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Abstract 

 

Earthquakes generate mass transport deposits (MTDs) plus megaturbidite (MTD overlain by coeval turbidite), multi-pulsed, stacked, and mud 

homogenite seismo-turbidites. The strongest (Mw 9) earthquake shaking signatures appear to create multi-pulsed individual turbidites, where 

the number and character of multiple coarse-grained pulses for correlative turbidites generally remain constant both upstream and downstream 

in different channel systems. Multiple turbidite pulses, that correlate with multiple ruptures shown in seismograms of historic earthquakes (e.g. 

Chile 1960, Sumatra 2004 and Japan 2011), support this hypothesis. The weaker (Mw = or < 8) (e.g. northern California San Andreas) 

earthquakes generate dominantly upstream simple fining-up (uni-pulsed) turbidites in single tributary canyons and channels; however, 

downstream stacked turbidites result from synchronously triggered multiple turbidity currents that deposit in channels below confluences of the 

tributaries. Both multi-pulsed and stacked turbidites create potentially thick amalgamated-like reservoir sands. Petroleum reservoirs in 

unconfined basin settings of active tectonic margins may be enhanced because multiple great earthquakes cause seismic strengthening of 

margin sediment that result in minor MTDs in the turbidite system basin floor deposits (e.g. maximum run-out distances of MTDs across basin 

floors along active margins are an order of magnitude less than on passive margins). In contrast the MTDs, turbidites and reservoir deposits are 

equally intermixed on basin floors along passive margins such as the northern Gulf of Mexico. In confined or semi-confined basin settings, 

earthquake triggering results in potential reservoirs with coeval megaturbidites in proximal settings, thick stacked turbidites downstream, and 

ponded muddy homogenite turbidites in basin or sub-basin centers. 
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IMPLICATIONS OF TURBIDITE PALEOSEISMIC HISTORY: 

- ACTIVE  TECTONIC MARGIN TURBIDITES MAINLY SEISMICALLY TRIGGERED 

- UNCONFINED BASIN FLOOR SEISMO-TURBIDITE SYSTEMS HAVE LIMITED        

   MTDs BECAUSE OF SEISMIC STRENGTHENING  

- CONFINED BASIN FLOOR SEISMO-TURBIDITES HAVE THICK MEGABED 

    DEBRITE AND HOMOGENITE SANDS OR MUDS 

-  BASIN SETTING & SEISMO-TURBIDITE DEPOSITION IMPORTANT FOR RESERVOIRS  

  
 

 

 

 

SEISMO-TURBIDITES : 

• MULTIPULSED (e.g. Cascdia, Chile 1960, Sumatra, 2004, Japan, 2011) 

 

• STACKED (e.g.  North San Andreas, New Zealand, Japan Sea 1983, Algeria 2003, 
Chile 2007, Haiti, 2010, Lakes Biwa & Lucerne 2200 yr BP) 

 

• MEGABEDS (e.g. Labrador Sea, Chile, Lake Lucerne, Marmara Sea )  

 

• HOMOGENITE/UNIFITE SAND/MUD (e.g. Ionian Sea 365 A.D., Lucerne 1601 
A.D., Marmara Sea 1912, Lesser Antilles 1974, Chile 2007, Haiti 2010)  

 

• SEICHE SILT LAMINA (e.g. Chile 2007, Haiti 2010, Marmara Sea 1912) 

 

• TSUNAMITE (e.g. Ionian Sea 365 A.D., Japan, 2011)   

 

    

TODAYS TOPICS 



 

 

SEISMO-TURBIDITE DEFINITIONS FOR TALK 
 

• MULTI-PULSED – INDIVIDUAL TURBIDITE WITH MULTIPLE COARSE-
GRAINED PULSES -  RESULT FROM A  SURGING TURBIDITY CURRENT 
CREATED BY ~Mw 9 EARTHQUAKE RUPTURE PATTERN 

 

• STACKED - MULTIPLE TURBIDITES DEPOSITED ON A BASIN FLOOR OR 
BELOW CANYON AND CHANNEL CONFLUENCES - RESULT FROM MULTIPLE 
TURBIDITY CURRENTS TRIGGERED SYNCRONOUSLY ALONG A BASIN 
MARGIN BY AN ~ =/< Mw 8 EARTHQUAKE 

 

• MEGABED - (Haughton et al., 2009 definition) INDIVIDUAL BED CONTAINING 
DEBRITE OVERLAIN BY TURBIDITE - RESULT FROM EARTHQUAKE 
TRIGGERED DEBRIS FLOW THAT EVOLVES INO A TURBIDITY CURRENT 

 

