trend, or of the superposed orthorhombic folding

of south to south-southwest trend. However, it is thought that

in the west the late secondary folding of northwest trend is

gentle and open, and hardly to be associated with marked tectonic

transport; while the superposed orthorhombic folding is

probably a compressional structure, and again hardly to be

associated with marked transport.

The other possibilities are that it is an a-lineation

parallel to the movement direction of either the early secondary

or of the primary folding. Lineation in "a'' is a controversial

matter, especially when folds (even if small) are known to form

parallel to it. Cloos (1946, page 25) writes "secondary

flowage normal to fold axes in folded terranes is well known

also but much more disputed. Some authors interpret such a

lineation as a second phase of deformation perpendicular to the

first one." A few quotations and remarks will now be made to

show that the lineation is much more likely to be parallel to the

direction of transport than anything else.

Cloos (op. cit. page 26) states, "in recumbent or torn,

overturned folds the forward movement is in a and also at a

maximum. If the lower limb of such a fold tears and develops

into a thrust, the maximum movement is still in the same

direction." There is considerable evidence (see Section A.

pepe 12-23) to suggest that the ultrabasic complex, which
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includes the Linear Uralite Gneiss, is thrust over the Garnet

Hornblende Gneiss. He further states (op. cit., page 26) with

reference to lineation in "a", "It is, however, frequently

associated with other elements in that direction, particularly

with small folds. On Swedish maps, the lineation is called:

Stangelighet (pencil structure), smaveck (crinkling, small

fold), or strakeningen (stretching) without discrimination by

most of the authors, suggesting that the three types of structure

occur together and are thought to be interchangeable". And in

discussing thrust planes, he states (op. cit., page 27),

"flowage and plastic deformation may play an important part in

the thrusting and result in orientation of prismatic or flaky

minerals. They will be parallel to the lineation, but freely

arranged around the axis a". This could be the explanation of

stereogram No. 31 of the amphibole fibre recorded in subarea

No. 7.

Cloos (op. cit., page 29) quotes Fairbairn (1935),

"Fairbairn has observed a lineation normal to the axis of a

large fold. It consists of parallel alignment of certain

minerals (especially mica and hornblende) or crumples or

crenulations in the surfaces whose axial lines are paraliel."

Cloos (op. cit., page 45), considers that two fundamentally

different directions of movement exist, (1) the principal direction,

and (2) the subordinate one, normal to the first. He further

states, "the second direction is a direct consequence of the

movement in the first. A distinction seems essential because

lineations may result from either motion, but cannot be

distinguished unless a careful analysis is made of a region large

enough to establish relations between directions of movement."
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Cloos (1947, page 11) writes, "the same problem has lately

been dealt with by several investigators who found that the

tectonic transport as seen in the field coincides with the

lineation (¢) and that statistical investigation of the

lineation produced a girdle normal to (¢), thus tectonic transport

normal to the girdle plane and parallel with its axis. Some of

the authors identify Sander's Teilbewegungen with tectonic

transport and conclude that a second phase of movement resulted

in the lineation and girdle arrangement. This interpretation

seems somewhat forced in view of the obvious and widely recognized

field evidence." Perhaps this statement could equally apply to

the rocks in Palas de Rey.

Strand (1945, page 25), writes, "the chief feature of the

diagrams here presented is the presence of girdles (equated to

the small folds of photograph 94) in a direction normal to the

chief direction of movement, and, as interpreted by the writer,

the partial movements producing the girdles and the main mass

transport were integral parts of the same act of deformation".

Anderson (1948) states that lineation always parallels

the direction of transport or shear. He writes (op. cit. page

100), "it seems rather to be due to minute corrugations of the

micaceous laminae, which have their axes parallel to the

striations. It is none the less probably caused by stretching,

anc the striations probably coincide with the direction of

sheare e+eeeees In the micaceous rocks the phenomena are the

same; but in the hornblende-schists there is actual rodding or

elongation of the crystals, which always follows the general

direction ...+.e+. It was also noted that the direction and dip

of the lineation was almost invariably that of the pitch of the

smaller folds". In other words, although the lineation is an

a-lineation ané parallel to the main tectonic transport direction,
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it may nevertheless be parallel to the axes of minor folds.

Perhaps this is seen in photograph 94 of the Linear Uralite

Gneiss.

Neuvonen and Matisto (1948, page 81) in discussing the

schist belt northeast of Tampere, Finland, state, "in the basic

intercalated beds of the phyllites in the southern part,

however, the longitudinal directions of the hornblende grains

are parallel to the striae measured in the phyllite. In

these cases the hornblende is oriented in the direction of the

lamellar differential movement." Seitsaari (1951 page 113)

discussing the same schist belt, suggests that the lineation,

including the amphibole fibre, is in the movement direction

together with the axes of oust minor folds and crinkling. He

also states that, although the lineation is variable over a

large area, it tends to be down dip. In the Palas de Rey

area this is seen in subarea No. 6 (see stereograms Nos. 30

and 31).

