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Abstract

Cumulative, polymodal normal (Gaussian distribution) statistics was applied to subsidiary fault data collected from damage zones

associated with the Cenozoic Lanterman and Priestley intraplate right-lateral strike-slip fault systems in North Victoria Land, Antarctica.

Results show that five Gaussian peaks out of seven in the Lanterman Fault and five out of nine in the Priestley Fault have almost coincident

azimuthal values. We named these Gaussian peak pairs as consistent fault sets, arranged in a consistent kinematic architecture that is

compatible with the Cenozoic regional strike-slip environment. Angular and kinematic relationships among subsidiary fault sets within the

consistent kinematic architecture provide constraints for the inference of the state of stress along the Lanterman and Priestley fault systems.

We interpret the fault pattern of the consistent kinematic architecture to be produced by early localisation of the principal displacement zone

along pre-existing mechanical discontinuities inherited from the Early Paleozoic Ross Orogeny. Shear localisation was followed by

subsidiary faulting at an angle to the principal displacement zone according to the Mohr–Coulomb–Byerlee failure criterion.

q 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Intraplate strike-slip fault systems can accommodate tens

to hundreds of kilometres of horizontal displacement

between adjacent lithospheric blocks (Woodcock and

Schubert, 1994; Storti et al., 2003a). They typically include

almost straight belts alternated with bends and offsets in

individual segments, each of them consisting of complex

arrays of anastomosing fault strands (Deng et al., 1986;

Vauchez et al., 1995; Ludman, 1998; Holdsworth and

Pinheiro, 2000; Li et al., 2001; Faulkner et al., 2003). The

kinematics of the fault strands depends on their orientation

with respect to the total stress field along the principal

displacement zone (PDZ in Tchalenko (1970)). The total

stress field results from the interplay between the stress field
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produced by fault motion (i.e. the kinematically-induced

stress) and the regional stress field (e.g. Davis, 1984; Mandl,

2000). Strike-slip, transpressional and transtensional fault

segments typically coexist along intraplate strike-slip fault

systems (Woodcock and Schubert, 1994). This may occur at

different scales and may result in the development of very

complex fault patterns (in space, time and kinematics;

Sylvester, 1988).

In many cases, large-offset faults are not preserved

within strike-slip fault systems at the continental scale, due

to the progression of the tectonic activity and to preferential

erosion and sedimentation in highly fractured fault zones

(Price and Carmichael, 1986; Umhoefer, 2000). Never-

theless, small-scale subsidiary faults are widespread in the

damage zones of major fault strands (Keller et al., 1995;

McGrath and Davison, 1995; Little, 1996; Kim et al., 2004).

Detailed fieldwork on the three-dimensional architecture of

subsidiary faults along intraplate fault systems provides

important information on the modalities of fault propagation

and displacement accommodation (Deng and Zhang, 1984;

Pachell and Evans, 2002), the role of fault re-activation (e.g.
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Fig. 1. Tectonic sketch map of North Victoria Land and the western Ross Sea showing the Cenozoic tectonic architecture dominated by NW–SE striking intraplate right-

lateral strike-slip fault systems (after Salvini et al., 1997). The two fault system segments analysed in this study are indicated by the broken rectangles. Contours (Schmidt

net, lower hemisphere) of poles to faults and slickenlines are provided for each fault segment. Contours (Schmidt net, lower hemisphere) of poles to the main regional

foliation occurring in the Early Paleozoic metamorphic rock relicts exposed along the Lanterman and Priestley fault systems are also shown. Contouring interval 4%.
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Holdsworth et al., 2001), and on stress conditions along

specific fault strands (Rispoli, 1981; Aydin and Schultz, 1990).

However, the possible variability of dynamically- and

kinematically-induced stress conditions along fault segments

and their along- and across-strike geometric irregularity,

imply that the generalization of the state of stress obtained at

the local scale may lead to biased inferences when

extrapolated at the scale of the entire strike-slip fault system.

Cumulative statistics of subsidiary fault data in damage zones

may provide a useful tool for removing the stress, geometric,

and structural variability at the local scale along intraplate

strike-slip fault systems, thus contributing to constrain the

stress regime under which they developed.

