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ABSTRACT

Cordilleran metamorphic core complexes exhibit Tertiary extensional deformation,
expressed either as detachment faults or detachment faults plus ductile mylonitic shear zones.
Extension directions, as indicated by stretching lineations within mylonite and striations
along detachment faults, fall into regional groups in which the directions are similar in trend
throughout each group. Asymmetric fabrics on both small and large scale give a sense of
shear and indicate that tectonic vergence within groups is directed outward from a central
axis. The regional consistency of extension directions implies a regional control of extension

in metamorphic core complexes.

INTRODUCTION

Metamorphic core complexes are major tec-
tonic features of the North American Cordillera
(Crittenden et al., 1980) and have counterparts
in orogenic systems in other parts of the world
(Lister et al.,1984; Sturchio et al., 1983; Ollier
and Pain, 1980). Core complexes are character-
ized by a central window or lower plate of
high-grade metamorphic and igneous rocks,
separated by a detachment fault from an upper
plate of less metamorphosed, but highly de-
formed, crystalline rocks as old as Precambrian
and overlying sedimentary and volcanic units
as young as Miocene (Coney, 1980). It is be-
coming increasingly apparent that within a core
complex the ductile (mylonitic) and brittle
(breccia) deformations of the detachment sys-
tem are genetically related to the same Tertiary
extensional event (Davis et al., 1986; Reynolds,
1985; Davis, 1983). Structural styles in differ-
ent core complexes are similar, and lineated
mylonites and striated detachment surfaces lend
themselves to structural analysis. This paper
shows that regional extension directions in core
complexes of the North American Cordillera,
based on direction of movement of the upper
plate and on stretching lineations in the core
rocks, are consistent and may reflect regional
tectonic controls.

METHOD

The extension direction for individual core
complexes was obtained from field study or
from publisked maps and articles (see sources
listed in Fig. 1 caption). Directions are based
on mineral lineations in mylonites of the lower
plate rocks, or striations along detachment
faults, Shear-sense determination (“top to”
direction) used one or more of three criteria:
(1) asymmetric mylonitic fabrics (e.g., Simpson
and Schmid, 1983); (2) published cross sections
and maps showing listric and low-angle normal
faults that have a dominant vergence (see refer-
ences listed in Fig. 1 caption); in general, these
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reflect vergence of the underlying shear zone
(Coney, 1980; Davis, 1983); and (3) assump-
tion that mylonitization is best developed on
the side of the core complex toward which the
upper plate moved; this follows from the inter-
pretation that the mylonites reflect deeper levels
of the shear zone (Davis, 1983). Shear-sense
indicators were consistent for complexes in
which more than one criterion was applied. It
should be emphasized, however, that vergence
directions are not necessarily noted by the ref-
erenced authors, but are my interpretations
based on their data.

DISCUSSION

Extension directions for core complexes fall
into distinct regional groups (Fig. 1). The ex-
tension direction for the southern group is
northeast-southwest, for the central group it is
northwest-southeast, and for the northern group
it is mostly east-west. Vergence directions are
also consistent within a given area. Upper
plates in core complexes tended to move out-
ward from an inferred tectonic axis that is ap-
proximately parallel to the sinuous trend of the
Mesozoic fold and thrust belt. In general, the
same rule holds true for non—core complex de-
tachment systems, though there are exceptions
(Fig. 1).

Extension directions in the northern group of
core complexes are mostly east-west to north-
east-southwest, although the directions are
more variable, possibly reflecting later tecton-
ism. Fox and Beck (1985), using paleomag-
netic data, suggested that northeastern
Washington, northern Idako, northwestern
Montana, and southem British Columbia have
undergone a 25° clockwise rotation since the
Eocene. They interpreted the rotation as occur-
ring after mid-Tertiary extension. Internal de-
formation within their “Sanpoil Block” could
have created differential rotations of the struc-
tural domes, thus giving rise to the variations
seen in present-day extension orientations.

The regional correlation of extension direc-
tions in core complexes is not related to age of
extension in any simple way. The extensional
deformation in Idaho core complexes north of
the Snake River Plain (Pioneer and Bitterroot
complexes) is Eocene in age, whereas to the
south of the Snake River Plain (Albion-Grouse
Creek-Raft River, Ruby-East Humboldt, and
Snake Range complexes), the deformation is
Oligocene and Miocene (Armstrong, 1982).
Yet similar extension directions are seen for
both regions.

The consistent correlation in both direction
and vergence of extension of core complexes
suggests a fundamental control that is regional
in scale. The direction and vergence of exten-
sion could be related to (1) the trend of a belt
of overthickened crust caused primarily by
thrusting but also possibly by intrusion, (2)
orientation of existing minor or major thrust
ramps that were reactivated as normal faults,
and (3) stresses produced at the North Ameri-
can plate margin by plate interactions. Exten-
sion directions that are perpendicular to the
general trend of the frontal part of the Cordil-
leran fold and thrust belt indicate that the pres-
ence of overthickened crust may have dictated
the direction of extension in Tertiary time.
Overthickened crust may have been present
over a broad region, or as a crustal “welt,” as
postulated by Coney and Harms (1984). Dom-
inant vergence of extension in core complexes
may also have been controlled by the location
and trend of this zone or axis of thickened
crust. This may be true only for extensional sys-
tems that have large amounts of offset, reflect-
ing regional variations in crustal thickness; de-
tachment systems that have less displacement
do not show this relationship. This behavior
may be analogous to that of any structural sys-
tem in which dominant large-scale faults are
those having a particular orientation and ver-
gence—e.g., thrust belts.

