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Abbreviations 
 

Fm: Formation 
SAF: San Andreas Fault (active trace) 
SAFZ: San Andreas Fault Zone 
 

ROAD LOG 
 

INTRODUCTION 
 

This field trip starts in the southern part of the Central Section of the SAFZ and ends in the middle 
of the Big Bend segment. These sections of the fault are summarized by Sylvester and Crowell 
(1989:T309:1-2): 
 
The San Andreas fault system has been subdivided into five major segments (FIG. 3) based on 
the size and type of historic earthquakes generated in those segments (Allen,1968). The central 
segment is straight, narrow, and parallel to the plate motion vector. The active strand of the San 
Andreas fault is contained almost entirely within the Mesozoic ophiolitic rocks of the Franciscan 
Complex in this segment. Aseismic fault creep, having a maximum rate of 35 mm/yr over at least 
the last 25 years, is characteristic of this segment. Creep diminishes to zero at each end of the 
creeping segment where it joins the adjacent bent, locked segments. Earthquakes having 
magnitudes less than 6 are common in the creeping segment, and some oceanic Franciscan 
Complex, and the fault zone is curved, correspondingly wider, and structurally more complex 
(FIG. 1). The largest historic earthquakes in the San Andreas fault system, those of 1857 and 
1906, occurred on these segments. The return frequency of paleo seismic earthquakes in these 
segments is about every 150-300 years, with a range of about 70-300 years. Thus, these 
segments are thought to "lock" and build up sufficient strain to generate infrequent, major 
earthquakes. Northwest and southeast of the locked segments, several major faults splay from 
the San Andreas fault (FIG. 3). Historic earthquakes are more frequent and smaller in each of 
these splayed domains relative to the locked segments of the fault system, but they are larger and 
less frequent than those in the creeping segment. Aseismic horizontal creep has also been 
documented on several of these faults, but at rates that are from a tenth to a third of the maximum 
rate measured in the central segment. 
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From Sylvester and Crowell, 1989:T309:002 
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From Sylvester and Crowell, 1989. T309:004 



 

 

 
 4 

GENERAL DESCRIPTION OF SAN ANDREAS FAULT 
 
The SAFZ has a total length of 740 miles (1200 kilometers) of which over 600 miles (960 
kilometers) are located in western California.  The fault extends south from Shelter Cove in 
Humboldt County, through Daly City, the Coast Ranges, the Carrizo Plain, around the "Big Bend" 
at Frazier Mountain, through to the Salton Sea in the southeastern part of the state, and on into 
the Gulf of California.  Consisting of a series of parallel faults, the zone is from several hundred 
yards to a few miles wide.  The San Andreas is classified as a right lateral strike slip fault.  No 
matter which side of the fault a person is facing, the fault's motion is to the right (Hill, 1981). 
 

GEOLOGIC HISTORY OF THE SAN ANDREAS FAULT 
 
Before the advent of the San Andreas Fault system, the North American Plate and the Farallon-
Pacific Plates were adjacent to each other.  The last remnant of the Farallon Plate, now called the 
Gorda-Juan de Fuca Plate, is located off the coast of Oregon-Washington.  The plates formed 
continental lithosphere at mid-ocean ridges with the subduction of the Farallon Plate occurring 
beneath the North American Plate.  As the subducted crust descended beneath the trench, pieces 
of the crust became attached to the accretionary forearc slope basin (Franciscan Melange).  The 
remnant forearc basin is the Great Valley sequence.  The eroded arc massif (root zone of the 
former volcanic arc) is the Sierra Nevada batholith. 
 
As the subduction of the Farallon Plate occurred faster than the continental lithosphere was 
created, the Farallon-Pacific Plates spreading center was swallowed by its own trench.  The 
subduction of the spreading zone began at the Mendocino Triple Junction, then located near Los 
Angeles.  The junction has since migrated to the north to Mendocino and south past Baja 
California as more of the spreading center was subducted.  The transform strike-slip San Andreas 
Fault is the boundary of the former spreading center-trench system. 
 

SALINIAN BLOCK 
 
To the west, the block located between of the San Andreas Fault system and the Sur-Nacimiento-
Rinconada Fault system is the Salinian block.  Originally, the displaced "exotic" Salinian block 
was attached to the mainland of Mexico.  The forces of the San Andreas detached the block from 
Mexico and have transported the block northwestward along the "San Andreas Fault" on the 
western margin of the Pacific Plate a distance of over 200 miles (320 kilometers). 
 
The basement of the Salinian block is composed of granitic rocks, a stable continental crust, 
overlain by recent and Tertiary sediments.  Most of the young sediments covering the southern 
coastal range suggest relatively stable, shallow sea deposition, subsequent uplift, and erosion.  
Within the Salinian block most petroleum resources are found in Miocene rocks within the Salinas 
and Cuyuma basins. 

 
RECOGNITION OF THE SAN ANDREAS FAULT 

 
In the early 1890's a geologist, Andrew Lawson, sailed from Los Angeles to San Francisco.  By 
observing the linear nature of the coastline, he arrived at the conclusion that faulting was a major 
structural feature within the state.  In 1895, Lawson applied the name, San Andreas, to a 
recognized fault zone containing the manmade San Andreas Lake located south of San 
Francisco.  Within the state, other names were used for various other segments of this same fault.  
Not until after the 1906 San Francisco earthquake was the San Andreas Fault recognized as a 
continuous regional subsurface structure of major importance and the name was applied to the 
entire zone.  The mismatch of adjacent sides of the San Andreas Fault was thought to be 
because of vertical displacement.  Horizontal displacement was calculated to be from 1 mile (1.6 
kilometers) to 25 miles (40 kilometers) (Hill, 1981). 
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Geologists, Mason Hill and Thomas Dibblee, in 1953, proposed a 
controversial hypothesis based on matching similar rock types, 
fossils, and subsurface structures of the two opposing plate sides.  
The new hypothesis was that the San Andreas (this included 
movement along all the pre-San Andreas Faults-Elsinore, San 
Jacinto, San Gabriel, and Sur-Nacimiento) has experienced 
horizontal displacement of 350 miles (560 kilometers) with little 
vertical displacement (Hill, et al, 1953). 
 
 
 

 
 
Thomas Dibblee 
 
For example, the Miocene Pinnacles Volcanics Formation has been displaced to the northwest 
horizontally along the San Andreas 197 miles (315 kilometers) from the chemically and 
structurally compatible Miocene Neenach Volcanics Formation.  Another example of displacement 
is the Salinian Block adjacent to the west.  Before displacement the "exotic" Salinian block was 
attached to the mainland of Mexico, but because of the forces of the San Andreas and time was 
detached and migrated northwestward (Dibblee, 1989).  
 
In the early 1960's, a new theory was advanced, which further supported Hill and Dibblee's 
concepts.  The new theory was that midoceanic ridges similar to the Atlantic ridge with spreading 
zones are the places where magmas rise from the mantle and spread laterally to produce new 
oceanic/continental crust.  Eventually the crust is subducted into trenches located at plate 
boundaries.  In the absence of a trench, a transform fault forms the boundary between two plates.  
The San Andreas is a transform fault and a shear boundary between the northwest moving Pacific 
Plate and the west moving American Plate.  (A transform fault is defined as a strike-slip fault that 
describes the relative motion of two plates slipping past one another.) 
 
 

MAP 01: HOLLISTER TO TRES PINOS 
 
The Hollister to Parkfield segment of the San Andreas fault is described in the guidebook by 
David Lynch. He describes this segment this way: 
 
[This segment of the San Andreas fault gives good exposures of] Franciscan Melange. The 
serpentine, chert,graywacke  sandstone  and  pillow  basalts  date to  the Cretaceous. although 
the mountains themselves arc much younger, having started uplifting less than five million year 
ago in Pliocene times. We will see many mountain ranges ending up in… [Parkfield] … between 
the southern Diablo Range to the east and the Gabilan Range to the west. Both arc NW trending 
with long narrow valleys between them. All of the coast Ranges in this area are pressure ridges 
that are aligned almost - but not quite - with the plate boundary. The San Andreas Fault strikes 
N43W, slightly more westerly than the N 6W striking mountain ridges. and thus the fault cuts 
through them obliquely from southeast to northwest. As result of following the fault, we will gain   
and lose considerable elevation. (Lynch, 2005:133-134) 
 
0.0 Intersection of 4th Street and San Benito Road in Hollister (Site #1) 

 
HOLLISTER  (STOP #1). 

 
The Mutsun Ohlone Indians were the first known inhabitants of the Hollister region. 
The town, then located in Monterey County, was founded November 19, 1868 when the San 
Justo Homestead Association purchased the property from William Welles Hollister (1818–1886). 
Undecided about a name for the new town, an association member, Napa vintner Henry Hagen, 

http://en.wikipedia.org/wiki/Mutsun
http://en.wikipedia.org/wiki/Ohlone
http://en.wikipedia.org/wiki/Native_Americans_in_the_United_States
http://en.wikipedia.org/wiki/Rancho_San_Justo
http://en.wikipedia.org/wiki/Rancho_San_Justo
http://en.wikipedia.org/wiki/William_Welles_Hollister
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was tired of Saint and Spanish names in nearby towns and suggested the name Hollister. The 
City was incorporated on August 29, 1872. The western portion of San Benito County, including 
Hollister, was separated from Monterey County in 1874. The county was expanded eastward in 
1887 to include portions taken from Merced and Fresno Counties (Wikipedia, July 23, 2012). 
 
The town of Hollister lies on the northeastern edge of the SAFZ. From Hollister, the active part of 
the fault places Pliocene marine sediments to the east against Mesozoic granite to the west. The 
granite is Saline Block granitoids with limestone roof pendants, similar to the rocks found in the 
Sierra Nevada. The Saline Block is a portion of the southern California Batholith that broke off and 
has been transported northward on the San Andreas Fault. 
 
The City of Hollister is situated on the south end of the Calaveras fault near its junction with the 
San Andreas fault (FIG. 71). The surface trace of the Calaveras fault can be readily discerned by 
mapping dextral bends and offsets in concrete curbs, sidewalks, street slabs, walls, and building 
foundations.  Look for narrow zones of en echelon fractures which are prevalent in asphalt street 
surfaces over the fault trace. Notice how many sidewalks are buckled, and several curbs are 
rotated or pushed out into the street at corners and at house walkways where sidewalks are 
oriented parallel to the shortening direction (Sylvester and Crowell, 1989:T309:105) 
 
The slip rates are variable in time and space (Rogers and Nason, 1971). Movement did not occur 
between 1910 and 1929, judging from the amount of offset in two sidewalks that were laid in 1910 
and 1929, and in a pipeline laid in 1929. Creep commenced sometime after 1929 and averaged 8 
mm/yr.  Between 1961 and 1967, the slip rate was about 15 mm/yr. Since 1979 two sites have 
been monitored in Hollister, one showing 6.6 mm/yr and the other, only 2.3 km to the northwest, 
creeps 12 mm/yr - the fastest rate of movement measured across any fault in the San Francisco 
Bay region (Galehouse, 1998 in Sylvester and Crowell, 1989:T309:106) 
 
From the courthouse, go east two blocks on 4th Street to Cienega Ave. Go south two blocks 6th 
street, turn right and go west to Dunn Park. 
 
0.6 DUNN PARK 
 
A good area of the city to see evidence of fault creep is at Dunn Park. 
 
 
Just northwest of the DeRose Vineyards. the San Andreas Fault continues into the Hollister Hills 
State Vehicular Recreation Area and into land owned by the Mission San Juan Bautista. There is 
no through-going road.  so  we  turn north to Hollister  where the Calaveras Fault is slowly splitting 
the city in hall. The Calaveras fault is "creeping'". i.e. moving moreor-less continuously  all the 
time. As a result. patching it is pointless and the earmarks of creep are obvious several blocks 
north and south of the park. Don't be surprised it you run into a geology class visiting the area 
(Lynch, 2005:135) 
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Map of Calaveras Fault Zone in City of Hollister. From Rogers and Nason (1971).From (Sylvester 
and Crowell, 1989:T309:105). 
 
 
Go to Dunn Park on Eighth Street in Hollister. Search streets between Eighth and Fourth Streets 
and between Powell and Westfor curb offsets and sidewalk bends. (Sylvester and Crowell, 
1989:T309:105). 
 
0.0 Return to Eighth Street and Cienega Avenue. Reset Odometer 
 
1.5 Union Road. Turn west (right) 
 
1.8/0.0 Reset Odometer. Turn south (left) on Cienega Road. 
 
8.6 De Rosa Winery (site 01.2). 
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FAULT CREEP AT THE DE ROSA-CIENEGA (ALMADEN) WINERY 

 
The route proceeds up a valley which, before being drained, was the "cienega" or swamp for 
which the land grant "Cienega del Gabilan" (Swamp of the Hawk) was derived.   A remnant of the 
original swamp is present north of the winery.   The swamp and others like it in Cienega Valley 
are sag ponds in the fault zone (Sylvester and Crowell, 1989:T309:105).  
 
The Cienega-Almaden winery is the site of a plaque proclaiming the San Andreas fault as 
Registered National Landmark. Look for it on an exterior brick wall of the tasting room. The main 
building of the winery, which houses the fermenting tanks, is locate directly on an active trace of 
the San Andreas fault (FIG. 70) It was constructed in 1948 and has been offset progressively at a 
rate of about 12 mm/yr since 1958. The fault damage was first noticed in 1956 when concrete 
floor slabs and walls had been dextrally offset nearly 100 mm. Creepmeters show that most of the 
displacement occurs as "creep events" lasting from several days to a week. (Sylvester and 
Crowell, 1989:T309:105). 
 
Two earthquakes, M 5.6 and 5.5 occurred in Cienega Valley on 8 April1961, causing major 
damage to the winery buildings. A 15 m-long fissure was observed about 5 km from the winery. 
Several springs exist on the active fault trace north and south of the winery building, and a series 
of planks covering  one  of  them  has  been  rotated  about   15° counterclockwise, analogous to 
the way Luyendyk et al. (1985) visualized that the Transverse Ranges rotated in simple shear in 
southern California. Drainage ditches and vineyard rows are also dextrally  offset along the 
fault trace. (Sylvester and Crowell, 1989:T309:105). 
 

 
 
Site Map of Cienega-Almaden Winery Storage Cellar and Associated Features on Active Trace of 
the San Andreas Fault. From Tocher and Nason (1967). From Sylvester and Crowell, 
1989:T309:106. 
 
The San Andreas Fault runs straight up Cienega Road and right thought the main aging cellar of 
the DeRose Vineyards (formerly the Almaden Winery). The building is being sheared  in half and 
the damage is evident from the outside. Siding and plumbing protrude from the building that 
houses the National Natural Historic Landmark plaque. This is normally unavailable to the casual 
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visitor but if we buy some wine and ask nicely, maybe they will take us in to see it. The concrete 
floor has a crack running the  length of the building. There is also an offset concrete drainage 
channel just east of the cellar (Lynch, 2005:134). 
 

MAP 01.1 SIDE TRIP TO CIENEGA WINERY 
 
Continue on Cienega Road for 11.0 miles to return to Highway 25. 
 
Taking Highway 25 south from Hollister, the route passes through Quaternary sediments on the 
floodplain of the Salinas River. 
 
SLUMPS AND SLIDES 
 
 
Between CA-198 and Hollister there are a number of massive landslides. They are old and have 
been overgrown with  local brush or cleared for farming and grazing. They are evident as lumpy 
hills just below higher peaks that have a distinctly different texture. The contrast between the 
hummocky landslide and the smother steeply-eroded mountain faces is obvious. Most  landslides 
are triggered by heavy rains or earthquakes, but all would happen anyway as the uplifting 
mountains produce steep sided faces that eventually loose the war with gravity and collapse. 
One reason for the many landslides is the melange. It is not only heavily fractured to begin with. 
but serpentine's smooth faces are slippery and the rock cannot support large loads without sliding 
(Lynch, 2005:135). 
 
The following milages are taken from Dunn Park in Hollister. 
 

MAP 2.0 TRES PINOS TO PAIANCES RESERVOIR 
 
Tres Pinos (Site #2) 
 
6.3 Town limit Tres Pinos 
 
The town of Tres Pinos was originally located 5 miles south of the town of Paicines. The opposite is 
true today. The railroad was to build a line to Tres Pinos. By 1873 they made it to Paicines. So in 
1874 the names of the two towns were switched so the railroad could say they built a line all the 
way to Tres Pinos. 
 
In its heyday the town was not only the end of the railroad line but was also a stage coach stop. 
There was a Southern Pacific Hotel, rodeo grounds, grain barns, corrals, and many saloons, 
restaurants and even a brothel. The 19th Hole - a story of Golf and Rail. Back in 1846 when Tres 
Pinos was at its height of success, they built Bolado. People wanted and needed something to do. 
George Bolado, a maverick of his time only wanted to make his golf course 17 holes and call his 
bar the 18th hole so people would feel like they needed to "finish" their game. But his rival in town, 
Joesph Pinos built a bar first and called it the 19th Hole assuming that golf course would have18 
holes. Hence, the golf reference...no matter what Luis Says (Wikipedia, July 23, 2012) 
 
The town of Tres Pinos is on the northeast side of the San Andres Fault Zone (SAFZ). To the east 
of town are Eocene sediments of the Tres Pinos Sandstone which form a band along the foothills. 
To the east of these, rocks are stratigraphically older, and there Upper Cretaceous marine 
sediments. The Tres Pinos is equivalent to the Domengine Sandstone which hosts several gas 
fields southeast of Hollister.  A half mile east of Tres Pinos is the Tres Pinos Fault. That fault marks 
the eastern side of the SAFZ in this area. That fault separates Upper Cretaceous Panoche 
Formation to the east from the Tres Pinos Sandstone to the west. 
 
