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m Abstract The Cordilleran orogen of western North America is a segment of the
Circum-Pacific orogenic belt where subduction of oceanic lithosphere has been under-
way along a great circle of the globe since breakup of the supercontinent Pangea began
in Triassic time. Early stages of Cordilleran evolution involved Neoproterozoic rifting
of the supercontinent Rodinia to trigger miogeoclinal sedimentation along a passive
continental margin until Late Devonian time, and overthrusting of oceanic allochthons
across the miogeoclinal belt from Late Devonian to Early Triassic time. Subsequent
evolution of the Cordilleran arc-trench system was punctuated by tectonic accretion
of intraoceanic island arcs that further expanded the Cordilleran continental margin
during mid-Mesozoic time, and later produced a Cretaceous batholith belt along the
Cordilleran trend. Cenozoic interaction with intra-Pacific seafloor spreading systems
fostered transform faulting along the Cordilleran continental margin and promoted
incipient rupture of continental crust within the adjacent continental block.

INTRODUCTION

Geologic analysis of the Cordilleran orogen, forming the western mountain system
of North America, raises the following questions: 1. When was the Cordilleran
system born, and from what antecedents; 2. which rock masses are integral to
the Cordilleran continental margin, and how were they formed; 3. which rock
masses were incorporated into the Cordilleran realm by tectonic accretion, and
what were their origins; and 4. what geologic processes are promoting distension
and disruption of the Cordilleran system today?

Figure 1 is a chronostratigraphic diagram of Cordilleran rock assemblages
showing their relationships to major phases of Cordilleran evolution. The Cor-
dilleran edge of the Precambrian basement, which forms the Laurentian craton,
was first delineated by rifting to form a passive continental margin, along which a
thick Neoproterozoic to Devonian miogeoclinal prism of sedimentary strata was
deposited. From Late Devonian to Early Triassic time, oceanic allochthons were
successively thrust across the miogeoclinal strata as internally deformed tectonic
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Figure 1 Schematic chronostratigraphic diagram of major Cordilleran rock assem-
blages (note changes in timescale at 100 Ma and 500 Ma). Canada includes the adjacent
panhandle of southeastern Alaska, and Mexico includes the USA-Mexico border region
south of the Colorado Plateau. Accreted island-arc assemblages: GS, Guerrero super-
terrane; IS, Insular superterrane; K-S, accreted arcs of Klamath Mountains and Sierra
Nevada foothills. Subduction complexes: CC, Cache Creek; CM, central Mexico; F,
Franciscan; Y, Yakutat. Transform faultdiggonally ruled barg CCT, California-
Coahuila; QCT, Queen Charlotte; SAT, San Andreas. Other features: ALS, Auld
Lang Syne backarc basin; ARM, Ancestral Rocky Mountains province; B&R, Basin
and Range taphrogen; LRM, Laramide Rocky Mountains province (LMN, Laramide
magmatic null); SSP, accreted Siletzia and overlying forearc basin; UIT, Utah-ldaho
trough.
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assemblages accreted to the continent. An arc-trench system initiated along the
modified continental margin in Triassic time was the tectonic regime that produced
Mesozoic-Cenozoic subduction complexes and batholiths most characteristic of
the Cordilleran orogen. During the subduction of oceanic lithosphere beneath the
Cordilleran margin, Jurassic-Cretaceous accretion of intraoceanic island arcs con-
tributed to the outward growth of the continental block. Beginning in mid-Cenozoic
time, impingement of intra-Pacific seafloor spreading systems on the subduction
zone at the continental margin gave birth to transform fault systems lying near the
edge of the continental block and to associated inland deformation that distended
continental crust previously overthickened by Cordilleran orogenesis.

On paleotectonic maps showing the distributions of Cordilleran rock assem-
blages adapted in part from Dickinson (2000, 2001, 2002) and Dickinson &
Lawton (2001a,b; 2003), rock masses are plotted on present geography, with state
and province boundaries for orientation, without palinspastic restoration to correct
for distortion of rock masses by deformation. Offsets of rock masses across major
Cenozoic strike-slip faults are shown, however, and curvatures of tectonic trends
by oroclinal bending are indicated by annotations where appropriate.

To aid analysis of accretionary tectonics, the North American Cordillera has
been subdivided into nearly 100 formally named tectonostratigraphic terranes
(Coney et al. 1980) separated by faulted boundaries of varying tectonic signif-
icance and structural style (Silberling et al. 1992). For graphic display at feasible
scale, various terranes are combined into generic groupings.

CORDILLERAN OROGEN

The Cordilleran mountain chain of western North America is an integral segment
of the Circum-Pacific orogenic belt, which extends along a great circle path for
25,0006+ km from the Antarctic Peninsula to beyond Taiwan (Figure 2). The length
of the Cordilleran orogen from the Gulf of Alaska to the mouth of the Gulf of
California is~5000 km, or~20% of the total length of the orogenic belt.

Characteristic geologic features of the Circum-Pacific orogenic belt derive from
persistent subduction of oceanic lithosphere at trenches along the flanks of conti-
nental margins and offshore island arcs linked spatially to form a nearly continuous
chain along the Pacific rim (Figure 2). The rock assemblages of subduction zones
where oceanic plates are progressively consumed and of the parallel magmatic arcs
built by related igneous activity are the prime signatures of Circum-Pacific orogen-
esis in the rock record. The oldest rock assemblages of the Cordilleran continental
margin that reflect this style of tectonism mark initiation of the Cordilleran oro-
genic system in mid-Early Triassic time. Older rock assemblages exposed within
the mountain chain record preceding tectonic regimes of different character.

Global Orogenic Patterns

In the Philippine-Indonesian region, the Circum-Pacific orogenic belt intersects
the Alpine-Himalayan orogenic belt, which is aligned along a different great circle
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Figure 2 Position of the Cordilleran orogen of western North America along the Circum-
Pacific orogenic belt (after Dickinson et al. 1986). Mercator projection with pole aN25

Lat, 15 E Long (EQP is equatorial plane of projection). AP, Antarctic Peninsula; C, Cascades
volcanic chain; CP, Caribbean plate; G, Greenland; J, Japan; JdF, Juan de Fuca plate; NR,
Nansen Ridge (northern extremity of Atlantic spreading system); PSP, Philippine Sea plate;
QCf, Queen Charlotte fault; SAf, San Andreas fault; SP, Scotia plate; T, Taiwan.

of the globe (Figure 3). Both orogenic belts relate to the breakup of the Permian-
Triassic supercontinent of Pangea beginning early in Mesozoic time, butin different
ways, as the Atlantic and Indian oceans opened to disrupt Pangea by seafloor
spreading. Alpine-Himalayan evolution has involved the successive juxtaposition
of disparate continental blocks (e.g., Africa, India, Australia against Eurasia) at
suture belts marking the former positions of trenches where intervening ocean
basins were closed by plate consumption (Figure 3), but no crustal blocks of
comparable size have lodged against the Pacific margin of the Americas.

The ancestral Circum-Pacific orogenic system along the margin of Pangea was
born along a great circle path (Le Pichon 1983), rimming an ocean (Panthalassa)
that was effectively a paleo-Pacific realm with a Tethyan gulf that projected into
the angle between Laurasian and Gondwanan segments of Pangea (Figure 4).
The great circle configuration was maintained as expansion of the Atlantic and
Indian Oceans led to a modern Pacific only 60% the size of the paleo-Pacific (Le
Pichon et al. 1985) by insertion of Australia and its surrounding seas into the
Pacific arena to step the Pacific rim eastwarcd¥6600 km along the Indonesian
archipelago (Figure 3). During Circum-Pacific evolution, intra-Pacific seafloor
spreading renewed oceanic lithosphere so rapidly that no vestiges of pre-Jurassic
paleo-Pacific seafloor remain (Dickinson 1977).

Supercontinent History

The composite supercontinent of Pangea (Figure 4) formed during late Paleozoic
time when Gondwana lodged against Laurasia along the Appalachian-Hercynian
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Figure 3 Distribution of continents in relation to the Alpine-Himalayan and Circum-
Pacific orogenic belts (Cordilleran orogemoss-hatcheyin “circular” projection (af-

ter Challand & Rageau 1985). BI, British Isles; F, Fiji; G, Greenland; GA, Greater
Antilles; J, Japan; NZ, New Zealand; PI, Philippine Islands.

orogen, a Paleozoic precursor of the modern Alpine-Himalayan system in that
both achieved assembly of supercontinents (Pangea and Eurasia) through juxtapo-
sition of previously separate continental blocks. Gondwana was a paleocontinent
assembled in Neoproterozoic time (800-550 Ma) by juxtaposition of continen-
tal fragments across multiple internal suture belts (Meert & Van der Voo 1997).
Laurasiaincluded the ancient continental nuclei of Laurentia (North America) and
Baltica (Europe), which had been conjoined in early Paleozoic time and linked in
mid-Paleozoic time with Siberia. The Paleozoic precursor of the modern Circum-
Pacific system was the Gondwanide orogenic belt, which lay along the Panthalas-
san (paleo-Pacific) margin of Gondwana, from South America past Antarctica to
Australia (Figure 4), where consumption of oceanic lithosphere proceeded without
interruption during the progressive assembly of Pangea (Ramos & Aleman 2000,
Foster & Gray 2000).

The assembly of Pangea and its subsequent breakup during the assembly of
Eurasia over the course of Phanerozoic time finds a Precambrian parallel in the
geologic history of an earlier supercontinent, Rodinia, from which continental
fragments were at first widely dispersed and then rearranged to form Gondwana
and eventually Pangea. Rodinia was aggregated during Grenville orogenesis in
Mesoproterozoic time (1325-1050 Ma), and the Cordilleran continental margin
first took shape from Neoproterozoic breakup of Rodinia. As yet, however, there is
no final consensus on the arrangement of continental cratons within the Rodinian
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Figure 4 Permian-Triassic configuration of Pangea (Gondwana after Lawver &
Scotese 1987) surrounded by Panthalassa (global sea including paleo-Pacific ocean
and Tethys gulf) in Lambert equal-area projection (whole Earth). The Arctic Ocean
closed by restoring transform slip of Alaska-Chukotka (Patrick & McClelland 1995).
Arrows schematically denote the motion of Cimmerian landmasses in transit across
the Tethys gulf, originating by rifting off the margin of Gondwana, toward Mesozoic
accretion along the southern flank of Eurasia by closure of Paleothys as Neotethys
opened. AC, Alaska-Chukotka; Af, Africa; AM, Asia Minor; An, Antarctica; AO,
Arctic Ocean (closed); Ar, Arabia; Au, Australia; EA, Eurasia; G, Greenland; Gl,
Greater India; I, India; J; Japan; M, Madagascar; NA, North America; NC, New Cale-
donia; NG, New Guinea; NZ, New Zealand; Ph-In, Philippine-Indonesian archipelago;
SA, South America.

supercontinent. Continental blocks suggested as conjugate to the Cordilleran rifted
margin of Laurentia include Siberia (Sears & Price 2000), Antarctica-Australia
(Dalziell 1992), Australia together with an unknown block farther north (Karlstrom

et al. 1999), and China (Li et al. 2002). Of the various options, Siberia currently
seems the most viable (Sears & Price 2003).
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PRECAMBRIAN-PALEOZOIC MIOGEOCLINE

Along the Cordilleran margin of Laurentia, an elongate belt of thick sediment was
deposited in Neoproterozoic and lower Paleozoic time as a miogeoclinal prism
draped over a passive continental margin formed by rifting during the breakup
of Rodinia (Figure 1). The narrow miogeoclinal belt truncates disrupted older
Precambrian age provinces of interior Laurentia (Figure 5). The miogeoclinal
prism thickened westward from a zero edge along a hinge line at the edge of the
Laurentian craton. Miogeoclinal sedimentation continued, unbroken by tectonic
disruption, until Late Devonian time, but the timing of its inception was apparently
diachronous.

Cordilleran Rifting

North of the trans-ldaho discontinuity (Yates 1968), where the elongate trend
of the miogeocline is offset by-250 km (Figure 5), basaltic rocks associated
with glaciomarine diamictite in basal horizons of the miogeoclinal succession
have been dated isotopically at 770—735 Ma (Armstrong et al. 1982, Devlin et al.
1988, Rainbird et al. 1996, Colpron et al. 2002). This time frame provides an age
bracket for rifting that initiated deposition of the Windermere Supergroup along a
newly formed passive continental margin open to the west in Canada (Ross 1991,
MacNaughton et al. 2000). South of the trans-ldaho discontinuity, coeval rifting
apparently formed only intracontinental basins in which redbed units such as the
Chuar Group (775735 Ma) of the Grand Canyon were deposited (Timmons et al.
2001), with continental separation delayed in the Death Valley region to the west
until after 600 Ma (Prave 1999).

The subparallelism of the trans-ldaho discontinuity and a paleotransform de-
limiting the southwest margin of Laurentia (Figure 5) suggests that both originated
as transform offsets of the nascent Cordilleran margin. Miogeoclinal strata present
locally along the trans-ldaho discontinuity form a narrow band exposed only within
roof pendants of the Idaho batholith (Lund et al. 2003) and contain intercalated
bimodal volcanic rocks (685 Ma), which perhaps reflect prolonged deformation
along a marginal offset at the edge of the continental block during the evolution
of the rifted Cordilleran margin.