Eskola (1951, pep» 9 « 22) discussing the dome district

of Pitkaranta in Finland, suggests that the metamorphic

differentiation in the amphibolite is due to laminar shear and

that although the lineation, including the hornblende fibre, is

parallel to a tectonic b axis it is nevertheless the direction

of major transport.

This review of the literature suggests that the pronounced

lineation of the Linear Uralite Gneiss and the"Black and White

Migmatité' is in the direction of tectonic transport.

The lineation and amphibole fibre are parallel to the

east-west cross-folds (purple symbols on Map 2). These usually

develop where the strata have a sub-horizontal dip (see type

locality in photo. 78) and tend to die out towards the crests of
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the south trending folds (see photo. 79), that is, they only

develop on the long limbs of the early folds. They generally

have an open warp style but occasionally become tighter and

develop a crude steep strain-slip axial plane cleavage (see

sketches ZP). It is probable that this cross-folding was

also a consequence of the tectonic transport of the rocks;

however, it is thought to have developed at a late stage under

conditions of low metamorphic grade when the rocks were brittle

(see photo 77).

Discussion of the stereograms

The area at present under discussion may be divided into

an eastern half including subareas Nos. 5, 6 and 7, and a

western half of subareas Nos. 8, 9 and 10. It is seen that

some of these subareas overlap. The division was made in an

attempt to elucidate the mesoscopic structures seen in the

field and macroscopic ones drawn on the maps, by statistical

analysis in stereograms, allowing for sufficient readings in

each subareae The stereogramsrepresent the structures after

the final movements and warping of the rocks.

Stereogram No. 26 is of the compositional banding recorded

in subarea No. 7 of 5 sq. kms. The 6% contour possibly forms

a partial girdle about an axis «ith a trend of 142° az*; such

a girdle might have been expected, as in Map 3 the subarea is

seen to cover a macroscopic knee fold with a similar axial trend.

The 4% contour is T shaped; it is thought that this reflects

also the development of a partial crose-girdle about an axis of

222° AZ. The stereogram is interpreted, though tentatively, as

showing a dominant folding about a trend of 142° az. and a

subordinste one sbout an axis of 222° AZe

* §ee introduction for this and other azimuths, given in terms

of an exact number of degrees.
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A number of mesoscopic folds from subarea No. 6 (which

includes subarea No. 7 but extends to the south of it, where

the strike tends south-southwest) have been plotted in stereo-

gram No. 34 with their axial planes. In this the dominant

trend of the folds is southwest, and they are either to be

considered overturned folds to the west, or "drag"-folds on

the recumbent inverted limb of an overturned fold to the east.

Owing to poor outcrop this cannot be determined, but it is

suggested that they may be comparable and syngenetic with the

early secondary folds in the western half of the area (see

stereograms Nos. 35 and 36).

Subarea No. 5 of 4 so. kms. also covers part of a

macroscopic knee fold, with a northwest trending axis.

Stereogram No. 25 of schistosity surfaces recorded in this

subarea is thought to show symmetry about an axis of north-

west trend: symmetry about an axis of northeast trend is

conceivable also. It is apprecisted that the symmetries in

these stereograms are vague, which is thought to be a consequence

of insufficient readings and the presence of orthogonal or cross-

symmetries.

Stereogram No. 27 of the small subarea No. 9 of 3 sq.

kms. distinctly shows a partial girdle or elongated maximum

about an axis of 224° AZe Interestingly this is not the trend

of either the regional strike, or the late rodding structures}

these lie about 205° AZ. as is clearly demonstrated in stereo=

gram No. 33, showing a number of late axial plane cleavages, and

No. 32 of coarse lineations and rodding axes. It is thought that

this 224° AZ jase probably represents the early secondary

folding. The early secondary mesoscopic folds, plotted in

stereograms Nos. 35 and 36, show broad scatter across the south-

west and northeast quadrants and are too few to be considered
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statistically, although interesting from the point of view of

style: folds overturned to the east (see stereogram No. 36)

occur right across Palas de Rey to subarea No. 2.

