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Geodetic  and se ismologic  evidence for a  locked southern margin of the Cascadia  subduction zone
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Offshore intraplate earthquakes  near  the subduct ion zone and wel l - located three-dimensional  se ismic i ty  provide ev idence that  the southern 
Cascadia  subduct ion zone megathrust  i s  present ly  locked.
 
Movements  of  the Gorda plate caused events  in  1994,  2005,  and 2010 coseismical ly  moved GPS stat ions  in  the overr id ing North American plate, 
c lear ly  demonstrat ing strong coupl ing (Wi l l iams and McPherson,  2006,  McPherson et  a l . ,  2007) .  For  example,  dur ing the 9  January  2010 M 6.5 
offshore event ,  Earthscope-PBO cont inuous GPS stat ions  located between 41°N and 40.3°N,  a long the coast ,  moved eastward by as  much as  20 
mm.  Meanwhi le ,  to  the north,  GPS stat ions  moved s l ight ly  toward the W.   This  mot ion is  cons istent  with  the northeast-str ik ing left- latera l  mot ion 
se ismical ly  der ived for  the earthquake. 
 
Strong coupl ing between the Gorda and North American plates  a lso  has  long been recognized by the concomitant  se ismic i ty  in  both p lates  (TERA, 
1980) .  Se ismic i ty  patterns  help  constra in  the E-W dimensions  of  the locked zone.

Combining the observat ions  of  GPS coseismic  movements  and se ismic i ty,  we def ine the locked zone as  extending from Cape Blanco (N430)  to  the 
Mendocino fault  (N40.30)  d ipping 10-120 to  the east ,  and being approximately  85 km wide.  Unl ike  the act ively  deforming Gorda plate,  the Juan de 
Fuca p late,  north of  Cape Blanco,  i s  se ismical ly  quiet .   Throughout  the length of  the Cascadia  subduct ion zone there is  a  lack  of  se ismic i ty  within 
the megathrust  interface,  provid ing addit ional  ev idence of  interplate lock ing.

Abstract

TECTONIC FRAMEWORK OF 
THE MENDOCINO TRIPLE 
JUNCTION

     The geometry  of  the Mendocino 
tr ip le  junct ion (MTJ)  i s  summarized 
in  the MTJ  Cartoon.   I t  can be 
seen in  the cartoon that  south of 
the Mendocino tr ip le  junct ion, 
the Paci f ic  p late  is  moving in  a 
northwester ly  d irect ion at  51mm/
yr,  forming a  broad,  t rans lat ional 
boundary  with  the North American 
plate.   Tradit ional ly,  the boundary 
between the North American and 
the Paci f ic  p lates  was a  sharp l ine 
def ined by the surface express ion 
of  the San Andreas  fault .   Now we 
can see that  as  the Paci f ic  p late  moves northwester ly,  the trans lat ional  shear ing between the 
two plates  forms a  broad area of  fault ing  and se ismic i ty  sub-paral le l  to  the San Andreas  fault 
and within  the weaker  North American plate.   The Mendocino tr ip le  junct ion travels  with  the 
Paci f ic  p late  as  i t  pushes  the Gorda plate  northwester ly,  and in  i ts  wake leaves  the northwardly 
growing San Andreas  fault  system and a  s lab window.   Near  the Mendocino tr ip le  junct ion,  the 
northeast  corner  of  the Paci f ic  p late  acts  l ike  a  bul ldozer  b lade a long the Mendocino fault  as  i t 
shoves  the Gorda plate  northward,  breaking up the offshore port ion of  the Gorda plate.   This 
t ranspress ional ,  r ight- latera l  boundary  between the Gorda and Paci f ic  p lates  can be seen in  the 
MTJ  Cartoon as  an east-west  trending ,  underwater  mountain  r idge.

The Gorda plate,  youngest ,  th innest  and weakest  of  the three p lates ,  forms offshore a long the 
Gorda r idge (MTJ  Cartoon) ,  and i t  moves eastwardly  away from the r idge,  eventual ly  p lunging 
beneath the North American plate  at  a  shal low angle  of  between 8-11 degrees.  The Gorda plate 
is  being wedged between thicker,  b igger,  and stronger  p lates  to  the north and south,  and i t  i s 
being crushed in  the process  as  i t  i s  squeezed through th is  “tectonic  d ie”(Smith et  a l . ,  1993) .  
S ince Raff  and Nason discovered distorted magnet ic  anomal ies  throughout  the Gorda plate 
and that  i t  has  had a  h istory  of  large intraplate earthquakes,  the Gorda plate  is  cons idered a 
deformat ion zone by some (Chaytor  et  a l . ,  2004) .

