
ABSTRACT 

BOWMAN, JEFFREY D. The Aaron Formation:  Evidence for a New Lithotectonic Unit in 
Carolinia, North Central North Carolina.  (Under the direction of Dr. James P. Hibbard.) 
 
  
 The Carolina terrane, one of the best known subdivisions of the peri-Gondwanan 

crustal block Carolinia, is divided into two main sequences in North Carolina:  1) the 

older Virgilina sequence and 2) the younger Albemarle sequence.  The Virgilina 

sequence has traditionally been thought to be conformable and include the 

Neoproterozoic Hyco and Aaron formations, and interlayered Virgilina Formation; 

however, recent geochronology has confirmed a time gap of approximately 37 m.y. 

between the Hyco and Aaron formations.  Multiple hypotheses concerning the cause of 

the gap were identified for investigation during this study, 1) slow deposition of the 

upper Hyco Formation thus producing a conformable sequence, 2) faulted contact 

between two distinct sequences, or 3) an unconformity of between the Hyco and Aaron 

formations. 

 Observations taken from detailed geologic mapping at the 1:24,000 scale 

indicates that the Aaron Formation is composed of low-grade metamorphosed clastic 

rocks and mafic-felsic volcaniclastics.  It is disposed in a large-scale overturned syncline 

that has an axial trace trending NNE that is mainly a result of the Virgilina deformation 

(578 - 551 Ma).  Structural measurements obtained near the Hyco - Aaron formation 

contact indicate that no deformational event involving the Hyco Formation occurred 

prior to deposition of the Aaron Formation.  In conjunction with field observations, high 

precision magnetometry was used to locate structural features and contacts between 

rock units where exposure is sparse.  To better constrain the length of the gap between 



the sequences, U-Pb zircon dating was done on a sample from the uppermost Hyco 

Formation.  Seven zircon fractions were selected from the sample for analysis using CA-

TIMS method at the Ken Williams ’45 Radiogenic Isotope Geosciences Laboratory at 

Texas A&M University.  Results from this analysis indicate the youngest age of the Hyco 

Formation to be 616.52 ± 1.2 M.a.  Combined with a previous age from within the 

formation at ca. 615 +4/-2, deposition of the upper Hyco Formation appears to be 

relatively rapid.  Recent geochronology combined with the new age obtained during 

this study is interpreted to suggest the lacuna to be on the order of 37 m.y.  

Consequently, we abandon the term ‘Virgilina sequence’ and identify two new 

lithotectonic units within the Carolina terrane, the older Hyco arc and the redefined 

Aaron Formation, which includes the interlayered Virgilina member. 

 The traditional conformable sequence has been used by previous workers in 

correlating the Carolina terrane with the northern Appalachian Avalon terrane, the two 

largest exotic terranes in the Appalachian orogen.  However, on the basis of other 

geologic characteristics, this correlation has been questioned.  This study contributes 

new data to help further evaluate this comparison. 



The Aaron Formation:  Evidence for a New Lithotectonic Unit in Carolinia, 
North Central North Carolina 

 

 

by 
Jeffrey David Bowman 

 

 

A thesis submitted to the Graduate Faculty of 
North Carolina State University 

in partial fulfillment of the  
requirements for the degree of 

Master of Science 
 

Marine, Earth and Atmospheric Sciences 

 

 

Raleigh, North Carolina 

May 6, 2010 

APPROVED BY: 

 

 

_______________________________    ________________________________ 
Dr. James P. Hibbard     Dr. DelWayne Bohnenstiehl 
Committee Chair 
 
 
________________________________  
Dr. Kevin G. Stewart 



ii 

 

DEDICATION 

Mom, 

For your love, encouragement, and everlasting support. 

 

Dad, 

I love and miss you every day.  



iii 

 

BIOGRAPHY 

 Jeff Bowman was born in Huntington, Indiana on January 12, 1984.  He spent 

most of his youth in the corn fields or on the basketball court.  He graduated from 

Huntington North High School in 2002 and enrolled at Manchester College as an 

accounting major.  It only took one semester before he saw light and transferred to 

Indiana University to begin his adventurous life as a geologist.  In January of 2008 he 

was accepted into the graduate program at North Carolina State University under the 

direction of Dr. Jim Hibbard.  He graduated with a Master of Science degree in 2010. 

  



iv 

 

ACKNOWLEDGEMENTS 

 I would like to thank Dr. Jim Hibbard for giving me the opportunity to work with 

him on this project.  He allowed me to continue learning geology the way I’ve always 

wanted to, in the field.  I would also like to thank Dr. Del Bohnenstiehl for his guidance 

in and out of the classroom and for introducing me to the world of geophysics.  I would 

like to thank Dr. Kevin Stewart for reviewing my work and furthering my knowledge of 

geology. 

 I would like to thank Dr. Brent Miller for his help in geochronology.  I would like 

to thank Phil Bradley at the North Carolina Geological Survey for his collaboration and 

expertise on the Hyco and Aaron formations.  I am extremely grateful to Tod and Bev 

Rosenberger for granting me access to their beautiful property at the old Amis Mill.  I 

would also like to thank Tim and Brenda Curin for opening up their kitchen and home 

when 12 weeks of camping took their toll.  I would like to send out a special thanks to 

Jill Kurek for being the best officemate.  



v 

 

TABLE OF CONTENTS 

LIST OF FIGURES           vii 

LIST OF TABLES           ix 

INTRODUCTION           1 

MOTIVATION FOR STUDY          1 
REGIONAL GEOLOGY          2 
PREVIOUS WORK           8 
LOCATION AND METHODS         13 

LITHOSTRAPHIC UNITS          17 

GENERAL STATEMENT          17 
HYCO FORMATION          19 
 Distribution           19 

Rock Types           20 
Contacts between rock types         24 

AGE OF THE HYCO FORMATION        24 
 Methods ______________________________________________________________________  25 
 Results _______________________________________________________________________   27 

AARON FORMATION          31 
Definition           31 
Lower and Upper Clastic Rock Member        32 

Distribution          32 
Rock Types          32 

Virgilina Member          41 
Distribution          41 
Rock Types          41 

AGE OF AARON FORMATION         49 
CONTACT BETWEEN HYCO AND AARON FORMATIONS      49 

INTRUSIVE ROCK            54 
Distribution           54 
Rock Type           54 
Contacts           54 

STRUCTURAL GEOLOGY          57 

GENERAL STATEMENT          57 
 



vi 

 

VIRGILINA DEFORMATION         57 
Folds            58 
Axial Planar Cleavage          62 
Lineation           69 
Faults            69 

LATE DEFORMATION          79 
STRAIN ANALYSIS           81 
METAMORPHISM           82 
TIMING OF DEFORMATION AND METAMORPHISM      87 
IMPLICATIONS OF STRUCTUAL INTERPRETATION      90 
SUMMARY             91 

MAGNETOMETERY           93 

GENERAL STATEMENT          93 
RESULTS            94 
 Lower and Virgilina member distribution       94 
 Bredlove Creek reverse fault         95 
 Magnetic anomaly across the Hyco - Aaron formation contact    98 

SUMMARY AND IMPLICATIONS                   101 
 
SIGNIFICANCE OF THIS STUDY                     101 
BROADER IMPLICATIONS                      103 
FUTURE RESEARCH                      106 

REFERENCES                     108 

APPENDIX                      113 

PLATE 1                      115 

  



vii 

 

LIST OF FIGURES 

INTRODUCTION 

Figure 1:  Lithotectonic map of the Appalachian orogen      3 

Figure 2:  Regional tectonic map with location of study area     4 

Figure 3:  Map of eastern North Carolina showing areas of interest    6 

Figure 4:  Previous and current nomenclature       9 

LITHOSTRATIGRAPHIC UNITS 

Figure 5:  Simplified stratigraphic column of field area      18 

Figure 6:  Fragmental volcaniclastic from the Hyco formation     22 

Figure 7:  Volcanic sandstone from the Hyco Formation      23 

Figure 8:  U-Pb concordia plot of zircon data       30 

Figure 9:  Well-bedded Aaron Formation sandstone      33 

Figure 10:  Laminated siltstone from upper member      35 

Figure 11:  Conglomerate marker unit within the Aaron Formation    36 

Figure 12:  Quartz-rich volcanic sandstone from the Aaron Formation    39 

Figure 13:  Quartz-rich volcanic sandstone with jasper pebble     40 

Figure 14:  Intermediate volcaniclastic from the Virgilina member    42 

Figure 15:  Mafic epiclastic with rounded pebbles      44 

Figure 16:  Fragmental tuffaceous marker unit       45 

Figure 17:  Fragmental tuffaceous marker unit with banding     46 

Figure 18:  Mafic volcaniclastic with angular feldspar crystals     47 

Figure 19:  Map showing the northeast arm of Mayo Reservoir     52 

Figure 20:  Timing of major sequences within Carolinia      55 

STRUCTURAL GEOLOGY 

Figure 21:  Southern hemisphere equal area projection of poles to bedding   59 

Figure 22:  Southern hemisphere equal area projection of parasitic folds   61 



viii 

 

Figure 23:  Equal area projection of the contoured plot of poles     63 

Figure 24:  Nested quartzite clasts         65 

Figure 25:  Quartzite clasts with oblique depositional foliation     67 

Figure 26:  Photomicrograph of a quartzite clast       68 

Figure 27:  Southern hemisphere equal area stereonet of lineation    70 

Figure 28:  Fragmental tuffaceous marker unit showing lineation    71 

Figure 29:  Illustration showing the lineation notation      72 

Figure 30:  Cataclastic zone found near Amis Mill       74 

Figure 31:  Photomicrographs of microstructures within cataclastic zone   75 

Figure 32:  Schematic diagram showing sense of motion on tension gashes____ 76 

Figure 33:  Cross-section showing evolution of overturned reverse fault   77 

Figure 34:  Cataclastic zone in conglomerate       79 

Figure 35:  Photomicrgraph of cataclastic zone in conglomerate    79 

Figure 36:  Late deformation faulting and folding       81 

Figure 37:  Flinn graph of Rf/φ analyses        84 

Figure 37:  Photomicrograph of metamorphism relationships     86 

Figure 38:  Equal area projections of poles to bedding rose diagram    89 

MAGNETOMETRY 

Figure 39:  Bredlove Creek magnetic survey       96 

Figure 40:  Lower and Virgilina member magnetic survey     97 

Figure 41:  Hyco - Aaron formation contact near Amis Mill     99 

SUMMARY AND CONCLUSIONS 

Figure 42:  Comparison of lithotectonic elements of Ganderia and Carolinia                 107 



ix 

 

LIST OF TABLES 

LITHOSTRATIGRAPHIC UNITS 

Table 1:  U-Pb isotopic data from zircons        29 

STRUCTURAL GEOLOGY 

Table 2:  Geometry of strain ellipsoids        84 



1 
 

INTRODUCTION 

Motivation for Study 

 The Virgilina sequence is a lithotectonic unit within the Carolina terrane, one of 

the best known subdivisions of Carolinia, an amalgamation of major peri-Gondwanan 

crustal blocks in the southern Appalachians.  The sequence is composed of low-grade 

metamorphic felsic - mafic volcanics and associated volcaniclastics and clastic 

sedimentary rocks.  It has traditionally been thought to contain three conformable 

units, including the Neoproterozoic Hyco, Aaron and Virgilina formations; however, 

recent geochronology has revealed a major time gap of approximately 37 m.y. between 

the Hyco and Aaron formations (Samson & Secor, 2001, Pollock, 2007).  The youngest 

age obtained for the Hyco Formation came from within the formation, allowing for 

multiple hypotheses concerning the time discrepancy between the dated portion of the 

Hyco and Aaron formations.  Three possible hypotheses to explain this time 

discrepancy are 1) the time gap is apparent, and slow continuous deposition of the 

upper Hyco Formation produced a conformable sequence, or 2) the time gap is real, and 

a faulted contact separates two distinct sequences, or 3) an unconformity that separates 

the Hyco and Aaron formations. 

 The traditional conformable sequence has been used by previous workers in 

correlating the Carolina terrane with the northern Appalachian Avalon terrane, the two 

largest exotic terranes in the Appalachian orogen.  However, on the basis of other 

geologic characteristics, this correlation has been questioned (Secor et al., 1983, 
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Hibbard et al., 2002, 2007).  This study contributes new data to help further evaluate 

this comparison. 

 The main objective of this study is to determine the nature of the apparent time 

gap between the Hyco and Aaron formations.  If the contact is found to be 

disconformable, then redefinition and characterization of the Virgilina sequence will be 

needed.  The field area for this investigation is located along the North Carolina - 

Virginia state line just south of the former boomtown of Virgilina, VA and a few miles 

northeast of Roxboro, NC.  This particular area was chosen because it is the type area of 

the Aaron and Virgilina formations and it has not been mapped at a scale of 1:24,000 

since the pilot work of Laney (1917).   

 
Regional Geology. 

 The Virgilina sequence is located within Carolinia, the eastern-most exposed 

peri-Gondwanan crustal block in the southern Appalachian orogen (Figure 1).  Carolinia 

is one of four major pre-Silurian lithotectonic divisions in the southern Appalachians 

(Figure 2).  The other three divisions include from west to east native Laurentian rocks, 

the Piedmont domain, and the Goochland domain.  Carolinia extends 600 km in a 

northeast-southwest trend from central Virginia to Georgia and consists of 

Neoproterozoic - early Paleozoic magmatic and sedimentary terranes.  Its western 

boundary with the Piedmont domain is marked by the central Piedmont shear zone, a 

late Paleozoic thrust fault that has tectonically decapitated the original suture between  
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Figure 1:  Lithotectonic map showing the major pre-Silurian peri-Gondwanan crustal 
blocks.  Outline showing extent of figure 2.  From Hibbard et al, 2007.  
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Figure 2:  Regional tectonic map with location of study area.  Modified from Hibbard et 
al. 2002 
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Carolinia and Laurentia.  To the east, Carolinia is unconformably overlain by Mesozoic 

to Cenozoic sedimentary rocks of the Atlantic Coast Plain.  

