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Field Trip Overview
This fieldtrip guidebook provides a general overview of the geologic setting of the Central section of
the Calaveras Fault in Santa Clara County, California in the vicinity of the cities of Gilroy and Morgan
Hill (fig. 1). This guidebook provides basic geologic information about the landscape features and
rocks on the protected public lands along the western flank of the Diablo Range that are a part of
Coyote Lake-Harvey Bear Ranch and Anderson County Parks. Bedrock exposures of Mesozoic-age
Franciscan Complex, Coast Range Ophiolite, and Great Valley Sequence are juxtaposed with late
Cenozoic-age volcanic rocks and terrestrial-derived sedimentary rocks, including alluvial gravels
folded and offset by later faulting and folding. The relatively undisturbed rural landscape preserved
many geomorphic features related to the progressive deformation of the landscape and mass wasting
(landsliding), erosion, steam terrace development, tectonic modification of stream drainages, and
alluvial fan accumulations along the western flank of the Diablo Range. In addition, the field trip
highlights the impacts of dam construction and hydrologic development on Coyote Creek { including
Anderson and Coyote Dams) and offers scenic vistas of the Santa Clara Valley region. Evidence of
past and ongoing creep and earthquake activity along the Calaveras Fault are examined.
The field trip begins at the Mendoza Ranch Entrance parking area of Coyote Lake-Harvey Bear
County Park several miles northeast of Gilroy. The trip begins with an easy walk along the Calaveras
Fault zone to examine rocks and geomorphic features (fig. 1). Stops within the "fee area" portion of the
park along Coyote Reservoir include Lookout Point, where late Miocene basalt bearing mantle-derived
xenoliths are exposed, Calaveras Picnic Area, where serpentinite bedrock preserves slickenside and
fault gauge along the fault zone, and Calaveras Dam, an earthen dam constructed in the vicinity of the
fault zone.· A short walk at the county park's Harvey Bear Entrance leads to a large active landslide
along the mountain front along the east side of Coyote Ridge. Coyote Ridge is a large, well developed
shutter ridge on the west side of the Calaveras Fault Zone in the vicinity of Coyote Reservoir.
The last two stops are in Anderson Lake County Park near Morgan Hill. A brief stop at the
Wood,choppers Aat is to examine rocks excavated during the construction of Anderson Reservoir. This
picnic area is a good place to examine shoreline bedrock exposures and geomorphic features (including
large land�lides) in the vicinity of an iron bridge that was nearly destroyed by a large earthquake along
the Calaveras Fault in 1984. The final stop is a hike that begins at the Live Oak Group Area (a day-use
fee area) downstream of the dam for Anderson Reservoir. A moderate hike of about one mile leads to a
large outcrop area at the dam spillway where complexly folded and faulted Franciscan Series ribbon
chert (radiolarian-bearing siliceous marine rocks) and greenstone (metabasalt) are exposed. The hike
continues up the dam along the park's Serpentine Trail to the crest of the dam and exposures of
serpentinite, cinnabar-bearing, silica-carbonate rocks, and greywacke sandstone exposed in the vicinity
of a fault zone exposed along the shore of the reservoir. The panoramic views from the top of
Anderson Dam and nearby Rosenden Park Area overlook on the hilltop at the south side of Anderson
Dam's boat ramp parking area provide ideal settings to review the regional landscape and cultural
features in the vicinity including the Santa Clara Valley and foothill country of both the Diablo Range
and the southern Santa Cruz Mountains.
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Figure 1. Fieldtrip location maps showing stops in Coyote Lake-Harvey Bear Ranch County Park and Anderson
County Parks near Gilroy and Morgan Hill in the Santa Clara Valley area south of San Jose, California. The

Calaveras Fault zone location is modified from Wentworth and others, 1998.
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The Calaveras Fault: An Overview
The Calaveras Fault is one strand of the active earthquake fault system along the western margin of
North America (fig. 2). The Calaveras Fault is a part of the system of faults that encompasses the San
Francisco Bay Area and is regarded as part of the greater San Andreas Fault system. The Calaveras
Fault extends for more than 97 miles (157 km) from the San Ramon Valley (near Danville in Contra
Costa County) in the north to about 20 miles (30 km) south of Hollister in San Benito County (fig. 3).
The Calaveras Fault was named for Calaveras Creek in Santa Clara County east of San Jose where it
was first identified. ("Calaveras" in Spanish means "skulls".) The Calaveras Fault zone was first
mapped, but not named, by Lawson (1908). Wood (1916) used the name Sunol Fault. Crittenden
(1951) used the combined name Sunol-Calaveras Fault. Since then, the name was simply shortened to
Calaveras Fault.
Explottr
Ridge

Figure 2. The Calaveras Fault is part of the
active earthquake fault system associated
western boundary of the North American
Plate with the Pacific Plate (modified from
U.S. Geological Survey, 2003).
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Geologic History: The San Andreas
Fault system has gradually evolved since
middle Tertiary time (beginning about 28
million years ago). The right-lateral offset
that has occurred on the fault system
since that time is about 282 miles (470
km)(Graymer and others, 2002).
However, the fault system consists of
many strands. Various authors have
subdivided the Calaveras Fault into
sections and smaller segments based on
fault activity and setting characteristics.
The different sections of a fault (like the
Calaveras Fault) may have experienced
different amounts of offset-at different
times, at different rates, and often with
complex styles of deformation. Seismic
records and geophysical evidence provide
information about the fault at depth, and
surface investigations (including
trenching and ground surface deformation
studies) have provided information about
fault creep rates, and the frequency and

intensity of damaging earthquakes.
Section Subdivisions of the Calaveras Fault: The Northern California Working Group (USGS
Earthquake Hazards Team) currently subdivides the fault into 4 sections (from north to south):
Northern Calaveras, Central Calaveras. Southern Calaveras. and Paicines Fault sections (Bryant and
Cluett, 1999) (fig 3.).
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Figure 3. Map showing the sections of the Calaveras Fault and other regional faults in the San Francisco Bay
and Monterey Bay region. Fault location map modified from Bryant and Cluett, 1999; Graymer and others,
2006).

