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Carolina Terrane Metavolcanics:  Few’s Ford - Eno River State Park, near 
Durham, NC  
  
Bradley, Philip J., North Carolina Geological Survey, Raleigh, NC 27699-1620, 
pbradley@ncdenr.gov 
 
Lat. – 36.0799o Long. – 79.0064o 
 
The location is accessed by taking I-85 exit 170 to Pleasant Green Road to its intersection with 
Cole Mill Road.  Turn west onto Cole Mill road and continue to the Park.  Park in the parking 
area adjacent to the Piper-Cox house.  This stop consists of extensive outcrops along the Eno 
River in the Few’s Ford Access Area of Eno River State Park.  The use of hammers and the 
collection of rock samples is prohibited!   
 
Regional Background 
 
The falls at Few’s Ford access area in Eno River State Park, near Durham, NC have been visited 
by the 1964 (Bain et al., 1964) and the 2006 (Bradley et al., 2006) CGS field trips.  The falls 
expose outcrops of Late Proterozoic-aged volcanic rocks assigned to the Hyco Formation of the 
Virgilina sequence of the Carolina terrane (Harris and Glover, 1988; Hibbard et al., 2002; and 
Hibbard et al., 2006) (Figure 1 and 2).   

 
 
 
 
Figure 1. Major sequences of the 
Carolina terrane and location of the 
Carolina and Piedmont Zones in 
North Carolina (after Hibbard et al., 
2006). Outline of Orange County 
indicated. 
 
 
 
 
 
 
 

 
Available age dates indicate a ca. 633 to 612 Ma age for the Hyco Formation portion of the 
sequence (Wortman et al., 2000; Bowman, 2010; and Bradley and Miller, 2011).  The Aaron 
Formation is stratigraphyically above the Hyco with a ca. 588 to 578 Ma age from youngest 
detrital zircons (Samson et al., 2001 and Pollock, 2007).  In southern Orange County, Hyco 
Formation units are intruded by the ca. 579 Ma (Tadlock and Loewy, 2006) East Farrington 
pluton and associated West Farrington pluton (Figure 2).   
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Figure 2.  Preliminary compiled 
generalized geologic map of Orange 
County, North Carolina with location 
of Few’s Ford area (after Bradley et 
al., 2012). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Thesis work by Bowman (2010) in the Virgilina, VA area have identified an approximate 37 ma 
hiatus between the Hyco Formation and Aaron Formation and proposed the abandonment of 
term ‘Virgilina sequence’ and identified two new lithotectonic units within the Carolina terrane,  
the older Hyco arc and the redefined Aaron Formation (Aaron Arc), which includes the 
interlayered Virgilina member.  
 
Original layering of Hyco and Aaron lithologies range from shallowly to steeply dipping due to 
map-scale open to isoclinal folds that are locally overturned to the southeast.  Folding and low 
grade metamorphism is attributed to the ca. 578 to 554 Ma (Pollock, 2007) Virgilina deformation 
(Glover and Sinha, 1973; Harris and Glover, 1985; Harris and Glover, 1988; and Hibbard and 
Samson, 1995).  The northwestern portion of Orange County is underlain by the Prospect Hill 
pluton (Figure 2).  The Prospect Hill pluton intrudes foliated and folded Hyco Formation units 
and is correlated with the ca. 546 Ma Roxboro pluton (Wortman et al., 2000).  Lithologies of the 
Virgilina sequence are unconformably overlain by the Albemarle sequence in the Carolina 
terrane (Figure 1).  Rocks of the Albemarle sequence have been overprinted by upright folding 
with an axial planar cleavage accompanied by greenschist facies metamorphism.  Timing of this 
deformation has been interpreted as ca. 450 ma (summarized in Hibbard et al., 2002).  Folds 
associated with Virgilina deformation may have been tightened and experienced reverse faulting 
during the ca. 450 ma or later event. 
 
Points of Interest 
 
Three different points of interest (Figure 3) are presented at this location.  Three different rock 
types are interpreted to be present at the Few’s Ford area and include: meta-conglomerate 
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(interpreted to have been deposited via a lahar), meta-tuffs and hyaloclastic meta-dacites.  This 
location is a good example of how lithologies can vary over short distances within the Carolina 
terrane and how apparently similar clastic textures may have various interpretations of 
formation. 

 
Figure 3. Google Maps image showing the location of Few’s Ford access area in Eno River State 
Park.  Geologic points of interest discussed in text are identified.  
 
