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TECTONOPHYSICS 

West margin of  North America - -  a synthesis of  recent seismic 

transects 

Gary S. Fuis  
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A b s t r a c t  

.st Coluparist)n of the deep structure along nine recent lran,,ects of the west margin of North America shov.,, many 
important similarities and dil"ferencex. Common tectonic elements identilied in the deep structure ahmg these transects 
mclude tictively subducting oceanic crust, accreted oceanic/arc (or oceanic-like) lithosphere of Mesozoic through Cenozoic 
ages. ( 'eno/oic  accretionary prisms, Mesozoic accretionary prisms, backstops to the Mesozoic prism,,,, anti undivided 
lower crust. Not all of these elements are present along all transects. In this study, nine transects, including ltmr crossing 
subducti~m zones and live crossing transform faults, are plotted at the same scale arid vertical exaggeration (V.E. I :1) .  
using the abme scheme for identifying tectonic elements. The four subduction-/one transects contain actively subducting 
oceanic crust, Cenozoic accretionary prisms, and bodies ¢)t" basaltic rocks accreted in the Cenozoic, including rellmants 
of a large, oceanic plateau m the Oregon a n d  Vancouver Island transects. Rocks of age and COmlX)sition (Eocene basalt) 
similar to the oceanic plateau tire currently subduciing in southern Alaska, where they' are doubled up on top of Pacilic 
oceanic crust and haxe apparently created a giant asperii 3. or irnpediment to subduction. Most tif the subduction-zone 
tran~,ects also contain Meso/oic accretionary prisms, and two of them, Vancouver Island and Alaska, also contain thick. 
tectonically underpJated bodies of late Mesozoic/early (:'eno,,oic oceanic lithosphere, interpreted as fragments of the extract 
Kula plate. In the upper crust, most of the fi~,e transform-tault transects (all in California) reflect: (I) tectonic w.edging 
of a Mcso/oic accretionary prism into a backstop, which includes Meso/oic/earlx. Ceno:~oic forearc icy'ks and Mesozoic 
()phiolitic/arc basement r(~.'ks" and (2) shuffling t'l|" the subduction margin of California by strike-slip faultmg. In the lower 
crust, they ca,,< reflect migration of the Mendocmo triple junction northward (seen in rocks east of the San Andreas 
fau[l) and cessation of Faralhm-plate subducthm (seen in rocks west of the San Andreas fauh). In northern California, 
Im~cr-crustal rocks east of the San Andreas fault ha~e oceanic-crustal ~elocity and thickness and contain patches of high 
rcflccti~ it',. They lira,',, represent basaltic rocks magmatically, underplated in the wake of the migration of the Mendocmo 
triple .iunclion, or the', may represent stalled, subducted fragments of the Faralhm/Gorda plate. The latter alternative does 
not lit the accepted "slabless window" model f~ir the migration of the triple junction. This lower-crustal layer anti the Moho 
are offset tit the Still Andreas and Maacama faults. In central Califl, ilnJa, a similar lower-crustal layer is observed ~est of 
the San Andreas fault. West of the continental slope, it is Pacilic oceanic crust, but beneath the continent it may represent 
either Pacilic oceanic crust, stalled, subducted fragments (microplaies) of the Paralhm plate, or basaltic rocks magmatically 
underplated during subtluction of the Pacific/Faralhm ridge or during breakup of the subducted Faralhm plate. The trausecl 
in ,,onthern Calilbrnia is only partly representati,<e of regiomll structurc, as the structure here is 3-dimensional. In the upper 
crust, a Meso/oic prism has been thrust beneath crystalline basement rocks of the San Gabriel Mountains and Mctiave 
Desert. In the mid-crust, a bright reflective zone is interpreted as a possible "master" decollemenl that can be tra~:cd from 
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the lold-and-thrust belt of the l+os Angeles basin northward to at least the San Andreas fauh. A Moho depression beneath 
the San Gabriel Mountains is consistent with downwelling of lithosphcric mantle beneath thc Transverse Ranges thal 
appears to be drix.ing the compression across the Transverse Ranges and lx+s Angeles basin..~"; 1998 t'lsc,,ier Science B.~. 
All rights reserved. 

Kcv~tord.s:  crustal structure: plate boundary structures and processes" continenlal :,truclurcs: North America 

1. Introduction 

In the past lifteen years or so. a number of  seis- 
mic transects have been collected across the west 
margin of  North America. In this stud}, we compile 
and examine nine of  these transects from Alaska 
to southern California (Plate 1, 1.1 ). including ones 
beginning in the Gulf" of  Alaska (Fuis el al.. 1991" 
Brother et al., 1994). offshore of  southern Vancouver 
Island (Clowes el al., 1987, 1995. 1997: Hyndman et 
al., 1990; Fuis and Clowes, 1993), offshore of cen- 
tral Oregon (Trehu et al.. 19947. offshore of  northern 
Calilk)rnia north of  the Mendocino triple junction 
(Beaudoin et al., 1996) and south of  the Mendocino 
triple junction (Beaudoin et al.. 1996: Henstock et 
al., 1996: Godfrey et al., 1997), offshore of  the San 
Francisco Bay region of  central Califi)rnia at tile 
Golden Gate (Holbrook ct al., 1996) and at Santa 
Cruz (Fuis and Mooney, 1990: Page and Brocher. 
1993), offshore of  the San Luis Obispo region of  
central California (Miller et al., 1992; Howie et al.. 
1993). and offshore of  the Los Angeles region of 
southern California (Fuis et al., 1996: Ryberg and 
Fuis, 1998). Interpretation of  the southern California 
transect is preliminary; however, some tectonic ele- 
ments are approxinlately known, and it is useful to 
include this transect for comparison with the other 
transects. 

