Transpression atSalt Creek- solving for strike, slip and dilation
28 Oct 202Friends of the Pleistocene Field triNotes fromRoger Bilham, University of Colorado.

Typically, extensometerareburied obliquelyat 30° to the strike of the fautequiringa correctiorfactor of1.15
(1/cos30)to convert observed displaceméatdextral slip.Inexplicably,c.1970Caltech installed wire creepmeter
(&) hereat72°to the fault(McGill et al, 1989, needinga correction factor of 3.2Abandoned.199, in2010we
refurbishedt, but in 2016, finding its data noisye installed aonventionaktarbon rocextensometetb) at 30° to
the fault, andn 2021 a thirdextensomete(c) in the soutlvestflank of the faulto completethetriangle.
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Figure 1The mean strike crtouthern San Andreas FaﬂttSaIt Creek is c=8.2m
132°, but napped strandsear the creepmetstrike 1262136°(S. N165 el s
Janeke). The creep r at €ThelCalteckreépmeted 2 mm/ yr . o f N
installed ¢.197@t 72° the faultrecorded 3 mm of triggered slip from the B 746 A N61AE e
Superstition Hills earthquak@®icGill et al., 1989. During slip induced w dilation

by the Chiapas, Ridgecrest the taatperienced transpressighflank
extensometewas installed &-32° to investigate this curious behavior.

It was initially anticipated that thealculatedextral creep ratmeasured by thevo extensometers would be
identical. Unexpectedly thereep rateor the interval 2012021 (a=1.8 mm/yr and=0.83 mm)differedby x2.16
We concluded that the fauwltas both slipping (s) and dilating (w) during ghiptthatwe could solve for each
knowing the strike of the faultAssuming faukcrossing obliquities of° andg °+42°we have
fault dilation, w=(bcos§+42)acow)/ (sin(@+42)coss -singcos@+42)) mm
dextral slip, s = (lwsing)/cosz mm _
However, uncertainty in the appropriate strike of the fault results in a i m\"

lextral slip veloci F o
third unknown(Bryant et al., 2002; Clarke, 1958Precise mapping ¢ | —?zzlt‘i:l'?f.';‘;"vle“’g“ i Fo %
by Janecke et al., (2@) shows the fault trace curves concavely to E 1 0—:-'-'-fla-"5'i"-aT ------- o L 20 3
the SW, with a strlke at its central section spanned by the creepmeter, . 1 I 2
close to N134°EWe examind a suite of solutions for different R P0G
strike. The result was inconclusivin Figure 2 (right) the vertical 2004 — L 60 5
line at N133.2°E indicates the strike at which fandtmal strain _0_5_3/ 80?3

contraction(from c)within and adjoining the fault are identical at 16 -
pstrain/yearWith this resolved strike we used the above equations to 128 132 0136
calculate slip and dilation 2022022 (Figure 3). tocal Talt strike (NE?)

We discovered, unexpectedtnatbetween 2017 and 20#e faultcontracted n  wi dt h Thevecforl mm.
plot of dilation (openingys. dextral slip shows tlat identicalcontraction occurs during the three slip events and
duringthe secular creep between creep evemith a closure vector of°6similar to transpression on Durmid Hill
(Bilham and Williams, 1986 This trend changed inexplicably in Junev22en the fault widened by 1 mm.
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Figure3 Observed data017-2022on theinitial (a) extensometefgreen) (b) extensometefblue)andflank
extensometefc=brown) Thered and black traces are the calculategtral andault normal displacementsThe

fault in this interval is contractingith 6° of transpression
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Figured. Dilation vs. dextral slip calculated forlR3E faultstrikeindicate 6° transpression of the fa@teep

eventss h o wn
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a c ¢ 0 u n istranspressiaBiq6). The trace isicolored according to dextral slip velocity
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Figure 6 Calculated dextral slipréd)and fault zoneontraction(greer) at the time ofwo triggered slip events and
theNov/Dec2021spontaneous creep evefiranspression ceased in June 2022!
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Figure 7(left) Raw vector72° vs30°. (right) Dextral dilation vectorfor the period 202@ct 2023.

In June 2022 the calculated relationship between dextral slip and dilation changed, presumablhydiigzdota
fault strand becoming activinconstancyn the active sand hosting sligmplies thatthe correction factor for early
data from the Caltech extensome®0{42020 must beconsideredinreliabk.



Implications

The original calibration
factor forthe Caltech
creepmetefa) wasx3.23.
The above calculations
revealthat its assumed
obliquity provides an
erroneous measure of
dextral slipbecauseheratio
of convergence to dextral
slip varies with timeand
was not known prior to 2016
Theamplitude ofslip
triggered bythe Superstition
Hills earthquakas thus
guestionable.

The observed convergence r@t& mm/yr prior to 2021is consistent witlmeportediranspression of Durmid Hi#it

7.7° (Bilham andWilliams, 198), butit is surprisingthat it can bebserved at the scale of a single fault segment.

In particular the strain contraction rate over the 810
was large {16 pstrain/yearandwould approat strainstypical of failurein rock (104) within 6 years Between June

and Oct 2022, however, contractiogasedand dilation of the fault zone annulled the contraction that had occurred

in the previous two years. In the past year October-2023 net dilatioranddextral slip at Salt Credkas been

zero,indicating a creep slip defiotf 42.4 mm. This deficit will be either releasexpontaneously awill be

triggered by surface waves from a nearby earthquake.

Creep Southern California 20042023
data in the last month may be viewedhts://dashboard.hobolink.com/public/4563/SoCal%20Gaep4-2020%2012:49:12

(Left) Thirty-sevenyears ofafterslip on the Superstition Hills fautllowing the 198 Mw6.8 earthquake No

creepmeters operated in California 19914 (Right) 200423creepon t he Super sti ti on Hill s
| mperi al (43 mm/ yr) & SHhisprobable that alargefjgeradeviersocc(réed ohthenm/ y r )
Imperial fault a few days before the start of recording in 2IMBHRPfunding19891992 & 20042011].

No surface slip accompanied the Superstititw6.8 mainshock. All surface slip occurred in the form of afterslip.
Triggered slip on many of the southern Californiaébds fa
Coachella/Imperial vallegnd elsewherelt was first noticed by Max Wyss during the 1968 Mw6.6 Borrego Mtn

earthquake post seismic investigatidriggered slip occurs during the passage of surface waves and typically

releases an accumulated slip deffBiodin et al.1994,Bilham and Castillo, 2020 Notably, 3 months dfiggered

slip followedthe Mw8.1 Chiapas Mexico earthqualdg'mofyeyeva et al, 201L9