• HOMOGENITE/UNIFITE -  PONDED MASSIVE, THICK (up to 10s of m) SAND OR 
MUD OVERLYING STRUCTURED TURBIDITE BASAL SAND OR DEBRITE - 
RESULT FROM MULTIPLE TURBIDITY CURRENTS TRIGGERED 
SYNCRONOUSLY ALONG A CONFINED BASIN MARGIN BY AN EARTHQUAKE 

 

• SEICHE DEPOSITS -  SEISMO-TURBIDITE CAP OF LAMINATED SILTS OR 
MUDS WITH OPPOSING PALEOCURRENT DIRECTIONS 

 

• TSUMAMITES – SHALLOW WATER CLAY CAP FROM TSUNAMI BACKWASH   

 



 

 

-SEISMO-TURBIDITE DEFINITIONS FOR TALK SHOWN IN PREVIOUS SLIDE 

-SEISMO-TURBIDITE HISTORICAL EXAMPLES SHOWN IN INTRODUCTION SLIDE 

-CASCADIA (see slides 5-8) AND SAN ANDREAS MARGIN (see slides 17-21) 
SEISMO-TURBIDITES SHOWN BY SYNCHRONOUS TRIGGERING EVIDENCE : 

 

• 13 TURBIDITES (T1-T13) ABOVE FIRST SEISMO-TURBIDITE MARKER BED 
CONTAINING MAZAMA ASH (MA) FROM CRATER LAKE ERUPTION & 18 
SEISMO-TURBIDITES ABOVE HOLOCENE/PLEISTOCENE BOUNDARY IN 
CHANNELS OF ALL TYPES OF CASCADIA TURBIDITE SYSTEMS (see next 
slide 5) (Nelson et al., 2000, Goldfinger et al., 2003; 2008; 2012)  

• CONFLUENCE TEST WITH SAME NUMBER OF POST MA AND HOLOCENE 
TURBIDITES UPSTREAM AND DOWNSTREAM FROM CHANNEL 
CONFLUENCES PROVES SYNCHRONOUS TRIGGERING (Adams, 1990) 

• SAME 14C AND HEMIPELAGIC SEDIMENT (thickness/sedimentation rate) AGES 
FOR CORRELATIVE SEISMO-TURBIDITES IN DIFFERENT TURBIDITE 
SYSTEMS OF CASCADIA MARGIN (Guttierez Pastor et al., 2009) (see slide 8) 

• CORRELATION OF TURBIDITE PALEOSEISMIC RECORDS WITH ONSHORE 
CASCADIA & SAN ANDREAS PALEOSEISMIC RECORDS  (Goldfinger et al. 
2007; 2008;  2012) 

• SAME DENSITY AND MAGNETIC SUSCEPTIBILITY LOG SIGNATURES FOR 
CORRELATIVE SEISMO-TURBIDITES (e.g. number of coarse grained pulses & 
layer thickness- see slides 10 & 11) (Goldfinger et al. 2008;  2012)  

• BELOW SAN ANDREAS CHANNEL CONFLUENCES, STACKED TURBIDITES 
WITH  SEPARATE  MINERALOGY FROM DIFFERENT TRIBUTARY CANYON 
SOURCES PROVES SYNCHRONOUS TRIGGERING (Goldfinger et al, 2007) 



CASCADIA MARGIN  

MULTI-PULSED TURBIDITES 

CORES SHOW REGIONAL 

CORRELATION OF TURBIDITES 

i.e. regional synchroneity shown by 

= numbers of  turbidites (13 post-

Mazama and 18 Holocene) in widely 

separated channels on the Cascadia 

margin. and by the “confluence test” 

(see B - same number of turbidites 

above and below channel 

confluences, ie. if turbidites 

triggered randomly, number below 

confluence = 27, not 13 

Goldfinger et al., 2003; 2012) 

NOTE: 

DIFFERENT TYPES 

OF TURBIDITE  

SYSTEMS (e.g. DEEP 

  SEA CHANNELS,  

SUBMARINE FANS,  

BASE OF SLOPE 

 APRONS) 

 CORRELATION FOR  

800 km IN CASCADIA 

BASIN INDICATES 

TRIGGERING BY 

GREAT EARTHQUAKES 

(Mw >8-9) 

 



DISTRIBUTION OF MAZAMA ASH IN AIRFALL  AND 

DEPOSITED IN CANYON & CHANNEL TURBIDITES 

FIRST OCCURRENCE IN T13 = CASCADIA MARKER BED  

  

Nelson et al., 1968; 2009 

MOUNT MAZAMA (CRATER LAKE) ERUPTION 7626 yr BP- GREENLAND ICE CORE 

100X GREATER THAN ST. HELENS ERUPTION IN 1980 



13 POST MAZAMA ASH TURBIDITES (T1 - T13) IN CASCADIA  

BASIN CHANNELS USED TO DEFINE PALEOSEISMIC HISTORY 

Gutierrez et al., 2009 

T13 1st MAZAMA 

TURBIDITE 

MARKER BED 

FOR CORRELATION 

 

