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Figure 1. (A) Seismically fast domains in the lower mantle beneath North America, according 1 
the tomographic P-velocity model of Sigloch (2011). Iso-velocity contours, with colour 2 
changing every 200 km in depth, enclose mantle regions where wave velocities are dVp/Vp > 3 
0.35% faster than average. These regions are interpreted as subducted, cool lithosphere that 4 
was deposited beneath volcanic arcs and accumulated to form slabs. 3-D image is an oblique 5 
elevation view from the east-southeast showing the eastern, segmented, 10,000 km-long 6 
Angayucham / Mezcalera slab walls (formerly called “Farallon slab”), and the western, 7 
upward-bifurcating Cascadia Root slab (CR) into which the remnants of the Farallon plate 8 
(Juan de Fuca and Gorda) subduct today. For clarity and to highlight the near-vertical lower 9 
extents of CR, eastern slabs (MEZ, ANG) have been masked above 800 km. Spherical mantle 10 
geometries have been flattened such that there is no horizontal or vertical distortion at the 11 
center of the rendering volume. 12 

B1/B2: Interpreted generation of slabs in cross section X-X’-X” in panel A from Cretaceous 13 
times to today. Jura-Cretaceous westward subduction into the stationary, intra-oceanic Mez 14 
trench and beneath Insular Superterrane (INS) deposited the MEZ slab wall. Following Mez 15 
Ocean consumption and INS accretion, eastward Farallon subduction beneath a migrating, 16 
continental trench deposited eastward-dipping Farallon slab (not rendered above 800 km in 17 
A). C1/C2: Interpreted generation of cross section Y-Y’-Y”: Double-sided, intra-oceanic 18 
Angayucham and Northern Farallon subduction generated ANG and CR slab walls in Jura-19 
Cretaceous times. Consumption of Ang Ocean ended westward subduction and accreted 20 
Alaskan arcs; Farallon trench converted from intra-oceanic to continental upon override, 21 
and proceeded to deposit a laterally sprawling, upper-mantle slab (blue shades in A). 22 
Observed thickening of slabs is attributed to folding in the transition zone. All slabs sink 23 
vertically relative to the lower mantle; stationary trenches produce vertical slab walls, 24 
migrating trenches produce dipping slabs. 25 
 26 
 27 

 28 
Figure 2. Competing models for the Jura-Cretaceous development of the Cordillera 29 

(panels A to D), and the oceanic sutures they predict (panel E). Models disagree about 30 
collision times of North America with Insular (INS) and Guerrero (GUS) Superterranes 31 
(orange), and about the subduction regimes that closed the surrounding oceans. All but 32 
“ribbon continent” models (category D) agree that Intermontane Superterrane (IMS, purple) 33 
had pre-accreted to the continent by ~170 Ma.  34 

A) Andean analogue model: long-lived eastward subduction beneath a pre-fused INS-35 
IMS package (e.g. Burchfiel et al., 1992). Variants: mid-Jurassic collapse of an ocean basin 36 
within IMS (grey barbs; e.g. van der Heyden, 1992), or back-arc / transtensional basin 37 
formation along the IMS-INS boundary (stylized ridge; e.g. McClelland et al., 1992). B) 38 
Modified Andean margin model: collapse of INS onto IMS via staggered eastward subduction 39 
(Monger et al., 1972; Monger and Price, 1979). C) Archipelago models: Westward 40 
subduction of North America/IMS beneath INS/GUS (Moores 1970, 1998; Dickinson, 2004, 41 
2008; Dickinson & Lawton 2001; Schweickert and Cowan, 1975; Ingersoll and Schweickert, 42 
1986; Ingersoll, 2008; Sigloch and Mihalynuk, 2013; this study). Variants: some models 43 
consider synchronous or slightly older eastward subduction in addition to westward 44 
subduction. Not all models consider GUS. D) “Ribbon continent” models include IMS and 45 
pericratonic terranes with an offshore micro-continent that accreted by westward subduction 46 
(Chamberlain and Lambert, 1985; Lambert and Chamberlain, 1988; Johnston, 2001, 2008). 47 
Variant: the ribbon continent also included Proterozoic cratonic domains (Hildebrand, 2009, 48 
2012, 2015). 49 
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E) Ocean suture locations predicted by authors advocating model categories B to D. 50 
Solid cyan: MezAng suture predicted here (Archipelago, category C). Largely coincides with 51 
Monger 1982 in Canada (category B) and with Schweickert and others in California (C); 52 
partly coincides with Dickinson & Lawton 2001 in Mexico (C). Ribbon continent models by 53 
Johnston or Hildebrand (D) predict more easterly, inboard sutures within IMS and/or the 54 
(peri-)cratonic foreland. Hildebrand suture (thick dotted) is pictured as offset by Texas 55 
lineament (thin dotted).  56 

