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ABSTRACT

The Channel Islands occupy the southern edge
of the Transverse Ranges block and thus the islands
share and illuminate the history of this block.  In the
Mesozoic and early Cenozoic, the Transverse Ranges
block was oriented north-south, so that the Channel
Islands probably lay near San Diego.  The block
occupied the forearc region of a subduction zone,
collecting continental shelf sediments equivalent to
those in the Great Valley belt farther north.  In the
mid-Cenozoic, a spreading center approached the
trench in this region, contributing to the uplifts
recorded by the Sespe Formation terrestrial rocks.
Between 27 and 18 Ma, the Pacific plate made
contact with North America and continental pieces
began to break off and join the Pacific plate,
gradually establishing the modern San Andreas plate
boundary.

In the early stage of plate boundary evolution
(Miocene, 18-12 [-5?] Ma), the northern plate
boundary lay within and inboard of the Salinian
block, but then bent south-westward through the
Southern California Borderland in a transtensional
geometry.  This transtensional phase is responsible
for the extension and reconfiguration of the
continental rim, including the onset of rotation and
left lateral shearing of the Transverse Ranges block
and deposition of San Onofre-type breccias,
eruption of Conejo-age volcanics, and deposition of
marine basin sediments including the Monterey and
Sisquoc Formations.

In a late stage (Plio-Pleistocene, 5-0 Ma), Baja
California joined the Pacific plate and began to
obliquely ram into southern California.  This
transpressional phase is responsible for ongoing
folding, uplift, tilting, and faulting of the modern
Channel Islands.

Atwater, T.,  1998,  Plate Tectonic History of Southern
California with emphasis on the Western Transverse Ranges and
Santa Rosa Island,  in Weigand, P. W., ed., Contributions to the
geology of the Northern Channel Islands, Southern California:
American Association of Petroleum Geologists, Pacific Section,
MP 45, p. 1-8.

INTRODUCTION

The Northern Channel Islands occupy the
southern edge of the Western Transverse Ranges
block, a defining element in formulations of the
plate boundary evolution of southern California.
Geological and geophysical observations from the
island have played a crucial role in the development
of our ideas about how the entire region evolved to
its present tectonic configuration.  In this paper, I
briefly describe the regional tectonic history,
showing how local environments and events
recorded on the islands support the larger story and
where they may be in conflict.

SUBDUCTION REGIME

The western rim of North America experienced
an immense amount of subduction during the
Mesozoic and Cenozoic eras.  Oceanic lithosphere of
an area equivalent to the entire Pacific basin
subducted under this continental edge (e.g., Atwater,
1970, 1989; Hamilton 1978).  In central California,
the first-order geologic manifestations of this
convergence are a predictable series of belts:  the
granitic batholith belt, the foothills metamorphic
belt, the Great Valley belt of forearc sediments, and
the Franciscan subduction accretionary wedge
complex.  In southern California, elements of these
belts can be recognized, but they have been
reorganized by Neogene displacements.  Figure 1A
shows the identification of these belts in this area
according to the compilation and interpretation of
Crouch and Suppe (1993) and Figure 1B shows the
relevant portion of this same map, reconstructed to a
likely mid-Cenozoic configuration approximately as
shown in Kamerling and Luyendyk (1985).  A key
aspect of the Crouch and Suppe interpretation is
their inference that two areas (the Santa Maria basin
and the Inner Borderland, cross-hatched in Figure
1A) were newly created during late Cenozoic rifting
by core complex-like crustal extension.  Use of this
concept results in a tidier reconstruction of the



Figure 1.  Regional distribution of principal lithotectonic belts.  A. Present configuration from central
California to central Baja California, including (cross-hatched) areas believed to have been created during late
Cenozoic rifting, after Crouch and Suppe (1993).  B. Likely mid-Cenozoic configuration of southern California
and northern Baja California.  Late Cenozoic rift areas (cross-hatched areas in A) have been removed and the
other elements have been cut and pasted following the reconstruction of Kamerling and Luyendyk (1985).
The Transverse Ranges have been rotated placing the (dismembered) northern Channel Islands offshore of
San Diego.  Reference city locations:  SB, Santa Barbara;  LA, Los Angeles;  A, Anaheim;  SD, San Diego.
Transpressional bends in the San Andreas fault:  BB, "Big Bend";  SBMB, San Bernardino Mountains Bend.