Researchers have, on occasion, compared indi- 
vidual transects with others, e.g., Fuis and Clowes 
(1993), Howic et al. (1993). and Trehu et al. ( 1994): 
however, no summary exists. Of course, an older 
stnnnlary of  continent-ocean transects is available 
{Speed, 1991), but these transects were compiled 
largely betore definitive seisnlic data were collected 
along them. The purpose of  this paper is to sum- 
marize these nine transects using a common scalc, 
vertical exaggeration (V.E. I :1 ), and tectonic key'. 

Common tectonic elements that have been iden- 
tiffed in these transects are as tollows (along with 

the label used in Plate I): (A) actively subduct- 
ing oceanic crust: (B I -B3)  oceanic/arc (or oceanic- 
like) lithosphere accreted in the Mesozoic I BI), hit- 
est Mesozoic or early Cenozoic (B2), or Cenozoic 
(B3); (C) (?enozoic accretionary prism: (D) Meso- 
zoic accretionary prism: (E) backstop to the Meso- 
zoic prism: (F) undivided lower crust: and (G)other  
Cenozoic rocks (see Plate I, explanation 1.2). l-I- 
ement A has intermediate velocity (6.0 7.3 kin/s). 
is tabular with a thickness of about 5-I(7 knl, ill 
most cases, and is associated with subduction-zonc 
seismicity. Element B I, largely unexposed, dense 
magnetic rocks, has intermediate (6.0--7.3 kin/s) to 
mantle (7.7-8.0 kin/s) velocities. These rocks are 
interpreted as ophiolite and/or arc rocks. They arc 
part of  the backstop (E) to the Mesozoic accretionarv 
prism, and are shown IPlate I. 1.2) as an overprint 
on E. Element B2, also largely unexposed, dense, 
magnetic rocks, has intermediate to mantle velocities 
and is interpreted as tectonically underplated oceanic 
lithosphere. Except in central Oregon. element B3, is 
largely unexposed on the continent but can in some 
places be traced seaward to Pacilic oceanic crust. 
It has intermediate velocity and is tabular with a 
thickness of generally 5 to 10 kin. It has been vari- 
ously interpreted as stalled, subducted oceanic crust 
or as magmatically underplated basaltic rocks. (In 
central Oregon. the B3 unit is exposed and consti- 
lutes most. if not all of  the crust: it is interpreted 
as a possible remnant of  an oceanic plateau.) The 
Cenozoic and Mesozoic prisms (C and D) consist of  
sedimentary, w+lcanic, and metamorphic rocks. The 
Mesozoic prb, m~I) )  generally has a landward-dip- 
ping boundary on its landward edge. In some cases. 
a seaward-dipping lower boundary to this body is 
interpreted, making it a tectonic wedge (labeled D'). 
Most Mesozoic tectonic wedges include ophiolite 
in their upper part. interpreted to have been added 
to the wed,,e from the backstop (E/B l). L!ndivided 
lower crust (F) includes rocks with velocity higher 
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than about 6.6 kin/s, generally interpreted to be in- 
termediate to malic plutonic and metamorphic rocks. 
Table I summarizes the elements present in each 
transect. Not all tectonic elements are present ahmg 
all transects. 

Historical earthquakes are projected onto thc tran- 
sects in order to indicate how modern tectonics are 
relaled Io the knov, n structure. Most hypocenters are 
protected less lhan about 10 kill. where the pro- 
jection distance olin he known from the historical 
record (e.g., Ellsworth. 1990). The great Alaskan 
earthquake is an exception: it was projected about 
125 km (scc below). Earthquake parameters were 
taken Iroin the sources referenced in Plate l (expla- 
nation 1.2). 

hlterpretlitions presented here are largely con- 
sistent with original interpretations (sec rcfcrences 
above). ,aith the exception that the transects are in- 
terpreted in terms of the tectonic elements defined 
in this sttidy (Plate i, 1.2). An extensive discussion 
of the data and interpretation of each transect is 
beyond the scope of this paper, and the reader is re- 
ferred to the original papers listed above. (The above 
references arc not generally repeated below.) 

2. Transects 

2. I. Gtdl oIAlaskaZsouthern  Alaska  (Plate  I, 1.3) 

Suhductmg crust in the Gulf  of  Alaska/southern 
Alaska (A) inc ludes  Pacilic oceanic crust (middle 
and late F, ocene in age) overlain by a pair of layers 
(6.9 and 6.1.-6.4'? kin/st interpreted as lower crust 
of  the Yakutat terrane (early' Eocene in age). The 
overriding North American plate includes a Ceno- 
zoic prism (('), a Mesozoic prism (D'), a backstop 
to the Mesozoic prism (E/BI).  a tectonically un- 
derplated body of intermediate to mantle velocities 
(5.7 -7.7 kin/s" B2), lind a lower-crustal root (1:). The 
Cenozoic prism is the Prince William terrane: the 
Mesozoic prism includes the Chugach terrane and 
an ol~hiolile complex known as the Border Ranges 
uitralllaiic-nlalic assemblage (BRU MAY, interpreted 
to be a fragment of  the basement of  tile Peninsular 
tcrrane: and the backstop to the Mesozoic prism 
includes sedimentary rocks of  the Copper River 
basin, ttlc Peninsular/Wrangellia temlne, and Meso- 
zoic phitonic rocks. The Mesozoic prism and ophio- 