 57 
 58 
 59 
Figure 3. Reconstructed impingement of North America on the Archipelago of Jura-60 
Cretaceous island arcs, and resulting arc collisions. 61 

A. Superposition of subducted slab walls (as in Fig. 1A) with quantitative plate 62 
reconstruction (Müller et al., 2008, in the lower-mantle reference frame of 63 
Steinberger and Torsvik (2008). Paleo-position of North America in black, seafloor 64 
isochrons in dark blue. Reconstructed time is 110 Ma; only slabs presumably 65 
deposited by that time are rendered (currently located below 1100 km depth, based on 66 
a sinking rate of 10 mm/a, Sigloch & Mihalynuk 2013). Inferred paleo-trenches of the 67 
Farallon plate are marked by green barbs (eastward subduction), Mezcalera trenches 68 
in orange and Angayucham trenches in red (both westward subduction). Inferred 69 
Mezcalera and Angayucham Oceans (cyan patches) occupy the space between 70 
westward-migrating North America and the Mez/Ang paleo-trenches. Paleo-arcs are 71 
being extinguished and accreted where the continent has started to impinge on the 72 
eastward-projecting slab chevron (dashed orange barbs), followed by subduction flip 73 
to eastward (solid green barbs). 74 

B. Current versus former positions of accreted terranes. North America’s position is 75 
reconstructed for 170 Ma, 140 Ma, and present day. Arc terranes are shown in their 76 
current locations (left half of plot) and in their inferred, oceanic paleo-positions 77 
above the slab walls of panel A (translucent orange, green and red patches). Colours 78 
group genetically related tectonic units across time periods: in orange, MEZ slabs, 79 
paleo-arcs, and accreted terranes (INS & GUS); in red, ANG slabs, arcs and terranes 80 
(Alaska & Siberia); in green, Farallon slabs, arcs, and terranes; in purple, IMS 81 
micro-continent (which had accreted by 170 Ma). In translucent cyan, the MezAng 82 
paleo-oceans; in solid cyan, also annotated by numbers, the collapsed basins that 83 
mark the MezAng suture, straddling the INS-IMS boundary as predicted. Between 84 
basin relicts 4 and 8, INS-IMS boundary is extensively overprinted by Coast Cascades 85 
orogen. Sierra Nevada batholith, located immediately east of basin 10, overprints the 86 
basin and the Native Jurassic arc denoted “NJ”. NJ and its continuation into Mexico 87 
(“Nazas arc”, diagrammatically shown by purple asterisks) are considered part of 88 
Jurassic IMS. Abbreviations and terrane attributions are explained further in Table 1. 89 

 90 
 91 
 92 
Table 1. Cordilleran key components including superterranes, magmatic belts and individual 93 
terranes, and their slab/basin affiliations for Early Jurassic and later times (until 94 
amalgamation with North America). Terranes or geological belts composed of Jura-95 
Cretaceous basinal strata trapped within the INS-IMS suture are described within the text. 96 
Descriptions are after (Silberling et al., 1992) unless otherwise noted. Acronyms used in the 97 
text or in figures are shown in parentheses. 98 
 99 
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TABLE 1 1 

Cordilleran 
Superterranes 

Constituent components  Geophysically affiliated 
Mesozoic SLAB and basin 

Insular 
Superterrane 
(INS) 

Wrangellia (WR), Alexander (AX) and 
Peninsular (PE) arc terranes. 

