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Preface 

This document contains twenty appendices.  Appendices 1, 2 and 5 provide additional discussion 

or documentation of information that is related to, but not the focus of, the paper and Appendices 3 and 4 

provide additional data and details on material presented in the paper.  The purpose of the remaining ap-

pendices (6-20) is to show photomicrographs of additional samples that were studied but not presented in 

the paper, especially the porphyroblasts that exhibit more subtle expressions of textural sector (TS) zon-

ing or those where the presence of zoning is suggested but inconclusive.  These specimens either did not 

have the right composition to leave an overt record of zoning or had inappropriate strain vs. growth rates.  

These observations can provide a point of reference that may help in recognition of textural zoning in bio-

tite in other regional metamorphic terrains.  Please note that microstructures of the post-zoning destruc-

tive phase are present in all samples (e.g., extension fractures, rotated inclusion trails, quartz + biotite-

filled strain shadows).  All photomicrographs are in plane-polarized light unless otherwise indicated, and 

should be viewed in color for maximum resolution of subtle zoning patterns.  Sample locations are listed 

in Figure 1 in the paper. 
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APPENDIX 2 

Significance of the development of extension veins that are sub-parallel to  

foliation in the chlorite zone 

 

 Chlorite and biotite zone metapelite in the Pequop Mountains contain extension veins that are typically a few mil-

limeters to a few centimeters long and are parallel or at a low-angle to foliation.  The veins are filled mostly with chlorite 

but may also contain quartz, plagioclase, and white mica.  The development of these veins appears to have ceased before 

attainment of biotite zone conditions because the vein chlorite and adjacent matrix in biotite zone phyllite and schist has 

been, in part, replaced or overgrown by biotite porphyroblasts (see photomicrograph A in this appendix and the photomi-

crographs in Appendix 9, and Fig. 9B in the paper).  The orientation of these veins is unusual in that such veins are com-

monly thought to form at a high angle to tectonic foliation, i.e., 

parallel to sigma one.  However, according to Gratier  (1987) 

“… it is well known that such tectonic veins are sometimes 

developed parallel to…cleavage planes”.  Gratier (1987) indi-

cates that such rocks are anisotropic and probably have a ten-

sile strength perpendicular to cleavage that is significantly less 

than the tensile strength of the rock in a direction parallel to 

cleavage.  Consequently, when fluid pressure builds, fracture is 

likely to occur parallel to cleavage and hence normal or at a 

high-angle to sigma one (e.g., see Diagram 1 of this appendix 

and Fig. 4 of Gratier [1987]).  By analogy, it is likely that the 

~foliation-parallel veins in the chlorite zone in the Pequop 

Mountains formed in a similar manner with buildup of fluid 

pressure due to dehydration reactions accompanying metamor-

phism. 

Reference 

Gratier, J.P., 1987, Pressure solution deposition creep and associated tectonic differentiation in sedimentary rocks, in Jones, 
M.E., and Preston, R.M.F., eds., Deformation mechanisms in sediments and sedimentary rocks : J. Geol. Soc. 
Lond. Spec. Publ. No 29, p. 25-38.  
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APPENDIX 3 
Development of hourglass shapes that vary from ideal 

Not all porphyroblasts in the Pequop Mountains have ideal zoning patterns such as depicted in Diagram 1A.  

For example, some porphyroblasts have evidence that growth was restricted in certain directions for a period of time or 

have evidence that tensile separation of matrix along {001} faces was uneven resulting in non-ideal zoning patterns.  

Growth restriction (or extremely slow growth) most typically occurred in directions perpendicular to foliation and in 

general is manifest by the 

extremities of clear zone-

hourglass boundaries being 

arcuate rather than straight, 

which indicates a general 

slowing of growth rate per-

pendicular to foliation dur-

ing the latter stages of 

growth (compare [A] and 

[B] in Diagram 1).  Howev-

er, in some cases growth 

restriction occurred for only 

a period of time resulting in 

straight clear zone-hourglass boundaries paralleling foliation for those increments (see [C] and [D] in Diagram 1).  For 

example, local growth restriction perpendicular to foliation in some porphyroblasts appears to have been a result of 

growth being temporarily arrested when two porphyroblasts impinge (e.g., photomicrograph [B]), and in others it could 

be related to increased strain rate (+ dissolution) relative to growth rate on the porphyroblast’s margins that are parallel 

to foliation.  The latter case is indicated by an increased density of graphitic inclusions bordering the clear zone (e.g., 

see areas above “a” and below “b” in photo [C]).  In other cases, the cause of growth restriction is not apparent (e.g., see 

area above “c” in photo [C]) and may be related to impingement or interference with another porphyroblast(s) nearby or 

out of the plane of the thin section.   