In this paper, we apply cumulative, polymodal normal

(Gaussian distribution) statistics to subsidiary fault data

collected along the damage zones of the Cenozoic Lanterman

(Rossetti et al., 2002) and Priestley (Storti et al., 2001) right-

lateral strike-slip fault systems in North Victoria Land,

Antarctica (Fig. 1). These continentally sized strike-slip fault

systems have similar overall orientations, affect similar rock

types, and developed in the same geodynamic scenario. Our

results encourage the use of cumulative statistical analysis of

large data sets as an additional tool for the complete

characterisation of intraplate strike-slip fault systems.
2. Geological framework of the Lanterman and Priestley

faults

The tectonic architecture of North Victoria Land has

been classically interpreted by the assembly of three major

terranes (Fig. 1). These are from west to east the Wilson,

Bowers and Robertson Bay terranes (Kleinschmidt and

Tessensohn, 1987). The Wilson Terrane generally consists

of granitic rocks that are Cambrian to Ordovician in age

(Granite Harbour Intrusive Complex; Gunn and Warren,

1962; Rocchi et al., 1998), intercalated with low- to high-

grade metamorphic rocks (Gair, 1967; Skinner and Richer,

1968; GANOVEX Team, 1987; Lombardo et al., 1989). The

Bowers Terrane generally comprises very low- to low-grade

mostly clastic and volcanic Cambrian rocks (Weaver et al.,

1984; GANOVEX Team, 1987). Very low- to low-grade

Cambrian to Ordovician terrigenous metasedimentary

sequences are the dominant rock type exposed in the

Robertson Bay Terrane (GANOVEX Team, 1987). The

assembly of these terranes occurred during the Early

Paleozoic Ross-Delamerian Orogeny (Kleinschmidt and

Tessensohn, 1987; Flöttmann et al., 1993). Recent revisiting

of the Paleozoic orogenic evolution of Victoria Land

questioned the classical terrane model, emphasising a

subduction–accretion setting (Finn et al., 1999; Roland

et al., 2004).

The Mesozoic break-up of the Antarctic, Australian and

Pacific plates resulted in the opening of the Southern Ocean

and the Ross Sea, at the northern and eastern boundaries of

Victoria Land, respectively (Lawver and Gahagan, 1994;
Sutherland, 1995; Mukasa and Dalzier, 2000). In Eocene

times (from 50 to 40 Ma), activation of intraplate right-

lateral strike-slip tectonics occurred in North Victoria Land

and overprinted the still ongoing extension in the Ross Sea

(Salvini et al., 1997; Salvini and Storti, 1999; Rossetti et al.,

2003). The interplay between right-lateral strike-slip

faulting in North Victoria Land and extensional faulting in

the Ross Sea resulted in partitioned transtension along the

western shoulder of the basin (Wilson, 1995; Salvini et al.,

1997; Hamilton et al., 2001; Rossetti et al., 2000, 2003). At

this time, emplacement of extrusive and intrusive rocks

belonging to the McMurdo Volcanic Group (Kyle and Cole,

1974; Rocchi et al., 2002) also started along the western

shoulder of the Ross Sea.

The Lanterman Fault and Priestley Fault are part of the

Cenozoic array of NW–SE striking right-lateral strike-slip

fault systems that cut through the continental crust of North

Victoria Land and continue into the western Ross Sea

(Fig. 1) (Salvini et al., 1997). The Lanterman Fault follows

the boundary of the Wilson and Bowers terranes and

consists of two major segments: a NNW–SSE striking

segment in the northern sector and a considerably longer,

NW–SE striking segment to the SE (Fig. 1). The fault

system records a complex deformation history with both

ductile and brittle features preserved (Capponi et al., 1999;

Rossetti et al., 2002). Late Cenozoic activity in its offshore

segment is indicated by dextral shearing of sediments

younger than 32 Ma (Salvini et al., 1997). Apatite

thermochronology supports the Late Cenozoic activity of

the onshore segments (Rossetti et al., 2003). The onshore

length of the Lanterman Fault is approximately 430 km.

However, when the offshore segment located in the Ross

Sea is included, the total length of this intraplate fault

system exceeds 750 km.

The Priestley Fault cuts across the Wilson Terrane, re-

activating ductile shear zones that developed during the

Ross Orogeny (Storti et al., 2001). Its Cenozoic activity is

supported by pseudotachylyte-bearing fault splays exposed

at its southern tip, which were dated at ca. 34 Ma (Di

Vincenzo et al., 2004). This Cenozoic activity is also

supported by the syntectonic injection of McMurdo dykes

within the fault zone (Storti et al., 2001). The Priestley Fault

has an onshore length of approximately 220 km from the

Ross Sea coast to the polar plateau, where the ice cap

prevents its further tracing. The Priestley Fault terminates

offshore in the Terror Rift transtensional basin, along the

western shoulder of the Ross Sea (Storti et al., 2001)

(Fig. 1).