Northern Calaveras Fault Section
There is a distinct change in slip rate and fault behavior north and south of the vicinity of Calaveras
Reservoir. North of Calaveras Reservoir, the Northern Calaveras runs along the valley of Sunol Creek
and extend northward and through the western side of the San Ramon Valley (along I-680). The
Calaveras Fault zone branches into the Northern Calaveras and Hayward Faults near the south end of
Calaveras Reservoir, and much of the slip is transferred to the Hayward Fault (Manaker and others,
4

2005). The Northern Calaveras Fault is characterized by a slip rate of 5-6 mm/yr and displays
relatively sparse seismicity. However, the fault it probably ruptures to the surface in moderate to large
earthquakes. An average recurrence interval of between 125 and 850 years was determined for the
northern section of the Calaveras Fault (Bryant and Cluett, 1999). This Northern section is 28 miles
(45 km) of a total fault length of about 97 miles (157 1cm).
Central Calaveras Fault Section
The Central Calaveras Fault section extends from Calaveras Reservoir to San Felipe Lake (south of
Coyote Lake along Highway 152 (east of Gilroy). The Central Calaveras Fault zone is characterized
by historic surface fault creep of as much as 14-15 mm/yr near its southern end, and has an
earthquake recurrence interval estimate of about 530 yrs The Central section is about 40 ·miles (64
km) of a total fault length of about 97 miles (157 km)(Bryant and Cluett, 1999).
Southern Calaveras Fault Section
The Southern Calaveras Fault section extends from San Felipe Lake to just south of Hollister and is
characterized by fault creep. Historic surface fault creep rates reported in the Hollister area is in the
range of 4-12 mm/yr. No recurrence intervals have been determined for the southern part of the
Calaveras fault and the Paicines fault. The Southern Calaveras Fault (section) extends from San
Felipe Lake southeast to near the junction of the San Benito River and Tres Pinos Creek. The
Southern section is about 14 miles (22) km of a total fault length of about 97 miles (157 km)(Bryant
and Cluett, 1999).
Paicines Section
The Paicines Fault was first mapped and named by Wilson (1943). The Paicines Fault is a
continuation of the Calaveras Fault zone southward of Hollister to where the fault zone merges with
the San Andreas Fault zone south of the community of Paicines along Highway 25. The Paicines
section extends from the vicinity of the confluence of Tres Pinos Creek with the San Benito River
southward to the vicinity of Stone Canyon (about 2 miles south of the intersection of Old Airline
Highway and Highway 25). South of Hollister the Calaveras is located only 2-3 miles (3-5 km) away
from and parallel to the San Andreas Fault and may not be an independent source of large
earthquakes. The fault zone of Paicines section expands to a zone about a mile wide, and its linkage to
the San Andreas Fault is unresolved. However, the Paicines Fault locally has evidence of historic fault
creep at about 5 to 9 mm/yr. This section is 26 km of a total fault length of about 97 miles (157 1cm).
The Calaveras Fault gains roughly half of the central San Andreas' 34 mm/yr slip rate (Bryant and
Cluett, 1999).
Seismic history: The regional USGS seismic network records low magnitude tremors (most are too
imperceptible to feel) along the Calaveras Fault on an almost daily basis. Much of the observable
motion on the Calaveras Fault south of Calaveras Reservoir is in the form of aseismic creep (not
associated with earthquakes). The ground displacement along the Calaveras Fault is obvious within
the vicinity of Hollister where offset streets, curbs, sidewalks, and building structures are easy to
observe (Stoffer, 2006). The Calaveras Fault has had. a number of moderately large earthquakes in
recorded earthquake history. The largest earthquakes in the modem era of seismic recording were
M6.2 Morgan Hill earthquake of 1984 and a M5.9 Coyote Lake earthquake of 1979 (discussed
below). A recent significant tremor was M5.6 Alum Rock earthquake of 2007. Earlier moderate to
5
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strong earthquakes that were presumably on the Calaveras Fault include an estimated M6.0
earthquake that affected the Morgan Hill area on 1 July 1911, and another estimated M6.2 earthquake
occurred in the Gilroy area on 20 October 1897, and the San Ramon Valley earthquake of July 1861.
Other strong earthquakes have affected the region around Hollister, but many of these earthquakes
were on, or associated with, the nearby San Andreas Fault, Sargent Faults, and other regional faults
(fig. 4) (Ellsworth, 1990).

The M6.2 Morgan Hill earthquake of 24 April, 1984
On Tuesday 24 April, at 1:15 p.m., an earthquake occurred along the Central Calaveras fault in the
vicinity of MT. Hamilton in a very sparsely populated region about 10 miles (16 km) east of San Jose
(fig. 4 ). The earthquake ruptured southward from the epicenter along an 18 mile-long (30 km) segment
of the Central Calaveras Fault zone through the vicinity of Anderson Lake to the Coyote Lake area.
Strong horizontal acceleration (1.29g [times the force of gravity]).was measured in the vicinity of the
abutment of Coyote Dam (Bakun and others, 1984).Studies of nearly a thousand aftershocks of the
1984 earthquake revealed a pattern of complex faulting within a 6 mile (10 km) wide zone surrounding
the Calaveras Fault (Oppenheimer and others, 1990). The greatest amount of damage to manmade
structures occurred in the Morgan Hill area were homes were knocked of unsecured foundations and
where landsliding and ground failure from earthquake shaking occurred, particularly along stream
banks. Very little evident of the actual fault rupture was observed at the surface after the earthquake
(Toppozada, T.R., 1984; Harns and others, 1984; and Hart, 1984).
The 1984 Morgan Hill earthquake, M6.2, is a reasonable maximum magnitude event to occur in these
segments, so rather than apply a detailed segmentation model we chose to assume that such an event
has an equal likelihood of occurring anywhere along the entire southern Calaveras fault (USGS
Earthquake Hazards Program, 2000).