At the town of Paicines, Highway 25 crosses Tres Pinos Creek which is controlled by the eastern 
boundary fault of the SAFZ.  

http://en.wikipedia.org/w/index.php?title=Southern_Pacific_Hotel_Corporation&action=edit&redlink=1
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For the next 12 miles, Highway 25 crosses the SAFZ at an oblique angle. A pressure ridge rises to 
the southeast between Tres Pinos Creek and San Benito Creek. 
 
8.5  Bridge on Highway 25 at San Benito Creek (Site 02.1) 
 
Highway 25 meets the western boundary fault of the SAFZ when Highway 25 crosses San Benito 
Creek at this spot. This is the active trace of the SAF. Here it places Pliocene and Quaternary 
sediments to the east against Miocene continental sediments to the west. Directly west of this 
point is Mt Johnson, a granite peak. To the northwest of Mt. Johnson is Mt. Phails Peak. This 
peak is the site of the Qualty Iron Deposit. To the east, across Tres Pinos Creek, in the foothills of 
the Diablo Range is the Ingals Chromite Deposit hosted by Franciscan Formation Melange. 
Looking east to at this point, is Sugarloaf mountain, a mass of Jurassic Franciscan Formation, 
recognized as a separate mappable unit from the Melange member. 
 
Highway 25 continues along the west side of San Benito Creek and a few hundred feet west of 
the SAFZ, paralleling it between the San Benito Creek bridge and the northern end of Bear Valley. 
Where the South Fork of San Benito Creek meets the North fork of San Benito Creek, Highway 25 
crosses the SAF. Here the fault separates Piocene sediments to the east from Miocene 
continental and Miocene Monterey rocks to the west. Eocene rocks are juxtaposed against 
Quarternary sediments to the east near Site #3.. 
 
11.4 Settlement of Paicines. 
 
The town of Paicines was originally located 5 miles north of the town of Tres Pinos. The opposite 
is true today. The railroad was tasked to build a line to Tres Pinos. By 1873 they made it to 
Paicines but did not wish to continue building more line. So in 1874 the names of the two towns 
were switched so the railroad could say they had filled their commitment to built a line all the way 
to Tres Pinos (Wikipedia, July 23, 2012). 
 
 
11.5 Lake Paicines Reservoir (Site #03) is to the right (west). Swanson Bluff is to the north of 

the Reservoir. The east side of the reservoir marks the location of the Paicines Fault, and 
the west side marks the Calaveras Fault. 

 
MAP 03 PAICINES LAKE TO SAN BENITO CREEK 

 
After following the South Fork of San Benito Creek (Site #5) for 0.5 miles, Highway 25 turns to the 
left and follows the western boundary fault of the SAFZ along the western side of Bear Valley in 
Miocene marine (Tm, Monterey Fm), and later in Miocene continental sediments (Tcg,Unnamed 
alluvial fans). The active trace of the SAF is crossed at Site #06,  Site #07 is the Schmidt Ranch 
Diatomite Deposit (Tm, Monterey Fm), 
 

MAP 04 SAN BENITO CREEK TO DRY LAKE 
 
29.0/0.0 When Highway 25 meets the junction of Highway 146, turn southwest toward 

Pinnacles National Park. The rocks here are Tcg (Unnamed alluvial fans). Reset 
Odometter 

 
To view the Pinnacles Volcanics, turn left on Highway 146. 
 
Bear Valley extends to the northwest and also to the south along Highway 146 into the park. 
 
The road cuts through the Miocene terrestrial conglomerate of unsorted granitic detritus and minor  
rhyolitic detritus originating from the Pinnacles Formation.  
 

http://en.wikipedia.org/wiki/Tres_Pinos,_California
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1.0 The road cut exposes recent river sands and gravels. 
 
2.0 The Pinnacles Camp Ground. 
 
2.7 The Pinnacles National Monument Boundary. 
 
3.2 Cross Chalone Creek. At this point, the creek follows a fault that separates Tcg (Miocene 

Monterey alluvial fans) to the east from Td (Pinnacle Volcanics) to the west. The Chalone 
Creek Fault, the eastern boundary of the Miocene Pinnacles (Neenach) Formation, is buried 
under the creek alluvium. 

 
3.5 Pinnacles day use area. 
 
4.0 Visitor's Center turn off.   
 
Turn left and go west up Bear Gulch to the Visitor’s Center.   
. 
 
4.5 The Miocene Pinnacle (Neenach) Volcanics are in the roadcuts. 
 
5.0 STOP #2, SITE #8 VISITOR'S CENTER PINNACLES NATIONAL MONUMENT. 
 
The Pinnacles are located in the south part of the Gabilan Range. This small area of rough and jagged 
 topography is very conspicuous among the rolling grass-covered hills of this part of the Coast Ranges.  
 It has been a popular attraction since the late 18th century.  In 1794, George Vancouver, coastal  
explorer, took time to come by mule to the Pinnacles.  The Pinnacles National Monument was  
established in 1908, and developed with trails by the Civilian Conservation Corps (CCC) in the 1930's. 
 
The Pinnacles area is a picturesque region of jagged, cavernous, volcanic peaks composed of Late 
Miocene rhyolitic breccia, agglomerate, flow-banded lava, tuff, and obsidian intrusions and flows, with 
minor andesite and basalt flows. These rocks were intruded in and extruded above a wide range of 
granitic rocks containing roof pendants of biotite schists and marble of the Salinian block. The suite of 
volcanic rocks in the Pinnacles on the southwest side of the San Andreas fault have been correlated 
with the lithologically and temporally identical volcanic rocks of Lang Canyon near Parkfield (Sims, in 
Sylvester and Crowell, 1989) this volume) and the Neenach Volcanics (Matthews, 1976). (Sylvester 
and Crowell, 1989:T309:105). 
 
 Geology 
 
The Pinnacles Formation is a thick sequence of rhyolitic pyroclastic deposits, chiefly volcanic breccia, 
 with some tuff and agglomerate.  The formation was named for its exposure in the Monument, where 
 it reaches a thickness of 2600 feet.  The estimated total volume of the volcanic material originally  
erupted is 6-10 cubic miles (25-40 cubic kilometers).  All but three cubic miles (12 cubic kilometers)  
have been eroded.  The original height of the tallest volcanic is estimated to be about 8500 feet 
 (2580 meters) one mile higher than North Chalone Peak (elevation 3304 feet (1007 meters))  
the tallest peak in the Pinnacles Volcanic Formation. 
 
The Pinnacles are coarsely stratified, and consist almost entirely of angular fragments of rhyolite, 
 both flow banded and massive, averaging one to three inches in diameter in a tuffaceous matrix.   
Loose rock fragments range is size from ash to blocks six feet in diameter.  Some of the beds  
containing larger angular to rounded fragments could be called agglomerate.  The formation has  
seven recognized members.  In ascending order, these are the rhyolite member, the pumice 
 lapilli-tuff member, the andesite member, the agglomerate member, the dacite member,  
the porphyritic rhyolite member, and the rhyolitic breccia member. 
 
The geologic events of the volcanic sequence started with masses of rhyolitic lava erupting from at 
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 least five vents as flows from the older Santa Lucia quartz diorite.  During the eruptions, the  
magma varied form andesitic and basaltic to mainly rhyolitic.  Towards the end of the eruptive  
cycle, some of the vents became plugged, and periodic steam eruptions blasted out of the plugs.  
 
This formed the breccias which have remained in place as avalanche deposits.  The final color  
of the formation was dependent on the amount and chemical content of the steam (water) present  
at the time of the eruption. 
 
The Pinnacles Formation was overlain by the Miocene Monterey Formation and encased in a down 
 faulted block about six miles (10 kilometers) long and 2.5 miles (4 kilometers) wide.  The fault 
on the westside of the block is the north-south trending Pinnacles Fault and on the eastside  
of the block is the northwest-southeast trending Chalone Creek Fault.  The Chalone Creek Fault  
is generally interpreted as a early Miocene trace of the SAFZ.  The blockfaulting preserved the 
volcanic formation within the older Santa Lucia Quartz Diorite of the Gabilan Range. Starting in the 
Pleistocene, the exposed volcanics were eroded by weathering, producing the jointed spires, crags, 
and steep cliffs seen today.  In some places the joints have been enlarged into crevices, which have 
later been partially covered by large blocks tumbled from the cliffs on either side, to form caves. 
 
San Andreas Fault and Plate Tectonics at Pinnacles National Monument 
 
Similar geochemical and age characteristics have confirmed the correlation of three areas along  
the San Andreas at the Pinnacle Volcanics, the volcanic rocks of Lang Canyon near Parkfield, and 
 the Neenach Volcanics between Gorman and Palmdale.  The eruptions occurred about 24 million 
years ago.  The magmas were generated as the Mendecino triple junction migrated northward 
, and left behind a no-slab region that was filled by subcontinental mantle.  This source may have 
 recently been enriched in material from the passing subducted slab.  Pressure reduction initiated 
 melting to produce basalt which rose and interacted with the overlying crust to produce the more 
 evolved rocks. 
 

EXOTIC BLOCKS AT LANG CANYON 
 
The exotic block of volcanic rocks of Lang Canyon (FIG. 65) is composed of flow banded rhyolite, 
rhyolitic agglomerate, obsidian and perlitic obsidian. These rocks are identical in age, composition, 
and general stratigraphy to the Pinnacles Volcanics 165 km to the northwest and to the Neenach 
Volcanics 140 km to the southeast. The unit is fault bounded and unconformably overlain by friable 
quartz sandstone of the upper Miocene Santa Margarita Formation. On the west side of the synclinal 
axis, the Santa Margarita Formation is composed of coarse conglomerate containing clasts of flow-
banded rhyolite, purple amygdaloidal andesite, and granite (Sylvester and Crowell, 1989:T309:103). 
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FIGURE 65. Map of Exotic Blocks Correlated across the San Andreas Fault in Central and Southern 
California. Symbols: ERP, quartz hornblende gabbro of Eagle Rest Peak (Ross, 1970); GH - 
hornblende quartz gabbro of Gold Hill (Ross, 1970), also includes rocks of Eocene age correlated 
with rocks of the Tejon Formation in the San Emigdio Range (Sims, 1986); NV, lower Miocene 
Neenach Volcanics; LCV, lower Miocene volcanic rocks of Lang Canyon (Sims, 1986); LO, quartz 
hornblende gabbro of Logan; PV, early Miocene Pinnacles Volcanics; SJB, lower Miocene volcanic 
rocks near San Juan Bautista and Eocene to Miocene stratigraphic section correlated with rocks in 
the San Emigdio Range (Nilsen, 1984); TF, lower Miocene volcanic rocks of the Tecuya Formation 
and nearby rocks of the Eocene Tejon Formation. FROM (Sylvester and Crowell, 1989:T309:098) 
 
The Pinnacles are an excellent example of the measurement of horizontal displacement of  the San 
Andreas Fault.  Since the initial eruption of the common Pinnacles-Neenach Volcanics,the San 
Andreas has been offset about 197 miles (315 kilometers) from the Neenach rocks.  The Lang 



 

 

 
 14 

Canyon volcanics near Parkfield, a sliver of the Pinnacles Volcanic Formation left behind as the fault 
migrated northwesterly, is displaced about 59.5 miles (95 kilometers)  from the Pinnacles Formation 
and 137.5 miles (220 kilometers) from the Neenach Formation. 
 
 Mining Activities 
 
Prior to the establishment of the Monument, most of the Pinnacles National Monument was  located 
in the Melville Mining District.  The active period of the district was from the 1870's to the 1920's.  The 
lands within the Monument are withdrawn from mineral entry. 
 
The largest mining activity took place at the Melville Mine located the SW , Sec. 33, T. 16 S.,  R. 7 
E. at the western boundary of the Monument in the early 1880's.  The old townsite of Palisade  was in 
the SE  of the same section.  No production records were kept, but various state mineral reports 
indicate the mine was worked for copper, silver, mercury ore, gold, and molybdenum.  In 1921, the 
Melville Mine was surveyed and was found to be non-mineral in character. 
 
About one mile south of the Bear Gulch Visitor's Center in the SE1/4, Sec. 11, T. 17 S., R. 7 E., 
located about one quarter of mile apart were the Chalone and Defiance Claims.  These gold claims 
were developed between 1890 and 1896.  Two adits of 540 and 400 feet were developed on the 
claims before they were abandoned.  No production was recorded.  Mineral analysis, in the mine  
vicinities in the 1980's, reflected the presence of gold in the amount of 0.03 ounces per ton (to be  
profitable at today's prices, gold should be found in the amount of 0.1 ounces per ton). 
 
About four miles south of the Bear Gulch Visitors Center, about 1914, gold was found in andesite  
rocks.  Gold was also prospected and found in stream gravels located along Miner's Gulch to the  
southwest outside the Monument boundary.  Prior to 1920, about four miles south of the  
Bear Gulch Visitor's Center, the Vancouver Pinnacles Molybdenum Company drove a 50-foot  
long adit in a molybdenite-quartz vein.  No mineral production was recorded. 
 
About three miles to the northwest, near the western boundary of the Monument, was the location  
of the Copper Mountain Mine.  Workings consisted of two 10-foot adits and two open cuts an  
obvious copper ore zone.  No mineral production was recorded.  A sample of the rock from this  
mine was analyzed in the 1980's.  The sample indicated an enriched copper, lead, zinc, and arsenic  
content (a chemical pattern typical of epithermal gold and silver deposits related to calc-alkaline  
igneous rocks). 
 
An analysis of the Pinnacles Volcanics indicate the formation to be a calc-alkaline volcanic series  
enriched in arsenic.  Associated with the presence of arsenic is a higher than average potential  
for the presence of gold and silver deposits.  A through analysis of the mineral potential was made  
by the United States Geological Survey in the 1980's.  The result was that the Pinnacles Volcanic  
Formation has a low potential and source for gold and silver deposits. 
 
RETURN TO INTERSECTION OF HIGHWAY 25 AND HIGHWAY 146. Reset Odometer 
 

MAP 04. SAN BENITO CREEK TO DRY LAKE 
 
 
0.0. Turn right and head southeast toward San Benito. At the intersection, with the road leading north-
northeast to San Benito, look east to Bald Mountain. This is the site of the Butte and Cannon Mercury 
Mines. These mines are in a fault block of Upper Cretaceous Franciscan Formation on the east side of 
the SAFZ. 
 
3.5 Road to San Benito and the Jefferson School House. 
 
The settlement of San Benito (Site #09) is situated a mile to the east of the active portion of the SAF at 
the western side of the SAFZ.  The active part of the SAF occurs along Highway 25, where the 
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roadway makes a sharp turn to just north of the settlement. The fault here separates Pliocene marine 
sediments (Tn, Te Echegoin Fm.) to the east from Pliocene continental sediments (QTp, Paso Robles 
Fm.) to the west. South of San Benito, the roadway lies on the active trace of the SAFZ. 
 
At the south end of Bear Valley, Highway 25 leaves the active segment of the SAF and climbs uphill 
onto the North American Plate on Miocene Monterey Formation. On a bench up the hillside is a water 
tank built atop Miocene continental sediments. At this point, the hills to the east, on the east side of the 
SAF, are Cretaceous marine sediments (Panoche Formation).. 
 
The Bear Valley and San Andreas faults strike parallel to Highway 25, separating a sliver of Plio 
Pleistocene nonmarine rocks from white outcrops of upper Miocene arkose on the west, equivalent to 
the producing sandstone in the Bitterwater oil field, from middle and lower Pliocene marine strata on 
the east. Both of the faults are active as shown by frequent, small earthquakes in this area. (Sylvester 
and Crowell, 1989:T309:105) 
 
5.0  Sag Pond (Site #10) on the right to the west. 
 
Highway 25, south of the water tank, is on the west side of the active trace of the SAF. To the east is 
Dry lake in Dry Lake Valley. The depression on the left is usually a dry sag pond (Site #10), unless a 
period of heavy rainfall occurs.  Usually at least one border of the sag pond is a fault zone.  If the fault 
is a sealing fault, water is unable to migrate through the fault zone and is retained in the pond.  If not, 
the water drains underground into the surrounding ground. The surface trace of the SAFS is on the 
east side of the sag pond. 
 

MAP 05 DRY LAKE TO BITTERWATER LAKE 
 
9.2  Highway 25 and Topo Canyon 
 
At the intersection of Highway 25 and Topo Creek (Site #11), the creek makes and abrupt shift of 90 
degrees along a western strand fault of the SAFZ. An old water pump is on the left (west) side of the 
road. From Topo Creek, Highwy 25 goes southeast, up Little Rabbit Valley. Note the linear condition 
of this valley and another sag pond at Site #12. 
 