 

NOTE DOMINANTLY 

MULTIPULSED 

TURBIDITES 

NOTE NO MTD´S OR 

TSUNAMITES IN  

THIS OR 100s OF 

CASCADIA CORES 

 



AGU 2002 

CORRELATION OF  

CASCADIA BASIN  

MULTI-PULSED  

TURBIDITES 

 
BASED ON:  

 

• POST- MAZAMA 

      T 1-13 TURBIDITE # 

 

•  C14 AGES 

  

•  PHYSICAL PROPERTIES 
(DENSITY AND 

 MAGNETIC SUSCEPTIBILITY  

PEAK # AND THICKNESS OF EACH 

CORRELATIVE T 1-13 TURBIDITE) 

NOTE AGES, PULSES, THICKNESS 

OF INDIVIDUAL TURBIDITES 

(eg. T11) CORRELATE FOR  

800km ALONG MARGIN & IN 

 INTRASLOPE BASINS + CASCADIA 

LAKES (specific log signiture for 

 each quake = shaking history ?) 

Gutierrez et al., 2009 



Cascadia Channel Turbidite 

GRAIN SIZE VERIFIES PHYSICAL PROPERTIES LOGS  

(DENSITY & MAGNETIC) AS PROXIES FOR MULTIPLE  

TEXTURAL PULSES OF INDIVIDUAL CASCADIA SEISMO-TURBIDITES 

 

 3 GRAIN SIZE  

PULSES IN AN 

INDIVIDUAL 

TURBIDITE 

 

T3 PULSES GRADE 

UPWARD, BUT 

OTHER TURBIDITES 

SHOW REVERSE 

GRADING OF 

PULSES 

GUTIERREZ ET AL., 2013 
X-RAY RADIOGRAPH OF CORE 

Gutierrez Pastor et al., 2013 



DOMINANT MULTI-PULSED TURBIDITES IN JUAN DE FUCA 

 TRIBUTARY CHANNEL & CASCADIA CHANNEL BELOW CONFLUENCE  

 

• INDICATES THAT ~ Mw 9 EARTHQUAKE SHAKING IS MAIN CAUSE OF PULSES IN CASCADIA BASIN 

• ~ 10 % UNI-PULSED AND ~ 90 % MULTI-PULSED TURBIDITES IN CASCADIA BASIN 

• PROXIMAL TRIBUTARY AND DISTAL PULSES BELOW CONFLUENCES = SAME IN CASCADIA BASIN 

Gutierrez  

Pastor et al.,  

2013 



GOLDFINGER ET AL., in press 

HIGH CORRELATION OF TURBIDITE PULSES & THICKNESS 

SHOWS 

CORRELATIVE 

TURBIDITES 

HAVE: 

 
•SAME PULSE 

TYPE IN 3 

DIFFERENT 

CHANNELS 

FOR 800 km 

 

• SAME 

THICKNESS 

 

•BOTH INDICATE 

THAT ~ Mw 9 

EARTHQUAKE 

SHAKING IS 

MAIN CAUSE 

OF PULSES IN 

CASCADIA 

BASIN 

 

TAKE OUT C Goldfinger  et al., 2011 

Goldfinger et al., 2012 



CAUSE OF DOMINANT  

MULTI-PULSED TURBIDITES 

 FROM ~Mw 9 EARTHQUAKES 

IN THE UNCONFINED 

CASCADIA BASIN MARGIN  

 

 

 

 

UNIQUE SEISMIC SIGNATURE 

OF EACH ~ Mw 9 EARTHQUAKE  

~ 1,000 km RUPTURE PATTERN  

CHARACTERIZE MULTI-PULSED 

 CORRELATIVE TURBIDITES 

 ABOVE & BELOW 

 CHANNEL CONFLUENCES  

 IN VARIOUS TURBIDITE SYSTEMS 

CASCADIA INTRASLOPE BASINS & LAKES 

 

(shown in previous slide  

by correlation of individual turbidite  

physical properties & thickness) 

Nelson et al., 2012 



The 1960 Chile turbidite appears in 

numerous cores in the trench and in 

fjords as a two pulse sandy event at the 

seafloor -note C arrows to 2 sand pulses  

Pb210 and Cs 137 confirm the ~1960 

age (St Onge et al., 2012).   

