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6 Geology in the Field
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�I�L�H�O�G���E�X�W���G�R�H�V���Q�R�W���D�G�Y�L�V�H���D�E�R�X�W���P�D�Q�\���V�S�H�F�L�I�L�F�V�����H�V�S�H�F�L�D�O�O�\���W�K�H���F�R�P�P�R�Q�V�H�Q�V�H��
�R�Q�H�V���W�K�D�W���P�D�\���E�H���L�P �S�R�U�W�D�Q�W���W�R���W�K�H���V�X�F�F�H�V�V���R�I���D���S�U�R�M�H�F�W���E�X�W���J�H�Q�H�U�D�O�O�\���P �X�V�W���E�H��
�W�U�L�H�G���D�Q�G���O�H�D�U�Q�H�G���L�Q���D�Q���L�Q�G�L�Y�L�G�X�D�O�¶�V���R�Z�Q���Z�D�\�����+�L�Q�W�V���W�K�D�W���Z�L�O�O���V�X�U�H�O�\���K�H�O�S���L�Q��
�W�K�L�V�� �U�H�J�D�U�G���Z�H�U�H���E�U�R�X�J�K�W���W�R�J�H�W�K�H�U���L�Q�� �D�Q���H�V�V�D�\���E�\���D�Q���H�[�S�H�U�W���I�L�H�O�G���J�H�R�O�R�J�L�V�W����
�6�����:�����0�X�O�O�H�U�������������������2�Q�H���V�X�J�J�H�V�W�L�R�Q���G�H�V�H�U�Y�H�V���H�P�S�K�D�V�L�V���� �)�L�H�O�G���J�H�R�O�R�J�\���L�V���O�H�D�U�Q�H�G��
�L�Q���W�K�H���I�L�H�O�G�����W�K�H�U�H�I�R�U�H���R�Q�H���P�X�V�W���J�R���W�K�H�U�H���D�V���V�R�R�Q���D�Q�G���D�V���I�U�H�T�X�H�Q�W�O�\���D�V���S�R�V�V�L�E�O�H��

�*�H�R�O�R�J�L�F���P�D�S�S�L�Q�J���L�V���D���J�R�R�G���Z�D�\���W�R���V�W�D�U�W���I�L�H�O�G���Z�R�U�N���E�H�F�D�X�V�H���L�W���L�V���U�H�D�V�R�Q�D�E�O�\��
�V�L�P�S�O�H���L�Q���F�R�Q�F�H�S�W�����$���P�D�S���F�D�Q���E�H���F�R�Q�V�W�U�X�F�W�H�G���I�U�R�P���D���E�O�D�Q�N���V�K�H�H�W���R�I���S�D�S�H�U�����E�X�W��
�X�V�X�D�O�O�\���D���W�R�S�R�J�U�D�S�K�L�F���P�D�S���R�U���D�Q���D�H�U�L�D�O���S�K�R�W�R�J�U�D�S�K���L�V���F�D�U�U�L�H�G���L�Q���W�K�H���I�L�H�O�G���W�R��
�V�H�U�Y�H���D�V���D���E�D�V�H���R�Q���Z�K�L�F�K���W�R���S�O�R�W���J�H�R�O�R�J�L�F���G�D�W�D�����0�D�S�S�L�Q�J���V�K�R�X�O�G���E�H���V�W�D�U�W�H�G���L�Q
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�D�Q�� �D�U�H�D�� �Z�K�H�U�H���U�R�F�N�� �X�Q�L�W�V���D�U�H���Z�H�O�O���H�[�S�R�V�H�G���D�Q�G���Z�K�H�U�H���W�K�H�L�U���V�H�T�X�H�Q�F�H���K�D�V��
�E�H�H�Q�� �U�H�F�R�Q�Q�R�L�W�H�U�H�G�� ���6�H�F�W�L�R�Q�� ������������ �$�V�� �U�R�F�N�� �X�Q�L�W�V�� �D�Q�G�� �R�W�K�H�U�� �I�H�D�W�X�U�H�V�� �D�U�H��
�H�Q�F�R�X�Q�W�H�U�H�G�����W�K�H�L�U���H�[�D�F�W���S�R�V�L�W�L�R�Q�V���D�U�H���O�R�F�D�W�H�G���D�Q�G���P�D�U�N�H�G���E�\���D���S�R�L�Q�W�����D���O�L�Q�H����
�R�U���D���F�O�R�V�H�G���I�R�U�P�����7�K�H���O�R�F�D�O�L�W�L�H�V���D�U�H���Q�X�P�E�H�U�H�G���L�Q���R�U�G�H�U���W�R���U�H�O�D�W�H���W�K�H�P���W�R���I�L�H�O�G��
�Q�R�W�H�V���W�K�D�W���G�H�V�F�U�L�E�H���W�K�H���I�H�D�W�X�U�H�V�����,�I���V�W�U�X�F�W�X�U�H�V���D�U�H���P�H�D�V�X�U�H�G�����V�X�F�K���D�V���V�W�U�L�N�H��
�D�Q�G���G�L�S���R�I���E�H�G�G�L�Q�J�����D���V�W�U�X�F�W�X�U�H���V�\�P�E�R�O���L�V���S�O�R�W�W�H�G���R�Q���W�K�H���P�D�S�����7�K�L�V���L�V���G�R�Q�H���D�W��
�R�Q�F�H���V�R���W�K�D�W���W�K�H���V�\�P�E�R�O���F�D�Q���E�H���F�K�H�F�N�H�G���D�J�D�L�Q�V�W���W�K�H���R�X�W�F�U�R�S�����D�Q�G���W�R���V�H�H���V�W�U�X�F��
�W�X�U�D�O���U�H�O�D�W�L�R�Q�V���G�H�Y�H�O�R�S���D�V���V�R�R�Q���D�V���S�R�V�V�L�E�O�H�����:�K�H�U�H���D���O�R�F�D�O�L�W�\���H�[�S�R�V�H�V���D���F�R�Q�W�D�F�W��
�V�X�U�I�D�F�H�� ���L�Q�W�H�U�I�D�F�H���� �E�H�W�Z�H�H�Q�� �W�Z�R�� �U�R�F�N�� �E�R�G�L�H�V���� �D�� �O�L�Q�H�� �L�V�� �G�U�D�Z�Q�� �R�Q� � � W� K� H� � � P� D� S� �
�G�H�S�L�F�W�L�Q�J���D���V�F�D�O�H�G���G�R�Z�Q���F�R�S�\���R�I���W�K�H���F�R�Q�W�D�F�W�¶�V���W�U�D�F�H���D�F�U�R�V�V���W�K�H���J�U�R�X�Q�G�����)�D�X�O�W�V��
�D�Q�G���I�R�O�G���K�L�Q�J�H�V���D�U�H���H�[�D�P�S�O�H�V���R�I���R�W�K�H�U���V�W�U�X�F�W�X�U�H�V���W�K�D�W���D�U�H���P�D�S�S�H�G���D�V���O�L�Q�H�V����
�/�R�F�D�O�L�W�L�H�V�� �R�I�� �F�R�O�O�H�F�W�H�G�� �I�R�V�V�L�O�V���� �U�R�F�N�V���� �R�U�� �P�L�Q�H�U�D�O�V�� �D�U�H�� �S�O�R�W�W�H�G���� �D�V�� �D�U�H�� �V�L�W�H�V��
�Z�K�H�U�H���S�K�R�W�R�J�U�D�S�K�V���D�U�H���W�D�N�H�Q���R�U���Z�K�H�U�H���G�U�D�Z�L�Q�J�V���D�U�H���H�Q�W�H�U�H�G���L�Q���W�K�H���Q�R�W�H�V���W�R��
�U�H�F�R�U�G���V�W�U�X�F�W�X�U�D�O���U�H�O�D�W�L�R�Q�V���W�R�R���V�P�D�O�O���R�U���W�R�R���F�R�P�S�O�H�[���W�R���P�D�S���W�R���V�F�D�O�H�����,�Q���V�K�R�U�W����
�W�K�H�� �P�D�S�� �E�H�F�R�P�H�V�� �D�� �S�L�F�W�X�U�H�� �R�I�� �W�K�H�� �I�R�U�P�D�W�L�R�Q�V�� �D�Q�G�� �V�W�U�X�F�W�X�U�H�V�� �W�K�D�W� � �F�D�Q� � �E�H� �
�G�U�D�Z�Q�� �W�R�� �V�F�D�O�H�� �D�V�� �Z�H�O�O�� �D�V�� �D�� �J�H�R�J�U�D�S�K�L�F�� �U�H�F�R�U�G�� �R�I�� �D�O�O�� �R�W�K�H�U�� �G�D�W�D�� �D�Q�G�� �L�G�H�D�V��
�U�H�F�R�U�G�H�G���� �7�K�H�� �P�D�S�� �Z�L�O�O�� �E�H�� �H�D�V�L�H�U�� �W�R�� �U�H�D�G�� �L�I�� �W�K�H�� �P�D�S�S�H�G�� �X�Q�L�W�V�� �D�U�H�� �F�R�O�R�U�H�G��
�O�L�J�K�W�O�\�����D�Q�G���W�K�H���U�H�F�R�U�G�H�G���Q�R�W�H�V���Z�L�O�O���E�H���H�D�V�L�H�U���W�R���X�V�H���L�I���R�U�J�D�Q�L�]�H�G�����G�D�W�H�G�����D�Q�G��
�S�D�J�L�Q�D�W�H�G���Z �L�W�K�� �V�W�U�L�F�W���F�R�Q�V�L�V�W�H�Q�F�\��

�0�D�S�S�L�Q�J���L�V���O�L�N�H�O�\���W�R���E�H���H�[�S�O�R�U�D�W�R�U�\���D�Q�G���G�H�O�L�E�H�U�D�W�H���X�Q�W�L�O���W�K�H���S�U�L�Q�F�L�S�D�O���U�R�F�N�V���K�D�Y�H��
�E�H�F�R�P�H���I�D�P�L�O�L�D�U���D�Q�G���P�D�S�S�L�Q�J���X�Q�L�W�V���K�D�Y�H���E�H�H�Q���W�H�V�W�H�G���D�Q�G���S�U�R�Y�H�Q�����9�L�V�L�W�V���W�R���Q�H�D�U�E�\��
�P�D�S�S�H�G���D�U�H�D�V���D�Q�G���W�R���W�\�S�H���V�H�F�W�L�R�Q�V���R�I���I�R�U�P�D�W�L�R�Q�V���P�D�\���E�H���Q�H�H�G�H�G���W�R���F�R�P�S�O�H�W�H���W�K�L�V��
�V�H�O�H�F�W�L�R�Q���� �:�K�H�Q�� �P�D�S�S�L�Q�J�� �E�H�F�R�P�H�V�� �P�R�U�H�� �U�D�S�L�G�� �D�Q�G�� �V�\�V�W�H�P�D�W�L�F���� �L�W�� �V�K�R�X�O�G�� �E�H��
�G�L�U�H�F�W�H�G�� �W�R�Z�D�U�G�� �S�D�U�W�V�� �R�I���W�K�H�� �D�U�H�D�� �W�K�D�W�� �V�H�H�P�� �P�R�V�W�� �O�L�N�H�O�\�� �W�R�� �U�H�V�R�O�Y�H�� �W�K�H�� �S�U�R�M�H�F�W�¶�V��
�P�D�M�R�U�� �T�X�H�V�W�L�R�Q�V���� �$�V�� �S�D�U�W�V�� �R�I�� �W�K�H�� �D�U�H�D�� �D�U�H�� �P�R�U�H�� �R�U�� �O�H�V�V�� �F�R�P�S�O�H�W�H�G���� �W�K�H�\�� �F�D�Q�� �E�H��
�F�K�H�F�N�H�G�� �E�\���F�R�Q�V�W�U�X�F�W�L�Q�J���F�U�R�V�V�� �V�H�F�W�L�R�Q�V�� �W�K�U�R�X�J�K�� �W�K�H�P���� �5�H�F�H�V�V�H�V�� �P�D�\�� �E�H�� �Q�H�H�G�H�G��
�W�R���G�R���O�D�E�R�U�D�W�R�U�\���Z�R�U�N���R�Q���F�U�L�W�L�F�D�O���I�R�V�V�L�O�V���R�U���U�R�F�N�V��

�� �P �X�V�W�� �E�H�� �G�R�Q�H�� �U�R�X�W�L�Q�H�O�\�� �G�X�U�L�Q�J���H�Y�H�Q�L�Q�J�V�� �R�U��
�R�Q���D�Q�� �R�F�F�D�V�L�R�Q�D�O�� �R�I�I�L�F�H�� �G�D�\���� �’ �D�W�D�� �D�U�H�� �W�U�D�Q�V�I�H�U�U�H�G�� �I�U�H�T�X�H�Q�W�O�\�� �I�U�R�P�� �V�H�S�D�U�D�W�H���I�L�H�O�G��
�V�K�H�H�W�V�� �R�U�� �D�H�U�L�D�O�� �S�K�R�W�R�J�U�D�S�K�V�� �W�R�� �D�Q�� �R�Y�H�U�D�O�O�� �E�D�V�H�� �P�D�S���� �D�Q��office map �Z�K�L�F�K��
�L�V�� �F�R�O�R�U�H�G�� �O�L�J�K�W�O�\�� �W�R�� �H�P�S�K�D�V�L�]�H�� �W�K�H�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �U�R�F�N�� �X�Q�L�W�V���D�Q�G��
�V�W�U�X�F�W�X�U�H�V���� �7�K�H�� �W�U�D�Q�V�I�H�U�U�L�Q�J�� �L�V�� �G�R�Q�H�� �I�U�H�T�X�H�Q�W�O�\�� �L�Q�� �R�U�G�H�U�� �W�R�� �V�H�H�� �W�K�H�� �J�H�R�O�R�J�\��
�G�H�Y�H�O�R�S�� �F�R�Q�F�X�U�U�H�Q�W�O�\�� �Z�L�W�K�� �I�L�H�O�G�� �P�D�S�S�L�Q�J���� �D�Q�G�� �W�K�H�U�H�E�\�� �N�H�H�S�� �W�K�H�� �S�U�R�M�H�F�W��
�P�R�Y�L�Q�J�� �D�K�H�D�G�� �D�V�� �S�O�D�Q�Q�H�G���� �2 �W�K�H�U�� �L�P�S�R�U�W�D�Q�W�� �U�R�X�W�L�Q�H�V�� �D�U�H�� �W�R�� �U�H�D�G�� �I�L�H�O�G�� �Q�R�W�H�V�� �D�Q�G��
�V�W�X�G�\�� �W�K�H�� �P�D�S���D�Q�G�� �U�R�F�N���V�D�P�S�O�H�V�� �W�R�J�H�W�K�H�U���L�Q�� �R�U�G�H�U���W�R���H�[�D�P�L�Q�H�� �U�H�F�H�Q�W���G�L�V�F�R�Y�H�U�L�H�V��
�D�Q�G�� �W�K�L�Q�N�� �R�Y�H�U���J�H�R�O�R�J�L�F�� �S�X�]�]�O�H�V���� �7�K�H�V�H�� �U�H�Y�L�H�Z�V�� �D�U�H�� �W�K�H�� �E�D�V�L�V�� �I�R�U�� �S�O�D�Q�Q�L�Q�J�� �W�K�H��
�I�L�H�O�G���V�W�U�D�W�H�J�L�H�V���R�I���W�K�H���Q�H�[�W���I�H�Z���G�D�\�V���R�U���Z�H�H�N�V�����7�K�H�\���D�O�V�R���L�Q�V�X�U�H���W�K�D�W�� �W�K�H�� �S�U�R�M�H�F�W��
�Z�L�O�O�� �S�U�R�F�H�H�G���D�V���R�U�L�J�L�Q�D�O�O�\�� �L�Q�W�H�Q�G�H�G�����6�H�F�W�L�R�Q�� ����������

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

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

�0�H�F�K�D�Q�L�F�D�O���R�S�H�U�D�W�L�R�Q�V���L�Q�F�O�X�G�H���L�Q�N�L�Q�J���Q�R�W�H���Q�X�P�E�H�U�V���D�Q�G���V�W�U�X�F�W�X�U�H���V�\�P��
�E�R�O�V�� �R�Q�� �I�L�H�O�G�� �V�K�H�H�W�V���R�U���S�K�R�W�R�J�U�D�S�K�V���� �&�R�Q�W�D�F�W�V���� �I�D�X�O�W�V���� �D�Q�G���I�R�O�G���K�L�Q�J�H���O�L�Q�H�V��
�P�D�\�� �D�O�V�R�� �E�H�� �L�Q�N�H�G�� �Z�K�H�Q�� �W�K�H�\�� �V�H�H�P�� �W�R�� �E�H�� �U�H�V�R�O�Y�H�G���� �)�D�X�O�W�V�� �D�U�H�� �F�R�P�P�R�Q�O�\��
�L�Q�N�H�G���E�\���W�K�L�Q���F�R�O�R�U�H�G���O�L�Q�H�V���U�D�W�K�H�U���W�K�D�Q���W�K�H���V�W�D�Q�G�D�U�G���W�K�L�F�N���E�O�D�F�N���O�L�Q�H�V�����Z�K�L�F�K��
�P�D�\���F�R�Y�H�U���W�R�S�R�J�U�D�S�K�L�F���G�H�W�D�L�O���� �5�R�F�N���D�Q�G���I�R�V�V�L�O�� �V�D�P�S�O�H�V���V�K�R�X�O�G���E�H���F�K�H�F�N�H�G��
�D�I�W�H�U�� �H�D�F�K�� �G�D�\�¶�V�� �Z�R�U�N�� �W�R�� �E�H�� �V�X�U�H�� �W�K�H�L�U�� �O�D�E�H�O�V�� �D�U�H�� �O�H�J�L�E�O�H���� �,�I�� �V�D�P�S�O�H�V�� �D�U�H��
�V�H�J�U�H�J�D�W�H�G���S�H�U���X�Q�L�W���� �W�K�H�\���F�D�Q���E�H���U�H�H�[�D�P�L�Q�H�G���H�D�V�L�O�\���Z�K�H�Q���Z �U�L�W�L�Q�J���G�H�V�F�U�L�S��
�W�L�R�Q�V���R�I���X�Q�L�W�V���R�U���F�R�Q�V�L�G�H�U�L�Q�J���S�U�R�E�O�H�P�V��

�/�D�W�H���L�Q���W�K�H���I�L�H�O�G���V�W�X�G�\�����T�X�H�V�W�L�R�Q�D�E�O�H���I�D�X�O�W�V�����X�Q�F�R�Q�I�R�U�P�L�W�L�H�V�����D�Q�G���L�Q�W�U�X�V�L�Y�H��
�F�R�Q�W�D�F�W�V���V�K�R�X�O�G���E�H���U�H�H�[�D�P�L�Q�H�G�����6�S�H�F�L�I�L�F���N�L�Q�G�V���R�I���G�D�W�D���R�U���V�D�P�S�O�H�V���P�D�\���D�O�V�R��
�K�D�Y�H���W�R���E�H���D�X�J�P�H�Q�W�H�G�����&�R�P�P�R�Q�O�\�����W�K�H���P�R�U�H���L�Q�W�H�Q�V�L�Y�H���S�D�U�W�V���R�I���W�K�H���V�W�X�G�\���D�U�H��
�H�[�S�D�Q�G�H�G���G�X�U�L�Q�J���D���V�H�F�R�Q�G���I�L�H�O�G���V�H�D�V�R�Q�����R�U���D�I�W�H�U���O�D�E�R�U�D�W�R�U�\���R�U���R�I�I�L�F�H���V�W�X�G�\���R�I��
�G�D�W�D���D�Q�G���V�D�P�S�O�H�V�����6�D�P�S�O�H�V���I�R�U���Q�X�P�H�U�L�F�D�O���D�J�H���G�H�W�H�U�P�L�Q�D�W�L�R�Q�V���V�K�R�X�O�G���Q�R�W���E�H��
�V�H�O�H�F�W�H�G���X�Q�W�L�O���I�L�H�O�G���Z�R�U�N���K�D�V���H�V�W�D�E�O�L�V�K�H�G���W�K�H���H�Y�H�Q�W�V���W�K�D�W���Z�L�O�O���E�H���G�D�W�H�G��

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

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

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

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

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

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

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







Spring clips

Fold or 
cloth hinge 
in cardboard 
cover

Map or aerial 
photograph

Sheets of 
notepaper
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�W�R���I�U�H�H���I�R�V�V�L�O�V�� �R�U�� �V�S�H�F�L�I�L�F�� �P�L�Q�H�U�D�O�� �V�D�P�S�O�H�V�� �I�U�R�P�� �Q�R�Q�I�R�O�L�D�W�H�G�� �U�R�F�N�V���� �$��pocket��
knife �L�V���X�V�H�G���I�R�U���F�X�W�W�L�Q�J���V�X�L�W�D�E�O�H���P�D�W�H�U�L�D�O�V���U�D�W�K�H�U���W�K�D�Q���S�U�\�L�Q�J���D�Q�G���V�F�U�D�W�F�K�L�Q�J��
�U�R�F�N�V���� �Z�K�L�F�K�� �Z�L�O�O���V�S�R�L�O�� �W�K�H���E�O�D�G�H���� �6�F�U�D�W�F�K�� �W�H�V�W�V���F�D�Q���E�H���P�D�G�H���Z �L�W�K���D���V�K�D�U�S��
steel needle���� �Z�K�L�F�K�� �P�D�\���E�H���P�R�X�Q�W�H�G���S�H�U�P�D�Q�H�Q�W�O�\���D�V���I�R�O�O�R�Z�V���� ���������F�X�W���D�������L�Q����
���������F�P�����S�L�H�F�H���I�U�R�P���D���J�U�H�H�Q���V�D�S�O�L�Q�J���E�U�D�Q�F�K���D�V���W�K�L�F�N���D�V���D���K�H�D�Y�\���S�H�Q�F�L�O�������������F�X�W���D��
�Q�H�H�G�O�H���L�Q���K�D�O�I���Z �L�W�K���D���S�D�L�U���R�I���S�O�L�H�U�V�������������K�R�O�G�L�Q�J���L�W���L�Q���W�K�H���S�O�L�H�U�V�����I�R�U�F�H���W�K�H���F�X�W��
�H�Q�G�� �D�E�R�X�W�� ���� �F�P�� �L�Q�W�R���W�K�H�� �S�L�H�F�H���R�I���V�D�S�O�L�Q�J���� �D�Q�G�� ���������D�G�G���D���F�D�S���H�U�D�V�H�U���W�K�D�W���Z�L�O�O���F�R�Y�H�U��
�W�K�H���Q�H�H�G�O�H���D�Q�G���I�L�W�� �V�Q�X�J�J�O�\���R�Q�� �W�K�H���V�D�S�O�L�Q�J�����)�L�J���� ������%

�$��map holder �P �X�V�W�� �E�H�� �O�D�U�J�H�� �H�Q�R�X�J�K�� �W�R�� �F�D�U�U�\�� ���� �;�� ���� �L�Q���� �������� �;�� ������ �F�P���� �D�H�U�L�D�O��
�S�K�R�W�R�J�U�D�S�K�V�� �D�Q�G�� �V�K�R�X�O�G�� �E�H�� �P�D�G�H�� �R�I�� �P�D�V�R�Q�L�W�H�� �U�D�W�K�H�U�� �W�K�D�Q�� �P�H�W�D�O�� ���Z�K�L�F�K�� �L�V��
�X�Q�F�R�P�I�R�U�W�D�E�O�H���W�R���F�D�U�U�\�����R�U���S�O�D�V�W�L�F�����Z�K�L�F�K�� �P�D�\���E�U�H�D�N���Z�K�H�Q���F�R�O�G�������)�L�J���� �������������7�K�H��
�V�D�P�H�� �K�R�O�G�H�U�� �F�D�Q�� �E�H�� �X�V�H�G�� �I�R�U�� �������� �;�� ������ �L�Q���� ������������ �;�� ���������� �F�P���� �U�X�O�H�G�� �S�D�S�H�U���V�K�H�H�W�V��
�I�R�U���I�L�H�O�G���Q�R�W�H�V�����Z�K�L�F�K���D�U�H���S�O�D�F�H�G���R�Y�H�U���W�K�H���D�H�U�L�D�O���S�K�R�W�R�J�U�D�S�K���R�U���P�D�S�������)�L�H�O�G�� �Q�R�W�H�V��
�P�D�\�� �D�O�V�R�� �E�H�� �W�D�N�H�Q�� �L�Q�� �D�� �V�H�S�D�U�D�W�H��field notebook���� �Z�K�L�F�K�� �F�D�Q�� �E�H���R�E�W�D�L�Q�H�G���L�Q���V�L�]�H�V��
�V�P�D�O�O���H�Q�R�X�J�K�����D�E�R�X�W�����������;�������L�Q�������W�R���I�L�W���L�Q���D���O�D�U�J�H���S�R�F�N�H�W�����2�U���L�W���P�D�\���E�H���S�U�H�I�H�U�D�E�O�H���W�R��
�W�D�N�H�� �Q�R�W�H�V�� �L�Q�� �D�� �V�P�D�O�O�� �O�R�R�V�H���O�H�D�I�� �Q�R�W�H�E�R�R�N�� �Z�K�L�F�K�� �L�V�� �F�D�U�U�L�H�G�� �L�Q�� �D�� �O�H�D�W�K�H�U�� �F�D�V�H�� �R�Q��
�R�Q�H�¶�V�� �E�H�O�W���� �(�Q�J�L�Q�H�H�U�V�¶�� �I�L�H�O�G�� �E�R�R�N�V�� �D�Q�G�� �O�H�Y�H�O�� �E�R�R�N�V�� �D�U�H���D�Y�D�L�O�D�E�O�H���Z �L�W�K���K�L�J�K���U�D�J��
�R�U�� �Z�D�W�H�U�S�U�R�R�I�� �S�D�S�H�U�V���� �Z�K�L�F�K�� �D�U�H�� �H�V�V�H�Q�W�L�D�O�� �I�R�U�� �Q�R�W�H���� �W�D�N�L�Q�J�� �L�Q�� �Z�H�W���F�R�Q�G�L�W�L�R�Q�V���� �,�I��
�V�H�S�D�U�D�W�H�� �V�K�H�H�W�V�� �D�U�H�� �X�V�H�G���� �D�V�� �L�Q�� �W�K�H�� �P�D�S�� �K�R�O�G�H�U�� �V�K�R�Z�Q�� �L�Q�� �)�L�J���� ���������� �K�H�D�Y�\�� �O�H�G�J�H�U��
�S�D�S�H�U�� �R�I�� �W�R�S�� �T�X�D�O�L�W�\�� �V�K�R�X�O�G�� �E�H�� �X�V�H�G�� �L�Q�� �Z�H�W�� �R�U�� �Y�H�U�\�� �G�U�\�� �F�O�L�P�D�W�H�V�� ���W�K�H�� �O�D�W�W�H�U��
�H�Y�H�Q�W�X�D�O�O�\���F�D�X�V�H�V���O�L�J�K�W�����L�Q�H�[�S�H�Q�V�L�Y�H���S�D�S�H�U�V���W�R���G�L�V�L�Q�W�H�J�U�D�W�H����

Pencils �D�Q�G��pens �D�U�H�� �X�V�H�G�� �I�R�U�� �S�O�R�W�W�L�Q�J�� �G�D�W�D�� �R�Q�� �P�D�S�V�� �R�U�� �S�K�R�W�R�J�U�D�S�K�V���� �I�R�U��
�W�D�N�L�Q�J���I�L�H�O�G���Q�R�W�H�V�����D�Q�G���I�R�U���P �D�U�N�L�Q�J���V�D�P�S�O�H�V�����7�K�H���R�Q�H���X�V�H�G���I�R�U���S�O�R�W�W�L�Q�J���R�Q���D���E�D�V�H��
�P�D�S�� �P �X�V�W�� �P�D�N�H�� �I�L�Q�H�� �O�L�Q�H�V�� �W�K�D�W�� �D�U�H�� �H�D�V�L�O�\�� �Y�L�V�L�E�O�H���� �Z�L�O�O�� �Q�R�W�� �V�P�X�G�J�H���� �D�Q�G�� �D�U�H��
�H�U�D�V�D�E�O�H���� �7�K�H���F�K�R�L�F�H���Z�L�O�O���Y�D�U�\���Z �L�W�K���W�K�H���F�O�L�P�D�W�H���D�Q�G���W�K�H���R�S�H�U�D�W�R�U���E�X�W���L�V���J�H�Q�H�U�D�O�O�\��
�D�� �Z�H�O�O���V�K�D�U�S�H�Q�H�G�� �S�H�Q�F�L�O�� �R�I�� �D�E�R�X�W�� ���+�� �K�D�U�G�Q�H�V�V���� �0�D�S�S�L�Q�J�� �R�Q�� �S�O�D�V�W�L�F���� �E�D�V�H��
�S�K�R�W�R�J�U�D�S�K�V�� �V�X�F�K�� �D�V�� �W�K�R�V�H�� �F�X�U�U�H�Q�W�O�\�� �V�X�S�S�O�L�H�G�� �E�\�� �W�K�H�� �8���6���� �*�H�R�O�R�J�L�F�D�O�� �6�X�U�Y�H�\��
���6�H�F�W�L�R�Q�������������U�H�T�X�L�U�H�V���D�����S�R�L�Q�W�H�G���L�Q�N���I�O�R�Z���S�H�Q�����D�V���D���3�L�O�R�W��ultra-��fine-point, 
permanent����S&�8)������ �5�H�G�� �R�U�� �J�U�H�H�Q�� �S�H�Q�V�� �P�D�U�N�� �E�O�D�F�N�� �D�Q�G�� �Z�K�L�W�H �S�K�R�W�R�J�U�D�S�K�V��
�P�R�U�H���O�H�J�L�E�O�\���W�K�D�Q���E�O�D�F�N���R�U���E�O�X�H���S�H�Q�V�����3�H�Q�V���V�K�R�X�O�G���E�H���W�H�V�W�H�G���R�Q

/ightZeight hoOder Ior carrying Paps, aeriaO photographs, and ��� ; �� in� 
notepaper�
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�S�K�R�W�R�J�U�D�S�K�V�� �E�H�I�R�U�H�� �W�K�H�� �I�L�H�O�G�� �V�H�D�V�R�Q��� � �D�Q�G�� �V�K�R�X�O�G�� �P�D�N�H�� �D�� �I�L�Q�H��� � �H�Y�H�Q�� �O�L�Q�H�� �W�K�D�W���F�D�Q�� 
�E�H�� �Z�L�S�H�G�� �R�I�I�� �W�K�H�� �S�K�R�W�R�J�U�D�S�K�� �Z �L�W�K�� �D�� �P�R�L�V�W�� �S�L�H�F�H�� �R�I�� �F�O�R�W�K�� �R�U�� �D�� �P�R�L�V�W�H�Q�H�G�� �V�R�I�W�� 
�H�U�D�V�H�U��� � �7�K�H�V�H���H�U�D�V�X�U�H�V� � �V�K�R�X�O�G� � �Q�R�W� � �G�D�P�D�J�H� � �W�K�H���S�K�R�W�R�J�U�D�S�K� � �L�I���P�D�G�H� � �Z�L�W�K�L�Q� � �D�� �G�D�\���� 
�D�Q�G�� �V�K�R�X�O�G�� �G�D�P�D�J�H�� �L�W�� �R�Q�O�\�� �V�O�L�J�K�W�O�\�� �L�I�� �P�D�G�H���D�W�� �D�� �O�D�W�H�U�� �W�L�P�H���� �,�Q�N���I�O�R�Z���S�H�Q�V���Z�L�W�K�� 
�V�W�D�Q�G�D�U�G�����P�R�G�H�U�D�W�H�O�\���W�K�L�F�N���� �S�R�L�Q�W�V���D�U�H���X�V�H�G���I�R�U���P�D�U�N�L�Q�J���U�R�F�N���R�U���I�R�V�V�L�O�� �V�D�P�S�O�H�V���� 
�$�� �S�H�Q�F�L�O�� �R�U�� �E�D�O�O���S�R�L�Q�W�� �S�H�Q�� �X�V�H�G�� �I�R�U�� �Q�R�W�H���W�D�N�L�Q�J� � �P �X�V�W�� �P�D�N�H�� �H�D�V�L�O�\� � �O�H�J�L�E�O�H�� �F�R�S�\�� 
�W�K�D�W� � �L�V� � �Z�D�W�H�U�S�U�R�R�I���D�Q�G� � �Z�L�O�O� � �Q�R�W� � �V�P�X�G�J�H��� � �6�H�Y�H�U�D�O� � �H�[�W�U�D� � �V�H�W�V� � �R�I� � �S�H�Q�F�L�O�V�� �D�Q�G�� �S�H�Q�V�� 
�V�K�R�X�O�G� � �E�H� � �D�Y�D�L�O�D�E�O�H� � �L�Q�� �W�K�H� � �I�L�H�O�G� � �F�D�P�S� � �D�Q�G� � �D�Q�� �H�[�W�U�D�� �V�H�W� � �V�K�R�X�O�G�� �E�H� � �F�D�U�U�L�H�G� � �L�Q�� �W�K�H�� 
�N�Q�D�S�V�D�F�N��

�$�� scale���� �X�V�H�G�� �I�R�U�� �P �H�D�V�X�U�L�Q�J�� �I�H�D�W�X�U�H�V�� �R�U�� �O�D�\�L�Q�J�� �R�I�I�� �G�L�V�W�D�Q�F�H�V�� �R�Q�� �P�D�S�V�� �D�Q�G�� 
�S�K�R�W�R�J�U�D�S�K�V���� �V�K�R�X�O�G�� �K�D�Y�H�� �I�L�Q�H���� �G�L�V�W�L�Q�F�W���J�U�D�G�X�D�W�L�R�Q�� �P �D�U�N�V�� �W�K�D�W�� �D�U�H���H�T�X�L�Y�D�O�H�Q�W�� �W�R�� 
�H�Y�H�Q���L�Q�F�U�H�P�H�Q�W�V���D�W���W�K�H���P�D�S���V�F�D�O�H���X�V�H�G�����7�K�H���H�Q�J�L�Q�H�H�U�¶�V���������V�F�D�O�H�����I�R�U���H�[�D�P�S�O�H��� � �K�D�V�� 
�G�L�Y�L�V�L�R�Q�V���H�T�X�D�O���W�R�����������I�W���R�Q���P�D�S�V���R�I�� ������������������������ �L�Q����� �������������I�W�������D�Q�G���D���P�L�O�O�L�P�H�W�H�U�� 
�V�F�D�O�H� � �F�R�U�U�H�V�S�R�Q�G�V� � �W�R� � �H�Y�H�Q� � �X�Q�L�W�V� � �R�Q� � �D� � �P�H�W�U�L�F� � �P�D�S��� � �$� � �V�F�D�O�H� � ��� � �L�Q��� � �������� �F�P���� �O�R�Q�J� � �L�V�� 
�D�G�H�T�X�D�W�H���I�R�U���P�R�V�W���Z�R�U�N�����7 �U�D�Q�V�S�D�U�H�Q�W���S�O�D�V�W�L�F���V�F�D�O�H�V���Z �L�W�K���E�X�L�O�W���L�Q���S�U�R�W�U�D�F�W�R�U�V�� �D�U�H�� 
�J�H�Q�H�U�D�O�O�\�� �D�Y�D�L�O�D�E�O�H�� ���D�V�� �I�U�R�P�� �W�K�H�� �&���7�K�U�X�� �5�X�O�H�U�� �&�R������ �%�O�R�R�P�I�L�H�O�G���� �&�7�� ���������������� 
�6�H�W�V���R�I� � �����L�Q��� � �V�F�D�O�H�V���J�U�D�G�X�D�W�H�G���L�Q���Y�D�U�L�R�X�V���P�H�W�U�L�F���D�Q�G���(�Q�J�O�L�V�K���X�Q�L�W�V���F�R�U�U�H�V�S�R�Q�G�L�Q�J�� 
�W�R���V�S�H�F�L�I�L�F���P�D�S���V�F�D�O�H�V���D�U�H���D�Y�D�L�O�D�E�O�H���I�U�R�P���V�R�P�H���V�X�S�S�O�L�H�U�V��

�$��protractor �L�V� � �X�V�H�G���I�R�U���S�O�R�W�W�L�Q�J���E�H�D�U�L�Q�J���O�L�Q�H�V���D�Q�G���V�W�U�X�F�W�X�U�H���V�\�P�E�R�O�V���R�Q���P�D�S�V��
�D�Q�G�� �S�K�R�W�R�J�U�D�S�K�V�� �D�Q�G�� �I�R�U�� �P�H�D�V�X�U�L�Q�J�� �D�Q�J�O�H�V�� �E�H�W�Z�H�H�Q�� �V�W�U�X�F�W�X�U�H�V�� �L�Q�� �U�R�F�N�V���� �,�Q�� 
�R�U�G�H�U���W�R���S�O�R�W���O�L�Q�H�V���E�\���W�K�H���P�H�W�K�R�G���L�O�O�X�V�W�U�D�W�H�G���L�Q���)�L�J������������ ���W�K�H���S�U�R�W�U�D�F�W�R�U���V�K�R�X�O�G�� 
�K�D�Y�H���D���E�D�V�H�������W�R�������L�Q���� ���������W�R�� �������F�P�����D�F�U�R�V�V��
� � � � �$� �  camera �L�V�� �F�D�U�U�L�H�G�� �U�R�X�W�L�Q�H�O�\�� �L�Q�� �P�R�V�W�� �I�L�H�O�G�� �V�W�X�G�L�H�V�� �D�Q�G�� �V�K�R�X�O�G�� �W�K�X�V�� �E�H��
�F�R�P�S�D�F�W�� �D�Q�G�� �V�W�U�R�Q�J���� �2�O�G�H�U�� �P�R�G�H�O�V�� �R�I�� �V�H�Y�H�U�D�O�� �R�I�� �W�K�H�� �W�R�S���J�U�D�G�H�� ������ �P�P�� �F�D�P�H�U�D�V�� 
�K�D�Y�H�� �U�H�W�U�D�F�W�D�E�O�H�� �D�Q�G� � �H�[�F�K�D�Q�J�H�D�E�O�H�� �O�H�Q�V�H�V�� �D�V�� �Z�H�O�O�� �D�V�� �V�R�O�L�G�� �Z�R�U�N�L�Q�J�V�� �W�K�D�W�� �P�D�N�H�� 
�W�K�H�P�� �L�G�H�D�O���� �P�R�G�H�U�D�W�H�O�\�� �S�U�L�F�H�G�� �I�L�H�O�G�� �F�D�P�H�U�D�V���� �$�O�O�� ������ �P�P�� �F�D�P�H�U�D�V�� �K�D�Y�H�� �D�� 
�J�U�H�D�W�H�U�� �G�H�S�W�K�� �R�I�� �I�R�F�X�V�� �W�K�D�Q�� �F�D�P�H�U�D�V�� �Z �L�W�K�� �O�R�Q�J�H�U�� �I�R�F�D�O�� �O�H�Q�J�W�K�V���� �D�Q�G�� �W�K�L�V�� �L�V�� �D�� 
�G�H�F�L�G�H�G�� �D�G�Y�D�Q�W�D�J�H�� �L�Q�� �S�K�R�W�R�J�U�D�S�K�L�Q�J�� �L�U�U�H�J�X�O�D�U�� �R�X�W�F�U�R�S�V�� �D�W�� �F�O�R�V�H�� �U�D�Q�J�H���� �$���Z�L�G�H�� 
�D�Q�J�O�H�� �O�H�Q�V� � ���D�V� � �D� � ������� � �F�P� � �O�H�Q�V� � �I�R�U� � �D� � ����� � �P�P� � �F�D�P�H�U�D�����J�L�Y�H�V� � �H�[�W�U�H�P�H���G�H�S�W�K�� �R�I�� �I�R�F�X�V�� 
���F�R�P�P�R�Q�O�\�� ���� �P�� �W�R� � �L�Q�I�L�Q�L�W�\���� �D�Q�G�� �D�� �P�X�F�K�� �I�X�O�O�H�U� � �Y�L�H�Z� � �R�I� � �R�X�W�F�U�R�S�V� � �W�K�D�W� � �P �X�V�W�� �E�H��
�S�K�R�W�R�J�U�D�S�K�H�G�� �D�W�� �F�O�R�V�H�� �U�D�Q�J�H���� �$�� lightweight tripod �S�H�U�P�L�W�V�� �O�R�Q�J�H�U�� �H�[�S�R�V�X�U�H�V��
�D�Q�G� � �W�K�X�V� � �W�K�H� � �U�H�G�X�F�H�G� � �D�S�H�U�W�X�U�H�V� � �U�H�T�X�L�U�H�G� � �I�R�U� � �P�D�[�L�P�X�P� � �G�H�S�W�K� � �R�I� � �I�R�F�X�V���� �$� � �I�O�D�V�K�� 
�D�W�W�D�F�K�P�H�Q�W���P�D�\���S�U�R�Y�H���Y�D�O�X�D�E�O�H��� � �D�V���G�H�V�F�U�L�E�H�G�� �L�Q� � �6�H�F�W�L�R�Q����������

�2�I�� �D�� �P�L�V�F�H�O�O�D�Q�\�� �R�I�� �L�W�H�P�V���� sample bags �R�I�� �F�O�R�W�K�� �R�U�� �S�O�D�V�W�L�F�� �P�D�\�� �E�H�� �R�E�W�D�L�Q�H�G��
�W�K�U�R�X�J�K� � �P�R�V�W� � �V�X�S�S�O�L�H�U�V��� � �R�U���E�D�J�V� � �P�D�\� � �E�H���R�I���H�[ �W�U�D�� �K�H�D�Y�\� � �S�D�S�H�U��� � �W�K�H���Y�D�U�L�H�W�\���R�I�W�H�Q��
�X�V�H�G�� �D�V�� �Q�D�L�O�� �E�D�J�V���� �$�� �V�P�D�O�O�� �V�S�U�L�Q�J���Z�R�X�Q�G��6-ft tape �F�D�Q� � �E�H� � �X�V�H�G� � �W�R� � �P�H�D�V�X�U�H� � �E�H�G��
�W�K�L�F�N�Q�H�V�V�H�V���� �F�O�D�V�W�� �V�L�]�H�V���� �D�Q�G�� �V�R�� �R�Q���� �D�Q�G�� �D�� �F�R�P�S�D�F�W�� �S�D�L�U�� �R�I�� binoculars�� �P�D�\�� �E�H�� 
�K�H�O�S�I�X�O���L�Q���I�L�Q�G�L�Q�J���R�X�W�F�U�R�S�V�����7�K�H���X�V�H���R�I���D���S�U�H�F�L�V�H���D�O�W�L�P�H�W�H�U���L�V���G�H�V�F�U�L�E�H�G���L�Q���6�H�F�W�L�R�Q��
����������Hydrochloric acid �Z�L�O�O���E�H���Q�H�H�G�H�G�����D�Q�G���V�K�R�X�O�G���E�H���G�L�O�X�W�H�G���M�X�V�W���W�R���W�K�H�� �V�W�U�H�Q�J�W�K
�W�K�D�W�� �F�D�X�V�H�V�� �H�I�I�H�U�Y�H�V�F�H�Q�F�H�� �R�I� � �F�D�O�F�L�W�H�� �E�X�W�� �Q�R�W�� �G�R�O�R�P�L�W�H� � ���H�[�F�H�S�W���Z�K�H�Q�� �S�R�Z�G�H�U�H�G����
�$�� shovel, pick���� �D�Q�G�� soil auger �D�U�H�� �O�L�N�H�O�\�� �W�R�� �E�H�� �H�V�V�H�Q�W�L�D�O�� �L�Q�� �V�W�X�G�L�H�V�� �R�I�� �V�X�U�I�L�F�L�D�O
�G�H�S�R�V�L�W�V�����&�K�D�S�W�H�U�����������R�U���L�Q���P�D�S�S�L�Q�J���U�R�F�N�V���W�K�U�R�X�J�K���S�R�R�U�O�\���H�[�S�R�V�H�G�� �D�U�H�D�V���� �$��gold 
pan �L�V� � �X�V�H�I�X�O� � �I�R�U���F�R�Q�F�H�Q�W�U�D�W�L�Q�J� � �K�H�D�Y�\� � �P�L�Q�H�U�D�O�V�� �W�K�D�W
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������ �D�� �V�D�W�X�U�D�W�H�G�� �V�R�O�X�W�L�R�Q�� �R�I�� �V�R�G�L�X�P�� �F�R�E�D�O�W�L�Q�L�W�U�L�W�H���� �������� �D�P �D�U�D�Q�W�K���V�R�O�X�W�L�R�Q��
�Z�K�L�F�K���L�V���P�D�G�H���E�\���G�L�V�V�R�O�Y�L�Q�J�������R�]���R�I���)�������’�����D�Q�G���&�����5�H�G���1�R�����������������S�X�U�H���F�R�D�O���W�D�U
�G�\�H�����L�Q�������O�L�W�H�U�V���R�I���Z�D�W�H�U�����D�Q�G�����������F�D�O�F�L�X�P���F�K�O�R�U�L�G�H���D�Q�G���E�D�U�L�X�P���F�K�O�R�U�L�G�H���V�R�O�X��
�W�L�R�Q�V���� �E�R�W�K�� �P�D�G�H�� �E�\�� �G�L�V�V�R�O�Y�L�Q�J�� ���� �J�U�� �R�I�� �W�K�H�� �V�D�O�W�� �L�Q�� �������� �F�F�� �R�I�� �Z�D�W�H�U���� �7�K�H�V�H
�U�H�D�J�H�Q�W�V���F�D�Q���E�H���R�E�W�D�L�Q�H�G���I�U�R�P���D�Q�\���F�K�H�P�L�F�D�O���V�X�S�S�O�L�H�U�����(�V�V�H�Q�W�L�D�O���H�T�X�L�S�P�H�Q�W
�F�R�Q�V�L�V�W�V�� �R�I���D�� �S�D�L�U���R�I���U�X�E�E�H�U���R�U���S�O�D�V�W�L�F���J�O�R�Y�H�V���� �K�H�D�Y�\�� �S�O�D�V�W�L�F���F�R�Y�H�U�H�G�� �W�R�Q�J�V��
�D�Q�G���V�H�Y�H�U�D�O�� �V�K�D�O�O�R�Z���S�O�D�V�W�L�F���E�R�Z�O�V�� �O�D�U�J�H���H�Q�R�X�J�K�� �W�R���K�R�O�G���W�K�H���V�D�P�S�O�H�V��

�+�\�G�U�R�I�O�X�R�U�L�F�� �D�F�L�G�� �L�V�� �K�L�J�K�O�\�� �F�R�U�U�R�V�L�Y�H�� �D�Q�G�� �S�R�L�V�R�Q�R�X�V���� �,�W�V�� �X�V�H�� �V�K�R�X�O�G�� �E�H��
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2-4. The Compass

A variety of compasses are available at a considerable range of prices (see, 
for example, a supplier’s catalog). Of these, the Brunton compass (Fig. 2-3) 
has the advantages of combining a precise sighting-clinometer and hand 
level w ith a compass that can be used to measure bearings at either waist- 
height or eye-height. The less expensive and more compact Silva Ranger 
Compass is excellent for measuring strike and dip, or trend (bearing) and 
plunge, but cannot be used as a precise sighting-clinometer or hand level. 
The Silva compass also lacks a leveling system for sighting bearings and 
thus is not as precise as the Brunton compass when traversing or making 
locations by intersection (Section 6-3).

Brunton compasses, however, may be damaged when handled roughly, 
and should therefore be checked before use to be sure that: (1) the compass 
needle swings freely; (2) the hinges of the sighting arm and lid are firm; and 
(3) the point of the sighting arm touches the axial line of the mirror when the
arm and lid are turned together. The clinometer level, which may become
misaligned, can be checked by setting the vertical angle index at 0 and plac-
ing the compass on a smooth surface that has been leveled with a long car-
penter's level or an alidade (the bull's-eye level on the Brunton compass is not
precise enough). If the tube bubble does not move to center, the plastic (or
glass) cover must be removed and the level-mount rotated gradually until
the bubble is centered.

The compass m ust also be opened to clean or dry the needle bearing or to 
level the magnetic needle by moving the small wire coil on it. For mapping 
south of the equator, the coil m ust be removed and placed on the north- 
seeking half of the needle.