lite complex arc interpreted to have inoved landward 
as an upper-crustal tectonic wedge into tile backstop. 
tile ophiolite complex having been transferred from 
the backstop to the wedge. The underplated body 
(B2). the lip of  which ix exposed in the Chugach 
Mountains as metabasalt, is interpreted as tcctoni- 
tal ly underphited fragments of  the Kuhi plate I late 
Mesozoic/early Cenozoic in age): it underlies tile 
seaward part of tile Mesozoic prism but is truncated 
farther seaward by the Contact fault. A lower-crustal 
root is observed beneath the backstop lind landward 
of tile B2 I'u~dy: maximum crustal thickness is 57 
kill. 

SuhductJon of the lower crust of tile Yilkutal 
terrarie in largely responsible l\l i if'it CUlTCnl uplJfl of 
the ( 'hugach Mountains and lllay constitute much of 
the giant asperity giving rise to great earthquakes in 
southern Alaska, such as the 19fM M,, 9.2 Alaskan 
earthquake (Page el al., 1994). "File hypocenter of  the 
Alaskan earthquake (Stauder and Bollingcr. 1972) is 
projected about 125 km eastward onto the transect 
tPlate I, 1.3): therefore, its structural setting is not 
necessarily that shown, namely, occurrence lit tile 
base of  tile body tit" iilterpreted Kula-plate fragrrienls. 
On tile other hand, the pmiection was ahmg a gravity 
ridge (Barnes, 1977) associatcd with the body of 
Kula-plate fragments, and the structural setting may 
not be too different from that shown. It is interesting 
to speculate on whether or no! thc interpreted lower 
crust of  tile Yakutal terranc will continue to subduer 
with the Pacitic oceanic crust or become tectonically 
underplated like the older fragnlcrlts of the Kula 
plate (B21. 

2.2. Southern Vancouver Is land (Plate  I. 1.-I) 

The Juan de Fuca plate (,,\; late ('eno,,oic ill age) 
is actb,'ely subducthlg beneath southern Vancotlver 
Island. "['he overriding North American plate con- 
sists of a Cenozoic prism I( ' l .  a partly exposed and 
also a deeply, subducted body of teclonica]ly under- 
plated oceanic rocks (B3). a Mesozoic prism t l )k  a 
backstop to the Mesozoic prism (E), lind an under- 
plated body of intermediate to high velocity IB2). 
The Cenozoic prism {exclusive of the bodies t"13) in- 
cludes the Olympic Core Rocks and Ozette and l lob 
{melange) terranes. The upper body, B3 is the Cres- 
cent terrane (early Eocene in age). II is detined in the 
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subsurface chiefly by its magnetic propcrties (Dehler 
and Clowes, 1992). This terrane is correlative in age 
and cornposition with the lower crust of the Yakutat 
terrane in southern Alaska, but at southern Vancou- 
ver Island, it has been accreted to the North Ameri- 
can plate. The Mesozoic prism is the Pacilic Rim ter- 
ranc and the backstop to this prism is the Wrangellia 
terrane. In contrast to southern Alaska, the Mesozoic 
prism has becn juxtaposed against the backstop by 
thrusting and/or strike-slip faulting, not by tectonic 
wedging. The intermediate- to high-velocity body 
(B2) and the Mesozoic prism are truncated seaward 
at the Tofino fault, presenting a structural conligu- 
ration somewhat similar to that in southern Alaska 
(Plate 1, 1.3), where the Chugach terrane and in- 
terpreted Kula-plate fragments are truncated at the 
Contact fault. As in southern Alaska, the B2 body 
at southern Vancouver lshmd may be interpretable as 
fragments of the Kula plate. 

Crustal thickness at Vancouver Island and in the 
western Coast Mountains is somewhat puzzling. Re- 
fraction/wide-angle reflection data indicate velocities 
of 7.9 kn-ds at about 37-krn depth, but vertical-inci- 
dence rellection data in the w'estern Coast Mountains 
show cleat" reflections extending well below this 
depth. In fact, these data suggest a srnooth projection 
of the eastward-dipping 'C'  and "E" retlective zones 
at the top and bottom of the B2 body on Vancouver 
Island into the Coast Mountains. It appears from the 
ret]ection data that the B2 body passes through the 
37-kin "Moho" depth without noticeable change in 
reflective cl|aracter. Gravity data indicate non-mantle 
densities below 37-krn depth (Clowes et al., 1997). 
It is possible that the high velocities indicated by the 
refraction/wide-angle reflection data arc frorn a layer 
within the B2 body. Such layers arc observed in the 
B2 body in Alaska. 

