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ABSTRACT 

 

A ~2,500 cubic yard rockslide occurred near the Occoneechee Mountain observation deck sometime 

between 6:00 P.M., February 17 and 8:00 A.M. February 18, 2001.  Boulders in the slide debris 

stripped bark and limbs to a height of 20 feet from trees along the 200-foot slide path.   Larger 

boulders snapped and uprooted eight-inch diameter trees.  The rockslide originated in a promontory 

composed of foliated and fractured quartz, sericite phyllite within an altered volcanic tuff unit.  The 

dominant F1 foliation that dips 55°°°°-70°°°° northwest out of the quarry face acted as the main slip 

surface. Fractures served  as planes of separation allowing the block to detach from the rock mass.  

The primary factor leading to the instability of the rock mass was the over-steepening of the rock 

slope during past quarry excavation.  Gravitational creep, repeated freeze-thaw and frost wedging, 

and rainfall infiltration were probably contributing factors to the rockslide over the decades since 

quarry operations ceased.  Slope movements along the quarry walls will continue to occur.  Some 

movements will involve the slow, gravitational movement of rock and debris.  Other movements, 

such as rockslides, rock fall, and debris slides will be rapid (i.e., movement rates of feet/second), and 

could involve volumes of material comparable to the February 17-18 rockslide.  The rapid slope 

movements, that occur with little or no warning, pose a threat to public safety, both for people on the 

quarry rim and within the quarry. 

 

 
INTRODUCTION 

 
A major rockslide occurred on the northwest slope 

of Occoneechee Mountain sometime between 6:00 p.m., 

February 17 and 8:00 a.m. February 18, 2001.  Figure 1 

shows the general location of the rockslide in relation to 

other slope movements and slope movement deposits in the 

North Carolina Geological Survey (NCGS) database.  The 

rockslide originated within the altered tuffs map unit (Zat) 

delineated by Bradley and Gay (2005) in the geologic map of 

the Hillsborough 7.5-minute quadrangle.   

The text and figures in this paper are adapted from 

the report by Wooten and Clark (2001) prepared for the 

North Carolina Division of Parks and Recreation (NCDPR).  

The purpose of the 2001 report was to provide the NCDPR 

with a geologic assessment of the stability of the slopes in 

the vicinity of an observation deck adjacent to the rockslide.  

At that time, the NCDPR had recently acquired the property 

with the deck from the town of Hillsborough.  The 2001 

report also provided a number of general stabilization 

concepts for the NCDPR to consider.  The NCDPR has since 

removed the observation deck because of the potential for 

slope instability that could have affected the deck.    

ROCKSLIDE CHARACTERISTICS 
 

The main scarp of the rockslide marking the 

detachment area of the rock block is about 30 feet northeast 

of an observation deck that has since been removed.  The top 

of the scarp is along the rim of a northwest-facing slope 

excavated during development of the now abandoned quarry.  

NCDPR staff members indicate that the rock block formed a 

promontory along the quarry face prior to movement (fig. 2).  

Rock excavation during quarrying, perhaps dating back the 

Civil War era, produced a ~20-foot high, nearly vertical face 

on the promontory with areas of overhang.  

A rough estimate of the in-place volume of the main 

detached rock block was about 2,500 cubic yards, weighing 

nearly 5,100 tons. Once in motion, the sliding or toppling 

block broke into numerous boulders, probably upon impact 

with the quarry bench below.  Sliding, rolling and bouncing 

boulders stripped bark and limbs from trees to a height of 

~20 feet along the 200-foot slide path that ended in the 

quarry floor.  Larger boulders, some weighing nearly 125 

tons with a volume of about 60 cubic yards, snapped and 

uprooted eight-inch diameter trees in their path (figs. 3 and 

4). At the widest point, the swath of rock debris measures 

about 100 feet.  
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Figure 1.  Map showing the location of the Occoneechee Mountain rockslide (OMRS in inset map) in relation to major geologic provinces and other slope 

movements and slope movement deposits in the NCGS database as of October 2006. 

 

 
 

Figure 2.  Photograph of quarry face prior to the February 17-18, 2001 rockslide showing the estimated pre-failure extent of the rock block.  The solid line 

approximates the failure surface along F1 foliation planes; dashed line outlines the approximate pre-failure perimeter of the rock block.  Arrows show the 

general movement direction.  View looking the northeast.  Photograph courtesy of Duncan Heron. 
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Figure 3.  Photograph of the February 17-18, 2001 rockslide path showing 

the scarp and resulting boulder deposit.  For scale, the observation deck 

located near the quarry rim at the time was about 25 feet wide.  