The M5.9 Coyote Lake earthquake .of 6 August 1979
Another strong earthquake occurred on Monday August 6, at 10:05 a.m. in the vicinity of Coyote
Lake; aboyt 25 miles (50 km) southeast of San Jose (see fig. 4). This shallow earthquake had a focal
depth of atiout 5 miles (8 km), and the epicenter was located about 2 miles (3km) east of where the
Calaveras Fault zone intersects the surface (Armstrong, 1979). Other focal points of small earthquakes
in the vicinity suggest that the plane of the fault zone dips steeply to the east, extending beneath the
high, uplifted ridgeline in Henry Coe Park east of the Calaveras Rift Valley (see fig 4 and see
discussion for Stops 1-4).

The MS.6 Alum Rock earthquake of 30 October 2007
At 8:04 PM on October 30, 2007, an earthquake struck about 7 miles east of the city of Milpitas. The
earthquake's epicenter was about 5 miles (8 km) north-northeast of Alum Rock City Park and about 9
miles (14 km) northeast of San Jose City Hall-near where the Hayward Fault zone intersects the
Calaveras Fault zone at depth. The earthquake had a magnitude of 5.6 and it ruptured at a depth of
about five miles. The earthquake was felt throughout the San Francisco Bay Area, but caused minimal•
damage beyond knocking items off shelves and getting peoples' attention. Despite the relatively small
magnitude, a record of large ground motion led engineers to assess if bridge damage could have
occurred. This was the first moderate earthquake in the San Francisco Bay region since the Loma
Prieta Earthquake of 17 October 1989.
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Figure 4. Seismicity map of the Calaveras Fault in Santa Clara County (modified from Sleeter and others,
2004). Orange circles represent earthquake epicenters between 1970 and 2003, with larger circles representing
higher magnitude earthquakes. Numbers represent MS.0 and higher earthquakes including: 1: MS.4-28 Nov
1975, 2: MS.8-6 Aug 1979, 7: M6.2 .....:....24 Apr 1986, 9: MS.7-31 Mar 1986, 11: MS.3-13 �un 1988, 14:
M6.9-18 Oct 1989 Loma Prieta Earthquake, 18: MS.1-16 Jan 1983. An addition to the map is a yellow circle
(A) showing the location of the MS.6 Alum Rock earthquake of 2007 (located near the junction of the Calaveras
Fault with the Hayward Fault.)
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Landscape features and geology: The evolution of the landscape along the Calaveras Fault zone
reflects the interplay of tectonic forces (local faulting and folding, and regional uplift), erosion, and the
characteristics of the bedrock. The right-lateral (dextral) displacement along the fault is responsible for
many observable landscape features within or along the fault zone (fig. 5).
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Figure 5. Landscape features associated with a right-lateral (dextral) strike-slip fault (modified from Vedder and
Wallace, 1970). The Central Calaveras section is marked by geomorphic features characteristic of dextral (right
lateral) stri!<e-slip displacement including dextrally deflected and offset stream channels and ridges, beheaded
drainages, linear troughs and swales, linear scarps, aligned saddles, linear sidehill benches, shutter ridges,
closed depressions, and ponded alluvium.

Figure 6 is a geologic map of the field trip area in the region along the Central Calaveras Fault in the
vicinity of Morgan Hill and Gilroy. The oldest rocks of serpentinite (Coast Range Ophiolite) and
Franciscan Complex (chert, greenstone, and greywacke sandstone) crop out on the west side of the
Calaveras Fault. These rocks are overlain by Pliocene age alluvial fan sediments (Silver Creek
Gravels) that contain interlayered basaltic lava flows and tephra deposits associated with volcanism
that occurred in the early stages of the development of the regional fault system. Younger Packwood
Gravels of Plio-Pleistocene age overlie the volcanic and alluvial fan deposits of the Silver Creek
Gravels. East of the fault is a thick crustal wedge of Great Valley Sequence (Cretaceous shale and
sandstone) with more Franciscan Complex rocks exposed farther east in the core of the Diablo Range.
Younger alluvial gravels occur as elevated stream terraces along Coyote Creek valley and as alluvial
fan, stream channel, levee, and floodplain deposits throughout the Santa Clara Valley (Wentworth and
others, 1998).
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Figure 6. Geologic map of the Coyote and Anderson Reservoirs area (modified from Wentworth and others,
1998). The map encompasses the region in fig. 1. The locations of numbered stops are shown in red.
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Legend for geologic map (fig. 3) (modified from Wentworth and others, 1998)
Qa
Ohl
Qof
Qpf
QTp
Tsg
Tba
Tee
Tts
Tgs
Kcu

Quaternary alluvium (undifferentiated)
Levee deposits (Holocene)
Alluvial fan deposits (middle to upper Pleistocene)
Alluvial fan deposits (Upper Pleistocene)
Packwood Gravels of Crittenden (1951) (Pleistocene? And Pliocene)
Silver Creek Gravels of Graymer and DeVito (1993) (Pliocene)
Basalt of Anderson and Coyote Reservoirs (Pliocene)
Claremont Formation (upper to middle Miocene)
Temblor Sandstone (Middle Miocene to Oligocene?)
Glauconitic sandstone and red mudstone (lower Eocene and/or upper Paleocene)
Sandstone, mudstone, and conglomerate (Cretaceous)

