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ABSTRACT

The Middle to Late Ordovician Period (470 Ma-450 Ma) was characterized by major changes in
global climate and tectonics. One such event, the Taconic Orogeny, occurred when a series of
island arcs collided with the southern margin of Laurentia (present day east coast of North
America) converting the formerly passive margin into a convergent margin. Evidence of this
orogeny is expressed in the Knox Unconformity, an erosional surface apparent in carbonate
successions throughout southwest and northern Virginia. This study aims to conduct a detailed
sedimentologic and petrographic analysis of carbonate samples from the Beekmantown Group
and New Market Formation at Collierstown (VA) in order to constrain the age and the
stratigraphic position of the Knox Unconformity. This study also attempts to use neodymium
isotope chemostratigraphy (εNd(t)) to improve age constraints on the unconformity and address the
implications for changes in silicate weathering and climate during this large mountain building
event.

Samples from the Beekmantown Group are dominated by dolomitic mudstones/wackestones
with little to no fossiliferous clasts, whereas samples from the New Market Formation contain
calcareous mudstones, packstones, and grainstones and fenestral facies. Both Beekmantown and
New Market polished slab samples and petrographic thin sections bordering the hypothesized
Knox Unconformity contain angular lithoclasts indicative of an erosional event. This correlates
to the way the Knox Unconformity was originally defined as a layer of conglomerates and
breccia separating the Beekmantown Group and New Market Formation.

Furthermore, εNd(t) data collected in this study shows an abrupt, discontinuous shift of ~ +7
epsilon units (εNd(t)= ~ –17 to –10) across the hypothesized Knox Unconformity horizon,
suggesting missing time in the rock succession. The shift in provenance which caused the Nd
values to increase was likely related to the uplift that caused the Knox Unconformity. Previous
studies have also linked the shift in εNd(t) towards more radiogenic values to a shift to a more
mafic weathering source, and thus increased silicate weathering and regional cooling.
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INTRODUCTION

The Ordovician Period, which occurred between 485 to 443 million years ago, was characterized
by major changes in global climate, tectonics and expansive biological diversification (Sepkoski,
1995). A major question is whether tectonic events enhanced silicate weathering and drove the
Ordovician climate from a greenhouse state (ice-free) to a glaciated, icehouse world. One such
event is the Taconic Orogeny which occurred approximately 465 million years ago (�<�R�X�Q�J���H�W���D�O����
����������. The Taconic Orogeny occurred as a magmatic island arc subducted eastward colliding
with the southern margin of Laurentia (present-day east coast of North America). This collision
transformed the former passive continental margin carbonate ramp setting to that of a foreland
basin setting on a convergent margin, thereby developing a large erosional unconformity deemed
the “Knox Unconformity” (Hatcher, 1978; Mussman and Read, 1986; Shanmugam and Lash,
1982). An unconformity is an erosional or non-depositional surface that separates two rock units
of different ages. While the Taconic Orogeny occurred 465 million years ago the associated
Knox Unconformity could have begun forming slightly before or after. It is hard to date the
precise timing of the Knox Unconformity because there is a lack of index fossils making age
correlations difficult.The shift from a passive margin carbonate ramp to a foreland basin setting
led to a change of depositional setting from a shallow basin margin to a deep-water carbonate
ramp buildup associated with the development of the foreland bulge (O’Neill, 1985). The
Taconic Orogeny is hypothesized to have increased the weathering of basaltic material in the
Taconic allochthon (overthrust rocks moved from their original site of formation), leading to a
global cooling event (Conwell et al., 2022). However, thus far no studies have directly connected
the timing of the Knox Unconformity to the timing of changes in weathering of basaltic rock.
Better constraints on the timing of these events can improve understanding of the connections
between uplift and weathering in the Taconic Allochthon and unconformity development in the
transition from a passive to active margin setting.

Evidence of the Taconic mountain-building event and unconformity is expressed throughout the
Appalachian Valley and Ridge Province, and past research has focused on the Collierstown
section in Northern Virginia as one of the only exposed carbonate outcrops that record the event
in the region ���H���J����Mussman and Read, 1986; O’Neill, 1985). However, past research has
focused mainly on the biostratigraphy of the Collierstown section with little attention to the
lithology or chemostratigraphy of the section. Therefore, only the relative position of the Knox
Unconformity has been determined through evidence of angular conglomerates and breccias
indicative of an erosional unconformity. This thesis integrates extensive lithologic and
chemostratigraphic interpretations of the Collierstown section to precisely constrain the location
of the Knox unconformity within the section and understand the effects of the Taconic Orogeny
on regional climate. �$�V���R�X�U���S�O�D�Q�H�W�V�V���F�O�L�P�D�W�H���F�R�Q�W�L�Q�X�H�V�W�R���H�Y�R�O�Y�H���D�V���D���U�H�V�X�O�W���R�I���Q�D�W�X�U�D�O���D�Q�G
�D�Q�W�K�U�R�S�R�J�H�Q�L�F���G�U�L�Y�H�U�V�����W�K�L�V���V�W�X�G�\���F�D�Q���S�U�R�Y�L�G�H���D���I�U�D�P�H�Z�R�U�N���W�R���E�H�W�W�H�U���X�Q�G�H�U�V�W�D�Q�G���K�R�Z���O�D�U�J�H���V�F�D�O�H
�(�D�U�W�K���S�U�R�F�H�V�V�H�V���F�D�Q���G�U�L�Y�H���F�K�D�Q�J�H�V���L�Q���J�O�R�E�D�O���F�O�L�P�D�W�H���G�\�Q�D�P�L�F�V��
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PREVIOUS WORK