Displacement computation is difficult for both fault

systems, since the Priestley Fault occurs entirely within

granitic rocks, and no significant markers can be correlated

across the Lanterman Fault. A cumulative displacement of

approximately 270 km has been proposed for the array of

Cenozoic right-lateral strike-slip fault systems (Fig. 1)

based on restoration of the continental shelf boundary in the

Southern Ocean (Storti et al., 2003b).
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3. Cumulative data analysis

The study areas include the NW–SE striking segment of

the Lanterman Fault and the exposed onshore segment of
Fig. 2. Kinematic indicators used for shear sense determination of

subsidiary faults in granitic rocks. (a) Map view of synthetic shears

emanating from the through-going slip surface and forming an acute angle

with the fault itself, opening in the same direction as the slip sense of the

opposite side (to the right). The resulting slip sense of the fault in this

example is left-lateral. (b) Cross-sectional view of a fault surface showing

the occurrence of lunate fractures produced by the intersection of the

synthetic shears emanating from the through-going slip surface (Petit,

1987). A lunate fracture opens in the same direction as the slip sense of the

opposite side (to the left) and the resulting slip sense of the fault in this

example is right-lateral. (c) Quartz shear fibres on a fault surface. The

growing direction is the same as the slip sense of the opposite side (to the

left) and the resulting slip sense of the fault in this example is right-lateral.
the Priestley Fault (Fig. 1). Both fault systems crosscut the

Cambrian–Ordovician Granite Harbour Intrusive Complex.

These rocks are well exposed and are relatively homo-

geneous in texture. In a few cases, fault data were also

collected in scattered metamorphic rock remnants

embedded within the granitic bodies. The structural

architecture and kinematics of the Lanterman Fault and

Priestley Fault are described in Rossetti et al. (2002) and

Storti et al. (2001), respectively. For the purposes of this

work, the same datasets were statistically analysed.

Subsidiary faults in the damage zones of both fault

systems have an overall NW–SE strike and are predomi-

nantly steeply dipping (Fig. 1). This attitude is similar to

that of the regional foliation recognized in Early Paleozoic

metamorphic rocks exposed along both the Priestley and

Lanterman fault systems (Fig. 1). Subsidiary faults mostly

include low displacement (some centimetres) single shear

surfaces and larger displacement (ten of metres) composite

fault zones forming decimetre- to metre-thick cataclastic

cores. Kinematic indicators include lunate fractures (Petit,

1987) and quartz slickenfibres (Fig. 2). Slickenlines along

the Lanterman Fault are well clustered into major strike-slip

and dip-slip populations. Minor oblique-slip populations

were also observed. Slickenlines along the Priestley Fault

have a similar distribution (Fig. 1).

No systematic overprinting relationship was recognised

in the field among the different subsidiary fault sets. The

evidence that both the attitude and kinematics of the

different subsidiary fault sets are compatible with the

regional Cenozoic dextral shearing (Storti et al., 2001;

Rossetti et al., 2002), and radiometric (Di Vincenzo et al.,

2004) and apatite fission track dating (Rossetti et al., 2003),

support the overall contemporaneous activity of the whole

fault pattern in post Eocene times (Rossetti et al., 2005).

3.1. Polymodal Gaussian distribution statistics

The normal or Gaussian distribution is by far the most

used probability distribution in statistical analysis and is

based on the reasonable assumption that the data have a

normal distribution around their mean value (Swan and

Sandilands, 1995). Applications of Gaussian distribution

statistics to structural geology include lineament swarm

analysis (Wise et al., 1985) and cleavage population

analysis (Salvini et al., 1999; Tavani et al., 2004). In this

work we limited Gaussian distribution statistics to fault

azimuth data because the PDZ in both the Lanterman and

Priestley fault systems is near vertical (Salvini et al., 1997),

and because most subsidiary faults in their damage zones

have a very steep attitude. The average dip of subsidiary

faults in the damage zones of the Lanterman Fault is in fact

77.4G14.08. In the Priestley Fault it is 74.4G14.78, and the

mean dip value obtained from merging the two datasets is

77.3G9.38 (Fig. 3a).

