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Fig.1 Location of gur irernch site, Fig.ta shows ihal our rench site is aboul 300 melers soulkeast of
Watllace Craek, on the Carrlzo sectlon of the San Andreas faull. Fig.1b s the blow-up of the rectange
reglor: in fig.1a. Yellow rectangies are areas of our hand excavations, which straddie the channals.
Four channats ara still visible on surface, shown here as dashad lines and white amows. 1857 event is
indicatad by the smallest offset of 8-9 metars.

This study is designed to document the offsets of recurrent earthquakes at asingle
location to see how dip varies through earthquake cycles. One of the best placesto
determine if afault ssgment experiences Smilar amount of dip through timeisa
100-meter section dong the Carrizo segment of the San Andreas fault, just afew hundred
meters southeast of Wallace Creek (Figure 1). There, smal channels about a haf-meter
deep are cut by the smple, narrow, rectilinear trace of the San Andreas fault, three such
smdl channels (labeled A, B, and C) have been incised severd metersinto the
Peistocene dluvid fan on the NE sde of the fault. On the SW side of the fault, severd
smdl gullies are dextraly offset from these upstream channels. We proposed to excavate
across the gullies shown as boxes in Fig.1b. Last year, we started excavating the



upstream trench and the youngest offset channel on the downstream side, both shown as
ydlow rectanglesin Fig.1b.

During the past year, we continued the 3D excavation &t this Site, logging about 80
trench wals. Fig.2 shows the traces of the principa excavation wallsin map view. In
each trench clugter, the initid trench was pardld to and severa meters from the fault.
Subsequent faces were cut progressively closer to the fault, at increments of 50-60 cm, or
10-25cm if needed (for example, in the vicinity of the fault).

Fig.2 Traces of the principal excavalion walis. The red lines indicale the locaion of ihe exposures
ghewr in Fig.3a-1

Results:

Trench exposures

Fig. 3 shows the logs of representative cuts in each trench cluster, looking upstream,
whose locations are shown as the red labeled lines on amap view in Fig.2. Fig.3athrough
e are those of the downstream channels. They are arranged from NW to SE, and by their
geomorphic distance from the upstream channd. The distance indicates the relative ages
of the channds, with the farther one being older. Fig.3f isthe log on the upstream side.

Downstream

The downstream channels are 1-2m deep, mostly narrow, and covered with
homogenous colluvium. Their thawegs are generdly well defined. The channds cut into
massive bioturbated matrix-supported gravely sand and silt, with horizontal sandy and
gravely lenses. A pedogenic carbonate horizon in this old deposits suggests thet these
deposits are severa thousand years old, sincein this region such concentrations of soil
carbonate are only found in early Holocene or older deposits (Sieh and Jahns, 1984). The
depogits within the channds are generdly grayish, in sharp contrast with the surrounding
whitish carbonate-coated Holocene aluvia fan deposits they cut into. The in-channdl
deposits consst of both poorly sorted gravely sand and silt, and well-sorted
clast-supported channel sand and gravel beds.

Trench cluster dn2 lies about 55m NW of the upstream trench. Three channels were




exposed in this trench clugter (Fig.3a). The middle channd, “Buwalda’ is made up of
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Fig. 3 Logs of the representative franch cuis, looking upstream. a through e are the downstream cuts, and
arranged from NW to SE, and by the distance from the upstream franch, f is the wpstream iog. The channels are
treced in red, and named after last namas for the downstream one and first names for the upsiream of people. Fauit
traces are shown by dark fines, The highl;ghted units in f ara suspended ioad layars.



mostly massive loose clast-supported sand and gravels to pebbles. This channel contains
the largest clasts among dl the downstream channels. On the trench cut shown here, the
channd is broad and deep, bounded by afault on top. The channel deposit is 0.7 m thick
on thiscut. Y et, on other downstream cuts, the bedload is less than haf the thickness. It is
possible that the double thicknessis due to faulting. There is achannel 3m NW of
“Buwada’. A sample from aburn mark in the top part of this channel has 14C age of
2980+/-50 yrs. Given the dip rate of 35 mmlyr, this channel came from about 100 meters
to the SE. The most probable candidate of its upstream hdf isthe big channd “C” in
Fig.1a Channd “Wood” sts 2.5m to the SE of “Buwalda’. It merges with “Buwalda’
2.5m downstream. The basal layer of bedload sand and gravelsin “Wood” is continuous,
and traceable.