The magnetic declination (the local difference between magnetic north 
and true north) must be added or subtracted from all bearings taken with a 
magnetic compass. The correction is made beforehand and automatically 
for most compasses by turning the graduated compass circle the amount of 
the local declination. The circle of the Brunton compass is turned by a screw

Fig. 2-3. �9�L�H�Z���G�L�U�H�F�W�O�\���G�R�Z�Q���R�Q���D���%�U�X�Q�W�R�Q���F�R�P�S�D�V�V���Z�L�W�K���O�L�G���D�Q�G���V�L�J�K�W�L�Q�J���D�U�P���I�X�O�O�\���R�S�H�Q��
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�P�D�S���D�Q�G���W�D�N�L�Q�J���D���F�R�P�S�D�V�V���E�H�D�U�L�Q�J���W�R���D�Q�R�W�K�H�U���S�R�L�Q�W���W�K�D�W���F�D�Q���D�O�V�R���E�H���O�R�F�D�W�H�G��
�R�Q���W�K�H���P�D�S�����7�K�H���F�R�P�S�D�V�V���E�H�D�U�L�Q�J���L�V���W�K�H�Q���F�R�P�S�D�U�H�G���Z �L�W�K���W�K�H���W�U�X�H���E�H�D�U�L�Q�J��
�U�H�D�G���I�U�R�P�� �W�K�H���P�D�S���E�\�� �W�K�H���X�V�H���R�I���D���S�U�R�W�U�D�F�W�R�U��

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

%rXnton coPpass Zith Oid opened Ior taNing a bearing at Zaist height �$� and at eye 
height �%��
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�7�K�H���Y�H�U�W�L�F�D�O���G�L�V�W�D�Q�F�H���E�H�W�Z�H�H�Q���W�Z�R���S�R�L�Q�W�V���F�D�Q���E�H���P�H�D�V�X�U�H�G���Z �L�W�K���D���K�D�Q�G��
�O�H�Y�H�O���E�\���� ���������G�H�W�H�U�P�L�Q�L�Q�J���W�K�H���K�H�L�J�K�W���R�I���R�Q�H�¶�V���H�\�H���D�E�R�Y�H���W�K�H���J�U�R�X�Q�G�������������V�W�D�Q�G�L�Q�J��
�D�W���W�K�H���O�R�Z�H�U���R�I���W�K�H���W�Z�R���S�R�L�Q�W�V���D�Q�G���V�L�J�K�W�L�Q�J���D���O�H�Y�H�O���O�L�Q�H���W�R���V�H�O�H�F�W���D�Q�\���F�R�Q�Y�H�Q�L�H�Q�W��
�L�Q�W�H�U�P�H�G�L�D�W�H���S�R�L�Q�W���D�W���H�\�H���O�H�Y�H�O�������������Z�D�O�N�L�Q�J���W�R���W�K�D�W���S�R�L�Q�W���D�Q�G���U�H�S�H�D�W�L�Q�J���W�K�H��
�S�U�R�F�H�G�X�U�H���� �D�Q�G�� �������� �F�R�Q�W�L�Q�X�L�Q�J�� �V�L�P�L�O�D�U�O�\�� �X�Q�W�L�O�� �W�K�H�� �O�D�V�W�� �P�H�D�V�X�U�H���E�H�I�R�U�H�� �W�K�H��
�V�H�F�R�Q�G���S�R�L�Q�W�����Z�K�L�F�K���Z�L�O�O���J�H�Q�H�U�D�O�O�\���E�H���O�H�V�V���W�K�D�Q���H�\�H���K�H�L�J�K�W���D�Q�G���F�D�Q���E�H���H�V�W�L��
�P�D�W�H�G�� �R�U�� �P�H�D�V�X�U�H�G�� �Z�L�W�K�� �D�� �U�R�O�O���X�S�� �W�D�S�H���� �7�K�H�� �G�L�I�I�H�U�H�Q�F�H�� �L�Q�� �H�O�H�Y�D�W�L�R�Q�� �L�V�� �W�K�H��
�Q�X�P�E�H�U���R�I���L�Q�W�H�U�P�H�G�L�D�W�H���S�R�L�Q�W�V���P�X�O�W�L�S�O�L�H�G���E�\���W�K�H���K�H�L�J�K�W���R�I���R�Q�H�¶�V���H�\�H�����S�O�X�V���W�K�H��
�O�D�V�W���I�U�D�F�W�L�R�Q�D�O���P�H�D�V�X�U�H�����7 �K�L�V���P�H�D�V�X�U�H�P�H�Q�W���F�D�Q���E�H���P�D�G�H���U�D�S�L�G�O�\���D�Q�G���K�D�V���D�Q��
�L�Q�K�H�U�H�Q�W���S�U�H�F�L�V�L�R�Q���R�I���������L�Q�����������F�P�����L�I���P�D�G�H���Z�L�W�K���U�H�D�V�R�Q�D�E�O�H���F�D�U�H�����0�D�M�R�U���H�U�U�R�U�V��
�U�H�V�X�O�W���I�U�R�P���R�F�F�X�S�\�L�Q�J���D�Q���L�Q�W�H�U�P�H�G�L�D�W�H���S�R�V�L�W�L�R�Q���R�W�K�H�U���W�K�D�Q���W�K�H���R�Q�H���D�F�W�X�D�O�O�\��
�V�L�J�K�W�H�G�����D�Q�G���I�U�R�P���P�L�V�F�R�X�Q�W�L�Q�J���W�K�H���L�Q�W�H�U�P�H�G�L�D�W�H���S�R�L�Q�W�V�����0�L�V�F�R�X�Q�W�L�Q�J���F�D�Q���E�H��
�D�Y�R�L�G�H�G���E�\�� �X�V�L�Q�J���D�� �W�D�O�O�\���F�R�X�Q�W�H�U���R�U���P�D�N�L�Q�J���D���S�H�Q�F�L�O���W�D�O�O�\��

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

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

�7�D�S�H�V���R�U�G�L�Q�D�U�L�O�\���X�V�H�G���D�U�H���P�D�G�H���R�I���Q�\�O�R�Q�����I�L�E�H�U�J�O�D�V�V�����R�U���V�W�H�H�O���U�L�E�E�R�Q�����D�Q�G��
�P�R�X�Q�W�H�G�� �L�Q�� �D���U�R�O�O���X�S���F�D�V�H���R�U���R�Q�� �D�� �U�H�H�O���� �+�L�S���R�U���E�H�O�W���F�K�D�L�Q�V���W�K�D�W���K�D�Y�H���G�L�J�L�W�D�O��
�U�H�F�R�U�G�H�U�V�� �R�S�H�U�D�W�H�G�� �E�\�� �D�� �S�X�O�O���R�X�W�� �W�K�U�H�D�G�� �P�D�\�� �E�H�� �S�U�H�F�L�V�H�� �H�Q�R�X�J�K�� �I�R�U�� �P�D�Q�\��
�S�X�U�S�R�V�H�V�����V�H�H���D���V�X�S�S�O�L�H�U�¶�V���F�D�W�D�O�R�J�������6�W�H�H�O���W�D�S�H�V���D�U�H���K�H�D�Y�L�H�V�W���D�Q�G���O�H�D�V�W���F�R�P�I�R�U��
�W�D�E�O�H���W�R���K�D�Q�G�O�H���E�X�W���D�U�H���H�D�V�L�H�V�W���W�R���N�H�H�S���F�O�H�D�Q�����$���G�L�U�W�\���W�D�S�H���P�D�\���M�D�P���W�K�H���Z�L�Q�G��
�X�S���P�H�F�K�D�Q�L�V�P���D�V���Z�H�O�O���D�V���E�H�F�R�P�H���G�L�I�I�L�F�X�O�W���W�R���U�H�D�G�����7�K�H���U�X�O�H���L�V�����D�O�Z�D�\�V���Z�L�S�H���D��
�W�D�S�H���F�O�H�D�Q���E�H�I�R�U�H���U�R�O�O�L�Q�J���L�W���X�S�����%�H���V�X�U�H���Q�R�W���W�R���V�W�H�S���R�Q���D�Q�\���N�L�Q�G���R�I���D���W�D�S�H�����D�Q�G��
�Q�R�W���W�R���N�L�Q�N���V�W�H�H�O���W�D�S�H�V�����Z�K�L�F�K���V�K�R�U�W�H�Q�V�� �W�K�H�P����

�’ �L�V�W�D�Q�F�H�V�� �D�U�H���W�D�S�H�G���P�R�V�W�� �U�D�S�L�G�O�\���E�\���K�R�O�G�L�Q�J���W�K�H���W�D�S�H���O�H�Y�H�O���� �2�Q�H���S�H�U�V�R�Q��
�F�D�Q�� �W�D�S�H�� �L�Q�� �D�� �G�R�Z�Q�K�L�O�O�� �G�L�U�H�F�W�L�R�Q�� �E�\�� �I�D�V�W�H�Q�L�Q�J���W�K�H�������H�Q�G���R�I���W�K�H���W�D�S�H�� �W�R���W�K�H��
�J�U�R�X�Q�G���Z �L�W�K���D���Q�D�L�O���R�U���F�K�D�L�Q�L�Q�J���S�L�Q���D�Q�G���F�D�U�U�\�L�Q�J���W�K�H���F�D�V�H���R�U���U�H�H�O���D�K�H�D�G���X�Q�W�L�O��
�L�W���L�V���D�W���H�\�H���O�H�Y�H�O���Z�K�H�Q���W�K�H���W�D�S�H���L�V���Z �L�W�K�L�Q���D���I�H�Z���G�H�J�U�H�H�V���R�I���O�H�Y�H�O�����D�V���G�H�W�H�U�P�L�Q�H�G��
�Z�L�W�K���D���K�D�Q�G���O�H�Y�H�O�����7�K�H���P�H�D�V�X�U�H���F�D�Q���E�H���F�D�U�U�L�H�G���W�R���W�K�H���J�U�R�X�Q�G���E�\���G�U�R�S�S�L�Q�J���D��
�S�H�E�E�O�H�����7�K�H���S�R�L�Q�W���L�V���W�K�H�Q���P�D�U�N�H�G���F�O�H�D�U�O�\���V�R���W�K�D�W���L�W���F�D�Q���E�H���I�R�X�Q�G���D�I�W�H�U���E�U�L�Q�J�L�Q�J��
�W�K�H�� ���� �H�Q�G�� �R�I�� �W�K�H�� �W�D�S�H�� �D�K�H�D�G���� �D�Q�G�� �W�K�H�� �P�H�D�V�X�U�H�G�� �G�L�V�W�D�Q�F�H�� �L�V�� �U�H�F�R�U�G�H�G�� �L�Q�� �D��
�Q�R�W�H�E�R�R�N�����8�V�L�Q�J���U�H�D�V�R�Q�D�E�O�H���F�D�U�H�����G�L�V�W�D�Q�F�H�V���R�I���V�H�Y�H�U�D�O���K�X�Q�G�U�H�G���P�H�W�H�U�V��������������
���������I�W�����F�D�Q���W�K�X�V���E�H���W�D�S�H�G���W�R���W�K�H���Q�H�D�U�H�V�W�����������P���������L�Q���������7�D�S�L�Q�J���O�R�Q�J�H�U���G�L�V�W�D�Q�F�H�V��
�Z �L�W�K���J�U�H�D�W�H�U���S�U�H�F�L�V�L�R�Q���L�V���G�H�V�F�U�L�E�H�G���I�R�U���P�H�D�V�X�U�L�Q�J���D���E�D�V�H���O�L�Q�H���L�Q���6�H�F�W�L�R�Q����������

�3�D�F�L�Q�J���L�V���O�H�V�V���S�U�H�F�L�V�H���W�K�D�Q���W�D�S�L�Q�J���E�X�W���L�V���P�X�F�K���I�D�V�W�H�U���D�Q�G���H�O�L�P�L�Q�D�W�H�V���F�D�U�U�\��
�L�Q�J���D���W�D�S�H�����7�K�H���O�H�Q�J�W�K���R�I���R�Q�H�¶�V���S�D�F�H�����G�R�X�E�O�H���V�W�H�S�����L�V���G�H�W�H�U�P�L�Q�H�G���E�\���Z�D�O�N�L�Q�J���D
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�Z�H�D�W�K�H�U�H�G���D�V���Z�H�O�O���D�V���I�U�H�V�K���V�X�U�I�D�F�H�V���Z�L�W�K���D���K�D�Q�G���O�H�Q�V�����,�G�H�Q�W�L�I�\���W�K�H���F�R�Q�V�W�L�W�X�H�Q�W��
�P�L�Q�H�U�D�O���D�Q�G���U�R�F�N���J�U�D�L�Q�V�����D�Q�G���Q�R�W�H���W�K�H�L�U���V�L�]�H�V�����V�K�D�S�H�V�����D�Q�G���V�X�U�I�D�F�H���I�H�D�W�X�U�H�V����
�D�V���Z�H�O�O���D�V���W�K�H�L�U���S�D�U�W���L�Q���W�K�H���R�Y�H�U�D�O�O���I�D�E�U�L�F���D�Q�G���S�R�U�R�V�L�W�\���R�I���W�K�H���U�R�F�N���R�U���G�H�S�R�V�L�W����
�7�R�� �W�H�V�W�� �I�R�U�� �W�K�H�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �V�R�I�W�� �P�L�Q�H�U�D�O�� �J�U�D�L�Q�V���� �H�V�S�H�F�L�D�O�O�\�� �F�D�U�E�R�Q�D�W�H�V����
�S�U�R�E�H���J�U�D�L�Q�V���Z �L�W�K���D���Q�H�H�G�O�H���� �D�S�S�O�\���G�L�O�X�W�H���+�&������ �D�Q�G���H�[�D�P�L�Q�H���Z�H�D�W�K�H�U�H�G���V�X �U��
�I�D�F�H�V���I�R�U���S�L�W�V���D�Q�G���L�Q�V�R�O�X�E�O�H���U�H�V�L�G�X�H�V�����( �V�W�L�P�D�W�H���W�K�H���F�R�P�S�R�V�L�W�L�R�Q���R�I���H�D�F�K���V�D�P ��
�S�O�H���� �L�Q�� �S�H�U�F�H�Q�W�� �E�\�� �Y�R�O�X�P�H�� �R�I�� �H�D�F�K�� �N�L�Q�G�� �R�I���J�U�D�L�Q���� �D�Q�G�� �L�G�H�Q�W�L�I�\�� �W�K�H�� �U�R�F�N�� �R�U��
�P�D�W�H�U�L�D�O�����&�K�D�S�W�H�U���������� �(�Y�H�Q���L�I���L�W���V�H�H�P�V���R�E�V�F�X�U�H�����J�L�Y�H���L�W���D���S�U�R�Y�L�V�L�R�Q�D�O���Q�D�P�H��

���� �1�R�Z�� �H�[�D�P�L�Q�H�� �W�K�H�� �U�R�F�N�V�� �F�O�R�V�H�O�\�� �I�R�U�� �S�U�L�P�D�U�\�� �I�D�E�U�L�F�V�� �D�Q�G�� �V�W�U�X�F�W�X�U�H�V��
�/�R�R�N���H�V�S�H�F�L�D�O�O�\���I�R�U���V�W�U�X�F�W�X�U�H�V���W�K�D�W���H�V�W�D�E�O�L�V�K���W�R�S�V���D�Q�G���E�R�W�W�R�P�V���R�I���G�H�S�R�V�L�W�H�G��
�O�D�\�H�U�V���W�K�D�W���Z�H�U�H���R�Q�F�H���V�H�G�L�P�H�Q�W�V���R�U���L�J�Q�H�R�X�V���G�H�S�R�V�L�W�V�����6�H�F�W�L�R�Q�����������������’�R���U�H�O�D��
�W�L�R�Q�V���D�W���F�R�Q�W�D�F�W�V���V�X�S�S�R�U�W�� �W�K�H�V�H���L�Q�G�L�F�D�W�L�R�Q�V���R�I���V�H�T�X�H�Q�F�H�"

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

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

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

Si[ basic Ninds oI contacts, vieZed here at singOe oXtcrops oI shaOe overOying 
sandstone� ,n addition to the siPpOe geoPetric reOations shoZn, depositionaO gradations are 
discXssed in Section ���, scoXr sXrIaces and PaMor XnconIorPities in Section ���, IaXOts in 
Sections ��� and ����, and intrXsive contacts in Sections ���� and �����
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�W�R�U�L�F�D�O�� �L�P�D�J�H�V�� �G�H�U�L�Y�H�V�� �I�U�R�P�� �W�K�H�L�U�� �I�R�U�F�L�Q�J�� �R�Q�H�� �W�R�� �V�H�H�N�� �F�D�X�V�H�V�� �D�V� � � Z� H� O� O� � � D� V� �
�U�H�V�X�O�W�V���� �7�K�H���L�P�D�J�H�V���F�D�Q���W�K�H�U�H�I�R�U�H���E�H���W�H�V�W�H�G���D�Q�G���V�K�D�U�S�H�Q�H�G���E�\���D���Y�D�U�L�H�W�\���R�I��
�G�D�W�D���D�Q�G�� �U�H�O�D�W�L�R�Q�V���� �*���� �.���� �*�L�O�E�H�U�W���G�H�V�F�U�L�E�H�G�� �W�K�H�V�H���L�Q�W�H�U�U�H�O�D�W�L�R�Q�V���D�V���I�R�O�O�R�Z�V��
�������������� �S���� ����������

�3�K�H�Q�R�P�H�Q�D���D�U�H���D�U�U�D�Q�J�H�G���L�Q���F�K�D�L�Q�V���R�I���Q�H�F�H�V�V�D�U�\���V�H�T�X�H�Q�F�H�����,�Q���V�X�F�K���D��
�F�K�D�L�Q���H�D�F�K���O�L�Q�N���L�V���W�K�H���Q�H�F�H�V�V�D�U�\���F�R�Q�V�H�T�X�H�Q�W���R�I���W�K�D�W���Z�K�L�F�K���S�U�H�F�H�G�H�V�����D�Q�G��
�W�K�H���Q�H�F�H�V�V�D�U�\���D�Q�W�H�F�H�G�H�Q�W���R�I���W�K�D�W���Z�K�L�F�K���I�R�O�O�R�Z�V�����7�K�H���U�L�V�L�Q�J���R�I���W�K�H���V�X�Q���L�V��
�F�R�Q�V�H�T�X�H�Q�W���R�Q���W�K�H���U�R�W�D�W�L�R�Q���R�I���W�K�H���H�D�U�W�K���� �,�W���L�V�� �W�K�H���O�R�J�L�F�D�O���D�Q�W�H�F�H�G�H�Q�W���R�I��
�P�R�U�Q�L�Q�J���O�L�J�K�W�����0�R�U�Q�L�Q�J���O�L�J�K�W���L�V���L�Q���W�X�U�Q���W�K�H���F�R�Q�V�H�T�X�H�Q�W���R�I���V�X�Q�U�L�V�H���D�Q�G���W�K�H��
�D�Q�W�H�F�H�G�H�Q�W���R�I���Q�X�P�H�U�R�X�V���R�W�K�H�U���S�K�H�Q�R�P�H�Q�D�����,�I���Z�H���H�[�D�P�L�Q�H���D�Q�\���O�L�Q�N���R�I���W�K�H��
�F�K�D�L�Q�����Z�H���I�L�Q�G���W�K�D�W���L�W���K�D�V���P�R�U�H���W�K�D�Q���R�Q�H���D�Q�W�H�F�H�G�H�Q�W���D�Q�G���P�R�U�H���W�K�D�Q���R�Q�H��
�F�R�Q�V�H�T�X�H�Q�W�����7�K�H���U�L�V�L�Q�J���R�I���W�K�H���V�X�Q���G�H�S�H�Q�G�V���R�Q���W�K�H���S�R�V�L�W�L�R�Q���R�I���W�K�H���H�D�U�W�K�¶�V��
�D�[�L�V�� �D�V�� �Z�H�O�O�� �D�V�� �R�Q�� �L�W�V�� �U�R�W�D�W�L�R�Q���� �D�Q�G�� �L�W�� �F�D�X�V�H�V�� �P�R�U�Q�L�Q�J���K�H�D�W�� �D�V���Z�H�O�O�� �D�V��
�P�R�U�Q�L�Q�J�� �O�L�J�K�W���� �$�Q�W�H�F�H�G�H�Q�W�� �D�Q�G�� �F�R�Q�V�H�T�X�H�Q�W�� �U�H�O�D�W�L�R�Q�V�� �D�U�H�� �W�K�H�U�H�I�R�U�H�� �Q�R�W��
�P�H�U�H�O�\���O�L�Q�H�D�U�����E�X�W���F�R�Q�V�W�L�W�X�W�H���D���S�O�H�[�X�V�����D�Q�G���W�K�L�V���S�O�H�[�X�V���S�H�U�Y�D�G�H�V���Q�D�W�X�U�H��

�3�H�U�K�D�S�V���D���S�D�U�W�L�D�O���H�[�D�P�S�O�H���Z�L�O�O���J�L�Y�H���D���V�H�Q�V�H���R�I���K�R�Z���W�K�L�V�� �‡�S�O�H�[�X�V�·���P�D�\���E�H��
�X�W�L�O�L�]�H�G�����)�L�J�������������L�O�O�X�V�W�U�D�W�H�V���D�Q���R�X�W�F�U�R�S���W�R���E�H���L�Q�W�H�U�S�U�H�W�H�G���D�Q�G���Q�R�W�H�V���W�K�H���P�D�L�Q��
�I�H�D�W�X�U�H�V���W�K�D�W���Z�H�U�H���R�E�V�H�U�Y�H�G���D�Q�G���L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�H���I�L�U�V�W���S�D�U�W���R�I���W�K�H���H�[�D�P�L�Q�D��
�W�L�R�Q�����7�K�H���G�L�V�F�R�U�G�D�Q�W���F�R�Q�W�D�F�W���D�Q�G���W�K�H���E�H�Q�G���L�Q���W�K�H���V�K�D�O�H���E�H�G�V���Q�H�D�U���L�W���V�X�J�J�H�V�W���D��
�I�D�X�O�W�����D�Q�G���W�K�X�V���W�K�H���F�R�Q�W�D�F�W���L�V���U�H�H�[�D�P�L�Q�H�G���I�R�U���R�W�K�H�U���H�Y�L�G�H�Q�F�H���R�I���I�D�X�O�W�L�Q�J�����$��
�I�H�Z�� �P�L�O�O�L�P�H�W�H�U�V���R�I���J�R�X�J�H���D�Q�G�� �V�R�P�H���V�O�L�F�N�H�Q�V�L�G�H�V�� �D�U�H���I�R�X�Q�G���R�Q���S�D�U�W�V���R�I���W�K�H��
�F�R�Q�W�D�F�W�����E�X�W���V�W�U�L�D�W�L�R�Q�V���R�Q���W�K�H���V�O�L�F�N�H�Q�V�L�G�H�V���D�U�H���R�U�L�H�Q�W�H�G���Q�H�D�U�O�\���K�R�U�L�]�R�Q�W�D�O�O�\��
�D�Q�G�� �W�K�H�U�H�I�R�U�H���G�R���Q�R�W�� �P�D�W�F�K�� �W�K�H���G�L�U�H�F�W�L�R�Q���R�I���G�L�V�S�O�D�F�H�P�H�Q�W�� �L�Q�G�L�F�D�W�H�G���E�\���W�K�H��
�E�H�Q�W���V�K�D�O�H���E�H�G�V�����0�R�U�H�R�Y�H�U�����I�D�X�O�W�L�Q�J���G�R�H�V���Q�R�W���H�[�S�O�D�L�Q���W�K�H���I�U�D�J�P�H�Q�W�V���R�I���V�K�D�O�H��
�L�Q�F�O�X�G�H�G���Z�H�O�O���Z�L�W�K�L�Q�� �W�K�H���V�D�Q�G�V�W�R�Q�H��

�$�U�H�� �W�K�H�U�H�� �R�W�K�H�U�� �H�[�S�O�D�Q�D�W�L�R�Q�V�� �I�R�U�� �W�K�H�� �F�R�Q�W�D�F�W�"�� �)�R�U�� �R�Q�H���� �L�W�� �F�R�X�O�G� � � E� H� � � D� Q� �
�X�Q�F�R�Q�I�R�U�P�L�W�\���W�K�D�W���K�D�V���V�H�U�Y�H�G���D�V���D���V�X�U�I�D�F�H���I�R�U���P�L�Q�R�U���W�R���P�R�G�H�U�D�W�H���I�D�X�O�W���G�L�V��
�S�O�D�F�H�P�H�Q�W�����,�W���F�R�X�O�G���D�O�V�R���E�H���W�K�H���P�D�U�J�L�Q���R�I���D���V�D�Q�G���E�R�G�\���L�Q�W�U�X�G�H�G���L�Q�W�R���D���I�U�D�F�W�X�U�H��
���S�R�V�V�L�E�O�\���D���I�D�X�O�W�"�����L�Q���W�K�H���V�K�D�O�H�����D�Q�G���V�X�E�V�H�T�X�H�Q�W�O�\���G�L�V�S�O�D�F�H�G���D�O�R�Q�J���W�K�L�V���V�D�P�H��
�V�X�U�I�D�F�H�����: �K�D�W���F�R�Q�V�H�T�X�H�Q�W���D�Q�G���D�Q�W�H�F�H�G�H�Q�W���U�H�O�D�W�L�R�Q�V���P�L�J�K�W���E�H���V�R�X�J�K�W���W�R���W�H�V�W��
�W�K�H���O�D�W�W�H�U���H�[�S�O�D�Q�D�W�L�R�Q�"���,�I���W�K�H���V�D�Q�G���Z�D�V���L�Q�M�H�F�W�H�G���L�Q�W�R���W�K�H���V�K�D�O�H���I�U�R�P���E�H�Q�H�D�W�K��
���D���U�H�O�D�W�L�R�Q���V�X�S�S�R�U�W�H�G���E�\���W�K�H���X�S�Z�D�U�G���E�H�Q�G���L�Q���W�K�H���V�K�D�O�H���E�H�G�V�������W�K�H���V�K�D�O�H���V�K�R�X�O�G��
�E�H���X�Q�G�H�U�O�D�L�Q���V�R�P�H�Z�K�H�U�H���E�\���P�R�U�H���R�I���W�K�H���V�D�P�H���V�D�Q�G�V�W�R�Q�H�����,�Q���D�G�G�L�W�L�R�Q�����L�I���W�K�H
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�W�X�U�H�V���L�G�H�Q�W�L�I�L�H�G���Z �L�W�K���F�H�U�W�D�L�Q�W�\���F�D�Q���E�H���J�L�Y�H�Q���I�L�U�P���Q�D�P�H�V�����E�X�W���R�W�K�H�U���L�G�H�Q�W�L�I�L��
�F�D�W�L�R�Q�V���V�K�R�X�O�G���E�H���T�X�H�U�L�H�G�����Q�R�W�H�G���D�V���S�U�R�E�O�H�P�V�����R�U���V�L�P�S�O�\���V�W�D�W�H�G���D�V���X�Q�N�Q�R�Z�Q�V����
�,�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���L�Q�W�H�U�Z�R�Y�H�Q���Z�L�W�K���G�H�V�F�U�L�S�W�L�R�Q�V���P �X�V�W���E�H���L�G�H�Q�W�L�I�L�H�G���F�O�H�D�U�O�\���V�R��
�W�K�D�W�� �W�K�H�\���Z�L�O�O���Q�R�W���O�D�W�H�U���E�H���U�H�D�G���D�V���I�D�F�W�V��

�1�R�W�H�V���F�R�Y�H�U�L�Q�J���D���Q�X�P �E�H�U���R�I���R�X�W�F�U�R�S�V���Z�L�O�O���E�H���H�D�V�L�H�U���W�R���X�V�H���O�D�W�H�U���L�I���H�D�F�K���V�H�W��
�L�V���Z���U�L�W�W�H�Q���L�Q���W�K�H���V�D�P�H���R�U�G�H�U�����7�K�H���R�U�G�H�U���Z�L�O�O���S�U�R�E�D�E�O�\���V�H�H�P���P�R�V�W���Q�D�W�X�U�D�O���L�I��
�E�U�R�D�G�H�U���D�V�S�H�F�W�V���D�U�H���G�H�V�F�U�L�E�H�G���E�H�I�R�U�H���P�R�U�H���V�S�H�F�L�I�L�F���R�Q�H�V�����)�L�J���� �����������1�R�W�H�� ������

�7�K�H���I�L�Q�D�O���L�W�H�P�����W�K�H���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�����L�Q�F�O�X�G�H�V���D���E�U�L�H�I���G�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���R�U�L�J�L�Q��
�R�I���H�D�F�K���U�R�F�N���D�Q�G���I�H�D�W�X�U�H�����( �Y�H�Q�W�V���L�P�S�O�L�H�G���E�\���V�W�U�X�F�W�X�U�D�O���U�H�O�D�W�L�R�Q�V���V�K�R�X�O�G���E�H��
�V�X�P�P�D�U�L�]�H�G���W�R�J�H�W�K�H�U���Z �L�W�K���W�K�H���H�Y�L�G�H�Q�F�H���R�Q���Z�K�L�F�K���W�K�H�\���D�U�H���E�D�V�H�G�����)�L�J��������������
�1�R�W�H���������� �$�O�O���H�Y�H�Q�W�V���V�K�R�X�O�G���E�H���U�H�F�R�U�G�H�G���D�V���D���K�L�V�W�R�U�\���L�I���S�R�V�V�L�E�O�H�����Z�L�W�K���V�S�H�F�L�I�L�F��
�D�J�H���U�H�O�D�W�L�R�Q�V�� �Q�R�W�H�G���� �,�Q�F�R�Q�F�O�X�V�L�Y�H�����H�Y�H�Q�� �K�L�J�K�O�\���V�S�H�F�X�O�D�W�L�Y�H���L�G�H�D�V�� �V�K�R�X�O�G���E�H��
�L�Q�F�O�X�G�H�G���D�Q�G���L�G�H�Q�W�L�I�L�H�G���D�V���V�X�F�K�����W�R�J�H�W�K�H�U���Z�L�W�K���Z�K�D�W�H�Y�H�U���V�X�J�J�H�V�W�V���W�K�H�P�����)�L�J����
�����������1�R�W�H�����������6�N�H�W�F�K�H�V���R�U���V�F�K�H�P�D�W�L�F���G�L�D�J�U�D�P�V���Z�L�O�O���R�I�W�H�Q���E�H���K�H�O�S�I�X�O�����7�K�H���J�D�S�V
�D�Q�G���G�R�X�E�W�V���L�Q���W�K�H���L�Q�W�H�U�S�U�H�W�H�G���K�L�V�W�R�U�\���D�U�H���Q�R�W�H�G���V�R���W�K�D�W���W�K�H�\���F�D�Q���E�H���V�R�X�J�K�W���D�W
�W�K�H���Q�H�[�W���R�X�W�F�U�R�S�����,�Q���W�K�L�V���Z�D�\�����I�L�H�O�G���Z�R�U�N���D�Q�G���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���H�Y�R�O�Y�H���W�R�J�H�W�K�H�U��

� %� H� I� R� U� H� � � P� R� Y� L� Q� J� � � R� Q� � � W� R� � � W� K� H� � � Q� H� [� W� � � R� X� W� F� U� R� S� �� � � K� R� Z� H� Y� H� U� �� � � W� K� H� � � K� L� V� W� R� U� \� � � P� L� J� K�W�� �E�H��
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�O�L�Q�H�V�� �Z�K�L�O�H�� �R�E�V�H�U�Y�L�Q�J�� �W�K�H�� �R�X�W�F�U�R�S�� �U�D�W�K�H�U�� �W�K�D�Q�� �W�K�H�� �G�U�D�Z�L�Q�J���� �$�� �J�L�Y�H�Q�� �O�L�Q�H�� �L�V��
�V�W�D�U�W�H�G�� �E�\�� �S�O�D�F�L�Q�J�� �W�K�H�� �S�R�L�Q�W�� �R�I�� �W�K�H�� �S�H�Q�F�L�O�� �D�W�� �W�K�H�� �F�R�U�U�H�F�W�� �S�O�D�F�H�� �L�Q�� �W�K�H�� �G�U�D�Z�L�Q�J����
�W�K�H�Q���O�R�R�N�L�Q�J���D�W���W�K�H���R�X�W�F�U�R�S���D�Q�G��feeling that the pencil point is being held against 
the actual line on the outcrop. �$�V�� �W�K�H���H�\�H�V���I�R�O�O�R�Z���W�K�H���R�X�W�O�L�Q�H���R�I���W�K�H���I�H�D�W�X�U�H�����W�K�H��
�S�H�Q�F�L�O���L�V���P�R�Y�H�G���D�O�R�Q�J���L�W�����W�K�X�V���V�F�U�L�E�L�Q�J���W�K�H���R�X�W�O�L�Q�H���R�Q���W�K�H���G�U�D�Z�L�Q�J�����,�I���W�K�H���O�L�Q�H���J�R�H�V��
�V�R�P�H�Z�K�D�W�� �D�V�W�U�D�\���� �L�W�� �F�D�Q�� �E�H�� �F�R�U���U�H�F�W�H�G�� �D�I�W�H�U�Z �D�U�G���� �7�K�H�� �P�H�W�K�R�G�� �Z�L�O�O�� �V�H�H�P��
�D�Z �N�Z�D�U�G���D�W���I�L�U�V�W���E�X�W���Z�L�O�O���O�H�D�G���W�R���W�K�H�V�H�� �D�G�Y�D�Q�W�D�J�H�V���� �������� �R�E�V�H�U�Y�L�Q�J�� �P�R�U�H�� �H�[�D�F�W�O�\����

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

�,�I�� �D�Q�� �R�X�W�F�U�R�S�� �L�V�� �O�D�U�J�H���� �F�R�P�S�O�H�[���� �D�Q�G�� �Z �L�W�K�� �Q�R���F�O�H�D�U�F�X�W�� �G�L�Y�L�V�L�R�Q�V�� �W�R�� �V�H�U�Y�H�� �D�V�� �D��
�I�U�D�P�H�Z�R�U�N���� �D�� �U�H�F�W�L�O�L�Q�H�D�U�� �J�U�L�G�� �P�D�\�� �E�H�� �F�R�Q�V�W�U�X�F�W�H�G�� �R�Q�� �W�K�H�� �R�X�W�F�U�R�S�� �V�X�U�I�D�F�H�� �W�R��
�F�R�Q�W�U�R�O�� �W�K�H�� �G�U�D�Z�L�Q�J���� �7 �K�H�� �J�U�L�G�� �O�L�Q�H�V�� �P�L�J�K�W�� �E�H�� �V�S�D�F�H�G�� �D�W�� �������� �W�R�� ���� �P�� �D�S�D�U�W����
�G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���V�L�]�H���R�I���W�K�H���I�H�D�W�X�U�H�V���W�R���E�H���U�H�F�R�U�G�H�G�����D�Q�G���F�D�Q���E�H���P�D�G�H���I�U�R�P���W�D�S�H����
�V�W�U�L�Q�J���� �V�W�L�F�N�V���� �P�� �D�U�N�H�U�� �S�H�Q���� �R�U�� �S�L�H�F�H�V�� �R�I�� �U�R�F�N���� �$�� �J�U�L�G�� �L�V�� �W�K�H�Q���S�O�R�W�W�H�G�� �W�R�� �D��
�F�R�Q�Y�H�Q�L�H�Q�W�� �V�F�D�O�H�� �R�Q�� �D�� �Q�R�W�H�� �V�K�H�H�W���� �D�Q�G�� �H�D�F�K�� �V�T�X�D�U�H�� �R�Q�� �W�K�H�� �R�X�W�F�U�R�S�� �L�V�� �H�[�D�P�L�Q�H�G�� �L�Q��
�R�U�G�H�U�� �W�R�� �G�U�D�Z�� �L�W�V�� �S�D�U�W�� �R�I�� �W�K�H�� �S�L�F�W�X�U�H�� ���)�L�J���� �������&������ �2�Q�� �P�R�U�H�� �R�U�� �O�H�V�V�� �K�R�U�L�]�R�Q�W�D�O��
�R�X�W�F�U�R�S�� �V�X�U�I�D�F�H�V���� �W�K�H�� �G�U�D�Z�L�Q�J�� �Z�L�O�O�� �E�H�� �D�� �Y�H�U�\�� �O�D�U�J�H���V�F�D�O�H�� �P�D�S�� �R�I�� �W�K�H�� �R�X�W�F�U�R�S����
�L�Q�G�H�H�G���� �W�K�L�V�� �L�V�� �D�� �P�D�S�S�L�Q�J�� �P�H�W�K�R�G�� �W�K�D�W�� �P�D�\�� �E�H�� �X�V�H�G�� �I�R�U�� �V�P�D�O�O�� �E�X�W�� �F�U�L�W�L�F�D�O��
�D�U�H�D�V��

�:�K�H�Q�� �W�K�H�� �S�U�L�Q�F�L�S�D�O�� �O�L�Q�H�V�� �D�Q�G�� �I�R�U�P�V�� �R�I�� �W�K�H�� �R�X�W�F�U�R�S�� �K�D�Y�H�� �E�H�H�Q�� �G�U�D�Z�Q����
�G�H�W�D�L�O�V�� �D�Q�G�� �O�D�E�H�O�V�� �F�D�Q�� �E�H�� �D�G�G�H�G�� �D�V�� �Q�H�F�H�V�V�D�U�\���� �7 �K�H�� �J�H�Q�H�U�D�O�� �U�X�O�H�� �L�V�� �W�R�� �N�H�H�S�� �W�K�H��
�G�U�D�Z�L�Q�J�� �D�V�� �V�L�P�S�O�H�� �D�V�� �S�R�V�V�L�E�O�H���� �V�R�� �W�K�D�W�� �L�P�S�R�U�W�D�Q�W�� �I�H�D�W�X�U�H�V�� �Z�L�O�O���V�W�D�Q�G�� �R�X�W��
�F�O�H�D�U�O�\���� �8�Q�H�[�S�R�V�H�G�� �D�U�H�D�V�� �D�U�H�� �J�H�Q�H�U�D�O�O�\�� �O�H�I�W�� �E�O�D�Q�N���� �D�Q�G�� �L�Q�F�L�G�H�Q�W�D�O�� �I�H�D�W�X�U�H�V�� �O�L�N�H��
�U�R�R�W�V�� �D�Q�G�� �Z�D�V�K�R�Y�H�U�V�� �R�I�� �V�R�L�O�� �D�U�H�� �R�P�L�W�W�H�G���� �6�K�D�G�L�Q�J�� �L�V�� �J�H�Q�H�U�D�O�O�\�� �X�Q�Q�H�F�H�V�V�D�U�\�� �L�Q��
�O�L�Q�H�� �G�U�D�Z�L�Q�J�V�� �O�L�N�H�� �)�L�J���� �������� �E�X�W�� �P�L�J�K�W�� �E�H�� �Q�H�H�G�H�G�� �W�R�� �V�K�R�Z�� �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O��
�V�K�D�S�H�V���� �D�V���W�K�R�V�H���R�I���)�L�J���� ����������

�� �W�D�N�H�� �O�L�W�W�O�H�� �W�L�P�H�� �W�R�� �F�R�P�S�O�H�W�H�� �L�Q�� �W�K�H�� �I�L�H�O�G�� �D�Q�G�� �V�K�R�Z�� �I�H�D�W�X�U�H�V��
�H�[�D�F�W�O�\�� �D�V�� �W�K�H�\�� �D�U�H���� �W�K�X�V�� �E�H�L�Q�J�� �W�K�H�� �P�R�V�W�� �F�R�Q�Y�L�Q�F�L�Q�J�� �N�L�Q�G�� �R�I���J�U�D�S�K�L�F�� �H�Y�L�G�H�Q�F�H����
�6�R�P�H�� �X�V�H�I�X�O�� �S�K�R�W�R�J�U�D�S�K�V�� �D�U�H���� �������� �R�Y�H�U�D�O�O���Y�L�H�Z�V���R�I�� �R�X�W�F�U�R�S�V���� �V�K�R�Z�L�Q�J�� �U�H�O�D�W�L�R�Q�V��
�W�R�� �W�K�H�L�U�� �V�X�U�U�R�X�Q�G�L�Q�J�V���� �������� �I�H�D�W�X�U�H�V�� �V�K�R�Z�L�Q�J�� �D�J�H�� �U�H�O�D�W�L�R�Q�V���� ���������F�O�R�V�H���X�S�� �Y�L�H�Z�V�� �R�I��
�S�U�L�P �D�U�\�� �D�Q�G�� �V�H�F�R�Q�G�D�U�\�� �V�W�U�X�F�W�X�U�H�V���� �������� �Z�H�O�O���H�[�S�R�V�H�G�� �F�R�Q�W�D�F�W�V���� �D�Q�G�� ��������
�F�R�P�S�R�V�L�W�L�R�Q�D�O�� �R�U�� �W�H�[�W�X�U�D�O�� �Y�D�U�L�D�W�L�R�Q�V�� �L�Q�� �D�� �U�R�F�N���� �E�\�� �D�� �V�H�U�L�H�V�� �R�I���F�O�R�V�H���X�S�� �Y�L�H�Z�V����
�7�D�N�L�Q�J�� �F�O�H�D�U���� �L�Q�I�R�U�P�D�W�L�Y�H�� �S�K�R�W�R�J�U�D�S�K�V�� �U�H�T�X�L�U�H�V�� �W�K�R�X�J�K�W�� �D�Q�G�� �S�U�D�F�W�L�F�H����
�&�R�Q�V�L�G�H�U�D�W�L�R�Q�V�� �E�H�I�R�U�H�� �W�D�N�L�Q�J�� �D�� �S�K�R�W�R�J�U�D�S�K�� �L�Q�F�O�X�G�H�� �G�L�U�H�F�W�L�R�Q�� �R�I�� �W�K�H�� �Y�L�H�Z����
�G�L�U�H�F�W�L�R�Q���R�I���O�L�J�K�W�L�Q�J�����F�O�R�V�H�Q�H�V�V���R�I���W�K�H���V�X�E�M�H�F�W�����D�Q�G���G�H�S�W�K���R�I���I�R�F�X�V������
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�V�L�J�K�W�� �G�H�V�F�U�L�E�H�G�� �L�Q�� �P�H�W�K�R�G�� ���� �D�U�H���D�� �I�H�Z���G�H�J�U�H�H�V���R�I�I���K�R�U�L�]�R�Q�W�D�O���� �W�K�H���U�H�V�X�O�W�L�Q�J���V�W�U�L�N�H��
�P�H�D�V�X�U�H�P�H�Q�W�� �P�D�\�� �E�H�� �L�Q�� �H�U�U�R�U�� �E�\�� ������ �W�R�� ���������� �8�V�H�G�� �Z �L�W�K�� �F�D�U�H���� �P�H�W�K�R�G�V�� ���� �D�Q�G�� ����
�V�K�R�X�O�G���J�L�Y�H�� �U�H�V�X�O�W�V�� �D�F�F�X�U�D�W�H�� �Z�L�W�K�L�Q�� �D�� �I�H�Z�� �G�H�J�U�H�H�V�� �I�R�U�� �S�O�D�Q�D�U�� �V�W�U�X�F�W�X�U�H�V�� �G�L�S�S�L�Q�J��
�P�R�U�H���W�K�D�Q�� ���������:�K�H�U�H���R�X�W�F�U�R�S�V���D�U�H���V�P�D�O�O�����L�W���P�D�\���E�H���H�D�V�L�H�V�W���W�R���I�L�Q�G���W�K�H���G�L�U�H�F�W�L�R�Q���R�I��
�G�L�S�� �I�L�U�V�W���� �D�V�� �E�\�� �S�R�X�U�L�Q�J�� �D�� �V�P�D�O�O�� �D�P�R�X�Q�W�� �R�I�� �Z �D�W�H�U�� �R�Q�� �W�K�H�� �V�X�U�I�D�F�H�� �R�U�� �S�O�D�F�L�Q�J�� �W�K�H��
�F�R�P�S�D�V�V�� �D�J�D�L�Q�V�W�� �W�K�H�� �V�X�U�I�D�F�H�� �D�Q�G�� �P�R�Y�L�Q�J�� �L�W�� �V�O�R�Z�O�\�� �Z�K�L�O�H�� �D�G�M�X�V�W�L�Q�J�� �D�Q�G��
�R�E�V�H�U�Y�L�Q�J�� �W�K�H�� �F�O�L�Q�R�P�H�W�H�U�� �O�H�Y�H�O�� �X�Q�W�L�O�� �I�L�Q�G�L�Q�J�� �W�K�H�� �G�L�U�H�F�W�L�R�Q�� �R�I�� �P�D�[�L�P�X�P�� �V�O�R�S�H��
���W�K�H�� �W�U�X�H�� �G�L�S������ �7�K�H�� �V�W�U�L�N�H�� �L�V�� �W�K�H�Q�� �P�H�D�V�X�U�H�G�� �D�V�� �D�� �O�L�Q�H�� �S�H�U���S�H�Q�G�L�F�X�O�D�U�� �W�R�� �W�K�L�V��
�V�O�R�S�H��

�� �F�D�Q�� �E�H�� �X�V�H�G�� �I�R�U�� �D�F�F�X�U�D�W�H�� �P�H�D�V�X�U�H�P�H�Q�W�� �R�I���E�H�G�V���W�K�D�W
�G�L�S�� �J�H�Q�W�O�\�� �D�Q�G�� �F�R�Q�V�L�V�W�H�Q�W�O�\�� �R�Y�H�U�� �O�D�U�J�H�� �D�U�H�D�V���� �7�K�H�� �P�H�W�K�R�G�� �U�H�T�X�L�U�H�V
�G�H�W�H�U�P�L�Q�L�Q�J�� �H�O�H�Y�D�W�L�R�Q�V�� �D�Q�G�� �K�R�U�L�]�R�Q�W�D�O�� �S�R�V�L�W�L�R�Q�V�� �R�I�� �W�K�U�H�H�� �S�R�L�Q�W�V�� �R�Q�� �D�� �V�L�Q�J�O�H
�E�H�G�G�L�Q�J�� �V�X�U�I�D�F�H���� �D�V�� �W�K�H�� �W�R�S�� �R�I�� �D�� �G�L�V�W�L�Q�F�W�L�Y�H�� �E�H�G�� �R�U�� �D�� �F�R�Q�W�D�F�W�� �E�H�W�Z�H�H�Q�� �W�Z�R
�F�R�Q�I�R�U�P�D�E�O�H�� �I�R�U�P�D�W�L�R�Q�V���� �7�K�H�� �S�R�L�Q�W�V�� �P �X�V�W�� �G�H�I�L�Q�H�� �D�� �W�U�L�D�Q�J�O�H�� �Z�L�W�K�� �D�O�O�� �L�Q�W�H�U�Q�D�O
�D�Q�J�O�H�V�� �J�U�H�D�W�H�U�� �W�K�D�Q�� ���������� �D�Q�G�� �L�I�� �D�� �W�R�S�R�J�U�D�S�K�L�F�� �P�D�S�� �L�V�� �X�V�H�G�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �W�K�H
�S�R�V�L�W�L�R�Q�V�� �D�Q�G�� �H�O�H�Y�D�W�L�R�Q�V�� �R�I�� �W�K�H�� �S�R�L�Q�W�V���� �W�K�H�� �V�L�G�H�V�� �R�I�� �W�K�H�� �W�U�L�D�Q�J�O�H�� �V�K�R�X�O�G�� �E�H
�J�U�H�D�W�H�U�� �W�K�D�Q�� �������� �F�P�� ���������� �L�Q������ �D�V���S�O�R�W�W�H�G�� �R�Q�� �W�K�H�� �P�D�S���� �,�I�� �Q�R�� �V�X�L�W�D�E�O�H�� �P�D�S�� �L�V
�D�Y�D�L�O�D�E�O�H���� �R�U�� �L�I�� �W�K�H�� �R�X�W�F�U�R�S�V�� �D�U�H�� �V�S�D�F�H�G�� �W�R�R�� �F�O�R�V�H�O�\�� �W�R�� �X�V�H�� �D�� �P�D�S���� �W�K�H�� �P�H�W�K�R�G
�U�H�T�X�L�U�H�V���� �������� �U�H�D�G�L�Q�J�� �W�K�H�� �E�H�D�U�L�Q�J�V�� �I�U�R�P�� �H�D�F�K�� �S�R�L�Q�W�� �W�R�� �W�K�H�� �R�W�K�H�U�� �S�R�L�Q�W�V���� ������
�P�H�D�V�X�U�L�Q�J���W�K�H���K�R�U�L�]�R�Q�W�D�O���G�L�V�W�D�Q�F�H�V���E�H�W�Z�H�H�Q���D�Q�\���W�Z�R���S�D�L�U�V���R�I�����S�R�L�Q�W�V�����6�H�F�W�L�R�Q������������
�D�Q�G�����������P�H�D�V�X�U�L�Q�J���W�K�H���Y�H�U�W�L�F�D�O���G�L�V�W�D�Q�F�H�V���E�\���O�H�Y�H�O�L�Q�J�����6�H�F�W�L�R�Q���������������7�K�H�V�H���G�D�W�D�� �D�U�H
�X�V�H�G�� �W�R���F�R�Q�V�W�U�X�F�W�� �D�� �W�U�L�D�Q�J�O�H�� ���)�L�J���� �������������D�Q�G�� �D�� �S�R�L�Q�W�����’������ �L�V�� �O�R�F�D�W�H�G���R�Q�� �R�Q�H���O�H�J���D�W
�W�K�H�� �V�D�P�H�� �H�O�H�Y�D�W�L�R�Q�� �D�V���%�����D�V�� �E�\�� �X�V�L�Q�J�� �W�K�H�� �U�H�O�D�W�L�R�Q

AD  AC difference in elevation between A �D�Q�G��B
difference in elevation between A and C

�7�K�H���O�L�Q�H��BD �L�V���W�K�X�V���O�H�Y�H�O���D�Q�G���L�V���D���O�L�Q�H���R�I���V�W�U�L�N�H�����,�W�V���E�H�D�U�L�Q�J���F�D�Q���E�H���G�H�W�H�U��
�P�L�Q�H�G���I�U�R�P���W�K�H���E�H�D�U�L�Q�J���R�I��BC �D�Q�G���W�K�H���D�Q�J�O�H��DBC �����Z�K�L�F�K���F�D�Q���E�H���U�H�D�G���Z �L�W�K���D��
�S�U�R�W�U�D�F�W�R�U�����7 �K�H���G�L�S���F�D�Q���E�H���G�H�W�H�U�P�L�Q�H�G���E�\���P�D�N�L�Q�J���D���J�U�D�S�K�L�F�D�O���F�R�Q�V�W�U�X�F�W�L�R�Q��
�D�V�� �V�K�R�Z�Q�� �E�H�O�R�Z�� �W�K�H�� �W�U�L�D�Q�J�O�H�� �R�I�� �)�L�J��� � � �� �� �� �� � �R�U�� �E�\�� �F�R�Q�V�W�U�X�F�W�L�Q�J�� �W�K�H� � � O� L� Q� H� �A E

0easXring striNe oI a pOanar sXrIace by pOacing the coPpass against a Pap hoOder 
that is heOd against the sXrIace� The Pap hoOder cannot have iron or steeO parts�
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�V�W�U�X�F�W�X�U�H�V���D�U�H���Q�H�H�G�H�G���I�R�U���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q�����V�R���W�K�D�W���U�H�F�U�\�V�W�D�O�O�L�]�H�G���R�U���G�R�O�R�P�L�W�L�]�H�G��
�P�D�W�H�U�L�D�O�� �L�V���J�H�Q�H�U�D�O�O�\���L�Q�D�G�H�T�X�D�W�H��

�%�U�\�R�]�R�D�Q�V�� �D�U�H�� �P�R�V�W�� �D�E�X�Q�G�D�Q�W�� �L�Q�� �W�K�L�Q���E�H�G�G�H�G�� �O�L�P�H�V�W�R�Q�H�� �D�Q�G�� �F�D�O�F�D�U�R�X�V��
�V�K�D�O�H���D�Q�G���U�H�T�X�L�U�H���V�W�X�G�\���R�I���L�Q�W�H�U�Q�D�O�� �V�W�U�X�F�W�X�U�H�V���I�R�U���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���� �&�U�L�Q�R�L�G�V��
�D�U�H���O�R�F�D�O�O�\���D�E�X�Q�G�D�Q�W���L�Q���O�L�P�H�V�W�R�Q�H���D�Q�G���V�D�Q�G�V�W�R�Q�H���E�X�W���E�H�F�R�P�H���G�L�V�D�U�W�L�F�X�O�D�W�H�G��
�H�D�V�L�O�\���D�Q�G���W�K�X�V���S�U�R�Y�L�G�H���I�H�Z���V�S�H�F�L�P�H�Q�V���V�X�L�W�D�E�O�H���I�R�U���D�V�V�L�J�Q�L�Q�J���J�H�R�O�R�J�L�F���D�J�H����
�(�F�K�L�Q�R�L�G�V���D�U�H���F�R�P�P�R�Q�O�\���S�U�H�V�H�U�Y�H�G���L�Q�W�D�F�W���L�Q���O�L�P�H�V�W�R�Q�H���D�Q�G���V�D�Q�G�V�W�R�Q�H�����7�U�L�O����
�R�E�L�W�H�V�� �D�Q�G�� �J�U�D�S�W�R�O�L�W�H�V�� �R�F�F�X�U�� �F�K�L�H�I�O�\�� �L�Q�� �V�K�D�O�H�� �D�Q�G�� �W�K�L�Q���E�H�G�G�H�G�� �O�L�P�H�V�W�R�Q�H����
�Z�K�H�U�H���W�K�H�\���D�U�H���I�R�X�Q�G���E�\���X�V�L�Q�J���D���F�K�L�V�H�O���W�R���V�S�O�L�W���W�K�H���U�R�F�N���S�D�U�D�O�O�H�O���W�R���E�H�G�G�L�Q�J����
�*�U�D�S�W�R�O�L�W�H�V���D�U�H���I�D�L�U�O�\���F�R�P�P�R�Q���L�Q���O�R�Z���J�U�D�G�H���V�O�D�W�H�V���D�Q�G���H�Y�H�Q���L�Q���S�K�\�O�O�L�W�H�����D�Q�G��
�W�K�H�L�U���X�Q�F�R�P�S�D�F�W�H�G���I�R�U�P�V���P�D�\���E�H���I�R�X�Q�G���L�Q���P�D�V�V�L�Y�H���I�L�Q�H���J�U�D�L�Q�H�G���O�L�P�H�V�W�R�Q�H��
�D�Q�G���F�K�H�U�W��

�:�H�O�O���S�U�H�V�H�U�Y�H�G���I�R�V�V�L�O���I�L�V�K���D�U�H���P�R�V�W���F�R�P�P�R�Q���L�Q���G�D�U�N�����X�Q�E�L�R�W�X�U�E�D�W�H�G���V�K�D�O�H����
�O�L�P�H�V�W�R�Q�H�����R�U���G�L�D�W�R�P�L�W�H���R�I���O�D�N�H�V�����P�D�U�V�K�H�V�����D�Q�G���G�\�V�D�H�U�R�E�L�F���P�D�U�L�Q�H���H�Q�Y�L�U�R�Q��
�P�H�Q�W�V���� �5�R�F�N�V���Z�R�U�W�K���V�H�D�U�F�K�L�Q�J���F�R�Q�W�D�L�Q���V�F�D�W�W�H�U�H�G���I�L�V�K�� �V�F�D�O�H�V���� �V�L�Q�J�O�H���E�R�Q�H�V����
�F�R�S�U�R�O�L�W�H�V�����R�U���R�W�K�H�U���S�K�R�V�S�K�D�W�L�F���S�D�U�W�L�F�O�H�V�����7�H�U�U�H�V�W�U�L�D�O���Y�H�U�W�H�E�U�D�W�H���I�R�V�V�L�O�V���R�F�F�X�U��
�P�D�L�Q�O�\���L�Q���P�X�G�V�W�R�Q�H�����W�X�I�I�V�����D�Q�G���V�D�Q�G�V�W�R�Q�H�����D�Q�G���W�K�H�L�U���W�H�H�W�K���D�Q�G���F�D�V�H���K�D�U�G�H�Q�H�G��
�E�R�Q�H�V���P�D�\���E�H���Z�D�V�K�H�G���D�Q�G���V�R�U�W�H�G���L�Q�W�R���U�L�Y�X�O�H�W���F�K�D�Q�Q�H�O�V�����7�K�H���V�N�X�O�O�����W�H�H�W�K�����D�Q�G��
�D�S�S�H�Q�G�D�J�H�� �E�R�Q�H�V�� �D�U�H�� �P�R�V�W�� �Y�D�O�X�D�E�O�H�� �I�R�U�� �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q�V���� �)�R�V�V�L�O�� �O�D�Q�G�� �S�O�D�Q�W�V��
�D�U�H���P�R�V�W���D�E�X�Q�G�D�Q�W���L�Q���G�D�U�N���I�L�V�V�L�O�H���V�K�D�O�H�V���D�V�V�R�F�L�D�W�H�G���Z �L�W�K���F�R�D�O�����D�Q�G���L�Q���W�K�L�Q����
�E�H�G�G�H�G���O�D�F�X�V�W�U�L�Q�H���O�L�P�H�V�W�R�Q�H�����V�L�O�W�V�W�R�Q�H�����G�L�D�W�R�P�L�W�H�����D�Q�G���W�X�I�I�����/�D�U�J�H���F�R�O�O�H�F�W�L�R�Q�V��
�D�U�H���J�H�Q�H�U�D�O�O�\���Q�H�H�G�H�G���D�Q�G���V�K�R�X�O�G���L�Q�F�O�X�G�H���D�O�O���U�H�P�D�L�Q�V���R�I���I�O�R�Z�H�U�V�����V�H�H�G�V�����F�D�W��
�N�L�Q�V�����R�U���F�R�Q�H�V���D�V���Z�H�O�O���D�V���Z�K�R�O�H���O�H�D�Y�H�V�����:�H�O�O���S�U�H�V�H�U�Y�H�G���V�L�O�L�F�L�I�L�H�G���Z�R�R�G���P�D�\���E�H��
�Y�D�O�X�D�E�O�H��

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

�(�Y�L�G�H�Q�F�H���V�X�J�J�H�V�W�L�Q�J���D�F�F�X�P�X�O�D�W�L�R�Q���D�W���R�U���Q�H�D�U���D���K�D�E�L�W�D�W���L�Q�F�O�X�G�H�V���� ���������P�D�Q�\��
�Z�H�O�O���S�U�H�V�H�U�Y�H�G���V�S�H�F�L�P�H�Q�V���R�I���R�Q�H���R�U���D���I�H�Z���V�S�H�F�L�H�V�������������S�D�U�W�V���R�I���F�R�P�S�O�H�[���L�Q�G�L��
�Y�L�G�X�D�O�V� �� � �V�X�F�K� � �D�V� � �F�U�L�Q�R�L�G�V� �� � �P�R�U�H� � �R�U� � �O�H�V�V� � �L�Q� � �R�Q�H� � �S�O�D�F�H� �� � � �� �� �� � �D�Q� � �D�V�V�H�P�E�O�D�J�H���R�I��
�V�S�H�F�L�H�V���W�K�R�X�J�K�W���W�R���R�F�F�X�S�\���D���V�L�Q�J�O�H���H�F�R�O�R�J�L�F���Q�L�F�K�H�����D�Q�G�����������V�H�G�L�P�H�Q�W�V���V�X�L�W�D�E�O�H��
�W�R���W�K�H���O�L�I�H���K�D�E�L�W�V���R�I���W�K�H���R�U�J�D�Q�L�V�P�V�����(�[�F�H�S�W�L�R�Q�V���W�R���W�K�H���I�L�U�V�W���W�Z�R���F�U�L�W�H�U�L�D���M�X�V�W��
�J�L�Y�H�Q���D�U�H���S�O�D�Q�W�V���D�Q�G���D�Q�L�P�D�O�V���W�K�D�W���W�H�Q�G���W�R���I�O�R�D�W���D�I�W�H�U���G�\�L�Q�J�����$�P�P�R�Q�L�W�H�V�����I�R�U��
�H�[�D�P�S�O�H�����P�D�\���E�H���Z�H�O�O���S�U�H�V�H�U�Y�H�G���D�I�W�H�U���O�R�Q�J���S�H�U�L�R�G�V���R�I���W�U�D�Q�V�S�R�U�W�D�W�L�R�Q�����* �H�Q�H�U��
�D�O�O�\�����K�R�Z�H�Y�H�U�����H�[�W�H�Q�V�L�Y�H���W�U�D�Q�V�S�R�U�W�D�W�L�R�Q���L�V���V�K�R�Z�Q���E�\���� ���������U�R�X�Q�G�H�G�����D�E�U�D�G�H�G����
�I�R�V�V�L�O�V�������������P �L�[�W�X�U�H�V���R�I���H�F�R�O�R�J�L�F�D�O�O�\���G�L�Y�H�U�V�H���V�S�H�F�L�H�V�����D�Q�G�����������I�R�V�V�L�O�V���U�H�V�W�U�L�F�W�H�G��
�W�R���E�H�G�V���W�K�D�W���D�S�S�H�D�U���W�R���E�H���G�H�S�R�V�L�W�V���R�I���V�H�G�L�P�H�Q�W���J�U�D�Y�L�W�\���I�O�R�Z�V��
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�5�H�Z�R�U�N�H�G���I�R�V�V�L�O�V���D�U�H���L�Q�G�L�F�D�W�H�G���E�\���� ���������U�H�P�Q�D�Q�W�V���R�I���U�R�F�N���P �D�W�U�L�[�����S�H�U�K�D�S�V��
�R�Q�O�\���L�Q�V�L�G�H���W�K�H���V�K�H�O�O���������������E�H�L�Q�J���Z�H�D�W�K�H�U�H�G���R�Q���R�Q�H���V�L�G�H�����D�Q�G�����������G�L�I�I�H�U�H�Q�F�H�V���L�Q��
�S�U�H�V�H�U�Y�D�W�L�R�Q�� �D�Q�G���D�S�S�H�D�U�D�Q�F�H���I�U�R�P���R�W�K�H�U���I�R�V�V�L�O�V���L�Q�� �W�K�H���V�D�P�H���U�R�F�N�V�����)�R�V�V�L�O�V��
�W�K�D�W���V�H�H�P���V�W�U�D�W�L�J�U�D�S�K�L�F�D�O�O�\���R�X�W���R�I���S�O�D�F�H���D�U�H���Q�R�W���S�U�R�R�I���R�I���U�H�Z�R�U�N�L�Q�J�����I�R�U���W�K�H��
�D�J�H���U�D�Q�J�H�V���R�I���P�D�Q�\���R�U�J�D�Q�L�V�P�V���D�U�H���L�P�S�H�U�I�H�F�W�O�\���N�Q�R�Z�Q���� �6�X�F�K���I�L�Q�G�V���P �X�V�W� ��E�H� �
�F�R�O�O�H�F�W�H�G���F�D�U�H�I�X�O�O�\���D�Q�G���V�W�X�G�L�H�G���W�K�R�U�R�X�J�K�O�\��

�,�I���I�R�V�V�L�O�V���D�U�H���D�E�X�Q�G�D�Q�W�����D�V���J�U�H�D�W���D���Y�D�U�L�H�W�\���R�I���V�S�H�F�L�H�V���V�K�R�X�O�G���E�H���F�R�O�O�H�F�W�H�G���D�V��
�S�R�V�V�L�E�O�H�����7�K�H���U�H�O�D�W�L�Y�H���D�E�X�Q�G�D�Q�F�H�V���V�K�R�X�O�G���E�H���G�H�V�F�U�L�E�H�G���L�Q���W�K�H���Q�R�W�H�V�����E�H�F�D�X�V�H��
�W�K�L�V�� �L�Q�I�R�U�P�D�W�L�R�Q�� �Z�L�O�O�� �K�H�O�S�� �W�R�� �H�V�W�D�E�O�L�V�K�� �W�K�H�� �D�J�H�� �D�Q�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�� �R�I�� �W�K�H��
�D�V�V�H�P�E�O�D�J�H�����*�H�Q�H�U�D�O�O�\�����Q�R���D�W�W�H�P �S�W���V�K�R�X�O�G���E�H���P�D�G�H���W�R���W�U�L�P���D�Q�G���F�O�H�D�Q���V�S�H�F�L��
�P�H�Q�V���D�W���W�K�H���R�X�W�F�U�R�S�����6�D�P�S�O�H�V���V�K�R�X�O�G���E�H���S�U�R�W�H�F�W�H�G���I�U�R�P���Z�H�D�U���G�X�U�L�Q�J���W�U�D�Q�V��
�S�R�U�W�� �E�\�� �S�D�F�N�L�Q�J�� �W�K�H�P�� �L�Q�� �V�R�I�W�� �S�D�S�H�U���� �J�U�D�V�V���� �R�U�� �Z�K�D�W�H�Y�H�U�� �L�V�� �D�W�� �K�D�Q�G���� �,�I�� �Q�R��
�S�D�F�N�L�Q�J���P�D�W�H�U�L�D�O���L�V���D�Y�D�L�O�D�E�O�H��� � �W�K�H���I�R�V�V�L�O�V���V�K�R�X�O�G���E�H���O�H�I�W���D�W���W�K�H���R�X�W�F�U�R�S���D�Q�G��
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�E�L�R�W�L�W�H���L�V���R�Q�O�\���P�D�I�L�F���P�L�Q�H�U�D�O
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Foid-bearing
alk-feldspar
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Foid-bearing 
diorite or 
gabbro®
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�O�L�P�L�W�L�Q�J���F�R�P�S�R�V�L�W�L�R�Q���E�H�L�Q�J
�$�Q�V�R��
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rocks have been named specifically: serpentinite (consisting mainly of ser-
pentine minerals and formed typically from peridotite or pyroxenite);  
(quartz-muscovite rock, often with topaz; see Section 15-7); adinole (pale, 
fine-grained albite-rich rock typically formed near diabase bodies); and rod- 
ingite (white to pale green, heavy rock consisting mainly of hydrogrossular- 
ite, tremolite, and chlorite, and occurring in serpentinized peridotite near 
contacts). Other metasomatic rocks may be named descriptively, as coarse 
quartz-schorl rock, silicified tuff, and so on.
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lavas are suggested by pale tones; by scattered hills and linear ridges based 
on volcanic necks, pipes, and dikes; by curving patterns of flow structures 
(Section 13-4); and by closely spaced variations in vegetation and landforms. 
Volcanic rocks older than Cretaceous are likely to be altered, relatively 
impermeable, and closely jointed, thus appearing like any unit of layered 
hard rock.

Intrusive igneous bodies are suggested by uniformity of tone, texture, 
and drainage networks. Silicic and intermediate plutons are noticeably light 
in tone and often associated with light-toned dikes. Curving trellis drainage 
systems may parallel foliation in marginal facies, and crisscross drainage 
lines and tree lines suggest prominent joints within plutons (Section 14-7). 
Gabbro and ultramafic rocks show dark tones, and serpentinized peridotite 
is likely to support only sparse vegetation.

Aureoles of hornfels around intrusions commonly stand higher than either 
the intrusions or the metamorphic rocks outside the aureoles. Metamorphic 
rocks otherwise may be recognized by widespread foliation and layering that 
impart a parallel linear grain to the topography and drainage. Pronounced, 
closely spaced joints approximately perpendicular to ridges and linear pat-
terns suggest folded metamorphic rocks. Terrains of high-grade schist and 
gneiss are suggested by overall dark tones interrupted here and there by 
pale bands of quartzite and pale-toned small plutons and dikes. In arid and 
semiarid regions, marble may also stand out as pale-toned ridges. Complexly 
curving landforms based on folded units are common in many metamorphic 
areas.

 of late Pleistocene age generally can be recognized 
by landforms and other features associated with them. Some examples are 
end moraines, drumlins, eskers, and pitted outwash glacial deposits; 
patterned ground and thermokarst in a present or past periglacial 
environment; alluvial terraces along river valleys; sets of beach ridges and 
associated dune fields; coastal terraces with former stacks and subdued 
sea-cliff faces at their landward margins; and extensive flat plains once 
covered by shallow Pleistocene lakes. Many of these deposits and features 
are described briefly in Chapter 10 and more fully in the references given 
there. Their photogeology is illustrated by superb stereo pairs collected and 
described by Mollard (1973?).

  large size must be viewed on small-scale imagery, and 
SLAR imagery is typically ideal, as described in Section 7-2. Topographic 
forms, drainage patterns, and tonal patterns are used in conjunction to 
recognize large plutons, homoclinal sequences of strata, large folds, 
foliated metamorphic terrains, block-faulted areas, and major faults.

On intermediate to large-scale imagery, actual linear outcrops and detailed 
tonal or textural bands are indicators of stratiform sequences and therefore 
of folds, foliations, and faults. Direction of dip is indicated by the directions

























Ray, R. G., 1960, Aerial photographs in geologic interpretation and mapping'. U.S.
Geological Survey Professional Paper 373, 230 p.

Sabins, F. F., Jr., 1978, Remote sensing:principles and interpretation: San Francisco, 
W. H. Freeman and Co., 426 p.

Smith, J. T., and Anson, A., editors, 1968, Manual of color aerial photography: Falls 
Church, VA, American Society of Photogrammetry, 550 p. 

von Bandat, H. F., 1962, Aerogeology: Houston, Gulf Publishing Co., 350 p.
Way, D. S., 1978, Terrain analysis: a guide to site selection using aerial photographic 

interpretation, 2nd edition: Stroudsburg, PA, Dowden, Hutchinson, &  Ross, 
438 p.

134 Geology in the Field









138 Geology in the Field

long distances (Section 8-7). The sheet may be kept clean by an overlay of 
brown paper that is cut away as the mapping progresses.

Plane table tripods have a Johnson head that is attached to wooden legs by 
bolts and wing nuts (Fig. 8-2A). The wing nuts should be set just firmly 
enough to hold the tripod leg unsupported at an angle of about 45°. The 
Johnson head is designed so that the plane table can be leveled and oriented 
easily, as by the steps that follow:

1. Set the tripod up, with its legs inclined about 30° from vertical; loosen
both set screws of the Johnson head, and move the upper (main) part of the 
head until it is evenly upright.

2. Tighten both set screws and screw the plane table down so that it fits
firmly against the head.

3. Place the assembly over the station occupied such that the map is
oriented approximately and the ground marker of the station lies under the 
corresponding point on the map.

4. Level the board approximately by moving the tripod legs; on steep slopes,
place two of the legs downhill.

5. Press the tripod feet into the ground or brace them with chunks of rock
so that they will stay solidly in place.

6. Place the alidade without its striding level in the center of the board,
parallel to the board’s length.

7. Grip the far side of the board with one hand, hold the blade down under
that arm, and press the near edge of the board firmly against the waist 
(Fig. 8-2B).

8. Loosen both set screws of the Johnson head with the free hand and level
the board by referring to the level on the blade. Tighten the upper set screw 
of the Johnson head.

The board can be rotated on what is now the vertical axis of the Johnson 
head, and it is oriented for mapping by the following steps:

1. Place the fiducial edge so that it bisects the map point of the station
occupied and also the map point of the station that will be sighted.

2. Rotate the board on its vertical axis until the alidade is pointing at the
station to be sighted; look through the telescope in order to bring the station 
sighted exactly on the vertical cross hair.

3. Tighten the lower set screw of the Johnson head, making sure that the
cross hair remains on the station sighted.

4. Check for parallax, and make sure the board and tripod are set firmly
enough so that they will not be disoriented during mapping.

The board can also be oriented by reference to magnetic north; however, 
small local variations in the magnetic field tend to make this method less 
accurate (see Magnetic anomalies, Section 2-5).
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set of plane table equipment is heavy to carry. The spacing of stations should 
be such that at least two will fall on each plane table sheet used for stadia 
mapping. Internal angles of the triangulation network should be between 
about 40° and 90° if the stations will be intersected with a plane table and 
alidade.

As locations are selected, they are marked with a signal that can be seen 
from all nearby stations. A flag of brightly colored cloth 0.5 m long can be 
seen with field glasses of an alidade for several kilometers. The pole can be 
mounted over a permanent stake by driving a finishing nail partway into 
the stake and drilling a hole in the base of the pole, to fit over the nail. The 
pole may be guyed by three pieces of baling wire attached to heavy stones or 
vegetation. The signal can thus be taken down and reset easily during tri-
angulation. Computations of vertical distances will be simplified by making 
all flagpoles the same height.

An ideal base line is located on 
reason-ably level and open ground. The two ends must be visible from all 
points along the line, and all nearby triangulation stations must be visible 
from both ends. If the control system will be intersected with a plane table 
and alidade, the base line should be at least half as long as the other triangle 
sides in the system. The precision of measuring the base line need be no 
greater than the precision with which it can be plotted on a plane table 
sheet. The latter is determined by the thickness of graduation lines on 
scales of good quality, which permit reading lengths of lines to 
approximately the nearest 0.05 mm (0.002 in.). A plotted base line 12.5 cm 
(5 in.) long can thus be scaled with a precision of 1 part in about 2500.

This same degree of precision would require that a base line 500 m long 
must be measured to the nearest 0.2 m, which should not be difficult by 
using a steel tape of good quality. Additional equipment needed are two 
plumb bobs, a set of chaining pins (or long nails flagged with brightly colored 
tape), and a hand level or Brunton compass. The precision just noted will 
not require that a temperature correction be applied, but the manufacturer s 
description of the tape should be checked to determine whether it was stan-
dardized fully supported or for being held unsupported at a 10-lb pull. If it is 
standardized fully supported, sag is likely to introduce a systematic error of 
approximately 1 part in 1000, and the actual sag factor can be measured by 
laying the tape on a floor, marking its length, and then comparing its length 
when held at both ends under a 10-lb pull.

The taping is done by three persons and will be easiest going downslope, 
as by the steps that follow:

1. Examine the markings at the two ends of the tape (some tapes are
graduated beyond their end measures).

2. One person carries the 0 end of the tape ahead for the first full measure
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�� �Y���� �������� �S���� ����������������

�5�D�\���� �/���� �/������ ������������ ��
� � � †� � �� �8���6���� �*�H�R�O�R�J�L�F�D�O�� �6�X�U�Y�H�\�� �3�U�R�I�H�V�V�L�R�Q�D�O�� �3�D�S�H�U������������

�������S��
�5�X�K�H�����5�����9 ������������������ �� �%�R�V�W�R�Q����

�+�R�X�J�K�W�R�Q���0�L�I�I�O�L�Q�� �&�R������ �������� �S��
�6�H�O�I���� �6������ �D�Q�G�� �6�S�D�U�N�V���� �5���6���-������ �H�G�L�W�R�U�V���� ������������ ��

�� �’�R�U�G�U�H�F�K�W���� �+�R�O�O�D�Q�G���� �’���� �5�H�L�G�H�O�� �3�X�E�O�L�V�K�L�Q�J�� �&�R������ �������� �S��
�6�K�U�H�Y�H�����5�����/������������������ �� �*�H�R�O�R�J�L�F�D�O���6�R�F�L�H�W�\���R�I���$�P�H�U�L�F�D���6�S�H�F�L�D�O��

�3�D�S�H�U�� ���������� ������ �S��
�6�R�L�O�� �6�X�U�Y�H�\�� �6�W�D�I�I���� ������������ �� �6�R�L�O�� �&�R�Q�V�H�U�Y�D�W�L�R�Q�� �6�H�U�Y�L�F�H���� �8���6����

�’�H�S�D�U�W�P�H�Q�W�� �R�I�� �$�J�U�L�F�X�O�W�X�U�H�� �+�D�Q�G�E�R�R�N�� �������� �������� �S��
�6�R�L�O���6�X�U�Y�H�\���6�W�D�I�I���� ������������ ��

�� �6�R�L�O�� �&�R�Q�V�H�U�Y�D�W�L�R�Q�� �6�H�U�Y�L�F�H���� �8���6���� �’�H�S�D�U�W�P�H�Q�W�� �R�I��
�$�J�U�L�F�X�O�W�X�U�H�� �+�D�Q�G�E�R�R�N�� ���������� �������� �S��

�: �D�V�K�E�X�U�Q���� �$���� �/������ ������������
�� �1�H�Z�� �<�R�U�N�����-�R�K�Q�� �: �L�O�H�\�� �	�� �6�R�Q�V���� �������� �S��
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�: �L�O�O�L�D�P�V�����*�����3�������D�Q�G���*�X�\�����+�����3������������������ ����
������������ �� �8���6�����*�H�R�O�R�J�L�F�D�O���6�X�U�Y�H�\���3�U�R�I�H�V�V�L�R�Q�D�O���3�D�S�H�U������ �� ���� �����S����
�:�R�L�O�O�D�U�G�����*�����0������ �������������*�U�D�Q�G�H���3�L�O�H���S�H�D�W���E�R�J���� �D���F�R�Q�W�L�Q�X�R�X�V���S�R�O�O�H�Q���U�H�F�R�U�G���I�R�U���W�K�H���S�D�V�W��������������������
���������� �\�H�D�U�V���� �����Y���� ������ �S���� ����������
�: �U�L�J�K�W���� �+���� �(�������-�U������ ������������ �5�R�O�H�� �R�I�� �W�K�H�� �:�D�G�H�Q�D�� �O�R�E�H�� �L�Q�� �W�K�H�� �:���L�V�F�R�Q�V�L�Q�� �J�O�D�F�L�D�W�L�R�Q�� �R�I��

�0�L�Q�Q�H�V�R�W�D���� �����Y���� �������� �S���� ��������������

�� �0�L�Q�Q�H�D�S�R�O�L�V�����8�Q�L�Y�H�U�V�L�W�\���R�I���0�L�Q�Q�H�V�R�W�D��
�3�U�H�V�V������������ �S������ �������� �S��
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�&�O�R�R�V�����(�������������������2 �R�O�L�W�H���G�H�I�R�U�P �D�W�L�R�Q���L�Q���W�K�H���6 �R�X�W�K���0 �R�X�Q�W�D�L�Q���I�R�O�G�����0 �D�U�\�O�D�Q�G���� ��
���� �Y���� �������� �S���� ����������������

�&�U�R�Z�H�O�O�����-��� �� � � �� �� �� �� �� � �3�U�R�E�O�H�P �V�� �R�I�� �I�D�X�O�W�� �Q�R�P �H�Q�F�O�D�W�X�U�H����
���� �Y���� �������� �S���� ��������������������

�’�H�F�N�H�U�����- ���( �����-�U�������������������� ��
� � �6�W�D�Q�I�R�U�G�� �8 �Q�L�Y�H�U�V�L�W�\��� � �&�$��� � �3 �K�’ � � � ’ �L�V�V�H�U�W�D�W�L�R�Q���� � �� �� �� � �S��

�’ �X �I�I�L�H�O�G�����:�����$������ ������������ ��
� �� � � 8 � �� 6� �� � � * � H� R� O� R� J� L� F� D� O� � � 6� X� U� Y� H� \ � � � 3 � U� R� I� H� V� V� L� R� Q� D� O� � � 3� D� S� H� U� �� � � � � � � � � � � � � � � S� �

�’ �\ �H�U���- �����5������ �� �� �� �� ���� �6�W�D�Q�I�R�U�G���8 �Q �L��
�Y �H�U�V�L�W� \ � �� � �&�$� �� � � 3 �K� ’ � � � ’ � L�V�V�H�U�W�D�W�L�R�Q� �� � � � � �� �� � �S� �

�( �O�W�H�U���� �3������ �D�Q�G�� �7 �U�H�Y�L�V�D�Q ���� �/������ ������������ �2 �O�L�V�W�R�V�W�U�R�P �H�V�� �L�Q�� �W�K�H�� �W�H�F�W�R�Q�L�F� � �H�Y�R�O�X �W�L�R�Q�� �R�I� � �W�K�H��
�Q�R�U�W�K�H�U�Q���$ �S�H�Q�Q�L�Q�H�V�����S���� ����������������� �� ’ �H�M�R�Q�J��� �� .� �� ��$� �� �� ��D�Q�G���6 �F�K�R�O�W�H�Q��� ��5� �� �� ��H�G�L�W�R�U�V��� �

�� �1 �H�Z �� �<�R�U�N�����-�R�K�Q�� �: �L�O�H�\�� �	�� �6�R�Q�V��
�) �O�H�X�W�\ ���� �0���� �*������ �������������7 �K �H���G�H�V�F�U�L�S�W�L�R�Q���R�I���I�R�O�G�V���������Y����

�������� �S���� ����������������
�* �D�Q�V���� �3���� �%������ �D�Q�G���0 �L�O�O�H�U�����(���� �/������ ������������ �6 �W�\ �O�H���R�I���P �L�G���7 �H�U�W�L�D�U�\���H�[ �W�H�Q�V�L�R�Q���L�Q���H�D�V�W���F�H�Q�W�U�D�O��

�1 �H�Y�D�G�D���� �S���� ������������������ �* �X�U�J�H�O���� �.���� �’ �������H�G�L�W�R�U���� ��
���� �8 �W�D�K���* �H�R�O�R�J�L�F�D�O��

�D�Q�G�� �0 �L�Q�H�U�D�O�� �6 �X �U�Y�H�\ �� �6�S�H�F�L�D�O�� �6 �W�X �G�L�H�V�� ������
�+�H�D�U�G���� �+���� �&������ �D�Q�G���5 �X�E�H�\�����:���� �: ������ �������������7 �H�F�W�R�Q�L�F���L�P �S�O�L�F�D�W�L�R�Q�V���R�I���J � \ �S�V�X�P � ��G�H�K� \ �G�U�D�W�L� �

�R�Q���� ���� �Y���� �������� �S���� ����������������
�+ �L�O�O���� �0���� �/������ ������������ �5�R�O�H���R�I���F �O�D�V�V�L�I�L�F�D�W�L�R�Q�� �L�Q���J �H�R�O�R�J�\ �����S���� �������������������$ �O�E�U�L�W�W�R�Q���� �&���� �&�������-�U������

�H�G�L�W�R�U���� � � �5 �H�D�G�L�Q�J���� �0 �6���� �$ �G�G�L�V�R�Q���: �H�V�O�H�\��
�+ �R�E�E�V�����%�����( �������0 �H�D�Q�V�����:�����’ �������D�Q�G���: �L�O�O�L�D�P �V�����3�����) ������ ������������

�� �1 �H�Z �� �<�R�U�N�����-�R�K�Q�� �: �L�O�H�\�� �	�� �6 �R�Q�V���� �������� �S��
�+ �V�X���� �.���� �-������ ������������ �3 �U�L�Q�F�L�S�O�H�V�� �R�I�� �P �H�O�D�Q�J�H�V�� �D�Q�G�� �W�K�H�L�U�� �E�H�D�U�L�Q�J�� �R�Q�� �W�K�H�� � ) �U�D�Q�F�L�V�F�D�Q����

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

���� �Y���� �������� �S���� ����������������
�-�R�K�Q�V�R�Q�����$�����5������ ������������

�� �$ �P �V�W�H�U�G�D�P ���� �( �O�V�H�Y�L�H�U�� �6 �F�L�H�Q�W�L�I�L�F�� �3 �X�E�O�L�V�K �L�Q �J ���&�R������ ���� �� �� �S��
�. �X�S�I�H�U���� �’���� �+������ ������������ �3 �U�R�E�O�H�P �V���R�I���I�D�X�O�W�� �Q�R�P �H�Q�F�O�D�W�X�U�H����

���� �Y���� �������� �S���� ����������������
�0 �L�O�O�H�U���� �(���� �/������ �* �D�Q�V���� �3���� �%������ �D�Q�G�� �* �D�Y�L�Q�J�����-������ ������������ �7 �K �H�� �6�Q�D�N�H�� �5 �D�Q�J�H�� �G�H�F�R�O�O�H�P �H�Q�W���� �D�Q��

�H�[ �K�X�P �H�G�� �P �L�G���7 �H�U�W�L�D�U�\�� �G�X�F�W�L�O�H���E�U�L�W�W�O�H�� �W�U�D�Q�V�L�W�L�R�Q�������� �Y���� ������ �S���� ����������������
�1 �L�F�N�H�O�V�H�Q ��� � �5��� � �3��� �� � �D�Q�G���+ �R�X�J�K��� � �9 ���1 ��� ’ � �� �� � � �� �� �� �� �� ��- �R�L�Q�W�L�Q�J���L�Q���W�K�H���$ �S�S�D�O�D�F�K�L�D�Q�� �3 �O�D�W�H�D�X���R�I��

� 3 �H�Q�Q�V� \ �O�Y�D�Q�L�D� �� � ���� �Y���� �������� �S���� ����������������
�3 �D�J�H���� �%���� �0 ������ ������������ �) �U�D�Q�F�L�V�F�D�Q�� �P �H�O�D�Q�J �H�V�� �F�R�P �S�D�U�H�G�� �Z �L�W�K �� �R �O�L�V�W�R�V�W�U�R� P � H� V� � � R� I� � � 7 � D� L� Z � D� Q��

�D�Q�G�� �,�W�D�O�\���� ���� �Y���� �������� �S���� ����������������
�3 �D�J�H� �� � �%� �� � �0 � �� �� � �D�Q�G� � �6�X�S�S�H� �� �� -� �� �� � � �� �� �� �� �� � �7 �K �H� ��3 �O�L�R�F�H�Q�H� �� / �L�F�K�L� � �P �H�O�D�Q�J�H� ��R� I���7 �D�L�Z �D�Q���� �L�W�V�� �S�O�D�W�H����

�W�H�F�W�R�Q�L�F� ��D�Q�G���R�O�L�V�W�R�V�W�U�R�P �D�O���R�U�L�J�L�Q��� �� ��Y��� �� � � � � � � �� ��S��� � � �� �� �� �� �� �� �� �
�3�L�H�U�F�H���� �:���� �* ������ �������������3�U�L�Q�F�L�S�D�O���I�H�D�W�X �U�H�V���R�I���W�K�H���+ �H�D�U�W���0 �R�X�Q�W�D�L�Q���I�D�X �O�W���D�Q�G���W�K�H���P �H�F�K �D��

�Q�L�V�P �� �S�U�R�E�O�H�P���� �S���� ����������������� � � ’ � H � M� R � Q � J � �� � � .� �� � � $� �� �� � � D� Q� G� � � 6 � F� K� R� O� W� H� Q� �� � � 5� �� �� � � H� G� L� W� R� U� V� �� ���
�� �1 �H�Z �� �<�R�U�N�����-�R�K�Q�� �: �L�O�H�\�� �	�� �6�R�Q�V��

�3 �R�Z �H�O�O���� �&���� �0 �F�$������ ������������ �7 �H�F�W�R�Q�L�F�� �G�H�Z �D�W�H�U�L�Q�J���D�Q�G�� �V�W�U�D�L�Q�� �L�Q�� �W�K�H�� �0 �L�F�K�L�J�D�P �P �H�� �6�O�D�W�H����
�0 �L�F�K�L�J�D�Q���� ���� �Y���� �������� �S���� ��������������������

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

���� �Y����1 ���� �S���� ����������������
�5�D�P�E�H�U�J�����+������ �������������6�W�U�D�L�Q���G�L�V�W�U�L�E�X�W�L�R�Q���D�Q�G���J�H�R�P �H�W�U�\���R�I���I�R�O�G�V������

� �� � � Y� �� � � �� �� �� � � Q� R� �� � � �� �� � � S� �� � � �� �� �� �� �
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pactive dimples (“ sags” ) in underlying strata near the volcano. Un-
commonly, the deposits are welded or agglutinated and can be distinguished 
from welded pyroclastic flow deposits by distinct stratification, by rapid 
vertical variation in degree of welding, by mantling the topography, and by 
the fact that the degree of welding falls off rapidly away from the vent.

Walker (1973) noted that magnitude of an explosive eruption is indicated 
by the volume of detritus produced, and eruptive violence by (1) the size of 
the area covered by ejecta and (2) the abundance of fine tephra in it. He 
developed a classification of explosive eruptions based on the percentage of 
fine tephra and the thicknesses of deposits at a fixed distance from the vent, 
and noted characteristics of airfall deposits that help in recognizing these 
eruptive types. Briefly, deposits consisting largely of glassy fragments 
shaped plastically during eruption (Fig. 4-17) suggest mild explosions or 
fountaining of liquid basalt (Hawaiian-type activity). Abundant ragged sco-
ria and shaped scoria bombs accompanied by less than 25% of clasts finer 
than 1 mm suggest somewhat more violent (Strombolian-type) activity. In 
contrast, exceptionally widespread deposits consisting of irregular vesicular 
fragments of basaltic glass mostly finer than 1 mm indicate violently explo-
sive (Surtseyan-type) activity, caused by mixing of water and basalt melt. 
Tuffs produced by these subaqueous explosions are commonly vesicular, 
and base surge deposits often accompany this type of airfall deposit.

Deposits consisting mainly of pumice lumps and colorless glass shards 
are generally felsic or silicic in composition. Those produced by unusually 
powerful but continuous gas blasts (Plinian-type activity) can be recognized 
by a near-vent facies consisting of a thick unstratified pumice layer that 
contains only moderate amounts of clasts finer than 1 mm, and in some 
cases is graded coarser-upward (Lirer and others, 1973). Violent explosions 
caused by mixing of water and abundant felsic magma (phreatoplinian-type 
activity) have been interpreted by Self and Sparks (1978) as the cause of 
deposits of blocky, sparsely vesicular glass fragments that: (1) are much 
finer grained than Plinian-type tephra (median diameter of 0.2-0.1 mm); (2) 
show little decrease in grain size away from the vent; (3) occur with base 
surge deposits; and (4) commonly include accretionary lapilli.

 are characterized by laminae that are typically cast 
into dune, antidune, and smaller sand-wave forms near the volcano, and 
are planar at greater distances from the volcano (Fig. 13-9A, B , and C). In 
addition to this spatial relation, Wohletz and Sheridan (1979) noted that 
unlaminated deposits of poorly sorted clasts are abundant throughout the 
deposits, commonly forming elongate lenses in the lee of antidunes (Fig.
13-9 ). The antidunes indicate the direction of the blast and therefore of
the vent, as do deposits plastered against large blocks, tree trunks, or other
steeply inclined surfaces (Moore, 1967). Plastered-on deposits and locally
abundant accretionary lapilli indicate moist ash, and the moisture implies
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typically form tabular dikes or lens-shaped pods. Other structural varieties 
range in size and complexity from single large potassium-feldspar crystals 
laced with graphically intergrown quartz (Osiecki, 1981) to compositionally 
zoned dikes and pods many meters across. In exceptional cases, structural 
relations of zoned pods may indicate intrusion of pegmatite magma (Fig.
14-1 ).

Mineral zones in most of the zoned granitic pegmatites described by
Cameron and others (1949) are, from outside inward: (1) plagioclase- 
quartz-muscovite; (2) plagioclase-quartz; (3) quartz-perthite-plagioclase, 
with or without muscovite and (or) biotite; (4) perthite-quartz; and (5) 
quartz. Crystals tend to be oriented perpendicular to contacts. Grain size 
and degree of segregation tend to increase inward. The zones in some peg-
matites appear symmetrical in most horizontal sections. Many are asym-
metric in vertical sections, in some cases strongly so (Fig. 14-11 ). Sodium, 
chiefly in albite, tends to be concentrated in the lower parts of pegmatites, 
whereas potassium, chiefly in potassium feldspar, tends to be concentrated 
in the upper parts and may form micas from aluminosilicates in the sur-
rounding rocks. Vugs dissolved by volatiles cut across earlier-stage minerals 
or zone boundaries and have radial fabrics of volatile-deposited minerals.

is common in silicic and intermediate plutons and is occasionally 
associated with gabbro. It commonly grades texturally to fine pegmatite 
and may be porphyritic, carrying potassium-feldspar phenocrysts in a 
groundmass that consists mainly of albite and quartz. Some aplite forms 
separate bodies, but most occurs with pegmatite in composite dikes or pods. 
Aplite is usually marginal or central to pegmatite, and textural relations at 
the contacts may suggest continuity of crystallization (Fig. 14-12A). Layered 
bodies may form by multiple injection of sheets that are differentiated into 
albite-quartz aplite below and potassium-feldspar-quartz pegmatite above 
(Fig. 14-12 ). Compositional layering in the aplitic parts of large pegmatite- 
aplite bodies is typically thin (1-10 mm) and marked by concentration of 
garnet, tourmaline, or muscovite (Jahns and Tuttle, 1963). Aplites in com-
posite bodies may also show faint schlieren that are locally contorted near 
projections of wall rocks or large crystals and are probably primary flow 
structures (Jahns and Tuttle, 1963, p. 82).

According to the model of Jahns and Burnham (1969), aplite is typically 
produced by pressure-quenching of a residual melt, caused either by sudden 
opening of fractures or by rapid ascent of largely crystallized granitic 
magma. A volatile-rich phase released during the quenching then crystal-
lizes to pegmatite, or the volatiles may form pegmatite where they stream 
along fractures. The total amount of aplite and pegmatite thus gives a mea-
sure of the amount of residual melt extracted from the pluton, and the ratio 
of aplite to pegmatite indicates the concentration of volatiles in the separated 
residual melt.
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(fibrolite) in its first appearance or is associated with biotite as fine lineated 
clusters approximately parallel to mica cleavage. Potassium feldspar is typ-
ically segregated into folia or patches with quartz, and can be distinguished 
from untwinned plagioclase by its lesser degree of alteration or by staining 
(Section 2-3). Disappearance of muscovite may be impractical to use as a 
zone boundary because the mineral often develops during retrograde 
metamorphism.

A somewhat different progression of minerals in schistose metaclaystone 
has been interpreted to indicate lower metamorphic pressures than the one 
just described (Miyashiro, 1973, p. 167). The lower-grade index minerals 
are the same as those just described, but andalusite forms at about the 
same position as staurolite; kyanite is scarce or absent; and cordierite 
appears at higher grade. The highest grade zone is thus characterized by 
association of cordierite, sillimanite, and potassium feldspar, locally with 
andalusite.

Mafic igneous rocks associated with schists can be separated into low- 
grade and intermediate-grade zones where hornblende first appears, and 
into a high-grade zone at the first appearance of pyroxene. Garnet may or 
may not form at intermediate grade. Epidote is usually consumed in the 
reaction to form hornblende but in unusually calcareous rocks it may last 
into a higher grade, or it may be retrograde. Mafic rocks formed from dolo- 
mitic mudstone may develop diopside at low to moderate grades of metam-
orphism.

Calcareous rocks are often difficult to zone because of their compositional 
variations; however, garnet and (or) hornblende typically appear in them at 
positions approximately equivalent to the garnet zone of metaclaystones, 
and clinopyroxene (diopside or salite) at positions equivalent to the silli-
manite zone (Tanner, 1976). Meionitic scapolite may develop from calcic 
plagioclase in deep-seated high-grade rocks.

Siliceous dolomite, or dolomite with silica added metasomatically, is pro-
gressively metamorphosed to associations that might be mapped as 
zones: (1) talc-calcite; (2) tremolite-calcite; (3) diopside-calcite; and (4) 
forsterite-calcite.

Metaclaystones in contact aureoles commonly show this progression of 
mineral appearances: (1) biotite, (2) andalusite, (3) cordierite, (4) sillimanite, 
and (5) potassium feldspar. The first three appearances may be so closely 
spaced as to appear superimposed at the outer boundary of some aureoles 
(Compton, 1960). Staurolite may appear together with andalusite, and it 
may disappear when cordierite develops. Kyanite forms in the inner parts 
of some aureoles, typically but not necessarily before andalusite (Pitcher 
and Berger, 1972, p. 325). Contact metamorphosed mafic rocks show mineral 
appearances much like those described above for schists; however, garnet 
is much less likely to form and hypersthene may appear in the innermost
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that has been heated by the pluton and circulated geothermally (Section
14-8). In some cases the fluid is groundwater that has been heated because 
of its deep position in the earth and mobilized by broad gravity-related 
potentials (Hanor, 1979).

Hydrothermal fluids tend to alter rocks selectively, some of the more 
susceptible rocks being limestone, dolomite, and mafic or glassy igneous 
rocks. Alteration also tends to be most intense along permeable zones such 
as open fractures, breccias, uncemented coarse clastic rocks, and rocks 
that are readily hydrofractured. In rocks of moderate permeability, altera-
tion is likely to be strongest near contacts with less permeable rocks, or at 
fault gouge that acted as a barrier to circulation. Because permeability is 
increased by fracturing, the most brittle rocks in a given association are 
often the most veined and altered.

Some hydrothermally altered rocks contain only one abundant new min-
eral, and they are classified and named accordingly: silicified, dolomitized, 
chloritized, albitized, and so on. Two distinctive kinds of hydrothermally 
metamorphosed rocks named long ago by miners are skarn, which is des-
cribed later in this section, and greisen, a coarse muscovite-rich rock that 
forms in and around granite plutons and generally also contains quartz, 
alkali feldspars, and one or more of topaz, fluorite, and tourmaline. Some 
additional kinds of alteration in and near plutons of silicic to intermediate 
composition have been classified into the following general types (Meyer 
and Hemley, 1967):

Potassic: plagioclase and mafic minerals altered to potassium feldspar 
and(or) biotite; typically a late magmatic alteration (Section 14-8).

Propylitic: plagioclase and mafic minerals altered to epidote and chlorite; 
these fine-grained green rocks are generally peripheral to rocks altered at 
higher temperatures (e.g., by potassic alteration).

Sericitic: feldspars altered to sericite; generally later than potassic alter-
ation and typically of same age as principal ore sulfides; this alteration and 
the two following are generally postmagmatic (Section 14-8).

Intermediate argillic: plagioclase largely altered to clay minerals; potas-
sium feldspar partly altered to clays; sericite may be present.

Advanced argillic. feldspars totally altered to clays and other fine-grained 
aluminous minerals (alunite, diaspore, pyrophyllite, andalusite, etc.).

Varieties of altered rocks may vary from these ideal types, and the names 
just listed are used somewhat loosely. Therefore textures, mineralogic rock 
compositions, and the nature of rocks prior to alteration should be recorded 
as fully as possible.

Alterations may be selective of original mineral species, as noted above, 
or may be pervasive (as in most cases of advanced argillic alteration). Alter-
ations are sometimes restricted to the margins of veins, fractures, or igneous
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graphic names compared to their use by the author (as in Sando and 
others, 1975, p. 6). Charts summarizing stratigraphic units and their 
corresponding events are especially valuable for reports on Quaternary 
history (as Mullineaux, 1970, p. 73). Diagrams comparing thicknesses of 
lithostratigraphic units to geologic age-ranges have been described by 
Meyer and Dickinson (1984). For showing horizontal orientations of 
currents, wind-rose graphs are recommended over sector graphs because 
the latter give visual bias to the more abundant orientations (Fig. 16-11). 
A variety of other graphs are described and illustrated diagrammatically 
by Bishop and others (1978, p. 70), and Tufte (1983) has described the 
basis, design, and preparation of a great variety of diagrams.

16-4. Designing the Report

Every scientific report consists of four basic elements that are arranged
logically as follows:

1. What was sought or intended in making the study.
2. What was actually done.
3. The data or relations that were found or measured.
4. Conclusions that can be inferred from the data and from all other

information available.

The principal subjects in each category can be determined by composing 
a preliminary summary, as suggested in Section 16-1. The summary pro-
vides a central thrust or design for organizing additional topics and details. 
Features relevant to the design are organized with care, down to the last 
detail, whereas irrelevant although interesting ones are omitted or given 
subordinate treatment. A detailed outline for one report can never serve for 
another, and thus the outlines presented here are of the broadest sort. Most

Fig. 16-11. Current data accumulated in 20° intervals of azimuth and depicted by a 
sector diagram (left) and wind-rose diagram. The numbered circles indicate numbers of 
measurements.
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apply to descriptive rather than specialized reports, and are organized 
along traditional lines in parallel with the sequence noted above.

It is recommended that every report start with a statement of the 
project's purpose and the principal conclusions, thus giving readers a sense 
of direction as well as an interest in what is coming. This introduction does 
not contravene the abstract, which consists mainly of the actual findings 
of the study (Section 16-6).

 are traditionally organized as follows:

1. Introduction, (a) Statement of purpose and description of main conclu-
sions; (b) location of area, as by referring to a small map that can also show 
geographic and geologic data needed to describe the purpose and conclusions 
(Fig. 16-10); (c) access and geography, if essential to others finding the area; 
(d) summary of previous work or annotated list of more important publica-
tions (only where truly pertinent to the project); and (e) acknowledgment
of help or information received (or this can be placed at the end of the
report).

2. Methods, (a) Description of any that are new or so unusual that the
data of the report cannot be judged otherwise; (b) dates of the field work 
and other studies; and (c) mention of kinds of laboratory work, such as 
petrography or micropaleontology.

3. Regional setting. Geologic relations and histories needed as a framework
for the data of the area studied; typical examples are regional structures, 
regionally significant stratigraphic sequences, broadly interrelated igneous 
bodies, and regional patterns of metamorphism.

4. Rock units (Stratigraphy if all units are lithostratigraphic). This major
section may be introduced by a general description of the rock sequence and 
its genetic interrelations, and consists otherwise of systematic descriptions 
of the units in order of decreasing age, typically including: (a) mention of 
the principal kinds of rocks, the thickness or shape of the unit, and perhaps 
its geographic distribution; (b) brief explanation of unit name, as by refer-
ence to its original definition and any revisions; (c) complete description of 
rocks (Section 3-3) and their lateral variations (descriptions need not dupli-
cate information on stratigraphic columnar sections); (d) description of unit 
contacts; (e) fossils or isotopic determinations and probable geologic age of 
the unit; and (f) interpreted origin.

5. Structure. An introduction may clarify geographic and age relations in
complex areas; descriptions of folds, faults, joints, brecciated rock, intrusive 
relations, and melanges may be put in whatever order will make their 
interrelations clearest; metamorphic minerals, fabrics, and structures 
should be described together with related tectonic structures (Section 15-8); 
page-size or smaller maps, sections, and diagrams may be essential.

6. Geologic history. Interpreted events, citing their age relations and geo-
logic ages, ordered chronologically; references to others’ data and ideas are
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tell what was done; and (b) new methods and a discussion of their validity. 
Throughout the report, inferred information must be distinguished clearly 
from observed or tested data.

2. Emphasis in Rock units on surficial deposits, soils, and engineering
properties (Section 5-7) with age and origin of rocks treated briefly unless 
they are important to engineering decisions. Abundance and nature of 
exposures are important and should be documented by outcrop maps (Sec-
tion 5-6). Where possible, descriptions of surficial units should include their 
correspondence to specific landforms.

3. Emphasis in Structure on faults, degree and orientation of fracturing,
and discontinuities (as contacts) that might lead to sliding.

4. A section on Geomorphic relations as they apply to surface stability,
erosion problems, and site selections.

5. A section on Hydrology with a complete description of surface water
systems and groundwater (specific topics are suggested in the subsection 
Environmental assessments, Section 5-7).

6. A section on Geologic processes or Historic events describing specific
erosion, sliding, earthquakes, ground collapse, subsidence, creep, and other 
on-going processes(Section 5-7).

7. A section on Economic geology describing availability of construction
materials.

8. Engineering geology, a principal section giving specific practical judg-
ments or recommendations derived from all the foregoing, such as founda-
tion conditions per area, siting of septic and refuse systems, slope stabilities 
per use or area, restrictions on quarrying and fill, and so on.

Maps, borehole logs, diagrams, and cross sections should carry as much 
of these descriptions as possible. Engineers' needs and vocabulary should 
guide the writing in all cases (Rose, 1965).

 are typically 
specific in scope and not intended for general geologic readers nor for the 
scientific record. They are usually prepared for a limited readership and 
are com-monly in-organization reports, often essentially memoranda. 
They will work best for the writer if: (1) the purpose of the study and thus 
the report is clearly understood by both the writer and the reader; (2) the 
writer takes the reader’s interest, schedule, and idiosyncrasies into 
account; and (3) the writing is as direct and convincing as possible, with 
details presented in lists, tables, maps, and sections of an appendix. The 
report should always begin with a statement of purpose and a brief 
description of the recommen-dations and their principal logic or basis. 
The remainder of the report develops a fuller argument, and can be 
organized much as the outlines given above. Tichy (1966) and Rose (1965) 
have given valuable suggestions for preparing this kind of report.
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The study comprised current measurements, mapping, and petrography.
The formation is composed of (or consists of) sandstone and shale.
The three intrusions constitute a genetic series.
The evidence implies these events—.
The geologist inferred the event from these relations—.

The section “ Review of English I” in Bishop and others (1978) presents 
many additional suggestions for word usage and correct writing.

Degrees of precision and accuracy are important in geologic descriptions 
and can often be covered without long statements. Doubt in identification 
or correlation may be expressed by inserting a question mark, as metamor-
phosed Daley(?) Shale  Tertiary (?) intrusions, and rhyolite(?) vitric tuff. 
Ranges and averages of quantitative data can be written as 5-17 m (average, 
12 m). Significance of numbers is shown by rounding off to the order of 
reliability; for example, a stratigraphic thickness accumulated by measur-
ing ten units to the nearest meter might sum to 2717 m, but would be given 
in the text as about 2720 m or about 2700 m. Customarily, numbers 
followed by a plus or minus quantity, such as 113 ±5, indicate reliability 
with approximately a 90% degree of confidence (two standard deviations).

Use the metric system generally, but include English equivalents when 
appropriate for readers who will need them.

Rock names are described in Chapter 4 and geographic names in Section 
16-2. Fossil names are covered by rules of biologic taxonomy that were pre-
sented succinctly by Schenk and McMasters (1956). Guidelines for use of 
fossil names and for expressing degrees of uncertainty in identifications are 
also described by Bishop and others (1978, p. 181). Geologic terms can be 
checked for spelling and meaning by reference to Bates and Jackson (1980, 
1984).

Use of stratigraphic names and names of unstratified rock units should 
follow the stratigraphic code (North American Commission on Stratigra-
phic Nomenclature, 1983). Modifications of the code will be made from time 
to time, and references to them are available from the Chairman of the 
Commission on Stratigraphic Nomenclature (c/o American Association of 
Petroleum Geologists, Box 979, Tulsa, OK 74101). Correct current usage of 
specific unit names can be obtained from the U.S. Geological Survey, as 
described in Section 5-3.

, as used here, is the overall aspect of writing that guides the 
reader's flow of thought, of appreciation, and of feeling. When style is right, 
the reader gets exactly what the writer intended to convey. Moreover, the 
reader is unaware of getting it, and thus reads on easily to the next topic 
and the next. The meanings of words and phrases are a major element of 
style, as are their spoken sound and the degree of emphasis and rhythm 
they impart to phrases and sentences. Lengths of sentences and para-
graphs, parallelism within paragraphs, and departures from normal syntax
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*To convert the results to weight percentages, multiply each volume percentage by the
specific gravity of that mineral and recalculate the resulting numbers so that they
sum to 100.













