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Paleoseismic history of faults ruptured in the 2019
Ridgecrest, California earthquake sequence
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Abstract The July 2019 Ridgecrest sequence ruptured two nearly orthogonal faults, the left-lateral, NE- Andres LI
ndarea Lienos

striking Salt Wells Valley fault (M, 6.4) and the right-lateral, NW-striking Paxton Ranch fault (M, 7.1), high-

Hf"(',‘ ing Editor:
lighting the hazard of multi-fault earthquakes in the Walker Lane. To test whether similar conjugate ruptures Ale!an(‘jfé He;tem
occurred previously, we excavated five paleoseismic trenches and constrained paleo-earthquake timing using Copy & Layout Editor:
luminescence ages. Salt Wells Valley exposures record the 2019 rupture and only one earlier surface-faulting Ethan Williams

earthquake (17-27 ka), indicating infrequent activity. In contrast, Paxton Ranch strata preserve two Holocene
events (4.4-8.7 ka and 10.6-14.6 ka) and up to three late Pleistocene events (17 ka and older) in addition to
2019. These records indicate that rupture along the Paxton Ranch fault commonly occurs independently of
the Salt Wells Valley fault. Slip rates based on 2019 displacements and these event intervals are 0.2-1.3 mm
yr~' for Paxton Ranch and 0.01-0.09 mm yr~" for Salt Wells Valley. The 2019 sequence therefore represents an
unusual pairing of an often-active dextral fault with a much less active sinistral fault. The contrasting recur- Accepted:
rence and lack of overlap, together with regional paleoseismic patterns, indicate that synchronous rupture is May 27,2026
not systematic but instead varies among faults within an evolving network. This suggests that seismic hazard Published:
reflects a fault system in which rupture is governed by time-dependent fault network interactions rather than July 10, 2026
independent, repeatable behavior of individual faults.
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1 Introduction the precise arrangement of more than a dozen faults

rupturing together in 2016 likely had not occurred at

Multi-fault ruptures and earthquake sequences are not
uncommon in historical and instrumental records (e.g.,
Hudnut et al., 1989; Rockwell et al., 2000; Bell et al.,
2004; Reitman et al., 2023; Pierce et al., 2024). Such
occurrences underscore the potential for temporally
clustered ruptures along multiple, often kinematically
linked fault strands, which can produce larger overall
seismic moments and more complex surface deforma-
tion than single-fault events (Stirling et al., 2017; Dee
et al., 2021; Yang et al., 2021). Despite the growing
recognition of multi-fault ruptures, detailed paleoseis-
mic analyses remain essential to discerning whether
multiple faults have consistently ruptured together dur-
ing past earthquake cycles or if co-rupture is a geolog-
ically infrequent phenomenon (Rockwell et al., 2000;
Scharer and Yule, 2020; Pierce, 2022; Vadman et al.,
2023).

For example, a comprehensive study of the 2016
M,, 7.8 Kaikoura earthquake in New Zealand revealed
that although individual faults within the rupture com-
plex exhibited evidence of multiple Holocene events,
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any time over the last 13,000 years (Stirling et al., 2017).
Similarly, in the Eastern California Shear Zone, the
1992 Landers earthquake ruptured five principal faults
(Camp Rock, Emerson, Johnson Valley, Kickapoo, and
Homestead Valley), yet paleoseismic data suggest the
penultimate surface-rupturing events along these struc-
tures did not align in time (Rockwell et al., 2000). Pale-
oseismic data from the northern Lost River fault zone
indicate that prehistoric ruptures crossed structural
boundaries and linked multiple fault sections, produc-
ing rupture patterns that differed from the 1983 M, 6.9
Borah Peak event (DuRoss et al., 2022). Such findings
demonstrate that adjacent faults can fail independently,
co-rupture, or interact through stress transfer in ways
that are not always straightforward from single-fault pa-
leoseismic records alone (Marchandon et al., 2020).

While most seismic hazard models assume time-
independent, Poissonian earthquake occurrence, these
examples show that the geometry, proximity, and rup-
ture history of faults can strongly influence the tim-
ing and magnitude of future events. This highlights
the limitations of time-independent models in captur-
ing the heightened hazard posed by fault networks,

SEISMICA | ISSN 2816-9387 | volume 5.2 | 2026


https://doi.org/10.26443/seismica.v5i2.1780
https://orcid.org/0000-0002-1865-2512
https://orcid.org/0000-0003-0777-6939
https://orcid.org/0000-0003-1756-3697
https://orcid.org/0000-0003-2522-9023

CHL$.($ #S./*-4*11 0. -0+/0- $)/# p v $ " - /& '$1*-)$ -/#,0& . ,0)

