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What happens at the ends of

spreading ridge segments?

MID - ATLANTIC RIDGE
Earthquake Epicenters o] MXTRAL SINISTRAL
- — ¥ TRANSFORM FAULTS
Fracture  Zones — AFRICA ]
D [ - - D —
SINISTRAL DEXTRAL
TRANSCURRENT FAULTS
; = - ) w . -
| ’!./.!'gg% ’ ‘ i
HE &
SOUTH AMERICA 3 -
| LR ¢ s g L

J. Tuzo Wilson (1965) N ARaaRRRRRETE
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MID - ATLANTIC RIDGE

Eorthquake Epicenters
Eorthquake Mechanisms
Ridge  Crest
Fraclure  Zones

- AFRICA

Focal mechanisms; fault
plane solutions

The seismologists verify Wilson’ s
transform fault hypothesis;

World wide seismic network

Lynn Sykes (1967)




hh

2 ;
{a

Kol

(i

i



- _-_.A,.:.-'_-'v‘.
gt
a2 O




Explore our planet with

@M@;@A@;@

6‘3' R Y N Sy >

GeoMapApp is an earth science exploration and visualization
application that is continually being expanded as part of the
Marine Geoscience Data System (MGDS) at the Lamont-Doherty
Earth Observatory of Columbia University. The application
provides direct access to the Global Multi-Resolution Topography
(GMRT) compilation that hosts high resolution (~100 m node
spacing) bathymetry from multibeam data for ocean areas

. and NED (National Elevation Dataset) topography datasets for

the global land masses.

GeoMapApp.org
(also, try Google Earth)



Transform faults

Crust on both sides is subsiding
as V t

Ridge axis is across from cold
lithosphere

The greater the offset in
millions of years, the colder the
crust

Result: “transform edge effects”




Kane FZ (Central Atlantic)
Slow spreading, large offset =
large “transform edge effects”

Classic examples of median

and transverse ridges
and nodal basins

[

NEOVOLCANIC ZONE

/ TRANSFORM VALLEY

1T

RIDGE-PARALLEL
MORPHOLOGY

RT CORNER
HIGH

AXIAL VALLEY

RN CORNER

RT = ridge-transform
RN = ridge non-transform

RT Corner High = ICH

RN Corner = OC

RTI = ridge transform intersection

Tucholke and Schouten (1988)




“Transform Edge Effect”

e The transform boundary places cold lithosphere against the

spreading axis; the greater the age offset, the colder the
K lithosphere

e This cold boundary perturbs mantle upwelling — resulting in
smaller amounts of melt for distances up to 10 km

e Consequently, there is a dramatic thinning of crust and the

a . upper mantle is more heterogeneous
: TarI o bantnite e Because crust is thinner and more fractured, seawater
i N & " migrates down and hydrates ultramafics creating
s/ 2 % . . .
Sbawiumeieg t serpentinized ridges

e The greater the age offset, the greater the thinning of the
crust |

PTDZ = principal transform
deformation zone

Fox and Gallo (1984)







Factors controlling transform fault structures

1) Age offset — function of length and spreading rate

Age offset determines thickness and
coldness of lithosphere across from
spreading axis




2) History of extensional and compressional changes in spreading direction

Original direction

S TR i - e e o 1} B P

Extension

Compression
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Southern San Andreas: localized surface creep in transpression,
and distributed shear in transtension
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Sequeiros transform fault

Pockalny et al. (1997)

When under
extension, a
long transform
fault develops
multiple small
offsets with
short ridge
segments



Transverse ridges parallel to
the transform fault can also be
caused by isostatic uplift in
response to extension caused
by changes in spreading
direction

ANTARCTIC  PLATE

TRANSTENSIONAL SLIP
OPENS VALLEY

HIGH TRANSVERSE RIDGES

RAISED TO COMPENSATE
FOR WIDE VALLEY

NORTH TRANSVERSE
RIDGE

W
MID-TRANSFORM
AXIS

TRANSVERSE RIDGE

(Lonsdale, 1991)
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Requires a moderate dip on the
faults (not 90°)



When long offset transform faults undergo major
extension they tend to develop multiple splays, often with
a staircase of short ridge segments -

A. Fracture zones before change B. Fracture zones after change
Farallon Plate
3 a'___-:_f:_/_/j _
__ala e B aF al o277 e =i
- S A S b R e
____________'_________C c . cmsesewssesmese c ,/:::"—
570 e oo d
é__ /

Pacific Plate

C. Shortly after 84 Ma

Searle et al. (1993)

Classic examples:
a) Northeast Pacific
b) Southwest Indian Ridge
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Bernard et al. (2005)

First 2 45°

ccw change

causes many new splays
Then,10 m.y.jI,ater, ad45°
cw change closes them
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1991