2.3. Central  Oregon (Plate  I, 1.5) 

In central Oregon, as at southern Vancouver Is- 
land, the Juan de Fuca plate (A; late Cenozoic m 
age) is actively subducting. The components of the 
overriding North American plate include a Cenozoic 
prism (C), a body of intermediate- to high-velocity 
oceanic rocks (B3), and. east of the Cascade Range 
(beyond the transect), a Mesozoic backstop (E), re- 
vealed in spotty exposures. The Mesozoic prism ID) 

is buried beneath Cascade volcanic rocks (Stanley 
et al., 1990) o r  is missing tParsons et al., 1996). 
The body B3 is the Siletz terrane (Paleoccnc and 
Eocene in age): it is correlative with and can be 
traced northward into the Crescent tcrrane at south- 
ern Vancouver Island but is four to six times thicker 
than the Crescent terrane at the latitude of central 
Oregon. 

The Siletz terrane may be (a) an oceanic plateau 
resulting from the initiation of the Yellowstone 
hotspot in the early Cenozoic, or (b) the products 
of oblique rifting of the continental margin in the 
early Cenozoic (Wells et al.. 1984). 

2.4. Northern ('al~lbrnia (Plate 1. 1.6 and 1.7) 

Transects north and south of the Mcndocino triple 
junction reveal landward-dipping Mohos with 6-kin- 
thick reflective zones immediately above tile Mo- 
hos; retlectivity is especially strong ahmg the south- 
ern transect. On the northern transect, the reltective 
zone correlates in part with subduction-zone earth- 
quakes and is interpretcd to be the activcly sub- 
ducting Gorda-plate crust (A: late Cenozoic). On 
the southern transect, this layer is either tectonically 
or magmatically tmderplated malic rocks (B3). The 
crust above these malic layers on both transects in- 
cludes simply a Mesozoic/Cenozoic prism (labeled 
I) and I)') and a backstop to the Mesozoic prism 
t E). The Mesozoic/Cenozoic prism is the Franciscan 
assemblage, composed of three belts or tcrrancs. On 
the northern transect, the backstop to this prism is 
the Klamath complex, an assemblage of island-arc 
and ophiolitic terranes. On thc southern transect, 
the backstop is the Grcat Valley sequence and its 
ophiolite/island-arc basement, the Great Valley ophi- 
olite (E/BIt. On the northern transect, the prism 
underthrusts the backstop: whereas on the southern 
transect, the prism is interpreted to lorm a complex, 
two-tiered tectonic wedge that indents the backstop. 
The Great Valley ophiolite apparently includes a 
complete (but probably structurally disarrayed) sec- 
tion of oceanic lithosphere, including oceanic crust 
over mantle rocks. This section is interpreted to have 
been obducted onto the Sierra Foothills metamorphic 
cornplcx in thc Jurassic {Godfrey ct al., 1997). The 
relationship of the Great Valley ophiolite to the Coast 
Range ophiolite, a component ot the tectonic wedge 
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View is far hemisphere; compressional hemisphere darkened. Earthquake 
parameters taken from: 

Alaska: Stauder and Bollinger (1972) 
Golden Gate: EIIsworth (1990) 
Santa Cruz: Reasenberg and EIIsworth (1982);Oppenheimer et al. (1988); 

and Oppenheimer (1990) 
San Luis Obispo: EIIsworth (1990) 
Los Angeles: Hauksson (1987); Hauksson et aL (1988); Ellsworth (1990); 

Hauksson (1994). 

1 .1  

I N D E X  M A P  F O R  T R A N S E C T S  

Transects labeled by plate numbers. Base map 
modified from Drummond (1981). 
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. . . . . . . .  Fracture zone in Pacific plate. 
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Beaudoin et al. (1996), 
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CENTRAL CALIFORNIA,  
SAN FRANCISCO BAY REGION: 
GOLDEN GATE 
Holbrook et al. (1996) 
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SEAL BEACH TO MOJAVE DESERT 
Fuis et al. (1996) 
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CENTRAL CALIFORNIA,  
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Miller et al. (1992), 
Howie et al. (1993) 
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G.5. I"++is/7{'+lo,olfl+x +i+'s 28,'¢ flue<% 265 2?2 2,"15 

(D'). is llOl entirely clear, ahhough the two are likely 
I{5 he parts of  the saine oceanic lithosphere brought 
together I+y weclging. 

Pi)ssiblc interprctations of hiyer B3 on the south- 
ern transect include tectonically underthrust Pacilic 
plate (Inid-( 'enozoic ill age), nlagmatically under- 
plated basaltic rock above a "slabless" asthenosphei'ic 
v, indow (late Cenozoic to I lolocene in age). or frag- 
ments ill the receding Gorda plate (late Cenozoic ill 
age). Thc first interpretation toni'orals to the model 
of Bohannon and Parsons (1995); tile second, to 
the model of  Furlong 11984) and Furlong el al. 
{19gq): and the third, to no well-established model 
at all. ()lfsets in lax.m + B3 below the San Andl'eas 
fault (llenstock el al.. 1996) and tile Maacanla fault 
IBeaudoin et ill.. lC)qb: l'tenstock et al.. 199(',) sug- 
gest that the top el" the la\.er ix nol a current plate 
bourldary and argues against the model of Bohannon 
and Parsons (Ig95}. If layer B3 is late Cenozoic 
to Htshscene magnlatically underplated rocks, it is 
also cliflicuh (but I1Ot itnpossiblet to understaild off- 
sets along the inodern strike-slip faults, casting some 
doubt on tile model of  Furlong (19144) and l:urhmg et 
al. I191'49 I. In suinnlai), tile interpretation of  layer 1:t3 
remains controversial. (See also discussion in Hole 
and l:1caudoin. 1996.1 A linal note on tile offsets of 
laber B3: sit both tile San Andreas and Maaciilnsi 
faults, the offsets of tile upper surface of  the la)er 
are east by 5 14 kill lroll+ the offsets (or deflections) 
el + the base of  the hirer, suggesting that these faults 
either acquire tin ilbrupl weslward dip or change into 
folds at the base of  tile crust. 