Hills west of the highway in Rabbit Valley consist of upper Miocene arkose that probably correlates 
with the producing formation in the Bitterwater oil field. Hills to the east consist of undifferentiated 
Pliocene sandstones. (Sylvester and Crowell, 1989:T309:105) 
 
The sequence of geologic features at Site #11, from east to west are: Te (Etchegoin Fm), eastern 
boundary of the SAFZ, QT (Paso Robles Fm), Tvs (Vaqueros Sandstone), Tm (Monterey Fm), Tmc 
(Monterey Fm conglomerate), and then Tcg (Unnamed alluvial fans). These are illustrated in the figure, 
below. 
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Geology at Site 11. From Dibbee, 2007, Geologic map of the Topo Valley Quadrangle. 
 
12.0 Highway 25 and Coalinga Road. Going southwest on the Coalinga Road will take you to the 

New idria Mining District. To the south of this intersection is the Bitterwater Oil Field and 
Bitterwater Cemetery (Site #13) 

 
 
State Highway 25 follows several northwest-trending valleys which parallel the San Andreas fault 
and other faults of the San Andreas fault system. Stops of opportunity will be made to study en 
echelon fractures in asphalt pavement which are manifestations of the active fault creep that 
characterizes the segment of the San Andreas fault between Cholame and San Juan Bautista. 
(Sylvester and Crowell, 1989:T309:105). 
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RESET ODOMETER IF YOU ARE GOING ON THE SIDE TRIP 
 

SIDE TRIP TO NEW IDRIA MINING DISTRICT 
 

MAP 06. BITTERWATER OIL FIELD TO HENANDEZ RESERVOIR 
 
The road to the southeast goes through the New Idria Mining District and ends in Coalinga.  The New 
Idria Mining District and its mining activities relating to mercury and asbestos are discussed below. 
The mercury mines of New Idria are in the New Idria Serpentine Massif. These mines were 
discovered in 1850 and were the source of mercury used in thousands of gold mining operations of 
the California and Nevada gold rushes. 

 
For the first mile, the Coalinga Road follows the SAFZ.  Typical examples can be seen of offset 
streams, offset fences, linear soil boundaries, and scarps.  The hills to the east are the Pliocene 
Etchegoin Formation.  The zone itself is within the Franciscan Melange and the Cretaceous Gravely 
Flat Formation, the dark shale member. 
 
0.1 A low pressure ridge is on the left (east). 
 
0.7 The white farm home on the right sits on the SAFZ. 
 
0.9 THE DIRT ROAD IS ON PRIVATE PROPERTY.  OBTAIN PERMISSION BEFORE 
ENTERING THE PROPERTY. 

 
The fence that parallels the dirt road is offset a few feet about sixty yards south of the power pole 
(Site #14)  San Andreas Fault's active trace is in the small lineal depression west of the power pole at 
the fence along the dirt road. 
 
1.0 San Benito Creek – Lew Smith Ranch (Site#15) 

 
3.5 James Creek – Beaver Dam Fire Control station (Site #16) 
 
7.0 Lorenzo Vasquez Canyon (Site #17). A fault sliver of the New Idria Ultramafic Complex is to 
the southwest, and Franciscan Formation is to the northeast. 
 
10.8 Contact between Pliocene sediments to the west and Jurassic Ultramafic Complex to the 
east. (Site #18) 
 
16.0 Hernandez Reservoir (Site #19) 
 

MAPS 07a AND 07b : HERNANDEZ VALLEY TO NEW IDRIA 
 

19.0 Turn off to Clear Creek Management Area and New Idria Mine, Coalinga Road intersection 
with the New Idria Road. (Site #20) 

 
0.0. Reset odometer at New Idria Road and the Hernandez Valley Road. Heading to the northwest on 
the New Idria Road takes you to the New Idria Serpentine Massif and the New Idria Mining District 
(Sites #16 and #17) and the New Idria Superfund Mercury Cleanup Site.  
 
Proceeding southeast on the Hernandez Valley road will eventually take you to Coalinga.. 
 
0.5 Clear Creek Management Area 
 
The Bureau of Land Management has closed the Clear Creek special management area due to 
concerns for public safety.(Bureau of Land Management, 2012) 
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0.7 Clear Creek Chromite Placer (Site #21) 
 
2.1 Enter New Idria Serpentine Massif (Site #22) 
 
6.3 Turn of to New Idria. Keep to the left (north)(Site #23) 
 
11.5 Enter New Idria (Site 24) 
 

Mercury 
 
The mercury and asbestos deposits are found in both Fresno County and San Benito County about 
18-20 miles northwest of Coalinga in the New Idria Mining District.   
 
The major structure of the district is a pluglike mass of older serpentine and Franciscan graywacke 
thrust up through the shale and sandstone of the younger Cretaceous Panoche Formation and 
Tertiary sedimentary rocks.  The mass of serpentine and Franciscan graywacke is in size, 13 miles 
(22 kilometers) long and 4  miles (7 kilometers) wide.  Along the margins and within the mass are 
numerous steeply dipping thrust faults. 
 
Mercury occurs chiefly in altered and indurated Cretaceous Panoche rocks beneath the New Idria 
thrust fault, and irregularities in the plane of the fault have closely controlled zones of deposition.  
Cinnabar (principle ore of mercury) fills the open spaces, forming veins and stockworks, with rich ore 
formed when the fracturing was most intensive.  Known ore deposits extend in places through a 
vertical range of more than 1,400 feet and a horizontal span of about ten miles. The same ore deposit 
is the source of the state gem of California, the unique pale blue benitoite, a barium titano-silicate. 
 
In Fresno County one of several mercury mines was the Archer mercury mine, founded in 1904.  The 
mine workings are in the Cretaceous Panoche Formation at a fault contact along the southeast end of 
a body of serpentine which extends from San Benito County into western Fresno County.  The adit 
workings are perpendicular to the fault line which strikes northeastward crossing six shear zones.  The 
ore contained up to 10% mercury. 
 
In southern San Benito County, in the New Idria Mercury Mining District, the New Idria mine ranked 
first in production of mercury in North America in 1965.  Production has been more than 500,000 (76 
lb.) flasks. 
 

New Idria 
 
The discovery of a rich cinnabar deposit near Santa Clara, California in1848 led to the opening of 
the New Almaden Quicksilver Mine, named after the world's largest quicksilver producer in Almaden, 
Spain. Soon after, a small team prospecting in the rugged mountains of the southern Diablo range 
about 80 miles south of Santa Clara discovered another rich cinnabar deposit and they quickly formed 
the New Idria Quicksilver Mining Company, which is named after the world's second largest quicksilver 
producer in Idrija, Slovenia. The small town of New Idria grew up around the mine to support the 
homes, business and milling for the New Idria mining operations. The mine and town closed in 1972 
and has since become an abandoned ghost town. New Idria is State Historic Landmark # 324 

(http://www.new-idria.org/, July 23, 2012) 

 

http://www.newalmaden.org/
http://www.iberianature.com/material/mercury_mining_spain.html
http://www.iberianature.com/material/mercury_mining_spain.html
http://www.randburg.com/si/idrija.html
http://www.new-idria.org/
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Figure 1. View of New Idria from the southeast. From  http://www.new-idria.org/, July 23, 2012. 

 

 
Figure 2. New idria Mill, view from the west. From http://www.new-idria.org/, July 23, 2012. 
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Figure 3. New Idrea, view from the east. From http://www.new-idria.org/, July 23, 2012. 

 
New Idria Superfund Site 
 
The following is taken from the Environmental Protection Agency website (July 23, 2012) at  
 
 
The New Idria Mercury Mine (NIMM) site is on 8,000 acres of private land in the Diablo Mountain 
Range and incorporates the abandoned town of Idria in San Benito County, California. The mine 
is located in the New Idria Mining District, which includes over a dozen smaller mercury mines. 
The NIMM operated from 1854 to the early 1970s, was the second most productive mercury mine 
in North America, and produced over 38 million pounds of mercury.The abandoned town of Idria 
was comprised of dozens of dilapidated buildings until a fire in July 2010 destroyed nearly half of 
the historic structures in the northern portion of the town.  
 
The New Idria mining claim was declared in 1854 by prospectors and investors. In 1857, the first 
brick furnace to roast cinnabar ore was built at the Site. The mine operations expanded to include 
San Carlos and Molina mines and miles of tunnels, shafts and drifts were used to access the 
cinnabar. In the 1920s, the overburden was stripped down to form pits in order to access 
cinnabar. The mining continued nearly uninterrupted with a few idle and low productivity periods 
due to low mercury values and land owner disputes. The mine operated until the early 1970s. 
Several furnaces were built over the years including four large furnaces still located at the site 
adjacent to the Level 10 adit. Mercury was extracted from the cinnabar ore by crushing the ore 
and roasting it to release elemental mercury vapor which was cooled and condensed for bottling. 
The roasting process is called calcination and the roasted ore is known as calcines. Typically, 
calcines still contain some soluble mercury. 
 
Extensive waste rock and calcine tailings piles (0.5 to 2 million tons) cover over 40 acres at the 
Site and have no engineered liner or drainage controls. A large furnace and process area and 
other mine working features remain at the Site. Over 30 miles of tunnels and 20 levels (levels are 
inversely synonymous to floors of building) were constructed as part of mining operations at the 
Site. The Level 10 adit was used as the main haulage level and is connected to other levels by 
shafts and raises. The extensive mine levels have flooded with water which reacts with the high 
iron and sulfur content of the bedrock to form an acidic solution, typically known as acid mine 
drainage (AMD), which drains from the Level 10 adit . The AMD is presently not contained and 
flows through tailings piles and discharges to San Carlos Creek, which flows along the base of 
massive calcine tailing piles for approximately 2,500 feet. 
 
Although regulated by the Regional Water Quality Control Board (RWQCB) starting in the late 
1960s, surface water discharges of AMD from the mine remain uncontrolled after the mine shut 
down in the early 1970s. The EPA, U.S. Geological Survey (USGS), RWQCB, and academic 
institutions have conducted investigations at the NIMM site and surrounding area to assess 
mercury contamination in sources at the Site and in creeks downstream of the mine. 
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Asbestos 
 
Within the New Idria Mining District's the large serpentine mass contains one of the largest asbestos 
deposits in the world.  The mass has been highly sheared and recrystallized to flaky, matted chrysotile 
asbestos.  Highly prized because of whiteness and the ability to absorb hydrocarbons, the deposit of 
over 100 million tons of ore was first developed in 1959 by the Union Carbide Nuclear Co.  The 
Coalinga Asbestos Company and the Atlas Corporation were involved in the further development of 
the deposit. 
 
In Fresno County a long-fiber (up to three quarters of an inch) asbestos deposit was prospected on 
the Ross-Garcia asbestos claims located in Sec. 21, T. 19 S., R. 13 E. about 15 miles northwest of 
Coalinga.  No production was recorded. 
 
Production of mercury and asbestos has almost ceased because of the increased awareness of the 
association of mercury to cancer and asbestos to lung diseases.  The land is being managed by the 
Bureau of Land Management through the Hollister Resource Area Office. 
 

MAP 08 BREEN MERCURY MINE TO LOS GATOS CREEK CEMETERY 
 

0.0 RETURN TO INTERSECTION OF NEW IDRIA ROAD AND  
THE COALINGA-LOS GATOS ROAD (Site #20) 

 
3.7. Lewis Flat (Site #25) 

 
5.2 Breen Mine (Site #26) 
 
8.0 Fresno County Line (Site #27) 
 
12.7 Road (Site #28) to Joaquin Mill Site (Site #29)  Archer Mine Group (Site #30) on the left 
(east). There is a cemetery to the right (west) 
 
16.9 Los Gatos Creek County Park (Site #31) 
 
19.1 Santa Cruz Pit.  The Los Gatos Cemetery (Site #32) is next to the pit. 
 

MAP 09 LOS GATOS CREEK CEMETERY TO COALIGA 
 

24.7 Indian Springs (Site #33) at Nunez Creek 
 
28.4 Coalinga Oil Field (Site #34). 
 
32.4.X Three Corners (Site #35). Go south toward Coalinga 
 
34.6 Baker Oil Museum (Site #36), Coalinga 
 
 

 

END SIDE TRIP TO NEW IDRIA MINIING AND DISTRICT AND 

COALINGA 
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RETURN TO  

 
MAP 10 BITTERWATER OIL FIELD TO LONOAK 

 
0.0 RETURN TO STATE HIGHWAY 25 AND COALINGA ROAD INTERSECTION. Reset 

Odometer .  
 
FAULT CREEP IN BITTERWATER VALLEY AT FLOOK RANCH 
 
Fault creep at the Flook Ranch offers the opportunity to photograph an offset road and an 80 year-old 
fence line on each side of the road, which demonstrate that aseismic creep here has averaged 35 
rnrn/yr (Hay, et al.,in (Sylvester and Crowell, 1989:T309:105)), congruent with geodetically determined 
rates in this creeping segment of the San Andreas fault during the last 20 years. (Sylvester and 
Crowell, 1989:T309:105). 
 
The site is an ideal place to determine fault slip rates, because the deformation zone is only a few 
meters wide, and it cuts an active alluvial fan whose Holocene alluvial deposits are incised by a 
modern channel believed to be about 100 years old. Its banks are dextrally offset a minimum of 3.3 m, 
yielding a slip rate of  34 mm/yr. Offset paleo-channels exposed in trenches excavated across the fault 
yielded a slip rate of 28 rnrn/yr for the last 1000 years (Sylvester and Crowell, 1989:T309:105). 
 
The deformation zone near the fence is expressed as a narrow,   shallow depression  which, about  
100m to the northwest, transforms into a north-facing scarp about 5 m high. Although the tectonic 
landforms are smoothed   by   plowing,    they    are   still   readily recognizable (Sylvester and Crowell, 
1989:T309:105). 

 
STOP #3 (Site #13). BITTERWATER OIL FIELD 
 
Going south on Highway 25, at the Coalinga Road, the highway makes a sharp right turn to the south. 
After 0.25 miles, the oil wells of the Bitterwater Oil field can be seen on to the southeast. The valley to 
the south is the Bitterwater Valley. Adjacent to the oil rigs is the Bitterwater Cemetery. 
 

The Bitterwater Oil Field (Site #13), at the north end of Bitterwater Valley along the SAFZ, consisting 
of 70 acres, was discovered in May, 1952.  Production is from the Pliocene Etchegoin to Miocene 
Bickmore Canyon Arkose Formations.  Average well depth is 1567 feet.  In 1990, the field's 
cumulative production was 311,736 barrels of oil (3611 barrels of oil in 1990) from 26 gravity API with 
no natural gas production.  Peak oil production occurred in 1952.  Currently the field has 11 producing 
wells and 3 abandoned wells.  Structurally the field is an elongated dome truncated by the SAFZ on 
the east.   
 
The Bitterwater oil field may be the smallest oil field along the San Andreas fault. Only two small 
pumpers are visible from the highway. The discovery well was completed in 1952 from a total depth of 
600 m for 52 bbls/day of 26° gravity oil. The deepest well was drilled to a total depth of 2000 m and 
bottomed in granite, however, Franciscan rocks are exposed in the SAFZ only 400 m away. 
Production is from upper Miocene arkose in a faulted anticlinal trap. Since its discovery to 1986 it has 
produced about 330,000  bbls. (Sylvester and Crowell, 1989:T309:104). 
 
1.3 SAFZ at the base of the hills to the east. The fault separates Pliocene Panco Rico Formation 

to the east from a sliver of Cretaceous sandstone to the west 
 
2.0 Junction with the King City Road on State Highway 25 (Site #37) 

 
Go to the right and continue on State Highway 25. The highway follows a relatively steep western 
escarpment in the SAFZ, but the active part of the fault zone is along the more-eroded eastern side 
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of Bitterwater Valley. The difference in geomorphology suggests that the active part of the fault has 
shifted eastward in the past few thousand years. 
 
1.5 Pliocene Pancho Rico Formation is on the left (west) side of valley and the Bitterwater-Tully 
School House (Sitte #38) is in the Pleistocene Paso Robles Formation. 
 

2.7 There is a yellow house behind another house.  This is a private residence.   
 
The San Andreas is located at the valley edge on the eastside.  Evidence of the presence of the fault 
are offset fences, trenches, linear soil boundaries, offset streams, and sag ponds. 
 
3.4 Sag Pond (“Bitterwater Lake”) at Bitterwater Valley (Site #39). The sag pond in Bitterwater 
Valley is normally dry, but in wet weather, its size increases to about a half mile across. 
 
SAFZ on side of hill to the left (east) is at the break in slope.  The smooth triangular shaped frontage 
of the hills between the stream drainages are called triangular facets.  (A triangular facet is hill located 
between drainages that appears cut off in the shape of a triangle.  The fault is at the base of the 
triangle.)  The fault separates the Pliocene Pancho Rico Formation from the Pliocene Etchegoin 
Formation. 

 
The brown massive unit is a sliver of Franciscan Melange in the fault zone. 
 
To the west is the location of the Monterey Gypsum Company gypsum deposits.  Produced off and 
on since the 1890's, the gypsum is found in flat-lying lenses 4- to 6-foot thick covered by 4- to 8-foot 
of overburden.  The gypsum is sold for agricultural use. 
 