2# - - . 8$) - I$*). ) L (+*- 0 0. -$)(( A-*1)*-I#2 18 $- 3/- " #3*3e/ UU

$) - . SI#,0 & +-* $'$/$ U x. $.(8¥M¥-0# / Wy )*0.&4B¥¥US - / OU

- (%) L)/ - )ISMAS)Y IH# . + ) -). BMEDB0UU # & - ) (-" L28/#I# 1D
#1$*- ) $)IF-($)"/S( D + ) ) (* LI#)Y '$I1*H)$ # - *) g a/*/# *0/#U # -
Il - *0)/'*-(0'/$8! 0'/ ) (0'/$d. "( )/1-P+d -*../# -'* &1 0'/U ) -*0"#'41*"'*2,

/0- . ) -$*.U '$1*-)$ A1 oo L) *-[#2 - 4A*%)) [# &
"$). I#S. & -*+U 2 [0 4+ ' xS ($ #Y - "$*) U #$. -*  *($) .*- . ++-*3$

I* ] -($) 2# [# - [# [2* ($) ! 0'/. - .+¢)d'4'afg§aq*1 [# [*] ')*-[#2 | $- | . # -°

B ko ¢ 8¥!® $" - ./ -/#,0& . ,08 US$Z A *-/# (-$ +'/ *0) -4U 2#$" /1

I# )*-1# .18./-$&$)" '/ . 400 )Y)H - .40 ( --% .I# - (%) -)60.&40

Y*-I#2 18./-$&$)" 3/*) ) #! 0k $"0- S¥¥AUU #-*0"#*0/ /# & - ) oo x|

-0+/0- $)/ ) (*-$) + ) )/'4$)+- 1$*0.(0 /& ' 0'/ 4./ (. $.+" 4 ($3 *! -$"#/d" |

,0 & .U 0. - $* -*)d [ (/[ -$"'$."*@ / -'U ) )-('/**'$,0 .'$+U -Y /$)"

(*)'4 . - $)/# - "$*) g UNUU 'Us¥aM *(+' 3 &$) (/$ . *1 [-).]).$*) ' #H& o

2 (+'*4*+/$ "4 ./$(0"/ '0($) . ) @ 0)/d 1VEEA¥K .)*0.&4 /U§J¥:@$ - / OU

$)"*11 0/ X S/ 0% *) - $)I# IS($)" FEYAU *)%O0" / 1L 0/ .4 (. - *((*) [#-*0"#

+ "X S (S 1)U =814 I# - IS*) 84 H 8'& - ) @ U‘/L#U/ "By @S - )

/2 ) -1#,0 & . '"*)" [# . *)%O0" [/ ./-0 /0-#. {B¥&iU

ST HI ) I# $-( #)S ") &$) (/S '$)&# F0/# -) ‘& - ) $. # - | -$5 4 . B

) +-*1$ L& 4 *). /- $) .- I$( D + ) V-$$F( Wr-)*-/#d)*-/#2 J/-) $)" .$).$) 'O

($ #5 - (* './#1(0./ *0)/ !'*-(0'/$8! @').0U - .U ) ($)/U ) I# " 4.0 #*!

) (0'/$8. "( )/ -0+/0- . ) -$*.U 4 - 2)$Yyu*0- .$). *)/ $). *I#t)*-/#6./-$&$)" )* ("

0) -/ ) $)"*U/# $) -+ 4 12 )YI# . [2*1g6'4$( -$'42 ./ $++$)" .$ 1-*(/# )( -

*1 - (0'/$+"  -/#,0 & U2 ) [] - )I$ $+//H#HOSH -- 1 U ) )*-/#2 ./8./- $&$) 1-$&

/0- ' -"8( ")$/0 1)/.8)/# '&- ) HO'/.U *' [$1 40 /# . ( %*-! 0"/ .4.] (.0

do-) sy # - ) U 40 ) ($)/ ' 4U S A0 ) K #H -
Ol # L= ) )8 (RIS 12 ) I#

MW # p3"'v% $" - ./ -/#,0 & .$ -- 1 ($ -*+' /1 U [# - &1 00 )

] C*0/# <) .$) ) )" +-*18) U

# $ " . ,0) ")*) 0'40U 8¥!®@U 2# )

2 «U© -/#,0 & -0+/0- T1© &(*!/# )* 18q, % ) .

A-3&$)'0 " 8/ - . A 0MW sﬁﬁ % 4 0/

) 4/ -0 o -U} 1)/ -*& 102 &( *!' /## 10'/.$)/# - .0--*0) $)" $" - ./1-0

) A #xtr) U )*-/#2 . /8./-$&S$)" -8 "#/8)0--. - 30$3 %1 )" *0) $) )* ( '! 0'/7.U$)'0

[*y ) #1 0"/ @*.. | 'UB¥8¥*)/$ I OBy 8¥ $)" /# Y ($) " 4) - 4 Y& )4*)

$ -/ 0¥Ek#r(+.*) * | UB¥E¥*S 1 0'/.0 ) */#' 3 ) -$" #18° | - ' 1-$& 8.'%4

-$"0 5 &' Us¥E) T/ "UB¥EIU  $.(*0$) ‘0 $)"/# - &U 2 ). 40U ) $-+*-/

r$ ) " I$ /0 $-)w -/ | Ug¥| B~ 10/ g $"paU *+-*1$  *)/ 3//# . ! 0'/.