Fm
Sc
Fpv
Jsp

Melange of the Central Belt, Franciscan Complex (Upper Cretaceous and Lower Tertiary?)
Silica-Carbonate rock (Miocene?)
Basaltic volcanic rocks (Lower Cretaceous)
Serpentinized ultramafic rocks, Coast Range Ophiolite (Jurassic)

Figure 7 Geologic time scale showing the divisions of time in millions of years (MA)(modified after
the Geological Society of America geologic time scale.)
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Coyote Lake-Harvey Bear Ranch County Park
Coyote Lake-Harvey Bear Ranch County
Park is a 4,595-acre park. Part of the
park is Coyote Lake, a manmade
reservoir with a 635-acre lake. The park
provides camping and boat launch
facilities, and has 15 miles (24 km) of
horse, bicycle and hiking trails. The park
is nestled along the western flank of the
Diablo Range east of the City of Gilroy
(see fig. 1). It also encompasses a portion
of the Calaveras Fault rift valley (drained
by Coyote Creek) and a large part of the
large shutter ridge west of the fault,
Coyote Ridge. Oak forests and groves
are found along canyons and on cooler,
northeast-facing slopes. Grasslands
dominantly cover the lower elevation and
southwest-facing slopes of Coyote
Ridge. Chaparral covers slopes on the
higher elevations on the high ridgeline
east of Coyote Creek Valley in adjacent
Henry Coe State Park. The Coyote
Reservoir is located on the former
Rancho San Ysidr�a ranch that
belonged to a cattle rancher named
Ygnacio Ortega in the early 1800s.
There are three entrances into Coyote
Lake-Harvey Bear Ranch County Park:
Mendoza Ranch, Coyote Lake, and
N
Harvey Bear Ranch (see stops 1-5 on fig.
=e
=ta...-__.
0=
0 ..a.fe
--=2;.;;;0=
1). Vehicle entry fees are collected year
1
5 00 m
round at the Coyote Lake Entrance.
Three-mile long Coyote Lake provides
opportunities for boating and fishing.
The lake contains black bass, black
crappie, bluegill, carp, and channel catfish, and is stocked with rainbow trout in the spring.

1 ....

Figure 8. Filtered Lidar imagery with shaded relief enhancement of the Calaveras Fault rift valley at
Coyote Lake (modified from imagery retrieved from the GEON Portal, 2008).
Lakeview Campground is located at the south end of the lake 0.5 mile north of the Visitor Center.
Several picnic areas are located near the lake shoreline. Call (408) 355-2201 to make a camping
reservation (on-line at https://gooutsideandplay.org). Maps and information about all Santa Clara
County parks can be found at http://www.parkhere.gov. The park is open for general day use from 8
am to sunset.
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Stop 1. Mendoza Ranch Entrance
The Mendoza Ranch Entrance is a trailhead parking area that is outside the fee area for the older
Coyote Lake portion of the park. A multi-use trail system provides access to Coyote Ridge, the large
shutter ridge that defines the western side of the Calaveras rift valley that formed as the Coyote Creek
drainage developed concurrently with the uplift of the Diablo Range and surficial right lateral (dextral)
deformation and offsets along the fault system.
How to get there: From San Jose, take US Highway 101 south toward Los Angeles (about 25 miles).
From U.S. Highway 101 in Gilroy, take the Leavesley Road exit.
Proceed east on Leavesley Road for 2 miles to New Avenue.
Proceed north on New Ave for.5 miles to Roop Road.
Proceed east on Roop Road 3 .5 miles into the foothills.
Turn left into the Mendoza Ranch entrance and proceed to the trailhead parking area.
Note that this is a good location to consolidate passengers into fewer vehicles before entering the fee
area of the Coyote Lake portion of the park (stops 2-4).
What to look for: The Mendoza Ranch Entrance trailhead parking area is located on an elevated
rolling surface that is underlain by old stream gravels. The active trace of the Calaveras fault is located
a short walk west from the parking area. The fault is expressed on the surface as a linear trough that
locally has geologic structural low areas where water accumulates during wet periods (these are called
sag ponds; see fig. 9 and 10). Mass wasting (including landsliding) and erosion on adjacent Coyote
Ridge results in accumulation of sediments in the fault zone's trough area. The topography reflects the
evolution of the landscape over time. Right-lateral strike-slip motion along the fault in the form of
steady creep, punctuated by episodic earthquakes, is impacting the landscape concurrently with these
forces of erosion. Coyote Ridge is a great shutter ridge uplifted along the west side of the rift valley.
The northward relative motion on the west side of the fault has deflected the path of Coyote Creek
northward to its current configuration (fig 11). (A shutter ridge is a ridge formed by vertical, lateral, or
oblique displacement on a fault that crosses an area having ridge and valley topography, with the
displaced part of the ridge "shutting in" the valley. Shutter ridges typically are found in association
with offset drainages.)
Few rocks are exposed in this area, but large exposures of volcanic rocks can be seen along the Coyote
Ridge Trail. These basaltic volcanic rocks are vesicular (preserving gas bubbles) and locally preserve
both tephra (air fall) deposits and a blocky, brecciated texture typical of surface lava flow deposits. A
hike to the top of Coyote Ridge provides spectacular views of both the rift valley of the Calaveras
Fault and the Santa Clara Valley.
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Figure 9. Vernal pools fill sag areas along
the active trace of the Calaveras Fault near
the Mendoza Entrance parking area. This
view is looking west toward the southern
end of Coyote Ridge from near the parking
area.

