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ABSTRACT

The Kern Canyon fault is a major north-trending fault that is continuous for a distance of
140 km in the southern Sierra Nevada, California. Previous geologic mapping and geochrono-
logical work along the northern third of the fault indicate that dexiral offset occurred sometime
after 80 Ma and before 3.5 Ma; this offset was interpreted to be the result of Cenozoic
basin-and-range extension. Our new results from the central third of the fault (Kernville-Lake
Isabella region) indicate an earlier right-lateral movement history, contemporaneous with
emplacement of the largest plutons in the Sierra Nevada. The older structure is termed the
proto-Kern Canyon fault zone. The Cenozoic fault trace is a narrow zone of brittle deforma-
tion, whereas the Cretaceous fault zone is a broad zone of ductile deformation. U-Pb zircon
geochronology on plutonic and metavolcanic rocks involved in the ductile deformation, as well
as a pluton that postdates ductile deformation, demonstrate that the proto-Kern Canyon fault
zone was active at 85 Ma, and may have begun to move as early as 105 Ma. Longitudinal
strike-slip faults are common in modern magmatic arcs where convergence is oblique. The
proto-Kern Canyon fault zone may have originated in response to 2 moderate northward
component in subduction of the Farallon plate or perhaps a strong northward component for

the Kula plate.

INTRODUCTION

Oblique convergence along a subduction
margin commonly results in localization of
strike-slip deformation in thermally weakened
crust of the magmatic arc. Longitudinal strike-
slip faults have been reported from many mod-
ern magmatic arcs (Allen, 1965; Fitch, 1972;
Kaizuka, 1975; Jarrard, 1986). An outstanding
example occurs in Sumatra, where oblique con-
vergence is apparently resolved into two com-
ponents: an arc-normal component, expressed
by deformation of the accretionary prism, and
an arc-parallel component, expressed by strike-
slip displacements along the intra-arc Semangko
fault zone (Fitch, 1972; Hayes and Taylor,
1978; Moore and Karig, 1980). Very few longi-
tudinal strike-slip faults have been recognized in
ancient magmatic arcs, however, probably be-
cause the faults may be obscured by younger
intrusive or extrusive events. Additionally, it
may be difficult to demonstrate that a fault was
active during arc magmatism, particularly if it
has been reactivated at a later time.

The Kern Canyon fault (Fig. 1, inset) is a
major north-trending right-lateral strike-slip
fault 140 km long interpreted to form part of a
Cenozoic fault system related to basin-and-range
extension (Moore and du Bray, 1978). Field ob-
servations along the north and central segments
of the fault indicate that it is a narrow zone of
brittle deformation less than 100 m wide
(Moore and du Bray, 1978; this study). Our new
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mapping and U-Pb zircon geochronology along
the central third of the fault indicate an earlier,
mid(?)- to Late Cretaceous dextral movement
history, contemporaneous with pluton em-
placement, along a broad zone of ductile defor-
mation 0.5-3 km wide, referred to here as the
proto-Kern Canyon fault zone.

We show here how stratigraphic, structural,
petrological, and geochronological data can be
integrated to document the movement history of
an ancient intra-arc strike-slip fault, and we re-
late the proto-Kern Canyon fault zone to Farral-
lon-North America and Kula-North America
plate interactions in Cretaceous time.

KERN CANYON FAULT

The Kern Canyon fault is expressed as a
major topographic feature, controlling much of
the course of the only north-south—trending river
valley in the Sierra Nevada, thus bisecting the
southern part of the range into two prominent
crests: the Great Western Divide and the Eastern
Crest. The Kern Canyon fault was first recog-
nized by Lawson (1904). Webb (1946) demon-
strated that the fault is inactive because it is
overlain by unfaulted Tertiary basalt, later dated
by Dalrymple (1963) as 3.5 Ma. The northern
end of the Kern Canyon fault dies out by
branching into several faults across a zone at
least 6 km wide (Moore and du Bray, 1978).
Mapped offsets in Mesozoic plutonic rocks
along the northern third of the fault suggest a

progressive southward increase in right-lateral
slip from about 6.5 to 13 km of displacement.
Reliable slip indicators along the central third of
the fault, mapped in this study (Fig. 1) or south
of our map area, have not been recognized.