Carolinia is made up of numerous terranes that can be distinguished by 

differences in stratigraphy, structure, grade of metamorphism, faunal assemblages, and 

isotopic evolution (e.g. Hibbard et al., 2002).  The best known and largest 

suprastructural terrane within Carolinia is the Carolina terrane.  The Carolina terrane is 

composed of low-grade metavolcanic and related metasedimentary rocks that extend 

approximately 500 km from eastern Georgia to central Virginia (Secor et al, 1983) and 

with a maximum outcrop width of 140 km.  Based on stratigraphy, geochronology, and 

geochemistry, there are currently four suprasubduction related sequences that 

construct the bulk of the Carolina terrane.  The Virgilina sequence, the focus of this 

study, is the oldest sequence and extends approximately 150 km from Ramseur, NC to 

South Boston, VA (Figure 3).  An unconformity separates the Virgilina sequence from 

the overlying Albemarle sequence that resulted from the late Neoproterozoic Virgilina 

deformation (Glover and Sinha, 1973, Harris and Glover, 1988).  The other two 

sequences are the South Carolina sequence in South Carolina and northeast Georgia, 

and the Cary sequence in eastern North Carolina (Hibbard et al, 2002).  

 Neodymium isotopic studies indicate that the rocks of the Virgilina sequence are 

juvenile, where as those of the Albemarle sequence are more isotopically evolved and 

likely formed above some form of continental basement (Samson, 1995, Ingle & 

Mueller, 2003).  Although, positive Nd values indicate a juvenile nature for the Virgilina  
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Figure 3:  Map of eastern North Carolina showing areas of interest in this study.  
Modified from Hibbard et al. 2002. 
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sequence, the presence of quartzite clasts found in the Aaron Formation conglomerates 

suggest a nearby continental source (Glover and Sinha, 1973).  Therefore, an 

investigation into the recently confirmed 37 m.y. lacuna between the Hyco and Aaron 

formations of the Virgilina sequence, may lead to a better understanding of the nature 

of the change between the juvenile Hyco arc and the more evolved Albemarle arc. 

 The magmatic and tectonic history of the Carolina terrane has three stages 

(Hibbard et al., 2002).  Stage I, pre-600 Ma, has a strong magmatic pulse observed in the 

Virgilina sequence; which has been well constrained by Wortman et al. (2000) using 

high precision U-Pb zircon age dating.  Their analysis suggested that the onset of 

subduction and magmatism in the Carolina terrane began at ca. 630 Ma and continued 

until ca. 612 Ma.  Stage II, ca. 590 - 560 Ma., has very little magmatism within the 

Virgilina sequence; an exception being the intrusion of the undeformed Farrington 

Pluton near Chapel Hill, NC (Tadlock & Loewy, 2006).  Tadlock & Loewy (2006) 

conducted U-Pb zircon TIMS analysis on the undeformed pluton in an effort to further 

constrain the timing of the Virgilina deformation.  Their study yielded a crystallization 

age of ca. 578 ± 5.5 Ma.  However, the lack of deformed Virgilina sequence xenoliths in 

the pluton makes it difficult to further constrain the timing of deformation.  Stage III, ca. 

550 Ma to early Paleozoic, is marked by felsic volcanism and thick sedimentary 

sequences of the Roxoboro pluton and Albemarle sequence. 
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Previous Work. 

Early Work  

 The earliest recorded geologic work in the Virgilina area was done by Professor 

William B. Rogers as State Geologist of Virginia in 1840 as part of a larger state wide 

investigation.  His notes and observations of the rocks clearly demonstrate that he 

considered the rocks of the Virgilina area to be Precambrian.  In 1900 Walter H. Weed 

was the first to publish a paper that gives considerable detail about the general geology 

and greater detail about the petrography of the Virgilina area.  He was the first to 

recognize the true character of the rocks as being igneous in origin.   

 A Virginia - North Carolina Geological Survey Bulletin by Francis Baker Laney in 

1917 was one of the first extensive geologic maps and cross-sections focusing on the 

Virgilina area and its ore deposits.  Laney was the first to give detailed descriptions of 

rock types, structures and metamorphism, as well as describing the economic geology 

of the area.  Laney (1917) assigned the rocks of the area to the Hyco quartz porphyry, 

Aaron slate, Virgilina greenstone, and Goshen schist (Figure 4) and interpreted the rock 

units to be exposed within a synclinorium. 

 
Modern Work  

 Glover and Sinha (1973) were the first to discuss the sequence in a regional 

tectonic context and they confirmed the presence of the Virgilina synclinorium that 

Laney (1917) initially recognized.  Through detailed mapping and identifying cross- 
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Figure 4:  Previous and current nomenclature for stratigraphic units of the Hyco, Aaron, 
and Virgilina formations.  Modified from Harris and Glover, 1988. 
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identified a major deformational event that they termed the Virgilina deformation.  

They were the first to connect the Virgilina synclinorium with this event as well as 

putting constraints on the timing of this folding event to 620 - 575 Ma.  The Virgilina 

deformation has been interpreted to be a foliation forming event within the Hyco and 

Aaron formations based on cross-cutting relationships of an undeformed pluton and 

deformed metavolcanic rocks and gneiss, as well as deformed xenoliths found within 

the pluton (Hibbard and Samson, 1995).   

 The effects of the Virgilina deformation were originally thought to be local, 

constrained to the area of Virgilina, VA.  However, Harris and Glover (1985, 1988) 

extended the distribution of the Virgilina deformation into central North Carolina.  This 

distribution has been confirmed by Newton (1983) and Bradley (2006) in the areas 

between Virgilina, VA and Ramseur, NC (Figure 3). 

  The Virgilina sequence is estimated to be at least 8 km thick (Glover and Sinha, 

1973) and is fundamentally composed of three distinct units which have been renamed 

and regrouped by previous workers.  The nomenclature that has been used by previous 

workers in the central and northern portions of the Virgilina sequence is compared in 

Figure 3.  The lowest unit is a thick sequence of felsic to intermediate volcanics that 

Glover and Sinha (1973) termed Unit II and recent workers have called the Hyco 

Formation (Kreisa, 1980, Harris and Glover, (1988), present study).  The Hyco 

Formation has been reported to be approximately 2,000 m thick in the Ramseur area 

and 4900 m thick in the Roxboro area with its base not exposed in either location   
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cutting relationships of faults and intrusive rocks of known ages with the strata, they 

(Glover and Sinha, 1973, Harris and Glover, 1988).  Kreisa (1980) produced a 1:24,000 

scale geologic map to the immediate north of the present study area and identified a 

distinct felsic crystal tuff in the Hyco Formation that marked proximity to the Hyco - 

Aaron formation contact (Kreisa, 1980).  High precision U-Pb zircon TIMS age dating 

from volcanic rocks within the formation has shown the youngest age of the Hyco 

Formation to be 615.7 +4/-2 Ma (Wortman et. al, 2000). 

 The Hyco Formation is overlain by the Aaron Formation (Kreisa, 1980, Harris 

and Glover, 1988, present study), which is also Unit III of Glover and Sinha (1973).  The 

formation is composed of conglomerates and metaclastic sediments (Glover and Sinha, 

1973, Kreisa, 1980, Harris and Glover, 1988).  There is a distinct conglomerate marker 

unit near the base of the Aaron Formation that includes pebble- to cobble-sized 

quartzite and volcanic clasts (Kreisa, 1980).  Kreisa (1980) combined and renamed the 

Aaron slate and Virgilina greenstone (Laney, 1917) as the Aaron Formation with a 

lower, middle, and upper member (Figure 3).  The Virgilina greenstone being the 

middle member sandwiched between two sedimentary members.   Later Harris and 

Glover (1988) grouped the middle and upper member of the Aaron Formation (Kreisa, 

1980) into the Virgilina Formation (Figure 3). 

 Based on provenance studies, the Aaron Formation sandstones are derived from 

the erosion of the Hyco Formation (Harris, 1984).  Harris (1984) also did a 

sedimentological study of the Aaron Formation to the southwest of the present study 
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area near Ramseur, NC.  He described in detail the constituents of the Aaron Formation 

and subdivided and documented the occurrence of seven different facies.  These facies 

were then combined into four different associations that could be used for 

hydrodynamic interpretations.  Based on these facies associations, he concluded the 

Aaron Formation to be a retrogradational submarine-fan sequence. 

 Recent detrital zircon geochronology using LA-ICPMS U-Pb zircon age dating by 

Pollock (2007), gives a maximum age of deposition for a conglomerate in the Aaron 

Formation near Siler City, NC, at ca. 588 ± 11 Ma.  This date is within error of the 

previously reported maximum age of the formation at ca. 578 ± 9 Ma. by Samson et al. 

(2001).  Therefore the maximum time of deposition of the Aaron Formation can be 

approximately be 27 m.y. to 37 m.y. after the ca. 615 Ma minimum age of the Hyco 

Formation.  This confirmed time gap is the motivation for the present study and 

prompts us to abandon the term Virgilina sequence and begin to redefine the Aaron 

Formation.  Therefore, the term Virgilina sequence will not be use henceforth. 

 Critical to this investigation, previous workers (Laney, 1917; Glover and Sinha, 

1973; Kreisa, 1980) have all produced regional maps in and around the study area, but 

their work did not involve a detailed documentation of the contact relationship 

between the Hyco and Aaron formations.  All of the workers assumed this contact to be 

conformable.  However Newton (1983), Harris & Glover (1988), and Hackely et al. 

(2007) have all suggested this contact to be unconformable throughout central and 

northern North Carolina and into Virginia.  Hackely et al. (2007) noted repeated 
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truncation of internal contacts within the Hyco Formation as evidence for the angular 

unconformity.  He also suggested that no major hiatus in sediment deposition or 

deformational event marked the disconformity.  Although some previous workers 

recognized the contact as disconformable, they interpreted the time gap to be 

insignificant. 

 
Location and Methods. 

 The field area is located along the North Carolina – Virginia state line 

approximately 15 miles northeast of Roxboro, North Carolina, just south of the small 

town of Virgilina, VA.  This particular area was chosen because 1) it is adjacent to the 

type area of the Aaron and Virgilina formations and 2) has been unmapped in recent 

years at the 1:24,000 scale. 

 The field area covers approximately 40 sq. mi and is contained within portions of 

the Virgilina and Nelson 7.5-minute quadrangles.  Gently rolling hills and pastures with 

limited relief mark the landscape, apart from two prominent ridges located near the 

center of the study area and trending NNE-SSW.  The highest elevation occurs at 625 ft 

located on one of the unnamed central ridges while the lowest elevation is at 360 ft 

located in the northeast corner along Aarons Creek. 

 Extensive rock exposures are atypical with a majority of the rocks occurring in 

small outcrops in streams, quarries, or along road cuts.  Therefore, traverses were 

planned along rivers and streams that cross key localities and provide coverage of the  
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entire field area.  Aarons Creek and Bluewing Creek along with their tributaries are the 

two largest drainages within the field area.  The local bedrock geology and structure 

clearly controls the drainage pattern found within the field area, with many streams 

oriented parallel to the strike of the regional foliation.  A total of 12 weeks were spent in 

the field documenting the rock type, fabric, and structural nature of each outcrop in 

order to characterize and redefine the Aaron Formation and determine the nature of 

the contact between the Hyco and Aaron formations.   

 In conjunction with field observations, high precision magnetometry was carried 

out to better constrain the location of the Hyco - Aaron formation contact, as well as the 

contacts between rock units within the Aaron Formation.  A previous aeromagnetic 

survey was done by the USGS in 1971 of Halifax County, Virginia and Person and 

Granville Counties, North Carolina (USGS Map GP-747, 1971).  The survey shows that 

the lower Aaron Formation has the highest magnetic susceptibility in the study area, 

which could be a result of the magnetite within the rock units.  Because the higher 

magnetic susceptibility of the lower Aaron Formation increases the amplitude of the 

local magnetic field, a ground-based magnetic survey could possibly detect a rise in the 

amplitude of the magnetic field between rock types across the Hyco - Aaron formation 

contact and more importantly, precisely locate the contact on the surface. 

 The instrument used in the survey is a Scintrex SM-5 NAVMAG cesium 

magnetometer.  This type of magnetometer is known for its high sensitivity, high 

cycling rates, continuous output, and low susceptibility to electromagnetic interference.  
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The system has a resolution of 0.001 nT and can take over ten readings per second.  For 

this particular system, two different modes for collecting data can be selected.  The first 

is the stop-and-go mode where the operator moves a set distance and collects one data 

point.  This mode is particularly effective when using a grid to survey a small area.  The 

second mode is the search mode, where the system automatically collects up to 10 data 

points per second, giving the surveyor the freedom to change the direction of the survey 

line on-the-fly in response to the data he is collecting.  In the field, the position of the 

magnetometer was determined using WAAS-enabled GPS (Wide Area Augmentation 

System), providing an accuracy of 1-3 m.  The locations of survey lines conducted were 

based on relationships made from field observations and the degree of uncertainty on 

the locations of important contacts and structural features. 

 To process the data collected for each survey line, the text file created by the 

magnetometer in the field is converted into a data file for further analysis using the 

technical computing software, Matlab (Appendix A).  In Matlab, an m-file was written to 

average the 10 data points collected per second by the magnetometer in search mode.   

For each measurement taken, HDOP (horizontal dilution of precision) and noise values 

were collected as well. These values represent the precision of the data being gathered.  

