
Orientations and Magnitudes of Paleostress 

in the Great Valley Province of Northern 

Virginia 

by 

Ginger L. Vaughn 

Thesis submitted to the Faculty of Virginia 

Tech in partial fulfillment of the requirements for the degree of 

MASTERS OF SCIENCE 

IN 

GEOLOGY 

APPROVED: 

Ch AL. 7A: Le 

Richard D. Law, Chairman 

J. F. Read W.S. Henika 

May 1997 

Blacksburg, Virginia 

Key words: stress, calcite, twinning, North Mountain thrust, Appalachians, deformation 

mechanisms





ORIENTATIONS AND MAGNITUDES OF PALEOSTRESS 

IN THE GREAT VALLEY PROVINCE OF NORTHERN VIRGINIA 

by 

Ginger Leigh Vaughn 

Committee Chairman: R.D. Law 

Geological Sciences 

(ABSTRACT) 

Calcite c-axes and e-twin plane orientations were measured in both matrix 

cements and younger fracture fills from late Cambrian to Middle Ordovician age 

limestone samples taken from the NW and SE limbs of the Massanutten Syncline, located 

within the North Mountain thrust sheet. Paleostress magnitude estimates using the Rowe 

and Rutter (1990) twin density technique indicate a differential stress of 240+ 31 MPa for 

samples collected from both limbs of the syncline. 

Three distinct patterns of paleostress orientations (compression directions) have 

been detected in the samples; each pattern is observed on both the NW and SE limbs of 

the syncline. The first pattern, exhibited by calcite grains cementing late fractures, is 

characterized by a maximum of compression axes oriented sub-perpendicular to bedding 

possibly indicating either thrust sheet loading or stress refraction associated with folding. 

Samples in which calcite grains from both fracture fills and earlier matrix cements 

were measured are characterized by a bimodal distribution of compression axes - the first 

point maximum being oriented sub-perpendicular to bedding, the second maximum 

placing compression directions at low to moderate angles to bedding. Restoration of 

bedding to horizontal results in this second set of compression axes plunging to either the 

SE or NW, sub-parallel to the regional thrust transport direction.



The third pattern, originating from early cements, places compression directions 

plunging to the NE-SW at angles which are sub-parallel to bedding. These compression 

directions do not seem to correlate with major tectonic movements or thrust sheet loading 

and may reflect stresses associated with either movement over lateral ramps or oblique 

thrusting.
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INTRODUCTION 

The Cambro-Ordovician carbonate rocks within the Great Valley of northern 

Virginia have been used extensively for strain analyses. The purpose of this study was to 

determine paleostresses associated with the folding and thrust faulting of the carbonate 

rocks exposed in the Great Valley. Rock deformation experiments indicate that calcite 

twinning, the method implemented for this purpose, should reflect the latest stages of 

deformation on a particular sample (Turner, 1953; Borradaile and McArthur, 1990). For 

the rocks of the Great Valley in northern Virginia this suggests that the stresses 

represented by twinning should be associated with late Paleozoic deformation. The 

calcite twinning method used is that of Turner (1953). 

Forty-eight thin sections from twenty-four sample locations were analyzed for 

both paleostress orientations and magnitudes. The twin density technique of Rowe and 

Rutter (1990) was used to determine paleostress magnitudes. The diagenetic history of 

twelve of the samples was also analyzed in order to determine the relative ages of calcite 

cements within the samples. Observation indicates that the cementation history is 

critically important to this paleostress analysis as different episodes of cementation seem 

to be associated with different orientations of paleostress. 

Analytical Methods 

Oriented hand samples for the study were collected in May through July of 1996. 

Sample locations are schematically indicated in Figure 1. Detailed sample locations are 

given in Appendix I. Two mutually perpendicular oriented thin sections were cut from 

each of the samples, both sections being perpendicular to bedding. For each sample, one 

section is oriented parallel to strike of bedding and the other parallel to dip. Sixty-two 

locations were sampled. Of the locations sampled, thirty-eight were situated on the
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Figure 1. Sample location map from northern Virginia. Green lines indicate county 

boundaries.



western limb of the Massanutten synclinorium and twenty-four were on the eastern limb 

of the synclinorium. In only twenty-one of the samples collected were calcite grains 

large enough for optical analysis. Width of the grains ranged from 60 to 1,050 microns. 