Published subsidence analyses for the Cordilleran miogeocline in both Canada
and the USA imply that postrift thermotectonic subsidence of the passive con-
tinental margin did not begin until 560-555 Ma in Early Cambrian time (Bond
et al. 1983, Armin & Mayer 1983, Bond & Kominz 1984, Levy & Christie-Blick
1991). Replotting the subsidence curves for revised estimates of the beginning
of Cambrian time (545 Ma versus 570 Ma) puts onset of thermotectonic subsi-
dence at 525-515 Ma, still within Early Cambrian time on the revised timescale.
Projecting subsidence curves backward in time to allow for 1.1-1.2 km of synrift
tectonic subsidence~2 km of sediment accumulation) in the Great Basin area
of the USA (Levy & Christie-Blick 1991) suggests that rifting that led directly to
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continental separation south of the trans-ldaho discontinuity occurred during the
interval 600-575 Ma (Armin & Mayer 1983). Isotopic dating of synrift volcanic
rocks in southern British Columbia at 5405 Ma (Colpron et al. 2002) docu-
ments that active rifting persisted into latest Neoproterozoic time, north as well as
south of the trans-ldaho discontinuity.

The indicated time span of 45—-65 million years between initial rifting and onset
of passive thermotectonic subsidence is comparable to the time span of 55 million
years between initial development of Triassic rift basins and the first emplacement
of Jurassic oceanic crust along the modern Atlantic continental margin (Manspeizer
& Cousminer 1988). Cordilleran unconformities near the Precambrian-Cambrian
time boundary (Devlin & Bond 1988, Lickorish & Simony 1995) may stem from
reactivation of rift faults or from the influence of eustasy on a rift hinge undergoing
flexure from sediment loading of oceanic crust offshore (Fedo & Cooper 2001).

The evidence for two rift events (Colpron et al. 2002), spaced 160-170 mil-
lion years apart in pre-Windermere and latest Neoproterozoic time, suggests the
possibility that two different continental blocks, one west of Canada and one west
of USA-Mexico, were once conjugate with Laurentia, but no current Rodinian
models are readily compatible with that interpretation. In any case, the onset of
thermotectonic subsidence at the same time in both Canada and southward im-
plies that the Windermere passive margin was reactivated at the time of the second
rifting event, as suggested by stratal relationships near the USA-Canada border
(Devlin 1989).

Precursor Rifts

A number of premiogeoclinal Precambrian sedimentary successions occur along
the trend of the Cordillera but lack the longitudinal continuity of the overly-
ing miogeocline (Figure 5). Each was deposited within an intracratonic basin
formed by incipient rift extension within Rodinia or before its assembly (Fig-
ure 1). From the trans-ldaho discontinuity northward, isotopic dating of basin
substratum, intercalated volcanics, and local intrusions establishes age brackets as
follows for deep local rift troughs: Wernecke Supergroup, 1820-1710 Ma (Ross
etal. 2001); Muskwa Assemblage, 1760-1660 Ma (Ross et al. 2001); Belt-Purcell
Supergroup, 1470-1370 Ma (Evans et al. 2000, Luepke & Lyons 2001); Macken-
zie Mountains Supergroup, 975-775 Ma (Rainbird et al. 1996); Uinta Mountain
Group (and Big Cottonwood Formation), 975?—725? Ma. Farther south, thinner
premiogeoclinal successions, deposited either in rift basins or on the craton, in-
clude the following: Unkar Group, Apache Group (including Troy Quartzite), and
lower Pahrump Group, 1220-1070 Ma (Timmons et al. 2001), with the lowermost
Apache Group as old as 1335 Ma (Stewart et al. 2001); Laeids Group, 1050?—
8507 Ma (Stewart et al. 2002); and the Chuar Group, 775-735 Ma (Timmons et al.
2001).

The precursor rift troughs may have acted as subregional guides helping to
control the trend of eventual continental separation that initiated miogeoclinal



22

DICKINSON

sedimentation. In the Death Valley region, for example, diamictites of the Kingston
Peak Formation in the upper Pahrump Group probably include correlatives of both
syn-Windermere+{750 Ma) rift fill and younger{600 Ma) synrift deposits at the

base of the miogeoclinal succession (Prave 1999). Recent interpretations from deep
seismic reflection profiles propose that pre-Windermere Canadian assemblages
(Wernecke, Muskwa, Mackenzie Mountains) in the region north of the Belt-Purcell
basin are all parts of a composite sediment prism built westward along an evolving
passive continental margin that flanked the youngest basement components of the
Laurentian craton and persisted over a time span that exceeded a billion years
(Snyder et al. 2002). If so, no continental separation by Neoproterozoic rifting
was required to form the Windermere continental margin, but the disparate age
ranges and outcrop discontinuity of the pre-Windermere successions are difficult
to reconcile with the postulate of a pre-Windermere passive continental margin
continuous for the length of the Canadian Cordillera.

LATE PALEOZOIC-EARLY TRIASSIC ACCRETION

Between Late Devonian and Early Triassic time, internally deformed allochthons
(Figure 6) of oceanic strata were thrust eastward as accretionary prisms across
the seaward flank of the miogeoclinal belt when the margin of the Laurentian
continental block was drawn into the subduction zones of intraoceanic island
arcs that faced the Cordilleran margin and subducted offshore oceanic crust of
marginal seas downward to the west (Dickinson 2000). Lithic constituents of the
allochthons include pillow basalts, peridotite, and serpentinite of oceanic crust and
subjacent mantle, as well as more voluminous argillite, ribbon chert, and turbidites
of overlying seafloor sediment profiles. The turbidites of the allochthons include
continental slope and rise deposits originally transported off the Laurentian margin
and then thrust back toward the craton over the miogeoclinal shelf edge. Exposures
where later tectonism and erosion has exhumed the thrust contact show that the
allochthons traveled 160 km across the structurally underlying miogeoclinal
assemblage.

Antler-Sonoma Allochthons

Stratigraphic and structural analysis of the overthrust allochthons has documented
their emplacement during two discrete episodes of incipient continental subduction
termed the Antler and Sonoma orogenies in the USA. The two events were spaced
~110 million years apart during comparatively brief intervals of tim&% mil-

lion years each) spanning the Devonian-Mississippian and Permian-Triassic time
boundaries (Figure 1). The two separate allochthons have been delineated with
greatest confidence in the Great Basin of Nevada (USA), where allochthonous but
unmetamorphosed oceanic facies of multiple Paleozoic horizons were thrust over
autochthonous miogeoclinal facies of the same ages along the Roberts Mountains
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(Antler) and Golconda (Sonoma) thrusts (Figure 6). Farther north, the lack of
clearcut evidence for the presence of either allochthon along the trend of the trans-
Idaho discontinuity (Figures 5 and 6) may stem from engulfment by batholiths,
widespread erosion, and burial beneath volcanic cover, but may also reflect anoma-
lous tectonic behavior along that atypical segment of the Cordilleran margin.

Within Canada, post-Triassic internal deformation and tectonic transport of
Paleozoic Antler-Sonoma allochthons during Mesozoic arc-continent collision and
subsequent retroarc thrusting complicate interpretations of their original charac-
ter and positions (Hansen 1990, Ghosh 1995). Allochthons of both Antler (Smith
& Gehrels 1991; 1992a,b) and Sonoma (Roback et al. 1994, Roback & Walker
1995) age have been identified in the Kootenay structural arc (Figure 6) spanning
the USA-Canada border. Farther north, the Sylvester allochthon emplaced above
the Cassiar platform (Figure 6) is composed exclusively of post-Devonian rocks
(Nelson 1993) and apparently represents only the younger allochthon of Sonoma
age. Nearby, however, the widespread and internally complex Yukon-Tanana ter-
rane (Hansen 1988) probably includes both allochthons as well as underthrust
miogeoclinal facies (Hansen & Dusel-Bacon 1998). Blueschists of both Devonian
(~345 Ma) and Permian (270-260 Ma) ages are present in allochthonous Yukon-
Tanana assemblages lying structurally above miogeoclinal strata along the west
flank of the Cassiar platform and in the isolated Anvil allochthon (Figure 6) to the
east (Erdmer et al. 1998). Juxtaposition of the Anvil allochthon against the Cassiar
platform implies~485 km of post-thrust dextral displacement along the Tintina
fault (Figure 6).

Antler-Sonoma Foreland

Tectonic loads of the overthrust Antler-Sonoma allochthons downflexed the Lau-
rentian margin to form an elongate system of markedly asymmetric proforeland
sedimentary basins extending across the miogeoclinal belt into the fringe of the
interior craton (Lawton 1994, Savoy & Mountjoy 1995). The extent of the Antler
foreland basin is defined by an apron of clastic sediment shed toward carbonate
platforms of the interior craton, but the Sonoma foreland basin is defined only by
the limit of Triassic marine strata (Figure 6). Widespread syndepositional normal
faulting of Antler age along the foreland belt in Canada (Gordey et al. 1987) can
be interpreted as a response to local extension induced by flexure of the foreland
basin floor (Smith et al. 1993).

Proximal sandstone petrofacies along the western fringe of the Antler foreland
belt are dominantly quartzolithic, a composition reflective of sediment recycling
from the uplifted accretionary prisms of allochthons exposed farther west as sed-
iment sources (Smith et al. 1993). Near the Canada-Alaska border, the ages of
detrital zircons in Cambrian and Devonian sandstones suggest derivation of fore-
land sediment near the northern end of the Cordilleran orogen (Figure 6) from the
Paleozoic Innuitian-Ellesmerian orogen of the Canadian Arctic to the northeast
(Gehrels et al. 1999).
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During the time interval between Antler and Sonoma thrusting along the
Cordilleran margin, part of the continental block extending as far west as the
Antler foreland basin and thrust front in the USA was disrupted by intraconti-
nental reverse faulting to form yoked basins and uplifts of the Ancestral Rocky
Mountains province (Figure 6). The intracontinental deformation, centered on
Pennsylvanian time (Figure 1), was related to sequential intercontinental suturing
along the Ouachita orogenic belt (Figure 6), where the southern flank of the Lau-
rentian craton was drawn progressively, from east to west, into a subduction zone
along the leading edge of Gondwana during the assembly of Pangea (Dickinson
& Lawton 2003).

Accreted Island Arcs

Segments of accreted Devonian and Permian island arcs, composed of volcanic
and volcaniclastic strata and paired geotectonically with Antler and Sonoma ac-
cretionary prisms to the east, are present in the Klamath-Sierran region (Figure 6)
of the Cordilleran orogen to the south of volcanic cover in the Pacific Northwest
(USA). The Paleozoic Klamath-Sierran arc system evolved as a system of frontal
arcs and remnant arcs during slab rollback related to closure of marginal seas be-
tween the offshore arc complex and the Cordilleran continental margin (Dickinson
2000).

Farther north in Canada, remnants of comparable Devonian to Permian arc as-
semblages (Rubin et al. 1990, Brown et al. 1991), underlying the Mesozoic arc
assemblages of Quesnellia and Stikinia (Figure 6), are interpreted here as northern
analogues of the accreted Klamath-Sierran island arcs. Both east and west of the
Cassiar platform (Figure 6), overthrust allochthonous assemblages include both
Devonian (365-340 Ma) and Permiard60 Ma) granitic plutons of arc affin-
ity (Mortensen 1992). Permian island-arc volcanics are closely associated with
deformed seafloor volcanics within the internally complex Sylvester allochthon
emplaced structurally above the Cassiar platform (Nelson 1993) and in correla-
tive assemblages farther south (Ferri 1997). These occurrences of island-arc rem-
nants within allochthonous Paleozoic assemblages suggest that severe structural
telescoping in Canada during superposed mid-Mesozoic arc-continent suturing
and later Mesozoic-Cenozoic retroarc thrusting closely juxtaposed island-arc and
subduction-zone tectonic elements of Antler-Sonoma age that remain largely sep-
arate farther south.

MESOZOIC-CENOZOIC ARC-TRENCH SYSTEM

A Permian-Triassic (284—-232 Ma) magmatic arc, built along the edge of Gond-
wanan crust in eastern Mexico (Dickinson & Lawton 2001a), was sustained by
subduction of oceanic crust beneath present-day central Mexico (Figure 6). The
northern margin of the subducting Mezcalera plate along the southwestern edge of
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Laurentia was defined by the sinistral California-Coahuila transform, which off-
set the Caborca block of miogeoclinal strata, together with underlying basement
and a structurally superposed allochthon of overthrust Paleozoic strata (Figure 6),
from southern California into northwestern Mexico (Dickinson 2000, Dickinson &
Lawton 2001a). Farther northwest, the transform fault obliquely truncated, along a
northwest-southeast trend, island-arc complexes trending northeast-southwest that
were accreted to the continental block in the Klamath-Sierran region by Antler-
Sonoma orogenesis. Initiation of subduction beneath the truncated continental
margin in mid-Early Triassic time (Dickinson 2000) closely preceded the breakup
of Pangea, and was the earliest record of Cordilleran orogenesis as an integral facet
of the circum-Pacific orogenic belt.

Subsequent evolution of the active Cordilleran continental margin was marked
by incremental accretion of subduction complexes at a trench along the conti-
nental slope, and by arc magmatism involving both plutonism and volcanism
along the edge of the continental block. Multiple imbricate thrust panels of ac-
cretionary nelange belts incorporate disrupted stratal successions of seafloor tur-
bidites, argillite, and chert, together with pillow lavas of underlying oceanic crust
and structural slices of peridotite and serpentinite derived from oceanic mantle,
and with limestone enclaves representing carbonate platforms built on oceanic
seamounts. Combined plutonic and volcanic contributions to arc magmatism were
emplaced into and erupted through the composite Cordilleran crustal profile along
a shifting belt of igneous activity that lay 100-250 km inland from the evolv-
ing subduction zone along the continental margin (Armstrong 1988, Armstrong
& Ward 1991). The principal record of arc magmatism is a discontinuous align-
ment of deeply eroded Cretaceous granitic batholiths extending the full length of
the Cordilleran orogen. Isotopic studies indicate that the granitic magmas were
composed in part of juvenile mantle components and in part of recycled crustal
materials (DePaolo 1981, Samson et al. 1991).

