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�&�K�D�S�W�H�U���������,�Q�W�U�R�G�X�F�W�L�R�Q 

This study investigates post-Taconic deformation in the Pine Hill thrust, a western frontal 

thrust of the Green Mountain massif in southern Vermont that places Precambrian 

basement rocks over younger units. The Appalachian Orogeny in northern New England 

(Figure 1.1) involves a sequence of overlapping orogenic events, resulting from the 

collision of the Laurentian Basement with peri-Gondwanan terranes from the mid-

Ordovician to the Permian (Hibbard et al., 2007). While the Taconic (ca. 470�±440 Ma) and 

Acadian (ca. 385�±355 Ma) orogenies are well-developed and recognized events in 

Vermont and Massachusetts (Ratcliffe et al., 1998; Stanley & Ratcliffe, 1985), the 

intermediate ages between the Taconic and Acadian are often interpreted as the partial 

resetting of Taconic mineral ages during the Acadian event (Laird et al., 1984; Spear & 

Harrison, 1989; Stanley & Ratcliffe, 1985; Sutter et al., 1985). The Salinic Orogeny (ca. 

430�Å422 Ma) is not generally recognized in Vermont but it is well documented in Southern 

Quebec (Castonguay et al., 2012; Castonguay et al., 2007). Recent investigations suggest 

that the areas of Vermont, southern Quebec, and neighboring New England exhibit diverse 

structural stages of the Taconic orogeny (Castonguay et al., 2012; Thompson & Thompson, 

2003). It is noted that the intensity of Acadian deformation and metamorphism tends to 

increase in magnitude from northern to southern extents (Laird et al., 1984) and Bradley 

(2000) defines the limit of Acadian metamorphism as marked by the base of the Frasnian, 

which lies within the region of Vermont and is dated to approximately 382.5 Ma. Tam et 

al. (2023) sheds light on the timing of deformation and metamorphism in the northern 

Green Mountain anticlinorium (Figure 1.1), indicating its formation occurred 
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approximately 420 million years ago, aligning with the late stages of the Salinic orogeny 

in Quebec (Tremblay & Pinet, 2016). The findings of Tam et al. (2023) are consistent with 

data from faults associated with the Sutton Mountain anticlinorium in southern Quebec 

(Castonguay et al., 2012; Castonguay et al., 2007) and recent 40Ar/39Ar pilot studies, which 

reveal ca. 420 Ma age from other Taconic thrusts delineating the western front of the Green 

Mountains�² the Hinesburg thrust (Kim et al., 2019; Kim et al., 2014), the Rattlesnake 

thrust in southern Vermont (Webb et al., 2019), and western edge of Berkshire Massif in 

southern Massachusetts (Webb & Karabinos, 2023). The regional distribution of these ca. 

420 Ma 40Ar/39Ar ages, interpreted to date deformation based on coupled microstructural 

analyses, suggests a broader scope of late Silurian�±Early Devonian deformation in New 

England than previously understood. The evidence does not conclusively indicate partial 

resetting of Taconic faults; instead, it suggests a major deformational event associated with 

the late Salinic orogeny, or possibly the onset of the Acadian orogeny, an aspect that has 

not been extensively studied. Rock microstructure, whether developed during orogeny-

related deformation or formed post-deformation during slow cooling, helps interpret the 

40Ar/39Ar ages obtained from the same rocks. This integration of microstructural analysis 

with geochronology is essential for refining interpretations of complex age data and age 

distributions and has been successful in improving our understanding of deformation 

histories. 

This study focuses on analyzing the Pine Hill thrust that involves Laurentian 

basement. Evidence indicates a consistent thrust pattern originating from Southern Quebec 

in the north, traversing the Green Mountain Anticlinorium, Hinesburg Thrust, Rattlesnake 
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Thrust, and extending to the Berkshire Massif in the south (Figure 1.1). If our analysis of 

the ages and microstructural features of the Pine Hill thrust align with the consistent 

characteristics observed along this north-south strike (Webb et al., 2019; Webb & 

Karabinos, 2023), it would suggest the presence of a significant orogenic event around 420 

Ma as opposed to the minor local reactivation of Taconic thrusts or partial resetting of 

Taconic ages during the Acadian orogeny. �����$�U�������$�U���G�D�W�D���I�R�U���Z�K�L�W�H���P�L�F�D�V���R�I���P�\�O�R�Q�L�W�H���I�U�R�P��

�D���W�K�U�X�V�W���V�\�V�W�H�P���D�Q�G���K�D�Q�J�L�Q�J���Z�D�O�O���Z�L�O�O���E�H���H�Y�D�O�X�D�W�H�G���Z�L�W�K���U�H�V�S�H�F�W���W�R���P�L�F�U�R�V�W�U�X�F�W�X�U�D�O���D�Q�D�O�\�V�L�V��

�R�I���Z�K�H�W�K�H�U���W�K�H���P�L�Q�H�U�D�O�V���U�H�F�R�U�G���F�R�R�O�L�Q�J���D�J�H�V���R�U�����D�O�W�H�U�Q�D�W�L�Y�H�O�\�����D�J�H�V���R�I���G�H�I�R�U�P�D�W�L�R�Q���L�Q�G�X�F�H�G��

�Q�H�R�F�U�\�V�W�D�O�O�L�]�D�W�L�R�Q���I�U�R�P���W�K�H���3�L�Q�H���+�L�O�O���W�K�U�X�V�W���� 

�7�K�L�V���U�H�V�H�D�U�F�K���L�V���S�D�U�W���R�I���W�K�H���1�H�Z���(�Q�J�O�D�Q�G���6�H�L�V�P�L�F���7�U�D�Q�V�H�F�W�V�����1�(�6�7�����S�U�R�M�H�F�W���I�X�Q�G�H�G��

�E�\���1�D�W�L�R�Q�D�O���6�F�L�H�Q�F�H���)�R�X�Q�G�D�W�L�R�Q�����1�6�)�����Z�K�L�F�K���L�Q�Y�H�V�W�L�J�D�W�H�V���W�K�H���F�R�U�U�H�O�D�W�L�R�Q���E�H�W�Z�H�H�Q���V�X�U�I�D�F�H��

�J�H�R�O�R�J�\�� �D�Q�G�� �G�H�H�S�H�U�� �F�U�X�V�W�D�O�� �D�Q�G�� �P�D�Q�W�O�H�� �V�W�U�X�F�W�X�U�H�� �L�Q�� �1�H�Z�� �(�Q�J�O�D�Q�G���� �Z�L�W�K�� �D�� �I�R�F�X�V�� �R�Q��

�/�D�X�U�H�Q�W�L�D�Q���E�D�V�H�P�H�Q�W���G�L�V�W�U�L�E�X�W�L�R�Q�����$���������������N�P���V�W�H�S���L�Q���W�K�H���0�R�K�R���G�H�S�W�K���K�D�V���E�H�H�Q���R�E�V�H�U�Y�H�G��

�E�H�Q�H�D�W�K�� �V�H�L�V�P�L�F�� �D�U�U�D�\�V�� �D�F�U�R�V�V�� �0�D�V�V�D�F�K�X�V�H�W�W�V�����&�R�Q�Q�H�F�W�L�F�X�W�����D�Q�G�� �6�R�X�W�K�H�U�Q�� �9�H�U�P�R�Q�W���R�I��

�Z�H�V�W�H�U�Q�� �1�H�Z�� �(�Q�J�O�D�Q�G���� �U�R�X�J�K�O�\�� �D�O�L�J�Q�L�Q�J�� �Z�L�W�K�� �W�K�H�� �,�D�S�H�W�D�Q�� �V�X�W�X�U�H�����D�� �V�X�W�X�U�H�� �]�R�Q�H�� �E�H�W�Z�H�H�Q��

�/�D�X�U�H�Q�W�L�D�� �D�Q�G�� �*�R�Q�G�Z�D�Q�D�Q���G�H�U�L�Y�H�G���0�R�U�H�W�R�Z�Q�� �W�H�U�U�D�Q�H�����/�L�� �H�W�� �D�O������ ������������ �/�X�R�� �H�W�� �D�O������ ������������

���)�L�J�X�U�H�� �������������/�X�R�� �H�W�� �D�O���� ���������������S�U�R�S�R�V�H�G�� �F�U�X�V�W�D�O���V�F�D�O�H�� �H�D�V�W���G�L�S�S�L�Q�J�� �I�D�X�O�W�V���� �S�R�W�H�Q�W�L�D�O�O�\��

�U�H�D�F�W�L�Y�D�W�H�G�� �G�X�U�L�Q�J�� �W�K�H�� �7�D�F�R�Q�L�F�� �D�Q�G���R�U���$�F�D�G�L�D�Q���1�H�R�D�F�D�G�L�D�Q�� �R�U�R�J�H�Q�L�H�V�����Z�K�L�F�K���P�D�\�� �K�D�Y�H��

�F�D�X�V�H�G�� �D�� ������ �N�P�� �0�R�K�R�� �R�I�I�V�H�W�� �E�\�� �W�K�U�X�V�W�L�Q�J�� �U�L�I�W�H�G�� �*�U�H�Q�Y�L�O�O�H�� �F�U�X�V�W�� �Z�H�V�W�Z�D�U�G�� �R�Y�H�U�� �X�Q�U�L�I�W�H�G��

�*�U�H�Q�Y�L�O�O�H���F�U�X�V�W�����7�K�H���S�U�H�V�H�Q�F�H���R�I���W�K�H���3�L�Q�H���+�L�O�O���W�K�U�X�V�W�����D�Q�G���R�W�K�H�U���Q�R�U�W�K���V�R�X�W�K���W�U�H�Q�G�L�Q�J���K�L�J�K��

�D�Q�J�O�H�� �I�D�X�O�W�V�����=�H�Q���� �������������V�X�S�S�R�U�W�V�� �W�K�L�V�� �K�\�S�R�W�K�H�V�L�V���� �K�L�J�K�O�L�J�K�W�L�Q�J�� �W�K�H�� �Q�H�H�G�� �I�R�U�� �I�X�U�W�K�H�U��

�L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �L�Q�W�R�� �W�K�H�� �3�L�Q�H�� �+�L�O�O���W�K�U�X�V�W�� �D�Q�G�� �L�W�V�� �E�U�R�D�G�H�U�� �W�H�F�W�R�Q�L�F�� �L�P�S�O�L�F�D�W�L�R�Q�V���� �7�K�H�� �1�(�6�7��
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�W�H�D�P�¶�V���S�D�V�V�L�Y�H���V�H�L�V�P�L�F���D�U�U�D�\���L�Q���V�R�X�W�K�H�U�Q���9�H�U�P�R�Q�W���J�D�W�K�H�U�H�G���J�H�R�S�K�\�V�L�F�D�O���G�D�W�D���D�Q�G���L�G�H�Q�W�L�I�L�H�G��

�D���0�R�K�R���R�I�I�V�H�W���Q�H�D�U���W�K�L�V���V�W�X�G�\���D�U�H�D�����)�L�J�X�U�H���������������7�K�H���O�L�N�H�O�\���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���I�R�U���W�K�H���F�D�X�V�H���R�I��

�G�R�X�E�O�H���0�R�K�R���L�Q���W�K�H���D�U�U�D�\�V���R�I���6�R�X�W�K�H�U�Q���9�H�U�P�R�Q�W���F�R�X�O�G���E�H���W�K�H�V�H���W�K�U�X�V�W�V���W�K�D�W���D�U�H���E�U�L�Q�J�L�Q�J��

�E�D�V�H�P�H�Q�W���/�D�X�U�H�Q�W�L�D�Q���U�R�F�N�V���R�Y�H�U���W�K�H���\�R�X�Q�J�H�U���U�R�F�N�V���G�L�V�S�O�D�F�L�Q�J���U�R�F�N�V���W�R���D���J�U�H�D�W�H�U���G�L�V�W�D�Q�F�H����

�7�K�H�� �D�U�J�R�Q�� �G�D�W�L�Q�J�� �D�J�H�V�� �Z�L�O�O�� �Y�H�U�L�I�\�� �P�R�U�H�� �R�Q�� �W�K�H�� �W�L�P�L�Q�J�� �R�I�� �G�L�V�S�O�D�F�H�P�H�Q�W�� �R�I�� �W�K�H�V�H�� �W�K�U�X�V�W�V��

�G�H�O�L�Q�H�D�W�L�Q�J���W�K�H���O�L�N�H�O�\���W�L�P�L�Q�J���R�I���0�R�K�R���R�I�I�V�H�W�V���L�I���W�K�H���W�K�H�R�U�\���S�H�U�V�L�V�W�V�����7�K�L�V���U�H�V�H�D�U�F�K���D�V���S�D�U�W���R�I��

�W�K�H���1�(�6�7���S�U�R�M�H�F�W���L�V���H�[�S�O�R�U�L�Q�J���S�R�W�H�Q�W�L�D�O���F�R�Q�Q�H�F�W�L�R�Q�V���E�H�W�Z�H�H�Q���W�K�H�V�H���W�K�U�X�V�W�V���D�Q�G���R�E�V�H�U�Y�H�G��

�0�R�K�R���R�I�I�V�H�W�V�����Z�K�L�F�K���H�Q�K�D�Q�F�H���R�X�U���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���1�H�Z���(�Q�J�O�D�Q�G�
�V���O�L�W�K�R�V�S�K�H�U�L�F���D�U�F�K�L�W�H�F�W�X�U�H��

�D�Q�G���J�H�R�O�R�J�L�F�D�O���H�Y�R�O�X�W�L�R�Q���� 
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�)�L�J�X�U�H�� �����������6�L�P�S�O�L�I�L�H�G���W�H�F�W�R�Q�L�F�� �P�D�S�� �R�I�� �Q�R�U�W�K�H�U�Q���1�H�Z�� �(�Q�J�O�D�Q�G���$�S�S�D�O�D�F�K�L�D�Q�V�� �P�R�G�L�I�L�H�G���I�U�R�P�����.�D�U�D�E�L�Q�R�V���	��
�&�U�R�Z�O�H�\�����������������D�I�W�H�U���+�L�E�E�D�U�G���H�W���D�O���������������������L�O�O�X�V�W�U�D�W�L�Q�J���W�K�U�X�V�W���I�D�X�O�W�V���Z�L�W�K���N�Q�R�Z�Q���R�U���V�X�V�S�H�F�W�H�G���P�R�Y�H�P�H�Q�W���D�W��
�F�D���� �������� �0�D�����4�&�² �4�X�H�E�H�F�����9�7�² �9�H�U�P�R�Q�W���� �1�+�² �1�H�Z�� �+�D�P�S�V�K�L�U�H���� �1�<�² �1�H�Z���<�R�U�N���� �0�$�² �0�D�V�V�D�F�K�X�V�H�W�W�V����
�&�7�² �&�R�Q�Q�H�F�W�L�F�X�W�����5�,�² �5�K�R�G�H���,�V�O�D�Q�G�� 
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�)�L�J�X�U�H���������� Block diagram modified from Luo et al. (2021), showing the Moho offset aligned with the suture 
zone (yellow line) beneath the Laurentia basement using data from the SEIS Conn array in Connecticut. The 
locations of the Rattlesnake and Pine Hill thrusts are denoted by purple and red lines, respectively, and the 
Berkshire Massif samples are indicated by light mint green circles.  
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�&�K�D�S�W�H�U���������/�L�W�H�U�D�W�X�U�H���5�H�Y�L�H�Z 

���������,�Q�W�U�R�G�X�F�W�L�R�Q 

�7�K�L�V���O�L�W�H�U�D�W�X�U�H���U�H�Y�L�H�Z���S�U�R�Y�L�G�H�V���D���F�R�P�S�U�H�K�H�Q�V�L�Y�H���R�Y�H�U�Y�L�H�Z���R�I���L�P�S�R�U�W�D�Q�W���I�U�D�P�H�Z�R�U�N�V��

�W�R���L�Q�Y�H�V�W�L�J�D�W�H���W�K�H���S�R�V�W���7�D�F�R�Q�L�F���G�H�I�R�U�P�D�W�L�R�Q���L�Q���6�R�X�W�K�H�U�Q���9�H�U�P�R�Q�W�����D���U�H�J�L�R�Q���Z�L�W�K�L�Q���W�K�H���1�H�Z��

�(�Q�J�O�D�Q�G�� �$�S�S�D�O�D�F�K�L�D�Q�V���� �7�K�H�� �R�E�M�H�F�W�L�Y�H�� �R�I�� �W�K�L�V�� �V�W�X�G�\�� �L�V�� �W�R���H�V�W�D�E�O�L�V�K���W�K�H�� �V�W�U�X�F�W�X�U�D�O�� �D�Q�G��

�S�H�W�U�R�O�R�J�L�F�D�O���I�U�D�P�H�Z�R�U�N���R�I���R�U�L�H�Q�W�H�G���U�R�F�N���V�D�P�S�O�H�V���I�U�R�P���W�K�H���3�L�Q�H���+�L�O�O���W�K�U�X�V�W���V�\�V�W�H�P���W�K�U�R�X�J�K��

�H�V�V�H�Q�W�L�D�O���I�L�H�O�G�Z�R�U�N���D�Q�G���P�L�F�U�R�V�W�U�X�F�W�X�U�D�O���D�Q�D�O�\�V�H�V���W�R���S�U�R�Y�L�G�H���F�U�L�W�L�F�D�O���H�Y�L�G�H�Q�F�H���Q�H�F�H�V�V�D�U�\���I�R�U��

�L�Q�W�H�U�S�U�H�W�L�Q�J�� �I�X�W�X�U�H���J�H�R�F�K�U�R�Q�R�O�R�J�L�F�D�O�� �U�H�V�X�O�W�V�����7�K�L�V�� �Z�R�U�N�� �S�U�R�Y�L�G�H�V�� �W�K�H�� �J�U�R�X�Q�G�Z�R�U�N���I�R�U��

�L�Q�W�H�J�U�D�W�L�Q�J���V�X�E�V�H�T�X�H�Q�W���J�H�R�F�K�U�R�Q�R�O�R�J�L�F���G�D�W�D���W�R���H�Y�D�O�X�D�W�H���K�\�S�R�W�K�H�V�H�V���V�X�F�K���D�V���S�D�U�W�L�D�O���U�H�V�H�W�W�L�Q�J��

�R�I�� �R�O�G�H�U�� �7�D�F�R�Q�L�F�� �D�J�H�V�� �R�U�� �X�Q�U�H�F�R�J�Q�L�]�H�G�� �R�U�R�J�H�Q�L�F���H�Y�H�Q�W�V�����7�K�H���I�L�Q�G�L�Q�J�V���Z�L�O�O���H�Q�K�D�Q�F�H�� �R�X�U��

�X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �R�I�� �W�H�F�W�R�Q�L�F�� �D�Q�G�� �P�H�W�D�P�R�U�S�K�L�F�� �K�L�V�W�R�U�\�� �R�I�� �1�H�Z�� �(�Q�J�O�D�Q�G�� �$�S�S�D�O�D�F�K�L�D�Q�V����

�L�Q�F�O�X�G�L�Q�J�� �Z�K�H�W�K�H�U�� �R�E�V�H�U�Y�H�G���P�L�F�U�R�V�W�U�X�F�W�X�U�D�O�� �I�H�D�W�X�U�H�V�� �U�H�I�O�H�F�W�� �G�L�V�F�U�H�W�H�� �W�H�F�W�R�Q�L�F�� �H�Y�H�Q�W�V�� �R�U��

�R�Y�H�U�S�U�L�Q�W�L�Q�J���S�U�R�F�H�V�V�H�V�����7�R���D�F�K�L�H�Y�H���W�K�L�V�����W�K�H���O�L�W�H�U�D�W�X�U�H���U�H�Y�L�H�Z���H�[�K�L�E�L�W�V���I�L�Y�H���N�H�\���W�K�H�P�H�V�� 

�)�L�U�V�W�����X�Q�G�H�U�V�W�D�Q�G�L�Q�J���W�K�H���W�H�F�W�R�Q�L�F���H�Y�R�O�X�W�L�R�Q���R�I���1�H�Z���(�Q�J�O�D�Q�G���$�S�S�D�O�D�F�K�L�D�Q�V���S�U�R�Y�L�G�H�V��

�D���I�R�X�Q�G�D�W�L�R�Q�����7�K�H���U�H�J�L�R�Q�¶�V���K�L�V�W�R�U�\���V�L�Q�F�H���W�K�H���0�H�V�R�S�U�R�W�H�U�R�]�R�L�F���L�Q�F�O�X�G�H�V���P�X�O�W�L�S�O�H���R�U�R�J�H�Q�L�F��

�H�Y�H�Q�W�V���O�H�D�G�L�Q�J���W�R���L�W�V���F�X�U�U�H�Q�W���D�U�F�K�L�W�H�F�W�X�U�H�����7�K�L�V���S�U�R�Y�L�G�H�V���D���E�D�F�N�G�U�R�S���I�R�U���6�R�X�W�K�H�U�Q���9�H�U�P�R�Q�W�¶�V��

�S�R�V�W���7�D�F�R�Q�L�F���H�Y�R�O�X�W�L�R�Q�����6�H�F�R�Q�G�O�\�����W�K�H���W�H�F�W�R�Q�L�F�V���D�Q�G���P�H�W�D�P�R�U�S�K�L�V�P���L�Q���W�K�H���Z�H�V�W�H�U�Q���I�U�R�Q�W�D�O��

�W�K�U�X�V�W�V�� �D�U�H�� �G�L�V�F�X�V�V�H�G�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �1�H�Z�� �(�Q�J�O�D�Q�G�� �$�S�S�D�O�D�F�K�L�D�Q�¶�V�� �W�H�F�W�R�Q�L�F�� �K�L�V�W�R�U�\�� �W�R��

�X�Q�G�H�U�V�W�D�Q�G���W�K�H���Z�H�V�W�H�U�Q���I�U�R�Q�W�D�O���W�K�U�X�V�W�V���R�I���E�D�V�H�P�H�Q�W���P�D�V�V�L�I�V�����7�K�L�U�G�O�\�����Z�H���Q�H�H�G���W�R���U�H�Y�L�H�Z���W�K�H��

�J�H�R�O�R�J�L�F�D�O���E�D�F�N�J�U�R�X�Q�G���R�I���6�R�X�W�K�H�U�Q���9�H�U�P�R�Q�W���W�R���K�D�Y�H���G�H�W�D�L�O�H�G���O�L�W�K�R�O�R�J�\���D�Q�G���V�W�U�X�F�W�X�U�H�V���Z�H��

�Z�R�X�O�G���H�[�S�H�F�W���W�R���V�H�H���L�Q���W�K�H���V�W�X�G�\���D�U�H�D���G�X�H���W�R���W�K�H���U�H�V�X�O�W���R�I���W�H�F�W�R�Q�L�F���H�Y�H�Q�W�V�����)�R�X�U�W�K�O�\�����D���F�U�L�W�L�F�D�O��

�F�R�P�S�R�Q�H�Q�W���R�I���W�K�L�V���U�H�V�H�D�U�F�K���Z�R�U�N���L�V���D�Q�D�O�\�]�L�Q�J���P�L�F�U�R�V�W�U�X�F�W�X�U�H�V���W�K�D�W���I�R�U�P���G�X�U�L�Q�J���G�H�I�R�U�P�D�W�L�R�Q��
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�D�Q�G�� �P�H�W�D�P�R�U�S�K�L�V�P���� �%�\�� �G�L�I�I�H�U�H�Q�W�L�D�W�L�Q�J�� �E�H�W�Z�H�H�Q�� �V�W�D�W�L�F�� �D�Q�G�� �G�\�Q�D�P�L�F�� �U�H�F�U�\�V�W�D�O�O�L�]�D�W�L�R�Q����

�F�K�D�U�D�F�W�H�U�L�]�L�Q�J���I�R�O�L�D�W�L�R�Q���G�H�Y�H�O�R�S�P�H�Q�W���V�W�D�J�H�V���D�Q�G���L�G�H�Q�W�L�I�\�L�Q�J���I�R�O�G�L�Q�J���H�Y�H�Q�W�V�����P�L�F�U�R�V�W�U�X�F�W�X�U�D�O��

�G�D�W�D���U�H�Y�H�D�O���L�Q�V�L�J�K�W�V���L�Q�W�R���W�K�H���G�H�I�R�U�P�D�W�L�R�Q���P�H�F�K�D�Q�L�V�P�V���D�Q�G���W�K�H�U�P�D�O���K�L�V�W�R�U�\���G�X�U�L�Q�J���D�Q�G���D�I�W�H�U��

�W�K�H�� �7�D�F�R�Q�L�F�� �R�U�R�J�H�Q�\���� �7�K�L�V�� �K�H�O�S�V�� �F�R�U�U�H�O�D�W�H�� �G�H�I�R�U�P�D�W�L�R�Q�� �V�W�U�X�F�W�X�U�H�V�� �Z�L�W�K�� �V�S�H�F�L�I�L�F�� �W�H�F�W�R�Q�L�F��

�H�Y�H�Q�W�V���� 

���������7�H�F�W�R�Q�L�F���+�L�V�W�R�U�\���R�I���1�H�Z���(�Q�J�O�D�Q�G 

Rocks in New England's Appalachians span over a billion years of geologic history, 

marked by significant tectonic events (Figure 2.2.1). The oldest rocks are Grenville 

basement, related to the formation of the supercontinent of Rodinia in the Mesoproterozoic 

(Ratcliffe et al., 2011b). Approximately 600-550 million years ago (early Neoproterozoic), 

Rodinia began fragmenting, with Laurentia undergoing equatorial drift (Hibbard et al., 

2007; van Staal et al., 1998). During the late Proterozoic and Early Cambrian, rift clastic 

and transitional rocks were deposited along the rifted margins of Laurentia (Doolan, 1996; 

Stanley & Ratcliffe, 1985). Plate dynamics reversed, leading to ocean closure, possibly 

during the Cambrian period (ca. 570-500 Ma) (Baldwin, 1982), a process of the Wilson 

Cycle.  

The closure of the Iapetus Ocean, attributed to the collision between the Laurentian 

passive margin and the Gondwana-derived Moretown terrane in New England (Karabinos 

et al., 2017), initiated the Taconic orogeny. This initial phase of metamorphism, occurring 

approximately 475-470 Ma, marked the collision of the Shelburne Falls arc with the eastern 

edge of Laurentia (Stanley & Ratcliffe, 1985) (Figure 2.2.1). Following this collision, some 
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advocate for a change in subduction polarity with subduction proceeding westward beneath 

the Laurentian margin (Karabinos, 1988; Macdonald et al., 2014). Others support the idea 

of continued eastward subduction throughout the orogeny (Ratcliffe et al., 1998; Ratcliffe 

et al., 1999). The eventual collision of the Shelburne Falls arc with Laurentia resulted in 

the emplacement of oceanic terranes and island arc sediments onto the continent (Kim et 

al., 2003). Radiometric dating places Taconic metamorphism in southern Quebec, 

Vermont, and western Massachusetts regions around 470-460 Ma (Castonguay et al., 1997; 

Hames & Hodges, 1993; Laird et al., 1984; Sutter et al., 1985). 

In the Silurian period, the Salinic orogeny (430�±422 Ma) was characterized by the 

accretion of the peri-Gondwanan Gander terrane to the post-Taconic margin of Laurentia 

(Figure 2.2.1). This orogeny primarily involved sinistral oblique convergence that has been 

primarily documented in Newfoundland (Dunning et al., 1990), New Brunswick (van Staal 

& de Roo 1995), and Maine (West et al., 1992), although its effects in southern New 

England remain insufficiently documented (van Staal et al., 2009). 

Subsequently, the late Silurian to Carboniferous Acadian orogeny (420 to 350 Ma) 

became the principal tectonic event in the northern Appalachian Mountains, marked by 

polyphase deformation and the development of high-grade metamorphism (Robinson et 

al., 1998; van Staal et al., 2009) (Figure 2.2.1). The propagation of the Acadian 

deformational front from southeast to northwest during the late Silurian and Devonian has 

been attributed to the collision between composite Laurentia and the peri-Gondwanan 

Avalon terrane (Robinson et al., 1998; van Staal et al., 2009). The Acadian orogeny is 

predominantly associated with dextral-oblique fault motions (Hibbard, 1994; Holdsworth, 
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1994; van Staal, 1994). Furthermore, the prolonged period of deformation, metamorphism, 

and magmatism between 380 and 350 Ma has been interpreted as the result of the 

progressive accretion of the Meguma terrane to Laurentia, referred to by some as the 

Neoacadian orogeny (Robinson et al., 1998; van Staal et al., 2009).  

The Alleghenian orogeny, spanning from 325 to 260 Ma, is interpreted as the 

culmination of the collision between Gondwana and Laurentia, marking the final assembly 

of the supercontinent Pangea (Robinson et al., 1998). However, its effects are 

predominantly confined to Rhode Island and southeastern Connecticut within the latitude 

of southern New England (Robinson et al., 1998). 

This overview of orogenic events frames the complex tectonic evolution in which 

the post-Taconic deformation in Southern Vermont must be interpreted. Investigating the 

microstructural and geochronological characteristics of the Pine Hill thrust may reveal 

signatures of an unrecognized orogenic event around 420 Ma, potentially linked to the 

Salinic phase and/or evidence for later reactivation during the Acadian orogeny. 



11 
 

 
�)�L�J�X�U�H����������������Schematic cross-section model showing the early Paleozoic tectonic evolution of the New 
England Appalachians modified from (Karabinos & Crowley, 2019). 