Calcite grains within the samples were analyzed using a Leitz Orthoplan 

microscope equipped with a Leitz four axis universal stage. The e-twin lamellae poles 

and c-axis were recorded for each grain using a universal stage. The accuracy of these 

measurements was checked using the Allmendinger (1992) program which calculates the 

plunge of the c-axis given the orientation of the pole to e-lamellae and the azimuth of the 

c-axis. This was performed in universal stage coordinates and tested on different samples 

to ensure accuracy. The data was then transferred from universal stage coordinates to 

true sample coordinates using an EXCEL spreadsheet (Appendix II) and entered into a 

program written by Evans (1992) for twin analysis. Corrections for input of the data 

from true sample coordinates into Evans (1992) program were obtained from W.M. 

Dunne at the University of Tennessee. These corrections were numerically tested to 

ensure their accuracy. Twin analysis consisted of rotating data from the two thin sections 

for each sample into one section plane using an orthogonal coordinate transformation. 

The relationship between the coordinate systems is defined on the basis of direction 

cosines which form input data used by the program (Evans, 1992). This portion of the 

program was also tested to ensure its accuracy. After a reference coordinate system was 

defined for each sample, Turner (1953) Compression and Tension axes were estimated 

and plotted using the Evans (1992) program. Maxima of poles to e lamellae, c-axes, and 

g poles were also plotted for the samples, but have not been analyzed in detail since the 

purpose of the study was to analyze Compression maxima. Sixteen of the twenty-four 

samples were separated in the Evans (1992) program on the basis of negative and positive 

expected values. Negative and positive expected values are calculated by determining the



twin sets which do and do not correspond with calculated strain axes, given the computed 

strain tensor (Evans and Groshong, 1992). This was performed in an attempt to separate 

distributions of compression axes which were bimodal or trimodal into discrete 

populations. After the analyses were completed, compression axes were transferred into 

Manktelows' (1989) STEREOPLOT program for contouring. 

Calcite twins should theoretically be readily reset by later superimposed stress 

fields, and therefore twin data should only record the latest superimposed stresses. 

However Evans and Dunne (1992) have recorded separate compression directions in 

carbonates of the Great Valley, indicating that information from several different stress 

phases may be recorded in these rocks. This probability has been investigated in the 

present study by characterizing the different diagenetic and structural phases of calcite 

cements within the samples, and correlating these cements wtih the compression 

directions indicated by their twins. Through an understanding of the diagenetic history of 

calcite and dolomite cements within these samples, one may interpret whether or not 

different phases of calcite cement are associated with different paleostress orientations. 

In order to interpret diagenetic history, samples were analyzed using a Techsyn 

cathode unit and stained with Dickson's (1966) solution. Cathodoluminescence reveals 

zoning patterns in cement crystals. This zoning documents the history of burial by 

relating cement to porewaters, temperatures, and compaction (Meyers, 1974). In 

cathodoluminescence, Fe?+ acts as an inhibitor and Mn+ as an activator, but other 

elements are also involved. If Fe2+ is greater than two weight percent, crystals will not 

luminesce. Mn?+ needs to be present by more than several tens of ppm in order to 

produce luminescence. 

Usually drusy calcite spar and echinoderm overgrowths display compositional 

zoning. This zonation typically changes from non-luminescent to bright to dull with



increasing amounts of burial. The early non-luminescent zone is a result of oxidizing 

pore water in which Mn+ and Fe2* are absent. The bright zone represents the onset of 

reducing conditions because Mn?+ ions are now present. With more reducing conditions, 

dull cements form due to Fe2+ becoming abundant in pore fluids. Through studying the 

zonation of cements within a sequence, one can arrive at a cement stratigraphy (Grover 

and Read, 1988, Nieman and Read, 1988). This stratigraphy aids in understanding the 

relative timing of cement phases within a rock. 

Zoning is also evident using staining with Dickson's solution (1966). If the 

mineral stains pink, blue, or purple, then it has a calcite mineralogy. Dolomite is not 

stained. A pink stain indicates calcite with no Fe, purple stain indicates moderate Fe, 

while a blue stain indicates an Fe-rich calcite. Through the separation of early and late 

episodes of cementation, paleostress estimates may be compared with dominant calcite 

phases within a particular sample, and a chronology of paleostress orientation produced. 

Stratigraphic and Structural Setting 

Carbonate rocks of the Knox Group sequence are exposed in the North Mountain 

thrust sheet of the Great Valley Province in northern Virginia (Figure 1). The Knox 

Group carbonates developed on a carbonate ramp which was several hundred kilometers 

wide and 5000 kilometers long (Montanez, 1994). The presence of depocenters, 

separated by arches, caused variations in thickness and mineralogy of the cyclic 

carbonates. The Virginia Arch lies to the south of the study area and the Pennsylvania 

depocenter is located to the north and east of the study area (Fig 2; Montanez and Read, 

1992). Due to the fact that the Virginia Arch was relatively far away from the study area, 

the units are not as dolomitized here as they are to the south.