Figure 1 o. View looking north along the
trace of the Calaveras Fault near the
Mendoza Entrance parking area. Colluvium
and landslide deposits derived from bedrock
are on the west (left) where the bedrock
materials near the surface on the east
(right} consists of elevated river terrace
gravel deposits of Quaternary age.

Figure 11. View looking south from Coyote
Ridge toward Coyote Lake in the rift valley
of Calaveras Fault. Coyote·Creek drains
into the rift valley from the uplands of the
Diablo Range in the Henry Coe State Park
region to the east. The upper Coyote Creek
valley is visible to the left just beyond the
steep mountain slope and the lake.
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Figure 12. This view from Coyote Ridge is
looking southwest toward the Santa Clara
Valley between Gilroy and Morgan Hill. The
Santa Clara valley is considerably lower
than the Coyote Creek valley on the east
side of Coyote Ridge (about 800 feet).
Coyote Ridge is a large shutter ridge
pushed up on the west side of the
Calaveras Fault. Right-lateral strike slip
motion, over time, has deflected the
drainage of Coyote Creek nearly 10 miles
northward to its present location. This view
is looking toward the Harvey Bear Ranch
Entrance (see Stop 5 below).

Stop 2. Faultline Picnic Area
How to get there: Exit the Mendoza Ranch Entrance and turn left on Roop. In 0.4 mile turn left on
Coyote Lake Road. Proceed 1 mile to the park entrance fee station and Visitor.
Note: The current fee is $6 per vehicle for a day-use pass-good for both Coyote and Anderson
County Parks on this fieldtrip. Park brochures are available at the Visitor Center kiosk. The
Visitor Center also has exhibits on local wildlife including examples of live reptiles (including
a rattlesnake) and amphibians. Herds of deer, wild pigs, and flocks of turkeys are a common
sight early in the morning along the park road.
Continue north on Coyote Lake Road for 3.0 miles to the Faultline Picnic Area on the right. Park in
the picnic area if space is available. The destination of stop two is a 0.2 mile walk north along Coyote
Lake Road.
Note: A space large enough for a bus to park is located just past a ravine that crosses the road in which
the volcanic rocks are exposed. Either park at the Faultline Picnic area or use the limited parking near
the ravine about 0.2 miles past the picnic area. A short trail leads down to the shore where outcrops are
exposed. Be cautious of poison ivy in this area!
What to look for: Miocene volcanic rocks (basalt) are exposed in outcrops along the road and along
the shore of the lake (fig. 14). The rock has the appearance of an old a'a style lava flow. Look for small
crystals (phenocrysts) in the basatt.'The phenocrysts consist of olivine (dark green to dark brown) and
orthoclase feldspars (yellow-orange to gray) that in some cases show crystal zonation.
Be sure to look for the tree along the side of the road that has its root system exposed along a crevasse
in the rock (fig. 13). The tree illustrates the powerful weathering and erosion forces that biological
activity (expanding tree roots) can cause in the surfacf environment.
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Figure 13. This tree on an outcrop of
volcanic rock illustrates the forces that
biological activity can contribute to the
weathering and erosion of bedrock.

Figure 14. Volcanic rocks of Pliocene
age crop out along the shoreline in the
vicinity of Lookout Point. The basaltic
rock contains small crystals of olivine
and zoned orthoclase feldspar. Other
volcanic rocks in the area contain an
abundance of gas vesicles that locally
contain opal, quartz, chalcedony, and
zeolite minerals.

Stop 3. Lookout Point Picnic Area
How to get there: Continue north on Coyote Lake Road for 0.4 mile. Park at the Lookout Point Picnic
Area on the right.
What to look for: Walk down the road about 0.1 mile to the north. Boulders and outcrops of
serpentinite are exposed along the road (fig. 15). Note that the red-barked shrub tree, Manzanita thrives
in this area with soil primarily derived from the serpentinite bedrock. Serpentinite is exposed along the
road for about the next half mile to the north. Boulders of serpentinite cover the shoreline of Coyote
Lake and locally crop out amongst grasslands on the hills to the west.
About 0.1 miles from the Lookout Point Picnic a road cut has exposed a rock surface covered with
slickensides (a striated fault surface) on the serpentinite. The fault plane is steep dipping about 85
degrees to the west. Slickensides on the fault surface dip about 45 degrees to the south. The
slickensides are slowly vanishing due to surface weathering but some are still well preserved at the
base of the outcrop (fig. 16).
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Figure 15. Weathered boulders and
outcrops of serpentinite melange are
exposed along the park road near the
Calaveras Picnic Area.

Figure 16. This bedrock exposure created
during the construction of the park road
preserves a fault plane surface with
slickensides and chatter marks. Can you
see which way the relative motion of the
fault would be in this image? The knife is 1 O
inches for scale.

\
Stop 4. Calaveras Dam
How to get there: Continue north 1 mile on Coyote Lake Road to the parking area for the dam at the
end of the road.
What to look for: The dam is situated in a narrow part of the Coyote Creek Canyon. Coyote Dam is
close to the location of the epicenter of the M5.9 Coyote Lake earthquake of 1979. The area also
experienced heavy shaking during the M6.2 Morgan Hill earthquake of 1864. The Calaveras Fault
crosses the parking area just west of the dam (see fig. 6). Examine the different rocks exposed in the
dam area including the Cretaceous shale, sandstone, and conglomerate units on the east side of the dam
and the Franciscan Complex sheared rock, greenstone, and serpentinite on the west side of the dam.
Dam facts: Coyote Dam and Reservoir is one of six original reservoirs approved for construction by
voters in May 1934. The original dam design had to be changed when it was learned that it is within
the Calaveras Fault zone. It required an extra year to complete construction in 1936. Coyote Dam is a
980-foot (300 m) long, 140-foot (43 m) high, earth and rock dam. The reservoir capacity is 23,244
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acre-feet of water and its surface area is 635 acres. The Santa Clara County Water District owns and
maintains the dam. The Santa Clara County Parks and Recreation Department are stewards of the
4,448 acres (18.0 km2) of land surrounding the lake.
Figure-17. This view of the downstream
side of Coyote Dam shows the boulder
rubble materials used in the
construction of the earthen dam. The
outcrop in the foreground is Franciscan
melange consisting of serpentinite and
greenstone (metabasalt), whereas rock
exposed on the opposite (east side) of
the dam consists of Cretaceous age
conglomerate. The slope exposed
beyond the spillway consists of
Cretaceous-age gray shale with thin
sheets of sandstone.