We divide the central segment of the Kern
Canyon fault into a north-northwest-south-
southeast-trending north branch and a north-
east-southwest-trending south branch (Fig. 1).
The south branch is similar to the segment of the
fault north of our mapped area, described by
Moore and du Bray (1978), in two important
ways: (1) it is largely within granitic rocks, and
(2) deformation is restricted to a narrow zone
that is entirely brittle in character (ie., a crush
zone). The north branch of the fault in our map
area, in contrast, separates metamorphic roof-
pendant rocks from granitic rocks, and ductile
deformation features occur along a broad zone
in both rock types. These ductile deformation
features are crosscut by the youngest granites
and are overprinted by a narrow crush zone
along the north branch of the fault. The belt of
ductilely deformed rocks, referred to as the
proto-Kern Canyon fault zone, trends north-
northwest-south-southeast along its length and
thus diverges from the south branch of the Kern
Canyon fault (Fig. 1).

PROTO-KERN CANYON
FAULT ZONE

The proto-Kern Canyon fault zone is a
north-northwest—trending, steeply dipping mylo-
nite-phyllonite belt that has dextral shear indica-
tors that involve three major rock types (Fig. 1):
(1) greenschist to sillimanite grade metasedi-
mentary rocks of early Mesozoic protolith age,
referred to as the Kings sequence (Saleeby et al.,
1978; Saleeby and Busby-Spera, 1986); (2)
metavolcanic and subvolcanic rocks, and lesser
interstratified metasedimentary rocks, that yield
mid-Cretaceous U-Pb zircon ages (Busby-Spera,
1983; Saleeby, unpub. data); and (3) pre-83 Ma,
Upper Cretaceous granitic rocks. Stratigraphic,
structural, and geochronological data from these
rocks, both within and outside the proto-Kern
Canyon fault zone, provide constraints on the
nature and timing of intra-arc strike-slip move-
ments in the southern Sierra Nevada.
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Figure 1. Inset shows major Cenozoic faults in central California and location of map area (boxed); random-dash pattern indicates outcrops of
Sierra Nevada batholith and its wall rocks. Map shows proto-Kern Canyon fault zone and central segment of Kern Canyon fault. Kern Canyon fault
is coincident with proto-Kern Canyon fauit zone north of Kernville and diverges toward west south of Kernville. Box indicates location of Figure 2.

Kings Sequence

Quartzose metasedimentary rocks, marbles,
and metapelites of the Kings sequence are di-
vided into two lithologic belts on the basis of
metamorphic grade (Fig. 1). Greenschist to low
amphibolite grade metamorphic rocks west of
the proto-Kern Canyon fault zone retain sedi-
mentary protolith features and primary strati-
graphic relations. Bedding in these rocks strikes
east-west to northwest-southeast and dips mod-
erately to the south-southwest, subparallel to a
cleavage inferred to record the oldest (Dy) de-
formational event in the region (Fig. 2). East of
the proto-Kern Canyon fault zone, in contrast
(Fig. 1), the Kings sequence is metamorphosed
to high amphibolite facies with local migmatiza-
tion (Saleeby and Busby-Spera, 1986). Protolith
textures and structures are largely obliterated; it
is ironic that the only fossil locality in the map
area is in these rocks and is of Early Jurassic age
(Saleeby et al., 1978). The high-grade metamor-
phism was accompanied by transposition of
preexisting structures and fabrics into north-
northwest—trending, steeply dipping structures
and fabrics (D, of Saleeby and Busby-Spera,
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1986). The metamorphism and deformation oc-
curred during emplacement of mid-Cretaceous
plutons, through mechanisms discussed by Sa-
leeby (1989), at a pressure of 3 +0.5 kbar (geo-
barometric data on metamorphic mineral assem-
blages from Elan, 1985).

High-grade metamorphic rocks were juxta-
posed against medium-grade rocks of the same
protolith across the proto—Kern Canyon fault
zone (Fig. 1), and the high-grade metamorphic
rocks underwent retrograde metamorphism with-
in the fault zone (Busby-Spera, 1983; Saleeby
and Busby-Spera, 1986). Dy and D, structures
in the Kings sequence were overprinted by a
north-northwest-striking, steeply dipping phyl-
lonitic cleavage (D3), which is in places folded
along steeply plunging dextral-sense kink folds.
The D5 phyllonitic cleavage of the proto-Kern
Canyon fault zone is the only deformational
event recorded in mid-Cretaceous metavolcanic
rocks, discussed below.

Mid-Cretaceous Igneous Rocks
Igneous rocks with U-Pb zircon ages of
105-98 Ma (plotted in Fig. 1) include plutonic

rocks east of the proto-Kern Canyon fault zone,
and volcanic rocks west of and within the fault
zone. Thus, the structural relief across the fault
zone, constrained by the geobarometric data dis-
cussed above, is about 8-10 km.