In our statistical analysis, all fault data collected along a

given fault system were merged into a single dataset from
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which data belonging to the four major kinematic types

(extensional, reverse, right-lateral strike-slip, and left-

lateral strike-slip) were extracted. A frequency analysis

showed that right-lateral strike-slip and reverse faults are the

dominant kinematic types in both cumulative datasets (i.e.

more than 50 fault data in each set) (Fig. 3b). Accordingly,

only the strike of right-lateral strike-slip and reverse

faults were initially analysed using azimuth-frequency
Fig. 3. (a) Cumulative, polymodal Gaussian distribution statistics of fault

dip values obtained from the merged datasets of the Lanterman and

Priestley right-lateral strike-slip fault systems. The histogram of the

original data distribution, the corresponding smoothed histogram, and the

Gaussian best-fit curves are shown. In the table, %Zpercent of data fitted

by each Gaussian curve; Nor H.Znormalised height of the Gaussian peak

with respect to the highest peak; Max H.Zmaximum height of the Gaussian

peak expressed as smoothed number of data by 108 of interval; s.d.Z
standard deviation. It is worth noting that the sum of the two % values

exceeds 100% because of the overlapping tails of the Gaussian curves. (b)

Frequency diagrams of fault kinematic types in the Lanterman Fault and

Priestley Fault. In both cases, right-lateral strike-slip and reverse faults are

by far more abundant than left-lateral strike-slip and extensional ones.
histograms. Original data histograms were smoothed to

reduce noise component of the raw data (Fig. 3a). The

smoothing procedure consists of a selected number of

moving weighted averages (e.g. Wise et al., 1985). The

smoothed value Y 0
i at each i interval was computed by

(Salvini et al., 1999):

Y 0
i Z

PiCk=2

jZiKk=2

Yj

k
(1)

where k is the width of the smoothing interval. The

smoothed histogram peaks were automatically fitted with

Gaussian curves using the approximation of the polymodal

probability function in Fraser and Suzuki (1966) and

implemented as described in Wise et al. (1985):

f ðxÞ Z
XN

iZ1

hi exp K4 ln 2
xKmi

Di

� �� �2

(2)

In this function, x is the variable (fault strike in this

study), h is the peak height, m is the mean value of x, N is the

number of distributions and Di is the curve width measured

at its half height, which relates to the standard deviation of

the i Gaussian si according to the following equation (see

also Salvini et al., 1999):

Di ysi

ffiffiffiffi
2i

p
(3)

In order to reduce the ambiguity between adjacent,

independent Gaussian curves and to limit the range of this

function within the 0–3608 interval, each Gaussian curve was

considered only in its G1.5 s interval (Wise et al., 1985).

Polymodal Gaussian fits were used to identify different

fault azimuthal sets within the two analysed kinematic

types. The fitting procedure increases the number of

Gaussian curves until the residual is below a given threshold

value (10%) of the maximum height of the curves. To have a

reproducible criterion for selecting the proper number of

Gaussian peaks in each analysis, we varied the parameter Di

by trial-and-error until the azimuthal difference between

adjacent peaks was greater than 158. This angular difference

was derived from the prediction of possible fault types and

their expected orientation along a strike-slip fault zone by

partitioning the stress field induced by the fault motion into

fault-parallel simple shear, fault-parallel compression, and

fault-parallel extension (Swanson, 1988) (Fig. 4). Gaussian

peaks in the same or different datasets may have very

similar azimuthal values thus raising the problem of fault

parallelism. We considered Gaussian peaks as azimuthally

equivalent when the difference between their azimuthal

mean values was lower than the corresponding standard

deviations.

3.2. Right-lateral strike-slip faults

Application of the angular limiting criterion described

above to the right-lateral strike-slip subsidiary faults of the
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Lanterman Fault subset shows that the proper number of

Gaussian peaks in this analysis is three (Fig. 5). Lower Di

values produce several narrow Gaussian peaks (Fig. 5a and

b). Higher Di values cause the loss of significant peaks

(Fig. 5d and e). These three Gaussian peaks strike 46.8G
9.98W, 80.5G8.78W, and 63.7G2.48W, respectively

(Fig. 5c). The same approach gave four Gaussian peaks

for the Priestley Fault subset, striking 48.4G9.28W, 87.5G
10.18W, 24.2G8.68W and 62.3G2.08W, respectively