 

 
 
Figure 4.  Rockslide boulders and downed trees in the quarry floor near the 

terminus of the 2001 rockslide.  Geologist standing on boulder in middle of 

photograph for scale. 

Communications with NCDPR staff indicated that the 

rockslide occurred without any prior signs of movement.  

Given the degree of damage to trees and the steepness of the 

rockslide path below the scarp, major movement of the 

rockslide mass probably occurred in a matter of seconds.  

 

GEOLOGIC CONDITIONS 
 

The promontory where the rockslide originated is 

comprised of foliated and fractured quartz, sericite phyllite 

(QSPh) (figs. 5, 6 and 7).  A less foliated, but highly 

fractured sericite-bearing siliceous rock unit (SQR) is 

structurally below the phyllite unit, and holds up the higher 

slopes of Occoneechee Mountain.   

Through-going, planar discontinuities in the quarry 

related to the rockslide in the vicinity of the observation deck 

are grouped into five categories based on their orientation 

and origin.   Three foliations (F1, F2, and F3) defined 

primarily by the planar alignment of sericite and possibly 

pyrophyllite are present.  Two joint sets (fractures) are also 

present (J1 and J2) in both the QSPh and SQR units. Both 

joint sets cut across, and are therefore younger than, 

foliations F1, F2, and F3.  

All three foliation surfaces dip toward the 

northwest, and out of the quarry face.  Foliation 1 (F1) 

corresponds to the primary failure planes of the 2001 

rockslide, and dips about 55° to 70° northwest.  In the 

vicinity of the deck piers, F1 is generally subparallel to 

compositional layering in the rock, and the contact between 

the two rock units.  Foliation 2 (F2) is less steep than F1, and 

dips about 35° to 45° northwest.  F1 and F2 intersect to form 

the saw tooth pattern on the quarry face immediately below 

the previous deck location.  Foliation 3 (F3) is a younger 

shear (C) surface that cuts across and deforms both F1 and 

F2.   F3 dips about 15° to 35° northwest.  From the tectonic 

perspective, the shear bands defined by the F1 and F3 

foliations indicate reverse movement with tops toward the 

southeast, consistent with the interpretation of the quarry 

being within a splay of the Cane Creek fault as shown in 

Bradley and Gay (2005).  

Two joints (fractures) cut across the three foliations and act 

as planes of separation or release surfaces within the rock 

mass.  Yellow-brown iron oxide staining along the joint 

surfaces indicates that the fractures are pathways for water 

infiltration.  Black, locally iridescent goethite coatings along 

numerous fracture surfaces probably resulted from late stage, 

near surface mineralization rather than relatively recent 

weathering processes.  Joint set 1 (J1) dips about 55° to 60° 

southeast into the quarry face, and is well exposed in the 

main scarp of the 2001 rockslide.  Joint set 2 (J2) dips about 

72° to 82° southeast, oblique to the quarry face.  The trace of 

J2 can be observed as the high-angle dark lines in the quarry 

face immediately below the observation deck.  Dilation 

(opening) can be observed along some segments of J2.  Joint 

sets J1 and J2 do not dip towards the quarry face; therefore, 

they will likely act as release surfaces in future rockslides. 
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Figure 5.  Photograph of the February 17-81, 2001 rockslide scarp along the 

quarry face.  F1 = foliation plane 1 and rockslide failure surface; F3 = 

foliation plane 3 (C- tectonic shear surface); J1 = back release fracture 

plane; and J2 = right lateral release fracture plane.  F1 and F3 foliations 

delineate a dislodged boulder in the foreground.  The long dimension of this 

boulder is about 9 feet.  Examples of in-place F3 tectonic shear surfaces are 

labeled in black in the foreground.  

 

 
 
Figure 6.  Top center - schematic geologic cross section through the slope 

below the observation deck.   Bottom left – stereonet plot showing kinematic 

stability analysis.  Dip vector plots of foliation surfaces within the gray zone 

indicate potential failure surfaces.  The cross section and stereonet plot 

illustrate the potential for further sliding.  The observation deck has since 

been removed.  