Mid-Triassic to Mid-Jurassic Cordilleran Arc

Volcanic assemblages and associated plutons of Upper Triassic to Middle Jurassic
age developed within a continuous magmatic arc established along the margin
of North America as modified by Antler-Sonoma tectonism. The central segment
of the Triassic-Jurassic arc transected miogeoclinal and Laurentian cratonic crust
along the truncated continental margin of the southwest USA (Busby-Spera 1988,
Schweickert & Lahren 1993), but the arc trend extended southward across the
Ouachita suture into Gondwanan crust of eastern Mexico (Dickinson & Lawton
2001a) and northward along the continental margin, as expanded by tectonic accre-
tion, to merge with the Quesnellia or Nicola arc (Mortimer 1987) of the Canadian
Cordillera (Figure 7).

The local preservation of forearc basins along the western flank of the nascent
Cordilleran arc in both the Canadian Cordillera (Travers 1978) and the USA Pa-
cific Northwest (Dickinson 1979) show that the arc-trench system faced west,
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subducting seafloor downward beneath North America, even where relations of
the arc assemblage to Laurentian basement or miogeoclinal strata are unexposed.
Past speculation that the Quesnellia arc was a freestanding intraoceanic structure
only accreted to North America by later collapse of an intervening marginal sea or
open ocean has been discounted by recentisotopic studies (Unterschutz et al. 2002,
Erdmer et al. 2002). The backarc region was flooded in Canada by marine waters,
but was occupied in the USA by desert ergs (Figure 7), with the accommodation
space for both sedimentary assemblages probably provided by subsidence of the
flank of the continental block under the geodynamic influence of a subducted slab
in the mantle beneath (Lawton 1994).

West of the Triassic-Jurassic Cordilleran arc assemblage lies a paired subduction
complex of nélange and variably deformed thrust panels of oceanic strata form-
ing the Cache Creek terrane and its correlatives in the Canadian Cordillera, the
central nelange belt (Baker terrane) of the Pacific Northwest, coeval assemblages
in the central Klamath Mountains and the Sierra Nevada foothills of California,
and remnants of the Arperos oceanic realm formed on the Mezcalera plate in
central Mexico. This nearly continuous alignment of disrupted oceanic materials,
conveniently termed the Cache Creek belt (Mortimer 1986), forms a suture zone
trapped between the Triassic-Jurassic continental margin and various accreted arc
assemblages lying farther west (Figure 7).

The suture belt is probably a compound subduction complex formed of com-
bined tectonic elements added to the flank of North America at a trench lying
just offshore from the Triassic-Jurassic Cordilleran arc but also accreted to the
flank of intraoceanic arc structures as they approached the Cordilleran margin,
with both components representing offscrapings from intervening paleo-Pacific
seafloor. Cache Creek blueschists formed by subduction-zone metamorphism have
yielded isotopic ages of 230-210 Ma (Late Triassic) in both Canada and the USA
(Erdmer et al. 1998), where stratal components of the suture belt range in age from
Carboniferous (locally Devonian) to Early or Middle Jurassic (Cordey et al. 1987,
Blome and Nestell 1991, Cordey & Schiarizza 1993, Dickinson 2000, Struik et al.
2001, Orchard et al. 2001). In Mexico, where accretion of an intraoceanic arc to the
continental margin occurred much later than farther north, only Permian to Early
Cretaceous rocks are present within the suture belt of central Mexico (Dickinson
& Lawton 2001a).

Mid-Jurassic to Mid-Cretaceous Arc Accretion

In Jurassic-Cretaceous time, tectonic accretion at the Cordilleran subduction zone
was punctuated by the arrival of intraoceanic island arcs subducting seafloor
downward to the west, rather than to the east, to produce arc-continent collisions
(Godfrey & Dilek 2000, Ingersoll 2000, Dickinson 2001). For evaluating accre-
tionary tectonism, a distinction must be drawn (Wright 1982) between incremen-
tal accretion within evolving subduction complexes (so-called disrupted terranes),
even where far-traveled oceanic components are incorporated, and bulk accretion
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of tectonic elements transported intact, as integral exotic terranes, to the conti-
nental margin. Arc accretion expanded the continental edge by closing the Cache
Creek suture and induced the subduction zone and the magmatic arc along the
Cordilleran margin to step outward away from the continental interior. Subse-
guent Cordilleran arc magmatism was widely superimposed on the accreted arc and
mélange terranes (van der Heyden 1992, Friedman & Armstrong 1995). The ages
of the oldest superimposed plutons of the Cordilleran magmatic arc reflect north-
south diachroneity of arc accretion from Middle Jurassieé 70 Ma) as far south

as central California (Schweickert et al. 1999) to Early Cretacestd2@ Ma)

in Mexico (Dickinson & Lawton 2001a).

CANADIAN TECTONIC ELEMENTS In Canada, two principal accreted tectonic ele-
ments, the Stikinia arc and the Insular superterrane, lie west of the Cache Creek
suture belt (Figure 7). The Insular superterrane along the present continental
fringe includes the Alexander terrane, a Paleozoic arc assemblage of largely pre-
Devonian rocks overlain by less deformed Devonian to Permian strata including
abundant limestone (Butler et al. 1997), and the Wrangellia terrane, a largely
post-Carboniferous succession of Permian arc volcanics and overlying Triassic
basalt capped by Upper Triassic limestone (Jones et al. 1977). The two compo-
nents of the Insular superterrane were amalgamated by Carboniferous time, long
before their joint incorporation into the Cordilleran continental margin, for they
were both locally intruded by the same pluton (Gardner et al. 1988).

The Stikinia arc farther eastis composed dominantly of Upper Triassic to Middle
Jurassic volcanic and volcaniclastic rocks, intruded by cogenetic plutons (Marsden
& Thorkelson 1992, Mihalynuk et al. 1994, Anderson 1993, Currie & Parrish 1997,
Maclintyre et al. 2001). The arc assemblage is flanked on the northeast by a forearc
basin (Dickie & Hein 1995, Johannson et al. 1997), lying adjacent to the Cache
Creek suture in a position showing that the Stikinia arc faced the Cordilleran margin
and subducted seafloor downward to the west. The ages of the youngest arc-forearc
strata and the oldest strata in the postaccretion Jurassic-Cretaceous Bowser basin
(MacLeod & Hills 1990), resting unconformably on Stikinia (Figure 7), indicate
accretion of the northern part of Stikinia by early Middle Jurassic closure of the
Cache Creek suture in either Aalenian (Ricketts et al. 1992) or early Bajocian
(Thomson et al. 1986, Anderson 1993) time. The youngest strata known from the
adjacent segment of the Cache Creek suture belt are Early Jurassic in age (Struik
et al. 2001), but farther south in Canada deformed strata of the Cache Creek belt
include strata as young as late Middle Jurassic (Callovian) in the Bridge River
terrane (Cordey & Schiarizza 1993). The difference in stratal ages along tectonic
strike suggest progressive southward closure of the Cache Creek suture from a
tectonic hinge point on the north.

STIKINIA-QUESNELLIA OROCLINE Along tectonic strike to the north, the Stikinia
arc merges, around the northern limit of the Cache Creek belt, with the northern
end of the petrologically and lithologically similar Quesnellia arc along the edge
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of Triassic-Jurassic North America (Figure 7). This spatial relationship suggests
that the Stikinia arc formed originally as a northern extension of the Quesnellia arc,
but that oroclinal bending of the Quesnellia-Stikinia arc trend during continued
subduction backfolded Stikinia against the Cordilleran margin to juxtapose Stikinia
against Quesnellia across the Cache Creek suture, which was thereby enclosed
within the tectonic orocline (Nelson & Mihalynuk 1993, Mihalynuk et al. 1994).
Paleomagnetic data (May & Butler 1986, Vandall & Palmer 1990) showing no
detectable latitudinal movement of Stikinia with respect to North America are
compatible with the enclosure interpretation, and isotopic data indicating juvenile
crustal origins are similar for Stikinia and Quesnellia arc assemblages (Samson
et al. 1989, Smith et al. 1995). Pre-Mesozoic underpinnings of both Stikinia and
Quesnellia include Devonian to Permian arc assemblages (Brown et al. 1991,
Currie & Parrish 1997), inferred here to have been accreted to Laurentia during
Antler-Sonoma events (Figure 6). Both Mesozoic arc assemblages also overlap
depositionally upon deformed Paleozoic assemblages (Mortensen 1992, Roback
& Walker 1995, Dostal etal. 2001, Acton et al. 2002), interpreted here as overthrust
Antler-Sonoma allochthons.

Most of the contact zone between the Stikinia arc and the Insular superterrane is
occupied by a sliver of strongly deformed pre-Mesozoic strata, forming a western
arm of the Yukon-Tananaterrane (Gehrels etal. 1991, 1992) including the Taku ter-
rane (Gehrels 2002), which underlie the Mesozoic arc assemblage of Stikinia and
are regarded here as a product of Antler-Sonoma orogenesis oroclinally deformed
along with Stikinia (Figures 6 and 7). The contact zone was overlapped by thick
Upper Jurassic (Oxfordian) to Lower Cretaceous (Albian) strata of the intraarc
Gravina basin (McClelland et al. 1992), but underlying metavolcanic rocks that
also overlap the contact zone document initial accretion of the Insular superter-
rane to the western flank of Stikinia by Middle Jurassid {5 Ma) time (Gehrels
2001). Mid-Cretaceous thrusting later carried rocks east of the contact zone over the
Gravina basin and the Insular superterrane (Gehrels et al. 1990, Rubin & Saleeby
1992).

INSULAR ARC ACCRETION As the Stikinia arc demonstrably faced east, subduc-
tion along its western flank could not have drawn the Insular superterrane toward
the continental margin. Accordingly, Early to Middle Jurassic arc magmatism
(190-165 Ma) within the Insular superterrane, as displayed in the Queen Charlotte
Islands (Lewis et al. 1991) and on Vancouver Island (DeBari et al. 1999), is viewed
here as evidence for activation of subduction along the eastern flank of the Insu-
lar superterrane, to draw the Insular superterrane closer to the back side of the
Stikinia arc by subducting intervening seafloor downward to the west. The po-
larity of the Jurassic arc along the Insular superterrane is seemingly confirmed
along tectonic strike to the northwest, beyond the head of the Gulf of Alaska,
where Lower to Middle Jurassic plutons intruding the Wrangellia component of
the Insular superterrane on the Alaska Peninsula display transverse compositional
gradients indicative of a magmatic arc facing the continent (Reed et al. 1983).
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Paleomagnetic data suggest that the Alexander terrane lay in the Arctic region
near Baltica in mid-Paleozoic time, but that the associated Wrangellia terrane lay
near the paleolatitude of the Pacific Northwest by Late Triassic time (Butler et al.
1997). Apparently, the Insular superterrane drifted as an intraoceanic arc structure
within the paleo-Pacific Ocean, along paths that cannot be specified with present
information, through late Paleozoic and early Mesozoic time before its accretion
to the Cordilleran margin along the back side of Stikinia. If the sliver of the Yukon-
Tanana terrane along the west flank of Stikinia includes miogeoclinal facies, as
seems likely (Gehrels 2000), the oroclinal rotation of Stikinia was apparently
initiated by calving of Stikinia off the edge of the Laurentian margin during backarc
rifting. The complex plate motions required to achieve accretion of both the Stikinia
arc and the Insular superterrane to the Cordilleran margin in the same general time
frame (intra-Jurassic) are indeterminate with present information.

PACIFIC NORTHWEST RECONSTRUCTION The longitudinal correlation of premid-
Cretaceous tectonic elements southward across the Pacific Northwest from Canada
into the USA has long been a challenge (Monger et al. 1982) because of widespread
Neogene volcanic cover (FiguréAB the complex kinematics of an intersect-

ing knot of strike-slip faults of latest Cretaceous to Eocene age spanning the
USA-Canada border (Figures 7, 9), and structural complexity within the meta-
morphic cores of mountain ranges near the USA-Canada border where Cretaceous
structural telescoping obscured earlier tectonic relationships between older rock
masses.

An apparently satisfactory tectonic reconstruction is achieved here (FiBure 8
by reversing 105-110 km of Eocene (44-34 Ma) dextral slip on the Fraser River—
Straight Creek fault zone and 110-115 km of previous dextral slip on the off-
set Yalakom—Ross Lake fault system of latest Cretaceed$ (Ma) to Eocene
age (Kleinspehn 1985, Umhoefer & Kleinspehn 1995, Umhoefer & Miller 1996,
Umhoefer & Schiarizza 1996) and by backrotating the Oregon-Washington Coast
Range and the Blue Mountains by’&ach (Figure 8) to recover clockwise tectonic
rotations imposed during Eocene time (Heller et al. 1987, Dickinson 2002).