— PROFILE

SOKM

#50 <t

__ EARLER E
~~"" PROFILE

1 LSS5 1R YO Y
TRANSFORM

o
123 \W

JARAMILLO

JARAMILLO

I

FRACTURE ZONE SCARP

L G Ak (. iz (.] &Qi)

1 22‘{W

(D) OVERSHOT RIDGE
PLUS UPLIFT

E.G. EAST HEEZEN
WEST THARP

NEWLY ACCRETED
CRUST

++, ERUPTIVE VOLCANIC
e RIFT ZONE

INTRUSION AXIS

UPLIFTED OLD CRUST,

INACTIVE OR BURIED
FAULT

1 NORMAL FAULT

“Over-shot ridges”
complex stress field near RTI
encourages magma to leak out onto

old plate across fracture zone

medium to fast spreading ridges

Also know as
“J structures”

Features at the ridge-
transform intersection
(RTI)




Right: bathymetry data from the

EPR

Bottom: Model of the
stress field near RTls

Arrows show direction of
maximum tensile stress

(Fujita and Sleep,1978)
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Distance for spreading rate of
10mm a~" (km)

Young oceanic crust is shallower
than older oceanic crust; topographic
step is frozen in at the ridge axis.

Young oceanic crust subsides faster
and difference in depth across
fracture zone gradually decreases

Plate flexes to accommodate
decreasing difference in depth

Another location where flexure
plays an important role: oceanic
fracture zones




Flexure caused by differential subsidence

¥

A

Fracture Transform
¢ Fault

e Depth offset at ridge
transform intersection is
“frozen in” as lithosphere
quickly thickens

Initial offset, h,, stays
constant as crust on either
side of fracture zone cools
and subsides at different
rates

Crust near fracture zone has
to bend in response,
generating large gravity
anomalies

Depth (km)

200 -100 o 100 200
Distance (km)
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Continental transform faults




Continental transform faults
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Continental transform faults




Continental transform faults

Releasing step-over
—

ﬁ—w-apan basin
-4 -
\ Extensional

—

-~
strike-slip duplex
at releasing bend

(@)

Restraining step-over . ———

~/ /=
— Push-up

T~

Releasing bend
pa—

b)

=
Contractional
strike ~ slip duplex
at restraining bend

Strike — slip fan

{d) Cross sections

Negative
® flower
structure

Positive
flower
structura

Figure 8.5 Map views of (a) step-overs and (b) bends and associated structures (after McClay & Bonora, 2001, Bull.
Am. Assoc. Petroleum Geols. AAPG © 2001, reprinted by permission of the AAPG whose permission is required for
further use). (¢) Map and (d) cross-sections of strike-slip duplexes, fans and flower structures developed at bends (after

Woodcock & Rickards, 2003, with permission from Elsevier).




LOS Jah

ANGELES

Depth (km)

Pacific plate

Figure 8.14 Schematic block diagram showing the three-dimensional geometry of active faults of the Los Angeles
region (image provided by G. Fuis and modified from Fuis et al, 2001, with permission from the Geological Society of
America). Moderate and large earthquakes are shown with black stars, dates, and magnitudes. Small white arrows
show block motions in vicinities of bright reflective regions A and B. Large white arrows show relative convergence
direction of Pacific and North American plates. Regions A and B are zones of cracks that transport fluids migrating up
from depth. A décollement surface ascends from cracked region A at San Andreas Fault, above which brittle upper
crust is imbricated along thrust and reverse faults and below which lower crust is flowing toward San Andreas Fault
(black arrows), depressing the Moho. Mantle of Pacific plate sinks beneath the San Gabriel Mountains.
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North Anatolian Fault, Turkey

A
|
|
|
|

| <— 1939-1944 progression ——————#» \\u

Faultsliprate T UR KEY
2414 mm/yr
raarsipe C A L I F O R N I A

The North Anatolian & San Andreas faults 200 miles
Share sliprates, ages, length and straightness E—
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locked

Strike-slip fault: top to bottom

Tse and Rice, 1987
Lapusta et al., 2001

—— S|ip during earthquake cycles m————————f



Thick Thin

Lithosphere Lithosphere
Model Model
D/H << 1 D/H=1
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Savage and Burford, 1973 Elsasser, 1969
Turcotte and Spence, 1974  Savage and Prescott, 1978
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Amplitude Zhu (2000

x Single-event tremor
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migration patterns)

* 2004 earthquake
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Thurber et al. (2006) Shelly (2010)




Strain localization in the ductile substrate

Takeuchi and Fialko, 2012; 2013



How strong are mature
continental transform faults?

Differential stress o

! brittle
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“Heat flow paradox” of the
San Andreas Fault
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Mature faults appear to be weak (much
weaker than predicted by the Byerlee's
law)

Possible explanation: low friction during
rapid slip (i.e., during earthquakes)