The relatively good definition of the partial girdle in

stereogram No. 27 is indicative of the dominance of the 224° az

(early secondary) folding. It is perhaps suggestive that one

is near the core of a macroscopic fold; in this case thought

to be an antiform, where late compressional folding on 200° «

205° AZ. may have given rise to the rodding. However, the

primary folding often has a trend of about 180° az. and as

rodding can occur even when axes diverge up to 25°, it is

possible that the origin of the rodding is more complex. Also

in stereogram No. 27, there is a suggestion that partial cross~

girdles are developing about an axis of northwest trend, and this

is confirmed by stereogram No. 28 of 375 poles (from the large

subarea No. 10), where the partial cross-girdle about a 320° AZ

axis is relatively prominent. That this northwest trending,

late secondary folding is real and possibly in the nature of

open warps is seen macroscopically on Map 2 in the western part

of subarea No. 8. Here a narrow strip of the Garnet Hornblende

Gneiss is seen folded into a U shape with an approximate south-

east-northwest trend. {wo traverses across this structure

yielded 25 readings of schistosity planes: these, plotted on

a stereogram, showed an intersection on a trend of about 150°

Az. (with sub-horizontal dips, southeast and northwest axial

trends are equivalent), and definitely not parallel to the

primary folds whose trend here is southerly.

Stereograms Nos. 28 and 29 show some form of symmetry

about 197° AZ.3 whether this is accidental or real is

difficult to decide, but it may represent the late folding that

has given rise to the rodding structures. Stereogram No. 29
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shows how an 8% contour can differ from a 5%; this is probably

caused partially by the uneven distribution of the readings

taken. It should be appreciated that the mapping was

essentially reconnaissance in nature, and as the stereograms

show, the ground is sufficiently complex to necessitate about

500 readings in subareas no larger than 2 sq. kms.

Conclusion

It is considered that stereograms Nos. 26, 27, 28 and

29 are evidence of symmetry about a southwest trending axis,

which probably represents the axial trend of the early secondary

folding. Stereograms Nos. 26, 27 and 28 are also considered to

show partial cross-girdles about axes of southeast or northwest

trends; these axes are thought to represent the late secondary

folding on these trends. Stereograme Nos. 28 and 29 are also

thought to show symmetry about a south-southwest axis, which may

represent the rodding structures and the late sub-orthorhombic

folding on this trend.

Further, it is thought that the primary folding to the

west of and in the Garnet Hornblende Gneiss, trends approximately

south, as tight isoclinal folds whose axial planes cannot be

determined independently of the limbs; that the early secondary

folding frequently occurs as folds overturned to the east, which

are "similar" in geometry and "slip-folding” (Weiss 1959) in

origin, with axial planes as determinable separate S planes;

that cross-folds trending approximately east-west and parallel

to which there is the pronounced lineation and mineral fibre of

the Linear Uralite Gneiss and "Black and White Migmatite", are

indicative of and parallel to the principal direction of

tectonic trensport, and represent the "a" direction of either

the primary or early secondary folding. Also it is thought

that the secondary suborthorhombic folds, which vary in trend

from south-southwest to south and the secondary folds of north-

west trend are late superposed folds; and that these are not

conjugate, essentially because they are mostly found

independent of each other in the field.
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SUMMARY

-Subarea No. 1

In subarea No. 1 is demonstrated the occurrence of a

pronounced biotite fibre; this is oriented east-west. Lt

indicates the direction of transport during the development

of late secondary folds (red symbols of Map 2), to whose axes

it is perpendicular. Cross folds occur as open warps and

fine crinkles in the foliation surfaces, and are parallel to

the biotite fibre.

Subarea No. 2

In subarea No. 2 late secondary folds (red symbols of

Map 2) with subhorizontal axes have extensively developed on a

trend of 152° AZ., perpendicular to which fine crenulations on

the foliation surfaces indicate the direction of transport.

Later secondary folds with a trend of 310° - 130° AZ. are

locally pronounced, and are thought to be responsible for the

dispersion of the biotite fibre maximum, seen in stereogram

No. 1 of subarea No. l. Other structural trends of 210° Az.

and 183° AZ. are only significant in as much as they may become

prominent in the adjacent subareas. The secondary folds (red

symbols of Map 2) may have developed as a consequence of the

sedimentary envelope sliding off the rising dome of the Guntin

Granite.

Occasionally the primary folds (yellow symbols of Map 2)

become the dominant mesoscopic structures, but generally these

are the secondary folds. However as the two fold systems are

frequently subparallel, homoaxial folding has resulted in the

development of rodding.

: It is suggested that true cleavage is mechanical, as in

subarea No. 2A, a "slaty" cleavage is thought to have developed

from a very fine strain-slip cleavage.
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Subarea No. 3

In subarea No. 3, by contrast, the late secondary folds

(red symbols of Map 2) of low axial plane dip are rarely

observed, but instead there is seen pronounced rodding on

170° AZ. with low plunge south. The rodding is formed of the

primary folds which are overturned to the east and secondary

compressional folds (green symbols of Map 2) with steep

westerly axiil plane dip: it is thought to be formed in one

continuous process. Also along the eastern margin of the

"Ojos de Sapo", there is a steep easterly-dipping strain-slip

cleavage (brown symbols of Map 2), which also combines with the

primary folds to produce rodding structures; it is probably

penecontemporaneous with that of the green symbols and not to

be regarded properly as an independent system.