���������7�H�F�W�R�Q�L�F�V���D�Q�G���0�H�W�D�P�R�U�S�K�L�V�P���L�Q���9�H�U�P�R�Q�W���D�Q�G���0�D�V�V�D�F�K�X�V�H�W�W�V 

�7�K�H���S�U�H�Y�L�R�X�V���V�W�X�G�L�H�V���K�D�Y�H���V�X�J�J�H�V�W�H�G���R�Q�O�\���W�Z�R���P�D�L�Q���G�H�I�R�U�P�D�W�L�R�Q���V�W�D�J�H�V���L�Q���9�H�U�P�R�Q�W��

�D�Q�G�� �Q�R�U�W�K�H�U�Q���0�D�V�V�D�F�K�X�V�H�W�W�V�����W�K�H�� �2�U�G�R�Y�L�F�L�D�Q���7�D�F�R�Q�L�F���R�U�R�J�H�Q�\����ca. 470�±440 Ma�����D�Q�G�� �W�K�H��

�'�H�Y�R�Q�L�D�Q���$�F�D�G�L�D�Q���R�U�R�J�H�Q�\����ca. 385�±355 Ma) (Ratcliffe et al., 1998; Stanley & Ratcliffe, 

1985)����Bradley (2000) defines the limit of Acadian metamorphism in northern Vermont 

and Quebec, as marked by the base of the Frasnian, dated to approximately 382.5 Ma. �$�Q�G��

�D�Q�\���L�Q�W�H�U�P�H�G�L�D�W�H���D�J�H�V���E�H�W�Z�H�H�Q���W�K�H�V�H���W�Z�R���P�D�L�Q���G�H�I�R�U�P�D�W�L�R�Q���H�Y�H�Q�W�V���K�D�Y�H���E�H�H�Q���L�Q�W�H�U�S�U�H�W�H�G��

�D�V���W�K�H���S�D�U�W�L�D�O���U�H�V�H�W�W�L�Q�J���R�I���W�K�H���7�D�F�R�Q�L�F���R�U�R�J�H�Q�\���G�X�U�L�Q�J���$�F�D�G�L�D�Q���R�U�R�J�H�Q�\��(Laird et al., 1984; 

Spear & Harrison, 1989; Stanley & Ratcliffe, 1985; Sutter et al., 1985)�����(�Y�L�G�H�Q�F�H���I�R�U���W�K�H��

�6�D�O�L�Q�L�F���R�U�R�J�H�Q�\�� �K�D�V���E�H�H�Q���U�H�F�R�J�Q�L�]�H�G���L�Q���S�D�U�W�V���R�I�� �W�K�H���Q�R�U�W�K�H�U�Q���$�S�S�D�O�D�F�K�L�D�Q�V���� �L�Q�F�O�X�G�L�Q�J���L�Q��
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�1�H�Z�I�R�X�Q�G�O�D�Q�G�����'�X�Q�Q�L�Q�J���H�W���D�O�������������������Y�D�Q���6�W�D�D�O���H�W���D�O���������������������1�H�Z���%�U�X�Q�V�Z�L�F�N�����Y�D�Q���6�W�D�D�O���	��

�G�H�� �5�R�R���� �������������� �0�D�L�Q�H�� ���+�L�E�E�D�U�G���� ������������ �:�H�V�W�� �H�W�� �D�O������ �������������� �D�Q�G�� �V�R�X�W�K�H�U�Q�� �4�X�H�E�H�F��

���&�D�V�W�R�Q�J�X�D�\���H�W���D�O�������������������&�D�V�W�R�Q�J�X�D�\���H�W���D�O���������������������E�X�W���L�W���K�D�V���Q�R�W���E�H�H�Q���H�[�W�H�Q�V�L�Y�H�O�\���V�W�X�G�L�H�G��

�R�U���G�R�F�X�P�H�Q�W�H�G���L�Q���9�H�U�P�R�Q�W���D�Q�G���0�D�V�V�D�F�K�X�V�H�W�W�V�� 

�7�K�H�����������0�D���D�J�H�V���I�U�R�P���W�K�H���7�D�F�R�Q�L�F���V�W�D�X�U�R�O�L�W�H���]�R�Q�H���L�Q���Q�R�U�W�K�Z�H�V�W�H�U�Q���&�R�Q�Q�H�F�W�L�F�X�W���D�Q�G��

�D�G�M�D�F�H�Q�W���1�H�Z���<�R�U�N���D�Q�G���0�D�V�V�D�F�K�X�V�H�W�W�V�����D�V���G�H�W�H�U�P�L�Q�H�G���E�\���+�D�P�H�V���H�W���D�O���������������������F�R�P�S�D�U�H�G��

�Z�L�W�K���W�K�H�����������0�D���D�J�H���I�U�R�P���W�K�H���$�F�D�G�L�D�Q���V�W�D�X�U�R�O�L�W�H���]�R�Q�H���U�H�S�R�U�W�H�G���E�\���6�X�W�W�H�U���D�Q�G���+�D�W�F�K������������������

�V�X�J�J�H�V�W�� �D�Q�� �D�E�R�X�W�� ������ �P�\�� �L�Q�W�H�U�Y�D�O�� �E�H�W�Z�H�H�Q�� �W�K�H���7�D�F�R�Q�L�F���D�Q�G���$�F�D�G�L�D�Q�� �S�H�D�N�� �P�H�W�D�P�R�U�S�K�L�F��

�F�R�Q�G�L�W�L�R�Q�V��(Hames et al., 1991). �7�K�H�������$�U�������$�U���K�R�U�Q�E�O�H�Q�G�H���F�R�R�O�L�Q�J���D�J�H�V���R�I���W�K�L�V���V�W�X�G�\���D�Q�G��

�W�K�R�V�H���R�I���6�X�W�W�H�U���D�Q�G���+�D�W�F�K�����������������D�Q�G���6�X�W�W�H�U���H�W���D�O�������������������L�Q�G�L�F�D�W�H���W�K�D�W���W�K�H�U�H���L�V���D���P�D�[�L�P�X�P��

�L�Q�W�H�U�Y�D�O���R�I���R�Q�O�\���D�E�R�X�W���������P�\�����L�Q���W�K�H���/�D�W�H���6�L�O�X�U�L�D�Q���W�R���(�D�U�O�\���'�H�Y�R�Q�L�D�Q�����E�H�W�Z�H�H�Q���K�R�U�Q�E�O�H�Q�G�H��

�D�J�H�V�� �W�K�D�W�� �U�H�I�O�H�F�W�� �S�R�V�W���P�H�W�D�P�R�U�S�K�L�F���7�D�F�R�Q�L�F�� �F�R�R�O�L�Q�J�� �D�Q�G�� �W�K�R�V�H�� �W�K�D�W�� �U�H�I�O�H�F�W�� �$�F�D�G�L�D�Q��

�P�H�W�D�P�R�U�S�K�L�V�P���� 

�$�G�G�L�W�L�R�Q�D�O�O�\���� �W�K�H�� �6�X�W�W�H�U�� �H�W�� �D�O���� �������������� �V�W�X�G�\�� �I�U�R�P�� �W�K�H�� �%�H�U�N�V�K�L�U�H�� �P�D�V�V�L�I�� �R�I��

�0�D�V�V�D�F�K�X�V�H�W�W�V�� �R�I�� �V�R�X�W�K�H�U�Q�� �1�H�Z�� �(�Q�J�O�D�Q�G�� �H�[�S�O�D�L�Q�V�� �W�K�D�W�� �W�K�H�� �S�H�D�N�� �P�H�W�D�P�R�U�S�K�L�V�P�� �R�I�� �W�K�H��

�7�D�F�R�Q�L�F���R�U�R�J�H�Q�\���Z�D�V���D�W���D�U�R�X�Q�G���������� �“�����������0�D�����P�H�D�Q�Z�K�L�O�H���D�J�H�V���E�H�W�Z�H�H�Q���W�K�H�������������������0�D��

�D�U�H���D�V�V�L�J�Q�H�G���W�R���V�O�R�Z���F�R�R�O�L�Q�J���D�J�H�V���I�U�R�P���W�K�H���7�D�F�R�Q�L�F���R�U�R�J�H�Q�\���V�L�Q�F�H���W�K�H�U�H���L�V���Q�R���H�Y�L�G�H�Q�F�H���I�R�U��

�D�Q���D�E�U�X�S�W���G�H�F�U�H�D�V�H���L�Q���E�L�R�W�L�W�H���D�J�H�V���D�V���Z�R�X�O�G���E�H���H�[�S�H�F�W�H�G���I�R�U���S�D�U�W�L�D�O���U�H�V�H�W�W�L�Q�J���R�I���W�K�H���.���$�U��

�V�\�V�W�H�P�� �G�X�U�L�Q�J�� �O�R�Z���W�H�P�S�H�U�D�W�X�U�H���$�F�D�G�L�D�Q�� �P�H�W�D�P�R�U�S�K�L�V�P�����$�Q�R�W�K�H�U�� �U�H�D�V�R�Q�� �Z�K�\�� �W�K�R�V�H�� �D�J�H�V��

�Z�H�U�H���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���V�O�R�Z���F�R�R�O�L�Q�J���D�J�H�V���L�V���E�H�F�D�X�V�H���W�K�H�U�H���L�V���V�\�V�W�H�P�D�W�L�F���G�H�F�U�H�D�V�H���L�Q���D�J�H���Z�L�W�K��

�L�Q�F�U�H�D�V�L�Q�J�� �P�H�W�D�P�R�U�S�K�L�F�� �J�U�D�G�H���� �7�K�L�V�� �V�X�S�S�R�U�W�V�� �W�K�H�� �F�R�Q�F�O�X�V�L�R�Q�� �W�K�D�W�� �W�K�H�V�H�� �D�J�H�V�� �U�H�I�O�H�F�W�� �D��



13 
 

�J�U�D�G�X�D�O���F�R�R�O�L�Q�J���S�U�R�F�H�V�V���I�U�R�P���D���S�H�D�N���P�H�W�D�P�R�U�S�K�L�V�P���U�D�W�K�H�U���W�K�D�Q���D���V�X�E�V�H�T�X�H�Q�W���W�K�H�U�P�D�O���R�U��

�W�H�F�W�R�Q�L�F���H�Y�H�Q�W���� 

�+�R�Z�H�Y�H�U�����W�K�L�V���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���F�R�X�O�G���E�H���I�O�D�Z�H�G���L�I�����I�R�U���H�[�D�P�S�O�H�����W�K�H�U�H���Z�D�V���S�D�U�W�L�D�O���D�U�J�R�Q��

�O�R�V�V�� �G�X�H�� �W�R�� �O�D�W�H�U�� �O�R�Z���W�H�P�S�H�U�D�W�X�U�H�� �G�H�I�R�U�P�D�W�L�R�Q�� �R�U�� �L�I�� �G�\�Q�D�P�L�F�� �U�H�F�U�\�V�W�D�O�O�L�]�D�W�L�R�Q�� �R�F�F�X�U�U�H�G��

�G�X�U�L�Q�J���G�H�I�R�U�P�D�W�L�R�Q���D�W���W�H�P�S�H�U�D�W�X�U�H�V���E�H�O�R�Z���W�K�H���F�O�R�V�X�U�H���W�K�U�H�V�K�R�O�G�����,�Q���V�X�F�K���F�D�V�H�V�����W�K�H���D�U�J�R�Q��

�D�J�H�V�� �P�L�J�K�W�� �Q�R�W�� �U�H�S�U�H�V�H�Q�W�� �V�D�P�S�O�H�¶�V�� �F�R�R�O�L�Q�J�� �D�J�H�V�� �E�X�W�� �U�D�W�K�H�U�� �D�� �P�R�U�H�� �F�R�P�S�O�H�[�� �W�K�H�U�P�D�O�� �R�U��

�W�H�F�W�R�Q�L�F�� �K�L�V�W�R�U�\���� �7�K�H�U�H�I�R�U�H���� �P�L�F�U�R�V�W�U�X�F�W�X�U�D�O�� �D�Q�D�O�\�V�L�V�� �L�Q�W�H�J�U�D�W�H�G�� �Z�L�W�K�� �D�U�J�R�Q�� �G�D�W�L�Q�J�� �L�V��

�Q�H�F�H�V�V�D�U�\���W�R���U�H�I�L�Q�H���W�K�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���R�I���F�R�P�S�O�H�[���U�D�Q�J�H���D�Q�G���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���D�J�H�V�����7�K�L�V���W�\�S�H��

�R�I�� �Z�R�U�N�� �K�D�V�� �E�H�H�Q�� �V�X�F�F�H�V�V�I�X�O�� �L�Q�� �U�H�Y�L�V�L�Q�J�� �R�X�U�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �R�I�� �W�K�H�� �I�R�U�P�D�W�L�R�Q�� �R�I�� �P�D�M�R�U��

�V�W�U�X�F�W�X�U�H�V�� �L�Q�� �R�W�K�H�U�� �S�D�U�W�V�� �R�I�� �W�K�H�� �Q�R�U�W�K�H�U�Q���$�S�S�D�O�D�F�K�L�D�Q�V�����)�R�U�� �H�[�D�P�S�O�H�����7�D�P�� �H�W�� �D�O���� ��������������

�G�R�F�X�P�H�Q�W�H�G�� �H�Y�L�G�H�Q�F�H�� �R�I�� �G�H�I�R�U�P�D�W�L�R�Q�� �G�X�U�L�Q�J�� �I�R�U�P�D�W�L�R�Q�� �R�I�� �W�K�H�� �*�U�H�H�Q�� �0�R�X�Q�W�D�L�Q��

�$�Q�W�L�F�O�L�Q�R�U�L�X�P���I�R�U�P�D�W�L�R�Q���L�Q���9�H�U�P�R�Q�W���D�W���F�D�������������0�D���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���O�D�W�H���6�D�O�L�Q�L�F���R�U�R�J�H�Q�\��

�U�D�W�K�H�U���W�K�D�Q���S�D�U�W�L�D�O���U�H�V�H�W�W�L�Q�J���R�I���D�U�J�R�Q���D�J�H�V���G�X�U�L�Q�J���W�K�H���'�H�Y�R�Q�L�D�Q���$�F�D�G�L�D�Q���R�U�R�J�H�Q�\���F�����������±

���������0�D����The findings of Tam et al. (2023) are consistent with data from faults associated 

with the Sutton Mountain anticlinorium in southern Quebec (Castonguay et al., 2012; 

Castonguay et al., 2007) and recent 40Ar/39Ar pilot studies, which reveal ca. 420 Ma ages 

from other Taconic thrusts delineating the western front of the Green Mountains�² the 

Hinesburg thrust (Kim et al., 2019; Kim et al., 2014), the Rattlesnake thrust in southern 

Vermont (Webb et al., 2019), and western edge of Berkshire Massif in southern 

Massachusetts (Webb & Karabinos, 2023) . The regional distribution of these ca. 420 Ma 

ages suggests a potentially broader scope of late Silurian�±Early Devonian deformation in 

New England than previously understood.�� 
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�S�U�R�F�H�V�V�H�V���L�Q���W�K�H���1�H�Z���(�Q�J�O�D�Q�G���$�S�S�D�O�D�F�K�L�D�Q�V�����7�K�H�V�H���L�Q�V�L�J�K�W�V���P�R�W�L�Y�D�W�H�G���W�K�L�V���V�W�X�G�\���I�R�F�X�V�L�Q�J��

�R�Q�� �D�Q�D�O�\�]�L�Q�J�� �W�K�H�� �3�L�Q�H�� �+�L�O�O���W�K�U�X�V�W���� �V�L�W�X�D�W�H�G�� �L�Q�� �W�K�H�� �Z�H�V�W�H�U�Q�� �I�U�R�Q�W�� �R�I�� �W�K�H�� �*�U�H�H�Q�� �0�R�X�Q�W�D�L�Q��

�0�D�V�V�L�I���L�Q���V�R�X�W�K�H�U�Q���9�H�U�P�R�Q�W���W�R���I�X�U�W�K�H�U���G�H�G�X�F�H���W�K�H���S�R�V�W���7�D�F�R�Q�L�F���K�L�V�W�R�U�\���R�I���G�H�I�R�U�P�D�W�L�R�Q���D�Q�G��

�L�Q�Y�H�V�W�L�J�D�W�H���W�K�H���S�U�H�V�H�Q�F�H���R�I���I�D�X�O�W���P�R�W�L�R�Q���D�W���F�D�������������0�D�� 

�������������:�H�V�W�H�U�Q���)�U�R�Q�W�D�O���7�K�U�X�V�W�V���R�I���%�D�V�H�P�H�Q�W���0�D�V�V�L�I�V�����1�H�Z���(�Q�J�O�D�Q�G���$�S�S�D�O�D�F�K�L�D�Q�V�� 

The expanding geochronological database in the northern Appalachians suggests 

that the Laurentian margin was active from approximately 475 to 270 Ma (Karabinos et 

al., 2017). The Mesoproterozoic basement gneisses of the Berkshire and Green Mountain 

massifs (Figure 1.1), along with their overlying clastic cover rocks, were thrust westward 

over the margin of the carbonate platform extending from the Early Cambrian to the Early 

Ordovician and the anticlinorial form of the  massifs may have resulted from fault-bend 
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folding on deep mantle-involved thrusts that developed late in the Taconic orogeny 

(Karabinos, 1988; Ratcliffe et al., 2011b).  