 
Point of Interest 1 is accessed by fording the Eno River (Figure 3).  At times of low water, the 
river can be crossed easily with water depth less than 2 inches in most locations.  At time of 
increased river discharge, water proof boots should be worn.  Outcrops at Few’s Ford and the 
former mill area are included in the Hyco Formation matrix supported tuffs unit (Zhmst) of 
Bradley et al. (2012) and Bradley et al. (2005).  The outcrops within the Eno River consist of 
green to dark green, matrix supported, polymictic, poorly sorted, meta-conglomerate (Figure 4, 
5 and 6).  (This rock type has previously been identified as tuff-breccia by Bain et al. (1964), 
Bradley et al. (2006) and Bradley (2007)).  Clasts are angular to subrounded and range in size 
from a few millimeters up to 1 meter.  Clasts types include flow-banded lavas, tuffs and altered 
tuffs, porphyritic intrusive rocks and fine- to medium-grained intrusive rocks.  Some clasts 
display appreciable rounding suggesting possible reworking in a stream.  These outcrops were 
interpreted as lahar deposits by Allen and Wilson (1968) and Rochester (1978).  A lahar is a type 
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of debris flow characterized by a slurry of volcanic-derived debris and water.  Lahars are typical 
of subaerial volcanic terranes and are deposited within existing stream valleys on the slopes of  
 

 
Figure 4. View of falls located at Few’s Ford – Eno River State Park.  
 

 
Figure 5. View of large boulder at Point of Interest 1. 

  
 
Figure 6. Close up view of boulder of Figure 5.  
 
volcanic edifices or at the base of steep volcanic slopes.  Lahars contain juvenile angular 
volcanic debris from locations near the vent and also entrain more mature subrounded to rounded 
stream gravels and boulders 
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At times of low water, a metamorphosed mafic dike ranging from 3 to 4 feet wide crosscutting 
the meta-conglomerate can be traced for several feet.   
 
 
Point of Interest 2 is located on the east side of the falls immediately adjacent to the stairs that 
climb over a large outcrop area (Figure 3).  Here outcrops consist of lithic meta-tuffs with 
abundant clasts of black-colored plagioclase porphyritic dacite (Figure 7).  Steeply dipping relict 
layering, defined by clast-size differences, is visible in one location immediately to the west of 
the stairs. 
 

 
Figure 7. Cut slab of lithic meta-tuff with clasts of dacite. 
 
Point of Interest 3 is located to the north of the stairs along the trail and includes outcrop and 
rock boulders (Figure 3).  The east side of the trail exposes abundant outcrops of white 
weathered rock that locally display clast outlines in negative relief (Figure 8).  Fresh surfaces 
(accentuated when wet) on outcrop and on the numerous boulders display a clastic texture of 
green to black, angular, aphanitic clasts in a light green to green aphanitic matrix (Figures 9 and 
10).  Many of the clasts display whitish alteration halos.  These rocks are interpreted as 
interlayers of hyaloclastic (quench fragmented) meta-dacites.   
 

 
Figure 8. View of outcrop surface at Point of Interest 3 that display clast outlines in negative 
relief. 
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Figure 9. Fresh surface of boulder that displays a clastic texture of green to black, angular, 
aphanitic clasts in a light green to green aphanitic matrix.  Interpreted as a hyaloclastic texture.  
 

 
Figure 10. Close up of texture from Figure 9.  
 
Topographic Lineaments and the Eno River: Detailed topographic data indicate the presence of 
abundant lineaments within Carolina terrane rocks (Plates 1 and 2 from Bradley (2007)).  The 
section of the Eno River from the town of Hillsborough to just west of the Few’s Ford area 
(Few’s Mill) flows in a general northeast direction with many small-scale kinks and bends.  This 
section of the Eno appears to follow the dominant structure of the underlying rock parallel to the 
major trend (northeast-southwest trend) of the rocks, with minor deflections as the river follows 
small-scale fractures and joints.  However, at Few’s Ford (Few’s Mill) in Eno River State Park, 
the Eno River abruptly bends toward the south at a sharp angle.  This high-angle bend coincides 
with the Eno crossing over and flowing into a prominent north-south oriented lineament 
extending over 7 miles toward the south into the Durham Basin.  The same prominent north-
south lineament extends toward the north for at least 4 miles and is occupied by Buckquarter 
Creek for a portion of its trend. 
 