Northern MEZ slab and 
northern Mezcalera (Mez) 
Ocean 

Guerrero 
Superterrane 
(GUS) 

Considerations range from a single Late Jurassic 
to Early Cretaceous volcanosedimentary terrane 
(Silberling et al., 1992) to a composite of 
various, terranes related to a long-lived Andean-
type arc (e.g. Tahue, Arcelia, Zihuatanejo, and 
Guanajuato terranes of Centeno-Garcia et al., 
2011), (GU) and Santa Ana (SA) terranes of 
Silberling et al. (1992) 

Southern MEZ slab and 
southern Mezcalera (Mez) 
Ocean 

Intermontane 
Superterrane 
(IMS) includes 
Native Triassic-
Jurassic arc (NJ) 
and Nazas arc 

Quesnel (QN) and Stikine (ST) arc terranes, 
Cache Creek Ocean terrane (CC); NJ includes 
Triassic-Jurassic episode of Sierra Nevada 
batholith  

Cache Creek Ocean, a 
precursor of Mez Ocean. No 
slab imaged (yet). 

Alaskan 
Cretaceous arc 
terranes 

Koyukuk, Nyak, and Togiak terranes. ANG slab and Angayucham 
(Ang) Ocean. 

Cordilleran 
Magmatic Belts 

Constituent components  Geophysically affiliated 
Mesozoic SLAB and basin 

Coast Cascades 
Orogen (CCO) 

1600 km long belt extending from Yukon to 
Washington cored by 105-45 Ma plutonic and 
metamorphic rock (Monger, 2014). Overprints 
older suture of Mez Ocean between IMS and 
INS  

Formed by eastward Farallon 
subduction after override of 
INS arcs.  

Cretaceous 
Sierra Nevada 
batholith (SNB)  

Cretaceous magmatic pulse (~125-85 Ma) 
overprints the suture of Mez Ocean between 
older Native arc (IMS) and recently accreted 
INS. 

Eastward Farallon 
subduction after override of 
INS arcs,  

Peninsular 
batholith (PNB) 

Cretaceous magmatic pulse (~125-85 Ma) in 
north overprints the suture of Mez Ocean 
between older Triassic-Jurassic arc (IMS) and 
recently accreted GUS 
Zircon ages on the western zone (Silver and 
Chappell, 1988) range from 140 to 105 Ma, 
whereas those of the easternmost side of the 
batholith are much younger at 85–75 Ma (Grove, 
2003) 

Eastward Farallon 
subduction, after override of 
GUS arcs 

 2 
Cordilleran 
terranes  

Description  Relation to 
geological 
superterranes 

Geophysically 
affiliated 
SLAB and 
basin 

Alexander Metamorphosed Neoproterozoic arc (Gehrels et Part of INS. Stationed 
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terrane 
(AX) 

al., 1996); Cambro-Ordovician arc (Beranek et 
al., 2012); Ordovician to Triassic marine 
quartzo-feldspathic clastic and carbonate shelf, 
deep water off-shelf and Late Triassic rift 
assemblages; pinned to Wrangellia by ~308 Ma 
(Gardner et al., 1988). 

above MEZ 
slab in 
Mesozoic, 
underridden 
by Mez 
Ocean. 

Angayucham 
terrane 

Imbricated Middle Devonian to Jurassic oceanic 
crustal succession including pelagic strata, 
greywacke and limestone.  

Part of the 
Alaskan arc 
complex. 

Early Ang 
Ocean floor.  

Bridge River 
terrane (BR)  

Mississippian to Jurassic oceanic crustal 
succession, disrupted within accretionary 
complex, includes Late Triassic blueschist.  