 

Mw 9.5 STRONGEST 

HISTORIC EARTHQUAKE

Multipulsed ~ Mw 9 

seismo-turbidites like 

Cascadia that correlate 

with historic seismograph 

slip pulses are found in 

other subduction zone 

localities, like Chile, 

Sumatra, Kurile  

& Japan,  
St Onge et al., 2012 ; Patton et al., 2013; 

 Noda et al., 2008;  Goldfinger and Ikehara, 

2012 

 



(10 -10 ms-1)   

Ni et al., 2005 

r = 0.92 

SUMATRA 2004 Mw 9.1 EARTHQUAKE WITH 3 SLIP RUPTURES 

DEPOSITED TURBIDITES WITH 3 COARSE-GRAINED PULSES 

Goldfinger et al., 2012; Patton et al., 2013 



“Surging flows 

are likely to 

contain 

corresponding 

repetitions of 

grading and 

structure 

divisions” 

 

Lowe, 1982 

 Kneller and McCaffrey, 2003 

COMPLEX HYPOTHETICAL DEPOSITS FROM 

UNSTEADY FLOW 

PREVIOUS STUDIES 

OBSERVED AND PREDICTED 

COMPLEX PATTERNS THAT 

ARE FOUND IN 

 MULTI- PULSED  

SEISMO- TURBIDITES 

 

LOGICAL THAT ~ Mw 9 

EARTHQUAKE RUPTURE  

SLIP PATTERN CAN CAUSE 

TURBIDITY CURRENT 

SURGING FLOWS THAT 

DEPOSIT INDIVIDUAL 

 MULTI-PULSED 

 SEISMO-TURBIDITES 

(e.g. Sumatra 2004 earthquake 

had energy to cause earth to 

wobble on its axis) 

 



NOTE MULTI-PULSED 

SEISMO-TURBIDITES 

ARE NOT UNIQUE ! 

MULTI- 

PULSED 

TURBIDITE 

LEVEE  MODELS (Kane & Hodgson,  2011) 

MULTI-PULSED TURBIDITES IN INTRACHANNEL LEVEES & FLOOD HYPERPICNITES 

Mulder et  al., 2003 



EXAMPLE OF 

STACKED 

SEISMO-TURBIDITES 

FROM ~ Mw 8 

EARTHQUAKES WITH  

300 km RUPTURE 

 

 

VISCAINO 

 

LOCATION OF  

CALIFORNIA SAN 

ANDREAS MARGIN 

CORES IN  

UNCONFINED BASIN 

GUALALA 

CONFLUENCE  

WITH 24GC CORE 

NOYO (next slide) 

Gutierrez Pastor et al., 2013 



DOMINANCE 

OF UPSTREAM 

UNIPULSED 

TURBIDITES IN 

NOYO 49PC 

CORE 

SINGLEOXIMAL  
10 OF 11 turbidites  

(~ 90 %) are uni-pulsed 

(classic fining 

up turbidites) in contrast to 

multi-pulsed turbidites of  

upstream Cascadia 

channels 

NOTE ONLY 

 TURBIDITES  

& NO MTD LAYERS 

OR TSUNAMITES 

IN ANY  

SAN ANDREAS 

CORES 



STACKED TURBIDITES BELOW CONFLUENCE OF VIZCAINO AND 

GUALALA CHANNELS WITH DIFFERENT  MINERAL SOURCES 

TWO UNIPULSED 
TURBIDITES 
+ HEMIPELAGIC 

 TWO STACKED  
TURBIDITES 

NO HEMIPELAGIC 

UNIPULSED UPSTREAM TURBIDITES 

  

STACKED TURBIDITES 

 DOWNSTREAM FROM CONFLUENCE  

Gutierrez Pastor et al., 2013 

Nelson et al., 2012 

 



~ Mw 8 EARTHQUAKES OF SAN ANDREAS MARGIN RESULT 

IN UPSTREAM UNIPULSED & DOWNSTREAM STACKED 

SEISMO-TURBIDITES BELOW TRIBUTARY CONFLUENCES 

 
• UPSTREAM UNIPULSED TURBIDITES (classic fining up turbidites) 

CHARACTERIZE THE SAN ANDREAS MARGIN COMPARED TO UPSTREAM 

MULTI-PULSED TURBIDITES THAT CHARACTERIZE CASCADIA MARGIN & 

RESULT FROM STRONGER SHAKING OF ~ Mw 9 EARTHQUAKES (see slides 7, 

8,10 and 11)       

• NOTE THAT BOTH UPSTREAM SINGLE NOYO CANYON/CHANNEL (core  49PC) 

& GUALALA SINGLE CANYON (core  13 PC)  MAINLY CONTAIN UNIPULSED 

TURBIDITES (see slides 18 and 19)      

• DOWNSTREAM FROM MULTIPLE GUALALA TRIBUTARY CANYON (core  12 PC) 

AND NOYO/VISCANO/GUALALA CHANNEL CONFLUENCES (core  24 BC) 

STACKED TURBIDITES ARE CHARACTERISTIC (see slide 19)      