Part of the m-file used in Matlab filtered out the data points that exceeded a threshold 

of HDOP or noise values and retained the most precise measurements.  Once the raw 

data is reduced, a comma separated file (.csv) is written for input and display in ArcGIS 

(Appendix A).   
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 More magnetic survey lines were executed across the study area than are 

discussed in the present study.  Either they did not produce accurate enough results or 

concise conclusions could not be made from the data available due to outside 

interference.  Some signal filtering improved the quality of the data, but confident 

conclusions could still not be made.  A conscious effort was made to reduce any 

magnetic interference during the survey.  Steps taken were:  1) only one operator per 

survey line, 2) remove all magnetic material from the operator, and 3) remove or walk 

around all visible magnetic material from the survey line.  Since the magnetometer was 

essentially used as a “bump-finder”, as long as the possible outside interference from 

the operator held constant, the change in amplitude of the magnetic field from one rock 

unit to another would not be affected.  One characteristic that all the inconclusive 

surveys had in common was their accessibility to the general public.  The amount of 

magnetic trash and debris on public lands was significantly higher than the amount on 

private lands, which would increase the magnetic field amplitude and not accurately 

represent the actual magnetic field of the underlying bedrock. 
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LITHOSTRATIGRAPHIC UNITS 

General Statement 

 An understanding of the rock units in the study area is imperative in 

determining the nature of the contact between the Hyco and Aaron formations.  This 

section presents field-based and thin section descriptions for the lithostratigraphic 

units and their distributions in the study area.   In the present study, the Aaron 

Formation is redefined to include unnamed lower and upper metasedimentary rock 

members and the intervening Virgilina member (Figure 5).  Therefore, the following 

four major map units are recognized in the present study:  1) upper Hyco Formation, 

felsic - intermediate volcaniclastics, 2) the Aaron Formation lower member of 

metasedimentary rocks, 3) the Aaron Formation Virgilina member of felsic - mafic 

volcaniclastics, and 4) the Aaron Formation upper member of metasedimentary rocks.  

The lower and upper members are indistinguishable where the Virgilina member is 

missing, therefore they will be described together in this section.  Except for the upper 

member, rock units within the field area are repeated in map pattern as a result of the 

main structure in the field area, the Virgilina syncline. 

 It should be noted that although the rocks have been metamorphosed to the 

greenschist facies and are moderately foliated, relict primary structures are commonly 

preserved.  Thus for brevity, I drop the prefix “meta” from the nomenclature for all rock 

types described below.  The term epiclastic is used here to refer to deposits that are not 

directly related to eruptions, but rather constitute re-worked volcanic material. 
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Figure 5:  Simplified stratigraphic column of field area with dates showing redefined 
Aaron Formation (** Ingle, 1999, * Samson & Secor, 2001).  Unit thicknesses are not to 
scale. 

_ 
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Hyco Formation (Zh) 

 The Hyco Formation (Kreisa, 1980) was originally named after the Hyco River 

that flows just to the north of the field area in Virginia.  The formation has been 

described by numerous previous workers (Laney, 1917, Glover and Sinha, 1973, Kreisa, 

1980, Harris and Glover, 1988, Bradley, 2006) that have mapped sections of the Hyco 

Formation outside of the study area.  To the south, in the Roxboro 15’ quadrangle 

extending into Durham, NC, an increasing abundance of intermediate composition 

volcanic rocks were described (Bradley, 2006).  The Hyco Formation in the Ramseur, 

NC area is composed of intermediate lava flows and volcaniclastic rocks.  The 

volcaniclastics include lapilli tuff, laminated to massive vitric tuff, and tuff breccias 

(Harris and Glover, 1988).  In the Hillsborough, NC area, dacitic tuffs are abundant 

(Newton, 1983).  The tuffs range from welded to non-welded, crystal rich to crystal 

poor, fine to coarse, lapilli tuff, and tuff breccia.  Dacitic, andesitic, and basaltic lavas 

have all been reported to be in the Hyco formation as well (Bradley, 2006). 

 
Distribution 

 In the present study area, only the top of the Hyco Formation is found.  Here it is 

composed mainly of two rock types that trend NNE - SSW along the flanks of the field 

area, including felsic-intermediate volcaniclastics and volcanic sandstone.  The 

formation is especially well exposed along the shoreline of, and tributaries to, Mayo 

reservoir on the west side of the field area and along Aarons Creek to the east. 
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Rock Types 

Felsic - Intermediate Volcaniclastics 

 Felsic tuffs and fragmental volcaniclastics are the most abundant rock type 

within the upper Hyco Formation.  Of these, the most common rock type is felsic crystal 

tuff, which is found on both flanks of the field area.  Felsic crystal tuff forms a distinct 

unit that is typically found stratigraphically within a couple meters of the top of the 

formation.  The best exposures of the tuff are located around the northwest shore of 

Mayo Reservoir and along Aarons Creek just south of Amis Mill (Plate 1).  Fresh 

exposures of felsic tuff are light-gray and weather to a tan or chalky white.  Tuffs are 

foliated, with a fine-medium grained groundmass that contains variable amounts of 

quartz, feldspar phenocrysts, pumice and minor amounts of volcanic lithics.  Some 

layers have an abundance of chlorite which gives them a dark green color.  Distinctive 

fine- and medium-grained, subhedral plagioclase forms the most abundant phenocryst 

type.  Mineralogically, the felsic crystal tuff has a dacitic composition with over 50% 

plagioclase, 20% quartz, 15-20% sericite, small amounts of chlorite, biotite and local 

opaques.  A fresh sample of felsic tuff was collected from a small private quarry near 

Amis Mill for high precision U-Pb analysis. 

 Sorting in felsic tuffs is absent at both outcrop and hand sample scales and most 

pumice grains, along with quartz and feldspar crystals are angular to sub-angular with 

no evidence of being reworked.  The felsic tuffs within the study area are interpreted to 
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be primarily pyroclastic deposits.   Around the Durham - Chapel Hill, NC area, Bradley 

(2006) interpreted similar felsic tuffs of the Hyco Formation to be primarily pyroclastic 

as well, but with minor epiclastic interlayers that were interpreted to represent 

penecontemporaneous erosion of pyroclastic deposits. 

 Fragmental volcaniclastics are interspersed with felsic tuffs in the upper Hyco 

Formation (Figure 6).  These volcanics are mostly concentrated along the eastern edge 

of the field area and are less common along the shore of Mayo Reservoir on the western 

edge.  In hand sample, a light gray tuffaceous matrix supports rounded to sub-rounded 

volcanic fragments.  Fragment concentration in the volcanic ranges from 60% to 70% of 

the total rock volume and consists of pumice and mafic - felsic volcanic fragments.  

Volcanic fragments are 1 to 16 mm in size, slightly elongated, and moderately sorted.  In 

thin section quartz and feldspar are present with moderately flattened pumice grains, 

as well as tiny ribbons of opaques.  Rounded grains within the fragmental 

volcaniclastics have been interpreted to represent an epiclastic deposit. 

 
Volcanic Sandstone 

 The volcanic sandstone was found near the Hyco - Aaron formation contact 

along the northern arm of Mayo Reservoir north of High Plains Road bridge.  This rock 

type is not found elsewhere in the study area.  It is defined by a fine- to medium-

grained, light gray to tan, tuffaceous matrix with an abundance of sub-angular to 

angular feldspar crystals that are typically < 1 mm in size (Figure 7).  The volcanic  
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Figure 6:  Fragmental volcaniclastic from the Hyco formation from Amis Mill near 
Virgilina, VA.  Clasts have a dacitic composition and rounded grains suggest an 
epiclastic deposit.  Photograph by J. Hibbard. 
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Figure 7:  Volcanic sandstone from the Hyco Formation located near the Hyco – Aaron 
formation contact along the northern arm of Mayo Reservoir. 
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sandstone is typically felsic – intermediate.  In thin section, a large amount of sub-

angular, resorbed feldspar crystals with minor amounts of volcanic lithics and quartz 

crystals are present.  The lithics are predominately mafic and poorly sorted.  In thin 

section, this rock type is distinctly different from the lower member of the Aaron 

Formation based on the unusual abundance of feldspar crystals present. 

 
Contacts between rock types 

 Contacts between lithostratigraphic units within the Hyco Formation are 

conformable, but somewhat abrupt with felsic crystal tuff and fragmental volcaniclastic 

laterally intertonguing.  Most contacts are not directly observed in the field; however 

they can be approximately located through stream traverses where different 

lithostratigraphic units are observed to be separated by a few meters without exposure 

perpendicular to strike.  For example, outcrops of different rock types along a tributary 

to Aarons Creek just west of NC-96 in the southeast corner of the field area are located 

within a lateral distance of approximately 6 m of each other. 

 
Age of the Hyco Formation 

 The first reported age for the Hyco Formation was by Glover and Sinha (1973) in 

which they suggested the volcanic rocks of the formation were erupted at 620 ± 20 Ma. 

Shortly thereafter, a Neoproterozoic Ediacaran fauna was reported from the Hyco 

Formation by Cloud et al. (1976).  Wortman et al. (2000) collected and analyzed zircons 

from a dacitic metatuff from within the Hyco Formation and obtained a U-Pb TIMS 
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(thermal-ionization mass spectrometry) age similar to that of Glover and Sinha (1973), 

but with higher resolution at 615 +4/-2 Ma.  Because Wortman’s sample appears to 

have come from the middle of the Hyco Formation, a new sample was collected from the 

top of the formation for analysis using high precision U-Pb age dating.  The rationale, 

here, is to better constrain the apparent time gap between the Hyco and Aaron 

formations as well as test hypothesis 1 of possible slow continuous deposition of the 

upper Hyco Formation. 

 
Methods 

 U-Pb geochronology TIMS analysis of zircon for this study was conducted in the 

R. Ken Williams ’45 Radiogenic Isotope Geosciences Laboratory at Texas A&M under 

the supervision of Dr. Brent Miller.  The bulk rock was crushed in a Bico Badger jaw 

crusher and disaggregated in a Bico disk pulverizer.  Dense minerals were concentrated 

using a Wilfely table followed by heavy liquid separations (bromoform and methyline 

iodide).  Magnetic separations were conducted on a Frantz isodynamic separator.  More 

than 65 zircons were carefully selected under a binocular microscope and 24 of those 

grains were selected for ID-TIMS (isotope dissolution-TIMS) dating.  Dissolution and 

chemical abrasion were both conducted in an eighteen-position Parr-style high 

pressure dissolution vessel using 200 μl modified Parrish-style teflon capsules. 

 The high-precision U-Pb zircon geochronology protocols used in this study at 

Texas A&M University largely follow the annealing, chemical abrasion, and thermal-
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ionization mass spectrometry (CA-TIMS) methods described in Mattinson (2005).  This 

method has proven highly successful in minimizing U-Pb discordance caused by Pb-loss 

from radiation damaged zones within the zircon crystal (e.g., Mundil et al., 2004).  In 

mid-Paleozoic and older zircons the Texas A&M lab has had no trouble obtaining 

sufficient U and Pb for high-precision ID-TIMS analyses from the remnants of heavily 

chemically abraded single zircon crystals. 

 All sample preparation and separation chemistry for U-Pb dating were 

conducted in the Class 100 ultra-clean laboratory.  Because high-precision U-Pb dating 

is highly blank-sensitive, the lab has worked hard to overcome the initial hurdle of 

minimizing procedural blanks in a new lab.  The Pb blank is currently dominated by 

contamination of reagents – we believe through contact with new teflon labware – this 

should reduce with time as acids leach contaminants from the teflon.  Total procedural 

blanks for U-Pb protocols are routinely around 1-2 picograms Pb per sample.  With 

freshly distilled reagents and very carefully sample handling, however, the lab has 

achieved analyses with <1 picogram of total common Pb.  The lab currently uses an 

internally calibrated, mixed 205Pb-233U-235U spike for routine U-Pb analyses.  The largest 

sources of age-error are uncertainties in the mass bias, usually followed by spike 

calibration and/or common Pb corrections. 

 Raw data were reduced using the “YourLab” algorithms of Schmitz and Shoene 

(2007) and diagrams plotted and ages calculated in IsoPlot 3.7 (Ludwig, 2008), with 

data interpretation and visualization aided by the programs Tripoli and U-Pb Redux 
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(M.I.T. unpublished programs).  All tables, diagrams, and text report data at 2σ.  Sigma 

is used to help describe the normal distribution of the data.  2σ allows us to report the 

results of the analysis with 95% confidence.  Repeat analyses of EarthTime synthetic U-

Pb standards yield 100.23 ± 0.13 Ma for the 100 Ma (nominal) standard, 500.18 ± 0.44 

Ma for the 500 Ma (nominal) standard, and 2000.6 ± 0.7 Ma for the 2Ga (nominal) 

standard; all individual analyses are within error of the ages obtained from these 

standards in three well-established laboratories using the EarthTime double-Pb spike, 

but with slightly larger errors due to larger uncertainties in mass bias and spike 

calibration. 

 U and Pb isotopic compositions were analyzed on a ThermoFisher Triton 

thermal-ionization mass spectrometer (commissioned October, 2008).  This instrument 

is equipped with a retarding-potential-quadrupole (RPQ) energy filter and a modified 

(14-dynode) MassCom secondary electron multiplier (SEM).  Abundance sensitivity and 

Faraday/SEM ion yield with the RPQ disengaged are 3.9 ppm and 94.5%, respectively 

and with the RPQ active are 0.006 ppm and 93.3%, respectively.  The response of the 

SEM is linear up to 450,000 counts/sec.  Mass bias is determined by repeat analysis of 

NIST 981. Zircon samples with 10 to 100 pg Pb are measured by peak-hopping on the 

SEM, >200 pg Pb can be measured with a two-step Faraday/SEM analysis in which 205Pb 

is cycled between the SEM and the High 1 Faraday cup to apply a dynamic Faraday/SEM 

yield to the 204Pb SEM measurement.  Uranium is analyzed as the dioxide in static 

Faraday mode.   
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Results  

  A sample of felsic tuff from the upper Hyco Formation was collected from a 

small private quarry along the banks of Aarons Creek just south of Amis Mill.  The dated 

sample, sample# 52.01, is dacitic and is typical of pyroclastic deposited felsic tuff found 

elsewhere in the study area.  It ranges from gray to light-gray, fine- to medium-grained, 

and contains approximately 50% feldspar and 20% quartz crystals, with varied 

amounts of sericite and volcanic lithics.  The sample contained zircon grains with a 

variety of shapes and sizes, of which seven fractions were analyzed (Table 1).  Three of 

the fractions consisted of small, clear crystals with slightly resorbed corners.  Four of 

the fractions consisted of small - medium, light brown subhedral crystals with cracks.  

The analyzed fractions lie yielded a concordant age of 616.52 ± 1.2 Ma (Figure 8).   