In Figure 8, the southern extension of the Stikinia arc assemblage includes the
Cadwallader terrane of southern British Columbia (Rusmore 1987, Rusmore et al.
1988, Umhoefer 1990, Rusmore & Woodsworth 1991) and the Triassic-Jurassic
Cascade River—Holden belt (Hopson & Mattinson 1994) in the Cascade Mountains
east of the Straight Creek fault. Inland extensions of the Insular superterrane in-
clude the Chilliwack, Bowen Lake, and Harrison Lake terranes of southern British
Columbia (Friedman etal. 1990, Mahoney et al. 1995), the Swakane Gneiss (Nason
terrane) east of the Straight Creek faultin the Cascade Mountains (Mattinson 1972),
and the Wallowa—Seven Devils segment of Wrangellia in the Blue Mountains. The
Cache Creek suture belt flanking the Triassic-Jurassic continental margin is re-
constructed as an alignment of similar lithologic units, including the Cache Creek
and Bridge River terranes of southern British Columbia, the Hozameen terrane
spanning the USA-Canada border, the Baker terrane of the Blue Mountains, and
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the central mlange belt of the Klamath Mountains (Figuf8)8Closer proximity

of restored tectonic elements near the USA-Canada border to counterparts in the
Blue Mountains could be achieved by additional recovery of the significant Eocene
intracontinental extension recorded by Cordilleran core complexes (Figure 8) in
southeastern British Columbia (Dickinson 2002).

The Tyaughton-Methow trough (Figure 8) was initiated in Early Jurassic time
as a forearc basin flanking the Quesnellia arc (Anderson 1976), but evolved dur-
ing Late Jurassic and Early Cretaceous time to overlap the accreted Stikinia arc
(Garver 1992, Umhoefer et al. 2002). West and south of the Shuksan thrust sys-
tem (Figure 8), an internally deformed underthrust assemblage, including Upper
Jurassic to Lower Cretaceous blueschists and clastic strata (Brown 1987, Brandon
et al. 1988, Monger 1991), is presumed to be a northern counterpart of the late
Mesozoic Franciscan subduction complex and associated forearc basins of coastal
California to the south (Brown & Blake 1987).

USA-MEXICO ARC ACCRETION The Insular superterrane extends as far south as the
Blue Mountains (Figure 8) of the Pacific Northwest, where intense mid-Cretaceous
crustal telescoping near the Snake River has thrust strata of Wrangellia beneath
the Mesozoic continental margin (Lund & Snee 1988). Stratigraphic analysis of
Blue Mountains terranes indicates, however, that initial accretion of the Wrangellia
component of the Insular superterrane was completed in Middle Jurassic (Bajo-
cian) time (Follo 1992, White et al. 1992, &l allemant 1995), coordinate with
accretion farther north in Canada. The oroclinally deformed Stikinia arc apparently
does not extend farther south than the Cascades Mountains along the USA-Canada
border (Figure 8), and there is no indication that active magmatism was still un-
derway at the southern end of the Insular superterrane when the Wallowa—Seven
Devils segment (Figure 8) of Wrangellia was drawn passively into a subduction
zone along the continental margin (Dickinson 1979).

Accreted intraoceanic arc assemblages of Jurassic age in the Klamath Moun-
tains and Sierra Nevada foothills of California rest on ophiolitic basement formed
near the Triassic-Jurassic time boundary (Dilek 1989, Edelman 1990, Hacker &
Ernst 1993, Wright & Wyld 1994, Hacker et al. 1995), as does the Guerrero super-
terrane (Figure 7) of western Mexico (Dickinson & Lawton 2001a). The accreted
Mesozoic arc complexes in the USA and Mexico can perhaps be regarded as south-
ern extensions and descendants of the Jurassic arc along the Insular superterrane
where subduction continued southward across paleo-Pacific oceanic crust lying
beyond the southern limits of the older Alexander and Wrangellia terranes. In
California, severely deformed efénge belts separate accreted arc assemblages
on the west from the pre-Jurassic continental margin (Wright 1982, Edelman &
Sharp 1989, Edelman et al. 1989b, Dilek et al. 1990, Hacker et al. 1993), but a
superimposed magmatic arc built along the Cordilleran continental margin across
the accreted tectonic elements by late Middle Jurassic (Callovian) time (Wright
& Fahan 1988, Edelman 1990, Edelman et al. 1989a, Harper et al. 1994, Girty
et al. 1995) implies arc accretion during early Middle Jurassic (Bajocian) time
(170-165 Ma).
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In the southwestern USA and Mexico, final closure of the oceanic realm be-
tween accreted Mesozoic arcs and the Cordilleran continental margin in Early
Cretaceoustime promoted slab rollback of the Mezcalera plate to induce crustal ex-
tension within the overriding continental block (Dickinson & Lawton 2001a). The
resulting border rift belt, including the Bisbee basin and Chihuahua trough, sup-
planted arc magmatism along the USA-Mexico border region (Figure 7), with Late
Jurassic rifting accompanied by bimodal magmatism and followed by Early Creta-
ceous thermotectonic subsidence (Dickinson & Lawton 2001b). Farther north, the
extensional Utah-Idaho trough (Figure 7) of Middle to Late Jurassic age and devel-
opment of a wide zone of Late Jurassic to Early Cretaceous backarc magmatism
(Figure 7) closely followed arc accretion along the California continental margin
to the west (Dickinson 2001). Earlier Middle Jurassic thrusting along the Luning-
Fencemaker thrust (Wyld 2002), which carried the fill of the Auld Lang Syne
backarc basin eastward (Figure 7), coincided closely in timing with arc accretion
farther west.

Mid-Cretaceous to Mid-Tertiary Cordilleran Arc

Following Jurassic-Cretaceous arc accretion at the evolving subduction zone along
the continental margin, the Cordilleran magmatic arc stepped oceanward to a trend
that was largely superimposed upon accreted terranes (Figure 9). Massive Late
Cretaceous plutonism, continuing until mid-Eocene time in Canada, formed the
major Cordilleran batholith belt along the arc axis. To the west, a parallel belt of
Jurassic-Cretaceous forearc basins is prominent along the coastal fringes of the
USA and Mexico, and lies immediately inland from exposures of the Jurassic-
Cretaceous subduction complex forming the Franciscan superterrane (Figure 9).
Farther north in Canada, however, Cenozoic modification of the continental margin
by strike slip along the Cenozoic Queen Charlotte transform and its splays has
largely disrupted or submerged tectonic elements of the late Mesozoic forearc
region.

Past speculation (Cowan et al. 1997), based on paleomagnetic data, that the
western part of the Canadian Cordillera, including a large segment of the Cre-
taceous batholith belt, was transported northward in Cretaceous-Paleocene time
from an origin along the continental margin of California or Mexico encounters
the insuperable difficulty that no segment of the Cretaceous arc-trench system is
missing from California or Mexico (Figure 9). The anomalously shallow paleo-
magnetic vectors that gave rise to the hypothesis of large lateral displacements
can be interpreted instead as the result of widespread pluton tilt coupled with
compaction in sedimentary strata (Butler et al. 2001).

Crustal shortening across the Cordilleran orogen gave rise by Late Jurassic time
in Canada (Cant & Stockmal 1989) and mid-Early Cretaceous time in the USA
(Dickinson 2001) to initiation of a backarc thrust belt that was continuous from the
interior flank of the Canadian Cordillera into the Sevier thrust belt (Figure 9). The
tectonic load of the thrust sheets downflexed an extensive retroforeland basin with a
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distal fringe that extended well into the continental interior. Deformation within the
Canadian Cordillera produced intraorogen thrusting associated with development
of the Skeena foldbelt (Evenchick 1991) accompanied by downflexure of the Sustut
basin, and analogous intraorogen deformation formed the Eureka thrust belt in the
USA (Figure 9).

Scattered plutons of Late Cretaceous age present in the interior hinterland of
the backarc thrust belt, but most prominent in the Omineca region of the Canadian
Cordillera (Figure 9), were not an integral facet of the arc magmatism active
farther west, but instead were derived largely from sources within underthrust
continental crust. Backarc thrusting and the associated retroforeland basin did not
extend as far south as the region occupied until mid-Cretaceous time by the Bisbee
basin and related rift troughs along the USA-Mexico border. Although somewhat
diachronous in timing, backarc rifting (Figure 7) and backarc thrusting (Figure 9)
occupied different realms marked by distinct contrasts in geodynamics along the
Cordilleran orogen.

In Canada, arc magmatism along the eastern flank of the Coast batholith con-
tinued until mid-Eocene time~45 Ma), as did deformation along the backarc
thrust belt. Farther south, however, in both the USA and Mexico, subhorizontal
subduction of the Farallon plate during latest Cretaceous through Eocene time al-
tered the progress of both magmatism and tectonism (Dickinson & Snyder 1978).
Inland migration and diminution of igneous activity led to a magmatic null through
much of the USA Cordillera (Figure 1), and basement-involved crustal shortening
produced yoked uplifts and basins of the Laramide Rocky Mountains well inland
from the continental margin (Figure 9).

Deformation began-70 Ma throughout the Laramide Rocky Mountains while
thrusting was still underway along the Sevier thrust belt to the west, but its ter-
mination was diachronous (Dickinson et al. 1988). The development of Laramide
basins and uplifts was complete in the northern part of the Laramide province by
mid-Eocene time~50 Ma), coincident with the terminal phase of deformation
along the Sevier thrust belt to the west (DeCelles 1994). Farther south, however,
Laramide deformation continued until the end of Eocene time. In Mexico, south
of the magmatic null, Laramide basin evolution (Figure 9) during Late Cretaceous
and Paleocene time (Dickinson & Lawton 2001b) was accompanied by arc mag-
matism that migrated inland from the Cretaceous batholith belt near the coast.
The time-space pattern of Laramide magmatism and deformation suggests that
the shallow angle of plate descent that gave rise to both resulted from subduc-
tion of a buoyant oceanic plateau beneath the continental margin (Dickinson et al.
1988).

In the Pacific Northwest, the elongate oceanic seamount chain of Siletzia
(Figure 9), which formed during Paleocene-Eocene time (Figure 1) at some un-
known distance offshore, was accreted in bulk to the Cordilleran margin early
in Eocene time, and was subsequently buried beneath the Eocene forearc basin
(Figure 8) of the Oregon-Washington Coast Range (Heller et al. 1987). A subduc-
tion complex (Brandon & Vance 1992), composed of premid-Miocene Cenozoic
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strata underthrust beneath the accreted mass of Siletzia, forms the core of the
Olympic Mountains near the USA-Canada border (Figure 9). Incrementally ac-
creted Paleocene-Eocene components of the Franciscan subduction complex are
exposed along the coastal fringe of California farther south, but elsewhere most
Cenozoic subduction along the Cordilleran margin occurred along an offshore
zone still unexposed underwater.

CENOZOIC TAPHROGENY

The Cordilleran arc orogen as a typical segment of the Circum-Pacific orogenic belt
reached peak development in Late Cretaceous time. During Tertiary time, arrival
at the Cordilleran margin of successive segments of spreading systems bound-
ing the Pacific plate progressively converted segments of the continental margin
into transform fault systems along the Pacific plate boundary. As the transform
continental margin evolved, subsidiary strike slip and associated crustal extension
disrupted the adjacent continental block and gave rise to the rift trough of the
Gulf of California, an incipient ocean basin that is expanding obliquely within the
transform regime (Figure 10).

North of the Tofino triple junction (Figure 10), subduction associated with
waning phases of batholith generation along the coastal fringe of the Canadian
Cordillera was supplanted in mid-Eocene time (Hyndman & Hamilton 1993) by
dextral slip along the Queen Charlotte transform fault. The change in coastal
geodynamics, from convergence to strike slip, was triggered by amalgamation
of the offshore Kula and Pacific plates-a42.5 Ma (Lonsdale 1988). Subsequent
Oligocene-Miocene magmatism within the Queen Charlotte Islands was associated
with evolution of a slab window (Hamilton & Dostal 2001), and the Neogene Queen
Charlotte basin farther east (Figure 10) developed as a pull-apart basin within the
transform system (Lewis et al. 1991). The Chatham Strait—-Denali fault system,
initiated in mid-Eocene time as a branch of the Queen Charlotte transform (Cole
et al. 1999), has displaced segments of the Insular superterrane laterally along the
continental margin (Figure 10). A discrepancy between 370 km of slip along the
Denali fault and 150 km of slip along the linked Chatham Strait fault suggests that
220 km of slip parallel to the continental margin, southward from the elbow where
those two fault segments meet, was accommodated by the Coast shear zone along
the eastern flank of the Insular superterrane (Gehrels 2000).

Farther south, subduction along the Cordilleran margin continues at the foot of
the continental slope along an offshore trend parallel to and coextensive with the
active Cascades volcanic arc of the Pacific Northwest (Figure 10). Arc volcanism,
which extended southward through the USA in Miocene time (Figure 10), was
progressively extinguished south of the Cascades arc by evolution of the San
Andreas transform system along the continental margin as the Mendocino triple
junction (Figure 10) migrated northward to shorten the Cascades subduction zone.
Beginning near the Oligocene-Miocene time boundary, slab-window volcanism
evolved in coastal California along a belt parallel to the evolving San Andreas
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transform (Dickinson 1997). Neogene arc volcanism was extinguished in similar
fashion within Baja California when the Rivera triple junction (Figure 10) migrated
southward in mid-Miocene time to a position near the mouth of the modern Gulf
of California.

Following Laramide events, establishment of mid-Cenozoic arc magmatism
along a trend near the USA-Mexico continental margin had been accomplished by
the migration of successive volcanic fronts toward the coast (Figure 10) as the slab
of oceanic lithosphere subducting beneath the Cordilleran orogen steepened or
foundered (Dickinson 2002). Subsequent initiation of the San Andreas transform
along the continental margin in Early Miocene time triggered crustal extension
within the Basin and Range taphrogen (Figure 10), where multiple fault blocks
distended the Cordilleran orogen once the continental block was partly coupled
to the Pacific plate. A largely intact remnant of the mid-Cenozoic arc assemblage
lies along the Sierra Madre Occidental (Figure 10), where flat-lying volcanic strata
form an enclave of largely undistended crust enclosed within the Basin and Range
taphrogen. Baja California was calved from mainland Mexico when the San An-
dreas transform plate boundary south of the USA jumped inland in Late Miocene
time to open the Gulf of California by oblique extension.