• STACKED TURBIDITES FROM A SINGLE EARTHQUAKE EVENT RESULT FROM 

MULTIPLE TURBIDITY CURRENTS THAT ARE SYNCHRONOUSLY TRIGGERED 

IN NUMEROUS TRIBUTARY CANYONS AND THEN DEPOSIT RAPIDLY ONE ON 

TOP OF ANOTHER BECAUSE OF VARYING TRAVEL DISTANCES & VELOCITIES 

• SYNCHRONOUS TRIGGERING AND STACKING ARE PROVED BY THE 

DIFFERENT MINERALOGY OF EACH TURBIDITE UNIT OF THE STACK (see slides 

19B and 23B)      



Gualala: immature+  

heavy minerals 

Viscaino/Gualala 

Doublets 

Viscaino/Gualala 

Bi-modal 

 
BELOW TRIBUTARY CHANNEL CONFLUENCES  

STACKED TURBIDITE BEDS WITH DIFFERENT MINERAL CONTENT  
RESULT FROM SYNCHRONOUS EARTHQUAKE TRIGGERING 

IN PROXIMAL CHANNELS WITH DIFFERENT MINERAL SOURCES 

GOLDFINGER 

ET AL., 2007 



Nelson et al., 2012; Gutierrez Pastor et al., 2013 

EARTHQUAKE WITH ~ 300 

km RUPTURE TRIGGERS 

 SYNCHRONOUS 

TURBIDITY CURRENTS  

WITH VARYING  

TRAVEL DISTANCE  

IN MULTIPLE TRIBUTARY  

CANYONS TO CAUSE 

STACKED TURBIDITES  

BELOW CONFLUENCES 
(SHOWN BY MINERALOGY 

OF DIFFERENT CANYON SOURCES 

OR DIFFERENT PALEOCURRENT 

DIRECTIONS OF SEDIMENTARY 

STRUCTURES) 

 
(Van Daele et al., in press) 

CAUSE OF DOMINANT 

STACKED TURBIDITES 

FROM WEAKER ~ Mw 8 

EARTHQUAKES IN THE 

UNCONFINED SAN 

ANDREAS MARGIN 

 



COMPLEX MULTI-PULSED (CASCADIA) 

 AND STACKED (SAN ANDREAS) SEISMO-TURBIDITES  

UNIPULSED ABOVE & 

STACKED TURBIDITES BELOW 

CHANNEL CONFLUENCES 

SHOWN BY MINERALS, RADIOGRAPHS,  

TEXTURE, DENSITY,  

AND MAGNETIC SUSCEPTIBILITY, 

TRIGGERED BY  ~ Mw 8 EARTHQUAKES  

  

X-RAY RADIOGRAPH OF CORES 

GUTIERREZ ET AL., in review 

INDIVIDUAL MULTI-PULSED 

TURBIDITES ABOVE  

AND BELOW CONFLUENCES 

SHOWN BY RADIOGRAPHS,  

TEXTURE, DENSITY,  

AND MAGNETIC SUSCEPTIBILITY, 

TRIGGERED BY  ~Mw 9 EARTHQUAKES  

  

 



CLASSIC TURBIDITE PALEOSEISMIC TURBIDITE 

10 cm 

30 cm 

Sand pulse or stack 

Hemipelágic 

Sediment with 

microfossils 

Turbidite 

 mud tail 

MULTIPLE PULSES OR STACKS OF 

SAND TEXTURE & IRREGULAR 

GRADATION OF TEXTURE & 

SEDIMENTARY STRUCTURES 

+ ALSO CREATES PSUDO- 

AMALGAMATION 

CONTINUOUS UPWARD GRADATION  

OF SAND TEXTURE & 

 INTERNAL SEDIMENTARY STRUCTURES 

1
 t

u
rb

id
it

e
 

Sand pulse or stack 

 

Sand pulse or stack 

 

1
 t

u
rb

id
it

e
 

Julia Gutiérrez Pastor, 2009 

INDIVIDUAL TURBIDITE EVENT BEDS 



NEW ZEALAND 

MARGIN WITH 

18 kyr of ~ Mw 8  

EARTHQUAKES  

& STACKED  

TURBIDITES 

 

  NOTE: 

1. DOMINANCE OF 

SEISMO-TURBIDITES 

 (75 OF 77 Holocene & 

Pleistocene  sand beds 

with slope forams from 

earthquake failures) 

  

2. ONLY 2 HYPER-

PYCNITES (with inshore  

& shelf forams 

 

3. NO EVIDENT 

TSUNAMITES 

 
Pouderoux et al., 2012 



STACKED TURBIDITES IN CONFINED 

BASIN CENTER OF LAKE ZURICH RESULT 

FROM SYNCHRONOUS LANDSLIDES 

TRIGGERED BY AN EARTHQUAKE 

 

STACKED TURBIDITES 

RESULT FROM VARIABLE 

ARRIVAL TIMES OF 

TURBIDITY CURRENTS 

ORIGINATING FROM 

COEVAL SLOPE FAILURES 

CAUSED BY ~ 2000 yr B.P. 