10.0 Confluence of Lewis Creek with Bitterwater Creek (Site #40 ) at the San Benito County Line 
is to the right (east).  Tully Hall (Site #41) is directly to the south. Highway 25 turns to the southwest, 
following Bitterwater Creek which cuts through a pressure ridge of Pliocene marine sediments. Lewis 
Creek, flowing from the southeast, marks the boundary between San Benito and Monterey Counties. 
 
10.5 Bridge over Bitterwater Creek on the San Benito County/Monterey County Line. 
 

MAP 11 LONOAK TO PEACH TREE VALLEY OVERLOOK 
 
 
12.2 Lonoak.(Site #42)  Stay on paved main road.  Go north toward the Coalinga. 

 
Just before Lonoak (formerly Lone Oak, then Loanoak) is the confluence (point where two streams 
meet) of Lewis Creek into San Lorenzo Creek is to the right (west).  Lewis Creek flows from the other 
side of Mustang Ridge north through Priest Valley, then through the San Andreas Rift Zone, joining 
Bitterwater Creek at Bitterwater Valley, continues its flow southwesterly around Mustang Ridge and 
joins San Lorenzo Creek at Lonoak.  San Lorenzo Creek then flows westerly to the Salinas River. 

 
At the creek confluence was the site of a sand and gravel operation (Eade Pit, Site #43).   
 
Within two miles further west on San Lorenzo Creek is the site of the Mylar quarry (Site #45).  The 
quarry is developed on a deposit of bituminous sandstone discovered about 1890.  The sandstone is 
described as a northwest trending, 30-foot thick, dipping 14 degrees southwest, asphalt-bearing 
arkose which crops out over an area some 100 feet by 1,500 feet.  The beds lie in a basal part of a 
marine Pliocene formation which is in fault contact with granitic rocks to the northeast.  The beds 
extend to south in the subsurface at least five miles (verified by oil well drilling).  Production from the 
quarry before the turn of the century was used for paving streets in King City.  The presence of the 
bituminous rock stimulated some nearby exploratory drilling for oil many years ago. 
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Mustang Ridge (Site #46) to the left (southeast). It is composed of Franciscan formation and masses 
of ultramafic rock, remnants of shallow and deep levels, respectively, of a Triassic spreading center. 
Highway 25 continues southeast along the west side of Peachtree Valley. Peachtree Valley, and San 
Lorenzo Creek are parallel to Mustang Ridge and marks a now inactive part of the SAFZ. 
It's hard to find anyplace on the trip more messed up than Mustang Ridge. CA-198 crosses the fault 
just west of the road summit and the whole area is riddled with cracks and slumping  rock. Huge.  
blue-green serpentine boulders and dark brown ribbon chert outcrops dot the route. Vertical beds of 
greenstone and sandstone are exposed in the road cuts, clear testaments to tilting that took place as 
the region was uplifted. A number of obvious sag ponds line the fault and are clearly visible from the 
road (Lynch, 2005:134). 
 
17.2 Beeman Canyon. The Beeman townsite (Site #47) is to the northwest. 
 
21.9 INTERSECTION OF STATE HIGHWAY 198 AND HIGHWAY 25 (Site #48). 

 
TURN LEFT (EAST) ON HIGHWAY 198 TOWARD COALINGA.   
 
In Peach Tree Valley on both sides of State Highway 198, the formation is the marine Pliocene 
Pancho Rico Formation.  This unit underlies and is unconformable with, but is similar to the non-
marine Pleistocene Paso Robles Formation.  San Lorenzo Creek is to the right (west). 
 
(Unconformable is defined as not succeeding the underlying strata in immediate order of age and but 
is parallel position.) 
 
Highway 198 crosses Peachtree Valley, crossing Pliocene sediments, to the east side of the SAFZ. 
The active trace of the SAF is in the western foothills of Mustang Ridge. 
 
22.4 Gravel exposures are in the road cut. 
 
24.3 Landslides on the hillsides are toward the top of the hills to right (north).  Landslides are 
earth and rock loosened by the constant shearing, crushing movement of the SAFZ. 
 
24.6 A sag pond is to the right (south). 
 
 

Mee Ranch Chromite Deposit 
 
North of the State Highway on the Mee Ranch is a chromite deposit (Site #49) associated with the 
serpentine of the Franciscan Melange.  The chromite which reportedly ran 53.6% chromite with a 3:1 
Cr/Fe ratio, occurs in boulders weighing as much as several tons.  Bright green uvarovite, a 
chromium-bearing garnet, is associated with this ore. 
 
26.5  A gravel pit is on the right (south).  Called the Mee Ranch pit (Site #50 
 
25.0 STOP # 4, (Site #51).  OVERLOOK OF SAFZ 
 
There is a turnout on the left side of the road.  
 
The San Andreas Rift Zone extends from the west side of Peach Tree Valley to Mustang Ridge, 
where we are standing.  The current active trace of the zone is several hundred feet in front of our 
location just below the sag pond.  Other characteristics of the fault in this area are the sag ponds, a 
linear valley, pressure ridges, trenches, offset streams and fences, springs, and landslides. 
 
Across the Peach Tree Valley is a flat area above the stream that represents a former valley floor is 
called a river terrace.  An eroded river terrace is just downhill from this stop point.  The increased 
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drainage is cutting into the present valley floor. 
 
The rocks with the graffiti at this location are chlorotic sandstones and shales associated with the 
Franciscan Melange.  The rocks have experienced low-grade (greenschist) metamorphism. 
 
After Stop #3, Continue east up Mustang Grade. 
 
26.0 Mustang Ridge Fire Control Station (Site #52) 
 
26.1  Mustang Ridge Gravel Pit (Site #53), The material of the pit was from sheared and 
weathered chert and greenstone deposits of the Franciscan Melange.  Modern day road material is 
stored at this site . 
 
Mustang Ridge is underlain by ophiolite of the Franciscan Complex. Exposures of graywacke, red 
chert, and serpentine are prevalent in roadcuts, and hummocky topography typical of landslides is 
ubiquitous. Exposures and landslides are best observed on the downgrade into Bitterwater Valley. 
(Sylvester and Crowell, 1989:T309:104). 
 
26.4  The SAFZ is located right below the summit of Mustang Ridge. Here the fault is in 
Franciscan Melange with elongated bodies of ultramafic rock within it. 
 
26.8 The road cuts are through the Cretaceous Panoche Formation. 
 
27.9 A green serpentine outcrop, part of the Franciscan Melange, is to the left (north). 
 
28.6 Overlook of North Fork Lewis Creek and Mustang Ridge.  The San Andreas Rift Zone is to 
the west just over the Mustang Ridge summit. 

 
MAP 12 PEACH TREE VALLEY OVERLOOK TO DEL MONTE MINE 

 
28.9 A serpentine outcrop of the Franciscan Melange is in the road-cut to left (north). 
 
30.4 Site #54, Contact between Jurassic Franciscan Formation to the west and Miocene 
Monterey Formation to the east. 
 
30.7 Priest Valley School (Site #55), is at North Fork Road.  Recent alluvium is on the valley floor.  
Mustang Ridge is to the left (west). 

 
Ascending the ridge, the formations change back and forth from the Pliocene-Miocene formations to 
the Franciscan Melange.  The formation boundaries are parallel faults to the San Andreas.   
 
Recent storm damage is visible in the roadsides, hillsides, and along the stream bed. 
 
33.9 Priest Valley (Site #56, Site #57) parallels the SAFZ which is located to the west. 

 
Just north of State Highway 198 are the Priest Valley coal prospects (Site #58).  Thin coal seams 
occur in carbonaceous shale beds and interbedded sandstone that are equivalent to the Pliocene 
Etchegoin and Jacalitos Formations.  The coal beds crop out as a southeasterly plunging syncline 
and extend into Fresno County to the Del Monte or Drabble mine (discussed at mileage marker 6.6).  
Minor prospecting was done in 1907 with a 60-foot inclined shaft, 115-foot shaft, and 75-feet of drifts.  
No production was recorded. 
 
34.1 Monterey County Line. Continue southeast down Warthan Creek. 
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The headwaters of Waltham Creek is to the right (south) within a half mile.  The summit to the north 
is actually a water divide.  All the streams east of here flow to the San Joaquin Valley.  All the 
streams to the west of the divide flow to the Salinas River and onto the Pacific Ocean. 
 
Waltham Canyon cuts an unusually straight course parallel to the San Andreas fault through Pliocene 
marine stata in Waltham Canyon, but no fault has been mapped. (Sylvester and Crowell, 
1989:T309:104) 
 
37.3 Frame Road. 
 
39.1 Del Monte Mine (Site #59). 
 
About five miles southeast of the Monterey County Line, to the west (right) is the Del Monte Mine 
(Site #59). The coal mine is in Sec. 26, T. 20 S., R. 12 E. It was named the Del Monte or Drabble 
mine.  It is sixteen miles west of Coalinga at an elevation of about 2400 feet,  This mine was worked 
by adits, the lowest of which was 390 feet long in 1896. 
 
39.5 Etchegoin Formation 
 
The white rock units are in the younger Pliocene Etchegoin Formation.  The topography is low.  
Warthan Creek, which turned south at the Parkfield Junction Road rejoins State Highway 198 to the 
left (south).  In the approach to this unit, the Warthan Canyon Fault was crossed.  The Warthan 
Canyon Fault is a thrust fault and division between the older Cretaceous Panache Formation 
thrusting over the younger Pliocene Etchegoin Formation 
 
40.0 A large Cretaceous Panoche Formation conglomerate member is on the ridge to the left 
(east). 
 
40.4 This outcrop exhibits a flysch sequence of shale and sandstone.  (A flysch is a marine 
sedimentary facies characterized by a thick sequence of poorly fossiliferous, thinly bedded, graded 
marls and sandy and calcareous shales and muds, rhythmically interbedded with conglomerates, 
coarse sandstones, and graywackes. (Site #61, Dogwood Canyon) 
 

MAP 13. COALINGA MINERAL SPRINGS 
(Del Monte Mine to Parkfield Junction) 

 
About two miles north of State Highway 198 was the location of a mineral springs called Mother 
Green's Ball Mountain Mineral Springs (Site #60) in Sec. 24, T. 20 S., R. 12 E.  Bottled water from 
this spring was sold in the 1940's. The spring lies along a fault. 
 
41.7 Echo Canyon Road (Site #62) on the left leads to north. 
 
 
43.0/0.0  COALINGA MINERAL SPRINGS ROAD AND HIGHWAY 198 (WARTHAN 
CANYON ROAD, Site #63). 
 
The road to the left leads north to the Coalinga Mineral Springs (Site #30). The access road follows 
Hot Springs Canyon.  The present condition of the springs are unlike what they where in their 
heyday.  

  
RESET ODOMETER 
 
0.0 TURN RIGHT ON COALINGA MINERAL SPRINGS ROAD.  This road goes to the right 
(northwest) towards the Coalinga Mineral Springs along Hot Springs Canyon.  To the east are 
sandstone beds striking east and west of the Pliocene Etchegoin Formation.   
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Go north up Hot Springs Canyon Road.  This canyon is very straight, and suggests the presence of a 
fault.  This canyon parallels the San Andreas Rift Zone. 
 
0.7 In the creek bed are the same features found in the larger Warthan Creek. 
 
1.0 Cattleguard. Contact between Cretaceous and Pliocene units (Site #64) 

 
1.2 The conglomerate to the left (west) is a lower member Cretaceous Panoche Formation.  At 
this point, an unnamed thrust fault is crossed. 

 
1.6 The sandstone at the right across the small concrete bridge is a member of the Cretaceous 
Panoche Formation. 
 
3.0 Markland Canyon is to the right (north). 

 
3.1 Cattleguard. 

 
3.6 At this point, is a good exposure of the Cretaceous Panoche Formation.  This outcrop is a 
representation of a transgressive sequence. 

 
The sequence is:  upper part - shale, then middle part - sandstone, then lower part - conglomerate. 

 
(Transgression is a change that brings offshore, deep-water environments to areas formerly occupied 
by nearshore shallow-water conditions.  Shale, a very fine grained (1/16th millimeter or smaller in size 
(one inch equals 2.54 centimeters)) sedimentary rock, can be deposited when formed in deep-water 
environments (average is the 6400 foot (4000 meter) depth).  Sandstone, a coarse grained (2 
millimeter or smaller in size) sedimentary rock, can be deposited and formed in the transitional zone 
from shallow- to deep-water.  Conglomerate, a pebble size and larger (over 2 millimeter in size) 
sedimentary rock, can be deposited and formed in shallow-water (average is up to several hundred 
meters in depth). 

 
5.2 STOP # 5, Site #66.  COALINGA MINERAL SPRINGS. 

 
This site was private property until it was deeded to the State of California who then deeded it to 
Fresno County.  The homes at the park entrance are located on private lands.  The land to the north 
of the park belongs to the United States government land, and is administered by the Bureau of Land 
Management. 

 
The resort property was once owned by the prominent Kreyenhagen family for many years.  The 
resort with its large hotel began operations in the  1880's.  The hotel, on the flat area, and the hot 
springs, on the hillsides, were in operation until several years ago when the hotel burned down and 
all operations were ceased.  In the early days, the springs were known as Fresno Hot Springs. 

 
There are 15 different springs or seepages supplying water from the hillside above the park floor.  
Most of the springs were cemented in, with six being used to supply water for the resort area.  The 
water from the hot springs in the resort was not hot enough naturally and was heated in the boilers 
located on the hillside to the west.   
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Figure 4. Coalinga (Fresno) Mineral Spring. From Fred Kreyenhagen collection; 

http://www.schweich.com/imagehtml/Kreyenhagen1.html; July 23, 2012. 
 

 
Figure 5. Coalinga (Fresno) Mineral Spring. From Fred Kreyenhagen collection; 

http://www.schweich.com/imagehtml/Kreyenhagen3.html; July 23, 2012. 
 
 
RETURN TO HIGHWAY 198, TURN LEFT, GO EAST TOWARD COALINGA. 
 

http://www.schweich.com/imagehtml/Kreyenhagen1.html
http://www.schweich.com/imagehtml/Kreyenhagen3.html
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In this township, along several miles the south side of Warthan Creek, was the location of the 
Warthan Creek coal prospects.  Two seams, one 3 feet and one 1.5 feet thick were superficially 
prospected.  No production was recorded. 

 
Five miles south of State Highway 198 in Monterey County was the site of the Stone Canyon Coal 
Mine.  The Stone Canyon Coal deposit contains some of the highest rank coal in California, being 
classed as a high-volatile bituminous type.  This deposit was discovered in 1870 and worked 
intermittently until 1935.  Production was over 300,000 tons.  The abandoned mine workings are 
flooded and caved.  The coal seam is one of thickest in California, as much as 18 feet with an 
average thickness of 12 feet.  Estimated reserves of the coal in place are over 700,000 tons.  
Overlying and underlying the coal seam is the Miocene Temblor Formation. 
 
 
RETURN TO HIGHWAY 198 and Hot Springs Canyon Road (Site #63). Turn right, go east toward 
Coalinga 
 
0.0 Reset Odometer 
 
1.6 PARKFIELD GRADE (Site #67) 
 
Parkfield Grade Road is to the left.  To go to Parkfield, the "Earthquake capital of the world", go south 
on this road 19 miles.  The road is roughly graded, not paved. 

 
Long Hollow Valley (Site #68) goes northwest (right) from this point. The field trip continues from this 
point south to Parkfield. Reset Odometer 
 

MAP 14. PARKFIELD JUNCTION TO COALINGA 
 
SIDE TRIPS TO BAKER OIL MUSEUM, COALINGA MINERAL BATHS AND COALINGA. Go east 
on Highway 198. 
 
1.3  Narrows at Juniper Ridge are across the Warthan Creek bridge to north.  Curry Mountain, to 
the south, is on the upthrown side of thrust fault. 

 
Beyond Curry Mountain  (Site #70) the hills with lower relief are the younger Pliocene Etchegoin and 
Quaternary (Recent) landslides. 

 
Five miles south of Curry Mountain was the location of the Carey Creek coal prospect (Site #71) in 
Sec. 16, T. 22 S., R. 14 E.  It was prospected in 1894, when a landslide covered the prospect cut.  
After the slide an adit was started to open the coal vein in another place.  This work was soon 
abandoned. 
 
2.5 To the southwest is Curry Mountain (Site #70).  The break in vegetation on Curry Mountain is 
a contact between two different members of the Cretaceous Panoche Formation (may not be visible in 
winter). 
 
2.8 Warthan Creek has good exposures of the Cretaceous Panoche Formation to the left (north).  
A fault is in the roadcut. 
 
4.5 Located to the left (northwest) at the large curve, Oak Flat Canyon (Site #72) is in two 
members of the Cretaceous Panoche Formation.  The canyon floor is the conglomerate member.  The 
canyon walls are in the shale member.  The canyon was formed in the shale member.  As the canyon 
deepened, it eroded into the conglomerate member. 
 
About one mile south of State Highway 198 in Sec. 24, T. 21 S., R. 14 E. was the location of the forty 
acre Montford Marl deposit (Site #73).  Close to a rail spur, in the 1880's lime was made from a 'vein' 
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of limestone 12 feet wide which extended across the forty acres.  This limestone contained a small 
amount of bituminous matter. 
 