Figure 18. This block of locally-derived
Cretaceous conglomerate contains an
abundance of granitic rocks. The
granitic and quartzite clasts in the
conglomerate have no known local
source. These clasts were probably
stream gravels derived from source
areas that were originally associated
with the southern Sierra Batholith
region-far to the south, and long
before the formation of the modern San
Andreas Fault system).
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Figure 19. This view looking south
along the canyon of Coyote Creek
shows the high upland area of the
Diablo Range in Henry Coe State Park.
An old erosional surface forms a step
like bench near the high part of the
ridge on the right. On the left,
landsliding and colluvium mostly
obscure the trace of the Calaveras
Fault. However, in some areas the
difference in bedrock characteristics,
the soils derived from the bedrock, and
the vegetation that the soil supports
often provide visible clues that help
reveal the trace of the fault.

Stop 5. Harvey Bear Ranch Entrance
How to get there: Drive south on Coyote Lake Road and exit the park. Turn right on Roop Road.
Turn right into the Harvey Bear Ranch entrance to the park (fig. 20) and proceed to the trailhead
parking area.
What to look for: Walk at least as far as the large landslide exposed on the right of the trail just east
of the mountain front (fig. 21). Note the perennial springs associated with the landslide complex. The
trail continues past the landslide to the ridgeline along multiple routes. Exposures of Packwood
Gravels and basaltic rocks are partly exposed in cuts along the trail and small canyons on the slopes
along Coyote Ridge (figs. 22 and 23).
Figure 20. The Harvey Bear Ranch
entrance is located on the alluvial plain that
gently drains slopes away from the
mountain from of Coyote Ridge.
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Figure 21. This landslide complex is
associated with perennial springs along the
lower slopes of Coyote Ridge. Volcanic
rocks and poorly consolidated elastic
sediments underlie the grassy slopes east
of the ridgeline. The Santa Clara Valley is
about 500 feet (130m) lower than the
spillway of Coyote Dam and the upper
alluvium-filled valley of Coyote Creek
upstream of the reservoir (see figs. 11 and
12).

Figure 22. Slopes along Coyote Ridge are
locally covered with blocks of basaltic
volcanic rock. Elsewhere Pliocene stream
gravels are exposed along the slopes (see
fig 23). Uplift along the Calaveras Fault and
associated range-front faults have produce
elevated terraces and sidehill benches
along the western side of Coyote Ridge.

Figure 23. Exposure of the Packwood
Gravels (Pliocene to early Pleistocene age)
exposed in a park trail cut on Coyote Ridge.
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Anderson County Park
Anderson County Park is the site of Santa Clara County's largest reservoir. In addition to boating and
fishing, the park also features several miles of hiking trails that are ideal for a geology field trip. Picnic
areas are located at Woodchoppers Flat (Stop 6) and along Coyote Creek downstream of the dam,
including at the Oak Grove Group Area (Stop 7; see fig.I).
Hours and Fees: The Park is open year-round from 8 a.m. until sunset. Vehicle entry fees are
collected at Anderson year-round.
Dam Facts: Anderson Reservoir is the largest man-made lake in Santa Clara County. The earthen
dam's height is 235 feet (72 m). The reservoir's surface area is 1,271 acres; the lake is seven miles
long, and it can store 90,373 acre-feet of water. The reservoir is within the 3,144-acre county park The
dam and reservoir was named for Leroy Anderson, a founder and first president of the Santa Clara
Valley Water Conservation District. It was built in 1950 on what was a 500-acre dairy and cattle ranch
along Coyote Creek. Some of the water from Anderson Reservoir is Qiverted to a South Bay water
treatment facility for municipal use. The rest flows downstream to a series of percolation ponds to
refill the sand and gravel aquifer that underlies much of the valley. Currently, the stream only flows all
the way to San Francisco Bay during floods and prolonged wet periods.
Geologic Setting: Anderson Lake fills the lower canyon of Coyote Creek and San Felipe Creeks
where they merge in the rift valley of the Calaveras Fault. The mouth of Coyote Creek Canyon divides
the shutter ridge system west of the fault: Coyote Ridge is to the south, and Yerba Buena Ridge is to
the north. Over a period of several million years, the mouth of Coyote Canyon (location of Anderson
Dam) has migrated northward along the shutter ridges on the west side of the Calaveras Fault. The
mouth of the canyon was originally located at what is now the south end of Coyote Reservoir when the
Diablo Range began to rise about 4 million years ago and erosional downcutting restricted Coyote
Creek �o its current channel in the uplifted region.
Uplift versus erosion: The streru;n network in Santa Clara Valley bas been affected by the regional
tectonic fotces shaping the regional landscape. The primary streams draining into the northern Santa
Clara Valley are Coyote Creek and Llagas Creek. Llagas Creek drains into the valley just to the north
of El Toro Peak in Morgan Hill. Both Llagas Creek and Coyote Creek drain across large alluvial fans
where they issue from the mouths of their mountain canyons. Over time, the two streams' alluvial fans
have coalesced in the valley in the vicinity of what is now Morgan Hill. In historic times, the stream
channel of Coyote Creek has shifted, sometimes merging with Llagas Creek to flow south to the Pajaro
River (near San Juan Bautista) and eventually into Monterey Bay. Today, Coyote Creek flows into San
Francisco Bay. Both streams are now dammed and their stream channels are stabilized.
Regional stream drainage system: The interplay of stream drainage development with active faulting
and tectonic uplift creates an unusual drainage system for the Santa Clara Valley. The two principal
stream drainages of the valley are Coyote Creek (that drains to southern San Francisco Bay) and the
Pajaro River (that drains into Monterey Bay). The Pajaro River drains through a nearly 1,000 foot-deep
canyon near where it crosses the San Andreas Fault at Pajaro Gap along Highway 152 West (southwest
of Gilroy)(Stoffer, 2006). The canyon that Coyote Creek drains through to the north is about 200 feet
deep where bedrock seems to be rising at a large anticlinal fold at the region between Morgan Hill and
south San Jose (in the vicinity of the Coyote Hills). Both drainages have been heavily modified by
water diversions for municipal and agricultural uses, and channelization for flood control. Today, the
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Pajaro River is a very small stream compared to the extent of its drainage basin. During dry years, the
creek no longer flows all the way to the ocean. Before historic development, large portions of the
southern Santa Clara Valley were covered with wetlands and marshes. Agricultural practice has been
to divert and manage streams in the valley, but the groundwater table is not far below the surface. Prior
to development, the Santa Clara Valley had numerous swampy areas with numerous ephemeral and
perennial ponds. Even today, many undeveloped areas become ephemeral ponds in the winter rainy
season, including a number of sag ponds along the Calaveras Fault in the region where the Calaveras
Fault emerges from the Diablo Range and extends southward into Hollister.

