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   Kilometre-scale, noncylindrical, upright to inclined cross-folds dominate the map 

pattern in the Muskoka segment of the Ottawa River Gneiss Complex (ORGC), western 

Grenville Province. Principally developed in orthogneiss, they are post-peak Ottawan 

structures that occur in both allochthonous and parautochthonous units and also distort 

the Allochthon Boundary. Most examples have linear to oval map patterns, but some 

have a box style with branching axial traces. In principle, two possible origins for these 

structures are: (i) refolding of prograde, thrust-related structures, or (ii) sheath folds, of 

which only half or less is preserved at the present erosion level. 

   Sheath folds are defined as noncylindrical structures with highly-curved hinge lines and 

3D-apical angles of 20° to 90°. They form in multi-layer sequences with low to moderate 

viscosity contrasts, and km-scale examples are typically recapitulated by m- to dm-scale 

counterparts. Moreover, they are pervaded by L~S mineral-shape fabrics.  

   In this presentation, we describe field observations to distinguish between (i) and (ii). 

Firstly, the absence of m- to dm-scale sheath folds in much of the ORGC implies a 

corresponding absence of km-scale structures. Secondly, average strain levels in km-scale 

cross-folds are at least an order of magnitude lower than required for sheath folding.  The 

third line of evidence involves a comparison of the styles of natural and experimental 

sheath folds with those of two major upright cross-folds in the ORGC, the box-style 

Moon River synform (MRS) and the oval Sparrow Lake basin (SLB). 

    The apical angle of the MRS is approximately 135°, implying that if it is a sheath fold, 

half or more of it has been removed by erosion. However, we have found no evidence for 

sheath folds in surrounding rocks to support this interpretation. Moreover, its hinge zone 

is characterized by L>>S fabrics, and the limb regions by S>>L fabrics. Metre-scale 

sheath folds do occur in one section of the hinge zone, but are restricted to rocks with 

L>>S fabrics, suggesting they formed by local constrictional strain. Regarding the SLB, 

its map shape resembles both a remnant of an experimental sheath fold and Ramsay’s 

fold-interference patterns 2 and 1-2. However, the horizontal hinge line and pervasive 

L>S mineral-shape fabrics are more readily reconciled repeated folding.  

   In conclusion, both the scarcity of dm- to m-scale cross-folds with sheath forms and the 

low to moderate strain levels are incompatible with a sheath-fold origin for their km-scale 

hosts. Additionally, the structural styles and shape fabrics of the MRS and SLB differ 

significantly from both natural sheath folds and sheath-fold models, collectively leading 

us to prefer the interpretation that the noncylindrical geometry of all km-scale cross-folds 

is a net result of superposed folding.  