Mid-Cretaceous plutonic rocks include the
Isabella granodiorite and the Kernville mafic in-
trusion (Fig. 1). Field relations indicate that the
Isabella granodiorite intruded the Kernville
mafic intrusion, although their U-Pb zircon ages
are indistinguishable (Fig. 1).

Mid-Cretaceous volcanic rocks dated by the
U-Pb zircon method include a dacitic volcanic
neck west of the proto~Kern Canyon fault zone
(Fig. 2), an ash-flow tuff deformed within the
proto-Kern Canyon fault zone at Piute Lookout
(Fig. 1), and a section of epiclastic and pyroclas-
tic rocks and penecontemporaneous hypabyssal
intrusions west of and along the fault zone in
Erskine Canyon (Fig. 1). Undated volcanic
rocks in pendants at a few other localities are
included in the mid-Cretaceous volcanic map
unit (Fig. 1).

The mid-Cretaceous section in Erskine Can-
yon unconformably overlies previously de-
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Figure 2. Proto~Kern Canyon fault zone is defined by phyllonitic to mylonitic textures in metased-
imentary pendant rocks, and mylonitic textures in granitic rocks as young as 85 +1 Ma. Kern

Canyon fault is narrow crush zone.

formed (D) metasedimentary rocks of the Kings
sequence. A nondeformed, moderately east-
dipping, homoclinal section of quartzite-clast
metasedimentary breccia and interstratified
metacalcareous mudstone lies at the base of the
mid-Cretaceous section. The metasedimentary
breccia has angular to subangular quartzite clasts
and a (D7) cleavage internal to the clasts, as
well as lesser vein quartz clasts, both derived
from the Kings sequence. The coarseness and
angularity of the clasts and the restricted clast
types suggest accumulation near the base of a
fault scarp. The clasts are commonly supported
in a grit-mudstone matrix and show no preferred
orientation, stratification, or grading, thus sug-
gesting deposition from debris flows. Some
breccias, however, are normally graded and
stratified, which suggests deposition from turbi-
dites in a lacustrine or marine basin.
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The quartzite-clast breccias are overlain by
intermediate lithic lapitli tuffs and silicic ignim-
brite sheets several hundred metres thick, dated
as 102 Ma. The ignimbrites become progres-
sively more cleaved and flattened upsection as
the proto-Kern Canyon fault zone is ap-
proached to the northeast (Fig. 1), until they
form mylonites with ribbon quartz along the
fault zone (Dj event).

The quartzite-clast breccias and interstratified
metacalcareous mudstones form the host rocks
for well-developed peperites along the margins
of rhyolitic intrusions dated at 105 Ma. Peperites
are formed by mixing of magma and wet sedi-
ment and are useful for demonstrating contem-
poraneity of volcanism and sedimentation
(Kokelaar, 1982).

The mid-Cretaceous sequence in Erskine
Canyon, in summary, consists of fault-talus

breccias and interstratified turbidites, ponded ig-
nimbrites, and penecontemporaneous hypabys-
sal intrusions. This sequence may represent the
fill of a volcano-tectonic depression that formed
along the proto-Kern Canyon fault zone during
its early movement history.

Mylonitic Granites

Ductilely deformed granites, which occur as
discontinuous remnants intruded by nonde-
formed granites, have been recognized along the
north branch of the Kern Canyon fault and
south of Kernville, where the proto-Kern Can-
yon fault zone diverges from the Kern Canyon
fault (Fig. 1). The mylonitic granite body south
of Kernville intruded the mid-Cretaceous Kern-
ville mafic intrusion along its southwest margin,
but its contact relations with the undifferentiated
Upper Cretaceous granitoids (Fig. 1) are not
very well exposed. Structures within the larger
mylonitic granite body along the north branch
of the Kern Canyon fault, and its contact rela-
tions with a nonmylonitized granite, are very
well exposed and indicate that dextral slip oc-
curred during emplacement of the Late Creta-
ceous batholith.

Relations between mylonitized and nonmy-
lonitized granites and the Kern Canyon fault are
well displayed at the north end of the granite
mylonite body (Fig. 2). Here, a nonmylonitized
potassium feldspar-megacrystic granite cross-
cuts deformational fabrics of the mylonitized
granite at high angles, in very sharp contact.
Small screens of the granite mylonite are en-
gulfed in the nonmylonitized granite, and dikes
emanating from the nonmylonitized granite in-
trude the granite mylonite along planes of schis-
tosity. The nonmylonitized granite completely
cuts out the granite mylonite at its northernmost
end and becomes involved in a 10-m-wide crush
zone, probably produced by Cenozoic move-
ments along the Kern Canyon fault.