In the Pacific Northwest (USA), extensive volcanic fields of flood basalt that
have erupted behind the Cascades volcanic arc since Early Miocene time mask
older rock assemblages over wide areas (Figure 10). The volcanism may have been
related to mantle advection induced by deformation of the continental lithosphere
after shear was imposed on the continental block by interaction of the Pacific and
American plates along the San Andreas transform system at the continental margin
(Dickinson 1997). Less voluminous but comparably extensive Middle Miocene and
younger volcanic fields of basaltic character in the Canadian Cordillera (Edwards
& Russell 2000) may reflect analogous shear coupling of the Pacific and American
plates along the nearby Queen Charlotte transform.

SUMMARY PERSPECTIVES

The questions posed in the introduction can be answered as follows:

1. The Cordilleran system, as an integral segment of the circum-Pacific oro-
genic belt, was established when subduction was initiated between Early and
Late Triassic time along a continental margin that had been delineated by
Neoproterozoic rifting during the breakup of Rodinia, and later modified in
late Paleozoic and earliest Mesozoic time by the emplacement of oceanic
allochthons upon the edge of the continental block during the final assembly
of Pangea.

2. Rock masses native to the Cordilleran margin include the miogeoclinal prism
deposited between Neoproterozoic and Late Devonian time along a passive
continental margin, volcanic and plutonic rocks of the Cordilleran magmatic
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arc built along an active continental margin from mid-Triassic time to the
present, and the sedimentary and volcanic assemblages of basins and lava
fields superimposed upon the miogeoclinal succession and the arc assem-
blage.

3. Accreted tectonic elements include subduction complexes thrust bodily over
the miogeoclinal prism in Devonian-Mississsippian and Permian-Triassic
time; intraoceanic island arcs sutured to the continental block at those times
and also later, between Middle Jurassic and Early Cretaceous time; and
subduction complexes accreted incrementally to the continental block at the
Cordilleran subduction zone between Late Triassic and mid-Cenozoic time.

4. Postmid-Cenozoic internal distension and incipient dislocation of Cordilleran
crust has occurred in response to transform tectonism imposed on the con-
tinental margin when intra-Pacific seafloor spreading systems impinged on
the Cordilleran trench.

The Annual Review of Earth and Planetary Sciends online at
http://earth.annualreviews.org

LITERATURE CITED

Acton SL, Simony PS, Heaman LM. 2002. sic to earliest Eocene magmatism in the
Nature of the basement to Quesnel terrane North America Cordillera: implications for
near Christina Lake, southeastern British the Western Interior Basin. lfhe Evolution
Columbia.Can. J. Earth Sci39:65-78 of the Western Interior Basjed. WGE Cald-

Anderson P. 1976. Oceanic crust and arc- well, EG Kauffman, Spec. Pap. 39, pp. 49—
trench gap tectonics in southwestern British 72. Ottawa, Can: Geol. Assoc. Can.
Columbia.Geology4:443-46 Armstrong RL, Eisbacher GH, Evans PD. 1982.

Anderson RG. 1993. A Mesozoic stratigraphic Age and stratigraphic-tectonic significance
and plutonic framework for northwestern of Proterozoic diabase sheets, Mackenzie
Stikinia (Iskut River area), northwestern Mountains, northwestern Canad@an. J.
British Columbia, Canada. INMesozoic Pa- Earth Sci.19:316-23
leogeography of the Western United States-Ave Lallemant HG. 1995. Pre-Cretaceous tec-
II, ed. GC Dunne, KA McDougall, Book 74, tonic evolution of the Blue Mountains
pp- 477-94. Los Angeles: Pacif. Sect. SEPM province, northeastern Oregob.S. Geol.
(Soc. Sediment. Geol.) Surv. Prof. Pap1438:271-304

Armin RA, Mayer L. 1983. Subsidence anal-Blome CD, Nestell MK. 1991. Evolution
ysis of the Cordilleran miogeocline: impli- of a Permo-Triassic sedimentaryefange,
cations for timing of late Proterozoic rifting  Grindstone terrane, east-central Oregon.
and amount of extensio@eology11:702-5 Geol. Soc. Am. BullL03:1280-96

Armstrong RL. 1988. Mesozoic and earlyBond GC, Kominz M. 1984. Construction
Cenozoic magmatic evolution of the Cana- of tectonic subsidence curves for the early
dian Cordillera. InProcesses in Continen- Paleozoic miogeocline, southern Canadian
tal Lithospheric Deformationed. SP Clark ~ Rocky Mountains: implications for subsi-
Jr, BC Burchfiel, J Suppe, Spec. Pap. 218, dence mechanisms, age of breakup, and
pp. 55— 91. Boulder, CO: Geol. Soc. Am. crustal thinning.Geol. Soc. Am. Bull95:

Armstrong RL, Ward PL. 1991. Late Trias- 155-73



NORTH AMERICAN CORDILLERA 37

Bond GC, Kominz MA, Devlin WR. 1983. ing the transition from terrane accretion to
Thermal subsidence and eustasy in the lower strike-slip tectonics, Late Cretaceous—early
Palaeozoic miogeocline of western North Tertiary Cantwell Formation, south central
America.Nature306:775-79 Alaska.Tectonicsl8:1224-44

Brandon MT, Vance JA. 1992. Tectonic evo-Colpron M, Logan JM, Mortensen JK. 2002.
lution of the Cenozoic Olympic subduction U-Pb zircon age constraint for late Neopro-
complex, Washington state, as deduced from terozoic rifting and initiation of the lower Pa-
fission track ages for detrital zircon&m. J. leozoic passive margin of western Laurentia.
Sci.292:565-636 Can. J. Earth Sci39:133-43

Brandon MT, Cowan DS, Vance JA. 1988.Coney PJ, Jones DL, Monger JWH. 1980.
The Late Cretaceous San Juan Thrust Sys- Cordilleran suspect terranedlature 288:
tem, San Juan Islands, Washingtd@®pec. 329-33
Pap. 221. Boulder, CO: Geol. Soc. Am.Cordey F, Schiarizza P. 1993. Long-lived Pan-
81 pp. thalassic remnant: the Bridge River accre-

Brown EH. 1987. Structural geology and ac- tionary complex, Canadian Cordiller&e-
cretionary history of the northwest Cascades ology21:263—-66
system, Washington and British Columbia.Cordey F, Mortimer N, DeWever P, Monger
Geol. Soc. Am. BulP9:201-14 JWH. 1987. Significance of Jurassic radio-

Brown EH, Blake MC, Jr. 1987. Correlation of larians from the Cache Creek terrane, British
Early Cretaceous blueschists in Washington, Columbia.Geology15:1151-54
Oregon, and northern Californidectonics Cowan DS, Brandon MT, Garver JI. 1997. Ge-
6:795-806 ologic tests of hypotheses for large coastwise

Brown DA, Logan JM, Gunning MH, Orchard  displacements—a critique illustrated by the
MJ, Bamber WE. 1991. Stratigraphic evolu- Baja British Columbia controversyAm. J.
tion of the Paleozoic Stikine assemblage in Sci.297:117-73
the Stikine and Iskut River area, northwesterCurrie LD, Parrish RK. 1997. Paleozoic and
British ColumbiaCan. J. Earth Sci28:958— Mesozoic rocks of Stikinia exposed in north-
72 western British Columbia: implications for

Busby-Spera CJ. 1988. Speculative tectonic correlations in the northern Cordillet@eol.
model for the early Mesozoic arc of the Soc. Am. Bull109:1402—-20
southwest Cordilleran United StatéSeol- DalziellIWD. 1992. Antarctica: atale of two su-
ogy16:1121-25 percontinentsAnnu. Rev. Earth Planet. Sci.

Butler RF, Gehrels GE, Bazard DR. 1997. 20:501-26
Paleomagnetism of Paleozoic strata of th®eBari SM, Anderson RG, Mortensen JK.
Alexander terrane, southeastern Alaska. 1999. Correlation among lower to upper
Geol. Soc. Am. Bulll09:1372-88 crustal components in an island arc, Van-

Butler RF, Gehrels GE, Kodama KP. 2001. A couver Island, Canada&an. J. Earth Sci.
moderate translation alternative to the Baja 36:1371-413
British Columbia hypothesisGSA Today DeCelles PG.1994. Late Cretaceous-Paleocene
11(6):4-10 synorogenic sedimentation and kinematic

CantDE, Stockmal GS. 1989. The Albertafore- history of the Sevier thrust belt, northeast
land basin: relationship between stratigra- Utah and southwest Wyomingseol. Soc.
phy and Cordilleran terrane-accretion events. Am. Bull.106:32-56

Can. J. Earth Sci26:1964-75 DePaolo DJ. 1981. Aneodymium and strontium
Challand G, Rageau J-P. 1935 Strategic At- isotopic study of the Mesozoic calc-alkaline
las.New York: Harper & Row. 224 pp. granitic batholiths of the Sierra Nevada and

Cole RB, Ridgway KD, Layer PW, Drake J. Peninsular Ranges, Californid. Geophys.
1999. Kinematics of basin development dur- Res.86:10470-88



38 DICKINSON

Devlin WJ. 1989. Stratigraphy and sedimenDickinson WR. 2002. The Basin and Range
tology of the Hamill Group in the north-  province as a composite extensional domain.
ern Selkirk Mountains, British Columbia: Int. Geol. Rev44:1-38
evidence for latest Proterozoic—Early CamDickinson WR, Lawton TF. 2001a. Carbonif-
brian extensional tectonisn€an. J. Earth erous to Cretaceous assembly and frag-
Sci.26:515-33 mentation of MexicoGeol. Soc. Am. Bull.

DevlinWJ, Bond GC 1988. The initiation ofthe  113:1142-60
early Proterozoic Cordilleran miogeocline:Dickinson WR, Lawton TF. 2001b. Tectonic
evidence from the uppermost Proterozoic— setting and sandstone petrofacies of the Bis-
Lower Cambrain Hamill Group of south- bee basin (USA-Mexicojl. S. Am. Earth Sci.
eastern British ColumbiaCan. J. Earth Sci. 14:475-501
25:1-19 Dickinson WR, Lawton TF. 2003. Sequen-

Devlin WJ, Brueckner HK, Bond GC. 1988. tial intercontinental suturing as the ultimate
New isotopic data and a preliminary age control for Pennsylvanian Ancestral Rocky
for volcanics near the base of the Winder- Mountains deformationGeology 31:609—
mere Supergroup, northeastern Washington, 12
U.S.A.Can. J. Earth Sci25:1906-11 Dickinson WR, Snyder WS. 1978. Plate tec-

Dickie JR, Hein FJ. 1995. Conglomeratic fan tonics of the Laramide orogeny. Laramide
deltas and submarine fans of the Jurassic Folding Associated With Basement Block
Laberge Group, Whitehorse trough, Yukon Faulting in the Western United Statesd. V
Territory, Canada: fore-arc sedimentation Mathews Ill, Mem. 151, pp. 355-66. Boul-
and unroofing of a volcanic island arc com- der: Geol. Soc. Am.

plex. Sediment. GeoB8:263-92 Dickinson WR, Swift PN, Coney PJ. 1986. Tec-
Dickinson WR. 1977. Subduction tectonics in tonic strip maps of Alpine-Himalayan and

JapanAm. Geophys. Union Tran58:948— Circum-Pacific orogenic belts (great circle

52 projections) Geol. Soc. Am. Map Chart Ser.
Dickinson WR. 1979. Mesozoic forearc basin MC-58

in central OregonGeology7:166—70 Dickinson WR, Klute MA, Hayes MJ, Janecke

Dickinson WR. 1997. Tectonic implications of ~ SU, Lundin ER, et al. 1988. Paleogeographic
Cenozoic volcanism in coastal California. and paleotectonic setting of Laramide sedi-
Geol. Soc. Am. Bulll09:936-54 mentary basins in the central Rocky Moun-

Dickinson WR. 2000. Geodynamic interpre- tain region.Geol. Soc. Am. BultLl00:1023—
tation of Paleozoic tectonic trends oriented 39
oblique to the Mesozoic Klamath-SierranDilek Y. 1989. Tectonic significance of post-
continental margin in California. IPaleo- accretion rifting of an early Mesozoic
zoic and Triassic Paleogeography and Tec- oceanic basement in the northern Sierra
tonics of Western Nevada and Northern Cal- Nevada metamorphic belt, Californial.
ifornia, ed. MJ Soreghan, GE Gehrels, Spec. Geol.97:503-18
Pap. 347, pp. 209-45. Boulder, CO: GeolDilek Y, Thy P, Moores EM, Grundvig S.
Soc. Am. 1990. Late Paleozoic—early Mesozoic

Dickinson WR. 2001. Tectonic setting of the oceanic basement of a Jurassic arc terrane in
Great Basin through geologic time: implica- the northwestern Sierra Nevada, California.
tions for metallogeny. IiRegional Tectonics  See Harwood & Miller 1990, pp. 351-69
and Structural Control of Ore: The Major Dilek Y, Moores EM, Elthon D, Nicolas A, eds.
Gold Trends of Northern Nevada&d. DR 2000. Ophiolites and Oceanic Crust: New
Shaddrick, E Zbinden, DC Mathewson, C Insights from Field Studies and the Ocean
Prenn, Spec. Publ. 33, pp. 27-53. Reno, NV: Drilling Program, Spec. Pap. 349. Boulder,
Geol. Soc. Nev. CO: Geol. Soc. Am.



