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Pifion Flat Obsewatory:
Continuous Monitoring of Crustal Deformation
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The Southern California Earthqueakenter preoides partial support of Ron Flat Obsera-
tory (PFO), as part of its infrastructure adties. PFOprovides high-precision strain data, used
both for studies of the seismigate in Southern California and for comparison with other
types of measurements of crustal deformation, notably data from thengr8CIGN GPS
array

OBSER/ATORY OPERATIONS.

Our emphasis @@FOhas been on pwding the highest quality data possible, and on impro
ing our data-handling proceduredle record all the long-period signalsrRfEOon aPGbased
datalogger that is denloaded weekly The weekly danloads are cheekl for data quality
and at interals are assembled automatically to produce tivetime series for all sensorsn
the past year we made a sustainddrefo produce‘final’’ series that run close to the present;
all major series are moedited through the end of our lastata sgment’ (1999:299, or Octo-
ber 26).

RESULTS.

Figure 1 showvs one result from thesefeidts: the record from the NVBE laser strainmeter
over the last 15 yearsThis period encompasses the entiyele of increased seismicity that
began in southern California with the Northaim Springs earthquakin 1986. Thetwo main
features visible are the G, sgeral-year postseismic response to the Landers eartbgnak
1992.5; this ended in early 1995 with what originally appeared to be a resumption oWthe pre
ous strain rateMore recent data shothat in fact the rate seen on this instrument g/ 1smy-
nificantly different (50% greater) than itas for the period prior to the Landers shotie
look forward to seeing what bebiar will be associated with the 17 October 1999 (1999:289)
My 7.1 Hector Mine earthquak which occurs just at the end of this figuks Figure 2
shaws, these tw earthquales are in approximately the same location aseakfrom PFO, and
therefore might bexpected to produce similarfetts.

The one definite result sarfis that the immediate postseismic strains from Landers and
from Hector Mine are not similarThese responses are smoin Figure 3. In both cases the
coseismic part of the response has been vethethough we wuld note that for the Hector
shock we beliee we successfully recorded the coseismiésets, something not accomplished
for the Landers\ent because of peer interruptions.The diference between the postseismic
behaior for these tw cases praides reassurance that what we are seeing is notxdonme,
some kind of site response to strong shaking, since thatvpresumably be similar for both
events. Ratherit would appear that we are seeing a moggoreal signal—though its source
remains unclear(We have submitted a separate science proposal to SCEQamiee this
question).

Thanks to our operation of twother laser strainmeters at Durmid Hill, near the San
Andreas ault OHL in Figure 2) we ae also able toxamine the coseismic and postseismic
responses in didrent places(Strictly speaking, we ought not to include the DHL results here,



as it is not funded by SCECutbithey are too interesting to ignoreBecause DHL is 140 km

from the epicenterand 104 km for PFO, we ould expect the coseismic and and postseimic
response to be about one-third agéar Insteadit was much lager, s0 large in fact that it
exceeded the range of the recording systéie estimate it as about I8 roughly ten times

the size of the ddet at PFO Table 1). Given the proximity of this instrument to the San
Andreas &ult, and the occurrence of sagé cracking on this section of thault, we conclude

that this lage response reflects triggered slip on the San Andreas: something seen before in
other lage earthquads.

Table 1.
Source Vpe Deformations
tensor/ector components
Strains ell eZZ e12 eEW eNS eNW-SE eNE
PFO  Theory -56 +510 +91 -56 +510 +136
Obs +170 +357 -7 +17¢ +357 +177
DHL Theory +61 +61 -32
Obs 1200 [h200 [(h200
TI lts Ql QZ QlOS.S’ QO.S"
PFO  Theory -2 -144 +38 -144
Obs +16 -116 +47 -116

Strain are in units of 1QAl/l (nanostrains); 1-axis east, 2-axis north.

Tilts are in units of 1@radians; 1-axis east, 2-axis north; pesitilt down in given direction.

Model: single plane, centered at 34.533394 -116.266441e s30K; dip 85°; 5 m dip over 30x10 km,
for a Moment 4.5e19 N-m, Mw 7.1.

Figure 4shaws the strain at DHL before and after the Hector shddie long-term strain
contraction prior to the earthquakas been steadyver the measurement duration (since
1994), and corresponds to the ratpexted from interseismic strain accumulation on the San
Andreas. Theexceptions to this are thefeéts labeled as B.1/2/3 and C, D, EFigure 4
These wents, authenticated by appearing on fully independent strainmeters at DHL, we
attribute to slip on the adjacent San Andreasltf Ewvent C, occurring immediately after the
Hector Mine earthquak(recall the coseismic fsfet has been remed) bagjins the immediate
postseismic response which is muclgéarthan at PFO, suggestingaag a source closer to
DHL: it is notable that the Hector earthqeadppears to hae riggered an earthquaksvarm
nearby (in the Braley seismic zone), with at least 14 shocks of magnitude 2 angedimon 1
to 12 hours after the Hector mainsho&uven more preocatve is that the data from DHL and
PFO do not rule out the possibility of thereving been some form of precursory deformation
(as has avays been true before): recordings from both sites suggest a change in the strain field
commencing with the Hector preshock sequence.

The long-term NS strain rate at DHL has also ugdlee a complete versal from its ear
lier secular rate, as occurred at PFO after the Landers earthigire 1). However, as Fig-
ure 4shaws, a significant portion of the post-Hector response has fallace in abruptvents,
which do not coincide with griocal earthquads. Agin, we do not see these at PR@aving
the two obsenatories in operation alNgs us to say that the source of thegmts must be close
to DHL: aqnin, quite lilely the San Andreasiilt.



OTHER ACTIVITIES—A REPRESENATIVE LISTING:

The NWSE laser strainmeteras fully cowverted to operate on uninterruptiblevper in 1999.
This has greatly impked the continuity of the recordings’he main recording-trailes’power
wiring was entirely replaced with a set of parallelpelines, agin for improved reliability

(and for safety from gming shorting concerns) and for ease in introducing back-ugipto
critical systems.Using institutional support we were able to refurbish and repaint all of the
out-kuildings at thedcility.

Because of ourxperience with end-monument stability for the long-base systeriEGatve

have gan provided input on the design, planning, and field-testing of monuments for the
SCIGNarray This work is separately funded ISCIGN, but something that our fefrits atPFO

make possible. Thisyear our verk in this area has been to contitd to the design anelbri-
cation of a shall-anchored tripod monument used for rapid installations wf$@IGN sites

after the Hector earthquak During1999 also we carried ouxtensve testing on the influence

of nearby fences and trees on GPS positioning estimates, repeatguiy teet-objects in and

out of the local area.



0.

0.8

0.7

o> 0.6

Strain (107

PFO: NW—SE Laser Strain

9%

LN Palm

Springs

Superstion
Hills

Joshua
Tree

Landers

Hector
Mine

Strain rates:
1988-1992.5: 0.048ue/yr

1992.5—-1999: 0.071ue/yr

|

I I
1998

| | |

1994 1996

1990 1992



PFO, Earthquakes, Faults, and SCIGN
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