Stop 6. Woodchoppers Flat
How to get there: Woodchoppers Flat is on East Dunne Road (the access road to the headquarters for
Henry Coe State Park from Highway 101).
Tum left on New Road as you leave the trailhead access drive at the Harvey Bear Entrance
(Stop 5).
In 0.6 miles, New Road turns left and becomes East San Martin Avenue.
In 0.4 miles, turn right at Foothill Road.
In 1.9 miles, tum left at Maple Avenue.
In 0.4 miles, turn right at Hill Road.
In 1.0 miles, tum right on East Dunne Road.
Continue about 4.0 miles on East Dunne Road and cross the bridge over Anderson Lake (Coyote
Creek). Woodchopper Flat Picnic area is on the left by the lake shore about 0.5 mile past the bridge.
What to look for: Woodchopper Flat Picnic Area is almost directly on the Calaveras Fault, but the
fault is masked by a large, partially· active landslide complex (see fig. 25. Active landsliding in the
vicinity has the road under nearly continuous reconstruction year after year. The chaotic surfaces of
older landslide deposits are visible throughout the area. To the south, the Cal�veras Fault crosses East
Dunne R�ad in the vicinity of some serpentinite outcrops on the west side of the iron bridge (figs. 26
and27) . The fault extends north under Anderson Lake and emerges on the eastern shore near
Woodchoppers Flat where it continues onshore northward into a saddle area within the rift valley on
the west side of Mt. Hamilton (in Joseph Grant County Park)(Wentworth and others, 1998).
Many different rock types excavated in the construction of Anderson Lake are on display around the
Woodchoppers Flat parking area (fig 28.). Look for examples of Mesozoic Franciscan Complex rocks
(greenstone [metabasalt], greywacke sandstone, serpentinite, and chert) as well as late Cenozoic
volcanic rocks (basalt and hydrothermally altered rocks) and travertine (spring deposits). Bedrock
exposed along the shore at Woodchoppers Flat consists of weathered Cretaceous shale and sandstone
that locally contains concretions and septarian nodules. These Cretaceous sedimentary rocks are prone
to landsliding, particularly in the vicinity of the Calaveras Fault (figs. 28 and 29). Farther north along
the shore Plio-Pleistocene loosely consolidated gravels and interbedded sand are exposed (figs. 31 to
33). These sediments, called the Packwood Gravels, underlie the lower grassy slopes at the base of the
high ridge to the east. The Calaveras Fault zone cuts through this area where the Packwood Gravels are
preserved within its rift zone.
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Figure 25. Aerial view of the Woodchoppers Flat area in Anderson County Park (image modified from Google
Maps satellite view, 2008). The probable location of the active trace of the Calaveras Fault is shown in red,
however, other faults associated with the fault zone are inferred to cross through the area (see Wentworth and
others, 1998 fault locations on fig. 6).
Figure·2s. View looking north along
Anderson Reservoir along East Dunne
Road (the access road to Henry Coe
State Park headquarters).,
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Figure 27. This iron bridge that spans
Coyote Creek (now Anderson Lake) is
built in the vicinity of the Calaveras Fault.
The bridge was nearly destroyed by the
M6.2 1984 Morgan Hill earthquake.

Figure 28. Woodchoppers Flat parking.
area is surrounded by local rock samples
collected during construction of the
reservoir. Rocks include common
lithologies of the Franciscan Complex,
including serpentinlte, metabasalt,
greywacke sandstone and conglomerate,
chert, and silica carbonate rock. Large
blocks of spring deposits (travertine) are
also present.

Figure 29. During low water in the
reservoir, the landscape at Woodchopper
Flat preserves a "deranged" landscape
typical of areas where massive landsliding
is taking place. A large landslide complex
(containing both ancient and modern
active slumps and landslides) occurs
along the mountain flank and slope on the
east of the reservoir. Landslide deposits
mask the trace of the Calaveras Fault for
much of the extent of Coyote Creek in the
vicinity of Coyote and Anderson Lakes.
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Figure 30. The road to Henry Coe State
Park is in a nearly continuous state of
construction because of ongoing
landsliding.