7.7 Warthan Creek (Site #74) is on the right (south).  The road follows the creek bed until the 
Parkfield Junction Turnoff.  The creek at a smaller scale acts similar to a larger river.  The creek, 
when water level is low, meanders.  When the water level is high, the creek erodes, incising 
downward into the creek bed forming terraces.  The several terraces represent episodes of heavy 
fast runoff of water this year. 
 
8.8 Highway 198 at Firestone Road (Site #75). Reset Odometer 
 

COALINGA MINERAL BATHS & PLULNGE 
 
0.0 FIRESTONE ROAD INTERSECTION.  TURN LEFT (NORTH).  The hills to the west are in 
the Pliocene Etchegoin Formation. 

 
0.8 A turbidity structure is on right (north).  (Turbidities are a sediment deposited from a turbidity 
current, a bottom flowing current laden with suspended sediment.  It is characterized by graded 
bedding, moderate sorting, and well-developed primary structures, especially laminations.) 

 
1.3 SITE #76.  COALINGA SULPHUR BATHS & PLUNGE. 

 
The owner of this property, Craig H. Lewis. You must have his permission to access this site. 
 
The baths were started in 1912 with an exploratory oil well that produced 2000 barrels a day of hot 
(118oF) water instead of the hoped for oil.  Mr. Lewis took over the enterprise in 1934.  At that time 
until the early 1940's a 4-foot tall flame of gas was flared over the well which supplied the bath.  The 
large pipe on the east side was a hot water shower. 
 
The oil derrick, downed in a winter storm in early January, 1993, is named the Coalinga Sulphur 
Bathes & Plunge # 1 and was drilled by Mr. Lewis.  The drillers were unable to control the water and 
the well was abandoned.  The baths and plunge are set in the Pliocene Etchegoin Formation. 
 
The Los Angeles Times had an article about this site, which is reproduced below: 
 
Except for the moan of the wind along the eaves of Craig (Fuzzy) Lewis' weather-beaten tin-roofed 
shack, it is as quiet as a country graveyard up here at the old Coalinga Sulphur Baths. And it's been 
that way ever since the 2,000-barrel-a-day oil well started going dry a quarter of a century ago, forcing 
the bath operation to shut down. Today, the old well, which produced 118-degree water since 1912, 
yields nary a drop. Lewis has to haul water up from town for his personal use. 
 
“Not a Drop” 
 
"I tried to drill a well some years ago. Went down 245 feet, but not a drop," Lewis said. 
 
Except for a few trespassers, hardly anybody comes up the winding, 1 1/2-mile one-way road to the 
spa about 500 feet above Coalinga in western Fresno County. Lewis' daughter and grandson make 
the pilgrimage a couple of times a year. Old Pat, the grizzled spa handyman, went to his reward a 
good many years ago. The rusty trailer where he hung his hat sits empty. And hopefully, there's lots of 
whiskey up there because there sure wasn't anything on this old Earth that he liked better. 
 
"Every time he got paid, down to town he went. And he's stay until every last cent was gone. Then 
either he'd walk back up here or I'd go down and get him," says Lewis, who has lived alone since his 
wife died a quarter of a century ago. 
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Back then, folks from the valley floor visited by the dozens, staying for a weekend, perhaps even as 
long as a week or two, to seek cures for ailments by soaking in the hot sulfur baths. On Saturday 
nights when the music quit and the bars closed down the hill on Coalinga's whiskey row, revelers 
drove up to continue their party and frolic in the long, 10-foot-deep swimming pool, the hot water 
relaxing parts of the anatomy that the alcohol didn't. Just about everybody in these parts knows Fuzzy 
Lewis on a first-name basis, and they describe him as just about the last of the colorful oil field 
Mohicans. 
 
Doesn't Know His Age 
 
He doesn't know exactly how old he is because his birth was never recorded. 
 
"But I pre-date the San Francisco earthquake. I was born in Madison, between Clear Lake and 
Woodlands, and my aunt used to tell me that when the earthquake hit, it toppled me." 
 
Instead of applying for a teaching job after he graduated from UC Berkeley, Lewis chose to return to 
Coalinga where his Uncle Beryl was manager of Santa Rosa Oil & Development Co.'s Coalinga 
Sulphur Baths. 
 
"We decided to buy it. That was 1934, and I've been here ever since. I raised three girls in this old 
house. And we had some good times," Lewis said. 
 
RETURN TO HIGHWAY 198. Reset Odometer 
 
0.3 Turn northeast along Elm Street (Highway 198) to the Baker Oil Museum (Site # 
 
STOP #6, (SITE #36).  R. C. BAKER MEMORIAL OIL MUSEUM 
 
The R. C. Baker Memorial Oil Museum is located at 297 Elm Street, Coalinga, Ca., phone number 1-
209-935-1914.  The museum will be open from 9:00 a.m. to 9:30 a.m. prior to the field trip especially 
for our convenience.  Our host is William Delco.  The museum normally opens on Saturday at 11:00 
a.m.  Entrance to the museum is free, but donations to support the organization are welcome.  This 
museum is named after a prominent oil pioneer, Ruben Carlton Baker, founder of Baker Oilfield Tools 
Company.   
 
 Coalinga 
 
The town of Coalinga, incorporated in 1906, acquired its name from the Southern Pacific Railroad.  
The name "Coalinga" is a contraction of Coaling Station A, a siding to load up coal (lignite) onto the rail 
lines in the 1888.   
 
Coalinga is located at the western edge of the San Joaquin Valley approximately 60 miles southwest 
of the city of Fresno. The "Coalinga coal boom" petered out like all other California coal booms and 
was replaced in later years by a more substantial petroleum boom, and the name of the town was 
changed to the more euphonious Coalinga (Gudde, 1969) (Sylvester and Crowell, 1989:T309:104). 
 
Coalinga is located in the Pleasant Valley syncline at the southern end of the Diablo Range. This 
northwest-trending range of mountains is sharply bounded on the northeast by the San Joaquin Valley 
and on the southwest by the San Andreas and Calaveras faults. Anticline Ridge is northeast of the 
syncline and is a major structural trap for petroleum. (Sylvester and Crowell, 1989:T309:104). 
 
The area, as is common on the west side of the valley, has bad water.  Most establishments had three 
faucets, one for the drinking water that was shipped in by rail, and other two for other usage that was 
from well water pumped from the ground.  For several years, Coalinga had a desalinization plant to 
purify its water.  Currently all water comes from the California Aqueduct.   
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 Earthquake of May 2, 1983 
 
Prior to 1983, seismologists gave little thought to the possibility of major earthquakes in the San 
Joaquin Valley, especially on faults that do not  reach the surface. The prevailing opinion seemed to 
be that active faults would also have been sufficiently active in recent geologic time that they would be 
expressed physiographically by readily evident scarps and landforms that characterize active faults 
elsewhere in California. Geologists were certainly aware that the folds along the west edge of the San 
Joaquin Valley are quite young and may be growing today. Petroleum industry geologists were also 
aware of the presence of blind, fold-propagation faults in the cores of some of the folds.  But the 
connection between active folding and activity on the faults in the cores of those folds escaped  those  
scientists  entrusted  with  defining earthquake hazards in California.  Thus, the earthquake of May 2, 
1983 (M 6.4), which was centered 12 km beneath Anticline Ridge, 35 km northwest of the San 
Andreas fault, came as a "shock" to more than just the good people of Coalinga. (Sylvester and 
Crowell, 1989:T309:104) 
 
On May 2, 1983, 7.5 miles (12 kilometers) northeast of Coalinga in the East Coalinga Extension Oil 
Field (east of State Highway 33) on the Coalinga Anticline was the epicenter of a 6.7 magnitude 
earthquake causing over $31 million dollars of damage.  The main shock was 16 miles (25.6 
kilometers) beneath the surface on a buried thrust/reverse fault.  This event was not associated with 
any previously known or suspected active fault.  The shock was felt in the south from Los Angeles to 
320 miles (512 kilometers) north of Sacramento and as far east as Las Vegas.  Major surface 
damage and minor subsurface damage occurred in the oil fields in the epicenter vicinity. 

 
The San Joaquin Valley is a broad asymmetric trough paralleling the San Andreas Rift Zone.  Its 
sedimentary sequence ranges in age from the Late Jurassic through Holocene and is chiefly marine 
origin upward into the Pliocene sequence.  The fill conceals the eastern margin of Franciscan rocks, 
which underlie the Diablo Range (directly west of Coalinga), and the western margin of the Sierran 
basement. 
 

A 32 to 48 mile wide band of narrow elongate folds, many containing oil fields, extend along the west 
side of the valley.  Fold axes generally trend subparallel to the San Andreas Fault, and many are cut 
by hidden or known reverse faults of similar trend as the Coalinga situation.  In the Coalinga area, 
within the sedimentary rocks an anticlinal fold (the Coalinga-Kettleman Hills-Lost Hills anticlinal trend) 
has developed subparallel to the San Andreas fault. 
 
Seismic reflection  and refraction data suggest that northeast-dipping reverse faults and a southwest 
dipping thrust fault lie beneath the anticline. Most of the focal-mechanism studies prefer movement on 
one of the steep reverse faults, because one of the nodal planes closely fits their orientations, 
however, geodetic data are compatible with both the reverse faults and the southwest-dipping  thrust 
fault.   The lack of a surface rupture with the main shock is explained by surficial folding which 
accompanied the subsurface faulting. Minor surficial faulting occured with aM 5.2 aftershock on a 
normal fault five weeks after the mainshock. (Sylvester and Crowell, 1989:T309:104). 
 
Studies suggest a buried wedge of Mesozoic oceanic crust is being forced from the Diablo Range 
eastward beneath a thick section of Cretaceous and younger sedimentary rocks.  Ascending from the 
San Joaquin Valley east to west a cross section of the Diablo Range reveals the valley floor sequence 
in outcrops.  A typical sequence of outcrops encountered is first, the younger Pliocene Etchegoin to 
older Cretaceous Panoche Formations, second, a thrust fault, and third the sequence is repeated 
again with the younger Pliocene Etchegoin to older Cretaceous Panoche Formations.  In turn this 
sequence is thrust over the Franciscan Melange.  
 
The western and eastern margins of the central Coast Ranges and the Transverse Ranges are 
characterized by isolated clusters of thrust/reverse faults, on which earthquakes occur.  Examples of 
similar greater than 5.0 magnitude earthquakes are the 1971 San Fernando, 1973 Point Magu, 1978 
Santa Barbara, and the 1980 Point Sal.   
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Analysis of alluvial deposits laid down by a steam cut through the Coalinga anticline indicates that 
major earthquakes with the same amount of uplift as in 1983 have a minimum average repeat rate is 
in the range of 200-1000 years during the past 2000 years. 
 
 
 Mining Activities 
 
The townsite of Coalinga rests on Quaternary sands and gravels in Pleasant Valley.  Mining, mineral, 
and geological interest in the Coalinga area began in the surrounding hills with the discovery of 
mercury in 1853 and the mining of a low grade of coal (lignite) for a short time beginning in 1877.  
Later on, asbestos, limestone, and mineral water were also mined or produced in the Coalinga vicinity. 
  
 Coal 
 
Coal has been known for many years both northwest and southwest of Coalinga along the eastern 
slopes of Diablo Range.  Coal is formed in tropical conditions.  Its presence suggests a swampy, 
highly vegetated, and warm climate during the formation of the coal beds in the Eocene.   
 
About four miles west of Coalinga was the California Coal Mine, located in Sec. 22, T. 20 S., R. 14 E. 
at an elevation of about 1300 feet.  This mine was first worked through a series of adits and later by a 
400-foot incline.  It was the only coal mine on which any work was done since 1896.  In July, 1940 a 
small amount of lignite was mined. 
 
Three miles west of Coalinga was the San Joaquin Valley Company's Coal Mine on the west side of 
Sec. 26, T. 20 S., R. 14 E., at an elevation of about 1100 feet.  This was the most extensively worked 
of the Fresno County coal mines.  It had adits 300, 400, and 1700 feet long and an incline 300 feet 
long.  It contained several small seams of low grade lignite three to seven inches thick and a seam 4  
feet thick. 
 
The coal ventures failed by the early 1890's because of limited coal mine capacity and the poor quality 
of the coal itself.  It was said the burning a pound of Coalinga coal produced two pounds of ashes. 
 
 Fossils 
 
The area around Coalinga is well known for its fossils.  The most common fossils, (other than 
microfossils), are the Delectopecten, Macrocalista, Nuculana, and Thyasira (all pelecypods).  These 
fossils are found in scattered locations north of Coalinga particularly in Sec. 36, T. 16 S., R. 13 E.  
Another extremely fossiliferous area north of Coalinga is the Turritella ocoyana bed northeast of the 
Universal Oil Company buildings in the SE  and NE , Sec. 16, T. 19 S., R. 15 E. 
 
Northward from Coalinga, Desmostylus (Sea Cow) teeth are common in the Miocene Temblor "Reef" 
section.  Anadara (Arca), Pecten andersoni (Aequipecten), Scutella (a small sand dollar resembling 
(button), and Trophon (gastropod) have been collected from the "button" bed of the Temblor about 8  
miles north of Coalinga in the SW , Sec. 21, T. 19 S., R. 15 E.  Ostrea titan has been  collected from 
the lower Temblor in this same area. 
 
The Miocene Santa Margarita Formation contains an extremely prominent fossil zone about 25-50 feet 
thick near its base.  This zone is termed the Tamiosoma zone because of the presence of the 
prominent Tamiosoma gregaria (barnacle).  Other prominent fossils of this zone include Ostrea titan 
(giant oyster) and Lyropecten estrellanus (pelecypod).  These fossils may be found in the NW corner 
of Sec. 22, T. 19 S., R. 15 E. 
 
Typical fossils in the Miocene McLure Shale, member of the Miocene Monterey Formation, includes 
Miltha (a pelecypod), found on the west side of Tar Canyon in the SE , Sec. 7, T. 23 S., R. 17 E.  
Some fauna, similar to that found in the Santa Margarita Formation north of Coalinga, are found in 
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Garza Canyon in the SW1/4, Sec. 2, T. 23 S., R. 16 E.  The McLure is relatively unfossiliferous in the 
Warthan Canyon area, southeast of Priest Valley. 
 
Except for foraminifer, the Miocene Reef Ridge Member is relatively unfossiliferous. 
 
The Pliocene Etchegoin Formation is extremely fossiliferous except at the base.  This seems to 
indicate shallow, brackish water conditions and beach environments.  Much crossbedding occurs in 
the middle and upper portions of the Pliocene Etchegoin-Jacalitos Formation. 
 
The "Big Trophon zone", of the lower Pliocene Etchegoin-Jacalitos Formations, is typically exposed on 
the upper Jacalitos Creek area in SW1/4, Sec. 6, T. 22 S., R. 15 E.  The major fossils include 
Trophon, Macoma, Panopea, and Astrodapsis (a sand dollar with a "raised" star).  This zone is also 
well exposed at the head of Garza Creek in Sec. 2, T. 23 S., R. 15 E. 
 
A "Pecten estrellanus zone" is exposed on Canoas Creek in Sec. 27, T. 22 S., R. 16 E., and in 
Jacalitos Canyon in the NW 1/4, Sec. 33, T. 21 S., R. 15 E.  The major fossils at these locations 
include:  Lyropecten and Dendraster (sand dollar).  The sand dollars are extremely numerous and are 
generally large and dark colored in the Jacalitos Canyon area. 
 
A "Glycymeris zone" with the typical location southwest of Coalinga on State Highway 198 in the SW 
corner of Sec. 7, T. 21 S., R. 15 E.  This zone was originally considered to be the base of the Pliocene 
Etchegoin Formation.  Typical fossils include Glycymeris coalingensis, Diplodonta, Cardium, and 
Patinopecten.  Lunatia (gastropod) may also be found on occasion. 
 
The Big Blue Hills north of Coalinga, extending from Oil City northwesterly through Cantua Creek to 
the Ciervo Hills is unfossiliferous expect for Merychippus (horse teeth) found on the Domengine 
Ranch in the SW1/4, Sec. 28, T. 18 S., R. 15 E. 
 
An extensive array of the previously listed fossils and mammals such as beaver teeth, mastodon 
bones and teeth, horse teeth, camel, and deer bones are found southeast of Coalinga in the 
Kettleman Hills area. 
 
 Oil Fields 
 
The tow of Coalinga has five oil fields within the immediate vicinity.  
  