 This new age for the upper Hyco Formation is in agreement with the age 

collected by Wortman et al. (2000) from within the formation and reconfirms a time 

gap between the Hyco and Aaron formations.  Even though the sample collected for 

analysis in this study is located stratigraphically higher than Wortman’s sample, the age 

date obtained is comparable to Wortman’s age date of 615 Ma; suggesting that Hyco 

Formation deposition occurred rather rapidly.  This interpretation confirms that the 

time gap between the Hyco and Aaron formations is real and not apparent, which 

allows us to discount hypothesis 1 of slow and continuous deposition of the Hyco 

Formation.  
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Table 1:  U-Pb isotopic data from zircons from the upper Hyco Formation. 
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Figure 8:  U-Pb concordia plot of zircon data from sample 52.01; ellipses are 2σ 
uncertainties.  All data lie near the crystallization age 616.52 Ma.  The red ellipse has 
been interpreted to represent an inherited zircon.  Figure by Brent V. Miller. 
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Aaron Formation (Za) 

Definition 

 Previous workers have presented different definitions of the Aaron Formation 

(Figure 3); however, one characteristic they all have in common is that the base is 

defined by a clastic sedimentary unit.  Above the base, the definition of the formation 

takes one of two forms.  Some workers suggest the lower sedimentary unit, alone, forms 

the Aaron Formation with the Virgilina Formation conformably overlying it (Glover and 

Sinha, 1973, Harris and Glover, 1988).  Others have interpreted the Aaron Formation to 

include multiple members, including upper and lower sedimentary members with a 

volcanic member in between (Laney, 1917, Kreisa, 1980).  The latter definition is 

adopted in the present study. 

 The Aaron Formation is defined by this study to include a dominant unnamed 

lower and upper member and the intervening, subordinate, Virgilina member.  The 

formation underlies the largest portion of the field area and is named after Aarons 

Creek (Laney, 1917), which flows roughly NE-SW through the field area.  The lower 

member is thicker than the upper member.  The bulk of the Virgilina member is located 

stratigraphically in the middle of the Aaron Formation.  A distinct mafic volcaniclastic 

forms a marker unit near the base of the Virgilina member.  This marker unit can be 

traced most of the distance from the southern to northern boundaries of the field area. 
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Lower and Upper Members (Zal/Zau) 

Distribution 

 The lower and upper members have a combined thickness of approximately 2 

km within the present study area.  They contain three mappable rock types including 

volcanogenic sedimentary rocks, distinct conglomerate, and phyllite.  Many contacts 

between sandstone, siltstone, and conglomerate were observed in the field and they are 

conformably interlayered.  Siltstone intertongues with sandstone in the middle of the 

lower member.  Because the contact between conglomerate and other sedimentary 

rocks is gradational and regularly interlayered, the base of the first massive 

conglomerate was used in defining the contact on Plate 1. 

 
Rock Types 

Volcanogenic Sedimentary Rocks 

 Volcanic sandstones and siltstones are the most abundant rock types in the 

lower and upper members (Figure 9).  On fresh surfaces, they are either light gray, 

grayish-green or bluish-green and typically weather tan.  Sandstone layers are 

stratigraphically concentrated in the lower portion of the lower member and noticeably 

absent from the upper member.  Volcanic sandstones are quartz- and feldspar-rich, 

ranging between 15% - 40% volcanic lithics and moderate amounts of opaques that are 

concentrated in layers parallel to bedding.  Sandstones are medium-to coarse-grained 

with beds that range in thickness from 2 mm to 20 cm.  Primary structures such as  
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Figure 9:  Typical well-bedded Aaron Formation sandstone.  Boulder found in Aarons 
Creek near North Carolina - Virginia state line. 

So 



34 
 

cross-bedding and graded bedding are commonly found throughout the unit. 

 Outcrops of siltstones are massive to thinly bedded and bedded varieties consist 

of alternating light and dark greenish-gray laminations that range from 1 to 5mm thick 

(Figure 10).  Siltstones are less resistant to weathering; therefore the best outcrops are 

typically found interlayered with more easily weathered sandstones.  In some outcrops, 

a phyllitic sheen was observed. 

 Small lenticular layers of intermediate - mafic volcaniclastics similar in 

composition to the Virgilina member are locally interlayered with the lower member.  

However, in thin section the volcaniclastic interlayers of the lower member have 

smaller amounts of volcanic lithics compared to the volcaniclastics located in the 

Virgilina member. 

  
Conglomerate 

 Approximately 300 m stratigraphically above the base of the Aaron Formation 

there is a consistent conglomerate marker unit that can be traced from the north to 

south boundaries of the study area (Figure 11).  Also, stratigraphically below the main 

conglomerate layer section, a lenticular body of identical conglomerate was observed 

(Plate 1) near the base of the Aaron Formation along the eastern shoreline of Mayo 

Reservoir.  The conglomerate is generally massive, consisting of rounded, poorly sorted 

quartzite, vein quartz, and felsic volcanic clasts that range in size from 2 cm - 15 cm.  

The concentration of clasts within the conglomerate have prompted the locals to call   
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Figure 10:  Laminated siltstone from upper member.  Sample collected along tributary 
to Wolfpit Creek.  Photograph by D.P. Sprinkle. 
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Figure 11:  Conglomerate marker unit within the Aaron Formation.  Locals call this rock 
type “tater rock”, consequently, the outcrop is located along Tater Rock Rd.  Photograph 
by J. Hibbard.  
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this rock type, ‘Tater Rock’.  Massive beds range from <1 - 2 m in thickness.  Clast 

imbrication is not evident within the unit.  The conglomerate on the western side of the 

field area is clast supported whereas on the eastern side it is matrix supported.  The 

matrix consists of silt to sand size particles with discontinuous magnetite-rich layers 

commonly found.  At macroscale, small lenticular layers of sandstone are present that 

range from a few centimeters to over 20 cm in length.  Distinct dark red jasper pebbles 

ranging in size from 1 - 6 cm in length are found in outcrop.  This unit is interbedded 

with sandy, silty and slaty layers and its boundaries are designated where the 

conglomerate becomes the dominant rock type.  This unit is resistant to weathering and 

commonly forms ridges.   

The jasper pebbles found in the lower member of the Aaron Formation are 

similar to jasper layers that have been reported within the Hyco Formation near 

Durham, NC (McConnell, 1974).  Because the source of detritus of the Aaron Formation 

has been confirmed to be erosion of the Hyco Formation by Harris (1984), jasper 

pebbles found in other lower member rock units are used as a unique identifier for the 

Aaron Formation. 

 Harris (1984) did a sedimentological study of the rock units found in the Aaron 

Formation near Ramseur, NC and concluded that the conglomerate unit was deposited 

by turbidity currents in a deep submarine, retrogradational sub-marine fan setting.  

More precisely, braided inner fan channels.  The quartzite clasts found in the 

conglomerate have been interpreted to signify that continental basement underlies the 
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Carolina terrane (Glover and Sinha, 1973).  However, Stanley and Cavaroc (1980) have 

shown that quartzites in felsic volcanics can come from a local source and do not 

necessarily indicate a continental basement. 

 
Phyllite 

 The phyllitic rocks range from sandstone to siltstone and are typically grayish 

green in fresh outcrop or tan from weathering.  They are generally lithic rich with a 

moderate amount of quartz as well as chlorite and epidote.  The greatest abundance of 

phyllite occurs near the Hyco-Aaron formation contact on the western side of the field 

area. 

 Along the eastern shoreline of Mayo Reservoir an outcrop that is rich in quartz 

grains was observed (Figure 12).  The grains are rounded, well sorted, and vary in size 

from <1 mm to 2 mm.  The quartz grains are supported by a light gray, fine- to coarse-

grained sandstone matrix.  Beds range from thinly laminated to 3 cm thick and are 

graded.  A dark red jasper pebble similar to other jasper pebbles in the lower member 

conglomerate was found 3 - 4 cm in length in the outcrop as well (Figure 13).  In thin 

section, opaques are concentrated in thin layers parallel to bedding.  Typically, the rock 

has a phyllitic sheen and the rounded quartz crystals interpreted to represent an 

epiclastic deposit.  
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Figure 12:  Quartz-rich volcanic sandstone from the Aaron Formation showing graded 
bedding (arrow pointing in younging direction).  Sample taken near the Hyco - Aaron 
formation contact along the eastern shoreline of Mayo Reservoir.  Photograph by J. 
Hibbard. 
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Figure 13:  Quartz-rich volcanic sandstone within the lower member of the Aaron 
Formation.  Outcrop located along the eastern shoreline of Mayo Reservoir near the 
Hyco – Aaron formation contact.  A distinct dark red jasper pebble is outlined by the 
yellow ellipse to the left of the hand lens.  Photograph by J. Hibbard. 
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Virgilina Member (Zav) 

Distribution 

 The Virgilina member consists of mafic and felsic volcaniclastics and it has a 

thickness of at least 300 m in the study area.  These volcaniclastics underlie two 

prominent ridges that trend NNE-SSW, near the center of the field area.  Contacts 

between rock types within the Virgilina member are not exposed in the field area, but 

based on map pattern and lack of evidence for faulting the contacts appear to be 

conformable, yet abrupt.  Volcaniclastics of different compositions are observed within 

a couple meters of each other, perpendicular to strike.  A ground-based magnetic survey 

was carried out on the west side of the study area to help constrain the detailed 

distribution of the Virgilina member. 

 
Rock Types 

Mafic volcaniclastic 

 Three distinct mafic volcaniclastic rock types were observed in the Virgilina 

member, including intermediate - mafic epiclastic, fragmental tuffaceous volcaniclastic, 

and mafic volcaniclastic.  The most predominant is a massive intermediate - mafic 

epiclastic which underlies two prominent ridges near the center of the field area 

(Figure 14).  In hand sample, the epiclastic ranges from greenish-gray to gray and is 

typically homogenous.  The epiclastic is fine- to medium-grained, with well sorted and 

moderately rounded quartz grains.  Minor amounts of larger epidote crystals and  
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Figure 14:  Intermediate volcaniclastic from the Virgilina member.  Sample collected 
along Crooked Fork Creek.  Photograph by D. P. Sprinkle. 
  



43 
 

volcanic clasts were observed in outcrop elsewhere in the unit.  In thin section, more 

than 50% rock volume is rounded mafic volcanic lithics with 35% rounded clastic 

quartz grains, 10% chlorite, and 5% opaques.  Primary structures were not observed.  

Within this unit, an outcrop of similar massive mafic epiclastic, but with rounded 

pebbles and clasts, was noted along Crooked Fork Creek in the center of the study area 

(Figure 15).  The well rounded pebbles range in size from 1 to 8 cm and are poorly 

sorted.  Similar rock types are not found elsewhere in the study area.  This rock type is 

interpreted to be an epiclastic deposit based on the rounded grains and pebbles that 

dominate the unit. 

 The second rock type is a distinct marker unit in the western half of the field 

area that marks proximity to the lower - Virgilina member contact.  It is a mafic to 

intermediate volcaniclastic with elongated epidote-rich and felsic volcanic clasts that 

give the rock a distinct look (Figure 16).  The clasts are matrix supported and have an 

ellipsoidal shape with long axes ranging anywhere from 1 cm to over 50 cm in length.  

The matrix is defined by fine-grained tuffaceous material and is marked by dark-green 

and gray alternating bands that wrap around the clasts (Figure 17).  The alternating 

bands vary from < 1 cm to 5 cm in thickness.  In thin section, rounded volcanic lithics 

surrounded by large flattened pumice grains along with opaques are observed. 

 The third rock type is a mafic volcaniclastic interlayered with interlayered silty 

sediment that was observed along Crooked Fork Creek near the center of the field area 

(Figure 18).  The matrix of the volcaniclastic is tuffaceous and typically dark greenish-  
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Figure 15:  Mafic epiclastic with rounded pebbles located near the center of the study 
area within the Virgilina member along Crooked Fork Creek.  Photograph by J. Hibbard. 
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Figure 16:  Fragmental tuffaceous marker unit from the Virgilina member illustrating 
down-dip lineations of felsic volcanics along a tributary to Big Bluewing Creek near the 
end of Raymond Lowery Rd. 
 



46 
 

 

Figure 17:  Same fragmental tuffaceous unit as in figure 17 showing alternating bands of 
tuffaceous matrix wrapping around an epidote-rich clast.  Outcrop located near the end 
of Raymond Lowery Rd. 
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Figure 18:  Mafic volcaniclastic with angular feldspar crystals located along Crooked 
Fork Creek.  Photograph by D.P. Sprinkle. 
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gray with the silty sediment interlayers a lighter greenish-gray color.  Feldspar crystals 

1 - 4 mm in size are angular and poorly sorted.  The silt interlayers are irregularly 

spaced and reach no more than a couple meters in length.  High concentrations of 

quartz- and epidote-rich veins mark the outcrops and provide it with a distinguishing 

characteristic.  In thin section, there is an abundance of chlorite with a plagioclase rich 

groundmass.  The feldspar phenocrysts display indistinct crystal boundaries that 

represent alteration as a result of metamorphism, or hydrothermal alteration, or a 

component of both.  The angularity of crystals is here interpreted to suggest a 

pyroclastic deposit. 

 
Felsic - Intermediate Volcaniclastic 

 A small outcrop of felsic to intermediate volcaniclastic rock is located near the 

center of the field area along Charlie Stovall Rd next to Crooked Fork Creek.  This rock 

type is dominated by a fine-grained grayish tuffaceous matrix with minor amounts of 

feldspar and epidote and mafic volcanic lithics.  Individual feldspar and epidote crystals 

are indistinguishable and appear to primarily fill in voids present in the tuffaceous 

matrix.  The sub-angular volcanic lithics are poorly sorted and are typically < 1 mm in 

size.  In thin section, sub-angular feldspar crystals with indistinct grain boundaries and 

mafic volcanic lithics were observed.  This rock type has a weak foliation as well.  A 

sample collected from this unit was selected for high precision U-Pb zircon age dating in 

hopes of further constraining the deposition of the Aaron Formation by dating the 
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Virgilina member, but unfortunately an insufficient number of suitable zircons were 

separated. 

