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THE NATURE OF F1 SHEAR FOLDS 
- eye 

ClO:S" SEtTlON , 

~SDIDSI 

r. Sol} =--=-====:=:=y="'-:::==>===<:::::>==::::::::_ 

~:~: I 
---

... Fl AXIAL/ 
SURFACE 

S.z .... SHEAR ZONE ORI&INAL SPHE.RICAL 
SHAPES PRESERVEP 

~: ,(DUNGING-

DIRECTION 

Fig. 5-7: Schematic cross-section of a recumbent Fl shear fold 
displaying the variation in strain on the fold limbs. 
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the regionally steep rocks in the Glenfinnan Division. Steeply dipping 

shear zones develop in"'the nappes during this episode in their 

evolution. They anastomose and enclose variably-sized shear augen 

containing characteristic step-folds. Within the shear zones, however, 

a large vertical extension and a horizontal flattening produce 

penetrative LS-fabrics in lieu of folds. 

The steepening of the nappes brings the faulted contacts 

of the lithostratigraphical units to nearly upright orientations over 

most of the thesis area (Fig. 5-6). Therefore, the overall structure 

of the Morar Division appears to be steep because most of the nappe 

boundaries now occur in the D2 shear zones. The map-units are not, 

however, repeated by F2 folding. The least strained parts of the nappes 

remain essentially as and where they were prior to the D2 deformation. 

5.5.4: Backfolding of nappes 

During the D3 deformation in the Ardnamurchan area con­

jugate sets of recumbent back-folds formed after the nappes had been 

steepened and shortened (Fig. 5-6). The back-folds affected those 

parts of the nappes which remained flat and those parts which were 

steepened, although the folds are tighter and more abundant in the 

former locations. F3 overfolding fans steeply inclined rocks through 

the vertical and locally flattens steeply dipping cleavages. 

Back-folding is common in the W of the thesis area but 

absent or rare in the E (Fig. 5-6). The shortening and uprighting of 

the Moine rocks produces an unequal vertical extension within the 

nappe sequence. It increases the height of the nappes towards the E 

relative to a foreland datum and thus causes gravitational instability. 

Conjugate back-folding is most probably a result of gravitational 

collapse. It marks .the initiation of a second tectonic cycle and 

possibly another increment of gravitational spreading which, in turn, 

reduces the height and load of the shortened nappes. The intensi­

fication of the back-folding episode towards the W may indicate that 

the nappes are moving forward in the direction of the Moine Thrust 

Zone. 



5.5.5: Tightening and shortening 'of nappes 

After the back-folding episode ceased, F4 folds tightened 

and further shortened the nappes. In the W of the Ardnamurchan area 

conjugate F4 structures openly fold the axial surfaces of the F3 

back-folds, locally steepen the S3 cleavage and cause the FI axial 

surfaces to undulate (Fig. 5-6). The D4 deformation is, however, more 

intense in the E than it is in the W. In the former region already 

steepened faults are regionally folded by steeply plunging, F4 box­

folds and step-folds (Fig. 5-6). During this last episode in the 

evolution of the nappes shortening is also accomplished in the E of 

the thesis area by penetrative deformation in narrow, steep-sided 

shear zones. 
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SUMMARY and CONCLUSIONS 

(1) Seven lithostratigraphical units are defined in the Moine 

Succession in the area mapped for this thesis. From W to E they are 

termed the Glenmore Psammite, the Carna Pelite, the Laga Psammite, 

the Dorlin Pelite, the Tarbert Psammite, the Mingarry Psammite and the 

Acharacle Complex. Most of these map-units are composed of 

metasedimentary schists and gneisses, although the latter contains 

stratiform igneous rocks. The metamorphic rocks were probably derived 

from sandstones, arkoses and silt-stones. Trough cross-stratification, 

channeling and slump folding may indicate deposition in alluvial fans 

or on a marine delta. 

The original stratigraphical relationships of the 

lithological units are not discernible within the thesis area. Thick, 

stratigraphically continuous successions do, however, occur internally 

within the map-units. Some of the lithological divisions in the Carna 

Pelite and the Dorlin Pelite, for example, may be locally in depositional 

contact with one another. However, the boundaries of the seven, main 

lithostratigraphical units are faulted. 

(2) Four phases of regionally recognizable deformation affect 

the Moine schists in the Ardnamurchan area. The superimposed DI-D4 

deformations are present in each of the lithostratigraphical units, 

although there is a significant spatial variation in the ubiquity and 

pervasiveness of each phase. The Moine rocks in the thesis area are 

characterized by their inhomogeneous style of deformation. The Dl-D4 

incremental strains are highly variable and superimposed on each other 

in such a way that the composite strains differ from one locality to 

another. 