Mesozoic belts and a better plate tectonic fit for the
southern California region than those allowed by
more area-conservative reconstruction models (e.g.,
Hornafius et al., 1986;  Dickinson, 1997).

A very different group of reconstructions has
been proposed to explain observations of
anomalously shallow paleomagnetic inclinations in
coastal California and Baja California rocks.  Those
reconstructions would place these coastal terranes
much farther south in the early Cenozoic (e.g.,
Champion et al., 1986;  Howell and Vedder, 1981).
I consider this to be a much less likely solution
following the arguments in Butler et al (1991) and
Smith and Busby (1993).

The Northern Channel Islands, according to the
Crouch and Suppe interpretation, lie near the center
of the restored Great Valley Belt (Figure 1B).  Thus
the Mesozoic metamorphic and igneous rocks on the
islands are assumed to be exhumed Great Valley
basement, while the Cretaceous-Paleogene
sedimentary section is viewed as Great Valley-type
sedimentation with provenance to the east (now
south).  Conglomerate beds with distinctive rhyolite
clasts found in the Jolla Vieja Formation on Santa
Cruz Island and in drill holes through the South
Point Formation on Santa Rosa Island are believed to
be the continuation of the Poway conglomerate, well
documented near San Diego (Weaver, 1969;  Abbott
and Smith, 1978, 1989;  Boles, 1997;  Dibblee and
Ehrenspeck, 1998) and are used as a tie to
reconstruct Northern Channel Islands to a location
adjacent to that coast.  Likewise, the arkosic sands
and micaceous shales of these same formations and
equivalent rocks on San Miguel Island were derived
from a granitic source area to the south (east after
reconstruction), probably the Peninsular Ranges
batholith (Dibblee and Ehrenspeck, 1998).

Subduction continued, uninterrupted, through
the Paleogene, although its inland manifestations
(Laramide orogeny) were unusual.  By Oligocene
time, the East Pacific Rise was nearing the continent
offshore of this region (Atwater, 1970, 1989;
Atwater and Stock, 1998).  The resulting subduction
of young, buoyant lithosphere is a possible
explanation for the period of deformation and
possible tectonic uplift recorded in terrestrial flood
plain deposition of the Sespe Formation around
southern California and on Santa Rosa Island
(Dibblee and Ehrenspeck, 1998) and by a hiatus,
angular unconformity and the deposition of the very
shallow marine Vaqueros Formation conglomerates
on Santa Cruz Island.  An alternative (or additional)
explanation for this terrestrial episode involves sharp
global sea level drops that occurred in response to
ice formation on Antarctica (Kennett, 1976, 1977).
Again, paleocurrent directions indicate a source to
the (reconstructed) east, suggesting a connection to
the Sespe rocks of the Santa Ana mountains
(Dibblee and Ehrenspeck, 1998).

PLATE BOUNDARY TRANSITION

The time-transgressive intersection of the East
Pacific Rise with the North American subduction
zone can be deduced by combining the
identifications of offshore marine magnetic
anomalies with round-the-world plate circuit
reconstructions (Stock and Molnar, 1988;  Atwater
and Severinghaus, 1989;  Atwater and Stock, 1998).
In fact, this approach gives an upper-limit age for
the intersection;  actual age estimates require the
additional assumption that no significant amount of
the Pacific plate has been subducted since contact
was established between the Pacific and American
plates, a justifiable assumption.  The following
history uses that assumption.

At about 27 Ma (magnetic reversal chron 9 or
8) the first segment of the East Pacific Rise
intersected the trench and the changeover from
Farallon-North America subduction to the Pacific-
North America transtensional margin began.  Note
that the new plate boundary was never a pure
transform boundary, but, rather, always included an
extensional component.  This results from the fact
that the Pacific-North American relative plate motion
vector was never coast-parallel but rather was always
somewhat more westerly (Stock and Molnar, 1988;
Bohannon and Parsons, 1995).  The latest plate
reconstruction solutions show that the motion was
significantly offshore in the Miocene (about
N60oW), then it changed to N37oW at about 8 Ma,
so that the plate motion since that time has been
closer to coast-parallel but still offshore (Atwater and
Stock, 1988).