The southern and central Green Mountains of Vermont consist of deformed and 

metamorphosed sedimentary, extrusive, and plutonic igneous rocks spanning from the pre-

Cambrian to Ordovician age. The major structural units include a central anticlinorium, a 

western synclinorium with thrust sheets, and an eastern homocline (Brace, 1953). Brace 

(1953) and Doll et al. (1963) identified a thrust near a section of the western boundary of 

the Green Mountain massif, interpreting it as repeating the western cover sequence. Later, 

detailed mapping in Rutland, Chittenden, Mount Carmel, and Brandon, Vermont, suggest 

that the western boundary of the Green Mountain massif north of Clarendon, Vermont - 

located south of Rutland, Vermont (Figure 2.4.1)- is a significant thrust fault (Karabinos, 

1986; Karabinos & Thompson, 1984). Also, Karabinos (1988) proposed a major thrust for 

the western boundary of the Green Mountain massif, north of Clarendon, which carried 

Grenville basement and eastern cover rocks over the western shelf sequence. The western 

sequence of the Green Mountains, ranging from Lower Cambrian to Middle Ordovician, 

exhibits major unconformities at its base and beneath Middle Ordovician black phyllite 

layers (Brace, 1953). 

���������5�H�J�L�R�Q�D�O���D�Q�G���6�W�U�X�F�W�X�U�D�O���*�H�R�O�R�J�\���R�I���W�K�H���3�L�Q�H���+�L�O�O���7�K�U�X�V�W 

�������������/�L�W�K�R�O�R�J�\���R�I���W�K�H���3�L�Q�H���+�L�O�O���7�K�U�X�V�W 

The reverse-fault west of the Green Mountain massif is the Pine Hill thrust, first 

recognized by Wolff (1891) and carefully mapped by Dale (1892). I am using the term 
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"Pine Hill thrust" as it is mentioned in published literature and geological maps (Ratcliffe 

et al., 2011b; Wolff, 1891). However, it is worth noting that other researchers (Brace, 1953; 

Thompson Jr, 1959) have documented this as a high-angle reverse fault rather than a 

technically defined thrust. Fossil discoveries to the east and west of the Pine Hill suggested 

a thrust fault in the structure, and continuity of units above the fault was shown with those 

of the Green Mountain front to the east (Brace, 1953). Within the synclinorium sequence, 

there are a number of north-south trending high angle normal and reverse faults, of which 

the Pine Hill thrust is one (Zen, 1964). Deformation at the base of the upper plate is well 

exposed at the crest of Boardman Hill where the rocks of the Mendon formation are 

gneissic, greatly contorted and shattered and with a conspicuous development of boudinage 

and abundant quartz veins (Fowler, 1950). The formations in the western sequence of the 

Green Mountains massif, correlated across the Pine Hill thrust with units in west-central 

Vermont, include the Mendon Formation which is equivalent to Cambrian Dalton 

Formation, positioned as the basal member beneath the Olenellus-bearing Cheshire 

quartzite (Table 1), and are further associated with rock formations in Massachusetts and 

southern Quebec (Brace, 1953). According to Brace (1953), the Pine Hill fault brings 

Precambrian rocks into juxtaposition with Middle Ordovician, Hortonville Slate, now 

called the Ira Formation (Thompson Jr, 1959) (Figure 4.1.1), as also shown in the cross-

section (Figure 2.4.2). A problem in mapping the Pine Hill thrust has been the similarity 

of the hanging wall, Moosalamoo Phyllite, of the Mendon Series, to the footwall, Ira 

Formation (Brace, 1953; Dale, 1892). Many researchers in the past have described the 

lithology of the Ira formation as���O�X�V�W�U�R�X�V���P�L�F�D�F�H�R�X�V���E�O�D�F�N���D�Q�G���J�U�H�\���S�K�\�O�O�L�W�H�V�����0�H�D�Q�Z�K�L�O�H����

�E�O�D�F�N���S�K�\�O�O�L�W�H���L�Q�W�H�U�E�H�G�G�H�G���Z�L�W�K���W�K�H���&�K�H�V�K�L�U�H���L�V���J�H�Q�H�U�D�O�O�\���V�L�O�W�\���D�Q�G���F�R�Q�W�D�L�Q�V���S�H�E�E�O�H�V���R�I���E�O�X�H��
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�T�X�D�U�W�]���� �U�D�W�K�H�U���W�K�D�Q���D���O�X�V�W�U�R�X�V���P�L�F�D�F�H�R�X�V���E�O�D�F�N���S�K�\�O�O�L�W�H���� �,�U�D���)�R�U�P�D�W�L�R�Q���U�R�F�N�V���D�U�H���V�R�I�W���D�Q�G��

�P�L�F�D�F�H�R�X�V�����G�L�I�I�H�U�H�Q�W���I�U�R�P���W�K�H���V�F�D�W�W�H�U�H�G���R�X�W�F�U�R�S�V���R�I���V�L�O�W�\�����K�D�U�G���E�O�D�F�N���S�K�\�O�O�L�W�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K��

�W�K�H���F�R�D�U�V�H���3�U�H�F�D�P�E�U�L�D�Q���U�R�F�N�V���H�D�V�W���R�I���W�K�H���I�D�X�O�W�����.�D�U�D�E�L�Q�R�V���������������� 

 
�)�L�J�X�U�H�����������������/�L�W�K�R�O�R�J�\���G�L�V�W�U�L�E�X�W�L�R�Q���E�H�O�R�Z���D�Q�G���D�E�R�Y�H���W�K�H���3�L�Q�H���+�L�O�O���W�K�U�X�V�W���Z�L�W�K���V�W�X�G�\���D�U�H�D�����)�L�J�X�U�H�������������������<�²
�3�U�H�F�D�P�E�U�L�D�Q�� �%�D�V�H�P�H�Q�W�����&�=�G�² �'�D�O�W�R�Q���)�R�U�P�D�W�L�R�Q�����&�F�² �&�K�H�V�K�L�U�H���4�X�D�U�W�]�L�W�H���� �2�L�² �,�U�D�� �)�R�U�P�D�W�L�R�Q�����&�Z�²
�:�L�Q�R�R�V�N�L���'�R�O�R�P�L�W�H�� 
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�7�D�E�O�H����. Lithology distribution above and below the Pine Hill thrust; from (Ratcliffe et al., 2011b)�� 

Age Formation Lithology 

Lower Cambrian Cheshire Quartzite (Cc) Massive homogeneous white to dull vitreous 
quartzite 

Neoproterozoic to 
Cambrian 

Dalton Formation (CZd) Heterogeneous unit consisting of feldspathic 
quartzite and quartz phyllite 

Mesoproterozoic Basement Rocks (Y3Ag) Gneiss with dark quartzite, thin buff 
quartzite, metasedimentary rocks 

Pine Hill Thrust 

Mid- Ordovician Ira Formation (Oi)e  Soft and micaceous black phyllite, locally 
graphitic, sandy phyllite 

Middle Cambrian Winooski Dolostone (Cw) Massive buff-weathering dolostone 

 

 
�)�L�J�X�U�H�����������������7�K�H���F�U�R�V�V���V�H�F�W�L�R�Q���R�I���W�K�H���3�L�Q�H���+�L�O�O���W�K�U�X�V�W���G�H�Q�R�W�H�G���E�\���O�R�Z�H�U���I�D�X�O�W���K�L�J�K�O�L�J�K�W�H�G���L�Q���U�H�G�����W�K�D�W���S�O�D�F�H�G��

�3�U�H���&�D�P�E�U�L�D�Q���W�R���&�D�P�E�U�L�D�Q���U�R�F�N�V���R�Y�H�U���W�K�H���0�L�G���2�U�G�R�Y�L�F�L�D�Q���U�R�F�N�V�����*�U�H�H�Q���0�R�X�Q�W�D�L�Q���)�U�R�Q�W�D�O���7�K�U�X�V�W���U�H�S�U�H�V�H�Q�W�H�G��

�E�\���X�S�S�H�U���I�D�X�O�W���V�S�O�D�\�����L�Q���S�L�Q�N�������P�R�G�L�I�L�H�G���I�U�R�P���F�U�R�V�V���V�H�F�W�L�R�Q���+���+�¶�����S�U�R�I�L�O�H���O�R�F�D�W�L�R�Q���L�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�������������R�I��

�5�D�W�F�O�L�I�I�H���H�W���D�O���������������E���� 
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Rowley and Kidd (1981) suggest that the Green Mountains are likely transported 

to some degree, potentially along the Pine Hill thrust. Herrmann (1992) suggests that the 

Pine Hill thrust may have been reactivated during the later stages of the Taconic orogeny 

as a simple thrust fault, possibly folding inactive shelf duplexes by late Taconic thrusts 

belonging to Green Mountain Frontal Thrust System to accommodate further shortening 

and potentially truncating overlying structures. A duplex configuration, likely underlying 

the Green Mountain massif and extending into Vermont Valley, was proposed by (Boyer 

& Elliott, 1982). This structure involves both basement and western cover sequence rocks. 

Seismic evidence supporting this interpretation was presented by Ando et al. (1984), with 

recognized thrusts such as the Pine Hill thrust (Brace, 1953; Dale, 1892; Wolff, 1891; Zen, 

1964). This duplex beneath the Green Mountains could be responsible for the massif's 

anticlinorial structure, incorporating quartzites, marbles, and high-grade crystalline rocks 

of Middle Proterozoic basement within thrust sheets (Stanley & Ratcliffe, 1985).  

�������������0�\�O�R�Q�L�W�L�F���)�D�E�U�L�F�V���D�Q�G���0�H�W�D�P�R�U�S�K�L�F���+�L�V�W�R�U�\���R�I���W�K�H���3�L�Q�H���+�L�O�O���7�K�U�X�V�W 

�5�D�W�F�O�L�I�I�H���H�W���D�O���������������D�����S�U�R�Y�L�G�H�V���G�H�W�D�L�O�H�G���L�Q�I�R�U�P�D�W�L�R�Q���R�I���W�K�H���P�\�O�R�Q�L�W�L�F���I�D�E�U�L�F�V���D�Q�G��

�P�H�W�D�P�R�U�S�K�L�F���K�L�V�W�R�U�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���3�L�Q�H���+�L�O�O���W�K�U�X�V�W�����Z�K�L�F�K���I�R�U�P�V���W�K�H���P�D�M�R�U���V�H�F�W�L�R�Q���R�I��

�W�K�H���O�L�W�H�U�D�W�X�U�H���U�H�Y�L�H�Z���E�H�O�R�Z�����$�F�F�R�U�G�L�Q�J���W�R���W�K�H���U�H�S�R�U�W�����W�K�H���P�\�O�R�Q�L�W�H�V���D�O�R�Q�J���W�K�H���3�L�Q�H���+�L�O�O���W�K�U�X�V�W��

�I�D�X�O�W�V���F�R�Q�W�D�L�Q�� �F�K�O�R�U�L�W�H���� �P�H�G�L�X�P���J�U�D�L�Q�H�G�� �P�X�V�F�R�Y�L�W�H�� �D�Q�G�� �D�� �I�L�Q�H���J�U�D�L�Q�H�G�� �J�H�Q�H�U�D�W�L�R�Q�� �R�I��

�P�X�V�F�R�Y�L�W�H�����O�R�F�D�O�O�\���K�D�Y�L�Q�J���L�Q�W�H�U�J�U�R�Z�Q���I�L�Q�H���J�U�D�L�Q�H�G���E�L�R�W�L�W�H���L�Q���W�K�H���P�\�O�R�Q�L�W�L�F���I�D�E�U�L�F�����0�X�V�F�R�Y�L�W�H��

�����$�U�������$�U���G�D�W�D���I�U�R�P���V�D�P�S�O�H���9�7���������������&���R�I���P�\�O�R�Q�L�W�H�V���L�Q���W�K�H���3�L�Q�H���+�L�O�O���\�L�H�O�G���P�L�Q�L�P�X�P���R�U��

�W�R�W�D�O���J�D�V���D�J�H�V���R�I���D�E�R�X�W�����������0�D�����7�K�H���P�\�O�R�Q�L�W�L�F���I�R�O�L�D�W�L�R�Q���L�Q���W�K�H���W�K�U�X�V�W���]�R�Q�H���G�L�S�V���V�R�X�W�K�H�D�V�W����

�Z�L�W�K���D���O�L�Q�H�D�W�L�R�Q���S�O�X�Q�J�L�Q�J���D�S�S�U�R�[�L�P�D�W�H�O�\���6�����ƒ�(�����7�K�H���V�W�U�X�F�W�X�U�D�O���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���G�L�V�W�L�Q�J�X�L�V�K�L�Q�J��
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�R�O�G�H�U�����6�������W�K�U�X�V�W���I�D�E�U�L�F�V���I�U�R�P���W�K�H���\�R�X�Q�J�H�U�����)�������G�H�I�R�U�P�D�W�L�R�Q���V�X�J�J�H�V�W�V���W�K�D�W���W�K�H���3�L�Q�H���+�L�O�O���W�K�U�X�V�W��

�L�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���O�D�W�H�U���V�W�D�J�H�V���R�I���U�H�J�L�R�Q�D�O���W�K�U�X�V�W�L�Q�J�����$�O�W�K�R�X�J�K���W�K�H���K�D�Q�J�L�Q�J���Z�D�O�O�����0�R�X�Q�W��

�+�R�O�O�\���&�R�P�S�O�H�[�����R�U�L�J�L�Q�D�O�O�\���U�H�D�F�K�H�G���J�U�D�Q�X�O�L�W�H���J�U�D�G�H�����L�W���Z�D�V���U�H�W�U�R�J�U�D�G�H�G���W�R���W�K�H���O�R�Z�H�U���J�U�D�G�H��

�F�R�Q�G�L�W�L�R�Q�V���R�I���W�K�H���I�R�R�W�Z�D�O�O���P�H�W�D�V�H�G�L�P�H�Q�W�D�U�\���X�Q�L�W�V�����H���J�������W�K�H���,�U�D���)�R�U�P�D�W�L�R�Q�����G�X�U�L�Q�J���I�D�X�O�W�L�Q�J�� 

���������0�L�F�U�R�V�W�U�X�F�W�X�U�D�O���$�Q�D�O�\�V�L�V 

�������������)�R�O�L�D�W�L�R�Q�V���'�H�Y�H�O�R�S�P�H�Q�W�� 

�)�R�O�L�D�W�L�R�Q���L�V���D���S�H�Q�H�W�U�D�W�L�Y�H���S�O�D�Q�D�U���I�D�E�U�L�F���G�H�Y�H�O�R�S�H�G���L�Q���U�R�F�N�V�����Z�K�L�F�K���L�Q�L�W�L�D�O�O�\���I�R�U�P�V���D�V��

�D���S�U�L�P�D�U�\���I�R�O�L�D�W�L�R�Q�����E�H�G�G�L�Q�J�����6�������D�Q�G���O�D�W�H�U���R�Y�H�U�S�U�L�Q�W�H�G���D�V���V�H�F�R�Q�G�D�U�\���I�R�O�L�D�W�L�R�Q�V�����6�������6�������H�W�F������

�G�X�H���W�R���G�H�I�R�U�P�D�W�L�R�Q���D�Q�G���P�H�W�D�P�R�U�S�K�L�V�P���E�\���V�X�E�V�H�T�X�H�Q�W���W�H�F�W�R�Q�L�F���S�U�R�F�H�V�V�H�V�����7�K�H���V�\�V�W�H�P�D�W�L�F��

�Q�D�P�L�Q�J���R�I���I�R�O�L�D�W�L�R�Q�V���E�D�V�H�G���R�Q���W�K�H�L�U���U�H�O�D�W�L�Y�H���W�L�P�L�Q�J���K�H�O�S�V���W�R���G�H�F�L�S�K�H�U���W�K�H���G�H�I�R�U�P�D�W�L�R�Q���K�L�V�W�R�U�\��

�R�I���U�R�F�N�V�����:�K�H�Q���E�H�G�G�L�Q�J���L�V���Q�R�W���U�H�F�R�J�Q�L�]�H�G�����W�K�H���P�D�L�Q���I�R�O�L�D�W�L�R�Q�V���D�U�H���O�D�E�H�O�H�G���D�V���6�Q�����D�Q�G���H�D�U�O�L�H�U��

�D�Q�G���O�D�W�H�U���J�H�Q�H�U�D�W�L�R�Q�V���D�U�H���Q�D�P�H�G���6�Q�������D�Q�G���6�Q���������U�H�V�S�H�F�W�L�Y�H�O�\�� 

�3�D�V�V�F�K�L�H�U�� �D�Q�G�� �7�U�R�X�Z�� �������������� �K�D�Y�H�� �Z�H�O�O���L�O�O�X�V�W�U�D�W�H�G�� �D�� �V�H�T�X�H�Q�F�H�� �R�I���I�R�O�L�D�W�L�R�Q��

�G�H�Y�H�O�R�S�P�H�Q�W���W�K�U�R�X�J�K���S�U�R�J�U�H�V�V�L�Y�H���G�H�I�R�U�P�D�W�L�R�Q�����,�Q���W�K�H���I�L�U�V�W���S�K�D�V�H���R�I���G�H�I�R�U�P�D�W�L�R�Q�����F�O�H�D�Y�D�J�H��

�G�H�Y�H�O�R�S�V���L�Q���W�K�H���D�[�L�D�O���S�O�D�Q�H���R�I���I�R�O�G�V���I�R�U�P�H�G���L�Q���E�H�G�G�L�Q�J�����6���������$���V�H�F�R�Q�G���S�K�D�V�H���R�I���G�H�I�R�U�P�D�W�L�R�Q��
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�Z�R�X�O�G���V�X�J�J�H�V�W���W�K�H���S�U�H�V�H�Q�F�H���R�I���D���V�L�J�Q�L�I�L�F�D�Q�W���R�U�R�J�H�Q�L�F���H�Y�H�Q�W���D�U�R�X�Q�G�����������0�D���D�V���R�S�S�R�V�H�G���W�R��

�W�K�H���P�L�Q�R�U���O�R�F�D�O���U�H�D�F�W�L�Y�D�W�L�R�Q���R�I���7�D�F�R�Q�L�F���W�K�U�X�V�W�V���R�U���S�D�U�W�L�D�O���U�H�V�H�W�W�L�Q�J���R�I���7�D�F�R�Q�L�F���D�J�H�V���G�X�U�L�Q�J��

�W�K�H���$�F�D�G�L�D�Q���R�U�R�J�H�Q�\�����8�O�W�L�P�D�W�H�O�\�����W�K�L�V���V�W�X�G�\���Z�L�O�O���F�R�Q�W�U�L�E�X�W�H���W�R���D�Q���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���W�H�F�W�R�Q�L�F��

�H�Y�R�O�X�W�L�R�Q�� �L�Q�� �W�K�H�� �1�H�Z�� �(�Q�J�O�D�Q�G���$�S�S�D�O�D�F�K�L�D�Q�V���R�I�I�H�U�L�Q�J�� �H�Y�L�G�H�Q�F�H�� �W�K�D�W�� �P�D�\�� �U�H�I�L�Q�H�� �H�[�L�V�W�L�Q�J��

�U�H�J�L�R�Q�D�O���W�H�F�W�R�Q�L�F���P�R�G�H�O�V���D�Q�G���E�H�W�W�H�U���F�D�S�W�X�U�H���W�K�H���$�S�S�D�O�D�F�K�L�D�Q���P�R�X�Q�W�D�L�Q���E�X�L�O�G�L�Q�J���S�U�R�F�H�V�V�H�V�� 
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�&�K�D�S�W�H�U���������0�H�W�K�R�G�R�O�R�J�\ 

���������)�L�H�O�G���6�W�X�G�\ 

To understand the tectonic significance of the Pine Hill thrust, field surveys were 

conducted in the Summer 2024. Our target area for Summer 2024 fieldwork was the Pine 

Hill in Rutland City, where we collected oriented samples to investigate post-Taconic 

deformation across the Pine Hill thrust. Using the Bedrock Geological Map of Vermont 

(Ratcliffe et al., 2011b), we selected our targets within four major lithologic units along 

the thrust: Winooski Dolomite, Ira Formation, Dalton Formation, and Mesoproterozoic 

basement rocks (Figure 3.1.1). Further, LiDAR imagery (Figure 5.5) was assessed to locate 

rock exposures for sampling and identify the trace line of the Pine Hill thrust. The field 

data were documented using the StraboSpot app. We collected structural measurements, 

oriented rock samples, and photographs of rock exposures. Our objective was to sample 

the lithological units in three transects across the Pine Hill thrust to assess deformation 

features and generations of foliation development related to the history of motion along the 

fault. 

�6�D�P�S�O�H�V�� �Z�H�U�H�� �F�R�O�O�H�F�W�H�G���� �U�H�F�R�U�G�L�Q�J�� �R�U�L�H�Q�W�D�W�L�R�Q�� �Z�L�W�K�� �U�H�V�S�H�F�W�� �W�R�� �W�K�H�� �G�R�P�L�Q�D�Q�W��

�I�R�O�L�D�W�L�R�Q�� �D�Q�G�� �O�L�Q�H�D�W�L�R�Q���� �L�I�� �S�U�H�V�H�Q�W���� �,�Q�� �W�R�W�D�O���� �W�Z�H�Q�W�\�� �R�U�L�H�Q�W�H�G�� �U�R�F�N�� �V�D�P�S�O�H�V�� �Z�H�U�H�� �F�R�O�O�H�F�W�H�G��

�I�U�R�P�� �W�K�H�� �I�R�R�W�Z�D�O�O�� �D�Q�G�� �K�D�Q�J�L�Q�J�� �Z�D�O�O�� �R�I�� �W�K�H�� �3�L�Q�H�� �+�L�O�O�� �W�K�U�X�V�W�� �L�Q���W�K�H���3�L�Q�H�� �+�L�O�O���� �5�X�W�O�D�Q�G����

�9�H�U�P�R�Q�W�����L�Q���W�K�U�H�H���W�U�D�Q�V�H�F�W�V�����)�L�J�X�U�H�������������������)�R�O�L�D�W�L�R�Q�V���D�Q�G���O�L�Q�H�D�W�L�R�Q�V���Z�H�U�H���G�R�F�X�P�H�Q�W�H�G���L�Q��

�W�K�H���I�L�H�O�G�����Z�K�L�O�H���N�L�Q�H�P�D�W�L�F���L�Q�G�L�F�D�W�R�U�V���Z�H�U�H���Q�R�W���H�Y�L�G�H�Q�W�����)�L�H�O�G���G�D�W�D���Z�H�U�H���S�O�R�W�W�H�G���R�Q���V�W�H�U�H�R�Q�H�W�V��

�W�R���D�Q�D�O�\�]�H���U�H�J�L�R�Q�D�O���W�U�H�Q�G�V�� 
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�)�L�J�X�U�H�����������������*�H�R�O�R�J�L�F���P�D�S���R�I���W�K�H���3�L�Q�H���+�L�O�O���W�K�U�X�V�W���D�U�H�D���E�H�W�Z�H�H�Q���3�U�R�F�W�R�U���D�Q�G���5�X�W�O�D�Q�G�����9�H�U�P�R�Q�W�����V�K�R�Z�L�Q�J���W�K�U�H�H��
�W�U�D�Q�V�H�F�W�V�� ���Q�R�U�W�K�H�U�Q���� �F�H�Q�W�U�D�O���� �D�Q�G�� �V�R�X�W�K�H�U�Q���� �D�F�U�R�V�V�� �:�L�Q�R�R�V�N�L�� �'�R�O�R�P�L�W�H�� ���&�Z������ �,�U�D�� �)�R�U�P�D�W�L�R�Q�� ���2�L������ �'�D�O�W�R�Q��
�)�R�U�P�D�W�L�R�Q�����&�=�G�������4�X�D�U�W�]�L�W�H���0�H�P�E�H�U�����&�=�G�T�������D�Q�G���0�H�V�R�S�U�R�W�H�U�R�]�R�L�F���E�D�V�H�P�H�Q�W���U�R�F�N�V�����<���$�J�������0�D�S���L�V���P�R�G�L�I�L�H�G��
�D�I�W�H�U�����5�D�W�F�O�L�I�I�H���H�W���D�O���������������E���� 
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���������0�L�F�U�R�V�W�U�X�F�W�X�U�H���$�Q�D�O�\�V�L�V 

�7�K�L�Q���V�H�F�W�L�R�Q�V���Z�H�U�H���S�U�H�S�D�U�H�G���I�U�R�P���D�O�O���F�R�O�O�H�F�W�H�G���R�U�L�H�Q�W�H�G���V�D�P�S�O�H�V�����(�D�F�K���V�D�P�S�O�H���Z�D�V��

�I�L�U�V�W���F�X�W���Z�L�W�K���D���O�D�U�J�H���U�R�F�N���V�D�Z���D�Q�G���W�K�H�Q���Z�L�W�K���D���V�P�D�O�O�H�U���U�R�F�N���V�D�Z���W�R���F�U�H�D�W�H���E�L�O�O�H�W�V���I�R�U���W�K�L�Q��

�V�H�F�W�L�R�Q���S�U�H�S�D�U�D�W�L�R�Q�����%�L�O�O�H�W�V���Z�H�U�H���F�X�W���S�D�U�D�O�O�H�O���W�R���W�K�H���G�R�Z�Q���G�L�S���G�L�U�H�F�W�L�R�Q���L�I���Q�R���O�L�Q�H�D�W�L�R�Q���Z�D�V��

�R�E�V�H�U�Y�H�G���� �R�W�K�H�U�Z�L�V�H���� �W�K�H�\�� �Z�H�U�H�� �F�X�W�� �S�D�U�D�O�O�H�O�� �W�R�� �W�K�H�� �O�L�Q�H�D�W�L�R�Q���� �6�D�P�S�O�H�V�� �F�X�W�� �S�D�U�D�O�O�H�O�� �W�R�� �W�K�H��

�G�R�Z�Q���G�L�S���G�L�U�H�F�W�L�R�Q���D�U�H���O�D�E�H�O�H�G���Z�L�W�K���D���
�'�
���D�W���W�K�H���H�Q�G���R�I���W�K�H�L�U���Q�D�P�H�����Z�K�L�O�H���W�K�R�V�H���F�X�W���S�D�U�D�O�O�H�O��

�W�R���V�W�U�L�N�H�����S�H�U�S�H�Q�G�L�F�X�O�D�U���W�R���W�K�H���G�R�Z�Q���G�L�S���G�L�U�H�F�W�L�R�Q�����D�U�H���O�D�E�H�O�H�G���Z�L�W�K���D�Q���
�6�
�����H���J�����������3�+�����$�'��

�I�R�U���G�R�Z�Q���G�L�S���������3�+�����$�6���I�R�U���S�H�U�S�H�Q�G�L�F�X�O�D�U�������)�R�U���V�D�P�S�O�H�V���Z�L�W�K���O�L�Q�H�D�W�L�R�Q�����E�L�O�O�H�W�V���F�X�W���S�D�U�D�O�O�H�O��

�W�R���W�K�H���O�L�Q�H�D�W�L�R�Q���D�U�H���O�D�E�H�O�H�G���
�;���
���D�Q�G���W�K�R�V�H���F�X�W���S�H�U�S�H�Q�G�L�F�X�O�D�U���W�R���W�K�H���O�L�Q�H�D�W�L�R�Q���D�U�H���O�D�E�H�O�H�G���
�<�
��

���H���J�����������3�+�����$�;���I�R�U���S�D�U�D�O�O�H�O���������3�+�����$�<���I�R�U���S�H�U�S�H�Q�G�L�F�X�O�D�U������ 

Microstructural analysis on these thin sections builds on the field observations in 

determining the number of episodes of deformation recorded by folding and foliation 

development. From thin sections, mineralogy, petrology, and metamorphic context have 

been analyzed using the petrographic microscope. This analysis helped to understand the 

conditions of and relationships between metamorphism and deformation, along with the 

number of deformations phases recorded in both thin sections and outcrop samples. 

���������0�L�Q�H�U�D�O���6�H�S�D�U�D�W�L�R�Q���I�R�U�������$�U�������$�U���'�D�W�L�Q�J 

�:�K�L�O�H���V�D�P�S�O�H�V���Z�L�O�O���X�Q�G�H�U�J�R�������$�U�������$�U���G�D�W�L�Q�J���D�W���W�K�H���8�6�*�6�����W�K�H���W�L�P�L�Q�J���R�I���W�K�H���U�H�V�X�O�W�V��

�H�[�W�H�Q�G�H�G���E�H�\�R�Q�G�� �P�\�� �P�D�V�W�H�U�¶�V�� �V�W�X�G�\�� �S�H�U�L�R�G���� �+�R�Z�H�Y�H�U���� �,�� �F�R�Q�G�X�F�W�H�G���D���P�L�F�U�R�V�W�U�X�F�W�X�U�D�O��

�D�Q�D�O�\�V�L�V�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �Z�K�L�F�K�� �P�L�Q�H�U�D�O�V�� �I�U�R�P���W�K�H���U�R�F�N�� �V�D�P�S�O�H�V���V�K�R�X�O�G�� �E�H�� �W�D�U�J�H�W�H�G���I�R�U��

�����$�U�������$�U���G�D�W�L�Q�J�����0�X�V�F�R�Y�L�W�H�����E�L�R�W�L�W�H�����D�Q�G���D�P�S�K�L�E�R�O�H���D�U�H���W�K�H���S�R�W�D�V�V�L�X�P���U�L�F�K���P�L�Q�H�U�D�O�V���X�V�H�I�X�O��

�I�R�U�� �F�R�Q�G�X�F�W�L�Q�J�� �W�K�H�������$�U�������$�U���G�D�W�L�Q�J�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �U�D�G�L�R�D�F�W�L�Y�H�� �G�H�F�D�\�� �R�I�������.�� �L�Q�W�R�������$�U����
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�+�R�Z�H�Y�H�U�����R�Q�O�\���P�X�V�F�R�Y�L�W�H���D�Q�G���E�L�R�W�L�W�H���R�F�F�X�U���L�Q���'�D�O�W�R�Q���D�Q�G���,�U�D���)�R�U�P�D�W�L�R�Q���D�Q�G���D�U�H���J�H�Q�H�U�D�O�O�\��

�I�L�Q�H���J�U�D�L�Q�H�G���H�[�F�H�S�W���I�R�U���W�K�H���R�Q�H���F�R�O�O�H�F�W�H�G���I�U�R�P���3�U�H�F�D�P�E�U�L�D�Q���E�D�V�H�P�H�Q�W���U�R�F�N�V�����$�Y�H�U�D�J�H���J�U�D�L�Q��

�V�L�]�H���L�V���F�U�X�F�L�D�O���W�R���P�R�G�H�O���D�U�J�R�Q���G�L�I�I�X�V�L�R�Q���L�Q���Z�K�L�W�H���P�L�F�D�����'�X�U�L�Q�J���F�U�X�V�K�L�Q�J�����J�U�D�L�Q�V���P�R�V�W�O�\���V�S�O�L�W��

�D�O�R�Q�J���W�K�H�L�U���Q�D�W�X�U�D�O���F�O�H�D�Y�D�J�H���S�O�D�Q�H�V�����V�R���W�K�H���J�U�D�L�Q���G�L�P�H�Q�V�L�R�Q�V���D�O�R�Q�J���F�O�H�D�Y�D�J�H���D�U�H���V�W�L�O�O���P�R�V�W�O�\��

�L�Q�W�D�F�W�����D�O�W�K�R�X�J�K���W�K�H���J�U�D�L�Q���V�L�]�H���G�L�V�W�U�L�E�X�W�L�R�Q���L�Q���D���V�D�P�S�O�H���L�V���Q�R�W���S�H�U�I�H�F�W�O�\���D�F�F�X�U�D�W�H���G�X�H���W�R���W�K�H��

�X�V�H���R�I���V�L�H�Y�H�V�����$�Q�R�W�K�H�U���F�R�P�S�O�L�F�D�W�L�R�Q���L�V���W�K�D�W���G�H�W�U�L�W�D�O�����S�U�H���H�[�L�V�W�L�Q�J�����Z�K�L�W�H���P�L�F�D���F�D�Q���V�X�U�Y�L�Y�H��

�W�K�H�� �G�H�I�R�U�P�D�W�L�R�Q�� �S�U�R�F�H�V�V�� �D�Q�G�� �P�L�[�� �Z�L�W�K�� �Q�H�Z�� �P�L�F�D�� �P�D�N�L�Q�J�� �D�� �P�L�[�H�G�� �S�R�S�X�O�D�W�L�R�Q���'�X�Q�O�D�S��

�������������� 

�7�K�H���U�R�F�N�V���Z�H�U�H���F�D�U�H�I�X�O�O�\�� �F�U�X�V�K�H�G�����Z�D�V�K�H�G���� �V�R�Q�L�I�L�H�G���� �G�U�L�H�G���� �D�Q�G�� �V�L�H�Y�H�G���W�R�� �J�H�W�� �W�K�H��

�L�Q�F�O�X�V�L�R�Q���I�U�H�H���W�D�U�J�H�W���P�L�Q�H�U�D�O�V���L�Q���W�K�H���V�D�P�S�O�H�V�����0�L�F�D�V���V�L�H�Y�H�G���D�W�����������P�L�F�U�R�Q�V���Z�H�U�H���V�H�O�H�F�W�H�G���W�R��

�U�H�G�X�F�H���F�R�Q�W�D�P�L�Q�D�W�L�R�Q���D�Q�G���H�Q�V�X�U�H���L�Q�F�O�X�V�L�R�Q���I�U�H�H���J�U�D�L�Q�V���I�R�U���V�H�S�D�U�D�W�L�Q�J���P�L�Q�H�U�D�O�V���I�R�U�������$�U�������$�U��

�G�D�W�L�Q�J���� �*�U�D�S�K�L�W�H�V���Z�H�U�H�� �D�E�X�Q�G�D�Q�W�� �L�Q�� �E�R�W�K�� �'�D�O�W�R�Q�� �D�Q�G�� �,�U�D�� �)�R�U�P�D�W�L�R�Q�� �Z�K�L�F�K�� �D�G�G�H�G�� �W�K�H��

�F�R�P�S�O�L�F�D�W�L�R�Q���I�R�U���V�H�S�D�U�D�W�L�Q�J���W�K�H���E�L�R�W�L�W�H���G�X�H���W�R���U�L�V�N���R�I���F�R�O�O�H�F�W�L�Q�J���E�L�R�W�L�W�H���Z�L�W�K���J�U�D�S�K�L�W�H���D�V���E�R�W�K��

�D�U�H���E�O�D�F�N���L�Q���F�R�O�R�U�����$�V���D���U�H�V�X�O�W�����P�X�V�F�R�Y�L�W�H���Z�D�V���S�U�L�R�U�L�W�L�]�H�G���R�Y�H�U���E�L�R�W�L�W�H���D�V���W�K�H���S�U�L�P�D�U�\���P�L�Q�H�U�D�O��

�I�R�U�������$�U�������$�U���D�Q�D�O�\�V�L�V�����$�O�V�R�����L�W�V���V�W�D�E�L�O�L�W�\���R�Y�H�U���D���E�U�R�D�G���U�D�Q�J�H���R�I���W�H�P�S�H�U�D�W�X�U�H���F�R�Q�G�L�W�L�R�Q�V�����D�Q�G��

�L�W�V�� �D�E�L�O�L�W�\�� �W�R���U�H�F�R�U�G�� �W�K�H�� �W�L�P�L�Q�J�� �R�I�� �U�H�F�U�\�V�W�D�O�O�L�]�D�W�L�R�Q�� �H�Y�H�Q�W�V�����,�Q�� �F�R�Q�W�U�D�V�W���� �F�R�D�U�V�H���J�U�D�L�Q�H�G��

�P�X�V�F�R�Y�L�W�H���L�Q���W�K�H���E�D�V�H�P�H�Q�W���U�R�F�N�V���Z�D�V���H�D�V�L�H�U���W�R���L�V�R�O�D�W�H���I�R�U���F�O�H�D�Q���V�H�S�D�U�D�W�H�V���� 

�*�L�Y�H�Q���W�K�H���X�Q�F�H�U�W�D�L�Q�W�\���V�X�U�U�R�X�Q�G�L�Q�J���W�K�H���D�U�J�R�Q���G�D�W�L�Q�J���U�H�V�X�O�W�V���W�L�P�H�I�U�D�P�H�����W�K�L�V���U�H�V�H�D�U�F�K��

�S�U�L�P�D�U�L�O�\�� �I�R�F�X�V�H�G�� �R�Q�� �P�L�F�U�R�V�W�U�X�F�W�X�U�D�O�� �D�Q�D�O�\�V�L�V���� �Z�K�L�F�K�� �Z�L�O�O�� �S�U�R�Y�L�G�H�� �D�� �I�R�X�Q�G�D�W�L�R�Q�D�O��

�X�Q�G�H�U�V�W�D�Q�G�L�Q�J���W�R���L�Q�W�H�U�S�U�H�W���W�K�H���D�U�J�R�Q���G�D�W�L�Q�J���R�X�W�F�R�P�H�V���H�I�I�H�F�W�L�Y�H�O�\���O�D�W�H�U�� 
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�&�K�D�S�W�H�U���������5�H�V�X�O�W�V 

���������,�Q�W�U�R�G�X�F�W�L�R�Q 

�7�K�L�V�� �F�K�D�S�W�H�U�� �S�U�H�V�H�Q�W�V�� �W�K�H�� �U�H�V�X�O�W�V�� �I�U�R�P�� �W�K�H�� �I�L�H�O�G�� �D�Q�G�� �P�L�F�U�R�V�W�U�X�F�W�X�U�D�O�� �D�Q�D�O�\�V�L�V�� �R�I��

�R�U�L�H�Q�W�H�G���V�D�P�S�O�H�V���F�R�Q�G�X�F�W�H�G���D�F�U�R�V�V���W�K�H���3�L�Q�H���+�L�O�O���W�K�U�X�V�W���L�Q���W�K�U�H�H���W�U�D�Q�V�H�F�W�V���L�Q���W�K�H���3�L�Q�H���+�L�O�O����

�V�R�X�W�K�H�U�Q���9�H�U�P�R�Q�W�����5�H�V�X�O�W�V���D�U�H���R�U�J�D�Q�L�]�H�G���E�D�V�H�G���R�Q���V�D�P�S�O�H���O�R�F�D�W�L�R�Q�V���I�U�R�P���W�K�H���K�D�Q�J�L�Q�J���Z�D�O�O����

�I�R�R�W�Z�D�O�O�����D�Q�G���W�K�H���W�K�U�X�V�W���]�R�Q�H�V���R�I���W�K�H���3�L�Q�H���+�L�O�O�����)�L�J�X�U�H�������������������,�W���F�R�Q�W�D�L�Q�V���I�L�H�O�G���G�H�V�F�U�L�S�W�L�R�Q�V��

�I�R�O�O�R�Z�H�G�� �E�\�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �I�U�R�P�� �P�L�F�U�R�V�W�U�X�F�W�X�U�D�O�� �D�Q�D�O�\�V�L�V�� �U�H�J�D�U�G�L�Q�J�� �I�R�O�L�D�W�L�R�Q�V���� �T�X�D�U�W�]��

�G�H�I�R�U�P�D�W�L�R�Q���P�H�F�K�D�Q�L�V�P�V�����D�Q�G���S�R�U�S�K�\�U�R�E�O�D�V�W���J�U�R�Z�W�K���K�L�V�W�R�U�\�����Z�K�H�U�H���U�H�O�H�Y�D�Q�W�����7�K�H���I�R�O�L�D�W�L�R�Q��

�J�H�Q�H�U�D�W�L�R�Q�V�� �D�U�H�� �G�H�V�F�U�L�E�H�G���Z�L�W�K�� �G�R�P�L�Q�D�Q�W�� �I�R�O�L�D�W�L�R�Q�V���R�E�V�H�U�Y�H�G�� �L�Q���R�X�W�F�U�R�S�V���O�D�E�H�O�H�G���D�V�� �6�Q����

�H�D�U�O�L�H�U���I�R�O�L�D�W�L�R�Q�V���D�V���6�Q���������D�Q�G���R�Y�H�U�S�U�L�Q�W�L�Q�J�����\�R�X�Q�J�H�U���I�R�O�L�D�W�L�R�Q�V���D�V���6�Q���������7�Z�R���J�H�Q�H�U�D�W�L�R�Q�V���R�I��

�O�L�Q�H�D�W�L�R�Q�V���Z�H�U�H���L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�H���R�X�W�F�U�R�S�V�����7�K�H�� �I�L�U�V�W���L�V���D���P�L�Q�H�U�D�O���V�W�U�H�W�F�K�L�Q�J���O�L�Q�H�D�W�L�R�Q�����/�Q����

�R�E�V�H�U�Y�H�G���R�Q�� �W�K�H�� �V�X�U�I�D�F�H�� �R�I�� �G�R�P�L�Q�D�Q�W�� �I�R�O�L�D�W�L�R�Q�� �6�Q���� �L�Q�W�H�U�S�U�H�W�H�G�� �D�V�� �K�D�Y�L�Q�J�� �I�R�U�P�H�G��

�V�\�Q�F�K�U�R�Q�R�X�V�O�\���Z�L�W�K���6�Q�����7�K�H���V�H�F�R�Q�G���L�V���D���\�R�X�Q�J�H�U���L�Q�W�H�U�V�H�F�W�L�R�Q���O�L�Q�H�D�W�L�R�Q�����/�Q���������U�H�V�X�O�W�L�Q�J���I�U�R�P��

�W�K�H���L�Q�W�H�U�V�H�F�W�L�R�Q���E�H�W�Z�H�H�Q���6�Q���D�Q�G���W�K�H���R�Y�H�U�S�U�L�Q�W�L�Q�J���I�R�O�L�D�W�L�R�Q���6�Q���������$�G�G�L�W�L�R�Q�D�O�O�\�����R�X�W�F�U�R�S���V�F�D�O�H��

�I�R�O�G�V���Z�L�W�K���D�[�L�D�O���S�O�D�Q�H�V���S�D�U�D�O�O�H�O���W�R���W�K�H���6�Q���I�R�O�L�D�W�L�R�Q���D�U�H���D�W�W�U�L�E�X�W�H�G���W�R���W�K�H���)�Q���I�R�O�G���J�H�Q�H�U�D�W�L�R�Q����

�7�K�H�� �R�U�L�H�Q�W�D�W�L�R�Q�� �R�I�� �W�K�H�� �G�R�P�L�Q�D�Q�W�� �I�R�O�L�D�W�L�R�Q�� ���6�Q������ �O�L�Q�H�D�W�L�R�Q���� �D�Q�G�� �W�K�H�L�U�� �D�V�V�R�F�L�D�W�H�G�� �V�D�P�S�O�H��

�F�R�R�U�G�L�Q�D�W�H�V���D�U�H���S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H������ 

�������������*�H�R�O�R�J�L�F���0�D�S���2�Y�H�U�Y�L�H�Z 

�7�K�L�V���J�H�R�O�R�J�L�F�D�O���P�D�S����Figure 4.1.1)���K�D�V���E�H�H�Q���P�R�G�L�I�L�H�G���I�U�R�P���W�K�H���%�H�G�U�R�F�N���*�H�R�O�R�J�L�F��

�0�D�S���R�I���9�H�U�P�R�Q�W��(Ratcliffe et al., 2011b) based on new data and observations during this 

study. It �G�L�V�S�O�D�\�V���W�K�H���O�L�W�K�R�O�R�J�L�F�D�O���X�Q�L�W�V���D�Q�G���P�D�M�R�U���V�W�U�X�F�W�X�U�D�O���I�H�D�W�X�U�H�V���L�Q���W�K�H���V�W�X�G�\���D�U�H�D����The 

thrust line has been revised after observing LiDAR imagery that showed steep slope breaks. 
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This feature along with the microstructural indicators such as the development of Sn+1 

crenulation cleavage, were used to refine the trace of the Pine Hill thrust (explained in 

detail below in section 5.5 of the Discussion).���7�K�H���F�R�Q�W�D�F�W�V���E�H�W�Z�H�H�Q���:�L�Q�R�R�V�N�L���'�R�O�R�P�L�W�H��

�D�Q�G���,�U�D���)�R�U�P�D�W�L�R�Q�����W�K�H���4�X�D�U�W�]�L�W�H���P�H�P�E�H�U���R�I���W�K�H���'�D�O�W�R�Q���)�R�U�P�D�W�L�R�Q�����D�Q�G���W�K�H���3�U�H�F�D�P�E�U�L�D�Q��

�E�D�V�H�P�H�Q�W���U�R�F�N�V���D�Q�G���'�D�O�W�R�Q���)�R�U�P�D�W�L�R�Q���K�D�Y�H���E�H�H�Q���U�H�G�U�D�Z�Q���D�V���D�Q���L�Q�I�H�U�U�H�G���F�R�Q�W�D�F�W�V�����G�D�V�K�H�G��

�O�L�Q�H�V�����E�H�F�D�X�V�H���W�K�H���U�R�F�N���X�Q�L�W�V���D�Q�G���W�K�H�L�U���L�G�H�Q�W�L�W�\���D�U�H���F�H�U�W�D�L�Q�����E�X�W���W�K�H���S�U�H�F�L�V�H���O�R�F�D�W�L�R�Q���R�I���W�K�H�L�U��

�E�R�X�Q�G�D�U�L�H�V���F�R�X�O�G���Q�R�W���E�H���G�L�U�H�F�W�O�\���R�E�V�H�U�Y�H�G���L�Q���W�K�H���I�L�H�O�G�����,�Q���S�D�U�W�L�F�X�O�D�U�����W�K�H���E�R�X�Q�G�D�U�\���E�H�W�Z�H�H�Q��

�W�K�H���:�L�Q�R�R�V�N�L���'�R�O�R�P�L�W�H�����&�Z�����D�Q�G���W�K�H���,�U�D���)�R�U�P�D�W�L�R�Q�����2�L�����Z�D�V���F�K�D�Q�J�H�G���I�U�R�P���D���W�K�U�X�V�W���I�D�X�O�W��

�W�R�� �D�Q�� �L�Q�I�H�U�U�H�G�� �F�R�Q�W�D�F�W�� �E�H�F�D�X�V�H���Q�R���G�H�I�L�Q�L�W�L�Y�H�� �I�L�H�O�G�� �H�Y�L�G�H�Q�F�H���I�R�U�� �D�� �I�D�X�O�W�H�G�� �F�R�Q�W�D�F�W�� �Z�D�V��

�R�E�V�H�U�Y�H�G�� 

�6�D�P�S�O�H���O�R�F�D�W�L�R�Q�V���V�K�R�Z�Q���L�Q���U�H�G���F�L�U�F�O�H�V���D�Q�G���P�D�S���V�\�P�E�R�O�V���L�Q�G�L�F�D�W�H���W�K�H���R�U�L�H�Q�W�D�W�L�R�Q���R�I��

�W�K�H�� �G�R�P�L�Q�D�Q�W�� �I�R�O�L�D�W�L�R�Q�� ���6�Q���� �D�Q�G�� �O�L�Q�H�D�W�L�R�Q�� ���L�I�� �S�U�H�V�H�Q�W������ �2�Q�O�\�� �W�K�H�� �R�U�L�H�Q�W�D�W�L�R�Q�� �R�I�� �G�R�P�L�Q�D�Q�W��

�I�R�O�L�D�W�L�R�Q�����6�Q�����R�I���H�D�F�K���V�D�P�S�O�H���I�U�R�P���V�W�X�G�\���D�U�H�D���D�U�H���U�H�S�U�H�V�H�Q�W�H�G���R�Q���W�K�H���P�D�S���D�O�R�Q�J���Z�L�W�K���W�K�H��

�R�U�L�H�Q�W�D�W�L�R�Q���R�I���D�Q�\���R�E�V�H�U�Y�H�G���O�L�Q�H�D�W�L�R�Q�V�����7�K�H���F�U�R�V�V���V�H�F�W�L�R�Q���O�L�Q�H�����K�R�U�L�]�R�Q�W�D�O���E�O�D�F�N���O�L�Q�H�����D�F�U�R�V�V��

�W�K�H���F�H�Q�W�U�D�O���S�D�U�W���R�I���W�K�H���P�D�S���U�H�S�U�H�V�H�Q�W�V���W�K�H���$���$�¶���W�U�D�Q�V�H�F�W�����I�R�U���Z�K�L�F�K���W�K�H���F�U�R�V�V���V�H�F�W�L�R�Q���L�V���V�K�R�Z�Q��

�L�Q���)�L�J�X�U�H�������������������� 
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�)�L�J�X�U�H�����������������0�R�G�L�I�L�H�G���J�H�R�O�R�J�L�F���P�D�S���R�I���W�K�H���3�L�Q�H���+�L�O�O���W�K�U�X�V�W���D�U�H�D�����D�G�D�S�W�H�G���I�U�R�P���%�H�G�U�R�F�N���*�H�R�O�R�J�L�F���0�D�S���R�I��
�9�H�U�P�R�Q�W�����5�D�W�F�O�L�I�I�H���H�W���D�O���������������E�������E�D�V�H�G���R�Q���G�H�W�D�L�O�H�G���V�W�U�X�F�W�X�U�D�O���G�D�W�D���F�R�O�O�H�F�W�H�G���G�X�U�L�Q�J���W�K�L�V���V�W�X�G�\���D�Q�G���/�L�'�$�5��
�L�P�D�J�H�V���� �5�R�F�N�� �X�Q�L�W�� �D�E�E�U�H�Y�L�D�W�L�R�Q�V�� �D�U�H�� �D�V�� �I�R�O�O�R�Z�V�����:�L�Q�R�R�V�N�L�� �'�R�O�R�P�L�W�H�� ���&�Z������ �,�U�D�� �)�R�U�P�D�W�L�R�Q�� ���2�L������ �'�D�O�W�R�Q��
�)�R�U�P�D�W�L�R�Q�� ���&�=�G������ �D�Q�G�� �0�H�V�R�S�U�R�W�H�U�R�]�R�L�F�� �E�D�V�H�P�H�Q�W�� �U�R�F�N�V�� ���<���$�J�������$�$�¶�� �U�H�S�U�H�V�H�Q�W�V�� �W�K�H���O�L�Q�H�� �R�I���F�U�R�V�V���V�H�F�W�L�R�Q��
�V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������������� 
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�������������*�H�R�O�R�J�L�F���&�U�R�V�V���V�H�F�W�L�R�Q���$�$�¶ 

�7�K�H�� �F�U�R�V�V�� �V�H�F�W�L�R�Q�� �R�I�� �W�K�H�� �3�L�Q�H�� �+�L�O�O�� �W�K�U�X�V�W�� �L�V�� �E�D�V�H�G�� �R�Q�� �I�L�H�O�G�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �D�Q�G�� �W�K�H��

�U�H�Y�L�V�H�G�� �J�H�R�O�R�J�L�F�D�O�� �P�D�S���� �7�K�H�� �J�H�R�O�R�J�L�F�� �F�U�R�V�V���V�H�F�W�L�R�Q�� ���)�L�J�X�U�H�� �������������� �V�K�R�Z�V�� �W�K�H�� �V�W�U�X�F�W�X�U�D�O��

�U�H�O�D�W�L�R�Q�V�K�L�S�V�� �E�H�W�Z�H�H�Q�� �P�D�M�R�U�� �O�L�W�K�R�O�R�J�L�F�� �X�Q�L�W�V�����7�K�H���3�L�Q�H�� �+�L�O�O�� �W�K�U�X�V�W���G�L�V�S�O�D�\�V�� �V�W�H�H�S�O�\�� �H�D�V�W��

�G�L�S�S�L�Q�J���I�D�X�O�W�V�� �W�K�D�W�� �S�O�D�F�H�G�� �&�D�P�E�U�L�D�Q�� �'�D�O�W�R�Q�� �)�R�U�P�D�W�L�R�Q�� �R�Y�H�U�� �W�K�H�� �8�S�S�H�U�� �2�U�G�R�Y�L�F�L�D�Q�� �,�U�D��

�)�R�U�P�D�W�L�R�Q���D�Q�G���:�L�Q�R�R�V�N�L���'�R�O�R�V�W�R�Q�H���� 

 
�)�L�J�X�U�H�� ���������������*�H�R�O�R�J�L�F�� �F�U�R�V�V���V�H�F�W�L�R�Q���$�±�$�•�� �D�F�U�R�V�V�� �W�K�H�� �3�L�Q�H�� �+�L�O�O�� �W�K�U�X�V�W�� �]�R�Q�H���� �V�R�X�W�K�H�U�Q���9�H�U�P�R�Q�W�����7�K�H�� �F�U�R�V�V��
�V�H�F�W�L�R�Q���V�K�R�Z�V���W�K�H���V�W�U�X�F�W�X�U�D�O���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���P�D�M�R�U���O�L�W�K�R�O�R�J�L�F���X�Q�L�W�V���K�L�J�K�O�L�J�K�W�L�Q�J���W�K�H���S�R�V�L�W�L�R�Q���R�I���W�K�H���3�L�Q�H��
�+�L�O�O���W�K�U�X�V�W���D�Q�G���V�D�P�S�O�H���O�R�F�D�W�L�R�Q�V���D�O�R�Q�J���W�K�H���W�U�D�Q�V�H�F�W�� 
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�7�D�E�O�H�� �������'�H�W�D�L�O�H�G�� �I�L�H�O�G�� �G�D�W�D�� �V�K�R�Z�L�Q�J�� �F�R�R�U�G�L�Q�D�W�H�V�� �D�Q�G�� �R�U�L�H�Q�W�D�W�L�R�Q�V�� �R�I�� �I�R�O�L�D�W�L�R�Q�V�� �D�Q�G�� �O�L�Q�H�D�W�L�R�Q�� �Z�L�W�K�� �W�K�H�L�U��
�U�H�V�S�H�F�W�L�Y�H���O�L�W�K�R�O�R�J�\���G�H�V�F�U�L�S�W�L�R�Q�����7�K�L�Q���V�H�F�W�L�R�Q���R�U�L�H�Q�W�D�W�L�R�Q�V���D�U�H���P�D�U�N�H�G���D�V���' �����F�X�W���S�D�U�D�O�O�H�O���W�R���I�R�O�L�D�W�L�R�Q�����R�U���; �����F�X�W��
�S�D�U�D�O�O�H�O���W�R���O�L�Q�H�D�W�L�R�Q�������)�R�O�L�D�W�L�R�Q���R�U�L�H�Q�W�D�W�L�R�Q�V���D�U�H���U�H�S�R�U�W�H�G���D�V���G�L�S���G�L�U�H�F�W�L�R�Q���G�L�S���D�Q�J�O�H�����'�'���'�$�������&�=�G���² ���'�D�O�W�R�Q��
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Quartz is fine-grained with grain boundaries that are mostly straight to gently 

curved, and the presence of uniform size of grains and subgrains suggests deformation via 

subgrain rotation recrystallization (SGR) (Figure 4.2.25). 
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The fieldwork study and microstructural analysis of thin section samples from 

transects across the Pine Hill thrust, where the lower Cambrian Dalton Formation and 

Precambrian basement rocks are mapped as thrust over the Upper Ordovician Ira 

Formation reveal at least three generations of foliation. However, it is important to keep 

in mind that the dominant foliation in the Ira Formation might not have formed at the 

same time as the dominant foliation seen in the Cambrian Dalton Formation; the same 

applies to Precambrian basement rocks. These formations were deposited in different 

geological time periods and were later deformed during subsequent orogenic events. 

Since the Cambrian Dalton and the Ordovician Ira formations represent different 

lithologies with their own tectonic histories, the dominant foliation (Sn) in the hanging 

wall Dalton Formation might not be equivalent to the Sn in the footwall Ira Formation. 

Each may represent a separate stage of deformation or could represent progressive 

deformation. It is also possible that they formed during the same orogenic event. For 

example, the Sn+1 foliations present in both formations represent the youngest foliations 

in each and might have developed during the same deformation phase. But we cannot 

confirm this without age constraints from geochronology dating. Based on this 

�X�Q�G�H�U�V�W�D�Q�G�L�Q�J���� �H�D�F�K�� �G�R�P�D�L�Q�¶�V�� �I�R�O�L�D�W�L�R�Q�� �K�L�V�W�R�U�\�� �Z�L�O�O�� �E�H�� �W�U�H�D�W�H�G�� �L�Q�G�H�S�H�Q�G�H�Q�W�O�\�� �D�Q�G�� �O�D�W�H�U��

correlated through absolute timing once 40Ar/39Ar age data become available.  
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Note: Bold text indicates the dominant foliation. S1 is regular text, S2 is italicized text, and S3 is 
italicized underscored. *Mica Cleavage is discrete cleavage domain defined by mica. 
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���������4�X�D�U�W�]���0�L�F�U�R�V�W�U�X�F�W�X�U�H�V���D�Q�G���'�H�I�R�U�P�D�W�L�R�Q���0�H�F�K�D�Q�L�V�P�V 

Quartz microstructures are observed across the Pine Hill thrust samples to provide 

insights into the temperature conditions attending deformation in the rocks. However, the 

presence of mica-rich domains in these rocks is carefully considered, as they can 

influence or hinder the development of deformation mechanisms within the quartz-rich 

domains.  

�������������4�X�D�U�W�]���0�L�F�U�R�V�W�U�X�F�W�X�U�H�V���$�Z�D�\���I�U�R�P���W�K�H���7�K�U�X�V�W���]�R�Q�H 

Samples from the Dalton Formation in the hanging wall (e.g., 24PH02A and 

24PH03A) located away from the thrust zone contain very fine-grained quartz with some 

localized larger quartz grains. The fine-grained quartz likely consists of a mix of 

very fine detrital silt and sand grains and the products of dynamic recrystallization. 

Larger old quartz grains are preserved as mantled porphyroclasts that show evidence for 

subgrain rotation recrystallization, as indicated by the aggregates of relatively small 

uniform sizes quartz grains domain between the old grains and with orientation are 

parallel to the composite S1 foliation (Figure 4.2.3, Figure 4.4.3). 

�������������4�X�D�U�W�]���0�L�F�U�R�V�W�U�X�F�W�X�U�H���&�O�R�V�H�U���W�R���W�K�H���7�K�U�X�V�W���=�R�Q�H 

�6�L�P�L�O�D�U�O�\�����V�D�P�S�O�H�V���W�K�D�W���D�U�H���P�D�U�J�L�Q�D�O�O�\���F�O�R�V�H�U���W�R���W�K�H���W�K�U�X�V�W���]�R�Q�H�����H���J�����������3�+�����&����

�����3�+�����$�����D�Q�G�������3�+�����$�����S�R�V�V�H�V�V���V�L�P�L�O�D�U���I�H�D�W�X�U�H�V�����E�X�W���L�W���D�S�S�H�D�U�V���D�V���L�I���W�K�H���O�D�U�J�H�� �T�X�D�U�W�]��

�S�R�U�S�K�\�U�R�F�O�D�V�W�V���D�U�H���F�R�P�S�O�H�W�H�O�\���U�H�S�O�D�F�H�G���E�\���Q�H�Z���J�U�D�L�Q�V���S�U�L�P�D�U�L�O�\���G�X�H���W�R���V�X�E�J�U�D�L�Q���U�R�W�D�W�L�R�Q��

�U�H�F�U�\�V�W�D�O�O�L�]�D�W�L�R�Q���D�V���P�R�V�W�� �R�I�� �W�K�H�� �V�D�P�S�O�H�V�� �D�U�H�� �H�[�K�L�E�L�W�L�Q�J�� �V�L�P�L�O�D�U�� �T�X�D�U�W�]�� �J�U�D�L�Q�� �V�L�]�H�V�� �D�Q�G��

�U�H�O�D�W�L�Y�H�O�\�� �V�W�U�D�L�J�K�W�� �J�U�D�L�Q�� �E�R�X�Q�G�D�U�L�H�V�� �Z�K�L�F�K�� �F�R�Q�I�L�U�P�V�� �W�K�H�� �G�R�P�L�Q�D�Q�W�� �V�X�E�J�U�D�L�Q�� �U�R�W�D�W�L�R�Q��
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�U�H�F�U�\�V�W�D�O�O�L�]�D�W�L�R�Q���L�Q���W�K�H���V�D�P�S�O�H�V�����0�D�Q�\���V�D�P�S�O�H�V���H�[�K�L�E�L�W���K�R�P�R�J�H�Q�H�R�X�V���I�O�D�W�W�H�Q�L�Q�J���R�I���J�U�D�L�Q�V��

�Z�L�W�K�L�Q���6�Q�����)�L�J�X�U�H�����������������)�L�J�X�U�H�������������������)�L�J�X�U�H�������������������� 

�0�H�D�Q�Z�K�L�O�H���� �V�D�P�S�O�H�V�� �I�U�R�P���W�K�H���W�K�U�X�V�W���]�R�Q�H�����H���J������ �����3�+�����$���������3�+�����$���������3�+�����$����

�D�Q�G�������3�+�����$�����U�D�U�H�O�\���F�R�Q�W�D�L�Q���D�Q�\���T�X�D�U�W�]���Z�L�W�K�L�Q���W�K�H�L�U���G�R�P�D�L�Q�V�����,�Q�V�W�H�D�G�����W�K�H�\���H�[�K�L�E�L�W���G�H�Q�V�H�O�\��

�S�D�F�N�H�G���J�U�R�Z�W�K���R�I���Q�H�Z���P�L�F�D�V���W�K�D�W���G�H�I�L�Q�H���W�K�H���F�O�H�D�Y�D�J�H�� 

�������������6�X�P�P�D�U�\���R�I���4�X�D�U�W�]���'�H�I�R�U�P�D�W�L�R�Q���0�H�F�K�D�Q�L�V�P�V 

Overall, the most prevalent common quartz deformation features observed across 

all transects is sub-grain rotation recrystallization (SGR). Quartz grains are mostly fine-

grained, equant to sub-equant, and show internal subgrains. Grain boundary migration 

(GBM) textures are locally preserved in sample distal from the thrust zone (e.g., 

24PH08A, Ira Formation). Also, bulging recrystallization is locally present in sample 

occurring at the boundaries of large detrital quartz grains (e.g., 24PH02A).  

Across all transects, there was no conclusive evidence of static recrystallization 

or recovery textures in quartz. The preservation of microstructures formed during 

dynamic recrystallization and absence of polygonal quartz textures with straight grain 

boundaries suggests relatively rapid cooling following deformation. Thus, quartz 

microstructures across the Pine Hill thrust support the moderate-temperature ductile 

deformation dominated by sub-grain rotation recrystallization, with local bulging and 

grain boundary migration recrystallization.  