 
 
Figure 7.  Schematic geologic outcrop map in the vicinity of the observation 

deck and February 2001 rockslide.  Mapping shows that three of the 

concrete piers for the observation deck are founded in the potentially 

unstable quartz, sericite phyllite rock unit. 

 

 
 

 
 
Figure 8.  A. Chart of daily high and low temperature recorded at Eno River 

State Park showing repeated freeze-thaw cycles during January-February 

2001.   Note: Constant high and low temperatures over 2-4 day periods 

reflect gaps in recorded data.  B. Chart of daily precipitation data recorded at 

Eno River State Park during January-February 2001. Trace precipitation is 

plotted as 0.01 inches.  Note: Precipitation total recorded over intervals 

greater than one day are plotted on the last day of the reported interval.   

Temperature and rainfall data provided by the NCDPR, Eno River State 

Park. 
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Extensive iron oxide staining was conspicuously 

absent on freshly exposed slip surfaces along F1 foliation 

planes immediately following the rockslide.  This contrasts 

with the ubiquitous staining and iron oxide mineralization 

along the joint (fracture) surfaces. Staining and 

mineralization along these surfaces is evidence of infiltrating 

water; therefore, its absence suggests that infiltrating water 

along the slip surfaces over the long term was not a major 

contributing factor in triggering the rockslide.  In contrast, 

precipitation infiltrating along the fractures followed by 

successive freeze-thaw cycles over the long term may have 

dilated the fracture openings thereby contributing to the 

instability. 

   

ROCKSLIDE CAUSES AND TRIGGERS 

 

The primary causal factor leading to the 2001 

rockslide was the past quarry excavation that over-steepened 

the rock slope.  The excavated slope intersected three sets of 

foliation planes that dip out of the slope.  The F1 foliation 

has the steepest dip (55° to 70° northwest) and was the 

primary slip surface in the 2001 rockslide. 

Not surprisingly, a kinematic stability analysis using 

RockPack III software (Watts and others, 2003) indicates 

that foliation planes dipping out of the quarry face are 

potential slip surfaces for future failures (see stereonet plot in 

figure 6).  For this analysis a friction angle of 25° was 

estimated using RocLab software that utilizes the Hoek-

Brown failure criterion for rock masses (Hoek and Brown, 

1997).  This method incorporates estimated values of the 

intact uniaxial compressive strength, geological strength 

index, Hoek-Brown constant, and the disturbance factor to 

predict the strength parameters for a rock mass.  The 

assumed friction angle of 25° estimated for foliation planes 

in the sericite phyllite is probably an upper limit for stained 

state and visually fresh rock, whereas a lower friction angle 

would be more appropriate for partly- or completely-

decomposed rock.  Rock weathering state descriptors used 

here are in general accordance with the unified rock 

classification system of Williamson (1984). 

Evidence of rock creep was observed in the upper 

two feet of the rock mass in the main scarp immediately 

below the soil zone as indicated by foliation planes deformed 

in the down slope direction (figure 6).  Although not directly 

related to the 2001 rockslide, the near-surface rock creep 

does show the long-term gravitational effect on the weaker 

phyllite and schist units. 

Repetitive freeze-thaw cycles over decades and frost 

wedging along fractures and other discontinuities, probably 

contributed to the forces destabilizing the rock mass.  

Another likely destabilizing factor was infiltrating rainfall 

that resulted in a build-up of water pressure primarily along 

fracture planes.  Figures 8A and 8B show that numerous 

freeze-thaw cycles during January and February 2001 

preceded a 0.98-inch rainfall on February 17, 2001.  These 

weather patterns in the weeks preceding February 17-18, 

2001 were the likely triggering mechanisms for the rockslide.  

    

CONCLUSIONS  
 

The development of promontories and reentrants 

along the quarry rim, in conjunction with abundant rock and 

soil debris on the bench, slopes and floor of the quarry 

indicate that various types of slope movements (e.g., 

rockslides, rock fall, and debris slides) have occurred over 

the decades since mining ceased.   Slope movements along 

the quarry walls will continue to occur.  Some movements 

will involve the slow, gravitational movement of rock and 

debris.  Other movements, such as rockslides, rock fall, and 

debris slides will be rapid (i.e., movement rates of 

feet/second), and could involve volumes of material 

comparable to the February 17-18, 2001 rockslide.  Rapid 

slope movements can occur with little or no warning pose a 

threat to public safety, both for people on the quarry rim, and 

those within the quarry. 
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