Rodding, unlike the mullion structures at Oykell Bridge

in Sutherland (thought by Gilbert Wilson to be accommodation

structures in the heart of a fold), is seen to develop through

the parallel or subparallel intersection of three S planes,

generally two cleavages and the bedding.

Dispersal of coarse lineations and poles to bedding planes

in the stereograms of subarea No. 3 occurs on an axis of 320° -

140° az. It is to be compared with that of the 130° AZ later

secondary folding of subareas Nos. 1 and 2.

There are no lineations of approximately east-west

orientation parallel to the transport direction; there are

instead a few open cross folds (purple symbols of Map 2). All

lineations of subarea No. 3 are approximately south in azimuth,

including that of the elongation of the quartz porphyroblasts,

in contrast to the biotite fibre of subarea No. 1.

Also in subarea No. 3, late superposed folds (blue symbols

of Map 2) with sub-vertical axial planestrend south-southwest

(200 - 210° AZ) on the limbs of the earlier primary folds and

rodded structures.
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Subarea No. 4,

In subarea No. 4 the attitude of the secondary superposed

folds depends upon the intersection of sub-vertical strain-slip

cleavages on the steep limbs of primary macroscopic folds of low

plunge. These secondary folds are thought to be similar to the

superposed folds of subarea No. 3 and are shown by blue

symbols where approaching 205° AZ, and grey ones where

approaching 180° AZ on Map 2.

Primary mesoscopic folds were not recognized, but the

statistical axis (7 at 165" AZ) obtained from the poles of the

compositional banding of the metasediments is thought to reflect

the primary fold structure; however this is not certain.

Measurement of the poles of the biotite foliation in the granite

possibly suggests a similar axis.

A tentative regional stress field is drawn with the

intermediate axis of the strain ellipsoid vertical. The

principal axis of pressure is oriented east-west and parallel to

numerous tension veins, while the boundaries of the Palas Granite

are parallel to the directions of maximum shearing stress. At

the eastern contact of the granite, conjugate shears of the

second order are found both in the granite and externally in the

phyllites.

Subareas Nos. 5, 6, 7 and 8, 9, 10.

Subareas Nos. 5, 6, 7 and 8, 9, 10 have been grouped

together. The primary folding (yellow symbols of Map 2) is

isoclinal and thought to trend approximately south. The early

secondary folding (orange symbols of Map 2) probably trends

about a22° AZ: it mostly occurs as folds overturned to the

east and is probably to be associated with the pronounced east-

west lineation and mineral fibre that is indicative of the

direction of transport and parallel to the cross-folding.
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Later superposed folds (grey and blue symbols of Map 2)

occur with a trend, varying from south to south-southwest.

They are sub-orthorhombic in style wedbeet to be

compressional in nature, giving rise to rodding structures. As

in subareas Nos. 1, 2 and 3, the last superposed folding

(yellowish-green symbols of Map 2) shows a northwest axial trend.

Possible sequence of folding

Although one cannot correlate fold systems across the

Palas Granite with certainty, the following remarks are made in

an attempt to arrange the many fold systems that exist, into some

order.

The primary folds (yellow symbols of Map 2) are isoclinal

and trend south in the basic rocks, but are more open and over=-

turned to the east, with a southeasterly trend, in the sediments

to the east. They were followed by early secondary folds

(orange, green and brown symbols of Map 2) mostly overturned to

the east also, and responsible for the rodding in the Linear

Quartzite. Marked tectonic transport, with thrusting to the

east, is thought to be associated with this early secondary

folding, and is seen as the linear structure of the Linear Uralite

Gneiss and "Black and White Migmetite".

Next the intrusion of the Coarse Porphyritic Granite

probably occurred, followed by the Spotted Granite. At about this

period, owing to compression, the sub-orthorhombic south to south-

southwesterly superposed folds (grey and blue symbols of Map 2) with

sub-vertical axial planes were formed; while in the east,

perhaps penecontemporaneously, the late secondary folds (red

symbols of Map 2) of low axial-plane dip occurred as a

consequence of the sedimentary cover sliding off the rising Guntin

Granite dome.
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Later northwest trending folds (yellowish-green symbols

of Map 2) with variable axial-plane dip occurred throughout the

resion, but are only prominent macroscopically in the basic and

ultrabasic rocks of the west.

Finally faulting is thought to have occurred along the

margins of the Palas Granite with the development of conjugate

shears of the second order.
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