Part of INS. Mez Ocean 
and its 
precursor. 

Cache Creek 
terrane 
(CC) 

Mississippian to Early (and perhaps Middle) 
Jurassic oceanic assemblage including mantle 
tectonite, Mid Permian gabbro (Mihalynuk et 
al., 2003), supra-subduction zone basalt (Ash, 
1994), radiolarian chert, primitive arc basalt, 
ocean island basalt and carbonate platform 
succession containing exotic Tethyan faunas of 
Middle Permian (Monger and Ross, 1971) to 
Middle Triassic age (Orchard et al., 2001); 
blueschist of Late Triassic (Paterson and 
Harakal, 1974) and Middle Jurassic age (174 
Ma, Mihalynuk et. al, 2004).  

Part of IMS. Cache Creek 
Ocean, a 
precursor of 
Mez Ocean. 

Chugach  
terrane 
(CH) 

Turbiditic wacke and argillite assemblages of 
Late Jurassic to Early Cretaceous, mid 
Cretaceous and Late Cretaceous ages (Amato et 
al., 2013); interpreted as an accretionary 
complex (Berg et al., 1972). Inner (older) parts 
include Triassic to Cretaceous chert and 
Permian limestone with Tethyan faunas and 
205-192 Ma blueschist (Roeske et al., 1989; 
López-Carmona et al., 2011). 

Outboard of 
Cretaceous 
INS. 

Farallon 
Ocean 
offscrapings / 
Farallon slabs 
CR, CR2. 

Franciscan 
composite 
terrane 
(FR) 

Cretaceous and Tertiary accretionary complex 
including many fault-bounded subterranes. 
Maximum depositional age for inboard (oldest) 
portion is ~123 Ma (Dumitru et al., 2010). 

Outboard of 
Cretaceous 
INS. 

Farallon 
Ocean 
offscrapings / 
(Southern) 
Farallon slabs. 

Guerrero 
(GU) and 
Santa Ana 
(SA) terranes 
of Mexico 

Late Jurassic to Early Cretaceous andesitic 
volcanic rocks and coeval marine to non-marine 
sedimentary rocks. 

Part of GUS. Arc complex 
stationed 
above south-
ern MEZ slab/ 
underridden 
by Mez 
Ocean. 

Mystic 
(Farewell) 
terrane of 
Alaska 

Strongly deformed Ordovician to Permian 
argillite, chert, sandstone and limestone; 
undated mélange; Ordovician and Triassic 
pillow basalt; Devonian and Triassic black shale 
and phosphorite; faunal ties with Siberia 

Substrate of 
Alaskan/ANG 
arcs. 

ANG slab/ 
Ang Ocean.  
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(Bradley et al., 2007). 
Pacific Rim 
terrane 
(PR) 

Late Jurassic to Early Cretaceous, tectonized 
sedimentary and volcanic rocks, and Late 
Triassic limestone; Cretaceous high P/T 
metamorphism (Brandon, 1989); final 
emplacement and cooling between Early and 
Mid-Eocene (Groome et al., 2003) during 
underthrusting of Siletz-Crescent terrane (SC).  

Outboard of 
INS. 

Farallon 
Ocean / CR 
slab. 

Peninsular 
terrane in 
Alaska (PE) 

Permian limestone, Late Triassic limestone, 
argillite and basalt, Lower Jurassic volcanic 
clastic rocks and coeval plutons, Middle Jurassic 
to Cretaceous marine sedimentary rocks. 

Part of INS. Stationed 
above north-
ern MEZ slab 
underridden 
by northern 
Mez Ocean. 

Quesnel 
terrane (QN) 

Late Triassic and Early Jurassic arcs constructed 
on relicts of Silurian to Mid Triassic arc 
volcanic and marine sedimentary strata with 
oceanic to pericratonic substrate.  

Part of IMS. Built by 
subduction of 
Cache Creek 
Ocean, a 
precursor of 
Mez Ocean. 