FIELD NAME 
(ACREAGE) 

1ST YR OF 
PRODUCTION(P
EAK YR) 

TOTAL CUM (& 
1990) BARRELS 
OF OIL PROD 

TOTAL CUM (& 
1990) mmcf OF 
GAS 

WELLS 
PRODUCING 
SHUT-IN 
ABANDONED 

FORMATIONS 
PRODUCED  

Coalinga (10,718 
ac) 

1887-1912 
(1986) 

772.5 million 
(11.5 million) 

225,889 mmcf 
(none) 

2101 prod 
1314 S/I 2112 
aban 

Pliocene Etchegoin 
to Cretaceous 

East Coalinga 
Extension 
(2425ac) 

1939-1952 
(1954) 

500.5 million 
(847,000) 

371,380 mmcf 
(17,501 mmcf) 

73 prod    96 S/I     
77 aban 

Miocene Vaqueros 
to Eocene Gatchell 

Pleasant Valley 
(500ac) 

1943 
(1960) 

13.3 million 
(8175) 

12,173 mmcf (3 
mmcf) 

 1 prod     5 S/I     
25 aban 

Eocene Gatchell 

Guijarral Hills 
(2300ac) 

1948-1962 
(1962) 

49.1 million 
(17,957) 

76,442 mmcf (6 
mmcf) 

 2 prod    96 S/I    
39 aban 

Miocene Temblor 
to Eocene Gatchell 

Jacalitos 1941 21.9 million 26,951 mmcf 23 prod    97 S/I     Pliocene Etchegoin 
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FIELD NAME 
(ACREAGE) 

1ST YR OF 
PRODUCTION(P
EAK YR) 

TOTAL CUM (& 
1990) BARRELS 
OF OIL PROD 

TOTAL CUM (& 
1990) mmcf OF 
GAS 

WELLS 
PRODUCING 
SHUT-IN 
ABANDONED 

FORMATIONS 
PRODUCED  

(2500ac) (1949) (64,407) (21 mmcf) 39 aban 
 

to Miocene 
Temblor 

 
 
 
RETURN TO MAIN FIELD TRIP ROUTE. 
 

MAP 15. PARKFIELD JUNCTION TO PARKFIELD 
 
From Parkfield Junction, at Highway 198 and the Parkfield Road (Site #67) we drive south going over 
the Parkfield Grade. 
 

THE PARKFIELD TO CHOLAME SEGMENT OF THE SAN ANDREAS FAULT 
(From John D, Sims in Sylvester and Crowell, 1989:T309:098) 

 
The Parkfield-Cholame segment of the San Andreas fault is west of the southern Diablo Range and 
northern Temblor Range in central California. Displacement on the San Andreas fault  here 
juxtaposed dissimilar tectonic terranes separated by a belt of melange (FIG. 64). The active main 
trace of the San Andreas fault in the Parkfield-Cholame area is characterized by a 1km right stepover 
in Cholame Valley and a 5° left bend in the fault trace on Middle Mountain in the northern part of the 
area. This 40-km-long segment of the San Andreas is situated between the creeping segment to the 
northwest and the locked segment to the southeast (FIG.  3). The area northeast of the San Andreas 
fault is characterized by complexly folded and faulted rocks of the Franciscan Complex, Coast Range 
ophiolite, sedimentary rocks of the Great Valley sequence, and upper Cenozoic marine and 
nonmarine sedimentary rocks (Dickinson, 1966a). Deformation of Upper Cretaceous and Cenozoic 
rocks northeast of the SAFZ varies in general with their age and proximity to the fault. The Upper 
Cretaceous rocks are strongly deformed and overlain by upper Cenozoic rocks with angular 
unconformity. Lower(?) and middle Miocene strata are less deformed than upper Miocene to lower 
Pliocene rocks. Upper Pliocene and Pleistocene rocks generally are the least deformed. 
The area southwest of the San Andreas fault consists of granitic basement rocks of the Salinian block 
(Ross, 1984), which are overlain by Miocene and Pliocene marine sedimentary rocks which, in tum, 
are capped by Pliocene and Pleistocene nonmarine gravel and sand. In general, rocks west of the 

San Andreas fault are less deformed than similar-aged rocks east of the fault. (Sims in Sylvester and 

Crowell, 1989:T309:098) 
 
The active trace of the San Andreas fault lies along the southwest side of a belt of highly deformed 
rocks separating the Salinian block from the region to the northeast (FIG. 64). The deformed belt 
consists of sheared and deformed rocks of the Franciscan Complex and of upper Cenozoic units and 
exotic blocks of granite, gabbro, and marble. These exotic blocks are along a 25 to 30 km stretch of 
the Parkfield segment of the SAFZ (Sims, 1986) and were derived from Jurassic and Cretaceous 
crystalline basement rocks and upper Miocene volcanic units exposed to the northwest and 

southeast adjacent to the San Andreas fault (FIG. 65). (Sims in Sylvester and Crowell, 

1989:T309:098) 
 
The Parkfield-Cholame segment also contains exotic blocks of crystalline basement and associated 
Tertiary volcanic and sedimentary rocks. North of the 1-km right stepover in Cholame Valley are two 
fault-bounded blocks of particular interest that have been displaced over 150 km from  their 
counterparts. One  block includes the hornblende quartz gabbro of Gold Hill, which correlates with a 
petrographically similar body of the same age near Eagle Rest Peak, about 145 km to the southeast, 
.and with rocks near Logan about 165 km to the northwest (Ross, 1970). The second exotic block lies 
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southwest of the fault (FIG. 66) and consists of a northwest trending belt of the Miocene volcanic 
rocks of Lang Canyon (Sims, 1986). These volcanic rocks correlate with compositionally similar rocks 
of the Neenach Volcanics about 150 km to the southeast and with the Pinnacles Volcanics about 160 
km to the northwest. Both exotic blocks have Tertiary sedimentary rocks associated with them that 
are correlated with similar strata associated with the parent bodies on the east side of the San 
Andreas in the Big Bend area. These correlations of sedimentary units support the correlation of the 
gabbro and Miocene volcanic rocks (FIG. 65) (Sims in Sylvester and Crowell, 1989:T309:098). 
 
The Gold Hill block of gabbro is an elongate tabular body about 2 km wide, 8 km long, and less than 
1 km thick.  It is bounded  by near-vertical  faults on the northeast and south (R. C. Jachens, pers. 
commun.,1986) and lies northeast of the main trace of the San Andreas fault (FIG. 66). In 
depositional contact with the gabbro are sedimentary rocks of the Eocene Tejon Formation that 
consist of sandstone and conglomerate that bears pebbles, cobbles, and boulders of the gabbro. 
These rocks are derived from the Tejon Formation in the San Emigdio Mountains and equivalent 
rocks of the lower San Juan Bautista Formation of Kerr and Schenk (1925) near San Juan Bautista. 
(Sims in Sylvester and Crowell, 1989:T309:098). 
 
The volcanic rocks of Lang Canyon are part of an elongate, northeast-dipping block 16 km northwest 
of Gold  Hill   (FIG.  64).     The  volcanic   rocks   are overlapped on the southwest side by upper 
Miocene sandstone of the Santa Margarita Formation (FIG. 67). (Sims in Sylvester and Crowell, 
1989:T309:098). 
 
The relative positions of the hornblende quartz gabbro of Gold Hill and the volcanic rocks of Lang 
Canyon are reversed with respect to the positions of their counterparts northwest and southeast of 
the Parkfield-Cholame area  The reversed relative positions reveal some details of the history of 
movement on the San Andreas fault. The restored Eagle Rest Peak-Gold Hill-Logan body, in its 
initial, prefaulting position at the margin of the Mojave Desert, was about 55 km northwest of the 
reconstructed Neenach-Lang Canyon-Pinnacles volcanic body.  The reversed positions of the Gold 
Hill and Lang Canyon blocks are accounted for by three stages of development of the San Andreas 
fault. During the first stage of movement  the Pinnacles and Logan  fragments  were  detached  from  
their  parent bodies  and  displaced  about  95 km  northwest. (Sims in Sylvester and Crowell, 
1989:T309:098-099). T 
 
The Pinnacles fragment then lay about 40 km northwest of the gabbro of Eagle Rest Peak, and the 
gabbro of Logan lay at about the latitude of Chico Martinez Creek. In the second phase  of movement  
of  the San Andreas fault stepped eastward and detached the sliver of the volcanic rocks of Lang  
Canyon  from the Neenach  Volcanics. The  Pinnacles  Volcanics,  detached  earlier,  and  the 
volcanic  rocks  of  Lang  Canyon  thereafter  remained about 95 km apart on the west side of the 
San Andreas fault.  During this phase, two volcanic bodies and one gabbro  body  were  moved  
away  from  their  parent bodies.   Movement during this phase lasted until the gabbro of Logan was 
at the latitude of Gold Hill.  When it reached  this  latitude,  the  Gold  Hill  block  and  its associated  
Eocene  sedimentary  rocks  were  sliced off and remained on the east side of the San Andreas fault. 
Sims in Sylvester and Crowell, 1989:T309:100). T 
 
Following the positioning of the Gold Hill block, all the detached fragments maintained their relative 
positions, and the gabbro of Logan and the Pinnacles Volcanics were displaced an additional160 km 
northwest to their present positions. A total of about 310 km of movement is recorded by these 
displacements (Sims in Sylvester and Crowell, 1989:T309:100). 
 
 
The 18.6 mile (30 kilometer) Parkfield Segment is a transition zone between the locked Cholame 
Segment and the Creeping Segment.  Since 1857, earthquakes have occurred in the magnitude of 
6.0 every 12 to 32 years (1966 Parkfield) in this segment.  Creep movement between events is 
measured at the rate of inches 0.6 inches (1.5 centimeters) a year.  Past events have occurred in 
1857, 1881, 1901, 1922, and 1934.  The next event was predicted to occur by 1993 (Working Group, 
1988, Bakun, March, 1988). 
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In 1857, accounts indicate that several small to moderate size central California shocks preceded the 
Fort Tejon shock by 1 to 9 hours.  A study by Sieh of the California Institute of Technology concluded 
that the 1857 foreshocks were magnitude 5 to 6 earthquakes located within an area that includes the 
Parkfield section.  Because foreshocks generally occur near the epicenter of the ensuing larger main 
shock, Sieh believed that slip in the great Fort Tejon earthquake actually began near Parkfield at the 
northwest end of the 1857 rupture zone and extended along the fault to the southeast through the 
Carrizo Plain to the vicinity of San Bernardino, east of Los Angeles.  Earthquakes reoccurred in 1881, 
1901, 1922, and 1934 (Bakun, March, 1988). 
 
RESET ODOMETER 
Miles 
 
0.0 Parkfield Junction. The dirt road between Highway 198 and Parkfield climbs Mount Reason, 

and then descends to the south down Little Cholame creek into the settlement of Parkfield. 
At the crest, the roadway is underlain by Franciscan Formation. 
 

3.5 Jacalitos River (Site #76) 
 
5.0 Fault contact between Pliocene sediments to the north and Franciscan Formation to the 
south 
 
7.8 Castro Canyon (Site #77) 
 
Between sites #77 and #78 is the Carrie Creek coal deposit (Site #71). 
 
9.3.X Iron Springs (Site #78) 
 
10.3 Fresno-Monterey County Line (Site#79). 
 
10.6  STOP #7 (Site #80). REASON MOUNTAIN OVERLOOK 
 
At the crest of Mount Reason are Cretaceous metavolcanic rocks that overly Jurassic Franciscan 
Formation. 
 
12.0 Pine Canyon (Site #81) 
 
12.0 to 13.6 Cross a band of Franciscan Melange 
 
13.6 Cross contact between Franciscan Melange and Pliocene marine sediments (Site #82) 
 
13.0 Road follows Little Cholame Creek (Site #83) 

 
14.0 Bitterwater Creek (Site #84) 
 
16.6 Confluence of Little Cholame and Joaquin Creeks. (Site #85) The confluence is underlain by 
fault-bounded Miocene Monterey Formation. 
 
17.3 Parkfield 
 
 STOP #8 (Site#86)  PARKFIELD CAFE 
 
The town originally called Imusdale has a population of 34.  The cafe has a display of the 
newspapers articles published relating to the earthquake events of the last 20 plus years. For 
information (805) 463-2421, closed on Wednesdays.  The water tank outside the café is painted with 
message "Earthquake Capitol Of The World". 
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This is no idle boast.  Small earthquakes strike the area so frequently  that it is an ideal  place so set 
up monitoring equipment. Nowhere else in the world is an area so heavily instrumented. 
Seisrnologtsts have zeroed in on Parkfield because the San Andreas Fault is creeping  This means 
that the plates are moving almost  continuously.   ln  September  200, Parkfield fulfilled a prediction 
made back in the late sixties. Based on earthquakes in  1881, 1901, 1922, 1934, and  1966, 
seismologists noticed that the fault produced strong earthquakes about once every 20-10 years. The 
next magnitude 6 quake was expected in about 1990 and happened in 2004 (Lynch, 2005:127). 
 
Parkfield is located in the northern end of Cholame Valley. Table Mountain is to the northeast. The 
Cholame Hills are to the southwest.  
 
 

TABLE MOUNTAIN 
 
Table Mountain is a remarkably smooth and narrow ridge capped by a subhorizontal sheet of  
serpentinite breccia of the Franciscan Complex. The breccia is weakly foliated and composed of 
massive serpentinized peridotite in a matrix of crushed serpentinite. The breccia extruded by plastic 
flow from steeply dipping feeders that tap its parent body at depth in a complex anticline that makes 
up the core of this part of the southern Diablo Range (Dickinson, 1966b). These feeders probably 
developed in the compressive stress regime that has dominated the tectonics of this area since 
Miocene time. In particular the increase in strain during the latest phase of movement on the San 
Andreas fault in Pliocene and Pleistocene time either initiated or reactivated the feeders. The breccia 
moves downslope from the crest of Table Mountain in large, lobate, landslide-like masses and are 
mapped on the  lower slopes as landslides. Pleistocene fan deposits in the Cholame Valley and 
Parkfield areas postdate the serpentinite extrusion, because they contain abundant serpentinite 
debris, and in some outcrops, felted masses of asbestos minerals are found as single laminae. 
(Sylvester and Crowell, 1989:T309:103) 

 
SAN ANDREAS FAULT-CREEPING SEGMENT 

 
The fault segment measuring 80.8 miles (130 kilometers) located north of Parkfield through 
Bitterwater Valley/Pinnacles to Hollister is called the Creeping Segment.  Historically the fault is 
characterized by creep of 1.3 inches (3.3 centimeters) per year, frequent magnitude 4 or less shocks, 
and mild earthquakes never greater than an magnitude of 6 (5.0, 1993 Gilroy) (Working Group, 
1988). 
 

HISTORIC  PARKFIELD  SEISMICITY 
(From John Sims in (Sylvester and Crowell, 1989:T309:100) 

 
The first recorded earthquakes in the Parkfield area were on January 9, 1857. Two earthquakes of 
about magnitude 6 are thought to have occurred near Parkfield just prior to the great Fort Tejon 
earthquake of that date. All three epicenters are thought to have been on the San Andreas fault near 
Parkfield.  Since 1857, earthquakes of about magnitude 6 have occurred on the San Andreas fault  
on  2 February  1881, 3 March  1901, 10 March 1922, 8 June 1934, and 28 June 1966 (Sims in 
Sylvester and Crowell, 1989:T309:100) . 
 
The intervals between these earthquake sequences are remarkably regular (FIG. 10).  The mean 
interval is 21.9 ± 3.1 (standard deviation of the mean) years. The time of the 1934 earthquake 
departs from the average recurrence interval by  being a decade early. However the 1966 
earthquake conforms to the sequence established by the earlier earthquakes in that the 44-year 
interval between 1922 and 1966 is double the mean interval.  The 1966 earthquake was the last 
damaging earthquake in the Parkfield area.  The event was assigned a ML = 5.6 (Bakun and Lindh, 
1985) and a seismic moment of 1.4x 105 dyne-cm. The source of the 1966 earthquake is described 
by a simple model of unilateral rupture propagation to the southeast along the fault (Sims in Sylvester 
and Crowell, 1989:T309:100) . 
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All the M-6 earthquakes along the Parkfield Cholame segment in this century are thought to have 
had similar characteristics, but only the 1934 and 1966 events were instrumentally recorded. The 
1934 and 1966 earthquake sequences are remarkably similar. Both had main shocks with similar 
epicenters, magnitudes and fault plane solutions. Both sequences also had similar foreshocks of ML- 
5.1 which preceded each main shock by about 17 minutes (Bakun and Lindh,1985). (Sims in 
Sylvester and Crowell, 1989:T309:100). 
 
Similar  aftershock   sequences   and surface rupturing accompanied both the 1934 and 1966 
earthquakes.The Parkfield earthquakes of 1922 and 1901 are thought to have been similar to the 
1934 and 1966 events in that anecdotal reports suggest that cracks were found in some of the same 
places as the later earthquake ruptures (Brown et al., 1966). Intensity patterns for the 1901,1922, 
1934, and 1966 earthquakes are similar (Sieh, 1978a). Reports on intensity for the 1881 event are 
few but consistent with the intensities reported for the later events. The similar patterns of foreshocks, 
mainshocks, and aftershocks for the 1934 and 1966 earthquakes, and the similar intensity patterns 
for the 1922, 1901 and 1881 earthquakes suggest that the Parkfield segment of the San Andreas 
fault behaves in a characteristic fashion. The U.S. Geological Survey has therefore designed an 
earthquake predication experiment around the recurrence of the characteristic Parkfield earthquake 
(Bakun and Lindh, 1985: Bakun et al, 1987) (Sims in Sylvester and Crowell, 1989:T309:100). 
 