 
Age of Aaron Formation 

 Samson et al. (2000) collected a conglomerate sample from the lower member of 

the Aaron Formation from an outcrop exposed along the old Norfolk, Franklin, and 

Danville Railway on the western side of the current study area for U-Pb detrital zircon 

anlaysis.  The youngest detrital zircon age reported by Samson et al. (2000) is ca. 578 ± 

9 Ma.; which has been confirmed within error by Pollock (2007) with a detrital zircon 

date at ca. 588 ± 11 from the Silar City, NC area.  Therefore, the maximum time of 

deposition for the Aaron Formation is sometime between 587 Ma and 577 Ma.; 

approximately 35 m.y. after the ca. 616 Ma minimum age of the Hyco Formation 

analyzed by the current study.  The oldest crystallization age of zircons within the 

unconformably overlying Uwharrie Formation of the Albemarle sequence has been 

reported to be ca. 551 ± 8 Ma by Ingle (1999), thus providing a minimum age for 

deposition of the Aaron Formation.  In the present study, an attempt to further 

constrain the age of the Aaron Formation by analyzing a volcanic sample from the 

Virgilina member failed due to the insufficient number of zircons in the collected 

sample. 

 
Contact between Hyco and Aaron Formations 

   The contact between the Hyco and Aaron formations is exposed on both limbs  
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of the Virgilina syncline with distinct marker units within each formation indicating 

proximity to the contact.  For example, immediately to the north of the field area, Kreisa 

(1980) interpreted the top of the Hyco Formation as being marked by a felsic tuffaceous 

volcaniclastic unit.  The same unit is used to define the contact in the present study area 

based on observations made in this investigation. 

 Detailed field observations and magnetometry allowed the Hyco-Aaron 

formation contact on the overturned limb of the Virgilina syncline to be well 

constrained in the area of Amis Mill.  Here a distinct felsic crystal tuff outcrops along 

Aarons Creek less than 30 m across strike from typical Aaron Formation conglomerate 

and lower member siltstone.  Bedding within the Hyco volcanic has an orientation of ~ 

N15°E and dips steeply to the SE.  Bedding within the lower member was noted to 

strike roughly parallel with the Hyco volcanic, but with a subhorizontal dip.  Therefore, 

bedding within the Hyco and Aaron formations near the contact is discordant, although 

parallel to strike.  Minor structural features, which will be discussed in the structure 

section, found near Amis Mill have been interpreted to cause the discordance between 

beds of the Hyco and Aaron formations.   

 Unfortunately, the western contact in the upright limb of the Virgilina syncline is 

more difficult to locate than the contact in the overturned limb.  Two challenges to 

overcome on the western side are 1) the fine distinction between the upper 

volcaniclastics of the Hyco Formation and the lower volcanogenic sediments of the 
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Aaron Formation, which are derived from the Hyco Formation, and 2) the Mayo 

Reservoir, which covers a large portion of the inferred contact.   

 One of the best constraints on the location of the contact is drawn from the 

occurrence of a few marker units along the shoreline of Mayo Reservoir.  Tuffaceous 

volcaniclastics similar in composition to the felsic crystal tuff found near the contact in 

the vicinity of Amis Mill, outcrop frequently along the western and northwestern 

shorelines of the reservoir, providing this investigation with a western constraint on 

the location of the contact.  A small lens of quartz pebble conglomerate similar to the 

marker unit found in the lower member of the Aaron Formation outcrops along the 

eastern shoreline of the reservoir.  In addition to this marker unit, the jasper pebble 

located in the phyllitic volcanic sandstone of the lower member along the eastern 

shoreline is similar to jasper layers that have been reported within the Hyco Formation 

near Durham, NC (McConnell, 1974).  Because Harris (1984) determined the source of 

detritus for the Aaron Formation to be the Hyco Formation, the occurrence of jasper 

pebbles within the phyllitic sandstone suggests that the Hyco - Aaron Formation contact 

lies to the west of the phyllite. 

 The most northeast arm of the reservoir provides the best opportunity to view 

the Hyco-Aaron formation contact (Figure 19).  Along the western edge of the arm, a 

small outcrop of a tuffaceous volcanic similar to other tuffaceous units found elsewhere 

in the Hyco Formation was found.  Continuing clockwise around the arm, a small 

outcrop of feldspar-rich volcanic sandstone distinctly different from typical sandstone  
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Figure 19:  Map showing the northeast arm of Mayo Reservoir with field station 
locations. 
  

Felsic 
tuff 

Volcanic 
sandstone 

Phyllite 



53 
 

of the Aaron Formation outcrops within 10 meters of a gray, phyllitic rock similar to the 

Aaron Formation phyllite found south along the eastern edge.  The Hyco - Aaron 

formation contact is tightly constrained between these two outcrops with feldspar-rich 

volcanic sandstone defining the top of the Hyco Formation and phyllite defining the 

base of the Aaron Formation.  Bedding in the tuffaceous units of the Hyco Formation 

was impossible to discern; however, based on distribution, map pattern, and trend of 

rock units, bedding within each formation along the western limb of the Virgilina 

syncline is interpreted to be concordant. 

The U-Pb zircon age for the upper most Hyco Formation obtained by this study is 

616 ± 1.2 Ma.  Because the age date of the uppermost Hyco Formation is within 

analytical error of Wortman’s U-Pb zircon age date from within the Hyco Formation, 

deposition of the formation appears to have occurred rather rapidly.  This 

interpretation allows us to discount hypothesis 1 of a slow continuous Hyco Formation 

deposition that would result in a conformable sequence with the Aaron Formation.  It 

also reconfirms the lacuna separating the Hyco and Aaron formations confirmed by 

Pollock (2007). 

Based on distribution, outcrop pattern and the few bedding data collected along 

the western flank of the study area, the volcanics of the upper Hyco Formation are 

concordant with the lower member of the Aaron Formation in the upright limb of the 

Virgilina syncline.  However, field observations and bedding data collected in the 

eastern flank of the field area near Amis Mill; indicate discordance between bedding of 
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the Hyco and Aaron formations, even though they have parallel strikes.  The 

discordance between bedding along the eastern flank has been interpreted to be a 

result of post-deposition local faulting on the basis of structural observations discussed 

later in the structure section.  Therefore, the nature of the contact between the Hyco 

and Aaron formations appears to be disconformable with no deformational event 

involving the Hyco Formation prior to deposition of the Aaron Formation.  This 

conclusion prompts us to discard the traditional Virgilina sequence and to consider the 

Hyco Formation and Aaron Formation as two separate lithotectonic units (Figure 20). 

 
Intrusive Rock 

Distribution 

 In the northwest corner of the field area, a diorite stock intrudes across the Hyco 

- Aaron formation contact.  Its outcrop pattern is elongated east - west and it is 

approximately a mile long.  The best exposure of the diorite dike is located just to the 

north of High Plains Rd. in a tributary to the reservoir. 

 
Rock Type 

 The diorite stock is intermediate and gray to dark gray, medium- to fine-grained, 

with an equigranular texture.  In hand sample, it contains pyroxene, hornblende, and 

plagioclase.   
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Contacts 

 Contact between the diorite stock and Hyco and Aaron formations is 

poorly exposed, but the relationship is best observed along the shoreline of a small 

peninsula in the northeast portion of Mayo Reservoir, southwest of High Plains Rd.  An 

outcrop of diorite is within a couple meters of tuffaceous units of the Hyco Formation.  

The contact appears to be at high angles to the strike of the Hyco Formation indicating 

the diorite likely intruded after the deposition and deformation of the Aaron Formation. 
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Figure 20:  Columns represent the timing of major sequences within Carolinia.  The far 
right column includes the redefined Aaron Formation (adapted from Hibbard et al., 
2007). 
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STRUCTURAL GEOLOGY 

General Statement 

 This section focuses on structural data in order to structurally characterize the 

redefined Aaron Formation in the vicinity of Virgilina, VA, and provide further insight 

into the nature of the contact between the Hyco and Aaron formations.  Within the field 

area there is evidence for at least two deformational events that resulted in the 

development of folds, fabrics, and faults.  The main event, a Neoproterozoic 

deformational event termed the Virgilina deformation, created the Virgilina 

synclinorium, which consists of several anticlines and synclines that are observed in 

and adjacent to the study area and affected both the Hyco and Aaron formations.  A 

later, apparently minor deformational event faulted and further tightened the folds.  

Structural elements associated with the Virgilina deformational event are labeled Sm 

(main fabric), Fm (main fold), and Lm (main lineation).  Sedimentary and volcanic 

bedding is labeled So. 

 
Virgilina Deformation 

 Glover and Sinha (1973) were the first to recognize the late Neoproterozoic 

Virgilina deformation in the vicinity of Virgilina, VA.  They identified the event on the 

basis of a fault that offset the fold axis to a synclinorium that involved the Hyco and 

Aaron formations and yet was cross-cut by a post-tectonic intrusion, the Roxboro 

pluton, which yielded an age date of ca. 575 Ma (Glover and Sinha, 1973). 
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Folds 

Virgilina Syncline (Fm) 

 Structures attributed to the Virgilina deformation are the most obvious and 

occur within both the Hyco and Aaron formations.  A large-scale syncline termed the 

Virgilina syncline is the main structural feature in the study area attributed to the 

Virgilina deformation (cross-section Plate 1).  Both the Hyco and Aaron formations are 

affected by the Virgilina syncline.  Observations taken from primary structures such as 

cross-bedding and graded bedding were used to determine the stratigraphic younging 

direction and relationships between So and Sm were used to define the overall structure, 

Fm.  The western limb of Fm is upright, whereas the eastern limb is overturned.  The 

axial surface of Fm strikes approximately N23°E and dips steeply southeast.  The axis 

plunges gently north-northeast (Figure 21).  Thus, the Virgilina syncline is classified as 

an overturned, steeply inclined, gently plunging, asymmetric fold.  The interlimb angle 

is estimated to be between 25° and 35°.  The axial trace is interpreted to pass roughly 

0.5 miles east of Virgilina, VA.   

 
Minor Folds  

 No outcrop scale folds were observed in the study area.  However, a few minor 

map-scale folds can be inferred from bedding-cleavage relationships and outcrop 

patterns of rock units.  These minor folds have been interpreted as parasitic folds on the 

Virgilina syncline based on shared axial planar cleavages.  In addition, from the few  
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N = 31                                                                   CI = 2% per 1% area 

 
Figure 21:  Southern hemisphere equal area projection of poles to bedding for the entire 
study area.  Green line represents best-fit great circle for the profile plane of the 
Virgilina syncline (115/86 right hand rule).  Green triangle indicates trend and plunge 
of the fold axis of the syncline (023/7). 
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bedding data collected the fold axes of the parasitic folds appear to be roughly parallel 

with the fold axis of Fm (Figure 22). 

A small parasitic fold has been interpreted in the overturned limb of the Virgilina 

syncline near Amis Mill (Plate 1).  Sub-horizontal bedding within siltstone of the lower 

member outcrops along the mill race to Amis Mill less than 10 meters away from 

upright steeply dipping conglomerate beds.  Younging direction of the conglomerate 

was determined from a large conglomerate rip-up clast approximately 14 cm in length, 

located in a siltstone interlayer.  Rip-up clasts are typically concentrated near the base 

of beds, thus providing a younging direction.  Less than 0.5 miles north along Aarons 

Creek, bedding in course-grained sandstone from the lower member is subhorizontal 

and parallel to strike and has been interpreted to be a part of the same parasitic fold 

found near Amis Mill. 

 Another small parasitic fold is inferred within the lower member of the Aaron 

Formation along Aarons Creek in the southern half of the study area (Plate 1).  A 

traverse downstream along Aarons Creek reveals a change in the orientation of beds 

within sandstone/siltstone units from overturned to sub-horizontal.  This change in 

bedding along with a repeating pattern of the lower member conglomerate unit 

provides evidence for a small parasitic anticline in the overturned limb of the Virgilina 

syncline. 

 On the basis of field observations, outcrop patterns, and the help of a magnetic 

survey, a small syncline - anticline pair was identified in the western half of the study  
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N = 8 
 
Figure 22:  Southern hemisphere equal area projection of poles to bedding for the entire 
study area.  Green line represents best-fit great circle for the profile plane of parasitic 
folds of the Virgilina syncline (108/80 right hand rule).  Green triangle indicates trend 
and plunge of the fold axes to parasitic folds (018/11). 
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area affecting the lower and Virgilina members of the Aaron Formation (Plate X).  These 

folds are the largest parasitic folds found in the study area and help to account for the 

significant difference in apparent unit thickness between the upright and overturned 

limbs of the Virgilina syncline.  The lack of rock exposure and structural data obtained 

makes it difficult to further characterize the folds and to more precisely locate the 

extent of the folded strata. 

 
Axial Planar Cleavage (Sm) 

 Virtually all rock units of the Hyco and Aaron formations in the field area have 

been imprinted by an axial planar cleavage, Sm, which roughly strikes N25E and dips 

steeply to the southeast (Figure 23).  The orientation of cleavage is uniform across the 

Hyco - Aaron formation contact.  In a few locations within the northwestern portion of 

the study area, Sm shifts orientation to north-south with a steeper dip. 

 In the Hyco Formation, Sm occurs predominantly as continuous slaty cleavage in 

the felsic - intermediate volcaniclastics and it is defined by the alignment of 

phyllosilicates.  In thin section, the cleavage domains are less than a 1 mm wide with 

microlithons that are roughly 1 mm thick.  Sm occurs as a disjunctive cleavage in the 

volcanic breccia with cleavage domains ranging from <0.5 mm in width and 

microlithons ranging from 1 to 9 mm in width.  Volcanic fragments within the volcanic 

breccia are slightly elongated and moderately flattened with a preferred orientation.  

Cleavage is typically anastomosing to parallel depending on fragment concentration.  In  
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N = 171 

Figure 23:  Southern hemisphere equal area projection of the plot of poles to Sm 
cleavages for the Hyco and Aaron formations for the entire study area. 

 
  



64 
 

thin section, moderately flattened and preferentially orientated pumice fragments were 

also observed along with tiny ribbons of opaques that parallel foliation.    Throughout 

the Hyco Formation, cleavage was generally either parallel or at low angles to So. 