A first-order method often employed by geologists for locating an unconformity and evidence of
a mountain building event is to observe characteristic features and lithologies within rock
formations which indicate a period of erosion or nondeposition. Evidence of an erosional
unconformity in carbonate platform settings may include lithoclasts, conglomerates, and
breccias. Additionally, evidence of an unconformity can be expressed by an abrupt change in
depositional setting and inferred water depth. One such study that employed this method was
conducted by Mussman and Read (1986) who looked extensively at the lithology and
stratigraphy of the Appalachian Valley and Range Province in hopes of constraining the position
of the Knox Unconformity. This study attempted to find both evidence of an unconformity
development (conglomerates and breccias) and evidence of a transition in rock lithology and
internal features representative of a changing depositional environment. This study found
evidence at the top of the Knox-Beekmantown Group of a 2-meter-thick breccia and
conglomerate which occurred in lenses and sheets composed of lithoclasts of
Knox-Beekmantown dolomite, limestone, and chert (Mussman and Read, 1986). Additionally,
the Mussman and Read (1986) study found evidence of detrital carbonates, dolomitic limestone
breccias, and chert at the base of the New Market Formation.

Neodymium isotopic measurements ��εNd(t)) in marine carbonates have previously been applied as
a proxy to constrain regional shifts in weathering source provenance with more radiogenic values
indicating a more basaltic weathering source (Ca/Mg rich), and less radiogenic values indicating
a more granitic weathering source (potassium rich) (Conwell et al., 2022). Neodymium is used as
a regional proxy because neodymium varies between water masses in the global oceans due to a
residence time shorter than the mixing time of the oceans (Conwell et al., 2022; �*�R�O�G�V�W�H�L�Q���D�Q�G
�-�D�F�R�E�V�H�Q����������������

Additionally, previous studies (�H���J�������&�R�Q�Z�H�O�O���H�W���D�O�����������������,�V�V�R�Q���H�W���D�O����������������have shown a shift
of ��εNd(t)) towards more radiogenic values corresponding to a more basaltic weathering source can
lead to global cooling. This is because as basaltic material weathers, calcium is liberated which
subsequently reacts with atmospheric carbon dioxide forming calcium carbonate ( ),�1�I�1�=

�Z

thereby drawing down atmospheric carbon dioxide and trapping it within rocks (Isson et al.,
2020). A study by Conwell et al. (2022) investigated this relationship by coupling silicate
weathering proxies (��εNd(t)) and 87Sr/86Sr) with paleotemperature proxy signals ( measured in�Ÿ

�X�_
�=

conodont apatite) found within marine precipitates from the same locality. This data set was from
a single continuous stratigraphic section in the Antelope Range of central Nevada, which was
found to be �0�L�G�G�O�H�_�/�D�W�H���2�U�G�R�Y�L�F�L�D�Q���L�Q���D�J�H�����������_������ �0�D�����D�Q�G���V�S�D�Q�V���W�K�H���R�Q�V�H�W���R�I���W�K�H���7�D�F�R�Q�L�F
�2�U�R�J�H�Q�\. The study found that within the Antelope Range, the values of 87Sr/86Sr were shifted to
less radiogenic values, while the εNd(t) was shifted towards more radiogenic values at the onset of

8



the Taconic Orogeny 463 million years ago (Conwell et al., 2022), consistent with increased
basaltic weathering.
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GEOLOGIC SETTING AND BACKGROUND