(Fig. 6a). The comparison of the azimuthal Gaussian

peaks obtained from the two subsets shows remarkable

similarities. In particular, three azimuthally equivalent

Gaussian peaks can be identified, named 1rl (NW–SE

striking), 2rl (E–W striking) and 3rl (WNW–ESE striking),

respectively (Fig. 6b). It is worth noting that the angular

difference of sets 1rl and 3rl in the Lanterman and Priestley

fault systems is less than 28 and that the standard deviations

of the three Gaussian peaks are also very similar.
3.3. Reverse faults

Polymodal Gaussian distribution statistics of subsidi-

ary reverse faults along the Lanterman Fault revealed
Fig. 4. Cartoon showing possible deformation partitioning into fault-parallel extens

dextral fault zone affecting homogeneous material with an angle of internal fri

conjugate array of strike-slip faults X (left-lateral) and X 0 (right-lateral), bisected

features C2 (thrusts, folds, cleavage). Fault-parallel contraction produces the conju

by extensional faults/joints T3, which strike perpendicular to contractional featu

conjugate array of strike-slip faults R (right-lateral) and R 0 (left-lateral), bisected

features C1 (thrusts, folds, cleavage).
four peaks, striking 52.0G10.68W, 89.7G9.48E, 70.3G
3.78W and 35.2G2.88W, respectively (Fig. 7a). The same

statistical analysis of the Priestley Fault dataset gave five

Gaussian peaks, respectively, striking 53.6G7.78W,

22.6G5.48W, 50.0G6.98E, 19.6G10.38E, and 88.3G
11.38E (Fig. 7b). The comparison of the azimuthal

Gaussian peaks obtained from the two subsets showed

the occurrence of two azimuthally equivalent peaks,

named 1rev (NW–SE striking) and 2rev (E–W striking),

respectively (Fig. 7c). The angular difference between

Gaussian peaks 1rev and 2rev in the Lanterman and

Priestley fault systems is less than 28 and their standard

deviations are similar (2.9 and 1.98, respectively).
3.4. Summary

The comparison between the results of cumulative,

polymodal Gaussian distribution statistics of the Lanter-

man and Priestley subsidiary fault datasets indicates the

presence of five azimuthally equivalent Gaussian peak

pairs, i.e. equivalent Gaussian peaks occurring in both

fault systems that are related to the same fault kinematic

type (1rl, 2rl, 3rl, 1rev and 2rev; Fig. 8). We named
ion, fault-parallel contraction, and fault-parallel simple shear in an idealized

ction of 308 (after Swanson, 1988). Fault-parallel extension produces the

by extensional faults/joints T2, which strike perpendicular to contractional

gate array of strike-slip faults P (right-lateral) and P 0 (left-lateral), bisected

res C3 (thrusts, folds, cleavage). Fault-parallel simple shear produces the

by extensional faults/joints T1, which strike perpendicular to contractional



Fig. 5. Cumulative polymodal Gaussian distribution statistics of right-lateral strike-slip subsidiary faults collected along the segment of the Lanterman Fault

indicated in Fig. 1. (a) Maximum number of identified Gaussian peaks, obtained when Di is very small; (b)–(e) identified Gaussian peaks when Di is

progressively increased. Abbreviations in the tables are as in Fig. 3.
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these Gaussian peak pairs as consistent fault sets. Their

strike was obtained by averaging their mean azimuthal

values. On the other hand, Gaussian peaks specific to a

single dataset are named inconsistent fault sets.
The average strike of the consistent fault set 1rl coincides

with that of the trace of both the Lanterman Fault and the

Priestley Fault and, consequently, it is considered to indicate

the orientation of the PDZ for both fault systems. The angles



Fig. 6. (a) Cumulative polymodal Gaussian distribution statistics of right-

lateral strike-slip subsidiary faults collected along the segment of the

Priestley Fault indicated in Fig. 1. Abbreviations in the table of Gaussian

parameters are as in Fig. 3. (b) Comparison with results from the Lanterman

Fault when the angular difference between adjacent Gaussian peaks is

greater than 158 (Fig. 5c). Three azimuthally equivalent Gaussian peaks

(AEP) are identified. In the table, differ means the difference between the

corresponding Gaussian peak pairs in the Lanterman and Priestley data sets,

respectively, and d_s.d. means the difference between the standard

deviations of the corresponding Gaussian peak pairs. See text for further

details.
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of the other consistent fault sets (measured clockwise) to 1rl

are 174.88 for 1rev (i.e. azimuthally equivalent to 1rl),

164.68 for 3rl, 143.68 for 2rl and 136.68 for 2rev,

respectively (Fig. 8).
4. Discussion

4.1. Consistent kinematic architecture

The remarkable similarity between the subsidiary fault

patterns in the damage zones of the Lanterman and Priestley
fault systems may seem somewhat surprising. Although the

two right-lateral strike-slip fault systems are more than

200 km apart (Fig. 1), five Gaussian peaks out of seven in

the Lanterman Fault and five out of nine in the Priestley

Fault cumulative datasets have almost coincident azimuthal

values. The fault pattern obtained from cumulative statistics

is compatible with that expected for NW–SE striking right-

lateral strike-slip shear zones (Sylvester, 1988) (Fig. 9), i.e.