EARTHQUAKE 

 

core 

(Strasser et al, 2006) 

 OTHER 

CONFINED BASINS 

WITH HISTORICAL 

STACKED TURBIDITES 

OFF ALGERIA, CHILE, 

 HAITI, NEW ZEALAND,  

& JAPAN 
et al., 2013; McHugh et al., 2010) 

Strasser et al. 2006 

 



LAKE LUCERNE MEGABED FROM SLOPE FAILURE 

Anselmetti et al., 2010 

LOCATION - NEXT SLIDE OF CORE 

MEGABED WITH HOMOGENITE 

TURBIDITE (yellow) OVER DEBRITE 

(green) 

TOP FAILURE EVENT APPEARS CORRELATED  

TO 6.2 Mw 1601 A.D.   HISTORICAL EARTHQUAKE 

Anselmetti et al., 2010 

 2 m HOMOGENITE 



BASE OF LUCERNE MUDDY HOMOGENITE MEGABED OVER DEBRITE   

Anselmetti et al., 2010 

OTHER CONFINED BASINS WITH SIMILAR 

EARTHQUAKE TRIGGERED 

FAILURES FROM BASIN WALLS DEPOSIT 

MEGABEDS (turbidites over debrites) 

 ON BASIN FLOORS  

(e.g. Marmara Sea, Chile lakes & fjords 

Labrador Sea – see next slide)  



Orphan Basin 
Newfoundland 

NOTE: sand-rich glacial source 

 
Canadian Passive Margin 

Earthquakes 

arrows indicate 

ice streams 

Tripsanas  et al., 2008; 2010 

  
SEISMO-TURBIDITE 

SANDY MEGABEDS 

IN CONFINED BASIN 

 

•1931 Baffin Bay Mw = 7.3 

 

•1929 Grand Banks Mw = 7.2 

 

•1809, 1836 felt on Labrador coast,  

    epicenter unknown 

 

• Evidence for earthquakes = 

    synchronous MTDs in multiple canyons 



Example: The 7 ka Sheridan Failure 

Tripsanas  et al., 2008; 2010 

  

 CANADIAN SANDY TURBIDITE MEGABED OVER DEBRITE MTD 



 SEISMO-TURBIDITE 

MEGABEDS ARE NOT UNIQUE 

i.e. other confined & unconfined 

basin floors have megabeds 
                                

BEAUMONT SALT WITHDRAWAL 

MINI-BASIN ON BRYANT CANYON 

PATHWAY IN GULF OF MEXICO 

Nelson et al., 2006 



THICK MUDDY 

HOMOGENITE 

FROM IONIAN SEA  

ABYSSAL PLAIN 

  

PONDED HAT HOMOGENITE 

DEPOSITED BY 365 A.D. CRETE 

Mw 8.3-8.5 EARTHQUAKE 
  

• 45 cm graded sand base (50-100%) 

  

• 135 cm homogenite mud (80% 

     silt, 20 % clay) above sand base 

 

• Maximum HAT thickness 20-25 m in 

seismic profiles 

 

 

Polina et al., 2013, Nature Sci. Repts 



 

& FIG 7 CORE 

LESSER ANTILLES 1.3 m SANDY HOMOGENITE IN 

BASIN FLOOR CENTER FROM 1985? Mw 6.3 QUAKE 

Beck et al., 2012 



UNIFITE SOURCE,  

 

  HOMOGENITE CORE LITHOLOGY 

Tripsanas et al., 2004 

SEISMO-TURBIDITE PONDED 

HOMOGENITE/UNIFITES  

ARE NOT UNIQUE 
i.e. other closed or semi-closed basin 

floors have homogenite/unifites  

 



SEICHE & TSUNAMITE SEISMO-TURBIDITES 
• SEICHE DEPOSITS – OBSERVED IN HISTORICAL EARTHQUAKE 

CAPPING DEPOSITS OF CHILE, HAITI, MARMARA SEA & 

DETERMINED BY MULTIPLE CROSS BED SETS WITH OPPOSING 

PALEOCURRENT DIRECTIONS - Van Daele et al., in press)  

• TSUNAMITE DEPOSITS – ORIGINALLY POSTULATED FOR 

THICK IONIAN SEA HOMOGENITES IN 1980s & FOR SOME OTHER 

THICK HOMOGENITE DEPOSITS (see slide 32) 

• HOWEVER – RECENTLY TSUNAMITES OBSERVED AS ONLY THIN 

CAPPING DEPOSITS IN IONIAN SEA HOMOGENITES (see slide 36) & 

AS THIN CAPPING DEPOSITS IN < 1000 m WATER DEPTH FROM 

JAPAN 2011 QUAKE ( identified by shallow water biota & Fukashima 

power plant isotopes – K. Ikehara personal communication, 2013) 