S ince the Paci f ic  p late  is  o lder,  colder  and th icker  than i ts  adjo in ing p lates ,  i t  i s  not  deforming 
at  a l l  and is  most ly  devoid of  earthquakes  (or  deformat ion) .   Of  the three p lates  that  form the 
tr ip le  junct ion,  the Paci f ic  p late  is  the only  one funct ioning l ike  a  true tectonic  p late,  with 
earthquakes  occurr ing a long i ts  edges  and not  within  i t  (See MTJ  Map below).

GPS 2010

Displacements  ca lculated by Jerry  Svarc  and Jess ica  Murray-Moraleda,  USGS
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MAP VIEW OF SEISMICITY

There are  three main features  we 
would l ike  to  point  out  in  MTJ  Map 
of  the se ismic i ty.   F i rst ,  not ice 
that  there is  a  “shotgun” pattern 
of  se ismic i ty  centered near  the 
Mendocino tr ip le  junct ion (MTJ) , 
north of  the northeast  corner  of 
the Paci f ic  p late.   This  i s  where 
the Paci f ic  p late’s  inf luence 
of  shoving the Mendocino 
tr ip le  junct ion northwester ly 
i s  concentrat ing the stress ,  the 
result  being the internal  br i tt le 
fa i lure of  the th inner,  younger 
and smal ler  Gorda plate.   The 
earthquakes  in  th is  region are 
a l l  intraplate  North American 
and Gorda plate  events ,  and the 
act iv i ty  d ies  off  as  one moves 
away from this  region.  The Paci f ic 

p late  is  aseismic  and strong ,  with  a l l  deformat ion/stra in  occurr ing in  the weaker  North 
American and Gorda plates .

A second feature seen in  the MTJ  Map f igure is  the locat ion of  the southern edge of  the Gorda 
plate,  shown c lear ly  as  a  sharp color  contrast  in  se ismic i ty  trending ESE from the Mendocino 
tr ip le  junct ion.    Previous ly,  i t  was  argued that  the boundary  had a  more SE trend based on 
gravity  and magnet ic  records,  but  i t  i s  now recognized that  the se ismic i ty  more prec ise ly  shows 
the correct  locat ion of  the southern edge of  the Gorda plate as  i t  p lunges  beneath North 
America.   A lso,  not ice  that  the Cascade volcanic  arc  starts  north of  th is  southern edge of  the 
Gorda plate,  with  Mount  Lassen and Mount  Shasta  located just  north of  southern edge of  the 
Gorda plate  (See MTJ  Cartoon) .

The th ird  s igni f icant  feature in  the MTJ  Map f igure is  the shal low,  str ike-s l ip  zone of 
earthquakes  formed by the trans lat ional  boundary  of  northwester ly  mot ion of  the Paci f ic  p late 
s l id ing past  the North American plate.   This  can be seen as  the broad band of  yel low-colored 
earthquakes  with  depths  typica l  of  str ike-s l ip  faults  (0-18km, see N-S  Sect ion) .   Not ice  that  a l l 
of  the earthquakes  are North American intraplate events  east  of  the locat ion of  the tradit ional 
Pac i f ic -North American plate  boundary,  the San Andreas  fault .   When the earthquakes  are 
f i l tered for  locat ion qual i ty,  they a l ign with  the known traces  of  the Garberv i l le/Maacama 
and Lake Mountain/Bart lett  Spr ings  fault  systems ( faults  east  of  the San Andreas  fault  in  MTJ 
Cartoon) .   A lso apparent  in  th is  f igure is  the lack  of  earthquakes  of  any magnitude a long the 
northern San Andreas  fault ,  that  part  of  the fault  that  moved dur ing the 1906 event  and which 
is  present ly  locked.