Fault intruded by a dike 

Faults associated with veins

Anticline, showing trace and plunge of hinge or crest line 
(specify)

Syncline (as above), showing dip of axial surface or trough 
surface

Folds (as above), located approximately 

Folds, conjectural 

Folds beneath mapped units

Asymmetric folds with steeper limbs dipping north (optional 
symbols)

Anticline (top) and syncline, overturned

Synformal (inverted) anticline

Antiform (top) and synform (stratigraphic sequence unknown) 

Separate dome (left) and basin 

Culmination (left) and depression

Small anticline and syncline, showing shapes in horizontal 
section

Vertically plunging anticline and syncline 

Monocline, south-facing, showing traces of axial surfaces

Steeply plunging monocline or flexure, showing trace in
horizontal section and plunge of hinges

Plunge of hinge lines of small folds, showing shapes in horizontal
section

Strike and dip of beds or bedding

Strike and dip of overturned beds

Strike and dip of beds where stratigraphic tops are known from 
primary features

Strike and dip of vertical beds or bedding (dot is on side known to
be stratigraphically the top)

Horizontal beds or bedding (as above)
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Approximate (typically estimated) strike and dip of beds

Strike of beds exact but dip approximate

Trace of single bed, showing dip where trace is horizontal and where 
it is inclined

Strike and dip of foliation (optional symbols)

Strike of vertical foliation

Horizontal foliation

Strike and dip of bedding and parallel foliation

Strike and dip of joints (left) and dikes (optional symbols)

Vertical joints (left) and dikes

Horizontal joints (left) and dikes

Strike and dip of veins (optional symbols)

Vertical veins

Horizontal veins

Bearing (trend) and plunge of lineation

Vertical and horizontal lineations

Bearing and plunge of cleavage-bedding intersection

Bearing and plunge of cleavage-cleavage intersections

Bearings of pebble, mineral, etc. lineations

Bearing of lineations in plane of foliation

Horizontal lineation in plane of foliation

Vertica  l lineation in plane of vertical foliation

Bearing of current from primary features; from upper left:
general; from cross-bedding; from flute casts; from imbrication
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Bearing of wind direction from dune forms (left) and cross-
bedding

Bearing of ice flow from striations (left) and orientation
of striations

Bearing of ice flow from drumlins

Bearing of ice flow from crag and tail forms

Spring

Thermal spring

Mineral spring

Asphaltic deposit

Bituminous deposit

Sand, gravel, clay, or placer pit

Mine, quarry, or open pit

Shafts: vertical, inclined, and abandoned

Adit, open (left) and inaccessible

Trench (left) and prospect

Water wells: flowing, nonflowing, and dry

Oil well (left) and gas well

Well drilled for oil or gas, dry

Wells with shows of oil (left) and gas

Oil or gas well, abandoned (left) and shut in

Drilling well or well location

Glory hole, open pit, or quarry, to scale
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Page numbers in italic type refer to figures or tables.

Aa lava, 275-277
Abbreviations of geologic terms, 27, 28-29, 

Abstracts of reports, 342, 360 
Acknowledgments in reports, 354, 359 
Accretionary lapilli, 66, 283 
Adinole, 74
Aerial photographs, choice of 

as base for mapping, 6 
compiling data from, 127-129 
cross sections from, 129-130 
data printed on, 115-116 
determining scales of, 115-116,118,124-125 
displacements of images on, 117 
distortions of, by tilt, 118 
geologic mapping on, 126-127 
in geologic reports, 350 
kinds of, 112
locating points on, 125-126 
north arrows for, 125 
plane table mapping on, 159-160 
scale variations on, 117-118 
stereoscopic viewing of, 113-115 
in studying viscous lavas, 281 

Age relations, among folds, 254-255 
of glacial drifts, 205-206 
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337-338
of plutonic units, 297-299, 307, 312, 316 
among rocks, 1-2
in sedimentary sequences, 181,182,184,185, 

188, 190, 198 
in volcanic rocks, 272-273, 290-291 

Airfall (fallout) deposits, 282-283 
Alidade, peep-sight, 106 
Alidade, standard, 135-137 
Altimeter, use of in locating points, 104-105 
Allostratigraphic units, 84 
Allotriomorphic texture, 63 
Alluvial deposits, 198-200 
Alteration, diagenetic, 53-54 

in plutons, 315-316 
volcanic, 64, 281, 287, 292 
zones of, 327, 333-336 

Amphibolite, 72 
Anderson, R. E., 262 
Andesite, 67, 280, 288 
Anhydrite, 184 
Anorthosite, 64, 69

Antidunes, 165,284
Aphanitic texture, 63-64
Aplite, 66, 310, 312
Apparent dip, 382
Appinite suite of igneous rocks, 312
Arenite, 55
Argillic alteration, 334,335 
Argillite, 58
Ash (vitric, lithic, crystal), 65, 66
Ash flows, 284
Atherton, M. P., 323
Atherton, M. P., and Gribble, C. D., 333
Attewell, P. B., and Farmer, I. W., 92
Autobrecciated lava, 281, 289
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Autometamorphism, in plutons, 315-316 

in volcanic rocks, 281,287-288, 292 
Axial surfaces of folds, 250 
Aydin, A., and Page, B.M., 263

Bailey, R. A., Dalrymple, G. B., and Lanphere, 
M. A., 280

Balk, R., 314
Ballard, R. D., Holcomb, R. T., and van Andel, 

T. H., 278
Banding (layering), in gneiss, 331 

in plutons, 305-307 
Base line, measurement of, 150-152 
Barchan, 201 
Basalt, 67,274-280,283 
Basanite, 67, 312
Base for geologic mapping, choice of, 6 
Base map, topographic, 99-101 
Base surge deposits, 283-284 
Bateman, P. C., Clark, L. D., Huber, N. K., 

Moore, J. G., and Rinehart, C. D., 314 
Bates, R. L., and Jackson, J. A., 358 
Beach deposits, 184-186,200 
Beaman arc, 139-140 
Beane, R. E., and Titley, S. R., 314 
Bearings, measuring, 17-18 
Bedding, defined, 164

determining attitude of, 34-38 
plotting symbols for, 86,103 

Bedforms, depositional, 164-166 
Bedrock maps, 92 
Beds, defined, 162 

amalgamated, 162 
convoluted, 170,171
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Beds, cont.
cyclic sets of, 163-164 
determining stratigraphic tops of, 193 
graded, 163, 167,168,169 

Bed forms, 164-171 
Bedsets, 163
Bibliographic sources of geologic infor-

mation, 3 
Billings, M. P., 260 
Bimodal sediments, 49 
Biogenic crystalline textures, 52-53 
Bioturbation, 176-178,180, 182 
Biostratigraphic units, 84 
Biostratigraphy, reports on, 355 
Birdseye, C. H., 152,157 
Birkeland, P. W., 216, 217 
Bishop, D. G., 325
Bishop, E. E., Eckel, E. B. and others; Eric, 

J. H., coordinator, 344, 353, 358, 360 
Black, R. W., Goldthwait, R. P., and Williams, 

H. B., 198 
Blastoporphyritic texture, 72 
Block flows, 284, 289
Blocks, volcanic, 65, 66, 280, 281, 284, 

288-290
Blocky lava flows, 289 
Bomb-sag, 284 
Bombs, volcanic, 65, 66, 283 
Boudinage, 170, 246, 258, 332 
Boulter, C. A., 242 
Boulton, G. S., 204 
Bouma, A. H., 166
Bouma divisions of turbidites, 166, 190-191 
Boundstone, 59 
Brasier, M. D., 41, 44, 45 
Breadcrust bomb, 66 
Breccia, fault (cataclastic), 73, 260, 268 

plutonic, 64, 311-312 
sedimentary, 57,179, 183, 184, 200,267  
solution-collapse, 183 
volcanic, 65, 279, 280, 281, 284, 288, 

289, 290, 292 
Breccia pipes and dikes, 290, 292, 311-312, 

315
Brecciated formations, 267 
Briggs, R. P, 94
Broken (faulted) formations, 267 
Bromley, R. G., 180
Brunton compass (and clinometer), described, 

16-17 
leveling with, 19-20
measuring linear structures with, 38-40 
measuring stratigraphic sections with, 

233-234
measuring strike and dip with, 34-38 
measuring vertical angles with, 19

Buol, S. W., Hole, E D., and McCracken, 
R.J., 214, 216, 217, 218 

Burnham, C. W., 314, 315

Calcarenite, 58 
Calcirudite, 58 
Calcilutite, 58
Caldera-collapse breccias, 289 
Calderas, recognition of, 290 
Cameras, selection of, 12 

use of at outcrops, 33-34 
Cameron, E. N., Jahns, R. H., McNair, A. H., 

and Page, L. R., 310 
Campbell, C. V., 163 
Campbell, R. H., 208 
Carbonaceous rocks, 61 
Carbonate rocks (see Limestone, dolomite) 
Carlisle, D., 279
Carson, M. A., and Kirby, M. J., 207 
Cataclastic rocks, 73, 259,260, 268 
Cataclastic texture, 71 
Cements, in sedimentary rocks, 54, 

naming, 56-57 
Chappie, W. M., and Spang, J. H., 252 
Chert, 55, 60 
Christiansen, R. L., 290 
Clark, B. R., 242 
Clark, M. M., 263 
Clastic texture, 48-51 
Clast-supported rudite, 57 
Clay (size limits), 49 
Clay skins, 214 
Claystone, 57
Cleavage, formed in unconsolidated sedi-

ments, 242 
tectonic varieties, 255-258 

Clifton, H. E., 184
Clifton, H. E., Hunter, R. E., and Phillips, 

R. L., 185 
Climbing ripples, 165, 202 
Clinker, in aa flows, 275,276  
Clinometers, 19 
Clinopyroxenite, 68 
Cloos, E., 248,258 
Coal, anthracite, 61 

bituminous, 61 
sub-bituminous, 61 

Coalification series, 61 
Cochran, W., Fenner, P., and Hill, M., 341 
Cognate xenoliths, 303 
Coleman, J. M., and Prior, D. B., 188 
Collage terrains, 269
Color charts for rocks and sediments, 

370-371
Color index, charts for determining, 366-367 
Colluvium, 206-207
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Columnar joints, volcanic, 277-278, 286,
289, 291 

in other materials, 214, 266 
Columnar sections, preparing, 80, 238-240 

in reports, 349-350 
Colwell, R. N., 118 
Comb layers, 306
Commission on Stratigraphic Nomenclature, 

84,358
Compaction, of pyroclastic flow deposits, 

285-286
of sedimentary rocks, 228-229, 242 
of sediments, 53,171 
testing degree of, 24, 368 

Compass, Brunton (see also Brunton 
compass), 16-17 

Silva, 16 
sun, 18

Compass bearings, taking, 17-18 
Compass surveys, 75-80,103-106 
Composite dikes and sills, 290-291 
Compton, R. R., 83, 301, 324, 325, 326, 

327
Cone sheets, 291 
Concretions, 172 
Conglomerate, 57 
Contacts, basic kinds of, 23 
Contacts between rock units, finding 

and tracing, 80-83, 88-89, 90, 297- 
298, 305 

gradational, 82-83, 297 
Contour interval, selection of, 148 

on topographic maps, 99 
Contourites, 189 
Contours, accuracy of, 100

drawing during plane table survey, 
158-160

Control for maps, horizontal and vertical, 
148-155, 238 

Conversion of English and metric units, 381 
Conversion of true and apparent dip, 382 
Convolution, 170,171, 212 
Cooke, H.B.S., 197
Cooling units in ash-flow deposits, 287-288 
Correlation of rock units, 85-86, 272, 274 
Coupled folds, 250 
Creep, continuous, 207 

discontinuous, 207 
in measuring structural attitudes, 34 

Crenulation cleavage, 256 
Crevasse-splay deposits, 199 
Crimes, T.P., and Harper, J.C., 176 
Cross-bedding, classified, 163 

in base-surge antidunes, 284 
in eolian dunes, 201-202 
hummocky, 163, 186

in subaqueous antidunes, 166 
in subaqueous dunes, 166, 185 
in tidal deposits, 181 

Cross sections, introduction, 8 
from aerial photographs, 129-130 
from a pace and compass traverse, 78-80 
of surficial units, 349 
from a topographic base map, 108-111 

Crowell, J., 259 
Crystalloblastic series, 70 
Crystallization sequences in melts, 62 
Current d irections from  sedim entary 

structures, 171-176 
Current indicators, 171-172 
Current ripples, 164-165 
Curtis, G. H., 288 
Cyclic bedding, 163-164

Dacite, 67
Dackombe, R. V., and Gardiner, V., 197 
Dalrymple, B. G., and Lanphere, M. A., 299 
Dating rocks (see Numerical ages)
Davies, H. L., 308
Daytime photographic infrared imagery, 119 
Debris flows, 168,199,209, 267-269, 288 
Decker, J. E., Jr., 269 
Deep-sea deposits, 188-192 
Deep-sea fans, 189-191 
Deltaic deposits, 187-188 
Depositional bedforms and structures, 

164-169
Depositional environments (see Environ-

ments of deposition)
Derived maps, 344 
Descriptions of rock units, 30-31 
Devitrification, 64
Diagenetic changes, 53-55,171,183, 187 
Diagenetic textures, 53-55 
Diagrams used in reports, 351, 352-353 
Diastem, 179 
Diatomite, 55, 59 
Diatremes, 292 
Dickinson, W. R., 56 
Didier, J., 305, 307,308 
Dietrich, R. V., DutroJ. T.,Jr., and Foose, R. M., 

192
Dikes, clastic, 26, 171, 243, 263, 290

in and around plutons, 297, 298, 
308-314 

in metamorphic rocks, 326 
in and around volcanoes, 290-291 

Diorite, 69, 312
Dip, definition and measurement, 34-38 

from map patterns, 106-107 
Dish structures, 166, 167 
Documentation maps, 344
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Dolomite (dolostone), 59,184 
Domes of viscous lava, 282 
Dorjes, J., and Howard, J. D., 178 
Dott, R. H., and Bourgeois, J., 186 
Drawing geologic maps, 345-347 
Drawings, made in the field, 29, 32-33 

for geologic reports, 350-353 
Dreimanis, A., 203 
Drever, J., and Johnston, R., 301 
Drift, 203
Drift stratigraphy, 205-206 
Duffield, W. A., 261,301 
Dunes, eolian, 20J 

subaqueous, 165,185 
Dunham, R.J., 58 
Dunite, 68
Duplication of maps and drawings, 344-345 
Dyer,J. R.,266, 266 
Dysaerobic environments, 189 
Dzulynski, S., and Walton, E. K., 170

Earthflows, 208 
Easterbrook, D. J., 344 
Einaudi, M. T., Meinert, L. D., and New-

berry, R. J., 325, 336 
Einsele, G., and Seilacher, A., 164 
Elevation difference (see Vertical distance) 
Elter, R, and Trevisan, L., 268, 269 
Elutriation pillars, 167 
Ellis, M. Y., 99,112
Engineering geologic cross sections, 348-349 
Engineering geologic map symbols, 91, 93, 

95, 96
Engineering geologic maps and mapping, 

92-97, 344 
Engineering geologic reports, 355-356 
Enveloping surfaces of folds, 250 
Environmental assessments (impact state-

ments), 97-98 
Environments of deposition, alluvial, 198-200 

basinal (basin plain), 191-192 
beach, 184-186 
continental slope, 189 
deltaic, 187-188 
deep-sea fan, 189-191 
dysaerobic, 189 
eolian, 201,205 
estuarine, 181-182 
glacial, 203-206 
hillslope, 206-212 
intertidal, 183 
lacustrine, 200-201, 205 
periglacial, 210-212 
reefal, 182-183 
supratidal, 184 
shelf, 186-188 
tidal, 180-184

Eolian deposits, 201-203 
Equipment, general, 10-21, 363 

for a compass traverse, 76 
for mapping on aerial photographs, 

123-124 
for plane table surveys, 148 
suppliers of, 10
for taping distances precisely, 150 

Error of closure in traverse, 103,104 
Estuarine sediments, 181-182 
Eutaxitic fabric, 286 
Evaporite, 60-61
Explanations for geologic maps, 343, 

346-347
Explosive eruptions, types of, 283 
Extension fractures, 245, 246, 252, 259, 

260,262, 265-266 
Eyles, C. H., and Eyles, N., 205

Fabric of crystals along faults, 259 
Fabric of rocks, defined, 48

foliate (planar), 243-248,255-257, 301 
foliate and lineate, 301 
in igneous rocks, 244, 280, 286, 300-303,

306, 313 
lineate, 258, 301
in m etamorphic rocks, 70-71, 242, 

245, 255-258, 331-332, 337-338 
in sedimentary rocks, 51, 245, 255-258 

Facies, of deep-sea fans, 189-191 
metamorphic, data for, 321 
in plutons, 296 

Fans, alluvial, 199-200 
deep-sea, 189-191 

Farrow, G. E., 176 
Fault breccia, 73, 260, 268 
Fault gouge, 73, 259, 262 
Faults, brittle, 259

classifications of, 259-260 
detachments (decollements), 264-265 
ductile, 244, 259 
finding and mapping, 86-88 
lateral or strike-slip, 262-263 
listric, 262
low-angle, 259, 263-265 
in measured stratigraphic sections, 

228
normal, 260-262 
in plutons, 312-314 
reverse, 262
thrust, 260, 264,281, 287 
in unconsolidated sediments, 242 
in viscous lava, 281 

Fault zones, 259 
Feather joints, 259 
Festoon cross-bedding, 163,198 
Feth,J. H., 200
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Fiamme (compacted pumice), 286 
Field notebooks, 11 
Field notes, in general, 27-31 

materials for, 11-12 
for measuring vertical angles, 153 
for paleocurrent data, 174 
for stadia mapping, 142-143,144, 159 
for stratigraphic measurements, 224, 

225,226, 227 
summaries of, 8, 9 

Field work, general, 6-8
routines in camp or office, 7-8,160 
routines and tasks late in season, 8,161 

Fink, J. H., 281, 282 
Fink, J., and Kukla, G.J., 197 
Fisher, R. V., 65
Fisher, R. V., and Schmincke, H.-U., 65, 274 
Fiske, R. S., Hopson, C. A., and Waters, A. C.,

290, 291, 299, 300, 314 
Fiske, R. S., and Matsuda, T., 284 
Flame structures, 171,172 
Flasar (lenticular) structure, 164, 181, 257 
Fleuty, M. G., 250
Flow banding (layering), 280-281, 291, 

305-307
Flow structures in viscous lava, 280,282,291 
Flows of viscous lava, 280-282 
Flow units, 272 
Fluidal texture, 62 
Fluidized flows, 168 
Flute casts, 169 
Folding, by bending, 253 

by buckling, 252-253 
by extension, 253 

Folds, age relations among, 254-255 
box, 251 
chevron, 251
cleavages related to, 255-257 
convolutions, 170 
coupled, 249 
crenulations, 256 
deformed, 254-255 
disharmonic, 252 
elements of, 249-252 
fan, 251
in general mapping, 86 
interpretation of, 252-255 
kink, 249
in measuring stratigraphic sections, 

228
in metamorphic rocks, 329, 330, 332, 

337-337
parallel, 251
profile of, construction, 248 
ptygmatic, 312, 332 
similar, 251 
sinusoidal, 251

in lava, 275, 276, 281, 287 
in welded tuff, 287 

Foliation, defined, 255 
in general mapping, 88 
from photogeologic studies, 122 

Folk, R. L., 59 
Format of reports, 360 
Formation (rock unit), 84 
Fossil fumaroles, 285 
Fossils, collecting, 40-45 

correlation by, 85 
finding, 40-45
indicating stratigraphic tops of beds,

192
indicating unconformity, 178 

Fossil symbols, 378 
Fractures, 24,245, 246, 252, 259-266 

in plutons, 312-315 
Fragmental phaneritic textures, 64-65 
Francis, E. H., and Howells, M. F., 284 
French, H. M., 211, 212 
Frey, R. W„ 176 
Friedman, G. M., 15 
Front matter in reports, 361

Gabbro, 69, 301, 304, 305-306, 309, 310, 
312

Galster, R. W., 93, 96
Gans, R B., and Miller, E. L., 261
Garrison, R. E., and Kennedy, W. J., 187
Gash fractures, 245, 259
Gates, O., 292
Geochronologic units, 85, 379 
Geographic names, 343 
Geologic maps, defined, 2 

of bedrock units, 92 
of engineering geologic units, 92-97 
outcrop maps, 89-90 
preparing final version, 342-348 
sources of, 3
of surficial deposits, 90-92 
work on, in field camp, 7-8,160-161 

Geologic Names Committee, U. S. Geo-
logical Survey, 84 

Geothermal alteration, 315, 316, 333-334,
336

Gilbert, G. K., 26
Gile, L. H., and Grossman, R. B., 216
Glacial deposits, 203-206
Glaciomarine deposits, 204
Glass shards, 66
Glassy texture, 63
Gneiss, 73, 331-332
Gold pan, use of, 12-13
Goldsmith, R., 72
Goudie, A., 197
Gouge, fault 73, 259,262
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Govean, F. M., and Garrison, R. E., 189 
Gradations between rock units, 82-83 
Graded beds, 163,166-169 
Gradienter method, 145-146 
Grain flows, 169
Grain-size classification of sediments, 48 
Grain sizes, cards for determining, 49 

of limestone, 59 
of metamorphic rocks, 72 
of plutonic igneous rocks, 63 
of sediments, 48 

Grainstone, 58 
Granite, 69
Granoblastic texture, 70 
Granodiorite, 63, 69 
Granofels, 72 
Granophyre, 64, 304, 308 
Granular texture, igneous, 62 
Graphic columnar sections, 239, 277 , 

349-350 
Gravel, classification of, 57 

in alluvial deposits, 198-200 
in beach deposits, 185 
in eolian deposits, 202 
in glacial deposits, 203-205 
in sediment-gravity-flow deposits, 167-168 

Gravity currents, fluid, 164 
sediment gravity currents, 164 

Graywacke, 55 
Greisen, 74, 334
Grolier, M. J., and Bingham, J. W., 274 
Groove casts, 170 
Group (rock unit), 84 
Gustafson, L. B., and Hunt, J. P., 315, 316 
Gypsum, as cause of detachment faults, 264 

in evaporites, 184

Hackly jointing in lava, 277 
Hamilton, E. L., 171 
Hammer, geologists, 10 
Hampton, M. A., 168 
Hand lenses, selection of, 13 

use of, 13-14 
Hand levels, 19-20 
Hanor.J. S., 334 
Hansen, W. R., 209 
Hantzschel, W., 176,192 
Hardground, 179,187 
Hardness, of minerals in rocks, 14 

of rocks, 368 
Harms, J. C., Southard, J. B., and Walker, 

R. G., 164 
Harzburgite, 68 
Hatheway, A. W., 95 
Hawaiian-type activity, 283 
Heard, H. C., and Rubey, W. W., 264 
Heezen, B. C., and Hollister, C. D., 189

Herringbone crossbedding, 181 
H.I. (height of instrument), 140 
Hietanen, A., 325 
Hildreth, W., and Mahood, G., 273 
Hill, M.L., 260 
Hine, A. C., 186 
Hinge lines of folds, 249-250
Hobbs, B. E., Means, W. D., and Williams,

P. F., 252
Hoelscher, R. P., and Springer, C. H., 351 
Holcomb, R. T., 273
Holdsworth, B. K., Jones, D. L., and Allison,

C., 44
Honnorez, J., and Kirst, P., 279 
Hooper, P. R., Knowles, C. R., and Watkins, 

N. D., 273,276
Hornblendite, 68 
Hornfels, 72, 321, 325, 327 
Hornfelsic texture, 70 
Hornitos, 275 
Howard, J. D., 180 
Howard, J. D., and Frey, R. W., 177 
Howell, D. G., and Normark, W. R., 189 
Hsu, K. J., 267 
Hubbert, M. K., 260 
Hummocky cross-bedding, 163, 186 
Hunter, R. E., 202
Hunter, R. E., and Clifton, H. E., 163 
Hunter, R. E., Richmond, B. M., and Alpha, T.