Kinematic indicators in the granite mylonite
are abundant and consistently indicate dextral
shear. Relations between S and C fabrics
(“schistosite” or foliation and “cisaillement” or
shear; Berthe et al., 1979) show only dextral
shear. Both surfaces dip vertically or very steeply
to the east, and the S surfaces strike 14°-30°
more westerly than C surfaces, which strike ap-
proximately north-south. The S surfaces are
quartz and feldspar ribbon aggregates, and the C
surfaces are thin layers of reduced grain size.
Feldspar grains up to 2 cm in length are broken
and displaced within the more ductile matrix,
indicating dextral shear (similar to Fig. 9 of
Simpson and Schmid, 1983), and dikes intruded
at high angles to the S-C fabric are also broken
and displaced in a dextral sense. At other locali-
ties, dikes are asymmetrically folded in a dextral
sense. Asymmetrical feldspar augen with fine-
grained “tails” are common in thin section. Bio-
tite mica “fish” with the (001) cleavage tilted
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back against the sense of shear (terminology of
Lister and Snoke, 1984) are dextral in sense.
Finally, penetrative biotite mineral lineations
plunge less than 20° to the north along the
cleavage plane, which suggests subhorizontal
slip and a minor component of uplift on the east
side relative to the west side of the proto-Kern
Canyon fault zone.

The granite mylonite body shows a progres-
sive increase in intensity of deformation with
proximity to the Kern Canyon fault, suggesting
that the Cenozoic fault trace coincides with the
locus of maximum slip along the proto-Kern
Canyon fault zone in this area. This increase in
the intensity of deformation is expressed by a
decrease in grain size of porphyroclasts, accom-
panied by increased recrystallization of quartz
and feldspar into ribboned aggregates. The spac-
ing of C surfaces becomes closer and the angle
between C and S surfaces becomes lower with
proximity to the Kern Canyon fault. Magmatic
biotite books do not survive within 200 m of the
Kern Canyon fault, due largely to comminution
along C surfaces.

With distance from the Kern Canyon fault,
strain in the granite mylonite body becomes
more heterogeneous. Severe grain-size reduction
and subparallel S-C fabrics are restricted to thin
shear zones, millimetres thick, that are spaced
centimetres to decimetres apart. Between these
thin shear zones, the C surfaces are at a 15°-25°
angle to S surfaces, and the feldspars appear to
have undergone relatively little grain-size reduc-
tion, although quartz is ribboned. Pegmatite
dikes, schlieren bands up to 0.5 m thick, and
small mafic inclusions are preserved. Pegmatite
dikes intruded at high angles to the foliation are
discontinuous due to folding (within 0.5 km of
the Kern Canyon fault) or breakage and dis-
placement (farther from the fault), whereas
those parallel to the foliation are continuous for
tens of metres. The angle between S and C sur-
faces is higher in the pegmatites (30°-40°) than
in the granite.

TIMING, EXTENT, AND AMOUNT
OF INTRA-ARC WRENCHING

We have obtained very tight age constraints
on the timing of at least some of the strike-slip
movement along the proto-Kern Canyon fault
zone. U-Pb zircon data from both the mylonit-
ized granite and the nonmylonitized granite of
Figure 2 show that mylonitization occurred be-
tween 85 and 83 Ma (Fig. 3; Table 1).

Figure 3 is a concordia plot of zircon data
from the mylonitized and nonmylonitized gran-
ites. The data points are internally concordant to
slightly discordant, with upward dispersion from
lower intercepts. This pattern is typical of south-

ern Sierra Cretaceous granitoids that were em-
placed in the Kings sequence (Saleeby et al.,
1987; Saleeby, 1987, 1989) and is a result of the
entrainment of Early Proterozoic detrital zircon,
which is abundant in the metaclastic wall rocks.
The nearness to concordia and the linearity of
the data points result in precise lower intercept
ages and make the likelihood of disturbance
components in the discordance pattern highly
unlikely. The upper intercept ages are very
rough approximations of the overall isotopic
character of the entrained zircon, although detri-
tal zircon analyses from Kings sequence rocks
commonly yield results within the range of the
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Figure 3. Concordia diagram (Tera and Wasserburg, 1972) of U-Pb zircon data from granite
mylonitized along proto-Kern Canyon fault zone (three fractions—open circles) and granite that

postdates movement along proto-Kern Canyon fauit zone
diagram plots ratio of radiogenic Pb isotopes against 238 /2

SIour fractions—solid circles). This
5Pb parent/daughter ratio.