Interpretation and Discussion: 
 
Environment of Deposition – In addition to the conglomerates (lahars), dacitic lithic tuffs and 
hyaloclastic dacites, Newton (1983) and Bradley et al. (2006) report the presence of slightly 
reddish-tinged, dark gray to black plagioclase porphyritic lavas of andesitic composition within 
the Few’s Ford area.  Deposition of this varied package of rocks is interpreted to have been 
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relatively proximal to a vent of dacitic to andesitic composition as suggested by the abundant 
clasts of plagioclase porphyritic dacite and the intercalated outcrops of reddish-tinged andesitic 
lavas within a paleovalley that was infilled with lahar flows, lavas, and lithic tuffs.   
 
Dacitic tuffs vs. hyaloclastic dacites – Rocks at Point of Interest 2 and 3 are very similar in 
appearance with prominent clasts of dacite but are interpreted as being formed by different 
processes.  The tuffs at Point of Interest 2 are interpreted to have formed by the explosive 
disintegration of a dacitic volcanic center into ash, crystal fragments and dacite clasts with the 
pyroclastic debris subsequently deposited in layers.  The rock at Point of Interest 3 is interpreted 
to have formed by the quench fragmentation of dacitic lava by rapid cooling by contact with 
water or air. 
 
Differentiation between lithic tuffs and hyaloclastic lavas is often difficult.  Dacitic lithic tuffs 
typically have abundant angular lithic clasts, plagioclase crystal shards within the groundmass 
and may display a weak to strong foliation.  Relict layering may be present in outcrop.  
Hyaloclastic dacites also have abundant lithic clasts (clasts may look identical to the tuffs).  The 
lithic clasts locally exhibit curviplanar edges (characteristic of quench fragmentation (McPhie, 
1993)), usually lack crystal shards in the matrix and is usually not foliated.  Hyaloclastic texture 
is confirmed when larger sized clasts are surrounded by smaller clasts that have a “jig-saw 
puzzle-like” relationship to adjacent clasts and when hyaloclastic-like textures are traced into 
more coherent dacite bodies. 
 
Lineaments and brittle overprint of Carolina terrane rocks - Detailed geologic mapping along 
the trace of the prominent lineament that in part coincides with the north-south segment of the 
Eno River has indicated the following:  

1) The lineament coincides with an apparent offset of a granite/granodiorite pluton in the 
southeast corner of the Hillsborough quadrangle; 

2) Outcrops of brittly-deformed foliated granite and granodiorite;  
3) Brecciated and silicified felsic tuff within the lineament zone;  
4) Small scale brittle faults and fault gouge; and  
5) The lineament terminates in the Durham Triassic basin in the vicinity of Kerley Road and 

New Hope Creek. 
 
Based on the above observations, the north-south segment of the Eno River is interpreted to 
coincide with the trace of a brittle fault that is likely Mesozoic in age (Plate 1 from Bradley 
(2007)).  Detailed topographic data indicates the presence of abundant north-south, northwest-
southeast and northeast-southwest trending lineaments that may suggest widespread brittle 
faulting.  Many of the northwest-southeast trending lineaments are coincident with identified 
diabase dikes. 
 
Detailed mapping to the west of the Few’s Ford and Mill area has identified a quartz breccia 
zone that is oriented east-west for a portion of its trend and approximately N60W – S60E.  The 
quartz breccia zone ranges in width from a few feet to several hundred feet and extends for over 
1.5 miles through a diorite/granodiorite body.  The quartz breccia zone may be related to 
Mesozoic-aged faulting. 
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The Location of ford and mill sites and brittle faulting
 

:   

Of interesting note is that Few’s Ford is on trend with the quartz breccia zone that appears to 
terminate approximately 800 feet west of where Few’s ford crosses the Eno River.  Faulting may 
have continued toward the east but without appreciable quartz precipitation forming a less 
resistant zone of brittle deformed rock or gouge zone.  Erosion of the fault zone may have 
formed landscape conditions suitable for a ford.  Additionally, possible headward erosion of this 
theoretical fault scarp may be responsible for the presence of the rapids immediately upstream of 
the ford.  The presence of the rapids and resistant outcrop presented a favorable location to 
construct the mill dam in a location where there was already a natural hydraulic head of several 
feet. 
 
Holden’s Mill, located 1.3 miles upstream from Few’s Mill, is located immediately downstream 
of an abrupt (probably fracture controlled) bend to the north of the Eno River.  This location also 
coincides with another north-south oriented lineament.  The original offset of rock units and 
headward erosion may have provided the ideal conditions for mill sighting.  A cursory review of 
lineaments and other mill location within the Piedmont section of the Eno River appear to 
indicate a possible correlation of mill sites and lineaments. 
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