San Juan 
composite 
terrane (SJ) 

Multiple nappes variably composed of Paleozoic 
to Mesozoic argillite-chert, basalt, ultramafite, 
limestone with Tethyan faunas in melange; 
blueschist of Permian, Late Jurassic and Early 
Cretaceous age; youngest rocks in nappes are 
114 Ma and overlying sediments are ~50 Ma 
(Brown, 2012). 

Forms part of 
INS-IMS 
suture. 

Mezcalera 
Ocean? 

Siletz- 
Crescent 
terrane 
(SC) 

Eocene tholeiitic pillow basalt, breccia and 
subaerial flows; lower parts include sheeted 
dykes and gabbro of a partial oceanic crustal 
section; upper parts intercalated with 
continentally-derived sediment (Massey, 1986); 
aged 46-56 Ma (references in McCrory and 
Wilson, 2013) 

Outboard of 
Cretaceous 
INS. 

Farallon 
Ocean crustal 
welt / CR slab. 

Stikine terrane 
(ST) 

Late Triassic to early Middle Jurassic arc 
constructed on Early to mid-Triassic chert, 
widespread Permian limestone and Early 
Devonian to Permian arc with oceanic to 
pericratonic substrate (Logan et al., 2000). 

Part of IMS. Built by 
subduction of 
Cache Creek 
Ocean, a 
precursor of 
Mez Ocean. 

Vizcaino 
terrane 
(VC) 

Triassic to Cretaceous oceanic crustal and arc 
strata and extension of Franciscan accretionary 
complex.  

Outboard edge 
of GUS. 

Farallon 
Ocean and 
offscrapings. 

Western 
Jurassic / 
Foothills 
composite 
terrane 
(WF) 

Late Triassic to Late Jurassic arc, oceanic 
crustal and volcaniclastic strata includes 
numerous terranes in Klamaths and western 
Sierra Nevada metamorphic province that are 
west of the Calaveras terrane/belt as per 
Dickinson (2008) and Schweickert (2015). 

Part of INS. Products of 
Mez Ocean 
subduction. 

Wrangellia Devono-Mississippian arc, Pennsylvanian- Part of INS. Stationed 
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composite 
terrane 
(WR) 

Permian volcanic and marine strata including 
widespread limestone and Late Permian to Mid 
Triassic chert, up to ~6 km of intraplate ~230-
225 Ma submarine to subaerial basaltic plateau 
flows capped by Late Triassic deep water 
limestone and spiculitic argillaceous strata 
(Greene et al., 2010). Interbedded and overlying 
Late Triassic to Middle Jurassic volcanic and 
clastic rocks and coeval plutons (Nixon and Orr, 
2007). 

above 
northern MEZ 
slab (after 
Triassic), 
underridden 
by Mez 
Ocean. 

Yukon-Tanana 
composite 
terrane (YT) 

Pericratonic strata and Paleozoic to early 
Mesozoic arc (Stikine / Quesnel equivalents), 
lesser oceanic crust, polydeformed and 
metamorphosed to amphibolite and rare eclogite 
facies; terrane-specific cooling ~200-190 Ma 
(Mortensen and Jilson, 1985; Newberry et al., 
1998; Dusel-Bacon et al., 2002; Knight et al., 
2013; Staples et al., 2013).  

Part of IMS. Ophiolitic 
components 
may be old 
Ang basin, 
associated 
with a 
precursor of 
ANG slab. 

 3 
Table 1. Cordilleran key components including superterranes, magmatic belts and individual 4 
terranes, and their slab/basin affiliations for Early Jurassic and later times (until 5 
amalgamation with North America). Terranes or geological belts composed of Jura-6 
Cretaceous basinal strata trapped within the INS-IMS suture are described within the text. 7 
Descriptions are after (Silberling et al., 1992) unless otherwise noted. Acronyms used in the 8 
text or in figures are shown in parentheses. 9 