Lithology and Stratigraphic Setting:
This study sampled two formations in northern Virginia, Collierstown section bounding the
Knox Unconformity. These consist of the Beekmantown Group, which lies below the Knox
Unconformity, and the New Market Formation which lies above the Knox Unconformity. The
Knox Unconformity is an angular unconformity that increases in magnitude across strike from
southeast to northwest (Mussman and Read, 1986). The erosional relief of the Knox
Unconformity is estimated at 140 meters in southwest Virginia and decreases to only 20 meters
or less in sections throughout northern Virginia (Mussman and Read, 1986). The lithology of the
Beekmantown Group below the unconformity consists of peritidal cyclic carbonates, which are
mainly dolomitic in composition with a few interspersed limestone interbeds (Mussman and
Read, 1986). Nearing the unconformity surface, the Beekmantown Group contains breccias
characteristic of an erosional unconformity (Mussman and Read, 1986). Above the Knox
Unconformity the New Market Formation is composed of reworked dolomites which gradually
give way to fine-grained, thick-bedded light gray limestone and pellet-intraclast packstone with
fenestrae and chert nodules that become more frequent near the top of the formation (Mussman
and Read, 1986; Newby, 2017; O’Neill, 1985; Read, 1980).

Age of the Collierstown Section:
Previous studies have attempted to apply strontium isotope chemostratigraphy to date the
post-unconformity Middle Ordovician carbonates in the Virginia region. This has been done by
measuring the 87Sr/86Sr isotopic values in conodont apatite and calibrating those values to a well
constrained global strontium seawater curve (Saltzman et al., 2014). Previous studies have
applied this method to date the basal Elway Formation in the Rocky Gap section of Virginia, and
found it was approximately 460 million years old (Edwards et al., 2015). The base of the Elway
Formation in the Rocky Gap section can be considered equivalent to the top of the New Market
Formation in the Collierstown section, giving an upper constraint on the age of the section. As is
the case throughout the Virginia region, age constraints directly associated with the
Beekmantown Group and New Market Formation are difficult to measure due to a lack of
conodont apatite within these shallow-water carbonate units. However, the Beekmantown Group
and New Market Formation can also be dated through conodont biostratigraphy age correlations.

Biostratigraphy of the Collierstown Section:
Previous work conducted by Ohio State Master’s student Brian O’Neill developed a
biostratigraphic framework using conodonts in the Collierstown section (O’Neill, 1985).
Conodont elements were medium or dark brown in color with a color alteration index (CAI) of
3.0-3.5 (O’Neill, 1985). Conodonts from the Beekmantown Group were not studied for
biostratigraphy and samples collected within the lower New Market Formation contained
reworked Lower Ordovician conodonts from the underlying Beekmantown Group (O’Neill,
1985). There were few conodonts obtained from the top 90 meters of the New Market Formation
which were not useful for biostratigraphic correlation (O’Neill, 1985).
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Paleogeography:
The studied Collierstown section is Lower to Middle Ordovician in age and was originally part
of the continent Laurentia which was partially inundated with an epicontinental sea (Mussman
and Read, 1986). This section was originally deposited on a shallow carbonate ramp (<1 )�” 
associated with a passive continental margin in a tropical setting. This carbonate ramp formed
the northwestern margin of a deep-water foreland basin and was bordered on the southeast by
tectonic highlands (Mussman and Read, 1986; Read, 1980).

Figure 1: A paleogeographic map adapted from Christopher Scotese’s PALEOMAP project
showing the Middle Ordovician Period. The red star represents the approximate Collierstown,
Virginia study site location at the time of the Taconic Orogeny. During the onset of the Taconic
Orogeny the Collierstown section was located in a marine depositional setting. However, shortly
after the Taconic Orogeny the Collierstown section was uplifted and located in a peritidal
depositional setting.

Outcrop:
The Collierstown section (37.7858° N, 79.5910° W) is exposed in the field in Virginia as a result
of imbricate thrust sheets which move southeast to northwest and exhibit maximum
displacements of ~10km (Mussman and Read, 1986). The section was accessed via a roadcut
along Collierstown Road. The outcrop is approximately 5 meters tall and strewn with moss and
thick vegetation, which has taken root on the top and bottom of the outcrop as well as grown out
of fractured joints within the rock face.
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Figure 2: A locality map of the site studied at Collierstown, Virginia (37.7858° N, 79.5910° W)
which lies within the Appalachian Valley and Ridge Province. The red star represents the
location in which the rock samples were collected by Datu Adiatma and Christoper Conwell who
are graduate students at Ohio State University. The nearest major city is Roanoke, Virginia which
is located 60 miles south of Collierstown.
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METHODS

Rock Sampling:
Ten bulk rock carbonate samples were collected in the field from the Collierstown section in the
upper Beekmantown Group and lower New Market Formation bordering the hypothesized Knox
Unconformity in Northern Virginia. Each of the samples weighed approximately 5-6 kg.

Rock Processing for Sedimentologic Analysis:

The samples collected from Collierstown were cut horizontally into approximately 1.5 x 1 inch
slabs. These slabs were polished using a Makita Wet Polisher Pw5001C until distinctive features
were visible within the sample and photographed.  Dilute HCl was applied to the polished slabs
in order to measure reactivity and determine whether they were dolomitic (weak reaction) or
composed of limestone (high reaction).