Wennicke et al. (1985) have shown that the
locations of low-angle normal faults, such as
detachments, are not necessarily controlled by
the presence of preexisting thrust faults; this
suggests that the thrust faults may not have
been a controlling factor for the geometry of
extension in core complexes. Plate boundary
conditions may very well have allowed exten-
sion to take place, but England et al. (1985)
concluded that boundary conditions alone can-
not account for extension in the Cordillera.
Boundary conditions may have had no influ-
ence at all on vergence.
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CONCLUSIONS

North American Cordilleran core complexes
exhibit Tertiary extensional deformation, ex-
pressed either as brittle detachment faults or as
brittle detachment faults plus ductile mylonitic
shear zones. The direction and vergence of ex-
tension are correlative within regional groups of
core complexes. In the southern Cordillera, ex-
tension is northeast-southwest, in the central
Cordillera it is northwest-southeast, and in the
northern Cordillera it is mostly east-west. Ex-
tension in all regions has a decided vergence
outward from a central axis; extension in com-
plexes to the east of the axis shows easterly
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vergence, and extension in those to the west of
the axis shows westerly vergence. Extension in
core complexes may have been controlled by
an inherited structural framework upon which
Tertiary extensional deformation acted consist-
ently within each region and independently of
the age of extension. The framework may have
been the presence and orientation of overthick-
ened crust within the thrust belt."Extension was
directed perpendicular to the trend of the belt,
the largest amount of extension being taken up
by those systems that had a regionally consist-
ent orientation and vergence. The observed re-
gional consistency of the direction and vergence

Figure 1. Map of western North America
showing major tectonic elements, trend and
vergence of extension directions of core
complexes, and major detachment systems.
Base map modified from Coney (1980). Direc-
tions of extenston and sources for data are as
follows. Core complexes: MZ = Magdalena,
Madera, Mazatan (southwest; Anderson et al.,
1980); SC = Picacho, Tortolita, Santa
Catalina-Rincon (S60°W); Pl = Pinaleno
(N40°E); J = Jackson Mountain (N30°E); PV =
Pozo Verde (N30°E); C = Coyote, Alvarez
(north); $B = Sierra Blanco, Comobabi, Kupk
Hilis (§10°E) (Davls, 1880; Rehrig and
Reynolds, 1980; Gardulskl, 1980); WH = White
Tank Mountains, Harquahalas, Harcuvars
(N60°E); B = Buckskin, Rawhide, Whipple
(NGO°E) (Davis et al., 1980; Rehrig and
Reynolds, 1880; Reynolds and Spencer,
1985; Spencer and Reynolds, in prep.); SM =
South Mountain (N60°E; Reynolds, 1985); DV
= Death Valley turtlebacks (northwest; Hunt
and Mabey, 1866); BH = Bullfrog Hills (north-
west); TH = Trappman Hills (east) (Cornwall,
1972; McKee, 1983); MR = Mineral Ridge
(west; Albers and Stewart, 1972; McKee,
1983); SR = Snake Range (SS55°E; Miller et al.,
1983; Bartley and Wernicke, 1984); RH =
Ruby Mountains-East Humboldt Range
(west-northwest; Snoke and Lush, 1984); AL
= Albion-Raft River-Grouse Creek (N65°W;
Saltzer and Hodges, 1986); PM = Picneer
Mountains (N65°W; Wust, 1986); BL = Bitter-
root lobe (S74°E; Hyndman, 1980); SP =
Spokane dome (N60°-90°E; Rhodes, 1983);
PR = Priest River (N70°-80°E; Rehrig and
Reynolds, 1982); K = Keftle Dome (east;
Cheney, 1980); OK = Okanogan (N50°-65°W;
Goodge, 1983; Hansen, 1883); MN =
Monashee (east-northeast; Brown, 1981;
east-southeast; Brown and Murphy, 19882).
Non-core complex detachment systems: MH
= Mohawk Mountains/Copper Mountains
(northeast; Mueller and Frost, 1982; Pridmore
and Craig, 1982). MW = Midway Mountains
(N70°E; Berg et al., 1982); HM = Homer Moun-
tain area (east-northeast, N60°E; Spencer,
1985); CM = central Mojave (N50°E-S50°W;
Dokka and Glazner, 1982); SH = Sheep
Range (N80°W; Guth, 1981); MM = Mormon
Mountains (west-southwest; Wernicke et al.,
1985); GR = Grant Range (west; Moores et al.,
1968); SD = Sevier Desert detachment
(northwest; Alimendinger et al., 1983); DC =
Deep Creek Range (S55°E; Nelson, 1866).
Numbered classification of extension arrows
refers to numbered criteria used to determine
vergence of extension (see text): #1 = criterion
1; #2 = criteria 1+2; #3 = criteria 1+2+3.

of extension provides an important additional
constraint for evaluating models proposed for
the development of core complexes.
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