 The Aaron Formation contains a steeply dipping cleavage with a similar 

orientation to Sm cleavages in the Hyco Formation.  In the Aaron Formation, Sm occurs 

as a prominent continuous slaty cleavage in most sedimentary and volcaniclastic rocks.  

It is best developed in the siltstone of the lower and upper members, but least 

developed in the sandstones where in most outcrops it is recognized by north-

northeast-trending weathering patterns rather than discrete cleavage planes.  Sm occurs 

locally as phyllitic cleavage along the eastern shoreline of Mayo Reservoir.  Cleavage 

domains in the phyllite are continuous in texture and are defined by <0.5 mm wide 

bands of strongly aligned phyllosilicates. 

 In the conglomerate unit of the lower member, the volcanic and quartzite clasts 

are typically flattened and have a preferred orientation that defines Sm.  Sm is best 

described as varying from continuous to disjunctive cleavage with cleavage domains 

typically < 0.5 mm in width and depending on clast concentration, varies from parallel 

to anastomosing.  Microlithons range in width from 1 to 5 mm in width.  Clasts within 

the conglomerate are frequently found to be indented or ‘nested’ where in contact with 

one another (Figure 24).  A thin dark seam of insoluble material is concentrated along 

the boundary between the nested clasts that acts as a low-porosity/permeability  
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Figure 24:  Nested quartzite clasts interpreted to be a result of pressure dissolution in 
the conglomerate unit of the lower clastic rock member located along Tater Rock Rd.  
Photograph by J. Hibbard. 
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feature.  The nested clasts are interpreted to be the result of pressure dissolution to 

accommodate shortening during deformation.   

Numerous quartzite clasts within the conglomerate were also noted to have an 

oblique foliation to Sm (Figure 25).  This observation initially led us to the hypothesis 

that a deformational event may have occurred prior to the deposition of the Aaron 

Formation, thus suggesting an angular unconformity between the Hyco and Aaron 

formations.  To test this hypothesis, a thin section of such a clast was analyzed to 

determine the nature of the foliation present.  In thin section, discontinuous bands of 

mica were observed between undeformed equant quartz grains (Figure 26).  The bands 

of mica are irregular and spaced with frayed ends.  The quartz grains appear to be 

unstrained with limited undulatory extinction and lack of mica beards.  These 

observations suggest that the foliation within the quartzite clast was formed by a 

diagenetic process such as compaction of sediments with detrital mica (Passchier and 

Trouw, 1998); therefore, this type of foliation is interpreted to be diagenetic foliation. 

 Sm in volcaniclastic rocks varies from continuous slaty cleavage to anastomosing 

spaced cleavage.  In thin section, a fine-grained volcaniclastic rock that underlies one of 

the prominent NE-SW ridges in the middle of the study area displays a slaty to almost 

phyllitic cleavage, where as the tuffaceous marker unit found in the Virgilina member 

has a disjunctive cleavage that is anastomosing.  In both units, cleavage is defined by the 

alignment of phyllosilicates. 
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Figure 25:  Quartzite clasts with oblique depositional foliation to Sm located along Tater 
Rock Rd.  Black line is parallel to Sm and yellow lines parallel to oblique clast foliation.  
Photograph by J. Hibbard. 
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Figure 26:  Photomicrograph of a quartzite clast under crossed polarized light from the 
lower member conglomerate unit at the same location as figure 26 showing 
depositional foliation, Si, and equant quartz grains. 
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Lineation (Lm) 

 Lm is defined by elongated mineral grains, volcanic clasts, and epidote-rich clasts 

and is associated with Sm throughout the study area.  On average Lm trends S70°E and  

plunges 75° (Figure 27).  The best location to observe Lm is in the distinct volcaniclastic 

marker unit of the Virgilina member on the western limb near the fold nose of Sm.  Here 

felsic volcanic and epidote rich clasts are elongated to create a pervasive lineation in 

therock.  Generally felsic volcanic clasts have been ductily elongated, whereas the 

epidote-rich clasts show a more brittle elongation (Figure 28). 

To relate the orientation of Lm to the dominant structure in the field area, the 

Virgilina syncline, reference axes are applied to this fold.  A scheme discussed by 

Ramsay and Huber (1987) has three mutually perpendicular axes directions:  a, b, and c 

(Figure 29).  In the present study, plane ab defines the bedding surface, with a in the 

down dip direction and b parallel to the fold axis of the Virgilina syncline.  Lm 

throughout the study area is oriented in the a-direction and lies within Sm as a result of 

movement along Sm to accommodate shortening during the Virglina deformation.  Lm 

can also be described as a stretching lineation, which lies within the plane of shortening 

for the Virgilina deformation. 

 
Faults 

  Faults on both limbs of the Virgilina syncline were located within the study area.  

One fault was noted to mark the contact between the Hyco and Aaron formations along  
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N = 10 

Figure 27:  Southern hemisphere equal area stereonet of Lm lineations for the entire 
study area. 
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Figure 28:  Fragmental tuffaceous marker unit from the Virgilina member along a 
tributary to Big Bluewing Creek illustrating the a-direction lineation of felsic volcanic 
and epidote-rich clasts.  The hand lens is resting on a fracture in a brittly elongated 
epidote rich clast.  A ductily elongated felsic volcanic clast is to the left of the hand lens.  
Photograph by J. Hibbard. 
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Figure 29:  Illustration showing the lineation notation with respect to the orthogonal 
axes of the Virgilina syncline. 
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the eastern side of the field area in the vicinity of Amis Mill.  Another fault was first 

identified by Kreisa (1980) to the immediate north of the current study area and can be 

traced trending SW through the western half of the study area.  

 A steep southeast dipping fault appears to truncate the inferred parasitic fold in 

the overturned limb of the Virgilina syncline near Amis Mill (Plate X).  The fault was 

first identified by upright, sub horizontal sedimentary units of the lower member 

outcropping 30 meters across strike from nearly vertical orientated volcaniclastics of 

the Hyco Formation.  While in an effort to further constrain the Hyco - Aaron formation 

contact in the overturned limb, a hand sample was collected from an outcrop within the 

parasitic fold.  Analysis of the hand sample revealed a sub horizontal, thinly laminated 

siltstone layer separated from volcaniclastics by a highly deformed zone less than 3 cm 

wide (Figure 30).  The zone separating the two rock types is marked by layers of fine 

grain, light brown material, as well as minor folds and faults.  In thin section, brittley 

deformed grains and tension gashes were observed sub-perpendicular to Sm (Figure 

31).  Microboudins of epidote with chlorite and white mica boudin necks were oriented 

down dip within the cleavage.  Cleavage within the sample is parallel with Sm as well as 

the highly deformed zone.  Microlithons between cleavage seams are noted to separate 

different sets of tension gashes.  The highly deformed zone is interpreted to be a 

cataclastic zone. 

 The down dip orientation of microboudins parallel to Sm within the cataclastic 

zone indicates the fault to be either a normal or reverse fault.  The tension gashes 
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Figure 30:  Cataclastic zone found near Amis Mill between Hyco Formation volcanic (left 
side) and lower member of the Aaron Formation (right side).  
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(A) 

 

 
(B) 

 
Figure 31:  Photomicrograph in plane light of A) epidote microboudins with mica necks 
and B) tension gashes opening perpendicular to compression with normal fault motion.  
Cleavage in sample is parallel to Sm.  Sample located in a cataclastic zone (Figure 30) 
separating the Hyco Formation from the Aaron Formation near Amis Mill. 
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within the cataclastic zone indicate a normal fault motion (Figure 32); however, 

because the tension gashes appear to be confined to the microlithons between cleavage 

seams, and the cataclastic zone is parallel to Sm, an extensional regime does not seem to 

be the best model for deformation at the Hyco – Aaron formation contact.  Instead, 

having the cataclastic zone represent an overturned reverse fault is consistent with the 

compressional events recorded by several structures in the study area, i.e. axial planar 

cleavage and Virgilina syncline.  During the development of the Virgilina syncline, a 

parasitic fold in the eastern limb could have been pushed out of the syncline on a 

reverse fault to accommodate shortening during the Virgilina deformation (Figure 33).  

This would also provide the correct motion for the tension gashes to form in the 

cataclastic zone.  In the process of the eastern limb being overturned, the upright 

reverse fault would have been rotated as well to its relative current position.  The 

amount of displacement along the fault is interpreted to be insignificant based on the 

length and size of the fault zone as well as constant thickness between conglomerate 

unit and the Hyco Formation.  It has been shown that a direct relationship exists 

between the length of a fault, the size of the fault zone, and the amount of displacement 

along that fault (Cowie and Scholz, 1992, Drawers and Scholz, 1993).  For this particular 

fault, the size of the fault zone is interpreted to be less than 3 cm wide. 

Another small hand sample was collected from lower member conglomerate 

within the same parasitic fold located less than 10m west of the cataclastic zone near 

Amis Mill (Figure 34 & 35).  In hand sample, a light brown, fine-grained material defines  
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Figure 32:  Schematic diagram showing the formation of tension and the sense of 

motion. 
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Figure 33:  Generalized cross-section showing evolution of overturned reverse fault and 
tension gashes displaying normal fault motion. 
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Figure 34:  A small cataclastic zone located in lower member conglomerate near Amis 
Mill. 
 

  
   (A)      (B) 
Figure 35:  Photomicraph of cataclastic zone above showing A) a brittle deformed 
quartzite clast and B) rock fragments within the zone. 
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a highly deformed zone 1 cm wide.  In thin section, brittle deformed quartzite grains 

define another minor cataclastic zone (Figure 35).  

 A reverse fault mapped by Kreisa (1980) can be traced trending NE-SW through 

the northern half of the study area across Bredlove Creek (Plate 1).  He determined the 

motion of the fault to be reverse based on map pattern.  The reverse fault thrusts the 

lower member west on top of the Virgilina member.  Unfortunately, the fault was not 

observed in outcrop in the current study area, but based on outcrop pattern and the 

help of a magnetic survey, the trace of the fault can be inferred.  Just to the south of 

Bredlove creek, the reverse fault becomes indistinguishable where the reverse fault 

places lower member units on top of lower member units.    

Just to the east of the inferred fault location along a tributary to Bredlove Creek, 

slickenlines were observed on a main fracture that has a similar strike as the reverse 

fault, but dips in the opposite direction.  One possible explanation for the slickenlines at 

high angles to the fault is the presence of a conjugate fault set.  Another possibility is the 

presence of a normal fault dipping to the NW instead of a reverse fault.  Unfortunately, 

there is not enough data available in the current study area to evaluate this relationship 

further. 

 
Late Deformation 

Late deformation within the study area more than likely involved more than one 

minor deformational event.  One late compressional event can be discerned from a  
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Figure 36:  Late deformation faulting and folding in the Aaron Formation located along 
the eastern shoreline of Mayo Reservoir.  Pencil is roughly parallel to a minor fault with 
cleavage folding around the tip of the pencil. 
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couple minor structures in the study area.  Evidence for this event is minor faulting and 

drag folding of Sm.  Minor faulting at the outcrop scale was found truncating So and Sm, 

and in many cases, causing small scale drag folds and kink folds (Figure 36).  Another 

location that offers evidence for a late deformation is near the nose of Fm where Sm 

shifts orientation to create an m-fold with a wavelength of ~1300 m.  Similar structures 

can be seen along the shoreline of Mayo Reservoir on the western limb of the Virgilina 

syncline, where Sm is deformed to create an s-fold within phyllite of the lower member.  

Noticeably absent from the study area is crenulation cleavage, which would suggest a 

strike-slip component to a later deformational event.  The observations above lead to 

the interpretation that the late deformational event caused further tightening of the 

Virgilina syncline.  Unfortunately, the data and relationships needed to further discern 

other late events that may have affected the study area were not present or observed in 

outcrop in the study area. 

 
Strain Analysis 

 Previous strain analyses have been carried out by MEA 788 classes at North 

Carolina State University within the study area, specifically within the Aaron Formation, 

to attempt to quantify the finite strain sustained by the rocks resulting from at least two 

deformational events.  The technique employed by the previous studies is the Rf/φ 

method (lisle, 1985).  Analyses were done on samples collected from lapilli tuff in the 

Virgilina member located to the west of Virgilina, VA along Mayo Road, as well as from 



83 
 

the conglomerate unit in the lower member located on the old Norfolk, Franklin, and 

Danville Railway on the western side of the field area.  The lapilli and clasts located in 

the samples act as strain markers from which measurements of the major and minor 

axes of the clasts in three dimensions are taken.  The Rf/φ method relies on three main 

assumptions:  1) the deformation is homogeneous, 2) the initial orientations of the long 

axes of the strain markers were randomly distributed, 3) there is little to no 

competency contrast between the strain markers and the surrounding groundmass 

during deformation.  Once the data is collected from the strain markers, the final 

ellipticity(Rf) of the strain markers, along with the K-values for each sample, can be 

arithmetically derived.  The K-values are then plotted on a Flinn diagram to determine 

the state of strain for the deformed rocks.   

 The results of the strain analyses indicate that the strain within the Aaron 

Formation is apparent flattening (Figure 37).  The samples analyzed in the study came 

from the limbs of the Virgilina syncline, whereas visual inspection indicates a strong 

lineation in the core of the syncline, suggesting apparent constriction.  This further 

suggests that the finite strain present is a result of position on the fold. 

 
Metamorphism 

 An early study by Tobisch and Glover (1969) described a sequence of mineral 

zones in the Roxboro, N.C. and Virgilina, V.A. areas.  They interpreted the formations 

near Virgilina to be at greenschist facies with most of the axial region of the Virgilina  
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  Table 2.  Geometry of Strain Ellipsoids for rocks in the study area.     
(Data from NCSU MEA 788 classes under supervision of J. Hibbard.) 