R., 202 
Hyaloclastic deposits, 279 
Hydrochloric acid, 12 
Hydrofluoric acid, 14-15 
Hydrofractured rock, 263 
Hydrothermal alteration, 315-316, 333-336 
Hypidiomorphic texture, 62

Ice flow, direction of, 205 
Ice-wedge deposits, 211 
Igneous rocks, 61-68, 272-292, 296-312 
Ignimbrite, 284
Illustrations for reports, 341, 342-353 
Imbrication, of low-angle faults, 264 

in sediments, 51,185,199, 203 
Impact statements ( see Environmental 

assessments)
Inclusions in plutons, 297, 298, 300, 302, 

303-305, 308
Index minerals, 323-324 
International Association of Engineering 

Geology, 95 
Interpretations, geologic, 1-2, 25-27 

of rock units, 31 
Intersection, location by, 102-103, 105, 149,

151-153 
Intraclasts, 59 
Involution, 212
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Iron-rich rocks, 60-61 
Irvine, T. N., 305
Irvine, T. N., and Smith, C. H., 305
Isaacs, C. M. 45, 55, 60, 189
Isogonic charts, 17
Isometric drawings, 351
Isopach maps, 344
Isotopic ages (see Numerical ages)

Jackson, E. D., 305
Jacob staff, construction and use of, 20, 

229-232
Jahns, R. H., and Burnham, C. W., 310
Jahns, R. H., and Tuttle, O. F., 306, 310
James, H. L., 61
James, N. R, 183
Johnson, A. R., 252
Johnson, B., 210
Johnson tripod head, 138
Joints, defined, 265

age relations among, 266 
in basaltic lava, 277-278 
conjugate sets of, 266 
feather, 259 
in general mapping, 88 
in metamorphic rocks, 122 
from photogeologic studies, 122,123 
in plutons, 312-313 
in viscous lava, 280 
in volcanic intrusions, 290, 291 
in welded pyroclastic rocks, 284-285 

Jorgenson, D. B., 97

Kame deposits, 204 
K-Ar dating, volcanic rocks, 273 

plutons, 299 
Keaton, J. R., 93, 96
Keefer, D. K., and Johnson, A. M., 208, 

209
Kennedy, W. J., and Garrison, R. E., 187 
Keratophyre, 67 
Kerogen, defined, 61 

rocks rich in, 61, 200 
Key beds, 86 
Kink bands, 249 
Komar, R D., 306 
Koringa, M. K., 281 
Kottlowski, F. E., 222 
Ksiazkiewicz, M. 177 
Kummel, B., and Raup, D., 41, 44, 45 
Kupfer, D. H., 89, 260

Labeling fossils and rocks, 43, 45, 46 
Lagoons, carbonate producing, 182-183 
Lahars (volcanic debris flows), 288 
Lake deposits, 200-201, 205 
Lamination, defined, 163

Lamprophyre, 67, 312 
Landes, K. K., 360
Landsat multispectral scanning imagery, 

119
Landslides, general, 207-209, 265

in measuring stratigraphic sections, 228 
Laniz, R. V., Stevens, R. E., and Norman, M. B., 

14,15 
Lapilli, 65, 66 
Larionov, A. K., 214 
Laterite, 61, 216 
Latite, 67 
Lava channels, 276 
Lava toes, 275 
Lavas, fluid, 274-280 

viscous, 280-282, 289 
Lava tubes, 277
Law of Vs in outcrop patterns, 106-107 
Layering (banding), in gneiss, 331 

in plutons, 305-307 
Leeder, M. R., 162
Legends on maps (see Explanations)
Legget, R. F., Brown, RJ.E., and Johnston, 

G. H., 199 
Lignite, 61
Lillesand, T. M., and Kiefer, R. W., 118 
Lindgren, W., 327 
Limestone, classified, 58-59 

in deep-sea associations, 192 
lacustrine, 200
photogeologic recognition of, 121 
in reef-lagoon associations, 182-184 
of shelf seas, 187 
unconformities in, 178-180 

Linear features (lineations), general, 38, 258 
in deformed rocks, 243, 246, 258 
on faults, 259, 260 
measuring, 38-40, 247-248 
in metamorphic rocks, 258, 331 
in plutons, 300-303, 305, 314 
in sedimentary rocks, 51, 165, 169-170, 

172, 203, 205 
in volcanic rocks, 277,278, 280,287  

Lipman, R W., 289
Lipman, R W., and Mullineaux, D. R., 274 
Liquefied flows, 168-169 
Liquefaction of sediments, 168, 171 
Lirer, L., Pescatore, T., Booth, B., and Walker, 

G.P.L., 283 
Lists and tables in reports, 359-360 
Lithodemic units, 84, 290, 296 
Lithologic symbols, chart of, 376-377 

in columnar sections, 227, 239 
in cross sections, 110 

Lithophysae, 64 
Lithostratigraphic units, 84 
Load structures, 170
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Lobeck, A. K., 351 
Locality descriptions, 43 
Locating points, on a base map, 101-106 

on aerial photographs, 125-126 
Lockwood, J. P., and Lipman, P. W., 273 
Loess, 202-203 
Logs, stratigraphic, 240-241 
Love, J. D., 241 
Lowe, D. R., 164,166, 167 
Lutite, carbonaceous, 61 

iron-rich, 60-61 
silicate-rich, 57-58 
siliceous, 55, 59-60 
volcaniclastic, 60 

Lydon, P. A., 288, 290

Macdonald, G. A., 277
Magnetic anomalies, 18
Magnetic declination, 16-17
Magnetostratigraphic units, 84, 273
Mahaney, W. C., 198
Mahood, G. A., and Drake, R. E., 273
Map (cartographic) units (See Rock units)
Map holder, 11
Map-scale, selection of, 76,147-148 
Maps (See Specific kinds)
Map symbols, geologic, 372-375 
Marble, 72
Matrix-supported rudite, 57 
Mattinson, J. M., 299 
McBirney, A. R., and Noyes, R. M., 305 
McCallum, M. E., Woolsey, T. S., and 

Schumm, S. A., 292 
McKee, E. B., 201, 202 
Measurement of stratified rocks, 222-238 
Megaripples, 165 
Melanges, 266-269 
Member (rock unit), 84 
Mertie, J. B., Jr., 235
Metamorphic mineral reactions, 323-325, 

333-336
Metamorphic rocks, classification, 68-74 

minerals, zones, and structures in, 320-338 
map units of, 84, 319 
photogeologic recognition of, 122 

Metasomatic rocks, 325-328, 333-336 
Meyer, C., and Hemley, J. J., 328, 334, 335 
Meyer, L., and Dickinson, W. R., 353 
Miarolytic cavities, 300, 311 
Micrite, 59 
Microfossils, 43-45 
Migmatite, 297, 332-333 
Miller, E. L., Gans, P. B., and Gaving, J., 261 
Miller, V. C., and Miller, C. F., 120 
Mineral properties in hand specimens, 13-14 
Mineral zones, metamorphic, 323-325 
Miyashiro, A., 324

Mollard, J. D., 122 
Monzodiorite, 69 
Monzogabbro, 69 
Monzonite, 69 
Moore, A. C., 331
Moore, J. G., 278, 283, 298, 303, 313 
Moore, J. G., and Lockwood, J. P., 306 
Moore, J. G., and Peck, D. L., 66 
Moore, J. G., and Phillips, R. L., Grigg, R. W., 

Peterson, D. W., and Swanson, D. A., 278 
Moore, J. G., and Schilling, J.-G., 278 
Moore, J. G., and Sisson, T. W., 284 
Moore, R. C., 41 
Moores, E. M., 309 
Moran, S. R., 205 
Morgan, J. P., 187 
Morrison, R. B., 218 
Morse, S. A., 301, 305 
Mudstone, 58 
Muller, S. W., 6,192  
Mullineaux, D. R., 240, 353 
Mullion (structures), 258 
Multiple dikes and sills, 290-291 
Munsell color charts, 370-371 
Mutti, E., and Ricci Lucchi, F., 189 
Mylonite, 73
Mylonite, along faults, 259, 262 

in plutons, 297, 298 
Mylonitic texture, 71

Naming rocks, igneous, 65-68 
metamorphic, 72-74 
sedimentary, 55-61 

Neff, T. R., 313
Nelson, C. A., and Sylvester, A. G., 299 
Nephelinite, 69
Nickelsen, R. P., and Hough, V.N.D., 266 
Nilsen, T. H., 199
Normark, W. R., Mutti, E., and Bouma, A. H., 

189
North American Commission on Strati-

graphic Nomenclature, 84, 358 
North arrow, on aerial photographs, 125 

in plane table mapping, 154-155, 157,160 
on topographic maps, 99, 348 

Notebook, (see Field notes)
Numerical (chiefly isotopic) ages, in dating 

deformation and metamorphism, 255,
337

in dating fault movement, 263 
in dating plutons, 299 
in dating volcanic rocks, 273 
equivalence to geochronologic units, 379 
by K-Ar methods, 273, 299 
by radiocarbon method, 197, 273 
by Rb-Sr method, 299 
by U-Pb method, 299
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Ocelli in lamprophyre, 312 
Office maps, 7
Offsets in stratigraphic measurements, 

225-226
“ Oil shale,” 200 
Olistostromes, 168, 267-269 
Omission surfaces, 179 
Oolites, 52
Ore deposits, reports on, 355 
Orbicules, 304, 306, 311 
Oriented samples, 46-47 
OrthomyIonite, 73
Orthophotomaps (orthophotoquads), 112 
Orthopyroxenite, 68 
Oscillation ripples, 165 
Osiecki, R. A., 309, 310 
Outcrop maps and mapping, 89-90 
Outcrops, describing, 27-31 

drawings of, 32-33 
finding, 22
interpretation of, 25-27 
photographing, 33-34 
studying, 22-25 

Outlines for geologic reports, 353-356

Pace and compass traverse, 75-80
Pacing distances, 20-21
Packstone, 58
Page, B. M., 268
Page, B. M., and Suppe, J., 269
Pahoehoe lava, 275-277
Palagonite breccia, 279
Paleocurrent direction, 171-178
Paleoslope direction, 171-178
Paleosols, 217-218
Palmer, H. S., 235
Parabolic dune, 201
Parallax correction, 136
Parallel folds, 251
Parsons, I., 305
Patterned ground, 211
Peat, 61
Pebble counts, 57
Pedometers, 21
Pedostratigraphic units, 84
Pegmatite, 66, 277, 306, 307, 308-310, 312
Pelletal texture, 52, 53,58
Pencils, 10-11
Penetrative cleavage, 255-256 
Pens, 10-11 
Peperite, 290
Percentage diagrams for estimating compo-

sition by volume, 366-367 
Peridotite, 68, 74, 306, 321 
Periglacial deposits, 210-212 
Permafrost, 210 
Perspective drawings, 351

Pessagno, E. A., Jr., and Newport, R. L., 44 
Peterson, D. W., 285,286 
Peterson, D. W., and Tilling, R. I., 275 
Pettijohn, F. J., 49 
Pewe, T. L., 203,211 
Pewe, T. L., and Bell, J. W., 344 
Phacoidal (lensoid) structure, 245, 257 
Phaneritic texture, 61 
Pharo, C. H., and Carmack, E. C., 201 
Phonolite, 69 
Phosphorite, 59 
Photo indexes, 112 
Photogeologic studies, 120-123 
Photographing outcrops, 33-34 
Photographs in reports, 350 
Photomosaics, 113 
Phreatoplinian-type activity, 283 
Phyllite, 72, 325 
Pierce, W. G., 265 
Pillow breccia, 279 
Pillow lava, 274,278-279 
Pipe vesicles, 277,278 
Pitch of lineation, 39-40 

converting to plunge, 40 
Pitcher, W.S., 296, 297, 300, 304, 314 
Pitcher, W. S., and Berger, A. R., 299,303,305,

307, 311, 312, 324 
Pitchstone, 63 
Planar bed, 165
Plane table and map sheets, 137-138 
Plane table mapping, 135-161, 237-238 
Plane table tripod, 138 
Plinian-type activity, 283 
Plumose structure, 311 
Plunge of linear features, measuring, 

38-39
obtaining, from pitch of features, 40 

Plutonic suites, 296 
Plutonic units, 296 
Plutons (defined), 296

autometamorphism of, 315-316 
contacts with country rocks, 297 
contacts within, 297-298 
dating, 299
deformation in, 300, 314-315 
depth of emplacement of, 300 
determining relative ages of, 298-299 
dikes associated with, 297, 308-313 
fabrics in, 300-303, 314 
fracture systems in, 312-315 
inclusions in, 303-305 
layering (banding) in, 305-307 
mapping country rocks around, 299 
schlieren in, 307-308 
volatile-rich facies in, 308-309, 315-316 

Pocket stereoscope, 113 
Poikiloblastic texture, 72
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Polymetamorphic rocks, 71,321-323,337-338 
Polymorphic transformations of SiOa, 55 
Porcelanite, 55, 60
Porosity of sedimentary rocks, 24, 31, 53,242 
Porphyritic texture, 62 
Porphyroblastic texture, 72 
Porphyroclastic texture, 72 
Porphyry, 66 
Potassic alteration, 334 
Postdepositional sedimentary structures, 

169-171,176-180,184,187
Powell, C. McA., 242 
Powers, M. C., 51
Precision, horizontal, of plane table mapping,

152-153 
of mapped contacts, 81 
of plotting data on compass traverses, 76 
of stratigraphic measurements, 223, 231, 

233,234, 235, 236, 237 
Preparations for field, general, 5-6

for mapping on aerial photographs, 123-124 
for mapping on a topographic base, 101 
for measuring stratigraphic sections, 223 
for plane table mapping, 147-148 

Pressure ridges in lava, 276 
Pressure solution, 53,187 
Pressure-solution cleavage, 53, 252, 256 
Prinz, M., and Poldervaart, A., 330 
Profile (normal section) of folds, 249 
Properties of materials, 92-94, 368 
Propylitic alteration, 334 
Protoclastic texture, 64 
Protoliths of metamorphic rocks, 319-321 
Protomylonite, 73 
Protractor, size needed, 12 

use of in plotting data, 103 
Pseudomatrix in sandstone, 50 
Pumice lapilli, 66
Pumice, compaction and welding of, 285-287 
Pumice flows, 284 
Pumiceous flow tops, 280 
Pure shear, 244, 246 
Pyroclastic deposits, 282-288 
Pyroclastic flow deposits (defined), 284 

compaction and welding of, 285-287 
crystallization and vapor alteration of, 287 
depositional sequence in, 285 
postdepositional flow of, 286 

Pyroclastic materials, reworking of, 288 
Pyroclastic texture, 65 
Pyroclasts (tephra), kinds of, 66 
Pyroxenite, 68

Quartzite, 72 
Quartz diorite, 69 
Quartz gabbro, 69 
Quartz keratophyre, 68

Quartzolite, 69
Quartz syenite, 69
Quaternary stratigraphy, 197-198

Radar-sensed (SLAR) imagery, 119
Radbruch, D. H., 94
Radial line compilation, 130-133
Ramberg, H., 253
Ramsay, J. G., 254
Ramsay, J. G., and Huber, M. I., 248
Rangefinders, 21
Rapid (reconnaissance) mapping, 88-89
Rates of deposition, 180
Raup, D. M., and Stanley, S. M., 41
Ray, L. L., 206
Ray, R. G., 120
Reactivation surfaces, 180,181 
Read, H. H., 338 
Reconnaissance, general, 4-5 

for a compass traverse, 76 
for plane table mapping, 147 
rapid mapping methods for, 88-89 
for stratigraphic measurements, 223 

References cited in reports, 359 
Rehrig, W. A., and Heidrick, T. L., 315 
Reineck, H.-E., 181 
Reineck, H.-E., and Singh, I. B., 162 
Remote-sensed imagery, 112,118-119 
R ep lacem ent, during m etam orph ism , 

325-328, 333-336
in sedimentary rocks, 55 

Reports, geologic, abstracts of, 360 
illustrations for, 341-353 
outlines for, 353-356 
references cited in, 359 
writing, 341-342, 353-361 

Resection, locating stations by, 156 
Restites, 303 
Rhyolite, 67, 280 
Rhythmic bedding, 163-164 
Richey, J. E., 290, 292 
Ring dikes, 291 
Rip channels, 185 
Ripples, climbing, 165,202 

eolian, 202
subaqueous, current, 164-165 
subaqueous, oscillation, 165 

Rock-Color Chart, 370 
Rock falls, 210 
Rock, N.M.S., 312 
Rocks, collecting, 45-47 

describing, 27-31
estimating compositions of, 366-367 
examining, 22-25 
identifying, 48-74 

Rock units, correlation of, 85-86 
description of, 30-31,225,239, 240
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Rock units, cont.
for engineering geologic studies, 92-97
formal (established), 84
informal, 84
metamorphic, 319-321
in plutons, 296-297
recognition of on aerial photographs, 

for reconnaissance mapping, 89 
refining, 83-85
selection of for general mapping, 80, 83 
selection of for stratigraphic measure-

ment, 223-224 
volcanic, 272-273, 274 

Rock units too small to map to scale, 82 
Rodingite, 74, 325 
Rods (rodding structure), 258 
Rod, stadia, 135, 140-141 
Rose, D., 356 
Rose, W. I., 282
Rounding of sedimentary grains, 50-51 
Rudite, defined, 49

classified by texture, 57 
calcirudite, 58
intraformational, 178,179, 183, 187 
in melanges, 266-269 
silicate-rich, 57 

Ruhe, R. V., 197, 217 
Rust, G. W., 292

Sabins, F. F., Jr., 118 
Safety, in using HF, 15 

in using hammer, 10 
Saleeby, J., 267,269 
Sales, R. H., and Meyer, C., 335 
Samples, of macrofossils, 40-43 

of microfossils, 43-45 
of rocks, 45-47 
oriented, 46-47 

Sand, sizes of, 49 
sorting of, 49-50 

Sando, W. J., MacKenzie, G., Jr., and Dutro, 
J. T., Jr., 350, 353 

Sandstone, classification, 56 
iron-rich, 61 
silicate-rich, 55-57 

Scale, for a pace and compass traverse, 76 
of quadrangle maps, 99-100 
for stadia mapping, 147-148 

Scales, for plotting and measuring, 12 
Scales for strength and hardness of rocks, 

368
Schedule of a field project, 4-9 
Schenk, E. T., and McMasters, J. H., 358 
Schist, 72, 325 
Schistose texture, 70 
Schlieren, 307-308

Schmincke, H.-U., 272, 274,277  
Scholle, R A., Arthur, M. A., and Ekdale, A. A., 

187, 192
Scholle, R A., Bebout, D. G., and Moore, C. H., 

162
Scholle, R A., and Spearing, D., 162 
Scientific method, 25 
Scoria, 64, 66
Sedimentary rocks, classifications of 

depositional environments of, 162-219 
depositional sequences of, 163-164, 

166-169, 178-193, 198-199, 205-206, 
217-219

primary structures of, 162-219 
textures of, 48-55 

Sediment gravity currents, 164, 166-169 
Sediments {see Sedimentary rocks)
Seilacher, A., 176,177  
Seif, 201
Selecting a field study, 3-4 
Self, S., and Sparks, R.S.J., 197, 283 
Semischist, 73 
Semischistose texture, 70 
Seriate texture, 62 
Sericitic alteration, 334 
Serpentinite, 74 
Shale, defined, 58 

“ oil shale” , 61 
Shaw, S. E., and Flood, R. H., 296 
Shelf deposits, 186-188 
Shelly pahoehoe, 275 
Sheridan, M. F., 285, 287 
Sheridan, M. F., and Ragan, D. M., 286 
Shimer, H. H., and Shrock, R. R., 41 
Shinn, E. A., 184 
Shreve, R. L., 210 
Sideromelane, 279 
Sieh, K., 263 
Similar folds, 251 
Simple shear, 244-245 
Sills, associated with volcanoes, 291 

in foliated plutons, 307 
Silt, sizes of, 49 
Siltstone, 57 
Silvestri, S. C., 279 
Skarn, 72, 325, 336 
Skialiths, 304 
Slate, 72, 325 
Slaty cleavage, 256 
Slosson, J. E., 98, 355 
Slumps, in soft sediment, 170 
Smith, J. T., and Anson, A., 120 
Smith, R. E., 329 
Smith, R. L., 285,285, 286 
Soft-sediment deformation, 170-171,202,242 
Soil Conservation Service, 213, 216

carbonaceous, 61 
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Soils, describing, 213-214 
horizons in, 213 
kinds of, 214-216 
maps of, 216-217 
stratigraphy of, 217-219 

Soil slips (landslides), 208 
Soil Survey Staff, 213, 214, 216 
Solifluction, 207, 212 
Solution of sediments, 53-54 
Sorting in sedimentary rocks, 49-50 
Soula, J.-C., 297, 298
Sources of geologic and topographic informa-

tion, 3 
Spaced cleavage, 256 
Sparks, R.S J., 285,285  
Spherulites, 64, 280, 287 
Spilite, 67
Spine, volcanic, 280,282 
Spiracles, in basalt flows, 277 
Stadia constant, 144-145 
Stadia interval, 144-145 
Stadia mapping, 139-146,155-160 
Stadia rod, 135, 140-141 
Staining rocks, 14-15 
Stebinger drum, 145 
Steel needle, mounting, 11 
Stereographic net, equal area, 383 

converting pitch to plunge with, 40 
plotting planes and lines on, 40, 173, 175 
rotating current data with, 173, 175 
unfolding planes and lines, 173, 175 

Stereoscopes, 113-115 
Stereoscopic viewing, 113-115 
Strain, general, 243-246 

measurement of, 247-248 
Stratigraphic code, 84 
Stratigraphic logs, 240-241 
Stratigraphic sections, covered intervals in,

227-228,239
of deformed rocks, 228-229 
lateral variations in, 229 
measuring, 224-225, 229-238 
presenting in reports, 238-240, 349-350 
selection of, 222
subdividing and describing, 223-225 

Stratigraphic sequence (See stratigraphic 
tops of beds)

Stratigraphic thickness of folded rocks,
228-228

Stratigraphic tops of beds, 193 
Streckeisen, A. L., 68
Strength of rocks and sediments, 92,94,368 
Strike and dip (defined), 34

determined from contour map, 106-107 
measurement of, 34-38 
plotting and checking, 86 
by three-point method, 37-38

used to locate contacts, 82 
Stromatolites, 52-53 
Strombolian-type activity, 283 
Structural geologic reports, 355 
Structure, as defined for rocks, 48 
Structure contour maps, 344 
Structures, diagenetic, 167, 171, 172, 

183, 187 
general mapping of, 86-88 
indicating stratigraphic tops of beds,

193
photogeologic recognition of, 122-123 
primary, symbols for, 378 
small-scale, in rocks, 48 
soft-sediment, 166, 170-171,210, 242 
in soils, 214
tectonic, 86-88, 243-269 

Strunk, W., Jr., and White, E. B., 359 
Style, in geologic reports, 358-359 
Stylolites, 54
Suite (rock unit), 84, 296-297 
Sun compass, 18
Surficial deposits, in columnar sections, 239 

in cross sections, 110, 111, 349 
kinds of, 198-219 
mapping, 90-92,198, 216-217 
photogeologic recognition of, 122 

Surtseyan-type activity, 283 
Sutton, J., and Watson, J., 333 
Swanson, D. A., 275,277  
Swanson, D. A., Wright, T. L., and Helz, R. T., 

274 
Syenite, 69
Sylvester, A. G., and Smith, R. R., 263 
Symbols for fossils and primary structures, 

378
Symbols, for geologic maps, 372-375 

for topographic maps, 99

Tables in geologic reports, 359-360
Tabor, R. W., 300
Tally counters, 21
Talus, 282
Tanner, P.W.G., 324
Tanner, W. F., 233
Tape-com pass-c linom eter m ethod of 

measuring rocks, 234-236 
Tapes, 20
Taping distances, 20,150-151 
Taylor, B. E., and O’Neil, J. R „ 336 
Teichert, 41 
Tephra, 66 
Tephrite, 67
Terraces, periglacial, 212 
Terwindt, J.H.J., 180 
Textural zones, metamorphic, 325 
Texture of rocks, defined, 48
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Textures (and see specific kinds), igneous, 
61-65

metamorphic, 68-72, 322, 325, 331, 337 
sedimentary, 48-55 

Thayer, T. P., 306
Thermal infrared scanning imagery, 119 
Thickness of strata, calculating, 234, 235 
Thiessen, R. L., and Means, W. D., 254 
Three-point method, of locating plane table 

stations, 156-158 
of measuring strike and dip, 37-38 

Tichy, H.J., 356, 357 
Tidal channels, 181-182,182, 183 
Tidal environments, 180-184 
Till, 203-204 
Todd, V. R., 255, 298 
Tonalite, 69
Topographic maps (described), 99-100 

accuracy of, 100 
choice of as a base, 5-6 
interpreting geologic lines on, 106-107 
locating geology on, 101-106 
sources of, 100-101 

Township-section cadastral system, 99, 369 
Trace fossils (defined), 176

in dysaerobic environments, 189 
in judging rates of deposition, 180 
in judging soft-sediment deformation, 171 
marking diastems, 179 
in pelagic chalk, 187,192 

Trachyte, 67, 280 
Transit, in control surveys, 149

in measuring stratigraphic sections,
236-236

Transpositional layering, 257 
Transverse dune, 201 
Transverse ripples, 165 
Trautmann, C. H., and Kulhawy, F. H., 3 
Traversing, with altimeter, 104-105

with compass, 75-77, 103-104
with plane table and alidade, 155, 156,

237-238
Trend (bearing) of linear features, 38 
Triangulation, with a compass, 105-106 

with plane table and alidade, 149-154 
for stratigraphic measurements, 238 
with a transit or theodolite, 149 

Trigonometric functions, 380 
Tripod, plane table, 138 
Trondhjemite, 69 
True dip and apparent dip, 382 
Tuff, devitrified, 64 

naming, 68, 288 
Tufte, E. R., 353 
Tumuli, 275
Turbidites, 167-168,189-191 
Turbidity currents, 164,166-168, 201

Turner, F. J., 320, 325, 330 
Turner, F. J., and Weiss, L. E., 254, 383 
Type locality of a rock unit, 85 
Type section of a rock unit, 85

Uebel, P.-J., 309 
UltramyIonite, 73 
Unconformity, general, 178-180 

angular, 178 
disconformity, 178 
in volcanic rocks, 273 

Units of weight and measure, 381 
U-Pb dating of plutons, 299
U.S. Coast and Geodetic Survey, 152

Vallance, T. G., 329 
Varioles, 64
Varnes, D.J.,95, 97,344 
Varves, 189, 205
Veins, age relations among, 245, 246, 328, 

329
alterations associated with, 327, 328, 335 
in plutons, 312-316 
metamorphic, 329-331,335 

Vergence of folds, 250 
Vernier scale, reading, 143-144 
Vertical angles, measuring with alidade, 

143-144,153-154
measuring with clinometer (Brunton 

compass), 19 
Vertical distances, by altimeter, 104-105 

by hand leveling, 19-20 
by stadia methods, 141-144,146 
by the stadia stepping method, 146 
from vertical angles, 19,143-144,153-154 

Verwoerd, W. J., 290 
Vesicles, in subaerial basalt, 277 

in subaqueous basalt, 278 
in subaqueous tuffs, 283 
in viscous lava, 280,281 

Vitrophyric texture, 63 
Volcanic intrusions, age relations among, 

290-291 
associated alterations, 292 

Volcanic necks and pipes, 291-292 
Volcanic rocks, classified, 67 

primary structures in, 274-292 
Volcanic vents, forms of, 290-292 

indications of, 281, 282, 283, 292 
von Bandat, H. F., 120,123 
Vuagnat, M., 278

Wacke, 55 
Wackestone, 58
Wager, L. R., and Brown, G. M., 304,305,306 
Walker, G.P.L., 274, 277, 283, 285 
Walker, G. W., 274
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Wallace, R. E., 262 
Washburn, A. L., 211 
Waters, A. C., 274, 277, 278 
Wave length of folds, 250 
Way, D. S., 120
Weathering characteristics of rocks, 24-25 
Websterite, 68 
Wehrlite, 68
W elding in pyroclastic deposits, 283, 

284, 286-287 
Wentworth, C. K., and Macdonald, G. A., 

273, 274,276  
Wentworth, C. M., Jr., 167 
Westgate, J. A., and Gorton, M. R, 272 
White, W. H., and six others, 314, 315 
Williams, G. P., and Guy, H. P., 209 
Williams, H., 280
Williams, H., and McBirney, A. R., 274, 

282, 288
Williams, H., Turner, E J., and Gilbert, C. M., 

55, 72
Williams, P. F., Collins, A. R., and Wiltshire, 

R. G., 242

Williamson, D. A., 96 
Willis, D. B., 301 
Winkler, H.G.F., 320
Wise, D. U., and seven others, 71,73,244,259 
Wohletz, K. H .,279
Wohletz, K. H., and Sheridan, M. F., 283,284 
Woillard, G. M., 197 
Work in field camp or office, 7-8 
Wright, A. E., and Bowes, D. R., 311 
Wright, H. E., Jr., 198,206 
Wright, T. L., Grolier, M. J., and Swanson,

D. A., 274

Xenoliths, 303

Zoned inclusions, 304 
Zones, associated wtih veins, 334-335 

diagenetic, 55
hydrothermal, 328, 334-336 
metamorphic, 323-325 
in plutons, 296, 315-316 
in pyroclastic flow deposits, 286-287
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