Some porphyroblasts have evidence that matrix separation did not occur along the entire length of the {001} 

faces resulting in an unusual hourglass shape.  The porphyroblast in photomicrograph (A) is an example where matrix 

separated at the ends, but not in the center, of one of the {001} faces resulting in a perturbed hourglass shape; and pho-

tomicrograph (B) shows an example of a porphyroblast where matrix progressively stopped separating at one end of one 

of the {001} faces resulting in a reversal of slope for a part of the hourglass-clear zone boundary.  The origins of these 

perturbations are not clear, but in the latter example it may be related to compression of part of the face by a neighbor-

ing porphyroblast(s) out of the plane of section, which could inhibit tensile separation.  Because shape perturbations 

commonly do not affect all sides of the hourglass, it suggests that impinging or neighboring porphyroblasts perturb 

growth patterns locally on only one side or corner of the crystal, which attests to the heterogeneity of strain imposed by 

growing porphyroblasts. 
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Appendix 5 

Significance of non-coaxial component 

 During the biotite destructive phase, porphyroblasts in some samples developed a preferred, top-towards-the-west 
sense of rotation probably due to a small non-coaxial component of strain.  The purpose of this appendix is to provide addi-
tional discussion of the non-coaxial component by putting it into a regional tectonic perspective.  Diagrams 1 and 2 show 
structural and metamorphic reconstructions of the thrust footwall at the peak of metamorphism.  These diagrams show the 
footwall lying beneath the Windermere thrust and an east-tapering wedge of thrusted Phanerozoic strata.  During growth of 
biotite, including its destructive phase, the metamorphic rocks in the biotite zone in the Pequop Mountains and in the kya-
nite zone in the Wood Hills (areas shown in pink and blue in Diagram 1, respectively) comprised part of the footwall of this 
thrust (Camilleri, 1998).  Tectonic burial and thermal weakening induced Barrovian regional metamorphism and attenua-
tion of the footwall wherein the amount of attenuation increases commensurate with the increase in overlying tectonic load 
and metamorphic grade (see Diagrams 1 and 2). 

 

The cross-sections shown in “a-d” in Diagram 3 schematically illustrate the evolution of the footwall.  The cross 
sections in “a-c” show progressive loading, heating, and attenuation of the footwall under bulk coaxial strain wherein strain 
is highlighted by progressive flattening of strain ellipses.  The cross section in (c) shows the footwall at the peak of meta-
morphism and at a time when biotite in the Pequop Mountains was likely in the destructive phase.  In this scenario, the 
most logical origin of the top-towards-the-west non-coaxial component of shear during this time frame is that it is a product 
of development of a weak shear couple induced by subsidence of the tectonic load on the ductiley extending footwall (com-

pink area = part of the
thrust footwall that is
exposed in thePequop
Mountains

blue area = part of the
thrust footwall that is
exposed in theWood
Hills

Precamb rian-Ordovician st rata

Ordovician- Mississippian st rata

Pennsylvanian-Triassic st rata

= trace of foliation

Diagram 1.  Cross section
reconstruction of the footwall
of the Windermere thrust showing
distribution of metamorphic facies

Diagram 2.  Cross section
reconstruction of the footwall
of the Windermere thrust
showing t race of foliation (S1)
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pare cross sections “c” and “d” in Diagram 3 for a three-dimensional perspective of this phenomenon).  This shear would 
have been partitioned between domains of largely coaxial deformation.  Alternatively, this non-coaxial component may be 
localized, i.e., restricted to the Pequop Mountains, and simply reflects partitioning of a bulk coaxial strain. 

 

 

Diagram 3.  Cross sections in A-C schematically
illustrate progressive loading, thermal
weakening, and straining  of the footwall
of the Windermere thrust. Progressive
loading occurs by emplacement of thrust
sheets; cross sections are shown parallel to
tectonic transport. The block diagram in D
represents a cross sectional view
perpendicular to tectonic transport at the
same time as represented in the t ransport-
parallel cross section shown in C.

tectonic
   load

weak shear couple
accommodating susidence of
the tectonic load and
collapse of thefootwall.

Diagrams 1-3 are modified from: Camilleri,P. A.,
1998,Prograde metamorphism, strain evolution,
and collapse of footwalls of thick  thrust sheets: a
case study from the Sevier hinterland, U. S. A.:
Journal of Structural Geology,v. 20,p. 1023-1042.
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