• ALSO – NONE OBSERVED IN UNCONFINED BASIN SETTINGS OFF 

CASCADIA, SAN ANDREAS & NEW ZEALAND + LAKE LUCERNE WITH 

COEVAL SLIDES & NO TSUNAMIS HAS HOMOGENITES (see slide 27)  

• ?? – DO THICK PONDED HOMOGENITES IN CONFINED BASINS 

RESULT FROM MULTIPLE COEVAL EARTHQUAKE FAILURES 

AROUND BASIN ? - SUCH AS THOSE OBSERVED IN LAKE 

LUCERENE & CHILE AYEN FJORD (see slide 41)  



THIN TSUNAMITE CAP ON HOMOGENITES FROM IONIAN SEA 

TSUNAMITE 

TSUNAMITE 

 

TSUNAMITE 

 

Tc REDDISH UNITS REPRESENT TSUNAMI WAVE & SEICHE DEPOSITS 

 

Polina et al., 

 2013, G3 

 



COMPARISON OF MTD SHEETS ON UNCONFINED BASIN 

FLOORS ALONG ACTIVE AND PASSIVE MARGINS 

 ACTIVE TECTONIC MARGIN MTDs  

 
CASCADIA                           5 TO 35        7 

 

NORTH CALIFORNIA               80                                                            1 
 

 

 

 

LOCATION MAX RUN OUT DISTANCE (km) NUMBER OF MTD SHEETS 

COMPARISON INDICATES: 

 

•MAXIMUM RUN OUT DISTANCES ARE 10X LESS ON ACTIVE MARGINS 

 

•SEISMIC STRENGTHENING IS THE CAUSE 

 

 

 

 

 

PASSIVE MARGIN MTDs 
AMAZON FAN              140 -  255                    4 

 

ALEUTIAN BASIN              250 - 400                                                     15 

 

MISSISSIPPI FAN               350 - 600      20 

 

ISSLER ET AL. (2005)    800      45 

 

WYNN ET AL. (2009) 1,000         1 
 

 

Nelson et al., 2011 

Nelson et al., 2011 

COMPARISON OF BASIN FLOOR MTD RUNOUT DISTANCES 



ACTIVE TECTONIC CASCADIA 

MARGIN EXAMPLE WITH 

LARGE SLIDES BUT SHORT 

MTD RUN-OUT OF 25 km  

ONTO ASTORIA FAN 

 
25 km WIDTH SLIDE  
ca. 11,000yr BP 

100 km WIDTH SLIDE  
ca. 25,000yr BP 

MTD RUN OUT DISTANCE 

FROM BASE OF SLOPE 

Nelson et al., 2011 



MISSISSIPPI PASSIVE 

MARGIN EXAMPLE 

 LONG RUN OUT (450 km) 

MASS TRANSPORT 

DEPOSITS ON FAN 

Twichell et al 2009) 



•ACTIVE TECTONIC MARGINS:  
»FEW SURFACE AND SUBSURFACE MTD ACROSS BASIN FLOORS 

»MAXIMUM MTD RUNOUTS <100 km ONTO UNCONFINED BASIN FLOORS 

»TURBIITES DOMINANT, FEW MTDs 

 

• ACTIVE MARGINS HAVE SEISMIC STRENGTHENING: 
»REPEATED EARTHQUAKES DENSIFY SEDIMENT  

»DENSIFIED SEDIMENT DOES NOT MOBILIZE WELL INTO DEBRIS  

FLOWS 

»SURFACE MORPHOLOGY, MEASURED SEDIMENT STRENGTH AND  

EXPERIMENTS ALL SUBSTANTIATE PROCESS ON ACTIVE MARGIN 

SLOPES (Lee et al., 1992; 2004) 

 

•PASSIVE MUDDY MARGINS: 
»MTD SHEETS COVER SUBMARINE FAN SURFACES 

»MAXIMUM MTD RUNOUTS = 1,000 km ON BASIN FLOOR 

»EQUAL AMOUNTS OF MTDs AND TURBIDITES AT ALL SCALES 

 

MTDS IN UNCONFINED BASINS OF ACTIVE  TECTONIC MARGINS WITH 

GREAT EARTHQUAKE SEISMICITY COMPARED TO PASSIVE MARGINS 

NELSON ET AL.,  2011 



LANDSLIDES 

 

PROXIMAL MTDs 

 

MEGABEDS 

 

STACKED TURBIDITES 

 

PONDED HOMOGENITE  

MUD & SEICHE 

SEISMO- TURBIDITES 

IN DEEP BASIN CENTER 

Van Daele et al., 2013; in press 

PATTERN OF 

DEPOSITS FROM 

2007 Mw 6.2 

EARTHQUAKE IN 

AYEN FJORD 

CHILE 



CONCLUSIONS 
 
 

 

  

 

 

 