the Lanterman and Priestley fault systems. This indicates

that such a distribution of fault orientations and kinematics

is not a mere statistical artefact. We define this pattern of

consistent fault sets as a consistent kinematic architecture

and interpret it as representative of the state of stress

produced by the long-lasting dextral shear affecting the

northeastern edge of the Antarctic plate during the Cenozoic

(Salvini et al., 1997; Rossetti et al., 2005). Conversely, the

attitude and kinematics of inconsistent fault sets are

interpreted to be related to local genetic conditions.

Within the consistent kinematic architecture, reverse

faults belonging to set 1rev and paralleling the principal

displacement zone are interpreted as related to positive

flower structures (Fig. 9) produced by the motion between

adjacent fault blocks (Harding, 1985; Sylvester, 1988).

Consequently, they are not diagnostic of the sense of shear

in the PDZ. The occurrence of positive flower structures

parallel to the PDZ was described along both the Lanterman

(Rossetti et al., 2002) and the Priestley fault systems (Storti

et al., 2001). On the other hand, isolated 1rev reverse faults,

possibly indicative of contraction perpendicular to the PDZ,

were not recognised by the same authors. Reverse faults

belonging to set 2rev are interpreted to be produced by the

principal compressional axis induced by fault-parallel

simple shear during fault motion (e.g. Mandl, 2000)

(Fig. 9). Right-lateral strike-slip faults belonging to set 2rl

are interpreted as Andersonian fault sets produced by fault-

parallel compression during fault motion (Swanson, 1988;

Krantz, 1995) (Figs. 4 and 9). Despite the low statistical

validity due to the small number of data, the presence of

consistent extensional and left-lateral strike-slip fault sets

oriented 46.88W and 7.18W, respectively (Fig. 10), provides

further support for the occurrence of fault parallel

compression. The presence of a NE–SW striking inconsist-

ent set of reverse faults in the Priestley Fault also supports

this inference.

Genetic relationships of the fault set 3rl with the PDZ are

not univocal. We interpreted this as a Coulomb-type feature

induced by simple shearing during the motion of the fault

set 2rl (Fig. 9). The 7.18W consistent set of left-lateral

strike-slip faults can also be associated with 3rl to form a

conjugate Andersonian array. It is also possible that

development of 3rl was induced by stress increase in the

overlapping regions of neighbouring 2rl faults. The

consequent local re-orientation of the principal compres-

sional axis may have caused its closer alignment with the

direction of 2rl, thus having induced synthetic faulting at a

smaller angle to the principal displacement zone (Mandl,



Fig. 7. Cumulative polymodal Gaussian distribution statistics of reverse subsidiary faults collected along the segments of the Lanterman (a) and Priestley fault

systems (b) indicated in Fig. 1. Abbreviations in the tables are as in Fig. 3. Comparison of results indicates the occurrence of two azimuthally equivalent

Gaussian peaks (c). Abbreviations in the table are as in Fig. 6. See text for further details.
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2000). This interpretation holds for immature fault zone

architecture, consisting of overstepping synthetic shears

separated by unfractured rock bridges (Mandl, 2000).

However, if synthetic faulting is assumed to be triggered

by shearing along the PDZ (Martel, 1990), local re-

orientation of the principal compressional axis may not be

significant within the fault zone due to the mechanical

weakness of the PDZ itself. Finally, the fault set 3rl may

have originally developed as 2rl and then passively rotated

to eventually attain its current azimuth. The virtual

coincidence of azimuthally equivalent Gaussian peaks in

the consistent kinematic architecture of the Lanterman and

Priestley fault systems does not support this solution.
4.2. Inferences on paleostress conditions

The orientation of the principal compressional axis s1

along the Lanterman and Priestley intraplate right-lateral

strike-slip fault systems can be assumed to be mostly

dictated by their motion and, consequently, to be

perpendicular to the reverse fault set 2rev (Fig. 9).