As the contact region between the Pacific and
North American plates lengthened, pieces of the
continent became attached to the Pacific and the
plate boundary was established within the continent.
Because of the oblique Pacific-North American plate
motion vector, this boundary consistently included
dilational components or segments.  For example,
along the present plate boundary much of the
required dilation is supplied by the spreading centers
in the Gulf of California, and during the Miocene
this role was played, in part, by extension within the
continental Borderland (e.g., Legg, 1991), as
illustrated in Figure 2.  (The major expansion of the
Basin and Range province was also part of this plate-
driven continental dilation, Atwater and Stock,
1988.)

A number of latest Oligocene-earliest Miocene
volcanic and basin-forming events are documented
in the geologic record of the reconstructed southern
California - northern Baja California region.  These
are interpreted to be manifestations of this earliest
phase of transtensional plate boundary development
(Crowell, 1974, 1987; Dickinson and Snyder, 1979;
Atwater, 1989;  Dickinson, 1997).



Figure 2.  Schematic diagrams demonstrating the regional geometry of the Pacific-North American plate
boundary, with regions of transtension and transpression dictated by the relationship between the relative plate
motion vector and the trend of the plate boundary.  The transfer of Baja California to the Pacific plate about 5
Ma (transition between B and C) changed the overall tectonic regime in southern California from transtension to
transpression.

At about 19-18 Ma, with the stalling of the
offshore Monterey microplate, a long segment of the
Pacific-North America plate boundary was well
established, including the region adjacent to the
present Borderland (Nicholson et al., 1994).

MIOCENE TRANSTENSIONAL REGIME

From 18 to 5 Ma (nearly all of the Miocene),
the Borderland was the site of the southern, oblique
transtensional portion of the Pacific-North American
plate boundary.  From 19 to about 12 Ma the
northern terminus of this boundary (the Mendocino
triple junction) migrated northwestward up the coast
attached to the Pacific plate, while the southern
terminus (Rivera triple junction) was approximately
stationary off northern Baja California (the
northwestward drift of the Pacific plate being
counteracted by the subduction of new segments of
the East Pacific Rise).  During this period a
continental plate boundary zone was established,
with the strike-slip component being accomodated
by faults within and bordering the northern coastal
and Salinian blocks, while a transtensional segment

of the plate boundary traversed the California
Borderland, connecting it to the southern junction at
the rim of the continent (Figure 2A).

About 12 Ma, the southern triple junction was
transferred far to the south when spreading and
subduction stalled offshore of southern Baja
California, but this shift probably did not
immediately alter the tectonic situation in southern
California.  As long as the primary plate boundary
remained on the Pacific side of Baja (i.e., until about
5 Ma), the Borderland segment of the boundary
would continue to play its transtensional role (Figure
2B).

The geology of Miocene southern California is
quite well-known and includes some distinct, unusual
features that cry out for tectonic explanation.  The
most striking of these is the rotation of the Western
Transverse Ranges block.  Paleomagnetic data from
the Ventura region and from both sides of the Santa
Barbara channel show that rocks older than about 16
Ma have been rotated 80-110o clockwise while
younger rocks show progressively lesser amounts of
rotation (Luyendyk et al, 1980, Hornafius and
Luyendyk, 1985;  Luyendyk, 1991) while most



Figure 3.  Paleomagnetic evidence for the Neogene rotation of the western Transverse Ranges.
A. Declination directions for rocks older than 16 Ma, from Hornafius (1985).    B. Declination directions
vs age, from Luyendyk (1991) after Hornafius et al. (1986).

nearby rocks outside the Western Transverse Ranges
show much less overall rotation (Figure 3).  The
widely accepted explanation of these results is that
the Transverse Ranges block rotated as a more or
less coherent piece 90-110o since the early Miocene.
Many unusual geologic relationships are also much
more easily explained with the incorporation of such
a rotation.

Several kinematic models have been proposed
to explain the rotation data (e.g., Kamerling and
Luyendyk, 1985;  Hornafius et al., 1986;  Dickinson,
1996).  The version elaborated by Crouch and
Suppe (1993) and augmented by Nicholson et al
(1994) is illustrated in Figures 1 and 4 and described
here.  Before rotation, the Western Transverse
Ranges block lay adjacent to San Diego and
Anaheim.  During the early Miocene, it was one of
three north-south blocks that broke off of the rim of
the continent.  The two outer blocks, the Santa Lucia
Bank and Outer Borderland blocks, became attached
to the Pacific plate and have been moving obliquely

up the coast and slightly seaward ever since.  The
third, the Western Transverse Ranges block, was
more deeply embedded in the continent so that its
northern end essentially snagged in the continent
while its southern end broke away and swung
seaward and up-coast, inserting itself between the
other two blocks.  East of the rotating block, a gap
opened, creating the space now occupied by the Los
Angeles basin and inner California Borderland.  This
space was filled from below by igneous rocks and
metamorphosed, underplated Franciscan rocks that
rose in a ductile manner, similar to core complex
emplacement events described in the Basin and
Range Province and elsewhere (e.g. Wernicke et al.,
1992).