2.5. S a ,  /-'rwui.+co Belv r+',t,,i<Jt+ ¢?l'cenlrM C+flilbnii+l 
£P]+llc I. I.,S +lml / .g j  

In the Ul)per crust west of  the San Andreas 
fault, tile Mesozoic/early Cenozoic subduction-zone 
rock hells of  central California, consisting {if accre- 
tionary-prisln rocks, l'l+reaic rocks, slnd arc rocks, 
have hecn shuffled by' strike-slip faulting. Ac- 
cretiOllSll+y prism rocks (D; San St{neon terrane. 
ii Franciscan assemblage)a re  juxtaposed directly 
agaii>t arc rocks (E: Salinia terrane) ahmg the Sur- 
Nacilniento fault (or its equivalent offshore of the 
(]olden Gate): forcarc rocks are essentially miss- 
ing. In tile lower crust, an oceanic-crust-like layer 
(t::13; 6.0-7.3 kln/s: 5. II km thick) dips landward 

from the base of  the continental ~,lope tu the San 
Andreas fault: however, the continuit,, of  this la',,er 
beneath thc Salinia terrane is uncertaiil in both the 
northern and southern parts of tile Bay region. This 
lower-crustal htyer corresponds to Pacilic-plate crust 
where it ix cxposed v+est of the conthlental slope, but 
beneath the continental shelf, it ma,<' be inlerpretect 
as underlhrust Pacific-plate crust (Page and Brother. 
1q93 ), a stalled, subducted reiniiant ill" Farallon-plate 

crust, oil ill part. magrnatically underplated rock 
froln a suhducted Pacif ic /Fanllhm ridgc (Bohannon 
and Parsons. Iqq5; note that a SCglllellt o f  the ex- 
tinct I~acilic/Farallon rid,,ee Proiects. bellealh tile I:1a\ 
region, as shown in Ai~vater. Iq<"49l. In all o1 {host-" 
cases, this Ioxt, er-crustal laver is nl id-( 'enozoic itl age 
< 20-3() Ma). 

In the upper crust C~.lSl {if ltle ,~;.ill ,,\ndresi:., Iaull. 
the Mesozoic prism (D') overlies lower crust 1113 
and/or I-iF) with a velocity of  6.4-7.3 km/s and 
a ihickne,,s of  I0  kill ill tile northern part of  tile 
Bay re, ion Io nearly 20 km ill tilt" ,,Otltheln parl 
of  the Bay region. In tin interpretation hy ~iYt-.nl- 
worth ct ill. (It)g4). the .Mesozoic piisin is a tcclonic 
wedge that indents a backstop tE /B I )  consisting 
ill the Grcal Valley sequence and tile Great Valley 
ophiolite. "l'he tip of tile wedge folio,as chiefly tile 
boundar\  hetv,.een these units, peeling up the (ircsit 
Valley scdinlentary rocks and overriding the ophi- 
olitic haseincnt. This tectonic ,,,,edge is similar to 
that interpreted in southern Alaska by Fui>, el. al. 
( Igq l ;  Plalc I. 1.3). ancl less complex than that in- 
terpreted in northern California h'+ Godfrey et ill. 
(1997: Phite l. 1.71. Fuis and Moonev <1c)9()) cind 
Jachens el al. (1995) ha\e argued thai niid-cruslal 
rocks ill the ('o;.ISt Ranges east of  lilt" ,~SIII i\lldrciis, 
fault are ophioli te/arc baSellleill (I-i/B I) s imihu to 
that beneath the Great Valley that is heing oveir id- 
dell by tht- > tectonic wedge (I)'1. [:Litl/silO (Iqg4t  lind 
Furhmg et al. (19gq) have argued thai in the ,aakc of  
the passage c)f the Mendocino triple .junction (aboul 
I(i Ma in tht-" ,~an Piimcisco Itw,. region), lliiiglil;.ilic 
undt_'rphiling should oCCtlr in the mid- or lower c'lLlsl 
abmt-" a postulated "sh.ibless" a,,then{5,,pheric ~tiil- 
tttl+~ east ill" the ,~an .*\ndieas I]iull: lherel]src, the 
lower-crustal layer lllSiy be also in psu+l nlagmatit-'ally 
underplaled basaltic rock (t:131. In the Golden (kite 
transect (Plate I. 1.14i, it is noteworthy lhal the detlec- 
lion in tile top (5t laver H3 at lilt." .~iill ,:\lldleas I]luh in 
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east of  a corresponding dellection in the base of this 
layer, similar to the case in tile trausect to the north 
(Plate l. 1.7). 