Figure 31. This view along the shore of
Coyote �ke looking south toward the
Woodchopper Flat area (roughly two
miles distance). Massive deposits of
cobbles are exposed along the lakeshore
weathering from poorly consolidated
Packwood Gravels that underlie the
eastern shore of the reservoir.

Figure 32. lnterbedded layers of gravel
and cross-bedded sandstone of the
Packwood Gravels are locally exposed
along the eastern shore of Anderson
Lake. This exposure is about 3 miles
north of Woodchopper Flat.
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Figure 33. "Older" (late Miocene to early
Pliocene) sandstone, conglomerate, and
red mudstone are exposed as steeply
dipping layers along the shore of
Anderson Lake. These exposures are on
the west side of Anderson Lake about 2
miles north of Woodchoppers Flat.

Stop 7. Live Oak Group Area
How to get there: The Live Oak Group Area parking lot is on Cochrane Road about 2.5 miles east of
Highway 101 in Morgan Hill. A day-use pass for each vehicle is required to park in the lot.
From Stop 6 at Woodchoppers Flat, drive east 3.0 miles on East Dunne Avenue.
Turn right on Hill Road.·
In 1.5 miles turn right on East Main Avenue.
In 0.3 mile bear left on Cochrane Road.
Proceeded 1.5 miles (pass the park entrance and the dam) to the Live Oak Group Area Parking on the
right.
What to look for: Anderson County Park provides spectaular views of the Calaveras Fault rift valley
and the Santa Clara valley. Coyote Creek below Anderson Dam flows through par�and that is now
partially restored raparian habitat (figs 34 and 35). Franciscan Complex rocks (greenstone and chert),
serpentinite, silica carbonate rock, and volcanic rocks are exposed along the Serpentine Trail where it
winds past the dam spillway (figs. 36 to 38). Faults and cinnabar-bearing serpentinite and silica
carbonate rock are exposed along the shoreline near the dam (fig, 39).
Morgan Hill area: The vicinity of Anderson Reservoir and the surrounding Santa Clara Valley near
Morgan Hill are very visible from the top of Anderson Dam and from an overlook at the hilltop south
of the dam (figs. 40 to 42). There is no "Morgan Hill." The high peak above the town of Morgan Hill is
called El Toro (The Bull in Spanish). El Toro is 1002 feet high at its peak. The foothill country on the
north side of the Santa Cruz Mountain encompassing El Toro is underlain by a large crustal block
called the Permenente Terrane .In this region underlain by the Permenente Terrane, the bedrock
consisting mostly of Cretaceous-age limestone, chert, and volcanic rocks that has been altered and
metamorphosed to varying degrees. Hydrothermally altered chert and, volcanic rocks in the Morgan
Hill area is the host to varieties of the "poppy jasper'' (a popular local cutting stone; fig. 43).
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Figure 34. Satellite image map of the Anderson Dam area (modified from Google Maps, 2008). Fault locations
are inferred from Wentworth and others, 1998) and are locally observable on the ground particularly along the
shoreline of the reservoir.
Figure 35. Coyote Creek in the vicinity
of the Live Oak Group Area in Anderson
Park downstream of the· dam.
Construction of the dam has basically
halted the primary source of sediments
that would otherwise have continued to
accumulate in Santa Clara Valley.
Today, those sediments accumulate in
the reservoirs upstream. Water flow is
now tightly managed of the Santa Clara
County Water District.
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Figure 36. This large block along
Coyote Creek below Anderson Dam is
an example of the silica-carbonate rock
in a local volcanic host rock, probably of
Miocene or Pliocene age.

Figure 37. A small, spring-fed waterfall
in the spillway for Anderson Dam. The
large outcrop area consists almost
entirely of complexly folded and faulted
bedrock (melange) of Jurassic ribbon
chert and greenstone (metabasalt).

Figure 38. The Serpentine Trail
connects the top of the dam with the
Live Oak Group Area. The trail provides
access to the spillway. The dam area is
an excellent location to observe how
different plant species are adapted to
the different types of soils derived from
the local bedrock types.
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Figure 39. Faults, serpentinite, silica
carbonate rocks, and volcanic rock are
well exposed along the shoreline south
of the spillway. Use caution when
walking along the unmaintained
shoreline trail.

Figure 40. This view is looking down
toward the earthen Anderson Dam from
the hilltop south of the dam. Coyote
Creek drains northward (to the right)
into San Francisco Bay. In the historic
past, the course of Coyote Creek has
periodically change and the Coyote
Creek stream channel has migrated
across its alluvial fan spreading from
the canyon now occupied by Anderson
Dam. In the past, Coyote Creek has
drained into the Pajaro River that drains
into Monterey Bay at the south end of
the Santa Clara Valley.

Figure 41. This view is looking west
toward Morgan Hill from the top of
Anderson Dam. El Toro is a thousand
foot high peak of mostly limestone,
chert, and volcanic rock that rises
above downtown Morgan Hill in Santa
Clara Valley. Loma Prieta Peak is to
the right along the high Sierra Azuf
Ridge that forms the crest of the Santa
Cruz Mountains.
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Figure 42. This sag pod is along the
ridgeline south of Anderson Dam. The
pond, located in a modified sag area.
The sag area is either associated with a
young fault cutting through the area, or
may be the upper ( escarpment) end of
a deep-seated slump.

Figure 43. An example of Morgan Hill
"poppy jasper" (sample photographed
with permission from the El Toro
Brewing Company).
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