[/ "UB¥!'®O / 'UB¥E¥ ") / 'us¥aM ()6 . -$ %) /1 $' '*2U

A= # LI 12% 1 0. - &%) (/S 4 '$)& Uk g1 0/ $1$ . /# .*0/# ) & - )

*-($)" *)%0" /[ L 0'/.4.1 ( *((* /I$)" *!(ﬁ*(/# A=) $Ir)$ o# - *) o u ) $.

+'' 3-0+/0- +-* .. .U *(*-+#9% '14U/# 'y *|/# (1 +-*($) )" & [ -"'.1-%3& 8.'$+ !

410 $. 3+- .. . .$)0*0.U "*28- '$)! "$N®_-)$ U 3/ ) $)" 1*- *1 - §a¥ &( 1-*()

() 1#-*0"#"- )$/$ - & H#HS. ) + S Uy Yy o v 0 ) I# 2 JIXI# *0I# -) . $

2# - . I#  3/*) ) #VO'-) . -*o# 2 0 Yy gy /¢ JUSI ) - 4 -$& . /A2 ./

)+ -t -t AU T#E 4 ) - $.0 )/ﬁ%*# ® Y ./ +*1 -.* @:%9 |/ 'U

I# #9$) & $) o $IOY # 8¥|® $ " dywys// .
A -I#,0 & . (+# .85 [# +*])I$ "1 (Q'4EOU ) # (/1$ "4 1 -% $)/$( /#-*
''0'/-0+/0- . $)/# & - ) ) A=) TS RO e ) "ﬁ:" (( 4-%9 ) /| 'UsS¥'W

) -
Lzu:@u "$+06-/ I$(/ .1 -4 ')
1
; *(
)$ # - *) U #*$)"+- 1$*0. ) .0 . ,0 )/ xe™ -/ Og¥g@ ' *. $.($ /- ) #$)" ./0 $

(0'/$1 0/ 1 )/.'$& /# \®I8 - *0)/ $)Ux 1 * 0( )/ (0'/$+' *'* ) .0-1 3-0+/0-%)
1®®§ ~U" ) -.U|@@@;) /*- $) U ) 8¥8¥ ./ 0 & .U O//# -'* &1 O'/# .)*/ +-* 0
2 «Ua *)l —$g./* )" -1#,0 & #8/ UU (op*- #$. /* $ 120 | UB¥MIU [ /$ )
ey v/ el & /BEM)  / UB¥Y 4) ($ /-$"" =) L (" -I#,0 & . ) #
$"0-jau v &1 0/ 4) -4 1)/.0$)'0 $)" /4

1®®§ ) -. ) §¥|® $ " - ./. ,09)" i\
q RN 11$)" @@ (*. / 'us¥EMW

L #2 0 s - JU# $-+*-/ & A $//

# §¥'® $" - ./ -/#,0& . ,0) * 04-0'/.4./ ($. 1233&(8'*)" 5./-$&$)"5*) *!
2$/#$) I# *OI# -) +*-[$*) x| [# & - )AUU)*-('U ) *'$,0 1 0O/S)"$)/# *O0/# -)
++-*3$( / '4 |¥¥Ala¥ &( 2% 5*) *1 $.*)y$)pd ) . ' 4-"$*)U # $//0 & 10/
0. ) $./-$ 0/ 1V OYUS) I # I *((* 1 . ¥BRIGH# - 28/# I# -$"#/6* '$,0 2 ). 410

M 1*'0( ,ép popt






	Introduction
	The 2019 Ridgecrest Earthquakes
	Geologic Setting
	Major Nearby Faults
	Relationship of the 2019 Ruptures to Regional Structures
	Pluvial Lake Basins

	Methods
	Field Methods
	OSL Measurements and Analysis

	Results
	Salt Wells Valley Fault Trenches
	Salt Wells Valley Trench 1 (SWV–T1)
	Salt Wells Valley Trench 2 (SWV–T2)
	Paxton Ranch Fault Trenches: Spangler Hills
	Paxton Ranch Fault Basin Trench (PRB–T1)

	Discussion
	Trench Interpretations on the Salt Wells Valley Fault (Mw 6.4 2019 earthquake)
	Trench Interpretations on the Paxton Ranch Fault (Mw 7.1 2019 earthquake)
	Multifault Rupture Behavior of the Salt Wells Valley and Paxton Ranch Faults
	Slip Rates from Paleoseismology
	Paxton Ranch Fault
	Salt Wells Valley Fault
	Summary of Slip-Rate Implications
	Regional Context, Temporal Clustering, and Network Behavior
	Time-Dependent Fault Interaction and Implications for Seismic Hazard

	Conclusions