�+�R�Z�H�Y�H�U���� �L�W�� �L�V�� �L�P�S�R�U�W�D�Q�W�� �W�R�� �Q�R�W�H�� �W�K�D�W�� �W�K�H�� �G�H�I�R�U�P�D�W�L�R�Q�� �R�E�V�H�U�Y�H�G�� �L�Q�� �T�X�D�U�W�]��

�P�L�F�U�R�V�W�U�X�F�W�X�U�H�V���L�V���L�Q�I�O�X�H�Q�F�H�G���E�\���V�W�U�D�L�Q���S�D�U�W�L�W�L�R�Q�L�Q�J���W�L�H�G���W�R���F�R�P�S�R�V�L�W�L�R�Q�D�O���Y�D�U�L�D�W�L�R�Q�����1�D�P�H�O�\����
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�L�Q�� �E�R�W�K�� �W�K�H�� �'�D�O�W�R�Q�� �D�Q�G�� �,�U�D�� �)�R�U�P�D�W�L�R�Q�V�����P�L�F�D�V�� �P�D�N�H�� �X�S�� �P�R�U�H�� �W�K�D�Q�� �������� �R�I�� �W�K�H�� �P�L�Q�H�U�D�O��

�D�V�V�H�P�E�O�D�J�H�����7�K�H���Z�H�D�N�H�U���S�K�\�O�O�R�V�L�O�L�F�D�W�H���U�L�F�K���F�R�P�S�R�V�L�W�L�R�Q���W�H�Q�G�V���W�R���G�R�P�L�Q�D�W�H���W�K�H���G�H�I�R�U�P�D�W�L�R�Q��

�E�H�K�D�Y�L�R�U���� �D�O�W�H�U�L�Q�J�� �V�W�U�D�L�Q�� �E�H�K�D�Y�L�R�U�� �R�I�� �T�X�D�U�W�]�� �G�R�P�D�L�Q�V�� �D�Q�G�� �L�Q�K�L�E�L�W�L�Q�J�� �G�\�Q�D�P�L�F��

�U�H�F�U�\�V�W�D�O�O�L�]�D�W�L�R�Q���� �D�V�� �V�P�D�O�O�� �D�P�R�X�Q�W�V�� �R�I�� �P�L�F�D�� �H�[�H�U�W�� �D�� �G�L�V�S�U�R�S�R�U�W�L�R�Q�D�W�H�� �L�Q�I�O�X�H�Q�F�H�� �R�Q�� �T�X�D�U�W�]��

�G�H�I�R�U�P�D�W�L�R�Q�� �I�D�E�U�L�F�V�����*�R�W�W�D�U�G�L�� �H�W�� �D�O������ �������������� �7�K�L�V�� �V�X�J�J�H�V�W�V�� �W�K�D�W�� �W�K�H�� �S�K�\�O�O�R�V�L�O�L�F�D�W�H�V�� �F�D�Q��

�O�R�F�D�O�L�]�H���R�U���S�D�U�W�L�W�L�R�Q���W�K�H���V�W�U�D�L�Q�����V�X�F�K���W�K�D�W���G�H�I�R�U�P�D�W�L�R�Q���D�F�F�X�P�X�O�D�W�H�V���S�U�L�P�D�U�L�O�\���L�Q���P�L�F�D���U�L�F�K��

�G�R�P�D�L�Q�V���L�Q�K�L�E�L�W�L�Q�J���G�\�Q�D�P�L�F���U�H�F�U�\�V�W�D�O�O�L�]�D�W�L�R�Q���L�Q���T�X�D�U�W�]���� 

�������������0�L�F�D���*�H�Q�H�U�D�W�L�R�Q�V 

Two generations of mica are identified in the samples from the study area. The 

first generation consists of muscovite grains aligned within the composite S1 foliation 

preserved within S2 microlithons. These micas are often poorly aligned and widely spaced 

in samples located away from the thrust zone (Figure 5.2.1a) but become more aligned 

and parallel to quartz domains in microlithons of S2, closer to the thrust zone (Figure 

5.2.1b). These observations are consistent with interpretations by Wilson (1984) who 

described the rotation and alignment of tabular minerals in shear zones. This pattern 

suggests that the early fabric formed under ductile conditions, where quartz and mica 

were folded prior to S2 foliation development.  

The second generation of mica forms the dominant foliation (S2) defined by 

dominant mica cleavage. This later phase is promoting mica growth and alignment of 

graphite in dominant foliation. The weaker alignment of quartz grains with the S2 foliation 

suggests that quartz deformation mechanisms were less active during this stage, possibly 

due to lower temperatures or strain localization in mica-rich domains. Strain appears to 



103 
 

be more concentrated in the S2 foliation within mica-rich domains. 

 
�)�L�J�X�U�H�����������������&�R�P�S�D�U�L�V�R�Q�� �R�I�� �P�L�F�D�� �R�U�L�H�Q�W�D�W�L�R�Q�V�� �L�Q�� �T�X�D�U�W�]�� �J�U�D�L�Q�V�������D�����S�R�R�U�O�\�� �D�O�L�J�Q�H�G���P�L�F�D�V�� �L�Q�� �V�D�P�S�O�H��
�����3�+�����$�;�����'�D�O�W�R�Q���)�R�U�P�D�W�L�R�Q�����D�Z�D�\���I�U�R�P���W�K�H���W�K�U�X�V�W���]�R�Q�H�������E�����D�O�L�J�Q�H�G���P�L�F�D�V���Q�H�D�U���W�K�H���W�K�U�X�V�W���]�R�Q�H���L�Q���V�D�P�S�O�H��
�����3�+�����&�' �����'�D�O�W�R�Q���)�R�U�P�D�W�L�R�Q���� 

���������3�R�U�S�K�\�U�R�E�O�D�V�W�V 

Porphyroblasts in the studied samples preserve evidence of foliation development 

relative to their growth stages that might link to distinct deformational events. In sample 

24PH09AX from the Ordovician Ira Formation, albite porphyroblasts display internal 

foliations that are highly oblique and discontinuous with the external S2 foliation, 

suggesting that albite grew after or during S1 and prior to S2 (Figure 4.5.5). Additionally, 

sample 24PH10AD, also from the Upper Ordovician Ira Formation, contains tourmaline 

porphyroblasts grown during development of the dominant foliations (S2) because the 

internal and external (S2) foliations are continuous with S2 having wider spacing within 

s t r a i n shadows, representing syntectonic tourmaline crystals in phyllite (Figure 4.5.8). 

The pre-tectonic metamorphic mineral growth is evident, with fault fabrics overgrowing 

poikiloblastic albite. This suggests chlorite to biotite metamorphic grade in the Pine Hill 

thrust showing evidence of pre- to syn-tectonic porphyroblasts overgrowths. 
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���������&�R�P�S�D�U�D�W�L�Y�H���$�Q�D�O�\�V�L�V���R�I���+�D�Q�J�L�Q�J���:�D�O�O�����)�R�R�W�Z�D�O�O�����D�Q�G���7�K�U�X�V�W���=�R�Q�H 

�7�K�L�V���V�H�F�W�L�R�Q���L�Q�W�H�J�U�D�W�H�V���I�L�H�O�G���D�Q�G���P�L�F�U�R�V�W�U�X�F�W�X�U�D�O���R�E�V�H�U�Y�D�W�L�R�Q�V���D�F�U�R�V�V���W�K�H���3�L�Q�H���+�L�O�O��

�W�K�U�X�V�W�� �W�R�� �F�R�P�S�D�U�H�� �G�H�I�R�U�P�D�W�L�R�Q�D�O�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �E�H�W�Z�H�H�Q�� �W�K�H�� �K�D�Q�J�L�Q�J�� �Z�D�O�O���� �I�R�R�W�Z�D�O�O���� �D�Q�G��

�W�K�H���L�P�P�H�G�L�D�W�H���W�K�U�X�V�W���]�R�Q�H�����)�L�J�X�U�H���������������� 

�������������+�D�Q�J�L�Q�J���:�D�O�O 

�7�K�H�� �K�D�Q�J�L�Q�J�� �Z�D�O�O�� �L�Q�F�O�X�G�H�V�� �E�R�W�K�� �W�K�H�� �&�D�P�E�U�L�D�Q�� �'�D�O�W�R�Q�� �)�R�U�P�D�W�L�R�Q�� �D�Q�G�� �W�K�H��

�3�U�H�F�D�P�E�U�L�D�Q�� �E�D�V�H�P�H�Q�W�� �U�R�F�N�V���� �&�D�P�E�U�L�D�Q�� �'�D�O�W�R�Q�� �)�R�U�P�D�W�L�R�Q�� �L�V�� �F�K�D�U�D�F�W�H�U�L�]�H�G�� �E�\�� �P�X�O�W�L�S�O�H��

�S�K�D�V�H�V���R�I���G�H�I�R�U�P�D�W�L�R�Q�����7�K�H���G�R�P�L�Q�D�Q�W���I�D�E�U�L�F�����6�������L�V���G�H�I�L�Q�H�G���E�\���V�S�D�F�H�G���D�Q�D�V�W�R�P�R�V�L�Q�J���P�L�F�D��

�F�O�H�D�Y�D�J�H�����7�K�H���F�R�P�S�R�V�L�W�H���6�����I�R�O�L�D�W�L�R�Q���L�V���S�U�H�V�H�U�Y�H�G���D�V���I�R�O�G�H�G���P�L�F�D���D�Q�G���T�X�D�U�W�]���G�R�P�D�L�Q�V���L�Q���6����

�P�L�F�U�R�O�L�W�K�R�Q�V�����,�Q���V�D�P�S�O�H�V���I�D�U�W�K�H�U���I�U�R�P���W�K�U�X�V�W���]�R�Q�H�����H���J�����������3�+�����$�������T�X�D�U�W�]���R�F�F�X�U�V���D�V���O�D�U�J�H�U��

�U�H�O�L�F�W���J�U�D�L�Q�V���S�D�U�W�L�D�O�O�\���V�X�U�U�R�X�Q�G�H�G���E�\���G�\�Q�D�P�L�F�D�O�O�\���U�H�F�U�\�V�W�D�O�O�L�]�H�G���I�L�Q�H�U���J�U�D�L�Q�V���G�H�Y�H�O�R�S�H�G���E�\��

�6�*�5�����0�H�D�Q�Z�K�L�O�H�����Q�H�D�U���W�K�H���W�K�U�X�V�W���]�R�Q�H�����F�R�P�S�R�V�L�W�H���6�����I�R�O�L�D�W�L�R�Q���D�U�H���V�W�U�R�Q�J�O�\���R�Y�H�U�S�U�L�Q�W�H�G���E�\��

�6�����Z�K�H�U�H���O�D�U�J�H���T�X�D�U�W�]���J�U�D�L�Q�V���D�U�H���D�O�P�R�V�W���H�Q�W�L�U�H�O�\���U�H�S�O�D�F�H�G���I�L�Q�H���D�Q�G���X�Q�L�I�R�U�P���G�R�P�L�Q�D�Q�W���6�*�5����

�$���V�S�D�F�H�G���F�U�H�Q�X�O�D�W�L�R�Q���F�O�H�D�Y�D�J�H���U�H�S�U�H�V�H�Q�W�L�Q�J���6�����L�V���Z�H�D�N�O�\���S�U�H�V�H�Q�W���L�Q���V�R�P�H���'�D�O�W�R�Q���V�D�P�S�O�H�V����

�V�X�J�J�H�V�W�L�Q�J���D���\�R�X�Q�J�H�U���G�H�I�R�U�P�D�W�L�R�Q���S�K�D�V�H���W�K�D�W���P�L�J�K�W���K�D�Y�H���I�R�U�P�H�G���D�W���W�K�H���V�D�P�H���W�L�P�H���Z�L�W�K���W�K�H��

�G�R�P�L�Q�D�Q�W���6�����I�R�O�L�D�W�L�R�Q�V���G�H�Y�H�O�R�S�H�G���L�Q���W�K�H���I�R�R�W�Z�D�O�O�� 

�0�H�D�Q�Z�K�L�O�H���� �W�K�H�� �3�U�H�F�D�P�E�U�L�D�Q�� �E�D�V�H�P�H�Q�W�� �U�R�F�N�V�� �G�L�V�S�O�D�\�� �V�W�U�R�Q�J�� �P�\�O�R�Q�L�W�L�F�� �I�D�E�U�L�F�V��
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�&�K�D�S�W�H�U���������&�R�Q�F�O�X�V�L�R�Q�V 

Three generations of foliation are observed. In both the hanging wall (Cambrian 

Dalton Fm) and the footwall (Upper Ordovician Ira Fm), S2 is the dominant foliation and 

a composite S1 foliation is locally preserved in S2 microlithons. S3, the youngest foliation, 

is a crenulation cleavage most intensely developed in samples along the fault zone. These 

data suggest multiple phases of motion of the Pine Hill thrust. Based on relative age 

relationships, S1, S2 and S3 foliations must be younger than the depositional age of the 

Upper Ordovician Ira Formation (< c. 455 Ma). 

The quartz microstructure across the thrust system is dominated by subgrain 

rotation recrystallization (SGR) with local evidence for both building recrystallization 

(BLG) and grain boundary migration (GBM). There is no conclusive evidence of 

extensive static recrystallization or recovery postdating S2 development. This confirms 

that the rock records moderate grade ductile deformation. However, it is to be noted that 

the sampled rocks are phyllites that are mica-rich domains which might inhibit quartz 

recrystallization as strain is localized in mica domains during deformation. 

The hanging wall and footwall phyllites share similar mineral assemblages and 

foliation patterns, while rocks within the thrust zone (black phyllite) are most intensely 

deformed and exhibit clear S3 overprinting with mica-rich fabrics and intersection 

lineation (L3) between S2 and S3 foliation. Tourmaline and albite porphyroblasts are 

present in shear zones preserving inclusion trails and strain shadows and indicate pre and 

syn tectonic growth helping to establish the relative timing of foliation development.  
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�����ƒ���� 

These findings suggest that the Pine Hill thrust is a steep, east-dipping reverse 

fault associated with the dominant S2 foliation. It appears that the S2 fault fabrics crosscut 

the older S1 fabric which might be associated with the Taconic fabric. Additionally, 

distinct S3 fabric are strongly developed in the Pine Hill thrust zone. The presence of this 

S3 fabric may have occurred either through the progressive overprinting of the dominant 

S2 foliation by the S3 fabric during a single-phase deformation, or through two distinct 

deformation events�² where the development of S2 and S3 occurred separately, and the 

well-developed S3 crenulation cleavage is likely associated with motion along the Pine 

Hill thrust during a later deformational event.  

The orientation of the S2 dominant foliation is similar in both the footwall and 

hanging wall of the Pine Hill thrust and consistent with the steep, east-dipping reactivated 

faults described by Luo et al. (2023), which are proposed as a potential major controls on 

the vertical displacement between two crustal blocks, known as the double Moho, 

observed beneath southern New England. Additionally, this work provides valuable 

context for integrating surface geology structures with results from New England Seismic 
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Transect (NEST) imaging of crustal and mantle lithospheric structure in the northern New 

England Appalachians. 

Overall, these results suggest a complex deformation history, possibly involving 

multiple phases of post-Taconic motion on the fault during subsequent orogenesis. The 

structural and microstructural data reveal that deformation is most intense within the 

immediate fault zone, where well-developed S3 crenulation cleavage and mica-rich shear 

fabrics overprint earlier foliations. In contrast, outcrops farther from the fault preserve 

weaker S3 fabric development. This study provides a framework that can be used to 

interpret data from forthcoming geochronologic analyses. This will help establish the 

timing of deformation and contribute to a better understanding of post-Taconic orogenic 

evolution in southern Vermont and the broader northern Appalachian orogen. 
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