Four channels were exposed in trench cluster dn3 (Fig.3b). “Walace’ isthe leftmost
channd. Mogt of its dratigraphy is destroyed by bioturbation. The remaining strata are
two layers of sandy bedloads. Oneis at the base of the channdl, the other one ~25cm
above. The shdlow channd 2m to the SE of “Walace” is barely visble dueto severe
bioturbation. This channd merges with “Wallace® 5m downstream. Channe “Allen” is
1.5m further to the SE. It is degp and narrow, a series of bedloads are ill vigble near the
bottom of the channd. “Weldon” lies SE of “Allen”. The precise location of this channel
isunclear on thiswal due to severe bioturbation. On other downstream cuts, this channe
is made up of the bedload of a dugter of 3-4 smdl channels, which merge with “Allen”
5m downstream from the faullt.

In the three trench clusters that are closest to the upstream trench, we found three
lone channels about 8 meters gpart. Channd “Prentice’ is the lone channd in trench
cluster dn4 (Fig.3c). It is shalow and broad. Most of the in-channdl strata are ill well
preserved. It has the digtinctive domino-style stacking of three channels of sand and
gravels. Fig. 3d shows the channd “Yule’, adeep and narrow lone channd. It hasa
characteritic layer of upwardly fining sequence of horizontally bedded well-sorted sand
and smd| gravels. Channd “Grant” isthe youngest channd on the downstream sde. It
was offset 8-9 metersin 1857 earthquake. It isadouble channd in this cut (Fig.3€). The
main channel is the deep and narrow one on the left. The right one was previoudy insde
the deep channd on downstream cuts. Channd “Grant” was bounded by fault on top.

Upstream
Upstream trench logs document a series of nested channels. There are 8 generations

of channelsthat can be correlated with the downstream ones. The corrdlation is based on
the rddive ages, aswdl asthe smilarity in the shapes of channds and the initid filling
of dluvium and colluvium in the channd. The rdlative ages of the channd s isindicated
by the cross-cutting relationships among the channds on the upstream side and on the
downstream side by the amount of offset. The larger the offset the older the channd. We
assigned namesto al of the offset channels: each upstream channd bears the given name
of a Cdtech geologist who has studied the San Andress fault; each downstream channel
bears the surname.

Hereisthe brief description of the upsiream channels from old to young. The oldest
channd “John” islocated near the base of our trench exposure. It is made up of aseries
of channd sand and gravels separated by homogeneous matrix-supported colluvium.
Unlike its downstream counterpart, this channel has a broad lens of sty fine sand,



overlain by coarser sandy and gravely dluvium (colored in yelow in Fig.3f). Thefines
are suspended |oads that settled from muddy water ponded upstream from the fault, after
the earthquake brought a shutter ridge in front of the channd. The upstream channd was
later buried further by coarser sandy gravel. Channe “Harry” was cut after “ John” was
filled up to the top of the shutter ridge. The earthquake that occurred after creation of
Harry aso brought a shutter ridge in front of the channe, which led to deposition of
another lens of suspended load, on top of “Harry”.

The next channdl in this sequenceis “Bob”. Like the downstream channe
“Wallace’, it has two layers of bed-load sand and gravel near the bottom of the channdl.
Two suspended-load layers are associated with this channdl. They are wide, and extend
well outsde the channdl. These suggest that the event that occurred immediately after the
cutting of channd “Bob Wallace” had alarge vertical mation, with the downgtream sde
moving up.

Three channels, “ Clarence’, “Ray” and “ Caral”, cluster on the upper NW part of the
trench wal. “Ray” and “Clarence’ are two older channdls, cut by “Carol”, and no
obvious suspended load deposit was associated with them. Channel “Caral” hasthe
amilar domino-style stacking of three inset channels as the downstream channél
“Prentice’’.

Like“Yule’ of the downsream channel, channd “Doug” has the characteridtic layer
of well-sorted and horizontaly bedded sand and gravels. Although “Doug’ is adouble
channd on this cut, subsequent excavation shows that the side channd to the right
merges with the deeper left channd 0.5m downstream. The youngest channd “Lisa’ Sits
inthe middle of the trench wal. A prominent suspended-load lens of well-sorted fine
sand and silt plugs the channdl. It is overlain by sand and gravel beds.

Traces of thalwegs of the channels

Our sequentia excavation procedure has enabled us to keep track of the locations of
channels along their course. It also has dlowed usto detect the fault-related shift in
channel course.