NORTH AMERICAN CORDILLERA 39

Dostal J, Church BN, Hoy T. 2001. Ge-Evans KV, Aleinikoff JN, Obradovich JD, Fan-
ological and geochemical evidence for ning JM. 2000. SHRIMP U-Pb geochronol-
variable magmatism and tectonics in the ogy of volcanic rocks, Belt Supergroup,
southern Canadian Cordillera: Paleozoic to western Montana: evidence for rapid depo-
Jurassic suites, Greenwood, southern British sition of sedimentary strat&Can. J. Earth
Columbia.Can. J. Earth Sci38:75-90 Sci.37:1287-300

Dunne GC, McDougall KA, eds. 1998leso- Evenchick CA. 1991. Geometry, evolution, and
zoic Paleogeography of the Western United tectonic framework of the Skeena fold belt,
States—lILos Angeles: Pacif. Sect.,, SEPM north central British ColumbiaTectonics
(Soc. Sediment. Geol.). Book 71 10:527-46

Edelman SH. 1990.Paleozoic and Early Fedo CM, Cooper JD. 2001. Sedimentology
Mesozoic Paleogeographic Relations; Sierra and sequence stratigraphy of Neoprotero-
Nevada, Klamath Mountains, and Related zoic and Cambrian units across the craton-
Terranes See Harwood & Miller 1990, margin hinge zone, southeastern California,
pp. 371-78 and implications for the early evolution of

Edelman SH, Sharp WD. 1989. Terranes, early the Cordilleran margirSediment. Geol41-
faults, and pre-Late Jurassic amalgamation of 142:501-22
the western Sierra Nevada metamorphic belEerri F. 1997. Nina Creek Group and Lay Range
California. Geol. Soc. Am. Bull101:1420- assemblage, north-central British Columbia:
33 remnants of late Paleozoic oceanic and arc

Edelman SH, Day HW, Bickford ME. 1989a. terranesCan. J. Earth Sci34:854-74
Implications of U-Pb ages for the tectonicFollo MF. 1992. Conglomerates as clues to the
settings of the Smartville and Slate Creek sedimentary and tectonic evolution of a sus-
complexes, northern Sierra Nevada, Califor- pect terrane: Wallowa Mountains, Oregon.
nia. Geology17:1032—-35 Geol. Soc. Am. BullLl04:1561-76

Edelman SH, Day HW, Moores EM, Zigan SM, Foster DA, Gray DR. 2000. Evolution and struc-
Murphy TP, Hacker BR. 1989iStructure ture of the Lachlan fold belt (orogen) of east-
Across a Mesozoic Ocean-Continent Suture ern Australia Annu. Rev. Earth Planet. Sci.
Zone in the Northern Sierra Nevada, Cali- 28:47-80
fornia, Spec. Pap. 224. Boulder, CO: GeolFriedman RM, Armstrong RL. 1995. Jurassic
Soc. Am. 56 pp. and Cretaceous geochronology of the south-

Edwards BR, Russell JK. 2000. Distribution, ern Coast Belt, British Columbia, 4% 51°
nature, and origin of Neogene-Quaternary N. See Miller & Busby 1995, pp. 95-139
magmatism in the northern Cordilleran vol-Friedman RM, Monger JWH, Tipper HW. 1990.
canic province, Canad&eol. Soc. Am. Bull.  Age of the Bowen Island Group, southwest-
112:1280-95 ern Coast Mountains, British Columbi@an.

Erdmer P, Ghent ED, Archibald DA, Stout MZ. J. Earth Sci27:1456-61
1998. Paleozoic and Mesozoic high-pressur&ardner MC, Bergman SC, Cushing GW,
metamorphism at the margin of ancestral MacKevett EM Jr, Plafker G, et al. 1988.
North America in central YukorGeol. Soc. Pennsylvanian stitching of Wrangellia and
Am. Bull.110:615-29 the Alexander terrane, Wrangell Mountains,

Erdmer P, Moore JM, Heaman L, Thompson Alaska.Geologyl16:967-71
RI, Daughtry KL, Creaser RA. 2002. Extend-Garver JI. 1992. Provenance of Albian-Cenom-
ing the ancient margin outboard in the Cana- anian rocks of the Methow and Tyaughton
dian Cordillera: record of Proterozoic crust basins, southern British Columbia: a mid-
and Paleocene regional metamorphism in Cretaceous link between North America
the Nicola horst, southern British Columbia. and the Insular terrané€Can. J. Earth Sci.
Can. J. Earth Sci39:1605-23 29:1274-95



40 DICKINSON

Gehrels GE. 2000. Reconnaissance geologgodfrey NJ, Dilek Y. 2000. Mesozoic assimi-
and U-Pb geochronology of the western flank lation of oceanic crust and island arc into the
of the Coast Mountains between Juneau and North American continental margin in Cali-
Skagway, southeastern Alaska.Tectonics fornia and Nevada: insights from geophysical
ofthe Coast Mountains, Southeastern Alaska data. See Dilek et al. 2000, pp. 365—-82
and British Columbiaed. HH Stowell, WC Gordey SP, Abbott JG, Tempelman-Kluit DJ,
McClelland, Spec. Pap. 343, pp. 213-33. Gabrielse H. 1987. “Antler” clastics in the
Boulder, CO: Geol. Soc. Am. Canadian CordilleraGeologyl15:103-7

Gehrels GE. 2001. Geology of the ChathanHacker BR, Ernst WG. 1993. Jurassic orogeny
Sound region, southeast Alaska and coastal in the Klamath Mountains: a geochronologi-
British Columbia.Can. J. Earth Sci.38: cal analysis. See Dunne & McDougall 1993,
1579-99 pp. 37-59

Gehrels GE. 2002. Detrital zircon geochronolHacker BR, Ernst WG, McWilliams MO.
ogy of the Taku terrane, southeast Alaska. 1993. Genesis and evolution of a Permian-
Can. J. Earth Sci39:921-31 Jurassic magmatic arc/accretionary wedge,

Gehrels GE, McClelland WC, Samson SD, and reevaluation of terranes in the central
Patchett PJ, Jackson JL. 1990. Ancient con- Klamath MountainsTectonicsl2:387—-409
tinental margin assemblage in the northHacker BR, Donato MM, Barnes CG,
ern Coast Mountains, southeast Alaska and McWilliams MO, Ernst WG. 1995. Time-
northwest Canad#&eology18:208-11 scales of orogeny: Jurassic construction of

Gehrels GE, McClelland WC, Samson SD, the Klamath MountainsTectonics14:677—
Patchett PJ. 1991. U-Pb geochronology of 703
detrital zircons from a continental marginHamilton TS, Dostal J. 2001. Melting of
assemblage in the northern Coast Moun- heterogeneous mantle in a slab window
tains, southeastern Alaskaan. J. Earth Sci. environment: examples from the middle Ter-
28:1285-300 tiary Masset basalts, Queen Charlotte Is-

Gehrels GE, McClelland WC, Samson SD, lands, British ColumbiaCan. J. Earth Sci.
Patchett PJ. 1992. Geology of the west- 38:825-38
ern flank of the Coast Mountains betweerHansen VL. 1988. A model for terrane accre-
Cape Fanshaw and Taku Inlet, southeastern tion, Yukon-Tanana and Slide Mountain ter-
Alaska.Tectonicsl1:567-85 ranes, northwest North Americdectonics

Gehrels GE, Johnsson MJ, Howell DG. 1999. 6:1167-77
Detrital zircon geochronology of the AdamsHansen VL. 1990. Yukon-Tananaterrane: a par-
Argillite and Nation River Formation, east- tial acquittal.Geology18:365—69
central Alaska, U.S.AJ. Sediment. Res. Hansen VL, Dusel-Bacon C. 1998. Structural
69:135-44 and kinematic evolution of the Yukon-

Girty GH, Hanson RE, Girty MS, Schweick- Tanana upland tectonites, east-central
ert RA, Harwood DS, et al. 1995. Tim- Alaska: a record of late Paleozoic to Meso-
ing of emplacement of the Haypress Creek zoic crustal assemblyzeol. Soc. Am. Bull.
and Emigrant Gap plutons: implications for 110:211-30
the timing and controls of Jurassic orogeneHarper GD, Saleeby JB, Heizler M. 1994. For-
sis, northern Sierra Nevada, California. See mation and emplacement of the Josephine
Miller & Busby 1995, pp. 191-201 ophiolite and the Nevadan orogeny in

Ghosh DK. 1995. Nd-Sr isotopic constraints on the Klamath Mountains, California-Oregon:
the interactions of the Intermontane Supert- U/Pb sircon and®Ar/2°Ar geochronologyd.
errane with the western edge of North Amer- Geophys. Re€9:4293-321
ica in the southern Canadian Cordille@an. Harwood DS, Miller MM, eds. 1990Paleo-

J. Earth Sci32:1740-58 zoic and Early Mesozoic Paleogeographic



NORTH AMERICAN CORDILLERA 41

Relations; Sierra Nevada, Klamath Moun-Lawver LA, Scotese CR. 1987. A revised re-
tains, and Related TerrangSpec. Pap. 225.  construction of Gondwanaland. I&ond-
Boulder, CO: Geol. Soc. Am. wanaland Six: Structure, Tectonics, and Geo-
Heller PL, Tabor RW, Suczek CA. 1987. Paleo- physicsMonogr. 40, pp. 17-23. Washington,
geographic evolution of the United States Pa- DC: Am. Geophys. Union Geophys.
cific Northwest during Paleogene tinean. Le Pichon X. 1983. Pamg, gade et con-
J. Earth Sci24:1652—-67 vection. C.R. Acad. Sci. Paris (Ser. II).
Hopson CA, Mattinson JM. 1994. Chelan 296:1313-20
migmatite complex, Washington: field evi-Le Pichon X, Huchon P, Barrier, E. 1985.
dence for mafic magmatism, crustal anatexis, Pangea, the geoid and the evolution of the
mixing, and protodiapiric emplacement. In western margin of the Pacific Ocean Hor-
Guides to Field Trips, 1994 Geological So- mation of Active Ocean Margined. N Nasu,
ciety of America Annual Meeting, Seattle, KKobayashi, S Uyeda, | Kushiro, H Kagami,
Washingtoned. DA Swanson, RAHaugerud, pp. 3-42. Tokyo: Terra Sci.
pp. 22-23. Seattle: Univ. Wash. Levy M, Christie-Blick N. 1991. Tectonic
Hyndman RD, Hamilton TS. 1993. Queen subsidence of the early Paleozoic passive
Charlotte area Cenozoic tectonics and vol- continental margin in eastern California
canism and their association with relative and southern Nevad&eol. Soc. Am. Bull.
plate motions along the northeastern Pacific 103:1590-606
margin.J. Geophys. Re88:14257-77 Lewis PD, Haggart JW, Anderson RG, Hick-
Ingersoll RV. 2000. Models for emplacement son CJ, Thompson RI, et al. 1991. Triassic
of Jurassic ophiolites of northern California. to Neogene geologic evolution of the Queen
See Dilek et al. 2000, pp. 395-402 Charlotte regionCan. J. Earth Sci28:854—
Johannson GG, Smith PL, Gordey SP. 1997. 69
Early Jurassic evolution of the northernLi Z-X, Li X-H, Zhou H, Kinny PD. 2002.
Stikinian arc: evidence from the Laberge Grenvillian continental collision in south
Group, northwestern British Columbi@an. China: new SHRIMP U-Pb zircon results and
J. Earth Sci.34:1030-57 implications for the configuration of Rodinia.
Jones DJ, Silberling NJ, Hillhouse J. 1977. Geology30:163—-66
Wrangellia—a displaced terrane in north-Lickorish HW, Simony PS. 1995. Evidence for
western North AmericaCan. J. Earth Sci. late rifting of the Cordilleran margin out-
14:2565-77 lined by stratigraphic division of the Lower
Karlstrom KE, Harlan SS, Williams HL, Mc-  Cambrian Gog Group, Rocky Mountain main
Clelland J, Geissman JW, AH"KI. 1999. ranges, British Columbia and Albertgan.
Refining Rodinia: geologic evidence for the J. Earth Sci.32:860-74
Australia—western U.S. connection in thelLonsdale P. 1988. Paleogene history of the Kula
ProterozoicGSA Today®(10):1-7 plate: offshore evidence and onshore impli-
Kleinspehn KL 1985. Cretaceous sedimen- cations.Geol. Soc. Am. Bulll00:733-54
tation and tectonics, Tyaughton—MethowlLuepke JJ, Lyons TW. 2001. Pre-Rodinian
basin, southwestern British Columbi@an. (Mesoproterozoic) supercontinental rifting
J. Earth Sci22:154-74 along the western margin of Laurentia: geo-
Lawton TF. 1994. Tectonic setting of Mesozoic chemical evidence from the Belt-Purcell Su-
sedimentary basins, Rocky Mountain region, pergroupPrecambrian Resl11:79-90
United States. IrMesozoic Systems of theLund K, Snee LW. 1988. Metamorphism, struc-
Rocky Mountain Region, USAd. MV Ca- tural development, and age of the continent—
puto, JA Peterson, KJ Franczyk, pp. 1-25. island arc juncture in west-central ldaho.
Denver, CO: Rocky Mountain Sec., SEPM In Metamorphism and Crustal Evolution of
(Soc. Sediment. Geol.). the Western United Stateed. WG Ernst,



42 DICKINSON

pp. 296-331. Englewood Cliffs, NJ: Prentice and Cordilleran tectonicsl. Geophys. Res.
Hall 91:11519-44

Lund K, Aleinikoff JN, Evans KV, Fanning McClelland WC, Gehrels GE, Saleeby JB.
CM. 2003. SHRIMP U-Pb geochronology 1992. Upper Jurassic—Lower Cretaceous
of the Neoproterozoic Windermere Super- basinal strata along the Cordilleran mar-
group, central Idaho: implications for rift-  gin: implications for the accretionary history
ing of western Laurentia and synchroneity of the Alexander-Wrangellia-Peninsular ter-
of Sturtian glacial deposit$seol. Soc. Am.  rane.Tectonicsl1:823-35
Bull. 113:349-72 Meert JG, Van der Voo R. 1997. The assem-

Maclintyre DG, Villeneuve ME, Schiarizza bly of Gondwana 800-550 Md. Geodyn.