Rock processing for Petrographic Analysis:
27 x 46 mm slabs were cut from three hand samples via a diamond saw after sedimentologic
descriptions were recorded. The slabs were taken from an interval crossing the hypothesized
Knox Unconformity in an attempt to further distinguish characteristic features such as breccia,
extraclasts, and intraclasts. These three slabs were shipped to Spectrum Petrographic to create
thin sections. The resulting thin sections were analyzed and photographed using a polarized
transmitted and incident light LABORLUX 11 POL microscope.

Physical and Chemical Sample Preparation for Neodymium Isotope Analysis:
Ten carbonate samples from the Collierstown section were prepared for neodymium isotopic
analysis which closely followed the methods laid forth by Fanton et al. (2002) and Conwell et al.
(2022). Approximately 2 grams of bulk sample were used in the analysis. The sample was taken
from an area within the bulk sample that exhibited little evidence of secondary alteration or
diagenesis such as sparite recrystalization or styolites. The collected sample was powdered via a
handheld drill and dissolved with distilled TraceMetal -grade 6N HCl in accordance with
methods laid forth by previous studies (Conwell et al., 2022; �+�R�O�P�G�H�Q���H�W���D�O�������������������)�D�Q�W�R�Q���H�W���D�O����
�������������7�K�H�L�O�L�Q�J���H�W���D�O���������������������6�D�P�S�O�H���V�R�O�X�W�L�R�Q�V���Z�H�U�H��fi�O�W�H�U�H�G���W�K�U�R�X�J�K���D���������P�P�������������P�P���/�X�H�U���/ �R�F�N
�V�\�U�L�Q�J�H��fi�O�W�H�U���W�R���U�H�P�R�Y�H��fi�Q�H���S�D�U�W�L�F�O�H�V���V�X�V�S�H�Q�G�H�G���Z�L�W�K�L�Q���W�K�H���V�R�O�X�W�L�R�Q�����$�Q���D�O�L�T�X�R�W���Z�D�V���Z�L�W�K�G�U�D�Z�Q
�I�U�R�P���W�K�H���S�U�H�S�D�U�H�G���V�R�O�X�W�L�R�Q���L�Q���R�U�G�H�U���W�R���P�H�D�V�X�U�H���W�K�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���D�Q�G���D�P�R�X�Q�W���R�I���Q�H�R�G�\�P�L�X�P���R�Q���D
�3�H�U�N�L�Q���(�O�P�H�U���(�O�D�Q�������������T�X�D�G�U�X�S�R�O�H���,�&�3���0�6���L�Q���W�K�H���6�F�K�R�R�O���R�I���(�D�U�W�K���6�F�L�H�Q�F�H�V���D�W���2�K�L�R���6�W�D�W�H�����3�,���-��
�2�O�H�V�L�N�������7�K�H��fi�O�W�H�U�H�G���V�R�O�X�W�L�R�Q���Z�D�V���P�L�[�H�G���Z�L�W�K�������1�G�_�������6�P�V�S�L�N�H���L�Q���D���a�����������V�S�L�N�H���V�D�P�S�O�H���U�D�W�L�R��
�7�K�H���U�D�U�H���H�D�U�W�K���H�O�H�P�H�Q�W�V���Z�H�U�H���V�H�S�D�U�D�W�H�G���I�U�R�P���W�K�H���S�U�H�S�D�U�H�G���V�D�P�S�O�H���V�R�O�X�W�L�R�Q���X�V�L�Q�J���D���%�L�R�5�D�G
�$�*�������; �����F�D�W�L�R�Q���H�[�F�K�D�Q�J�H���U�H�V�L�Q���L�Q�������P�/���T�X�D�U�W�]���J�O�D�V�V���F�R�O�X�P�Q�V�����7�K�H���F�R�O�O�H�F�W�H�G���V�D�P�S�O�H���Z�D�V��fi�O�W�H�U�H�G
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�W�K�U�R�X�J�K���+�' �(�+�3���F�R�D�W�H�G���7�Hfl�R�Q���S�R�Z�G�H�U���U�H�V�L�Q���L�Q�����������P�/���T�X�D�U�W�]���J�O�D�V�V���F�R�O�X�P�Q�V���W�R���L�V�R�O�D�W�H
�Q�H�R�G�\�P�L�X�P���D�Q�G���V�D�P�D�U�L�X�P���S�R�U�W�L�R�Q�V��

Thermal Ionization Mass Spectrometer Analysis:
�7�K�H���Q�H�R�G�\�P�L�X�P���D�Q�G���V�D�P�D�U�L�X�P���L�V�R�W�R�S�L�F���U�D�W�L�R�V���Z�H�U�H���P�H�D�V�X�U�H�G���R�Q���D���7�K�H�U�P�R�)�L�V�K�H�U���7�U�L�W�R�Q���3�O�X�V
�7�K�H�U�P�D�O���,�R�Q�L�]�D�W�L�R�Q���0�D�V�V���6�S�H�F�W�U�R�P�H�W�H�U�����7�,�0�6�����L�Q���W�K�H���6�F�K�R�R�O���R�I���(�D�U�W�K���6�F�L�H�Q�F�H�V���D�W���2�K�L�R���6�W�D�W�H�����3�,
�(���0�����*�U�Lffi�W�K�������7�K�L�V���Z�D�V���D�F�F�R�P�S�O�L�V�K�H�G���E�\���S�O�D�F�L�Q�J�����������Q�D�Q�R�J�U�D�P�V���R�I���Q�H�R�G�\�P�L�X�P���D�Q�G��������
�Q�D�Q�R�J�U�D�P�V���R�I���V�D�P�D�U�L�X�P���R�Q�W�R���S�U�H�S�D�U�H�G���D�Q�G���R�X�W�J�D�V�V�H�G���U�K�H�Q�L�X�P���G�R�X�E�O�H��fi�O�D�P�H�Q�W�V�����D�O�R�Q�J���Z�L�W�K���D
�S�K�R�V�S�K�R�U�L�F���D�F�L�G���D�F�W�L�Y�D�W�R�U�����7�K�H���Q�H�R�G�\�P�L�X�P���L�V�R�W�R�S�H�V���Z�H�U�H���P�H�D�V�X�U�H�G���Z�L�W�K���D�������1�G���S�L�O�R�W���P�D�V�V�����D�Q�G
�D�Q�D�O�\�]�H�G���L�Q�������E�O�R�F�N�V���F�R�Q�V�L�V�W�L�Q�J���R�I���������F�\�F�O�H�V���H�D�F�K�����)�R�U���E�R�W�K���Q�H�R�G�\�P�L�X�P���D�Q�G���V�D�P�D�U�L�X�P
�P�H�D�V�X�U�H�P�H�Q�W�V�����D���G�H�I�R�F�X�V���E�D�V�H�O�L�Q�H���U�H�D�G�L�Q�J���Z�D�V���P�H�D�V�X�U�H�G���E�H�W�Z�H�H�Q���V�X�E�V�H�T�X�H�Q�W���E�O�R�F�N�V�����7�K�H
�V�D�P�D�U�L�X�P���L�V�R�W�R�S�H�V���Z�H�U�H���P�H�D�V�X�U�H�G���D�W���D���V�L�J�Q�D�O���L�Q�W�H�Q�V�L�W�\���R�I�����������Y�R�O�W�V���L�Q�������E�O�R�F�N�V���F�R�Q�V�L�V�W�L�Q�J���R�I������
�F�\�F�O�H�V���L�Q���W�R�W�D�O�����7�K�H���F�\�F�O�H�V���K�D�G���F�R�Q�W�D�L�Q�H�G���R�Q�H���������������V�H�F�R�Q�G���L�Q�W�H�J�U�D�W�L�R�Q���Z�L�W�K���D���������������V�H�F�R�Q�G���G�Z�H�O�O
�W�L�P�H��

�7�K�H���L�V�R�W�R�S�L�F���U�D�W�L�R�V���U�H�S�R�U�W�H�G���K�H�U�H���Z�H�U�H���P�H�D�V�X�U�H�G���E�\���D���V�W�D�W�L�F���P�H�W�K�R�G���Z�L�W�K���D���Y�L�U�W�X�D�O���D�P�S�O�Lfi�H�U
�U�R�W�D�W�L�R�Q�����7�K�H���U�D�W�L�R�V���Z�H�U�H���Q�R�U�P�D�O�L�]�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���P�H�W�K�R�G�V���L�Q���&�R�Q�Z�H�O�O���H�W���D�O�������������������D�Q�G
Fanton et al. (2002) who applied an exponential law to normalize the isotopic ratios. The isotopic
ratios in 143Nd/144Nd were normalized to 146Nd/144Nd which equaled �����������������$�G�G�L�W�L�R�Q�D�O�O�\�����W�K�H
�L�V�R�W�R�S�L�F���U�D�W�L�R�V���L�Q�������6�P���������6�P���Z�H�U�H���Q�R�U�P�D�O�L�]�H�G���W�R�������6�P���������6�P���Z�K�L�F�K���H�T�X�D�O�H�G�����������������������7�Z�R
fi�O�D�P�H�Q�W�V���Z�K�L�F�K���F�R�Q�W�D�L�Q�H�G���W�K�H���/ �D���-�R�O�O�D���V�W�D�Q�G�D�U�G���Z�H�U�H���D�Q�D�O�\�]�H�G���D�V���Z�H�O�O�����7�K�H���D�Q�D�O�\�]�H�G���D�Y�H�U�D�J�H���/�D