In most places DI structures have been modified or 

obliterated by the effects of the succeeding deformations. In zones 

of low finite strain in the central and western parts of the area, 

however, folds and fabrics of DI age are well displayed. Fl structures 

are usually tight-to-isoclinal, recumbent, similar folds. The 81 

foliation is either a crenulation cleavage or a bedding-parrallel L8-

'platy' fabric. 
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F2 folds develop in two conjugate sets. In the areas of 

low D2 strain they fo~ as open, gently plunging, asymmetrical step­

folds. In the areas ,of high D2 strain isoclinal F2 similar folds are 

steeply plunging and extremely curvilinear. Steeply dipping S2 

foliation is attendant but not axial planar to the F2 folds. In some 

places it is seen to be a crenulation cleavage, while in other 

locations S2 is a grain-aggregate shape fabric. 

F3 folds and axial planar S3 cleavage are developed in 

conjugate sets. Recumbent F3 minor folds display highly variable apical 

angles depending on the amount of D3 strain. Larger-scale F3 folds are, 

however, distinctly asymmetrical with short, vertical limbs and long, 

flat limbs. Gently dipping, variably penetrative S3 crenulation 

cleava&e faces upwards and downwards in right-way-up rocks. 

F4 minor folds are mostly open and concentric. They are 

produced in two conjugate sets, although only one set is usually present 

in a given area. Major F4 folds are most often step-folds or box­

folds distinguished by a variation in the amount and the direction of 

plunge along the axial trace. Axial planar 84 crenulation cleavage 

is normally widely spaced. However, in the restricted areas of high 

D4 strain in the E of the area, S4 'platy' fabrics are developed. 

(3) The major tectonic features of the Morar Division in the 

SW Moine have been explained in the past by the presence of a regional 

structure called the Morar Anticline. In the Ardnamurchan area these 

features are thought to have evolved over a period of time and locally 

they are not due to the formation of any single structure. For 

example, prior to the Fl folding the lithostratigraphical units were 

already disposed in their present, E-W relative positions. The map­

units which comprise the Morar Division did not, however, attain their 

regional upright nature until after the D2 deformation. Likewise, 

the N-S grain of the Ardnamurchan Moine came into existance only at the 

end of the D4 deformation. 

(4) The Ardnamurchan Moine has suffered a prolonged history 

of regional metamorphism which has been locally separated into three 

broad stages. The first, probably Precambrian stage occurred during 

the heating cycle of the metamorphism and culminated with the production 

of the climactic mineral assemblage. Upper greenshist to lower 
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amphibolite-facies conditions prevailed in the Morar Division and 

at this time the ubiquitous garnet porphyroblasts were formed. In 

the Glenfinnan Division migmatites containing garnet. hornblende, 

tourmaline and rare aluminosilicates developed in the mid-to-upper 

amphibolite facies. 

The second and third metamorphic stages occurred during 

the cooling cycle of the regional metamorphism most probably during 

the Caledonian Orogeny. The second stage was a long-lasting event 

intimately associated with the development of the structures produced 

during the Dl-D4 deformations. The final stage of the progressive 

metamorphism was a widespread, post-D4. static neocrystallization. 

The metamorphic grade throughout the last two stages was most likely 

in the biotite zone of the greenschist facies. A regional chlorite 

retrogression then affected all of the rocks in the thesis area. 

After the metamorphic climax the Moine schists were 

tectonically uplifted. This began with pre-Fl brittle faulting which 

sharply juxtaposed, for example. the migmatitic rocks of the Glenfinnan 

Division against the non-migmatitic rocks of the Morar Division. The 

uplifting continued with syn-metamorphic, ductile displacements through­

out the Dl-D4 deformations. The unroofing was completed by erosion and 

post-D4 faulting during which time the schists were retrogressed. 

(5) The shortening of the Moine rocks in, the Ardnamurchan area 

is modelled in terms of the evolution of thrusts and nappes. The model 

is based on the recognition of four structural episodes which occurred 

sequentially but are complexly inter-related. They are (1) the 

formation and emplacement of the nappes (2) the uprighting and shortening 

of the nappes (3) the back-folding of the nappes and (4) the tightening 

and shortening of the nappes. The phenomena associated with these 

episodes are described elsewhere in the Northern Highland Moine and 

they are also characteristic of many other fold and thrust belts. 
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