  
 

Rxy Ryz Rxz App. K 

 Mafic lapilli tuff 1.6 2.9 4.6 0.32 

 Mafic lapilli tuff 2.4 3.5 8.5 0.56 

  Conglomerate 1.5 1.8 2.7 0.63 

 

 

 

 

Figure 37:  Flinn graph (after Flinn, 1962) of Rf/φ analyses from the Aaron Formation. 
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synclinorium to be in the chlorite zone.  Subsequent mapping has shown biotite to be 

present outside of the axial zone to the south of the current study area, which suggests 

possible upper greenschist facies rocks may be present.  The metamorphic mineral 

assemblage found in the rocks of the current study area confirms their observations 

and defines a prograde metamorphic event across the area that reached lower 

greenschist facies.  Geologic mapping has shown that higher grade equivalents of the 

Hyco and Aaron formations can be traced northward from the current study area across 

a steep metamorphic gradient (Hackley et al., 2007). 

 Most of the rocks in the study area have a pervasive axial planar slaty or phyllitic 

cleavage defined by the alignment of micas and chlorite as a result of deformation and 

metamorphism.  Regional metamorphism is homogenous throughout the study area 

with no significant difference in mineral assemblages between the Hyco and Aaron 

formations.  Most rocks affected by metamorphism retain their primary volcanic and 

sedimentary textures.  The typical prograde mineral assemblage for the rock units is as 

follows, 

quartz + albite + chlorite + epidote ± sericite 

Figure 38 below is a photomicrograph showing the alteration of albite and precipitation 

of white mica beards as a result of prograde metamorphism.  Aside from 

metamorphism, the Hyco and Aaron formations locally underwent hydrothermal 

alteration as evident from large amounts of quartz veining, and abundance of sericite. 
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Figure 38:  White mica beards around an albite crystal as a result of prograde 

metamorphism of volcanic sandstone in the Hyco Formation.  Sample located on the 

northeast arm of Mayo Reservoir. 
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Timing of Deformation and Metamorphism 

 The timing of the Virgilina deformation was first constrained by Glover and 

Sinha (1973) based on offsetting of the fold axis to the Virgilina synclinorium and cross-

cutting of the younger Roxboro pluton, at ca. 575 Ma (Glover and Sinha, 1973).  They 

determined that the Virgilina deformation involved both the Hyco and Aaron 

formations but was not a foliation forming event.  However, Hibbard and Samson  

 (1995) noted that the Roxboro pluton intrudes foliated metavolcanics and also 

contained foliated xenoliths of the Hyco Formation.  These observations indicate that 

the Virgilina deformation is not only responsible for the development of the Virgilina 

synclinorium, but penetrative foliation and faulting as well.  Because the folding 

involves the Aaron Formation, it must post date the deposition of the formation, which 

has been constrained to be sometime after 587 - 578 Ma (Samson, 2000, Pollock, 2007).  

The Virgilina deformation also marks the contact between the Aaron Formation and the 

unconformably overlying Albemarle sequence, which has a maximum crystallization 

age of 551 ± 8 Ma (Harris and Glover, 1988, Ingle, 1999); providing a minimum 

constraint on the timing of the Virgilina deformation.   

 Tadlock and Loewy (2006) attempted to further constrain the Virgilina 

deformation by age dating the East Farrington pluton near Chapel Hill, NC.  The pluton 

has been cited to be undeformed and intrude the deformed Hyco and Aaron formations, 

suggesting a post-Virgilina deformation intrusion.  They reported a U-Pb zircon age 

date of ca. 579 ± 5.5 Ma for the pluton, which if the pluton interpreted as a post-
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Virgilina deformation intrusion, contradicts detrital zircon age dates from the deformed 

Aaron Formation at ca. 578 and 588 Ma (Samson et al., 2000, Pollock, 2007).  A lack of 

foliated Hyco and Aaron formation xenoliths within the East Farrington pluton leads to 

the argument that the undeformed pluton represents a magmatic event prior to the 

Virgilina deformation and is undeformed as a result of heterogeneous deformation 

within the Virgilina event. 

 The timing of metamorphism within the northern Carolina terrane has been 

interpreted by previous workers to range anywhere from the late Neoproterozoic 

(Virgilina deformation) to the late Paleozoic (Alleghanian deformation) (Glover and 

Sinha, 1973; Hibbard and Samson, 1995; Kunk and others, 1995; Horton and others, 

1995; Burton and Armstrong, 1997; Burton and others, 2000; Wortman et al., 2000).  

Stereoplots of the orientations of foliation present in the current study area shows the 

foliation is axial planar with respect to the Virgilina syncline (Figure 39).  Therefore, the 

axial planar cleavage is taken to have originated during the Virgilina deformation.    

However, Glover and Sinha (1973) reported that the cleavage present is subparallel to 

the fold axis of the Virgilina synclinorium, but axial planar with respect to a second 

generation of folds as a result of a later deformational event.  This distinction cannot be 

made in the present study based on the structural data obtained.  However, mineral 

ages from locations in the Carolina terrane near the Virgilina area, provide evidence of 

an Alleghanian metamorphic overprint (Burton et al., 2000), although with a significant 

older component present (Kunk et al., 1995).  Therefore, it is interpreted that the axial  
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N = 31 CI = 2% per 1% area 

Avg strike = 022 

Figure 39:  Equal area projections of poles to bedding (top) with fold axis to Virgilina 
syncline plotted, and rose diagram illustrating the average trend of cleavage (bottom).  
Fold axis to Virgilina syncline trends 023.  Cleavage strikes parallel with the fold axis to 
the Virgilina syncline.  
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planar cleavage located in the current study area is a result of the Virgilina deformation, 

but has more than likely been overprinted without transposition by an Alleghanian 

event. 

 Some previous workers have cited evidence for later deformational events that 

produced a secondary foliation.  Harris and Glover (1988) describe a secondary 

foliation oblique to the Virgilina foliation that is a result a Taconic deformational event.   

Hackley et al. (2007) cites a pervasive foliation north of the current study area that lies 

at moderate - high angles to mapped contacts and to the axial trace of the northern 

extension of the Virgilina syncline.  Isotopic ages of the foliation forming minerals 

indicate a growth sometime during the Alleghanian orogeny (Burton et al., 2000), with 

an older component that has been reset (Kunk et al., 1995). 

 
Implications of Structural Interpretation 

The structural interpretations made in the present study help further determine 

the nature of the contact between the Hyco and Aaron formations.  The orientation of 

cleavage present in the study area is axial planar with respect to the Virgilina syncline 

and homogenous across the Hyco – Aaron formation contact.  Both the Hyco and Aaron 

formations have been metamorphosed to the lower greenschist facies.  Local minor 

faulting has occurred along the eastern contact, but the amount of displacement is 

considered to be relatively small considering the distance between the lower member 

conglomerate and the Hyco Formation is similar to the distance between the same units 
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on the west side of the study area.  Also, the faulting on the east side of the study area 

has been interpreted to be syn-Virgilina deformation based on the relationship of 

microstructures found within the fault zone. 

Structural data collected during the present study supports the interpretation of 

a disconformable contact between the Hyco and Aaron formations with no 

deformational event involving the Hyco Formation prior to deposition of the Aaron 

Formation.  Also, the lack of unstrained rocks near the contact, aside from local faulting 

in the vicinity of Amis Mill, indicates that the two formations have not been faulted 

against each other. 

 
Summary 

 The structural data collected from this investigation allows us to structurally 

characterize the Aaron Formation in the vicinity of Virgilina, VA., as well as further 

define the nature of the contact between the Hyco and Aaron formations.  The rocks in 

the study area show evidence of at least two recognizable deformational events.  The 

main deformation, Dm, is the most pervasive deformation in the field area and is 

responsible for folding So and producing the Virgilina syncline, Fm.  The syncline is 

overturned to the northwest with its fold axis orientated at 023/7.  Structural data 

potted on a stereo-net indicate that Dm is also responsible for metamorphism and 

formation of axial planar cleavage, Sm, in both the Hyco and Aaron formations.  The axial 

surface of Fm is roughly parallel with Sm throughout the study area, except for local 
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areas where Sm has been refolded by a later deformation.  Sm strikes approximately 023 

and dips steeply to the SE.  The timing of metamorphism is confined to the Virgilina 

deformation based on Sm being axial planar with respect to the Virgilina syncline.  

However, foliation forming minerals have been dated as young as late Paleozoic in the 

surrounding area; suggesting a possible Alleghanian overprint without transposition on 

the Virgilina deformation foliation present in the current study area.  A mineral and 

clast lineation, Lm, in the a-direction is found throughout the study area and is 

interpreted to be coeval with Dm as well. 
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MAGNETOMETRY 

General Statement 

 The results of a previous aeromagnetic study conducted by the USGS in 1971 of 

Halifax County, Virginia and Person and Granville Counties, North Carolina  shows an 

increase in amplitude of the magnetic field across the Hyco - Aaron formation contact 

(USGS Map GP-747, 1971).  These results led to the hypothesis that a ground-based 

magnetic survey would more accurately detect the changes in the amplitude of the 

magnetic field anomaly across the Hyco - Aaron formation contact in the study area, 

thus providing more evidence to support field observations when trying to locate the 

contact on the surface. 

 The cesium vapor magnetometer used in this investigation was setup to measure 

the amplitude of the local total magnetic field.  The total magnetic field in the study area 

was an external magnetic field, i.e. Earth’s magnetic field, plus the induced magnetic 

field of the underlying bedrock.  Earth’s magnetic field is generated by convecting fluid 

in the outer core against the solid inner core, a mechanism often called ‘Earth’s 

geodynamo’ (Glatzmaier and Roberts, 1995).  Induced magnetization occurs when 

magnetic material is placed within an already occurring magnetic field; the object 

placed into the field will then create a separate magnetic field of its own.  The 

magnitude of the induced component of the magnetic field is proportional to the 

magnetic intensity I of a rock, which is equal to the product of its magnetic 
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susceptibility k with an external magnetic field H, i.e. the Earth’s magnetic field (eq. 1).

     I = kH      (eq. 1) 

 A couple assumptions were made for this investigation:  1) Earth’s modern 

magnetic field is assumed to be homogenous over a region as small as the study area, 

therefore any drifts in amplitude of the magnetic field measured during this study is 

considered to reflect a change in amplitude of the induced magnetic field of the 

bedrock.  2)  The remnant magnetic field is negligible compared to the amplitude of the 

induced magnetic field and therefore will not be considered in the following discussion.  

Remnant magnetization would have little effect on the total magnetic field measured in 

relation to the contribution of Earth’s magnetic field and the induced component. 

 Even though the total magnetic field is being measured for this study, the change 

in amplitude of the magnetic field across rock types is the primary focus.  Therefore, the 

magnetometer is essentially being used as a “bump-finder”.  Field observations are 

critical for accurate interpretations of magnetic data collected.  Each survey needs to 

start is a known rock type in order for the magnetic surveys conducted in the study area 

to be effective. 

 
Results 

Lower and Virgilina member distribution  

 A few magnetic surveys were carried-out near the end of Raymond Lowery Road 

to better constrain the extent of the lower and Virgilina members of the Aaron 
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Formation in the western half of the study area (Figure 40).  Survey line A was laid out 

to cross over the inferred contact between the lower member and the Virgilina member 

and survey lines B & C were planned to investigate field observations that suggested a 

thick sediment interlayer within the Virgilina member.  The data from survey line A 

shows a gradual decrease in the amplitude of the magnetic field from the lower member 

to the Virgilina member.  Survey line B starts in known Virgilina volcaniclastics at the 

western end of the line and begins to show a gradual increase in the magnetic field 

amplitude at the eastern end of the line.  Survey line C fluctuates at the higher magnetic 

field amplitudes on the western end with a slight drop in amplitude of the magnetic 

field at the eastern end of the survey line.  The gradual decrease in magnetic field 

amplitudes measured by survey line A has been interpreted to represent the 

gradational contact between the lower clastic rock member and the Virgilina member, 

thus helping constrain the location of the contact on Plate X.  Survey lines B & C are not 

as distinct as survey line A, however, with the aid of field observations, it appears that a 

significant thickness of sedimentary rock is interlayered or folded with volcanics.   

 
Bredlove Creek reverse fault  

 A magnetic survey was carried-out to further constrain the location of the 

reverse fault along Bredlove Creek, as well as to compare the change in amplitude of the 

magnetic field across a conformable contact with that associated with a faulted contact.  

Figure 41 below displays the location and results of the survey.  The west end of the  
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Figure 40:  A map displaying the location and results of the magnetic survey at the end 
of Raymond Lowery Rd.  Notice the gradual decrease in amplitude of the magnetic field 
across the contact from survey line A.  Survey lines B & C show a gradual increase and 
decrease from west to east in the amplitude of the magnetic field. 
  

A 

B 

C 
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Figure 41:  Map displaying location and results of magnetic survey line across a 

conformable and faulted contact between the lower and Virgilina members.  The 

conformable contact is on the west end of the survey line and the faulted contact is on 

the east end. 
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survey line starts in the top of the lower member and traverses east across the 

conformable contact with the Virgilina member.  The amplitude of the magnetic 

anomaly progressively decreases as the magnetometer crosses the contact.  Conversely, 

the amplitude of the magnetic field immediately increases when the magnetometer 

traverses across the fault from the Virgilina to lower member on the east end of the 

survey.  The results of this survey clearly show how the amplitude of the magnetic field 

changes in response to the type of contact between rock units.  A faulted contact will 

produce an abrupt change in the amplitude of the magnetic field and a gradational 

contact will produce a gradual change.  The location of the reverse fault along Bredlove 

Creek on Plate 1 can be more confidently placed based on field observations in 

conjunction with magnetometry.  Unfortunately, the fault becomes indistinguishable 

once the thrusted units of the lower clastic rock member are juxtaposed against each 

other further to the south. 

 
Magnetic anomaly across the Hyco - Aaron formation contact 

 Determination of the exact location of the Hyco-Aaron formation contact near 

Amis Mill was aided by a magnetic survey carried out across the inferred location of the 

contact (Figure 42).  Two survey lines were carried out at this particular location.  

Survey line A started in the same small private quarry that the U-Pb zircon age date 

obtained from the Hyco Formation by this study came from, thus providing us with the 

magnetic field amplitude of a known rock type.  The change in amplitude of the  
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Figure 42:  Map showing survey line across Hyco-Aaron Formation contact in the 
overturned limb of the Virgilina syncline.  
 