�-�R�O�O�D���O�R�Q�J���W�H�U�P���H�[�W�H�U�Q�D�O���V�W�D�Q�G�D�U�G���P�H�D�V�X�U�H�P�H�Q�W���Z�D�V��� �����������������������„�����[ ���Q��� ������������σ���H�U�U�R�U�����D�Q�G�X�W
�` �]

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

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

�„�����[ 
���σ���H�U�U�R�U�������7�K�H���P�H�D�V�X�U�H�G���Q�H�R�G�\�P�L�X�P���D�Q�G�V�D�P�D�U�L�X�P���L�V�R�W�R�S�L�F���Y�D�O�X�H�V���Z�H�U�H���W�K�H�Q�X�W
�` �]

�F�R�Q�Y�H�U�W�H�G���W�R���H�S�V�L�O�R�Q���Q�H�R�G�\�P�L�X�P���Y�D�O�X�H�V����εNd(t)) following the method in McCulloch and
Wasserburg (1978). This method normalizes the measured 143Nd/144Nd in a particular sample to
that of 143Nd/144Nd measured in the chondritic uniform reservoir (CHUR). The chondritic
uniform reservoir represents how 143Nd/144Nd increases with time in measured chondrites which
are meteorites that represent the earliest material that formed from the solar system. Therefore,
chondrites can be taken to represent how 143Nd/144Nd evolved within the solar system and the
primordial Earth. The resulting normalized epsilon neodymium values are representative of a
departure from the natural CHUR evolution baseline. A single epsilon unit represents a one part
per ten thousand departure from the CHUR baseline.
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RESULTS

Lithology of polished hand samples:
The Beekmantown Group samples underlying the unconformity are characterized by light gray
dolomitic wackestones and mudstones which exhibit little reaction to dilute hydrochloric acid.
These samples (Figs. 3, 4) exhibit isolated recrystallized sparite veins and clasts with no
recognizable skeletal grains, trace fossils, or bioturbation. The overlying New Market Formation
consists of black calcareous mudstones, packstones, and wackestones which exhibit fenestral
fabric and are highly reactive when treated with dilute hydrochloric acid (Figs., 3, 4). The
sampled New Market Formation shows little sign of skeletal grains, trace fossils, or bioturbation
and contains sparite, pyrite, and internal laminations (Figs., 3, 4). The hypothesized
unconformity interval which separates the Beekmantown Group from the New Market
Formation within our samples is characterized by angular lithoclasts (Figs., 3, 4).

Petrography:
The uppermost Beekmantown thin section sample, which is 3 meters into the Beekmantown
Group, contains dolomitic mudstone (Figs., 3, 4). The New Market sample which lies directly
above the unconformity, 6 meters into the formation, contains angular calcareous lithoclasts with
interspersed pyrite grains (Figs., 3, 4). The New Market sample, which lies 9 meters into the
New Market Formation, exhibits smaller calcareous lithoclasts with interspersed pyrite and
fenstral grains within a limestone matrix (Figs., 3, 4).

Neodymium Isotope Chemostratigraphy:
The Beekmantown Group underlying the unconformity exhibits εNd(t) values ranging from –19.9
lower in the formation to –17.6 higher in the formation (Fig. 3). Comparatively, the overlying
New Market Formation which rests above the unconformity exhibits εNd(t) values ranging from
–9.5 lower in the formation to –11.1 higher in the formation (Fig. 3). The New Market Formation
is significantly more radiogenic compared to the Beekmantown Group. The εNd(t) values collected
in this study show a jump from –17.6 to –9.5 across the hypothesized Knox Unconformity
horizon (Fig. 3).
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Figure 3:εNd(t) data and sedimentological description of the Beekmantown Group and New
Market at Collierstown, Virginia. 87Sr/86Sr isotopic values of conodont apatite and estimated age
dates are from unpublished data of ongoing PhD thesis of Datu Adiatma at Ohio State
University. The numbers alongside the stratigraphic column are associated with the polished
slabs and thin sections in figure 4.
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Figure 4: Bulk rock and thin section photos of the Beekmantown Group and overlying New
Market Formation separated by the Knox Unconformity. The New Market Formation is younger
than the underlying Beekmantown Group. The numbers below the polished slabs correspond to
the stratigraphic column in figure 3. Thin section photo 6 which corresponds to the Knox
Unconformity interval exhibits angular calcareous breccias characteristic of an erosional
unconformity. Additionally, the overlying New Market Formation thin section photo 7 has
internal features consisting of pyrite and calcareous grains in comparison to the underlying
Beekmantown group thin section photo 5 which contains no recognizable internal features.

