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Major lenticular structures in the Ottawa River Gneiss Complex, SW Grenville Province: megaboudins formed during 2-stage ductile orogenic collapse 
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Summary

Exhumation of the Ottawa River Gneiss Complex (ORGC; Fig. 1), lower

plate of a large metamorphic core complex, involved two kinematically

distinct phases of ductile extensional reworking of thrust-induced banded

gneiss zones: (i) disharmonic, transtensional cross-buckling and (ii) NW-SE

transverse extension centered in the broad detachment zone of the ORGC,

the Muskoka domain. The focus of this presentation is on the latter phase,

in which reworked banded gneisses enclose an array of SE-plunging disk- or

lozenge-shaped major lenticular structures (MLSs) with horizontal lengths

of 30 – 50 km (Fig. 2).

Weakly strained and partly retrogressed granulite-facies metaplutonic

rocks predominate in the cores of the MLSs (Figs. 3, 4; Schwerdtner et al.

2014, p. 255 – 257; Rivers and Schwerdtner 2015, p. 419 – 422), but their

marginal zones and long tails consist of much finer-grained, intensely

strained and retrogressed, amphibolite-facies banded gneisses (Figs. 5 – 7).

These zones and tails contain three kinds of mesoscopic extensional

structures, (i) foliation cut-offs (Fig. 6B), (ii) ductile faults and associated

fault-propagation folds (Fig. 7) and (iii) granite pegmatite dikes marking

extensional fault surfaces and transecting fault-propagation folds (Fig. 7A;

Schwerdtner et al. 2014, their Figs. 6, 11 e – j). We previously interpreted

the intensely strained MLS margins as parts of anastomosing shear-zone

systems formed during extensional collapse, but the MLS cores lack the

isolated shear zones that characterize such systems on the mesoscopic and

macroscopic scales (Carreras 2001; Carreras et al. 2010; Fossen and

Cavalcante 2017, p. 443, 444). Moreover, the presence of a km-scale necked

zone in a major upright cross-fold, the Bracebridge antiform, and the

extensional origin of an adjoining bending fold, the Camel Lake synform

(Fig. 8; Rivers and Schwerdtner 2015, their Fig. 17), in the NE Seguin

subdomain attest to a later, kinematically distinct phase of late-Ottawan

extension. In conclusion, the post-peak, amphibolite-facies banded gneiss

zones in and adjacent to the extensional detachment zone of the ORGC

indicate that: (i) they were the sites of ductile décollement during km-scale

cross-folding, and (ii) they formed incompetent layers alternating with units

of more competent, partly unretrogressed granulite during subsequent

orogen-perpendicular horizontal extension leading to formation of MLSs by

megaboudinage.

Background information: boudins and extensional-bending folds

Boudins, also known as pull-apart structures, are a common feature of

competent units in multi-layered ductile-brittle rock masses that have

undergone lateral extension at mid- to upper- crustal levels (Ramberg 1955,

1959). Individual rows of incipient boudins and lenticular boudins, their

mature counterparts, are sandwiched by incompetent layers that thin and

become molded to the more competent structural elements, defining open

extensional-bending folds (Fig. 9; Ramberg 1963; Schwerdtner 1970,

Schwerdtner et al. 2014, their Fig. 1c).

Megaboudins ranging in maximum thickness from 50 m to 15 km have

been identified in Precambrian as well as Phanerozoic orogens. The largest

megaboudins are thought to be as thick as the upper crust (e.g., Rivers and

Schwerdtner 2015, p. 408, right-hand column). Their extensional-bending

folds are the lower plates of metamorphic core complexes.

Fig. 1: (A) Grenville Province and Ottawa River Gneiss Complex (ORGC; 

green), (B) ORGC and adjacent litho-tectonic elements; (C): southwest 

portion of ORGC with form-line pattern of the dominant foliation 

(gneissic layering and other planar fabrics). A (red) = Allochthon, P (red) 

= Parautochthon, AB = Allochthon Boundary, A = Algonquin domain, B = 

Britt domain, CAB = Composite Arc Belt (orange), CABb = CAB boundary, 

GFTZ = Grenville Front Tectonic Zone, GH = Go Home subdomain MR = 

Moon River subdomain/synform, M = Muskoka domain, , OSZ = 

Oxtongue shear zone,  R = Rosseau subdomain, S = Seguin subdomain, 

TTSZ = Tom Thompson shear zone, W = Wallace sub-domain/synform

(modified from Davidson 1984, his Fig. 1).

Fig. 6A: Banded orthogneiss near Birkendale Quarry, Oxtongue shear zone
(OSZ), northwestern marginal zone of the Rockaway Lake MLS (RL in Fig.
2). Note disrupted amphibolite layer in dismembered isoclinal fold.

Fig. 3: Weakly strained and partly retrogressed granulite-faces rocks 

in the cores of MLSs, Muskoka domain. (A) Charnockite with little 

deformed  subspherical mafic xenoliths, core of Clear Lake MLS; (B) 

weakly strained mangerite with late-kinematic dike of  coarse-grained 

Cpx monzonite, core of the Germania MLS. 

Fig. 8: Post cross-folding neck in the Bracebridge antiform (BA in Fig. 2) 

and oblique section through the adjacent Camel Lake synform, a 

complementary extensional-bending fold in overlying gneisses of the 

Seguin subdomain (from Rivers and Schwerdtner 2015, their Fig. 17). As 

shown by Schwerdtner (1970), the extensional strain will be minimal in 

the hinge zone of this synform, containing an inherited km-scale fold. In 

three dimensions, the interlimb  angles of these coaxial macroscopic 

folds are much larger than may be suggested by the map pattern (after 

Lumbers and Vertolli 2000, reproduced with permission).

Fig. 6B: Banded orthogneiss with a m-scale cut-off in the northwest tail 

of Germania MLS, northbound lanes of Hwy. 11, Seguin subdomain 
north of Bracebridge (see Fig. 1C).

Fig. 2: Sketch map showing all MLSs identified in the ORGC of Ontario.   
B = Bracebridge, G =  Gravenhurst, H = Huntsville 

Fig. 7A: Extensional fault-propagation fold (FPF) and related pegmatite dikes, 
western marginal zone of Germania MLS, southeast Muskoka domain, Hwy. 
11 south of Gravenhurst (see Fig. 1C). Dashed red line: highlighted foliation 
trace defining the extensional FPF in a vertical cross-section (road cut).  
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