 

PARKFIELD EARTHQUAKE PREDICTION EXPERIMENT (Site #89) 

In April, 1985, the U.S. Geological Survey issued a prediction that an earthquake of approximately 
magnitude 6 would occur before 1993 on the San Andreas Fault near Parkfield.  The prediction was 
the first officially recognized scientific prediction of an earthquake in the United States.  The primary 
goal of the prediction is to have a detailed understanding of the processes occurring before an 
earthquake and apply this knowledge to predict larger events in other locations.  Until the 6.7 
Coalinga earthquake of 1983, the Parkfield segment had been relatively free of stress changes due 
to nearby shocks.  The effect of the Coalinga shock on the timing of the next Parkfield shock is not 
known (Bakun, September, 1988). 

The U.S. Geological Survey’s Parkfield earthquake prediction experiment is summarized by W. H. 

Bakun and A. G. Lindh (1985): 

“Five moderate (magnitude 6) earthquakes with similar features have occurred on the Parkfield 
section of the San Andreas fault in central California since 1857. The next moderate Parkfield 
earthquake is expected to occur before 1993. The Parkfield prediction experiment is designed to 
monitor the details of the final stages of the earthquake preparation process; observations and 
reports of seismicity and aseismic slip associated with the last moderate Parkfield earthquake in 
1966 constitute much of the basis of the design of the experiment. 

Certain sections of the San Andreas fault system in central California tend to fail in recurring, 
moderate-sized (magnitude 5 to 7), characteristic earthquakes (1, 2). Characteristic earthquakes 
are repeat earthquakes that have the same faulting mechanism, magnitude, rupture length, 
location, and, in some cases, the same epicenter and direction of rupture propagation as earlier 
shocks. The earth- quakes in 1979 at Coyote Lake and in 1984 at Morgan Hill, both of magnitude 
6 (Fig. 1, inset), on the southern Calaveras fault east of San Jose, California, are recent examples 
of characteristic earthquakes, apparently repeating shocks in 1897 and 1911, respectively (3, 4). 
The case for characteristic earthquakes on the Parkfield section of the San Andreas fault (Fig. 1) 
is more complete (5), at least in part because the interval between events at Parkfield is shorter 
(21 to 22 years) than the interval (70 to 85 years) that is apparently appropriate for the southern 
Calaveras fault (3, 4). 
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In recent years, earthquakes near Parkfield (Fig. 1) have occurred either on the San Andreas fault 
or in distinct clusters of activity near the western edge of the San Joaquin Valley (6). Northwest of 
the Parkfield section, slip on the San Andreas fault occurs predominantly as aseismic fault creep; 
although small shocks (magnitude <4) occur here frequently, shocks of magnitude 6 and larger 
are unknown and little, if any, strain is accumulating (7). In contrast, very few microearthquakes 
and no aseismic slip have been observed on the fault south- east of Cholame; this locked section 
apparently ruptures exclusively in large earthquakes (magnitude > 7) , most recently during the 
great Fort Tejon earthquake of 1857 (8). Parkfield earthquakes occur within the transition zone 
between these contrasting modes of fault failure. The regular nature of Parkfield seismicity since 
1857 may be due to the nearly constant slip rate pattern on the adjoining sections of fault. Until 
recently, the Parkfield section had been relatively free of significant perturbations in stress caused 
by nearby shocks; the effect of the 2 May 1983 Coalinga earthquake [local magnitude (ML) 6.7], 
40 km northeast of Parkfield (Fig. 1), on the timing of the next Parkfield shock is not known.”  

The Parkfield recurrence model is illustrated, below: 

 

Fig. 2.(a) The Parkfield recurrences1 represents the failure stress of the fault. Most characteristic 
earthquakes occur at s1; the 1934 shock occurred at s2. A constant loading rate of 2.8 cm per year 
and a coseismic slip of 60 cm for the Parkfield earthquake sequences in 1881, 1901,1922,1934, 
and 1966 are assumed (56). (b) Series of earthquake sequences at Parkfield since 1850 [after 
(5)], The line represents the linear regression of the time of the sequence obtained without the 
1934 sequence, The anticipated time of the seventh (that is, the next) Parkfield sequence for the 
regression is January 1988. (c) Shocks of ML greater than 4 since 1930 have tended to occur 
when the stress exceeds s2 . 

There is a survey station south of town with laser surveying equipment. Daily measurments were 
made from this station at the top or Carr Hill (Site #89) to targets placed around the northern Cholam 
valley.  
 

http://earthquake.usgs.gov/research/parkfield/Bakun85_Fig2.html
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SAN ANDREAS FAULT OBSERVATORY AT DEPTH (Site #88) 

 
The following is taken from the USGS website at  
http://earthquake.usgs.gov/research/parkfield/safod_pbo.php (August 8, 2012) 
 
Schematic cross section of the SAFZ at Parkfield, showing the drill hole for the 
San Andreas Fault Observatory at Depth (SAFOD) and the pilot hole drilled in 
2002. Red dots in drill holes show sites of monitoring instruments. White dots 
represent area of persistent minor seismicity at depths of 2.5 to more than 10 
km. The colors in the subsurface show electrical resistivity of the rocks as 
determined from surface surveys; the lowest-resistivity rocks (red) above the 
area of minor earthquakes may represent a fluid-rich zone. 
 
Building on more than 15 years of experience from the Parkfield Earthquake 
Experiment, the National Science Foundation (NSF) and the USGS started in 
June 2004 to drill a deep hole in order to install instruments directly within the 
SAFZ near the initiation point of previous magnitude 6 Parkfield earthquakes 
(drill hole location in relation to slip rate). These instruments, set 2 to 3 km 
beneath the Earth's surface, will form a San Andreas Fault Observatory at 
Depth (SAFOD). This project will directly reveal, for the first time, the physical 
and chemical processes controlling earthquake generation within a seismically 
active fault. 

 
Drilling 
the hole 
for 
SAFOD 
(Site 
#88) 
starts 
west of the San Andreas Fault 
and then use advanced 
directional-drilling technology 
developed by the petroleum 
industry to angle the hole 
through the entire fault zone 
until relatively undisturbed 
rock is reached on the east 
side. Fault-zone rocks and 
fluids will be retrieved for 
laboratory analyses, and 
geophysical measurments will 
be made within the active fault 
zone. SAFOD's long-term 
monitoring activities will 
include detailed seismological 
observations of small to 
moderate earthquakes and 
continuous measurements of 
rock deformation and other 
parameters during the 
earthquake cycle. 
SAFOD will provide direct 
information on the 
composition and mechanical 

http://earthquake.usgs.gov/research/parkfield/safod_pbo.php
http://www.nsf.gov/
http://www.usgs.gov/
http://earthquake.usgs.gov/research/parkfield/slip.html
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properties of rocks in the fault zone, the nature of stresses responsible for earthquakes, the role of 
fluids in controlling faulting and earthquake recurrence, and the physics of earthquake initiation and 
rupture. By observing quakes "up close," SAFOD will mark a major advance in the pursuit of a 
rigorous scientific basis for assessing earthquake hazards and predicting earthquakes. 
PBO is a geodetic observatory designed to study the three-dimensional strain field resulting from 
plate boundary deformation. 
SAFOD is funded by NSF as part of an ambitious scientific initiative called EarthScope. The other 
elements of EarthScope include USArray, and the Plate Boundary Observatory (PBO). USArray 
consists of a large transportable broadband seismic array, augmented by smaller seismic arrays and 
coordinated with the USGS Advanced National Seismic System (ANSS). The PBO is a network of 
deformation sensors (GPS and strainmeters) for the western United States similar to that deployed at 
Parkfield. Support for scientific studies using SAFOD and the other EarthScope facilities will come 
through programs within NSF, USGS, NASA, and several foreign countries. 
 
A 2.2-km-deep vertical pilot hole was drilled adjacent to the San Andreas Fault at Parkfield in the 
summer of 2002. This pilot project was funded by International Continental Drilling Program, with 
considerable logistical and scientific help from the  NSF, and USGS. The pilot project  has provided 
both engineering and scientific data to guide the current SAFOD project to its goal of precisely drilling 
into the fault-zone where small, M2, earthquakes repeat on a regular schedule. 
 
More information and daily news from the drilling can be found at the ICDP SAFOD website. 
The cooperative efforts of USGS and other scientists in the Parkfield Earthquake Experiment and 
SAFOD will help achieve a better understanding of what happens on and near a fault during the 
earthquake cycle and will aid in predicting the time and severity of future quakes. This work is part of 
the National Earthquake Hazard Reduction Program's ongoing efforts to protect people's lives and 
property from the earthquakes that are inevitable in California and elsewhere in the United States. 
 
The following is taken from 
http://www.icdp-online.de/front_content.php?idcat=889 (August 8, 2012) 
 

 

OBJECTIVES: SAFZ OBSERVATORY AT DEPTH 

Testing Fundamental Theories of Earthquake Mechanics: 
The San Andreas Fault Observatory at Depth  

The San Andreas Fault Observatory at Depth (SAFOD) is a component of EarthScope. 
EarthScope will investigate the structure and evolution of the North American continent and the 
physical processes controlling earthquakes and volcanic eruptions. EarthScope is funded by the 
National Science Foundation and conducted in partnership with the US Geological Survey.  

SAFOD is motivated by the need to answer fundamental questions about the physical and 
chemical processes controlling faulting and earthquake generation within a major plate-bounding 
fault. SAFOD will drill and instrument an inclined borehole across the SAFZ to a depth of 3.2 km, 
targeting a repeating microearthquake source. The drill site is located west of the vertical San 
Andreas Fault on a segment of the fault that moves through a combination of aseismic creep and 
repeating microearthquakes (Figure 1). It lies at the extreme northern end of the rupture zone of 
the 1966, Magnitude 6 Parkfield earthquake, the most recent in a series of events that have 
ruptured the fault five times since 1857. The Parkfield region is the most comprehensively 
instrumented section of a fault anywhere in the world, and has been the focus of intensive study 
for the past two decades. 
  

http://www.earthscope.org/
http://www.anss.org/
http://www.icdp-online.de/
http://www.icdp-online.de/contenido/icdp/front_content.php?idcat=889
http://www.icdp-online.de/front_content.php?idcat=889
http://www.earthscope.org/
http://www.nsf.gov/
http://quake.usgs.gov/
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Figure 1. Shaded relief map of California 
showing the location of SAFOD. Major 
historical earthquakes along the San 
Andreas Fault are shown, with the creeping 
section of the fault in blue.  

 

In the summer of 2004 the borehole will 
enter the fault zone, and during the summer 
of 2005 the borehole will pass through the 
entire fault zone starting at a depth of about 
3 km and continuing until relatively 
undisturbed country rock is reached on the 
other side (Figure 2). Rock and fluid 
samples recovered from the fault zone and 
country rock will be tested in the laboratory 
to determine their compositions, deformation 
mechanisms, frictional behavior and physical 
properties. Following an intensive series of 

downhole measurements, the hole will be instrumented as a long-term geophysical observatory to 
monitor earthquakes, deformation, fluid pressure and ephemeral properties of the fault zone 
through multiple earthquake cycles. Through sampling, downhole measurements and long-term 
monitoring directly within the SAFZ at seismogenic depths, we will learn the composition of fault 
zone materials and determine the constitutive laws that govern their behavior; measure the 
stresses that initiate earthquakes and control their propagation; test hypotheses on the roles of 
high pore fluid pressure and chemical reactions in controlling fault strength and earthquake 
recurrence;  and observe the strain and radiated wave fields in the near field of 
microearthquakes.  
 
Many scientific studies have already been carried out or are presently underway at the SAFOD 
site. These include a high-resolution seismic reflection profile, airborne and ground-based gravity 
and magnetic surveys, thermal and geochemical studies in shallow wells, magnetotelluric 
imaging, microearthquake relocations and seismic tomography. 
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Figure 2: Cross section of the drilling project, superimposed on electrical resistivity structure 
determined by Unsworth & Bedrosian using surface magnetotelluric recordings. The approximate 
locations of small (M < 2) earthquakes are also shown as light dots, (Thurber and Roecker, 2004). 
During Phase I (shown in gray) the hole will be drilled vertically to a depth of 1.4 km, at which 
point the hole will be deviated 55 degrees to vertical depth of 2.5 km. Phase 2 drilling (white with 
red ovals) begins in summer 2005 and continues the deviated hole right through the fault zone. 
An extensive program of downhole measurements, spot coring and fluid sampling will be 
conducted during Phases 1 and 2. Phase 3 begins in summer of 2007 and will involve taking 4 
250m cores lateral from the main hole (shown in black). The monitoring program is as follows: 
Stage 1 equipment will be at the bottom of the Pilot Hole and consist of 3-component 
seismometer, tiltmeter, strainmeter, accelerometer, pore pressure and temperature gauges.. 
Stage 2 consists of a laser strainmeter cemented into the annulus outside the vertical section of 
the borehole and will be installed in Summer 2004. Stage 3 will consist of an array of instruments 
including seismometers and deformation sensors deployed through the deviated section of the 
hole. The fault zone monitoring program of seismicity, deformation, fluid pressure and other 
parameters will continue for about 20 years. (© USGS)  

EarthScope  
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The other elements of EarthScope include USArray, the Plate Boundary Observatory (PBO). 
USArray consists of a large transportable broadband seismic array, augmented by various smaller 
seismic arrays, and is being coordinated with the USGS Advanced National Seismic System. The 
PBO is a network of deformation sensors (Global Positioning System receivers, borehole 
strainmeters, etc.) for the western U.S. 
 
Scientific studies using SAFOD and the other EarthScope facilities will be supported through 
programs within the NSF, USGS, and foreign countries. 

The SAFOD Pilot Hole  

 
In preparation of SAFOD, a 2.2km deep vertical pilot hole was drilled and instrumented at the 
SAFOD site in the summer of 2002. The pilot hole was a collaborative effort between the 
International Continental Scientific Drilling Program, NSF and the USGS, and it will guide 
subsequent SAFOD scientific investigations within the active fault zone. 

Relevance to Earthquake Hazards  

 
By drilling a hole into the hypocentral zone of an active fault and observing earthquakes in their 
near-field environment, SAFOD represents a major advance in pursuit of a rigorous scientific 
basis for earthquake hazard reduction. For example, directly evaluating the roles of fluid pressure, 
intrinsic rock friction, chemical reactions and other factors in controlling fault strength will allow 
scientists to simulate earthquakes in the laboratory and on the computer using representative 
fault-zone properties and physical conditions. This will lead to more realistic models for static 
stress transfer and earthquake triggering at a regional scale and between specific faults, as 
needed for intermediate-term seismic hazard forecasting following large earthquakes. Near field 
observations of the earthquake rupture process, including such hypothesized effects as fault-zone 
dilation and short-term changes in fluid pressure, will lead to improved predictions of strong 
ground motions and more reliable models for rupture propagation and arrest. These processes 
are believed to control earthquake size (i.e., whether a small earthquake will grow into a large 
one) and, hence, are crucial to long-term assessments of earthquake hazard. Finally, direct 
observation of the earthquake nucleation process will reveal whether earthquakes are preceded 
by accelerating fault slip or changes in fluid pressure, as has been proposed. This type of data is 
crucial for addressing the question of whether short-term earthquake prediction is possible or if 
there are longer-term variations in fault zone properties that might be related to the earthquake 
nucleation process. 

RESUME FIELD TRIP 
 
Reset Odometer at the Parkfield Café. 
Miles 
0.1 Single stone columnar monument toppled in the 1966 earthquake. 
 
0.4 STOP #8 (Site #87).  OFFSET BRIDGE. 
 
This bridge crosses Little Cholame Creek about one-half kilometer south of the hamlet of Parkfield. 
The bridge, constructed in April, 1932, of a steel framework of 1-beam truses that rest on seven pairs 
of vertical 1-beams or bents with a wooden deck, was replaced by the present concrete deck in 1960. 
The alignment of the bridge beams is offset by displacementon the main fault trace. According to a 
survey in 1985 the beams are offset 76 km which represent 118 ± 2 km of slip along the strike of the 

http://www.icdp-online.org/upload/pdf/safod/SAFOD_pilot_hole.html
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fault since its construction in 1932 (J. J. Lienkaemper, written commun., 1988). (Sylvester and 
Crowell, 1989:T309:103) 
 
The structure is about 200 feet long in an east-west dimension consisting of a two-segment, flat 
concrete deck that rests on three steel I-beam girders.  The girders are in turn supported by seven 
equally spaced bents, each of which consists of three steel piers that are secured by X-sway-braces. 
 
The bridge was built in 1932 with a timber deck.  The timber deck was replaced in 1960 by the 
present concrete deck.  At the time of the replacement, the girders were about one foot out of 
alignment that was attributed to the earthquake of 1934.  The main fracture zone trends N 52o W 
between bents 2 and 3 as numbered from the west end of bridge  (Brown, 1967). See Appendix A for 
more information about this bridge. 
 
This bridge was seismically reinforced in 2003.  On September 28, 2004 at 10:15 AM PDT, a 
magnitude 6.0 earthquake occurred on the San Andreas fault near Parkfield, California (N35.81 
W120.37). Very minor bridge damage was at  Parkfield County Bridge (Br #44C 0141). This 
bridge had been recently retrofit with oversized outrigger bent caps as shown below. The only 
damage was to steel keeper plates that were knocked off of the bent caps when the bents were 
displaced a few centimeters by the fault movement.  
(http://www.dot.ca.gov/hq/esc/earthquake_engineering/PEQIT/2004%20Parkfield%20Earthquake.pdf 
, August 8, 2012) 
 

 
Parkfield Bridge, Sept. 28, 2004. 
 