2.6. San Luis Ohispo Jz,~ion el central  Calilk,rnia 
(Plate  I, I. IO; 

Structure west of  the ]tin Andreas fault is quite 
similar to that in the Sits l':rancisco Bay region: 
the Mesozoic prism (I): Franciscan terrane)in jux- 
taposed directly' against the backstop (E: Salinia 
terranel with no intervening forearc rocks. Beneath 
the Mesozoic prism, an oceanic-crust-like layer (!+,3: 
6.8-7.0 kin/s: 6 -9  km thick) in observed in the lower 
crust. Where it is exposed on the sea floor west 
of the continental slope, it is Pacilic OCelinic crust: 
east of  tile continental slope, it is interpreted to bc 
tect<.mically underplated oceanic crust of  the Pat)lie 
and Monterey plates (the latter is a remnant of the 
Parallon ph.iie; Atw'ater, It)89). The illonocline lit the 
continental slope is interpreted to have been created 
by folding (Millet el al., 19<.)2) or strike-slip laulting 
(Howie et al.. 1993) flom 22 to 16 Ma. following 
tile subduction of  the Pacilic/Arguello ridgc. "l'hc 
region of  thickened crust near the Hosgri fauh is in- 
terpreted to be a region of  convergence betv+,een tile 
Mtmterey and Pat)lie plates, along a lrltclure zone. 
Sedimentation in oilshore basins <Santa Maria and 
Santa l.ucia basins) occurred during the same lip- 
proxinmte time interval as folding/strike-slip faulting 
and imbrication in the oceanic-crustal layer. Thus. 
tritnstensJonal and transpressional rcgimcs occurred 
in different parts of  the crust al tile same time or at 
closcly succcssivc times. If these reclines occurred 
lit the same time. they were presumably separated by 
ii crustlll decollement I Miller ctal. .  1992). 

2. Z l.os An geMs iz,,+ion q/ .+o. thern Calilk+rnia 
(Plate  I. I . I I )  

Tectonic elements in tile l.os Angeles region are 
somewhat differently conligured from those in tran- 
sects to the north. Tile Mesozoic prism (D'. Pehma 
Schist) is overlain by crystalline upper-plate rocks 
on both sides of  the San Andreas lauh. in the Mo- 
.jave Desert. these are mid-crustal "backstop" rocks 
(E): in the San Gabriel Mountains. they are mid- 
and lower-crustal rocks (F). h in not clear yet how 

extensive the Pehma Schist is beneath the Mojave 
Desert (Haxel lind I)ilhm. 197g: Nourse. 19891. or 
ho,a deepl 5 it extends into the crust. Both upper- 
and h)v,.'er-plate rocks of the San Glthricl Mc, urttltins 
ma \  be .juxtaposed against basement rocks of  tile 
Peninsular Ranges [i-: plutonic and metatnorphic arc 
rocks) along a steeply south-dipping(?) branch el  
the Sierra Madre fault system (Fuis ct al.. 1996i. 
This relationship is somewhat surprising bccausc 
most of the strands of the Sie,'ra Madre fault system 
are moderatel 5 north-dipping reverse faults {Crook 
c t a l . ,  1987). In the mid-crust of the San Gabricl 
Mountains. a gently north-dipping, dowuward-step- 
ping bright rellective zone < "R'. Plate I, 1.11 ) in inter- 
preted as a regional thrust Ikmlt, possibly u "master" 
decollement (Ryberg and Fuis. 199g). One branch of 
this interpreted fault svsten+ projects to the hypocen- 
ter of tile 1<-)87 M 5.9 Whittier Narrows earthquake. 
which occurred on a blind thrust fault in the [.os 
Angeles basin (]lauksson et al., 1988). In Unllli- 
grated data. this zone appears to be deflected and to 
change charactcr at the San Andreas fault. Velocities 
for the rocks bclow this bright reflective zone haxe 
not yet been determined, but may be lower-crustal 
rocks sJnlJliu It) thosc of  tile Penhlsuh.ir Ranges (t-L 
The Moho is dra~.~,.u at the base of  retlectivily and is 
similar to tl'lat o1 Hafner and Clayton (I 996; Mojavc 
Desert lind San GlibrJel Mountllins), ten Brink el al. 
(I 996; offshore ('ontincntal Borderland). and Kohler 
and Davis (1997: Siin Gabriel Moulllahls Lind [,os 
t\llgeles basin). In inJgrated data, nlaxJnlulll Moho 
depth is 37 - ]8  kill (',s. 40 kin ill Plate 1, 1.111. 

3. l) iscussion and conclusions 

This study compares four subduction-zone and 
live transforni-l~mh transects. The subduction-zcme 
transects all cotltliJn actively subducting oceanic 
crust (A) an<.l ( '¢nozoic accretionary-prisnl rocks 
(C). lNotc thiit hi the northern Califl)rnia transect 
north of Cape Mendocino {Plate l, 1.6}, such Cent> 
zoic rocks do exist west of  the part of the section 
shown: see Gulick et al., 1996). The Vancouver Is- 
land and Oregon transects (Plate i. 1.4 and 1.51 
)rise contain an accreted basaltic terrlme, tile Cres- 
cent/Siletz terrane (B3), which mity represent the 
remnants of a Paleocene/Eocene oceanic plateau (see 
discussion in Wells el al., 1984). The thickest rein- 
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nanl of  Ihis plateau was accreted in Oregon, and 
a lhhlner i'enlntlrll vv~.ls accreled lit VtiliCOuver Is- 
land.  Rocks approximately correlative in age with 
this plateau, the lower crust of  the Y;.lkulal terl'~lne. 
tire cl.lrrenily subducting in noutherFi Alaska (Plate I. 
1.3h doubled tip on lop of Pacific oceanic crunt. 
Thene rock~, ma\ e \en tua lh  be accreted like the B3 
bodies al V~.lllCotlker Inland and Oregon. 