17



Discussion

Polished Slab Samples and Petrographic Thin Sections:
The Beekmantown Group and New Market Formations exhibit features which indicate the
presence of an erosional unconformity (Mussman and Read, 1986). The numerous angular
lithoclast fragments found in the polished slabs and thin section mark the transition between the
Beekmantown Group and New Market Formation, representing an unconformity interval
associated with tectonic reworking in combination with eustatic sea level fall (Mussman and
Read, 1986). This unconformity formed as a series of island arcs which were associated with the
Taconic Orogeny collided with the southern margin of Laurentia, converting the formerly passive
margin to a foreland basin depositional setting associated with a convergent margin (Mussman
and Read, 1986). This collision resulted in faulting, folding, and uplifting of originally deposited
material, creating the angular lithoclasts marking the unconformity, which are present within our
hand samples. Furthermore, the shift in lithology from primarily dolomites below the
unconformity to fenestral limestones above represents a shift in depositional setting across the
Knox Unconformity.

Neodymium Isotope Chemostratigraphy:
The large and abrupt shift in εNd(t) towards more radiogenic values from –17.6 to –9.5 at the
hypothesized Knox Unconformity (Fig. 3) represents a shift in regional weathering source from
felsic material to a more mafic source (Conwell et al., 2022). This shift in weathering source
lithology is hypothesized to have been due to a low-latitude arc-continent collision associated
with the Taconic Orogeny which exposed and uplifted mafic rocks (Conwell et al., 2022). The
shift in εNd(t) observed within this study correlates well with other observed εNd(t) carbonate
datasets from the same Middle-Late Ordovician interval within the Antelope Range Formation in
central Nevada which show a similar increase towards more radiogenic εNd(t) values at this
interval (Conwell et al., 2022). This suggests that the observed εNd(t) values recorded within this
study preserve primary signals. However, the shift in εNd(t) values observed at Collierstown has a
more rapid increase at the unconformity interval which is in contrast to the data recorded in the
Antelope Range which has a more gradually increasing trend of εNd(t) values (Conwell et al.,
2022). This lack of εNd(t) values in our dataset between the interval of –17.6 to –9.5 indicates the
presence of an unconformity.

Additionally, the association of the shift in εNd(t) with the Knox Unconformity is consistent with
the hypothesis that the Taconic Orogeny caused both: 1) uplift and erosion in the forebulge
region of the foreland basin system and 2) a shift in weathering provenance to more mafic
lithologies. The shift from felsic to more mafic values across the unconformity interval resulted
in increased silicate weathering and climatic cooling (Conwell et al., 2022). This is supported by
paleotemperature proxy measurements collected from conodont apatite from the same time�Ÿ

�X�_
�=

interval in Antelope Range Formation which shows an ~�������‚ ���L�Q�F�U�H�D�V�Hassociated with an �a����
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Conclusions

Evidence of the Taconic Orogeny which occurred during the middle to late Ordovician Period
465 million years ago, is expressed throughout the Beekmantown Group and New Market
Formations in Collierstown, Virginia. This study found both a change in lithology and internal
features between the Beekmantown Group dolomites which lack internal features and New
Market Formation limestones which contain numerous fenestral facies. This shift in lithology
between the two formations is marked by the presence of an unconformity which exhibits large
angular breccia lithoclasts in both bulk rock hand samples and petrographic thin sections. The
unconformity interval marked by angular breccia, as well as the change in lithology between the
two formations represent a shift in depositional setting and regional weathering source associated
with the uplift and tectonic reworking associated with Taconic Orogeny.

In addition to the physical evidence the εNd(t) isotopic values analyzed from the collected bulk
rock samples show a sudden increase towards more radiogenic values associated with the
unconformity interval and transition from the Beekmantown Group to New Market Formations.
This large increase towards more radiogenic εNd(t) values represents a period of missing time
associated with an unconformity, and supports the bulk rock evidence of a shift in depositional
setting. Furthermore, this shift towards more radiogenic εNd(t) values played a large role in
regional cooling through increased silicate weathering of predominantly mafic material.
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RECOMMENDATIONS FOR FUTURE WORK

This study has precisely constrained the interval of the Knox Unconformity but has been unable
to identify the amount of time missing at the unconformity. It would be beneficial for future
studies to determine the amount of time missing by extracting conodonts from the Beekmantown
Group and New Market Formations bordering the unconformity. Assuming that the extracted
conodonts are not significantly altered by diagenesis, future studies could then analyze them for
87Sr/86Sr isotopic values. The strontium isotopic values could then be correlated with a 87Sr/86Sr
isotopic curve in order to determine well constrained age dates for the Beekmantown Group and
New Market Formation directly bordering the unconformity. Additionally, it would be beneficial
to sample other formations where the Knox Unconformity is present to determine whether they
show similar trends in both bulk rock features as well as εNd(t) values.
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APPENDIX