 GREAT EARTHQUAKES (Mw 6-9) RESULT IN CHARACTERISTIC MULTI-PULSED, 
STACKED, MEGABED & HOMOGENITE SEISMO-TURBIDITES WHICH DOMINATE 
DEPOSITION ON ACTIVE TECTONIC MARGINS; ONLY STACKED MAY BE UNIQUE 
 

 TYPES AND PATTERNS OF SEISMO-TURBIDITES VARY DEPENDING ON EARTHQUAKE      
STRENGTH & MORPHOLOGIC SETTING; Mw 9 = MULTI-PULSED DOMINANT 
THROUGHOUT SYSTEMS; Mw 6-8 EARTHQUAKES = PROXIMAL UNI-PULSED DOMINANT 
& STACKED BELOW CONFLUENCES & ON CONFINED BASIN FLOORS 

 

 

 EARTHQUAKES IN CONFINED BASINS RESULT IN MEGABED, PONDED HOMOGENITE, & 
THIN SEICHE + TSUNAMITE DEPOSITS ON DEEP BASIN FLOORS; SANDY SYSTEMS = 
POTENTIAL THICK RESERVOIR SANDS; MUDDY SYSTEMS = BAFFLES OR SEALS 

 

 
 ACTIVE TECTONIC MARGINS HAVE THE POTENTIAL FOR THICK SAND RESERVOIR BEDS 

BECAUSE OF AMALGAMATED-LIKE MULTI-PULSED, STACKED, MEGABED & 
HOMOGENITE SEISMO-TURBIDITES; + SEISMIC STRENGTHENING LIMITS AMOUNT OF 
MTDs IN UNCONFINED BASINS 
 

 SEISMO-TURBIDITE SYSTEMS MAY HAVE PREDICTABLE PATTERNS OF RESERVOIRS; 
UNCONFINED BASINS = MULTIPULSED OR UNIPULSED + STACKED SANDS IN 
CHANNELS & LOBES; CONFINED BASINS = MTDs ON SLOPES, PROXIMAL MEGABEDS & 
PONDED HOMOGENITES + STACKED TURBIDITES IN DEEP BASIN CENTERS (e.g. IN 
SANDY SYSTEMS THICK MEGABEDS & HOMOGENITES = POTENTIAL RESERVOIRS) 
 
 
 

 

 

 



 

 

-SEISMO-TURBIDITE DEFINITIONS FOR TALK SHOWN IN PREVIOUS SLIDE 

-SEISMO-TURBIDITE HISTORICAL EXAMPLES SHOWN IN INTRODUCTION SLIDE 

-CASCADIA (see slides 5-8) AND SAN ANDREAS MARGIN (see slides 17-21) 
SEISMO-TURBIDITES SHOWN BY SYNCHRONOUS TRIGGERING EVIDENCE : 

 

 13 TURBIDITES (T1-T13) ABOVE FIRST SEISMO-TURBIDITE MARKER BED 
CONTAINING MAZAMA ASH (MA) FROM CRATER LAKE ERUPTION & 18 
SEISMO-TURBIDITES ABOVE HOLOCENE/PLEISTOCENE BOUNDARY IN 
CHANNELS OF ALL TYPES OF CASCADIA TURBIDITE SYSTEMS (Nelson et al., 
2000, Goldfinger et al., 2003; 2008; 2012)  

 CONFLUENCE TEST WITH SAME NUMBER OF POST MA AND HOLOCENE 
TURBIDITES UPSTREAM AND DOWNSTREAM FROM CHANNEL 
CONFLUENCES PROVES SYNCHRONOUS TRIGGERING (Adams, 1990) 

 SAME 14C AND HEMIPELAGIC SEDIMENT (thickness/sedimentation rate) AGES 
FOR CORRELATIVE SEISMO-TURBIDITES IN DIFFERENT TURBIDITE 
SYSTEMS OF CASCADIA MARGIN (Guttierez Pastor et al., 2009) (see slide 8) 

 CORRELATION OF TURBIDITE PALEOSEISMIC RECORDS WITH ONSHORE 
CASCADIA & SAN ANDREAS PALEOSEISMIC RECORDS  (Goldfinger et al. 
2008;  2012) 

 SAME DENSITY AND MAGNETIC SUSCEPTIBILITY LOG SIGNATURES FOR 
CORRELATIVE SEISMO-TURBIDITES (e.g. number of coarse grained pulses & 
layer thickness- see slides 10 & 11) (Goldfinger et al. 2008;  2012)  

 BELOW SAN ANDREAS CHANNEL CONFLUENCES, STACKED TURBIDITES 
WITH  SEPARATE  MINERALOGY FROM DIFFERENT TRIBUTARY CANYON 
SOURCES PROVES SYNCHRONOUS TRIGGERING (Goldfinger et al, 2007) 


