
So	that’s	
where	the	
black	lines	
come	
from....	



The	little	earthquakes	do	not	accommodate	much	deformation	relative	to	larger…	



2019	

2020	



Balakot   after   the  earthquake before Balakot   after   the  earthquake 



Muzaffarabad town before the earthquake  after  



The	geomorphic	expression	of	
large	earthquake	ruptures	is	
also	clear	–	and	it	is	from	that	
the	yellow	lines	denoting	
location	of	earthquakes	arises	



1857	San	
Andreas	



Oct 16, 1999 
Hector Mine 



Nov 23, 1987 
Superstition Hills 



July 5, 2019 
Ridgecrest 





Dec 16, 1954 
Dixie Valley 
Earthquake 



Dec 16, 1954 
Dixie Valley 
Earthquake 





Three	steps	in	time	evolution	of	fault	scarp	





Horizontal	Extension	Across	
Interior	of	Basin	and	Range	

20



~5	cm/yr	

About		3.5	cm/yr	
of	~5	cm/yr	
right-lateral	
transform	
motion	is	taken	
up	on	the	San	
Andreas	System,	
the	remainder	is	
distributed	on	
faults	of	the	
Walker	Lane	and	
Basin	and	Range,	
with	the	majority	
of	that	on	faults	
of	the	Walker	
Lane	



Walker Lane fault system

San Andreas fault system

The Walker Lane is a more complex fault system than the San Andreas

San Andreas has accommodated much more strike-slip

Walker Lane is Transtensional – San Andreas Transpressional





next slide

View westward



35cm contour interval





View	south	along	Benton	Springs	Fault	



50cm contour interval



1 meter contour interval





moving	north	now.....	



>32	km	

20-30	km	









Buckeye Creek 

Twin Lakes 

Buckeye Creek 
Bridgeport	Valley,	CA	



Bridgeport	Valley,	CA	
Twin Lakes Buckeye Creek 

Uplifted outwash deposits at 

Active fault traces distributed in 
Valley fill 



Antelope	Valley	

Terrace	riser	offset	

Sample	sites	



Topo	
with	
Faults	



and	to	that	
add	
division	of	
crustal		
terranes	
based	on	
faults	and		
physiography	
	
and	geodetic		
displacement	
rate	
vectors	with		
respect	to	
stable	
Sierra	
Nevada	



and	to	
that	a	
simplified		
boundary	
to	the	
Sierra	
Nevada	



remove		
physiography	
for	clarity	
	
amount	of		
extension			
producing	the		
basins	observed	
in	physiography	
is	delineated	by	
white	areas	
between	terranes	
and	bounded	by	
active	faults.	
	
because	of		
sedimentation	the	
width	of		
physiographic		
basins	will		
invariably	be	wider	
than	the	amount	
of	extension		
producing	them	
	
extension	in	
tahoe,	antelope,	
and	bridgeport	
basins	is	
exaggerated	for	
clarity	of	basin		
shape	and	my		
interest...	

	
	

Tahoe	

Antelope	

Bridgeport	

Mono	Basin	

Reno-Washoe	basins	

Carson\	
Genoa	

Sm
ith	V.	

M
ason	V.	

W
alkern	L.	

Excels
iors	

Olinghouse	
fault	and		
lineament	

Carson	Lineament	
Wabuska	Lineament	



Remove	
Faults	
and	
verbage	for	
clarity	



now	move	
blocks	
to	eliminate	
‘white	
spaces’	-	the		
basins	
between	
faults...	
	
Note	the	
extra	added	
width	of	the	
Tahoe	and	
Antelope	
basins	-	
if	not	done,	
the	
extension	
associated	
with	each	
basin	
will	be		
overestimated.
..	
said	this	
already	

	
	



The	black	
arrows	
indicate	the	
motion	
points	on	the	
blocks	
would	need	to	
move	to	return	
to	position	of		
last	slide	(or	
‘to	
get	to	where	
they	
are	today’)	

	



Same	black	arrows	
	
The	non	pointed	
end	
of	each	arrow	thus	
represents	from		
where	the		
particular	point	at	
the	
arrow	tip	came	
from....	
	
if	it	is	assumed	
the	geodetic	strain	
accumulation	field	
has	been	operating	
since	the	point	in	
time	all	blocks	were	
connected	-	the	
black	arrows	should	
be	oriented	similar	
to	today	geodetic		
vectors...	
	
this	is	of	course	a	
big	assumption	-	
but	
seems	the	most		
reasonable...	
	
as	with	geology	
cumulative	
displacement	is	on	
order	or	~20-30	km	
to	north	and	40-50	
to	the	south	
	



Red	arrows	
are	geodetic	
vectors	with	
respect	
to	Sierra	Nevada	-	
don’t	have	scale	
on		
this	plot	but	largest	
is	about	1	cm/yr...	
	
Scale	of	black	
arrows	
not	the	same!	They	
are	cumulative	
displacement	of		
blocks...	



Observations	of	
previous	slide	placed	
on	
physiogrpahic	map	



Faults	added	



physiography	
now	
removed...	



faults		
removed	



and	blocks	placed	
back	together....	
	
why	this	is	here	-		
because	it	makes	
convenient	to	go	
toggle	
between	‘today’		
(next	slide)	and	
‘original’	view		
(this	
slide).	

note	how	tahoe	
produced	
primarily	by	
rotation	with	pivot	
near	south	end	

note	how	Antelope	
produced	by		
both	a	southwesterly	
rotation	and	translation	

note	how	Honey	Lake	and	WarmSprings	faults	displacement	
accommodated	by	zone	of	extension	(kind	of	right	step	over)	-	
the	
HL	and	WS	faults	don’t	continue	south	-	so	something	like	this	
seems	
to	have	happened	(past	tense	because	I’m	not	aware	of	any	late	
Pleistocene	
fault	movements	here	-	though	physiogrpahy	is	nicely	
illustrative.	

rotation	consistent	
with	occurrence	of	
left-lateral	
fault	produced	
basins	here..	



‘today’		
view	



‘today’	view	
	again	but	with	
faults	this	time	
	
in	sum	
seems	quite	hard	
or	next	to		
impossible	to	get	
cumulative		
deformation	field	
to	share	directional	
characteristics	of	
geodetic	field		
without	requiring	
some	oblique	
slip	on	the	major	
range	bounding		
normal	faults....	
	
so	we	are	missing	
it	in	the	morphology	
and	trenches	of	the	
faults	or	it	is	being	
accommodated	by	
distributed		
deformation	or	
something	out	in	
the	basins	---	
the	1954	Fairview	
Peak	earthquake	
showed	50-50	
strike-slip	but	it	
would	not	be	
recognized	but	for	
the	earthquake		
itself	(though	
bedrock	mapping	
suggests	so)	-		
	
Nonetheless,	
	I	think	the		
previous	idea	
that	a	transect	
across	the	Lane	
cannot	account		
for	the	geodetic	field	
by	faulting	alone	-	
	
the	‘stretching	and	
rotation	components	

appear	quite	important	to	the	process....	



and	the	whole	
enchilada..	



all	based	on	phsiography	and	faults	-	not	checking	geology	
someone	should.	



Mojave	

So	now,	how	
did	it	get	this	
way	and	when	
