P. 2001. Timing and tectonic setting of 23:223-35

Stikine terrane magmatism, Babine-TakldMihalynuk MG, Nelson JL, Diakow LJ. 1994.
Lakes area, central British Columbi@an. Cache Creek terrane entrapment: oroclinal
J. Earth Sci.38:579-601 paradox within the Canadian Cordillefiac-

MacLeod SE, Hills LV. 1990. Conformable tonics13:575-95
Late Jurassic—Early Cretaceous strata, norttMiller DM, Busby C, eds. 1995lurassic Mag-
ern Bowser basin, British Columbia: a sed- matism and Tectonics of the North American
imentological and paleontological model. Cordillera, Spec. Pap. 299. Boulder, CO:
Can. J. Earth Sci27:988-98 Geol. Soc. Am.

MacNaughton RB, Narbonne GM, Dalrym-Monger JWH. 1991. Correlation of the Set-
ple RW. 2000. Neoproterozoic slope de- tler Schist with the Darrington Phyllite and
posits, Mackenzie Mountains, northwestern Shuksan Greenschist and its tectonic im-
Canada: implications for passive-margin de- plications, Coast and Cascade Mountains,
velopment and Ediacaran faunal ecology. British Columbia and WashingtorCan. J.
Can. J. Earth Sci37:997-1020 Earth Sci.28:447-58

Mahoney JB, Friedman RM, McKinley SD. Monger JWH, Price RA, Tempelman-Kluit DJ.
1995. Evolution of a Middle Jurassic vol- 1982. Tectonic accretion and the origin of the
canic arc: stratigraphic, isotopic, and geo- two major metamorphic and plutonic weltsin
chemical characteristics of the Harrison Lake the Canadian Cordiller&eologyl10:70-75
Formation, southwestern British Columbia.Mortensen JK. 1992. Pre-mid-Mesozoic tec-
Can. J. Earth Sci32:1759-76 tonic evolution of the Yukon-Tanana terrane,

Manspeizer W, Cousminer HL. 1988. Late Yukon and AlaskaTectonicsl1:836-53
Triassic—Early Jurassic synrift basins of theMortimer N. 1986. Late Triassic, arc-related,
U.S. Atlantic margin. InThe Atlantic Con- potassic igneous rocks in the North Ameri-
tinental Margin ed. RE Sheridan, JA Grow, can CordilleraGeology14:1035-38
Vol. I-2, pp. 197-216. Boulder, CO: Geol. Mortimer N. 1987. The Nicola Group: Late Tri-
Soc. Am. Geol. N. Am. assic and Early Jurassic subduction-related

Marsden H, Thorkelson DJ. 1992. Geology volcanismin British ColumbigCan. J. Earth
of the Hazelton volcanic belt in British  Sci.24:2521-36
Columbia: implications for the Early to Mid- Nelson JL. 1993. The Sylvester allochthon: up-
dle Jurassic evolution of Stikinidectonics per Paleozoic marginal-basin and island-arc
11:1266-87 terranes in northern British Columbi@an.

Mattinson JM. 1972. Ages of zircons from the J. Earth Sci30:631-43
northern Cascade Mountains, WashingtoriNelson JA, Mihalynuk M. 1993. Cache
Geol. Soc. Am. BulB3:3769-84 Creek ocean: closure or enclosuf@&ology

May SR, Butler RF. 1986. North Ameri- 21:173-76
can Jurassic apparent polar wander: impliOrchard MJ, Cordey F, Rui L, Bamber EW,
cations for plate motion, paleogeography, Mamet B, et al. 2001. Biostratigraphic and



NORTH AMERICAN CORDILLERA 43

biogeographic constraints on the Carbonifer- United States): implications for age of depo-

ousto Jurassic Cache Creek terrane in central sition and pre-Panthalassa reconstructions.

British ColumbiaCan. J. Earth Sci38:551— Earth Planet. Sci. Lettl13:57-76

78 Ross GM, Villenueve ME, Theriault RJ. 2001.
Patrick BE, McClelland WC. 1995. Late Pro- Isotopic provenance of the lower Muskwa as-

terozoic granitic magmatism on Seward semblage (Mesoproterozoic, Rocky Moun-

Peninsula and a Barentian origin for Alaska- tains, British Columbia): new clues to cor-

Chukotka Geology23:81-84 relation and source ared®recambrian Res.
Prave AR. 1999. Two diamictites, two cap car- 111:57-77

bonates, twa@!2 excursions, two riftsGeol- Rubin CM, Saleeby JB. 1992. Tectonic history

0ogy27:339-42 of the eastern edge of the Alexander terrane,
Rainbird RH, Jefferson CW, Young GM. 1996. southeast Alaskdectonicsl1:586—-602

The early Neoproterozoic sedimentary sucRubin CM, Miller MM, Smith GM. 1990.

cession B of northwestern Laurentia: cor- Tectonic development of Cordilleran mid-

relations and paleogeographic significance. Paleozoic volcano-plutonic complexes: evi-

Geol. Soc. Am. Bulll08:454—70 dence for convergent-margin tectonism. See
Ramos VA, Aleman A. 2000. Tectonic evolu- Harwood & Miller 1990, pp. 1-16

tion of the Andes. InTectonic Evolution of Rusmore ME. 1987. Geology of the Cadwal-

South Americaed. UG Cordani, EJ Milani, lader Group and the Intermontane—Insular
AT Filho, DA Campos, pp. 635-85. Rio de superterrane boundary, southwestern British
Janeiro: Int. Geol. Congr. (31st) Columbia.Can. J. Earth Sci24:2279-91

Reed BL, Miesch AT, Lanphere MA. 1983. Plu-Rusmore ME, Woodsworth GJ. 1991. Distribu-
tonic rocks of Jurassic age in the Alaska- tion and tectonic significance of Upper Tri-
Aleutian Range batholith: chemical varia- assic terranes in the eastern Coast Moun-
tions and polarity.Geol. Soc. Am. Bull.  tains and adjacent Intermontane Belt, British
94:1232-40 Columbia.Can. J. Eath Sci28:532-41

Ricketts BD, Evenchick CA, Anderson RG,Rusmore ME, Potter CJ, Umhoefer PJ. 1988.
Murphy DC. 1992. Bowser basin, north- Middle Jurassic terrane accretion along the
ern British Columbia: constraints on the western edge of the Intermontane Superter-
timing of initial subsidence and Stikinia— rane, southwestern British Columbiaeol-
North America terrane interactiornSeology ogy16:891-94
20:1119-22 Samson SD, McClelland WC, Patchett PJ,

Roback JC, Walker NW. 1995. Provenance, Gehrels GE, Anderson RG. 1989. Evidence
detrital zircon U-Pb geochronometry, and from neodymium isotopes for mantle contri-
tectonic significance of Permian to Lower butions to Phanerozoic crustal genesis in the
Triassic sandstone in southeastern Quesnel- Canadian CordilleraNature337:705-9
lia, British Columbia and Washingtoeol. Samson SD, Patchett PJ, McClelland WC,
Soc. Am. Bull107:665-75 Gehrels GE. 1991. Nd and Sr isotopic con-

Roback RC, Sevigny JH, Walker NW. 1994. straints on the petrogenesis of the west side
Tectonic setting of the Slide Mountain ter- of the northern Coast Mountains batholith,
rane, southern British Columbidectonics Alaskan and Canadian Cordiller&an. J.
13:1242-58 Earth Sci.28:939-46

Ross GM. 1991. Tectonic setting of theSavoy LE, Mountjoy EW. 1995. Cratonic-
Windermere Supergroup revisite@eology margin and Antler-age foreland basin strata
19:1125-28 (Middle Devonian to Lower Carboniferous)

Ross GM, Parrish RR, Winston W. 1992. Prove- of the southern Canadian Rocky Mountains
nance and U-Pb geochronology of the Meso- and adjacent plains. I8tratigraphic Evolu-
proterozoic Belt Supergroup (northwestern tion of Foreland Basinsed. DL Dorobek,



44 DICKINSON

GM Ross, Spec. Publ. 52, pp. 213-31. Tulsa, North American continental margirfGeol-

OK: SEPM (Soc. Sediment. Geol.)

ogy21:21-24

Schweickert RA, Hanson RE, Girty GH. 1999.Snyder DB, Clowes RM, Cook FA, Erdmer P,
Accretionary tectonics of the western Sierra Evenchick CA, etal. 2002. Proterozoic prism

Nevada metamorphic belt. {Beologic Field
Trips in Northern California ed. DL Wag-

arrests suspect terranes: insights into the an-
cient Cordilleran margin from seismic reflec-

ner, SA Graham, Spec. Publ. 119, pp. 33—79. tion data.GSA Todayl 2 (10):4-10

Sacramento: Calif. Div. Mines Geol.
Schweickert RA, Lahren MM. 1993. Triassic-

Jurassic magmatic arc in eastern California

and western Nevada: arc evolution, cryp-
tic tectonic breaks, and significance of the
Mojave—Snow Lake fault. See Dunne &
McDougall 1993, pp. 227-46

Stewart JH, Amaya-Mantez R, Palmer AR.

2002. Neoproterozoic and Cambrian strata of
Sonora, Mexico: Rodinian supercontinent to
Laurentian continental margin. Bontribu-
tions to Crustal Evolution of the Southwest-
ern United Statesed. A Barth, Spec. Pap.
365, pp. 5-48. Boulder, CO: Geol. Soc. Am.

Sears JW, Price RA. 2000. New look at theStewart JH, Gehrels GE, Barth AP, Link PK,

Siberian connection: no SWEATeology
28:423-26

Sears JW, Price RA. 2003. Tightening the
Siberian connection to western Laurentia.
Geol. Soc. Am. Bulll15:943-53

Christie-Blick N, Wrucke CT. 2001. Detri-
tal zircon provenance of Mesoproterozoic
to Cambrian arenites in the western United
States and northwestern Mexidggeol. Soc.
Am. Bull.113:1343-56

Silberling NJ, Jones DL, Monger JW, Coney PJStruik LC, Schiarizza P, Orchard MJ, Cordey

1992. Lithotectonic terrane map of the North
American Cordilleral.S. Geol. Surv. Misc.
Inv. Ser. Map-2176

Smith AD, Brandon AD, Lambert RStJ . 1995.
Nd-Sr systematics of Nicola Group volcanic

E, Sano H, et al. 2001. Imbricate archi-
tecture of the upper Paleozoic to Juras-
sic oceanic Cache Creek terrane, central
British ColumbiaCan. J. Earth Sci38:496—
514

rocks, Quesnel terran€an. J. Earth Sci. Thomson RC, Smith PL, Tipper HW. 1986.

32:437-46

Smith MT, Gehrels GE. 1991. Detrital zircon
geochronology of upper Proterozoic to lower
Paleozoic continental margin strata of the

Lower to Middle Jurassic (Pliensbachian to
Bajocian) stratigraphy of the northern Spat-
sizi area, north-central British Columbia.
Can. J. Earth Sci23:1965-73

Kootenay arc: implications for the early Pa-Timmons JM, Karlstrom KE, Dehler CM,

leozoic tectonic development of the east-
ern Canadian Cordiller&Can. J. Earth Sci.
28:1271-84

Smith MT, Gehrels GE. 1992a. Structural geol-
ogy of the Lardeau Group near Trout Lake,
British Columbia: implications for the struc-
tural evolution of the Kootenay ar€an. J.
Earth Sci.29:1305-19

Smith MT, Gehrels GE. 1992b. Stratigraphic
comparison of the Lardeau and Covada
Groups: implications for revision of strati-
graphic relations in the Kootenay ai€an.
J. Earth Sci29:1320-29

Smith MT, Dickinson WR, Gehrels GE.
1993. Contractional nature of Devonian-
Mississippian Antler tectonism along the

Geissman JW, Heizler MT. 2001. Protero-
zoic multistage (ca. 1.1 and 0.8 Ga) exten-
sion recorded in the Grand Canyon Super-
group and establishment of northwest- and
north-trending tectonic grains in the south-
western United State§eol. Soc. Am. Bull.
113:163-80

Travers WB. 1978. Overturned Nicola and

Ashcroft strata and their relation to the
Cache Creek Group, southwestern Intermon-
tane Belt, British ColumbiaCan. J. Earth
Sci.15:99-116

Umhoefer PJ. 1990. Stratigraphy and tec-

tonic setting of the upper part of the
Cadwallader terrane, southwestern British
Columbia.Can. J. Earth Sci27:702-11



NORTH AMERICAN CORDILLERA 45

Umhoefer PJ, Kleinspehn KL. 1995. Mesoscal&/an der Heyden P. 1992. A Middle Jurassic to
and regional kinematics of the northwestern early Tertiary Andean-Sierran arc model for
Yalakom fault system: major Paleogene dex- the Coast Belt of British Columbidectonics
tral faulting in British Columbia, Canada. 11:82-97
Tectonicsl4:78-94 White JDL, White DL, Vallier TL, Stanley GD