MTJ Cartoon
MTJ -  Mendocino Triple  Junct ion;  SF -  San Francisco;  CC -  Crescent 
Ci ty;  E -  Eureka;  L -  Lassen;  S -  Shasta

MTJ MAP

(McPherson,  Pryor,  Wil l iams,  2007)

Cross Sectional views of Seismicity

Since the Gorda plate  is  breaking up with large and smal l  intraplate  events ,  these earthquakes  a l low us  to  locate prec ise ly 
the pos it ion of  the Gorda plate near  the Mendocino tr ip le  junct ion.
In  the E-W Sect ion f igures,  the Gorda plate  appears  as  a  10-12km wide band of  quakes  d ipping eastward beneath the 
North American plate.   Above th is  band of  events  are  intraplate  North American plate  events ,  concomitant  with  the Gorda 
plate  events  in  both the N-S  and E-W Sect ions.   We argue that  these images are  ev idence the p lates  are  coupled,  and they 
have been coupled s ince wel l - located events  were avai lable  on the Cal i fornia ’s  north coast  (See TERA MTJ  E-W Sect ion) .  
In  the N-S  sect ion,  strong coupl ing between the North American and Gorda plates  can be recognized northward from the 
Mendocino fault  (MTJ) ,  with  ev idence of  th is  coupl ing fading out  before the Cal i fornia-Oregon border.   South of  the MTJ, 
there is  a  gap in  events  (s lab window),  then the shal low str ike-s l ip  Maacama and Bart lett  spr ings  fault  act iv i ty  starts  to 
appear.

MTJ N-W Section
(McPherson,  Pryor,  Wil l iams,  2007)

MTJ E-W Section
(McPherson,  Pryor,  Wil l iams,  2007)

TERA MTJ E-W Section
(McPherson,  1989)

Focal Mechanism
Well - located North American plate events  have been selected,  and 
s ingle-event ,  focal  mechanisms have been looked at  in  windows of 
t ime spanning over  three decades.   North American events  in  the 
Humboldt  Bay region have consistent ly  been NW str ik ing reverse 
solut ions,  cons istent  with  the youthful  fo lds  and faults  found in 
the Humboldt  Bay region (See MTJ  Focal  Mechanisms f igure) .   The 
P-axes  f rom these events  consistent ly  a l ign sub-paral le l  to  the 
convergence vector  for  North American-Gorda plate  motion,  which 
to  us ,  i s  further  ev idence for  coupl ing between the Gorda and North 
American plates .

(Smith et  a l ,  1993)

(Pryor  & McPherson,  2006)
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GPS

Since the late  1990s,  cont inuously  monitor ing GPS 
stat ions  are  provid ing new detai ls  as  to  the movement 
of  the p lates  dur ing earthquakes  and to  the dai ly  stra in 
accumulat ion between quakes.   Pr ior  to  the January  9th, 
2010 event ,  we have not iced that  when the Gorda plate 
moved offshore,  i t  a lso  moved geoscope stat ions  on the 
overr id ing North American plate.   The earthquakes  that 
have shown strong coupl ing started with the September 
1st ,  1994 event ,  which was an interplate  Mendocino fault 
event  that  moved the southern Gorda plate  eastward 
1-2  meters(See 1994 in  above F igure) .   This  Gorda plate 
motion was transferred to  stat ions  surrounding Humboldt 
Bay (See GPS 1994) .
This  same phenomenon,  North America  moving in 
response to  movements  in  the Gorda plate,  next  occurred 
in  2005 and again  in  2010 (See GPS 2005,  2010) .   In 
a l l  these cases,  movements  in  the Gorda plate  caused 
predictable  movements  within  the overr id ing North 
American plate,  again,  ev idence of  the p lates  being 
coupled.
There was one event  i s  Apr i l ,  1992 that  d id  show that 
the Gorda and North American plates  indeed uncoupled 
a long a  patch in  the very  southern edge of  the Cascadia 
subduct ion zone (See GPS 1992) .   But ,  by  1994,  the p lates 
were again  coupled.

Conclusions

We use se ismic i ty,  focal  mechanisms,  and GPS stat ions’  data  to  help  us  monitor  the present  k inematics  near  the Mendocino tr ip le  junct ion area.  
We f ind that  the southern Cascadia  subduct ion zone is  coupled,  and when the Gorda plate  moves,  so  does  the North American plate move in 
response.   The only  except ion to  these dynamics  happened in  Apr i l ,  1992,  when a  smal l  patch of  the southern subduct ion zone moved,  a  br ief 
uncoupl ing of  the p lates .