Our excavation shows that the upstream channels are straight, except channe
“Harry” which diverges to the northwest, through the shalow declivity that subparadlds
the fault. They are offset by a secondary fault 1m upstream from the main fault (Fig.4).
Younger channds, “Lisa’, “Yule’, “Prentice’ and "Ray" were offset about 45 cm across
this secondary fault; older channels were offset double that amount. It suggests that the
secondary fault moved at least twice. The main fault zone is only about 0.5 meters wide.

On the downstream side, channels are separated by meters. They are also quite
draight. The bases of four channels, “Buwada’, “Prentice’, “Yule’” and “Grant”, runs
into the fault a a high angle. Channd “Wood” is 3.5m to the SE of “Buwada’ at the
fault and quickly mergeswith “Buwada’ 5-6 m downstream. It fits with the northwest
divergence of the upstream channd “Harry”. Channe “Allen” is Straight except agentle
curvature about 1.5 to 4.5 m downstream from the fault. “Wallaceg’ and “Weldon” join
“Allen” from left and right respectively. “Wallace® diverges from the fault diagondly,
trying to avoid the topographic high to the left. Also note that there is a channd flow
amog pardld to fault before it joins “Prenticeg’ 1.5 m downstream.
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Fig.4 Traces of the thalweps of the offsst channels, The same channel on two sides of the fault is colored
the same. For the convenience of referances, each channel on the downstream side of the fault s namesd
after a Caltech-graduate scientisl who have worked on the San Andreas Taull. The dark lines irending NE
are faull iraces exposed in the renches. Mos! channals are airaight and intercepted by the fault al a high
angla. The main fallt Zone is narrow, ehout 1 metsr wide, a secondary fault was found on the upstreant
side of the fault, and there Is about 50-80 cm offset cccurred on (.

Matching channels on two sides of the fault

The offset of the channdls can be best visudized as shown in Fig.5. Itisan
imaginary view of the fault plane looking downstream. Red dots are the locations where
the thalwegs of channds run into the fault. The shapes of the channds are dso included
for comparison. Upsiream channdls cluster on the left part of Fig.5, downstream channels
spread on the right. Older channdls were offset farther from the upstream channels as
they experienced more earthquakes. The pairing of the same channd on two sdes of the
fault gives how much the channd has been offset since formed, both in horizonta and

verticd.
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Fig.& A imaginary view of the shapes and positions of the channels on the fault plane, looking
downstream, Tha red dofs are the looations of tha thelwags of the channeis literally on the fault, OF the
same channel, the upsiream half is named after the first name and the downstream half the bsd name
of the same person, and in the same ealor, The pairing of the channals an bwa sides of the Tault, wil
lall how much e chanmnal has bean olfgel since formed, botk in horizonial and vartical.



Slip patterns of earthquakes through time

Fig.6 isthe summary of the cumulative offsets of the 8 channds. The dip of
individud event is smply the difference in the amount of offset between the two adjacent
channds.

Our study showsthat dip varies from earthquake to earthquake. But generdly there
are two types of earthquakes. the three youngest events are smilar in dip, with 7-8
meters horizontal component and less than 2% of the horizontal component in vertical.
Three earlier events, the fourth to sixth are, in contrast, only haf the horizontal amount,
but have alarge vertica component of 10-20%. The oldest event that was found at this
gte has dip amilar to the three youngest events. There is no systematic variation in the
sense of verticd motion. Since “Harry Wood” is offset 14 meters more than “Bob
Wallace, it is possible that 14 meters was generated in asingle, gigantic event of 14
meters, or accumulated in two 7-8 meter-offset, or three to four 3-5 meters-offset
earthquakes. In the latter two cases, there must be a period of depositiona hiatus, so that
no channds were cut between the earthquakes.
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Fig.B Curmulative affsals of the B channeals and the slips of individual eaarthquakes. Tha red dols show
the cumulative ofsel in both horizonlal and vertical, of the channelz. The diference babwean two
ad@acenl channals gives the alip of the aarthguake thal occurred in babwean.

Non-technical Summary

This project is desgned to understand how fault dip repests through many
earthquake cycles. Are the earthquakes characteristic or do they vary from event to
event? The answers to these questions have both theoretical and practica significance.
They will help us to better understand how strain is accumulated and released on faullts,
hence will improve our ahility in earthquake hazard evauation.

Our study shows that there are two types of earthquakes occurred in this section of
the San Andreas fault: one with 7-8 m in horizontal, another one of 3-5 m. The events of
gmadler offsets have larger vertical component.
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