TABLE 1. ZIRCON ISOTOPIC AGE DATA
Sample Fraction! Amount |[Concentration Atomic ratios Isotopic ages§ (Ma)
(Hm) Analyzed (ppm)
(mg)

238y 206ppx| 206pp 206ppx 207ppx 207ppx 206ppx 207ppx 207pp*
204py, 238y 235y 206ppx 238y 235y 206pp*

1 1/20
1. <45 4.3 713 8.0 10248 |0.01298 (0.00010) |0.08555 | 0.04783 (0.00028) 83 83 9015
2. 45-62 5.7 679 7.6 10731 |0.01301 (0.00011)0.08571 | 0.04781 (0.00027) 83 84 89+14
3. 62-80 4.1 451 5.1 1844 [0.01306 (0.00011){0.08639 |0.04801 (0.00044) 84 84 99+21
4, 80-120 6.7 522 6.0 4420 {0.01332 (0.00011)}0.09081 {0.04947 (0.00015) 85 88 16948

2 2/20
1. <45 5.1 872 10.1 751 |0.01340 (0.00010) ] 0.08887 ]0.04814 (0.00016) 86 86 106+8
2. 45-62 5.3 786 9.2 724 |0.01347 (0.00010)|0.09007 }0.04850 (0.00015) 86 88 12348
3. 62-80 2.1 253 3.0 607 |0.01364 (0.00011)]0.09332 ]0.04965 (0.00017) 87 91 17849

+Separation process.
*Radiogenic-nonradiogenic correction

§Decay constants as in Saleeby et al.

and calculation of uncertainti=s (in parentheses).

(1990).
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cited values. From the zircon data of Figure 3
and Table 1, the mylonitized granite is thought
to have crystallized at 85 +1 Ma and the non-
mylonitized granite at 83 +1 Ma.

Movement along the proto-Kern Canyon
fault zone thus appears to have ceased prior to
the intrusion of the nonmylonitized granite (Fig.
2) at 83 Ma. This pluton is the same age as the
potassium feldspar-megacrystic granite of Mount
Whitney and its granodioritic rim, the Paradise
pluton (Saleeby et al., 1990), which together
represent one of the largest composite plutons in
the Sierra Nevada (Moore and du Bray, 1978).
This composite pluton lies along the northern-
most end of the Kern Canyon fault crush zone
and shows no evidence of ductile deformation
(Moore and du Bray, 1978); however, a granite
pluton to the west of the northernmost Kern
Canyon fault, dated at 97 32 Ma by the U-Pb
zircon method (Busby-Spera, 1983), shows evi-
dence for syncrystallization ductile deformation
along a major right-lateral strike-slip fault re-
lated to the Kern Canyon fault (Moore and Sis-
son, 1985). A belt of granite mylonites with
dextral shear indicators also extends at least 30
km southward from the area of Figure 1 (Sa-
leeby et al., 1987, C. A. Gazis and J. B. Saleeby,
in prep.); thus, the proto-Kern Canyon fault
zone was at least 130 km long.

The amount of displacement along the proto—
Kern Canyon fault zone is not yet known
because we have not located any reliable pierc-
ing points in the area we have mapped (Fig. 1).
Shallowly north plunging lineations in granite
mylonites along the proto-Kern Canyon fault
zone suggest that the component of dip slip is
less than one-fourth of the component of strike
slip; thus, the 10 km vertical separation sug-
gested by geologic relations may require at least
40 km of strike-slip separation. Alternatively, a
much higher component of dip slip may have
occurred along the proto-Kern Canyon fault
zone between 100 and 85 Ma, although there
are no kinematic indicators of this type of slip.
Ongoing field and geochronological work is ex-
pected to reveal more details about the move-
ment history of the proto—Kern Canyon fault
zone,

CONCLUSIONS

The Kern Canyon fault is a Cenozoic crush
zone 140 km long; dextral offset is up to 13 km
and probably developed in response to the ex-
tension of the Great Basin (Moore and du Bray,
1978). We have presented evidence for an ear-
lier, intrabatholithic dextral movement history
along a fault zone in part coincident and in part
divergent from the Cenozoic fault, termed the
proto—Kern Canyon fault zone. This fault zone
1s a broad zone of ductile deformation that was
clearly active at 85 Ma, and probably began to
move as early as 105 Ma. It was thus active
during emplacement of the largest plutons in the
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Sierra Nevada, and it may have been a longer
fault, with greater dextral slip, than the Cenozoic
fault.

Engebretson et al. (1985) used ocean-plate
data to suggest that subduction of oceanic crust
below the western United States had a moderate
component of northward movement between
about 110 and 85 Ma, and a very strong com-
ponent of northward movement by around 85
Ma. Our continental margin data from the
southern Sierra Nevada support the interpreta-
tion that convergence was right-oblique from
105 to 85 Ma.
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