  

B 

A 
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magnetic field recorded by subsequent measurements is what is used to interpret the 

location of the Hyco – Aaron formation contact.  For survey line A, the data collected 

clearly shows a gradual change in the amplitude of the magnetic anomaly as the survey 

nears the inferred Hyco – Aaron formation contact.  Survey line B was conducted from 

the dam to the mill, parallel to the mill race.  The survey started in known Hyco 

Formation volcaniclastics at the dam and continued NW until outcrops of typical Aaron 

Formation conglomerate were observed.  Then the survey followed Aarons Creek 

around the Mill to the NE and back into known Hyco Formation volcaniclatics.  The data 

collected clearly shows a change in amplitude of the magnetic anomaly between the 

Hyco Formation volcaniclastics and lower member rock types.  The Hyco – Aaron 

formation contact has been interpreted to be locally faulted in the vicinity of Amis Mill, 

therefore, notice how the change in amplitude of the magnetic anomaly is relatively 

large and abrupt when the survey crosses the Hyco – Aaron formation contact on the 

northern end.  These magnetic survey lines, in conjunction with detailed field 

observations, add further confidence in the placement of the contact on the map. 
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SUMMARY AND IMPLICATIONS 

Significance of this Study 

 The Virgilina sequence has previously been thought to represent a single 

lithotectonic unit, composed of the Hyco and Aaron formations.  However, a time 

discrepancy between the dated portions of the two formations within the Virgilina 

sequence has been confirmed by recent geochronology, including this study, and 

consequently has prompted a more detailed look into the traditionally conformable 

sequence, in particular the nature of the contact between the Hyco and Aaron 

formations.  Three possible hypotheses to explain this time discrepancy were provided 

at the outset of this study:  1) the time gap could be apparent, and slow continuous 

deposition of the upper Hyco Formation produced a conformable sequence, 2) the time 

gap could be real, and a faulted contact separates two distinct sequences, or 3) an 

unconformity of some nature separates the Hyco and Aaron formations. 

Detailed geologic mapping at the 1:24,000 scale was completed in the type area 

of the traditional Virgilina sequence near Virgilina, VA.  Field observations have 

prompted me to redefine the Aaron Formation to include a lower and upper member 

with the intervening Virgilina member.  Structural data collected indicates that the Hyco 

and Aaron formations are folded within a large-scale syncline termed the Virgilina 

syncline, which is overturned to the NW and gently plunges NE.  Other bedding data and 

observations indicate concordance of bedding between the Hyco and Aaron formations 

as well as no evidence for a strain gradient indicating a major faulted contact.  A local 
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fault was noted however separating the Hyco Formation from the Aaron Formation 

near Amis Mill in the overturned limb of the Virgilina syncline.  But, the displacement 

along that fault has been interpreted to be insignificant because of the similar 

thicknesses between the Hyco Formation and lower member conglomerate on the east 

side with the same units on the west side, where the contact is stratigraphic. 

To better constrain the time gap between the Hyco and Aaron formations, a high 

precision U-Pb zircon age date was obtained during this study from the upper most 

Hyco Formation.  The zircons analyzed yielded a crystallization age of ca. 616 ± 1.2 Ma; 

which is within analytical error of a 615 +4/-2 Ma obtained from within the formation 

(Wortman et al, 2000).  The overlap in ages indicates rather rapid deposition of the 

Hyco Formation and along with field observations, confirms the presence of a 

disconformity between the Hyco and Aaron formations.  The confirmation of a 

disconformity allows us to abandon the traditional conformable Virgilina sequence and 

redefine the Aaron Formation as a new lithotectonic unit. 

The observations given above indicate that the best explanation for the time gap 

between the Hyco and Aaron formations is hypothesis 3, that the Hyco – Aaron 

formation contact a disconformity.  Also, my study indicates that there was no 

significant deformational event during the hiatus between the two formations.  In light 

of these conclusions, this study abandons the traditional Virgilina sequence and 

recognizes two new lithotectonic units within the Carolina terrane, i.e. the Hyco arc and 

the Aaron Formation. 
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Previous workers to the north and south of the current study area had 

previously interpreted the Hyco – Aaron formation contact to be unconformable 

(Newton, 1983, Harris & Glover, 1988, and Hackely et al., 2007).  Harris and Glover 

(1988) cited the erosion of the Hyco Formation as the source of sediment deposited in 

the Aaron Formation and the erosional contact between the two formations was the 

disconformity.  Hackley et al. (2007) reported a northward extension of the Hyco and 

Aaron formations into central Virginia and noted repeated truncation of internal 

contacts within the Hyco Formation at the contact.  They also concluded that there was 

no evidence for a major hiatus of sediment deposition or for a major deformational 

event prior to deposition of the Aaron Formation.  Interpretations of field observations 

from detailed field mapping completed during the current study are consistent with the 

interpretations of no deformational event involving the Hyco Formation prior to 

deposition of the Aaron Formation. 

 
Broader Implications 

 The results of this study have broader implications for understanding the 

evolution of the southern Appalachians, as well as the relationship between Carolinia 

and other major peri-Gondwanan crustal blocks in the Appalachian orogen.  The 

redefinition of the Aaron Formation has implications for the tectonic history of the 

Carolina terrane and opens up speculation about the Nd isotopic signature of the 

formation as well its basement.  The newly confirmed disconformity between the Hyco 
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and Aaron formations also provides Carolinia with a distinct element that can be used 

in the correlation of Carolinia to a northern Appalachian equivalent.   

 Previous studies have shown the Nd isotopic characteristic of the Hyco 

Formation to be juvenile and composed of mantle-derived crust (Samson et al., 1995).  

Because previous workers have considered the time break between the Hyco and Aaron 

formations to be insignificant, and because both are overprinted by the Virgilina 

deformation, they have been lumped together.  However, the results of this study 

indicate the time gap between the Hyco and Aaron formations is significant, suggesting 

the possibility of a different isotopic signature for the new lithotectonic unit.  Nd data 

for the younger, unconformably overlying Albemarle sequence has been interpreted to 

suggest a more evolved crustal component (Mueller et al., 1996).  Therefore, the new 

lithotectonic unit presented by this study is sandwiched between two isotopically 

distinct arc sequences with major unconformities defining its upper and lower 

stratigraphic limits.  It should also be noted that the new lithotectonic unit is 

characterized by erosion of a volcanic arc rather than arc construction, which supports 

the interpretation of a back-arc rift setting where volcaniclastic sediment can be 

deposited for the Aaron Formation as suggested by previous workers (Harris and 

Glover, 1988, Feiss, 1993, Samson et al., 1995). 

 Nd isotopic data and geochronology of the East Farrington pluton near Chapel 

Hill, NC implies a juvenile source for the pluton, as well as a 579 Ma crystallization age, 

which is within analytical error of the maximum time of deposition for the Aaron 
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Formation.  Therefore, the magmatic event occurred sometime after the cessation of the 

older Hyco arc and thus is likely related to the new lithotectonic unit.  The juvenile 

isotopic signature of the East Farrington pluton could represent the nature of the 

basement to the Carolina terrane at or shortly after the time of Aaron Formation 

deposition.  The introduction of a more evolved crustal component beneath the 

Carolina terrane, as represented by the Albemarle sequence, is speculated to be the 

introduction of the Precambrian Goochland terrane on which the Carolina terrane was 

emplaced (Hibbard and Samson, 1995). 

 Hibbard et al. (2007) compared the tectonic developmental path of Carolinia 

with other peri-Gondwanan crustal blocks in the northern Appalachians.  Traditionally, 

Carolinia has been correlated with Avalonia on the basis of similar Neoproterozoic arc 

sequences.  The traditionally conformable Virgilina sequence has been used favorably 

in this correlation.  However, Avalonia appears to lack an equivalent to the Aaron 

Formation as well as a major unconformity between 616 Ma and 578 Ma.  The 

Neoproterozoic developmental paths of Carolinia and Avalonia appear to be more 

distinct with the abandonment of the Virgilina sequence and recognition of the new 

lithotectonic unit in this study.  If there needs to be a northern Appalachian equivalent, 

the peri-Gondwanan crustal block Ganderia in the northern Appalachians has been 

viewed as a more favorable correlation to Carolinia.  They both record two main pulses 

of late Neoproterozoic magmatism separated by a major unconformity; one pulse spans 

from ca. 630 to 610 Ma and the second pulse started at 570 – 560 Ma (Figure 43). 
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Future Research 

 This study reveals that the contact between the Hyco and Aaron formations is 

disconformable with no evidence for a deformational event involving the Hyco 

Formation prior to deposition of the Aaron Formation.  However, there are still 

unresolved questions: 

1. The maximum age of the Aaron Formation is known from detrital zircon age 

dating.  A U-Pb zircon age date for the intervening Virgilina member of the Aaron 

Formation would help further constrain the age of the formation by providing a 

depositional age for the middle of the formation.  Because the Virgilina member 

is a component of the Aaron Formation, which is folded with the Hyco Formation 

in the Virgilina syncline as a result of the Virgilina deformation, knowing the age 

of the Virgilina member would also help constrain the timing of the Virgilina 

deformation. 

1. Nd-isotopic studies have revealed isotopically juvenile and evolved rocks within 

the Hyco and Albemarle arc sequences respectively.  A neodymium study of 

rocks within the Virgilina member could help determine the tectonic setting of 

the Aaron formation and shine some light on the transition from juvenile to 

evolved rocks within the Carolina terrane. 
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Figure 43:  Comparison of lithotectonic elements of east Ganderia and Carolinia.  

(Magmatic pulses – pluton symbols, tectonothermal events – fold patter) Arrow points 

to similar major unconformity in east Ganderia as in Carolinia that was the focus of the 

current study. 
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Step 1     
Cygwin program 
 
grep -v / T1644D200849.txt | sed 's/*/NaN/g' > surveyline.dat 
 
 
Step 2 – plotting in Matlab 
% 
clear; 
in=load('T121.dat');  

  
c=1; % counter 

  
for i=1:10:length(in) % taking every 10th point  

  
lat(c)=in(i,1);  

  
lon(c)=in(i,2);  

  
elv(c)=in(i,3);  

  
hdop(c)=in(i,4); % degradation of positon index (small good) 

  
tim(c)=in(i,7); 

  
naT(c)=nanmedian(in(i:i+9,5));   % nT value (the data)  

  
    noz(c)=nanmedian(in(i:i+9,6));  % noise  

  
    c=c+1; 
end 

  
% [n,x]=hist(hdop,30);figure;plot(x,n)  %hist hdop 

  
a=find(hdop < 5 & abs(noz) < 0.1 & naT > 50620); 

  
lat=lat(a); 
lon=lon(a); 
elv=elv(a); 
hdop=hdop(a); 
tim=tim(a); 
naT=naT(a); naT=naT-mean(naT);  
noz=noz(a); 

  
% write out a comma separated file for arcGIS  

  
fid = fopen('bredlove_anom.csv','w'); 
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fprintf(fid,'lon, lat, mag\n'); 
for i=1:1:length(lon) 

  
fprintf(fid,'%9.6f, %9.6f, %7.2f\n',[lon(i) lat(i) naT(i)]); 

  
end 

  
fclose(fid); 
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Lithostratigraphy and Unit Descriptions

Aaron Formation
Zau -
Zav -

Zac -

Zal -

Hyco Formation

Upper clastic rock member:  dominated by thinly laminated, grayish-green siltstone layers.

Virgilina member:  Mafic - felsic volcaniclastics rocks found in the Virgilina member are
typically homogenous and coarse- to fine-grained with variable amounts of quartz,
feldspar, and lithic fragments (25% to > 75%).
Conglomerate marker unit: The lower clastic rock member conglomerate marker unit
is composed of clasts of quartzite, vein quartz, and volcanic clasts that range from 2 cm - 
15 cm. The conglomerate is typically poorly sorted, with slightly flattened rounded clasts
that display no imbrication, and is clast supported in the upright limb and matrix supported 
in the overturned limb of the Virgilina syncline.

Lower clastic rock member: Mostly volcanic sandstone and siltstone. Volcanic sandstones are 
quartz- and feldspar-rich, ranging between 15% - 40% volcanic lithics and moderate amounts 
of opaques that are concentrated in layers parallel to bedding. Sandstones are medium-to
coarse-grained with beds that range in thickness from 2mm to 20 cm. Primary structures such
as cross-bedding and graded bedding are commonly found hroughout the unit. Outcrops
of siltstones are massive to thinly bedded and bedded varieties consist of alternating light 
and dark greenish gray laminations that range from 1 to 5mm thick.

Mainly felsic - intermediate volcanics and volcanic breccia. Felsic tuffs and fragmental
volcanics are the most abundant rock type within the upper Hyco Formation. Tuffs are fine-
medium grained, and contain variable amounts of quartz, feldspar phenocrysts, pumice and
volcanic lithics. Some layers have an abundance of chlorite which gives them a dark green 
color. Fragmental volcanics are light gray tuffaceous matrix supports volcanic fragments
Fragment concentration in the volcanic ranges from 60% to 70% of the total rock volume.
Volcanic fragments are 1 to 16 mm in size, mafic to felsic in composition, slightly
elongated, and sub-rounded to rounded.

Intrusive rock

Hf -

Gray to dark, medium- to fine-grained, equigranular diorite. In hand sample, it contains
pyroxene, hornblende, and plagioclase.

Geologic Symbols
5 Field station without measurements

³ Strike and dip of bedding with tops unknown

o Strike and dip of bedding with tops known

s Strike and dip of overturned beds

¦ Strike and dip of cleavage
Rock unit contacts

! ! ! ! Disconformity
P Overturned Syncline

I Overturned anticline
(( (( Reverse Fault
.. .. Overturned reverse fault

F1 0 10.5 Kilometers

960 0 960 1920 2880 3840 4800 5760 6720 Feet

1 0 10.5 Miles

within portions of the Virgilina, Nelson, Cluster Springs,
and Triple Springs USGS 7.5-minute quadrangles

Amis Mill

Points of interest
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Cross - section of the study area from A to A’.
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