Accordingly, the strike of s1 is predicted to be 18E, making

an angle of 48.68 with the PDZ. Considering the angular
difference between the two corresponding mean values of

2rev in the Lanterman and Priestley fault systems,

respectively, (Fig. 7c), the statistic uncertainty in the

orientation of s1 is G1.48. Verifying the possible

occurrence of extensional faults striking parallel to s1 can

help check this result. Indeed, cumulative statistics of

extensional fault data, despite the low data number,

indicates the presence of a fault set striking 0.38W in the

Lanterman Fault dataset (Fig. 10a). Using this azimuthal

value as indicative of the s1 strike provides an angle to the

PDZ that differs by 1.38 from the value obtained using

the fault set 2rev. Such an angular difference is lower than

the error associated with the result from the consistent

kinematic architecture, thus providing further support to the

inferred average orientation of s1.
4.3. Speculations on fault evolution

The azimuthal values of the fault sets in the consistent

kinematic architecture of Fig. 9 are similar to those

predicted by the simple shear ‘Riedel model’ (Logan

et al., 1979; Hancock, 1985; Sylvester, 1988). Such a

good fit would apparently support the interpretation that the



Fig. 8. Main angular parameters of the five azimuthally equivalent Gaussian

peaks derived from cumulative polymodal Gaussian distribution statistics

of subsidiary fault data along the Lanterman and Priestley fault systems.

Angles to 1rl are measured clockwise. The angular difference between the

strike of corresponding peaks is systematically lower than the lower

standard deviation value in each Gaussian peak pair.
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consistent kinematic architecture was produced by a

‘Riedel-type’ simple shear framework. Nevertheless, a

good match of azimuthal values does not necessarily

imply coinciding evolutionary pathways.

Angular and kinematic relationships among fault sets in a

typical ‘Riedel shear zone’ can be explained by the Mohr–

Coulomb–Byerlee failure criterion (Tchalenko, 1968;

Logan et al., 1979; Sylvester, 1988; Mandl, 2000) by

assuming the concomitant contribution of fully partitioned

fault-parallel simple shear and fault-parallel compression

(Swanson, 1988; Fig. 4). Changing the physical parameters

of the faulted rock and/or the boundary stress conditions

causes variations of the angular relationships between

subsidiary fault sets and the PDZ (Moore et al., 1989;

Dresen, 1991; Byerlee, 1992; Moore and Byerlee, 1992;

Martel, 1997; Mandl, 2000). Such a dynamic approach does

not a priori imply a specific temporal sequence for the

development of the different fault sets. The classical

sequence of fracturing in a ‘Riedel shear zone’, from

R–R 0-shears to P-shears, up to Y-shears, is mainly an

outgrowth of analogue experiments (Cloos, 1928; Riedel,

1929; Logan et al., 1979; Naylor et al., 1986; Richard, 1991;

Schmocker et al., 2003). A common feature in most

analogue experiments of strike-slip faulting is that a pre-

existing ‘basement fault’ induces deformation in the

overburden. Thus, a boundary condition in the model set-

up results in all structures developed during the experiment

to form as secondary features with respect to the geometry

of the pre-existing ‘basement fault’ (An and Sammis, 1996).

Changing the experimental boundary conditions to dis-

tributed strike-slip shear produces different fault geometries
and fracturing sequences (An and Sammis, 1996; An, 1998;

Schreurs, 2003).

In the study area, the presence of an inherited NW–SE

striking foliation in the basement rocks provided a

mechanical anisotropy during Cenozoic strike-slip shearing.

This makes a fundamental difference with respect to the

‘Riedel-type’ boundary conditions. A re-activation scen-

ario, where the PDZ was among the first structures to form

(e.g. Martel, 1990; Crider and Peacock, 2004), is more

likely for the development of the consistent kinematic

architecture. Two pieces of evidence support this inference:

(1) the main metamorphic foliation is systematically re-

activated by right-lateral strike-slip faults belonging to

the consistent right-lateral strike-slip fault set paralleling the

PDZ (Storti et al., 2001; Rossetti et al., 2002); (2) the

persistence of subsidiary fault sets in the two fault systems

(consistent kinematic architecture) rules out the occurrence

of significant block rotations about vertical axes along the

Lanterman and Priestley fault systems, which would be

expected in ‘Riedel shear fabrics’ with increasing displace-

ment (Freund, 1974; Nur et al., 1986; Swanson, 1988;

Arboleya and Engelder, 1995; Peacock et al., 1998; Davis et

al., 1999). In the case of the Lanterman and Priestley

intraplate strike-slip fault systems, antecedence of the PDZ

on the subsidiary fault sets may have occurred at different

scales (e.g. compound strike-slip faults of Martel (1990)),

eventually producing the entire fault pattern in the damage

zones by a hierarchical process (Flodin and Aydin, 2004).