Three of the sul~duction-zol]e transectn contain 
prismn (I), 1)') thai record Mesozoic subduction. The 
Alaskan and Vancouver Island transects also contain 
a bod) of oceanic litl losphere that was tectonical]\ 
underplated in the latent Mesozoic or earl v Cenozoic 
(B2i.  At leant in Alaska, this body is interpretable 
tis fragments of the Kula pkite. Underpkit ing of frag- 
menln o1" this phite likel), occurred as a result of  
both ils youn 7 ngc ~ind its Iast convergence rate ~ i lh  
the North American phit¢ (ncc discussion in Ptiis 
and Pltll'ker. 1991 I. The southeastern botlndti iy of  the 
Kula phite is 7t)orlx known frolll 7hlte i'emollnlrtlc- 
lions, rLillgin 7 ill possible Io¢ation froln Vanmotlver 
Inland to Mex ico (see t\l~aater. 11){40). Perhaps the 
ocetlrlellCe of i l l lerprelablc frtiglllenis of  this bed) 
froill Vancouver Island Io i\lclnka stiggests lhal Vall- 
COtl\cr Inland \~ls the ',OLIIhu'dnleHlnloM Iiinil. 

In xoulhern i\ lasku, the Mesozoic prisln I I ) ' l  is in- 
Ierpr¢led Io ha\e ii/o',ed landward into lhe backstop 
1|'~1 ;-is ti te¢lOliiC v~ edge. ~vhereas al V;-IIICOLIVCI" ]Skilld 
and in northern Cali fornia. the Mesozoic prinnl (1)) 
in inlerpreled Io be emplaeed beneath the baekslop 
by sin~ple ui~derlhruslin 7 and/or strike-slip faull in 7. 
Model ing of  the nLlbdtictitm process indicates thai 
xvedgc-lypc tectonics is expected in compresnioi]al 
regimes (c.g.. I:{e;.il.llllonl and Quinlan. It)c)4). sug- 
gesting Ih;.il whelc \vcdgc tectonics is not observed, ci 
COml~ressional regime ma\ not ha~e obtained durin~ 
subduclion. In such cascs, strike-slip faulting ina\ 
ha\c doi'niiiated. 

l']xcepliori;.illy thick crusl (I-q 57 kmt is observed 
ill :,;CitllhCl'n Alask;-i..iusl landward of the thick un- 
derplaled hod 3 B2. Similarly. cxcepthmally thick 
crust (more than 60 kmli , ,  inlerpreted landward of  
body FI2 on Vancot l \¢ l  Island in the \vest¢ln Coast 
Motllll~iinn. 

In Ihe upper crusl, mosl of  the live trunsforin-fault 
Irallseci~, reflecl: ( I t  tectonic wedging of  the Meso- 
zoi¢ a¢cretionary prism l i ) ' )  into Ihc backstop, which 
includes Meso/oiclearl). ( 'enozoic lt)i'earc rocks It'll 

and Mesozoic ophiol i le/arc b~iSelllClll rocks IE /BI ) :  
;.uld (2t shufl l in 7 of lhe subdu¢iion intirgin ill" ('Jlli- 
fornia b) strike-slip faulting. In Ihe Io~.er ¢rust. these 
transects ilia), rellcct inigrai ion of  the Meildocii lO 
triple .iunclion nor l l l~ard tseen in rocks eusl o1 the 
,gas i\ndrean fatlit} and eessaliOll o f  I:;.ir;.llloll-plal¢ 
stlbdti¢lion {sceil in ioekn  ~.e,~l o1 lhc ,~iiii i\ndle;.is 
l'auh ). 

in iegions east of  the ,~;-i11 Alldlean fault in north- 
erll alld Celltr~ll Cal i fornia (c <, Plnle I, 1.7 and I.gh 
ihc Upl)cr-crusial Mesozoic prisln in inleipreled ;.is 
a tectonic wccl{ee (1.)') that IllOVCd eastward into the 
backstop, "pcelin 7 up" the folel.irc sedinlcnltirv rock,,, 
(llx,.'cnl\~orlh el ill.. 1~144: I:uis ;-illcl MOOliey, 1991)h 
This interpreted tectonic wedge is similar io that in 
,.\la~ka IPlale 1. 1.3i. Prom ncismic and nlagncii¢ 
tlal;-i on Ihc ,<,asia ( ' iuz  Irunsecl (Philo I. 1.9), the 
backstop/ophiol i le reeks (E/B I) ;-11"12 mtcrpnct¢d t~ 
cxlend 'wc,,l'~v;.ll'd belletlth the x~edgu" lit Icasl an I~ir ;-i~, 
ihc (.'ala\eras l~iLIIl sv,',lcnl and po~sibl b. an I]u" tin Ihc 
.~;.ill ,,\ndreas faull It"uis und Moose,,. 100(h Jachens 
¢1 al., 19c)5). Beneath the ,~an t:ran¢isco Ba\  ale~l 
IPlalo I. 1.14 and 1.91, lhc ill id- alld Imver el'tint i11;-i\ 
be ( 'enozoic basaltic locks (B31 and/or Mesozoic 
backslop/ophiol i le rocks ;-lilt[ h i~¢r eltiM (I{ /BI aild 
Pl. 