A number of distinctive geologic features of
Miocene southern California have analogs at other
core complex-type extensions.  These include the
abrupt uplift and unroofing of mid-crustal
metamorphic rocks (e.g., Catalina schist) and the
formation of breccias therefrom (e.g., San Onofre



Figure 4.  Schematic history of late Cenozoic rotations and rifts in southern California and northern Baja
California, after Nicholson et al. (1994).

breccia), the eruption of extensive early Miocene
volcanic rocks (e.g., Conejo volcanics), and the
formation of distinct detachment and extensional
structures (in the Santa Monica Mountains, Laguna
Beach region, and in the seismically imaged
subsurface).  Furthermore, the formation of
numerous isolated basins within this complexly
extending region created the distinctive environment
required for the deposition of the Monterey
Formation.

On the Northern Channel Islands, most of these
same geologic elements are present.  The progressive
uplift and unroofing of first basement and then
underplated Franciscan-type schists are recorded in
the Santa Cruz Island Vaqueros Formation, Rincon
Formation, and San Onofre Breccia (Boles, 1997).
The volcanics that commonly accompany the early
stages of core complex style extensions may be
represented by the Miocene volcanics that make up
most of Anacapa Island and are extensively present
on Santa Cruz as the Santa Cruz Island Volcanics
and Blanca Formation volcanic debris.  On Santa
Rosa Island, the middle Miocene Beechers Bay
Formation consists of volcanoclastic debris mixed
with blueschist and other basement debris.  It is
tempting to take all these formations as a record of

the emplacement of the Inner Borderland core
complex, and many of the relationships are
compatible with such an interpretation.  The ages of
the volcanics (near the beginning of the proposed
extension) and their mixed compositions mirror
observations of core-complex related volcanism
elsewhere (e.g., Gans et al., 1989; Gans and Bohrson,
1998) and the timing and transport directions of
volcanic and blueschist debris recorded in the
Beechers Bay Formation on Santa Rosa Island fit the
expected pattern.  On the other hand, the age of the
basement unroofing reported on Santa Cruz, earliest
Miocene, is several million years older than the age
supported by plate models and data from other areas
(Crouch and Suppe, 1993) and sparse directional
indicators on Santa Cruz favor a western source (in
reconstructed coordinates) (Boles, 1997) rather than
the expected eastern source.

PLIO-PLEISTOCENE TRANSPRESSIONAL
REGIME

The tectonic regime of southern California
completely changed about 5 Ma when the Pacific
plate captured Baja California and began
transporting it northwestward, ramming its northern



end into southern California.  Another way to
describe this event is that the southern section of the
Pacific-North America plate boundary shifted from
the Pacific coast into the Gulf of California and the
plate boundary had to break a new path across
southern California, reconfiguring itself to connect
to this new inland plate boundary (Fig. 2C).  The
Borderland transtensional system was largely
deactivated at this time and the present southern
California segments of the San Andreas system,
including two transpressional bends (the Big Bend
and the San Bernardino Mountains bend, BB and
SBMB on Figure 1A) were formed.  Left lateral
motion on the Garlock fault exacerbated this effect.

In this new configuration, the Western
Transverse Ranges block was snagged again at its
(now) eastern end, this time against the "Big Bend"
(BB on Figure 1A).  As a result, it is being extruded
westward around the bend and shortened north-
south.  To accommodate these new displacements,
major left-lateral faults have formed along the
southern edge of the block and various Miocene
normal faults have been inverted into reverse faults.
The Santa Cruz Island fault and Santa Rosa Island
fault are examples of the former while numerous
young folds and uplifted, tilted beach terraces on all
the islands are interpreted to be the result of ongoing
shortening and uplift over a blind thrust system
(Sorlien and Pinter, 1997;  Sorlien et al., 1998).
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