These considerations allow us to infer that the

mechanical anisotropy imparted by the principal foliation

in the regions where isolated metamorphic rock remnants

were preserved, was able to dictate the orientation of the

PDZ in both the Lanterman and Priestley strike-slip fault

systems. On the other hand, the orientation of the subsidiary

fault sets not paralleling the PDZ was mainly influenced by

the mechanical properties of the granitic rocks constituting

the bulk of the crystalline basement.
5. Conclusions

Results from cumulative, polymodal Gaussian distribution

statistics of subsidiary right-lateral strike-slip and reverse fault

data collected along the Lanterman and Priestley intraplate

right-lateral strike-slip fault systems in North Victoria Land,

Antarctica, can be summarised as follows:

(1) Five Gaussian peaks out of seven in the Lanterman Fault

and of nine in the Priestley Fault occur in both fault

systems and their azimuths differ by less than the

corresponding standard deviations. This means that,

although the Lanterman and Priestley fault systems are

more than 200 km apart, five subsidiary fault sets in the

damage zones of both fault systems have very similar to

virtually coincident orientations. We name these sets

consistent fault sets.



Fig. 9. Consistent kinematic architecture inferred from the strike and kinematics of the consistent fault sets. The proposed genetic mechanisms of the different

fault sets are illustrated as well. Broken symbols refer to fault sets obtained from cumulative polymodal Gaussian distribution statistics of extensional and left-

lateral strike-slip faults and to an inconsistent set of reverse faults in the Priestley Fault. See text for details.
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(2) The orientation and kinematics of the consistent

fault sets fit well into the right-lateral strike-slip

motion of their parent right-lateral strike-slip fault

systems. This means that, despite a basic parameter

like the position of subsidiary faults along complex

fault systems being neglected in cumulative stat-

istics, the proposed approach produced a geometric

and kinematic architecture that properly constrains

the overall kinematic and stress fields of such

continentally-sized shear zones. This is because the

cumulative Gaussian distribution statistics applied to

large data sets allowed the removal of the geometric

variability of the PDZ, and of possible variations of

the state of stress along it.

(3) The assembly of consistent fault sets is named

consistent kinematic architecture and is interpreted

to be mainly dictated by the state of stress in the

region undergoing strike-slip tectonics rather than

simply deriving from local stress conditions along
specific strike-slip fault strands. Accordingly, the

consistent kinematic architecture can be used to

infer the orientation of the total (regional plus

kinematically-induced) stress field in adjacent litho-

spheric blocks undergoing right-lateral strike-slip shear.

(4) The presence of subsidiary fault sets with virtually

identical orientations in the damage zones of both

the Lanterman and Priestley fault systems rules out

the occurrence of significant block rotations about

vertical axes despite the occurrence of several

kilometres of displacement along both fault systems.

This feature, together with the evidence for re-

activation of the pre-existing regional metamorphic

foliation, favours an early formation of the PDZ by

re-activating pre-existing mechanical discontinuities.

The stress field induced by the motion along the PDZ

triggered in turn subsidiary faulting at an angle to them,

according to the Mohr – Coulomb – Byerlee failure

criterion.



Fig. 10. Cumulative polymodal Gaussian distribution statistics of extensional (a, b) and left-lateral strike-slip (d, e) faults collected along the segments of the

Lanterman and Priestley fault systems indicated in Fig. 1. Three azimuthally equivalent Gaussian peaks are identified (c, f, g, h). Their statistical validity is

lower than that of consistent fault sets obtained from right-lateral strike-slip and reverse faults due to the much smaller datasets. Abbreviations in the tables are

as in Figs. 3 and 6.
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Roland, N.W., Läufer, A.L., Rossetti, F., 2004. Revision of the terrane model

of North Victoria Land (Antarctica). Terra Antarctica 11, 55–65.

Rossetti, F., Storti, F., Salvini, F., 2000. Cenozoic noncoaxial transtension

along the western shoulder of the Ross Sea, Antartica, and the

emplacement of McMurdo dyke arrays. Terra Nova 12, 60–66.
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