Umhoefer PJ, Miller RB. 1996. Mid- Jr, Ash SR. 1992. Middle Jurassic strata link
Cretaceous thrusting in the southern Coast Wallowa, Olds Ferry, and Izee terranes in the
Belt, British Columbia, after strike-slip  accreted Blue Mountains island arc, north-
reconstructionTectonicsl5:545-65 eastern OregorGeology20:729-32

Umhoefer PJ, Schiarizza P. 1996. Latest CraAright JE. 1982. Permo-Triassic accretionary
taceous to early Tertiary dextral strike-slip subduction complex, southwestern Klamath
faulting on the southeastern Yalakom fault Mountains, northern Californid. Geophys.
system, southeastern Coast Belt, British Res.87:3805-18
Columbia.Geol. Soc. Am. Bulll08:768-85 Wright JE, Fahan MR. 1988. An expanded

Umhoefer PJ, Schiarizza P, Robinson M. 2002. view of Jurassic orogenesis in the western
Relay Montain Group, Tyaughton—Methow United States Cordillera: Middle Jurassic
basin, southwest British Columbia: a ma- (pre-Nevadan) regional metamorphism and
jor Middle Jurassic to Early Cretaceous ter- thrust faulting within an active arc environ-
rane overlap assemblagean. J. Earth Sci. ment, Klamath Mountains, Californi&eol.
39:1143-67 Soc. Am. Bull100:859-76

Unterschutz JLE, Creaser RA, Erdmer PWright JE, Wyld SJ. 1994. The Rattlesnake
Thompson RI, Daughtry KL. 2002. North  Creek terrane, Klamath Mountains, Califor-
American origin of Quesnel terrane strata in nia: an early Mesozoic volcanic arc and its
the southern Canadian Cordillera: inferences basement of tectonically disrupted oceanic
from geochemical and Nd isotopic charac- crust.Geol. Soc. Am. Bulll06:1033-56
teristics of Triassic metasedimentary rocksWyld SJ. 2002. Structural evolution of a
Geol. Soc. Am. Bulll14:462—75 Mesozoic backarc fold-thrust belt in the

Vandall TA, Palmer HC. 1990. Canadian U.S. Cordillera: new evidence from north-
Cordilleran displacement: paleomagnetic re- ern NevadaGeol. Soc. Am. Bulll14:1452—
sults from the Early Jurassic Hazelton Group, 68
Terrane |, British Columbia, Canad&eo- Yates RG. 1968. The trans-ldaho discontinuity.
phys. J. Int103:609-19 23rd Int. Geol. Congrl:117-23



—

‘P
91020
-UBiu

6a| o1ydeiboab loj G ainbi4 985 "SaINJONIIS 210ZOUBD dJe SWaISAS Jne) DO-M4-SD-2@ pue BunUIL "0IX3 JO JINS ayl jo Buiuado
S9N-pIW aJojag uonisod 01 (BTQ0Z UOIMET 7 UOSUIdId J8)e) Paloisal 0JIXaN UeUuRMPUOS) “WIoJSURI] B|INYRoD-.ILIojIRD JISSell]
lad ‘192D ‘Sniyl BpuodjoD) 2ISSeli]-uelliad ‘109 1SNyl surelunoly suagoy uelddississin-ueluonad ‘LINY :S)nel aAinoe Aa)

‘1S) mc_v_:m pue (n) eIjjdUsand ul sabe|quiasse dJe 210Z03ed JO slueuwal pue (YH) 2Je [einonis Aeusl00y JO UOISSNISIP 10} 1Xa) 995

‘(g .\&H__m_n_ 10 AINUNUOJSIP oyepl-suell ayl Buofe spuaJl 21U019a] JO AINUNUOD UreLIBIUN 3Y] 810U 1N ‘PauIquIod ale abe eWOUOS pue ISjIuUY

10 m@zcoo__mv BJ3||IPJ0D UrILIBWY YLON 3yl Jo (dIssell] Aje3—ueiwiad are) uabolo ewouos ay) pue ‘(uelwiad Aje3—ueliueAlAsuuad)

mo®>eo_ surelunoy A0y [ensaosuy ay ‘(uerddississiy Ape3—ueiuona@ a1e]) uabolo Jajiuy ayl JO Sainjes) 21u0lda]09s) 9 ainbi4
pd

NORTH AMERICA

suiseq syidn  suejunopy Aoy [enseauy \& UjSEq puEjaIo) Jepuy .v\rl.lNA/l\l\Y SUOLJYIO]|E ELUIOLOS-IB[jUY
LYy 4 Y Y
Nv_n N N
{susbBoan) wmmou p d i an‘ & uny up u_.wum% il
1esjjo sam T T
0 puejsi | | 1
/’ seapuy g ROl 190 o0z08d 000 008 0
-— UBLIBIG-LJBLIEY AN
/s pejasoe
e — 20
- S paysep " Q/(M
o aue salj| : My
/ 2Uaym pausju w\u).\/\
1 by suewejs awowe; (4 = - s ? :
! =109 i ! S - 3
< Jed ’ l i
/ S i/ no wuopE|d Je1sseD IS —
~ =i ! s
7 e ;= >
i wer Sl n S
~em s I Vi T iney s
b f MRV e J
; ) S e A
‘___ ____‘ / 3 P
.... - JESBY1] JAMOT BULIE JO UM - b S UoLyoo|B A
i [ m-.mu / I
Hh_ / ﬁmu;l ey /
eun f~e / B ___nw T ; h
ns 2 ! - ! = \
BIUOEND I ~~<_) T~ad ____..Mu 5y i 9
i 1 I e iy ] T L b il




995 "W(

laplog
-yein 4

‘puaba) o1ydeiboab Joy G ainbi4
MeleA ‘A 231D 1ybrens ‘OS ‘sealpuy Ues ‘S ‘axeT ssoy ‘1 ‘anojey) usand ‘D0 ayreamired ‘M4 oAy Jaseld ‘44 ‘Qrens
weyreyd-lleuaq ‘soyagméfaidzousad 'ybnosl enyenyiy)d pue uiseq aagsig sapnjoul (snoaoelald Ape3 01 aisselng aje) 3ag yu

‘(oJe elupins pe1siooe uo pasodwiiadns) uiseq 10SS829Ns JIasMog snoadelal) Ale3 ol aisselnr areq ‘gag ybnoa asexoeq oyep)

ISseing are 01 8|ppIN ‘1IN (yein-epeasN) wsiuoinid osexoeq dlsselnr a1eT 01 3|PPIA 8SNUIP 10 8U0Z ‘dy'g ‘WalSAS 1SNy osexoeq

layewagoua4-buiunT aisseing appIN ‘147 ‘uiseq dJexdeq auAs BueT piny aisseinr Ajieg o) dissell| a1eT ‘ST :salnyes) 2160joab pa1os|es

"awin sn
‘wals

DICKINSON

C-2

030e)a1D Alle3 pue dIsseIne J|ppIN Usamiag ulbrew [eluauiuod uels||ipJod ayl 01 pajaldde salnionils dJe dlueadoenul Buipnjoul
As youai-oJe uria||IpJ0D Byl JO Sainiea) 21u01I31036 (BN 0ZT~) Shoadelal) Aue3-piw ol (BN G /y2~) dissel] Ae3-piN 2 ainbiH

1199 2umns J|uBss0
sujseq ABjualuspas :I.I.Thb E13|BOZB}N 4IRID BYOED 1\||../.1/|\,...\ pue " spuan owe opewbew
A‘ll.../.[\\

(onoxs) aAjeu)
7 < 7
~ i
_3__00» saly & wy ul 8jeos ¢ o
SHIUIcOJ-UiBWeD | T T T |
sueuspadn
/N’ omtwnw g ) Pelerade oot 005 0 Q
; \\\\ sueuapedng g
’ g|nsu| il
o 1 BlubiS aueuspadng
~[782 jele] Je|nsu|
$ DS Y BO~,>
o9 1 £
. 7 [T
v - \.U.m. xw e
\ // &L~ > eh  BME
~ AL =~/ vopeojep\ 1~ /
___.u g ! [BUlDOIO _ucma £ ! H
/ UO[SUSIS|p 0j0Zous] ~X SN
’ ; i ~d o A J.____ =
< - ____ uoisuB}sIp Dl0zZouaD K=" - o
T 4 N e~ ay ~ P i — N
yed Uy - g|jjausanp b e v
“a Japiog 3 / Vg / SN i
-~ L4
; - g M S 8
ey - sBia yasap J [l /
8 G iy m_u“._uw o v / 2 % s e S 7
— / -
1 - Sy / T~ t Qv
- __ — - / -
I ~ i I :__ ! et n.V__ ~ T~ / ~ g




®

Q)
pu

‘(elulo

<

o
e
m>=om .

‘Ore Jme

aba| olydesb60ab 10y G ainbi4 89S "euajepbe-ouIeIZIA ‘IN-A ‘Sabuey asiaAsuel] ‘H] ‘owleueN ‘BN :000ydQ ‘00 00.iquioH ‘OH
1eD) As|jeA 1ealo ‘AS :Ssjuawbas uiseq dJealo) Aa) JIBINSS ‘14S ‘ele\ ‘14N ‘eXaing ‘143 :S)aq 1SNIY1-P|0) dANde ASY "Sealpuy
ues ‘vs -Jayreamired ‘M4 :6ayisferd] dijs-axs auaboaN JaBUNOA "WOoMeeA ‘BA ‘Yduail urejunoln Adooy—eunull ‘1 NY-11 981D
NS ‘DS ‘axeT ssoy ‘1Y ‘enopeyd uaand ‘00 ey Jaskld ‘Y4 ‘rens weyreyd-lleuaq ‘'SO-aq :6aul paine) dijs-axLins auabosed
wisiuoin|d snoadeiald-piw dJexdoeq JO auoz eIBUIWQ ‘dOg) saduelsip BulAiea o) puejul peaids wsnewbew ase Areipisqns 1ng
wbew ay) se pareaulap Sl 129 Yyljoyleq urew ay] ‘uolew.losp [eiuaunuodeul jo asuiroid spiwele syl Buipnjoul ‘waisAs youan

-E&_Em___uhoo 3yl Jo sainjea} 21u01031086 (Arepunoqg auadobijO/auad03) dl0zouad-piw 01 (BN 0ZT~) Shoadelal)d Ale3-piIN 6 ainbi4

NORTH AMERICAN

suiseq syidn eplweseq > x8|dwoo uojonpgns sujseq 2.ee.o} o 2Je ojjewbew
_— .
Aws. 3 UBsSIBUBI Q\ / $ _ a.o\ /o.az
od g45 wo e AL OIRIE
T g f _ |
o \ A9 0001 00S 0 /V
=7
e - ol X7\ emens (hiznisy)
4 oo 2idwA|0
- ~
2 S s TR " = 20 yoeBnyo
/
2> 7 L A % [ ’WJAPV\
2.5 i ..\ S~ a 'y 2 o
/ 143 . = =
o o/ NS e~ ok = OGPI0) BUBSNS 80 2
o - ;i = L P, uiseg ’ A5
%, wspewbew o y 4 S Llds / S \MV 4 njsng O
/ apwese] f a8 / / ~= TN = EG
1o nw T ~ r pi R )
..\ = .... PO ﬁ_ O ...V. g = O
e / Sy ~ e o e = N
rd .... ‘.. w o S
{ y / , i ILERRETTE e
) izl i 7 wspewbew o ~ "
i s e \ .__‘ wn_..Jﬂ‘_.Wn_ mn Hwin NISYE
uiSeq puB|e.ojosjal S
eplweiet-aid _._.—.r S _.._.s n:..._._ = ANV13H0404.134 y; sugunop h
1O W] UBYINOS St 7 .m..: N / upluely Q¥
) y / S L — s / N Pl




0-97) U
J9AIY
Spue|s|
-qels

auaboa

DICKINSON

C-4

‘puaba) oiydeiboab ioj g ainbi4 23S (e
rejd 1anly 8xeus ‘dys ‘(e /—LT) nesrejd 20pON-u0Bal0 ‘dINO ‘(BN 0—8) 82UIn0Id UeIS||IPI0D UIBYLON 'dON (BN 8—LT) nesre|d
elquiniod ‘dyd (eN 9—T) unodjiyd ‘OHO :(puail dre uels||ipioD urew woly puejul paydnia) spiay eae| orexoeq (BN LT-9%)
anopeyd uaand ‘vINY ((BIN 0—82) sabuey 1seod eiulojied ‘4O :(swaisAs wiojsue.l [e1SL0D 8yl Jeau) wshewbew mopuim
"(4.1d) ounol ‘vl (41¥) esaAry ‘r1 (144) oudopus ‘CLIN :suonounl sreid sjdu1 a1oysyO "sealpuy ues ‘vSs :anojeyd usand
‘90 Hpoes ‘e Layreamiied ‘A4 Epelmaudis-ayils auaboaN aANdY ‘(JeluspIddQ alpeIN BiISIS 8yl ul lJueuwsal dse Jnewbew
ed ‘OINS) uaboiydel abuey pue uiseg ayl Buipnjoul ‘ela||iplod uedlBWY YLION 3yl JO Sainjes) 21u019910ah aua203-1s0d QT a.nbi4

O Spiel} DILEDIOA AUEMORY ﬂ“U uaBouyde) sBuey pue uiseg O wspewBew MOpUM-GE|S l.l./’l\‘. S]uDJj D|UBDJOA & 2se eusbosn
rdY N

SN DB DIUBDIOA BAIOR JO I weynos 7 ™
& & Y rw & JT— & &

~a NS oo ] L v L * 1
< - g 005 useg 0 Q
eyoLeyD

usang
2

e —

4
_Nvaivid
of..n_<m\auoo

; Uy
~. Bpueig o1