:\~ clisetissed ilbo\o. ( 'el loZoic basaltic io¢ks  I B.~) 
;-ire expected Io fornl b\' nlaginnlic undclplatill{2 
above il "kl;.iblenx" ~.~,illdow e;-i,,l o f  the ,~i111 ,\ndrelis 
fuuil in the ~.;-ikc of noiillvvard i11o~¢111c111 of the 
Mcnd,,)ciil+,l ir iplc jui lc l ion (I;tulong. 10~44: ];tu-lon 7 
el ill., 10149l. ]'tmn. lhc B3 rocks bencalh ihc ,~lan 
];l;-illC.'inc~.l Its\. l 'C~it)ll (Plate I. 1.14 alld ].tJt alld 
bellcalh lhc ('o~isi R;-illgcn of i/t l l lh¢ll l ( 'al i l ])rnia 
IPiale I. 1.7i i11a\ ha\¢ originaled b \  maginaiic tin- 
dcrlqutin 7. Allcriwtivc])., al Icasl in Plait I. 1.7 and 
1.14. Ihc\ i i la\ bc ]:aralioi>plale i-licks 11o\~ alluchod 
Io alld illO\in~2 ~ i th  the Pacillc plate (I:~oIltillllOn and 
Pal~Olin. llJ95h ;-illtlough die faull ollncl~ in Ilicse 
iockn ill'~tlC agaillsl this nlodeJ. I: i i lalh. the) could b¢ 
plirl l) nubducled, nlalled l:nral lon/(lorda philo; llm~- 
e v e l ,  l l l l l l t '  i l l  this plale in supposed Io be pl¢Selll in 
the ~akc o1 ihc inigralion of Ih¢ Mcndocinl /  Iriplc 
.iunciiol~. As disctissed by Hole and I~leaudoin t 1906 I. 
the illlOi-pretalioil of  these" rock~, ix.'n~aill,, l)roblcillati - 
cal. 

In Iegionn ~vesl of  lhe Sa~l Aildrea,4 faull on Iran- 
scorn through the Golden (ki le Iplalc I. 1.14). Sanln 
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Cruz (Platte I, 1.9), and San Luis Obispo (Platte I, 
1.10). the effects of strike-slip shuffling of terranes 
ix seen in the upper crust. The effects of stalled 
subduction of the Faralhm plate are possibly seen 
in the lower crust. In the upper crust, plutonic and 
metamorphic arc rocks (E; Salinia terrane) are juxta- 
posed directly against accretionary-prism rocks <D) 
ahmg the Sur-Nacimiento fault and its equivalents. 
with essentially no intervening forearc rocks. In the 
lower crust, an oceanic-crust-like layer (B3)is seen. 
which may or may not extend beneath the Salinia te,- 
rane. This layer is clearly Pacilic oceanic crust wcst 
of the abandoned trench (at the base of the slope). 
but beneath the continent may be either tectonically 
or magmatically underplated basaltic nx:ks: possibly 
underthrust Pacilic crust (Page and Brother. 1993). 
partly subducted, stallcd Faralhm plate, or basaltic 
rocks that wcrc n]agmatically underplatcd during 
subduction of the Pacilic/Faralhm ridge or during 
breakup of the subducted Farallon plate (Bohannon 

and Parsons. 1995). 
In southern California, crustal structure is 3- 

dimensional, and the transect shown (Plate 1, I . I I )  
is only partly representative. The conliguration of 
tectonic elements differs somewhat from transects to 
the north. The Mesozoic prism (D': Pchma Schist) 
has been thrust beneath Mesozoic rocks in parts 
(perhaps a l l ) o f  the Mojave Desert (F." ttaxel and 
Dilh)n. 1978: Nourse. 1989) and beneath mid- and 
h)v,'er-crustal rocks in the San Gabriel Mountains 
(F: Ehlig. 1981). and may be cc, nfigured as at tec- 
tonic wedge. At the south edge of the San Gabriel 
Mountains. the upper- and h)wcr-plate rocks (I)' and 
F) may be faulted against rocks of the southern 
Califc~rnia batholith (E: Sorensen. 1984). althc, ugh 
this relationship is covered by' Cenozoic sedimen- 
tary rocks of the San Gabriel Valley (G: Fuis et al.. 
1996). Basaltic(?)rocks (B3: see l=uis et al.+ 1996) 
may or may not intervene between these batholithic 
rocks and the Mesozoic prism rocks of the Cali- 
lk)rnia Continental Borderland (D, Catalina Schist: 
Sorensen. 1984: Crouch and St, ppe. 1993). An in- 
terpreted mid-crustal decollement beneath the San 
Gabriel Mountains apparently connects the San All- 
dreas fault with the fold-and-thrust belt south of the 
San Gabriel Mountains (Ryberg and Fuis. 1998). 
The aftinity of rocks beneath the interpreted dccolle- 
ment is as yet unknown. A depression on the Moho 

beneath the San Gabriel Mountains is consistent 
witla downwelling of lithospheric mantle beneath the 
Transverse Ranges as described, for example, by 
Humphreys and Clayton (1990). This downwclling 
is interpreted to drive the observed compression 
across the Transverse Ranges and Los Angeles basin 
(Humphreys and Hager. 1990). 
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