Ticket # Sample
Photo #

�/�j�g�<�j�Q�O�g�<�d�P�Q�E
�� �I�Q�O�P�j
�¥�! �I�j�I�g�¦

�1�[�Q�j �§�/�Z�¨
�¥�d�d�Z�¦

�§�"�G�¨
�¥�d�d�Z�¦

147Sm
/144Nd

143Nd/
144Nd

143Nd/
144Nd
Stand
ard
error
of the
mean

� �<�L

CLL-30 1 -3.4 Beekm
antow
n

0.382 5.503 0.094
2

0.511
334

2.68E
-06

-19.5

CLL-33 2 -0.4 Beekm
antow
n

0.066 0.340 0.100
4

0.511
465

1.86E
-06

-17.3

CL-7273 3 0 Beekm
antow
n

0.913 8.614 0.064
0

0.511
388

1.74E
-06

-16.7

CLL-36 4 2.6 Beekm
antow
n

0.891 5.184 0.103
1

0.511
341

1.86E
-06

-19.9

CL-7274 5 3 Beekm
antow
n

1.392 7.539 0.111
6

0.511
482

1.83E
-06

-17.6

CL-7275 6 6.1 Beekm
antow
n/ New
Market

1.138 7.645 0.089
1

0.511
833

1.74E
-06

-9.5

CL-7276 7 9.2 New
Market

0.076 24.31
5

0.001
9

0.511
798

1.58E
-06

-5.1

CL-7277 8 12.2 New
Market

0.615 3.477 0.106
9

0.511
766

1.64E
-06

-11.8

CL-7278 9 15.2 New
Market

1.300 8.714 0.090
1

0.511
802

1.66E
-06

-10.1

24



CL-7279 10 18.3 New
Market

0.382 2.046 0.112
9

0.511
821

1.52E
-06

-11.1

Table A1: List of samarium, neodymium, and epsilon neodymium values collected from each of
the samples. The samples listed as CL and CLL were collected in different sampling trips by
Datu Adiatma and Christopher Conwell. The negative meter values of CLL-30 and CLL-33
indicate that the samples were collected below the other Beekmantown Group samples. The
sample photo numbers in the table above correspond to Figs 3, 4 in the main text.

Ticket # Sample
Photo #

Feet Meters Fm Dunham
Classificati
on

Color Grain/
Mud-
suppo
rted

Non-Skele
tal

HCl
Reacti
on

CLL-30 1 98 -3.4 Beekm
antown

Wackestone Black Mud-
suppo
rted

Lithoclast
s,
Hardgroun
d
deformati
on, Sparite
veins

Weak

CLL-33 2 108 -0.4 Beekm
antown

Crystalline
Carbonate

White
,
Gray,
Black

Non-r
ecogn
izable

Heavily
recrystalli
zed

Weak

CL-7273 3 0 0 Beekm
antown

Mudstone Gray Mud-
suppo
rted

None Moder
ate

CLL-36 4 118 2.6 Beekm
antown

Mudstone White
,
Gray,
Black

Mud-
suppo
rted

Stratified
hardgroun
d, Sparite
veins

Weak

CL-7274 5 10 3.0 Beekm
antown

Wackestone Dark
Gray

Mud-
suppo
rted

Sparite
vein,
lithoclasts

Weak
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CL-7275 6 20 6.1 Beekm
antown
/ New
Market

Packstone Dark
Gray

Grain
-supp
orted

Finestral,
Lithoclast
s, Sparite
grains

Moder
ate/Str
ong

CL-7276 7 30 9.1 New
Market

Mudstone Dark
Gray

Mud-
suppo
rted

Finestral Moder
ate

CL-7277 8 40 12.2 New
Market

Packstone Dark
Gray

Grain
-supp
orted

Finestral,
Lithoclast
s, Sparite
grains,
Sparite
veins

Moder
ate/Str
ong

CL-7278 9 50 15.2 New
Market

Packstone Gray Grain
-supp
orted

Pyrite,
Lithoclast
s,
Finestral

Moder
ate/Str
ong

CL-7279 10 60 18.3 New
Market

Mudstone Dark
Gray

Mud-
suppo
rted

Finestral Strong

Table A2: Bulk rock descriptions of samples collected within the Collierstown section. The
samples listed as CL and CLL were collected in different sampling trips by Datu Adiatma and
Christopher Conwell. The negative meter values of CLL-30 and CLL-33 indicate that the
samples were collected below the other Beekmantown Group samples. The sample photo
numbers in the table above correspond to Figs 3, 4 in the main text.
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