1.1 Narrow Bridge 
 
2.0 Triangular facets. 
 
3.2 Turkey Flat Road (Site #90) and Car Hill (Site #89) 
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Car Hill (Site #89) is to the northeast.  The formation is the Paso Robles.  The active trace of the San 
Andreas is on the other (northeast) side of Car Hill. 
 
Car Hill is the permanent site of a variety of surveying systems, including two-color geodimeters, 
geodolites, trilateration, and leveling lines used to measure deformation in the Parkfield region at 
scales from a few hundred meters to tens of kilometers. 
 

MAP 16. PARKFIELD TO CHOLAME 
 

2.0 Turkey Flat Road. Going east on this road takes you through a succession of quaternary 
alluvium, then Eocene, then Miocene, and then Pliocene rocks. 
 
 
3.4 Road leads south to Parkfield Todd Cemetery (Site #91) 
 
Parkfield Todd Cemetery is located to the west within the two active traces (1966) of the fault.  Eleven 
of the twelve columnar stone monuments in this cemetery toppled in 1966 earthquake. 
 
4.5 Pressure Ridge 
 
5.6 Narrow bridge with separation in the middle, west facing scarp. 
 
6.0 The active trace of the San Andreas Fault is in the stream 
 
6.7 Pressure Ridge 
 
9.0 North end of Cholame Valley Road (Site #92) 
 
RESET ODOMETER.  
 
0.0 Turn west onto Cholame Valley Road. The roadway crosses the SAFZ from the east to west 
side 
 
3.4 STOP #9 (Site #93).  GOLD HILL 
 
Gold Hill (Site #93) is on private property of the Jack Ranch (Site #94). Permission to visit Gold Hill 
may be obtained from Doug Kaba, Manager, Jack Ranch, P. O. Box 37, Cholame, California, 93431, 
office (805) 463-2386, home (805) 463-2310, fax (805) 463-2329. 
 
This exotic block was separated from its parent bodies, the gabbro of Logan and at Eagle Rest Peak 
(FIG. 64). (Sylvester and Crowell, 1989:T309:103). 
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FIGURE 64. Geologic Map of the Southern Diablo Range and Northern Temblor Range. The 
Parkfield-Cholame area is indicated and the field trip stops are shown by bold numbers. Map units 
are: Qa- alluvial deposits (Quaternary); Qf- alluvial fan deposits (Quaternary); Qg - nonmarine gravel 
and sand deposits (Quaternary); QTp - Paso Robles Formation (Pleistocene? and Pliocene); Tsm - 
Santa Margarita Formation (upper Miocene); Te - Etchegoin Formation (upper Miocene); Tj - Tejon 
Formation (Eocene); Tm -Monterey Formation (middle Miocene); Tv- volcanic rocks of Lang Canyon 
(lower Miocene); Tt Temblor Formation (lower Miocene); KJf- Franciscan Complex and serpentinite; 
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sp- serpentinite; g- hornblende quartz gabbro of Gold Hill (Ross, 1970); gr - granitic rocks. See 
figures 66 and 67 for detailed maps of the Gold Hill and Parkfield Areas. FROM (Sylvester and 
Crowell, 1989:T309:099) 
 

 
FIGURE 66. Geologic Map of the Gold Hill Block and Adjacent Area (after Sims, 1988).FROM 
(Sylvester and Crowell, 1989:T309:103) 
 
The gabbro of Gold Hill is composed of hornblende quartz gabbro that is surrounded by late 
Cenozoic Strata.  The Gabbro of Gold Hill is lozenge-shaped and is bounded on the west by the 
generally straight trace of the San Andreas Fault and on the east by the curving trace of the Jack 
Ranch Fault and the parallel Gold Hill Fault.  Aeromagnetic data suggests that the gabbro is about 
0.6 to 1.3 miles (1 to 2 kilometers) thick, 3.1 to 3.8 miles (5 to 6 kilometers) long, and has vertical 
boundaries to at least 0.6 miles (1 kilometer) in depth.  The geologic structure of the area east of the 
Gold Hill fragment is that the fold axes that lie between the Jack Ranch and Gold Hill Faults and the 
Gold Hill Fault all have a curvature similar to that of the Jack Ranch Fault. 
 
The gabbro of Gold Hill is correlated with the Logan Gabbro near San Juan Bautista, California, a 
distance of 106.25 miles (170 kilometers), and Eagle Rest Peak westernmost outcrops in the San 
Emigdio Mountains, a distance of 90.63 miles (145 kilometers).  The Gold Hill Gabbro lies on the 
eastside of the San Andreas, the same as the Eagle Rest Peak Gabbro. 
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The evidence suggests that as the parent mass of the Gold Hill fragment, the Logan block, 
approached the latitude of Gold Hill, the easily deformable Franciscan melange gave way and a bend 
in the San Andreas Fault developed.  The curvature of the San Andreas increased to a point that 
configuration of the fault was no longer stable.  The unstable configuration was resolved by formation 
of a new straight segment that passes through the Logan fragment.  The straightened segment may 
have occupied previously formed shear planes or other zones of weakness in the gabbro.  Formation 
of the new fault segment resulted in the slivering off of the Gold Hill block and freed the remainder of 
the Logan fragment to be transported to its present position (Sims, 1989) (Dibblee, 1989). 
 
Gold Hill and the immediate vicinity is the site of numerous geophysical instruments:  single-
component short-period telemetered seismograph, two on-site digital recorded force-balance 
accelerometer, telemetered downhole digital seismograph, creepmeter, two alinement arrays, two 
tiltmeter sites, two dilatometer sites, magnetometer, water well, and a soil hydrogen monitor (Bakun, 
1988). 
 

 
  
 
Figure 67. Geologic Map of Lang Canyon and Adjacent Areas. (After Sims, in press: From Sylvester 
and Crowell, 1989:T309:102) 
 
5.0 Private road to Jack Ranch (old Cholame Ranch). Turn left (east) onto the road 
 
5.4 Jack Ranch (Site #94) 
 
SCARPS AND OFFSET ALLUVIAL FAN 
 
A fence, built in 1908, has been offset 65 cm at this site by the Parkfield earthquakes of 1922, 
1934,1966. Creep is currently measured at 4 ± 1 mm/yr. Nearby scarps in alluvial-fan deposits are 
cut by the San Andreas fault. This is also the site where a trenching study of the San Andreas was 
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carried out by Sims (1987).  The small alluvial fan here was offset 47.4 ± 2.7 meters over the last 
1,773 ± 143 calibrated yrs B.P. This yields an average slip rate of26.7 ± 2.6 mm/yr (Sims, 1987). 
(Sylvester and Crowell, 1989:T309:102-103) 
 

 
FIGURE   69.    Watertank   Site  with  Offset  Fence,  Scarps  in Alluvial Fans and Trench  Site of 
Sims (1987).Lithologic  units: Qc, colluvium (Holcene); Qyf, younger alluvial  fan deposits (Holocene); 
Qof, older alluvial fan deposits (Holocene); Qa, alluvium (Holocene); QTp, Paso Robles Formation 
(Pleistocene? and Pliocene).From (Sylvester and Crowell, 1989:T309:103) 
 
0.0 RETURN TO THE CHOLAME ROAD. Reset odometer 
 
0.3 The fault trace crosses the Cholame Valley from the west to the east. 
 
0.8 Pressure ridge with a water tank placed on top is to the west. 
 
1.2 Monterey-San Luis Obispo Country Line (Site #95). 
 
2.1 McMillian Canyon Road 
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2.3 Irrigation Canal 
 
To the east, a 4-foot with by 3-foot deep concrete-lined irrigation canal in Cholame Valley 2.3 miles 
southeast of Cholame Ranch headquarters intersects the main fracture zone.  During the 1966 
earthquake, a right-lateral separation of a quarter of an inch occurred (Brown, 1967). 
 
5.2 East facing fault scarp (Site #96). 
 
An indication of the presence of a fault is a feature named a triangular facet.  The face of the hill 
appears flattened, cut off, and shaped like a triangle with a broad base and an apex pointed upward.  
The fault is at the base of the triangle. 
 
5.6 Low pressure ridge 
 
6.3 STOP #10 (Site #97). CHOLAME VALLEY AND 1966 EARTHQUAKE 
 
On June 27, 1966 at 9:27 p.m., an earthquake with a magnitude of 5.5 on the Richter scale occurred.  
The epicenter was beneath Middle Mountain 5 miles (8 kilometers) northwest of the town of Parkfield 
and extended southeastward along the San Andreas Fault. 
 
Fault scarps and offset streams are visible at this site (Fig. 68).  One stream is reported to be offset .2 
± 0.2 m right laterally  (Sieh,  1978b), and a shallow trench contains the San Andreas fault. The broad 
alluvial plain of Cholame Valley stretches northwestward with Gold Hill in the distance.The offset 
stream at this location  (FIG. 69) is typical of offset streams in general. Here we see a modification of 
the topography by man's activities. The amount of offset is ambiguous, and considerable 
disagreement exists as to the true offset. Sieh (1978b) considered the stream to have been offset in 
the 1857 Fort Tejon earthquake. However, later study of this and other offset streams in this area by 
Lienkaemper (1987) suggests that it may have been blocked by fault movement which ponded water 
and sediment behind a small ridge. The ridge perhaps was later overtopped and the new stream 
course was established. Subsequent to the establishment of the new stream course, some of the 
ponded sediment may have slumped to deflect the stream to its present position. Sims in (Sylvester 
and Crowell, 1989:T309:103) 
 
Surface tectonic fractures formed in two zones:  a main fracture zone 23 1/2 miles long that trends 
northwest-southeast and a subsidiary fracture zone about 5 1/2 miles long that parallels the main 
zone and lies about one mile to the southwest.  Fault movement was manifested chiefly by en 
echelon fractures.  The fractures are oblique (about 30 degrees clockwise to the trend of the fracture 
zones, vary in length from a few inches to as much as 20 feet and exhibit wall separation of one to 
two inches (2.54 to 5.05 centimeters).  The fault features consistently indicate right-lateral strike-slip 
of a few inches. 
 
The strong-motion record obtained from a station 265 feet (80 meters) form the surface rupture 
generated during 1966 a peak acceleration of 0.5 gravity.   
 
The fracture zone of 1966 intersected paved or unpaved roads in ten localities (including State 
Highway 46) and barbed-wire cattle fences in six localities in Cholame Valley.  Right lateral offset and 
various amount of vertical separation was displayed (Brown, 1967). 
 

CHOLAM BRIDGE DAMAGES FROM EARTHQUAKE OF SEPTEMBER 28, 2004 
 
 
On September 28, 2004 at 10:15 AM PDT, a magnitude 6.0 earthquake occurred on the San 
Andreas fault near Parkfield, California (N35.81 W120.37). This site was extremely well instrumented 
due to the many earthquakes that occur along this section of the San Andreas Fault. The San 
Andreas fault north of Parkfield continually creeps until the fault south of Parkfield ruptures. This 
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earthquake provided a wealth of data on near fault ground motion. This was the largest of a group of 
earthquakes that occurred along this portion of the San Andreas fault for several days after the main 
shock.  
 
The Cholame Creek Bridge (Site #97) (Br #49 0036) was instrumented, it was located only 500 feet 
from the San Andreas fault, and it recorded accelerations in excess of 1.0g! The drawing on the 
facing page shows the bridge geometry and the location of the six accelerometers. Caltrans Area 
Bridge Maintenance Engineers (ABME’s) looked at this and other state and local bridges in the area. 
This bridge had a few cracks at the top of the pile extensions and some signs of movement at 
Abutment 6 but there was no other damage. Unfortunately, there were no free-field recordings 
available to calibrate to the bridge motions or to the bridge damage.  
 

 
 
Discussion and illustration from  
http://www.dot.ca.gov/hq/esc/earthquake_engineering/PEQIT/2004%20Parkfield%20Earthquake.pdf, 
August 8, 2012. 
 
 
CHOLAME AND MEMORIAL TO JAMES DEAN (Site #40). 
 
To the east of Stop #97 is the intersection where James Dean was killed in his sports car on 
September 30. A memorial was erected by his Japanese fans and placed at the Jack Ranch Cafe 
(Site #98), 0.8 miles to the southwest in the settlement of Cholame. 
 
Cholame's principal claim to fame is its memorial to actor James Dean who died tragically in an 
automobile crash in 1955 a few kilometers down the highway. It also marks the northwest end of the 
locked segment of the San Andreas fault, the southeast end of the actively creeping segment, and 
the southeast end of the Parkfield-Cholame segment which is typified by a periodic repetition of 
characteristic earthquakes. (Sylvester and Crowell, 1989:T309:103) 
 

http://www.dot.ca.gov/hq/esc/earthquake_engineering/PEQIT/2004%20Parkfield%20Earthquake.pdf
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MAP 17. CHOLAME TO PRIETO PASS 
 
0.0 Reset odometer at the intersection of Highway 46 and the Cholame Valley Road.  East 
facing fault scarp is on the west (left). 
 
At this site, the State Highway 46 centerline was offset 4.7 inches (11.93 centimeters) during the 
June, 1966 earthquake and subsequent creep.  The road was repaired in July, 1966 (Brown, 1967). 
 
The south end of the east abutment of the State Highway 46 Bridge crossing Cholame Creek was 
cracked and partly separated.  Patched pavement at the apron-abutment join of most bridges in 
Cholame Valley indicate supporting fill was compacted and settled during the shaking (Brown, 1967). 
 
0.4 Pipeline (Site#99) 
 
Several hundred feet south of State Highway 46, a Union Oil Co. pipeline was ruptured about 400 
feet west of the main fracture zone in 1966, and although considerable oil was lost by leakage, the 
pipeline did not separate (Brown, 1967).  The present pipeline has undergone a multi-million dollar 
seismic retrofit.  
 
Lynch (2005:126) comment on this site: 
  
This side trip takes us right across the fault and into some hills where a dramatic gorge has been cut 
by the fault. It also gives us our first taste of serpentine in the Franciscan  Formation  and  a smart bit  
of earthquake  preparedness   by   the  State  Utilities Commission. The underground pipeline is 
brought above ground across the fault on  Davis  Road. The idea is that if a major earthquake 
damages the pipeline, it will be easier to fix if it is not buried. The whole area is rent by the fault and 
transitions from south to north from rumpled hills and canyons to a low. wet areas - both signs of the 
fault at work (Lynch, 2005:126) 
 
Between the pipline and the Cholame Valley overlook (next stop) is a body of lower Cretaceous 
sediments. 
 
3.4 STOP #11 (Site #100).  CHOLAME VALLEY OVERLOOK. 
 
The fault crossed over the hills from Choice Valley to Cholame Valley.  The fault is to the west within 
the narrow trough parallel to the road.  The formation west of the fault is the Pleistocene-Pliocene? 
Paso Robles and east of the fault is the Cretaceous Gravelly Flat Formation. 
 
Bitterwater is a common name in California and the arid parts of the southwestern United States 
where the potability and taste of water was of great importance to herdsmen, prospectors, and 
surveyors . Here it is applied to a creek in Choice Valley between the virtual wasteland of Carrizo 
Plain and the oak and grassland of Cholame Valley. The San Andreas fault follows Choice Valley for 
most of its length. Scarps, sidehill graben, offset stream courses, springs, and landslides are 
abundant and frequently visible on the east side of the valley (Sylvester and Crowell, 
1989:T309:097). 
 
Because of the past seismic history of the Cholame-Parkfield region of earthquakes reoccurring 
every 12 to 32 years, the area along the fault has a large concentration of geophysical 
instrumentation.  Because of the regularity of the earthquake sequence, a group of scientists from the 
U.S.G.S. during 1977 informally suggested to scientists with the California Strong-Motion 
Instrumentation Program (CSMIP) that the Parkfield area was suitable for a strong-motion instrument 
array.  The studies involve the use of various geophysical instruments to collect data to understand 
and predict ground motion. 
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4.0 Sandstone outcrop in shale sequence in the Pleistocene-Pliocene Paso Robles Formation. 
 
1.5 Water tank (Site #101) on east. 
 

SAN ANDREAS FAULT-CHOLAME SEGMENT 
 
The Cholame Segment extends from the north end of the Parkfield to the Carrizo Plain.  The 34.2 
mile (55 kilometer) segment averages a 7.0 magnitude earthquake every 159 years with a slip of 4.8 
to 9.0 feet (3 meters to 7 meters).  The area is a transition zone from the high-slip Carrizo segment to 
the low-slip Parkfield segment.  In 1857, the northern 12.5 mile (20 kilometer) part of the Cholame 
segment slipped 11.49 feet (3.5 meters).  The southern part of the Cholame segment adjacent to the 
Carrizo segment slipped from 11.49 feet (3.5 meters) to 31.17 feet (9.5 meters) (Working Group, 
1988). 
 
1.4 Ortega Spring (Site #102), a sag pond.  The outcrop south of the spring is serpentine. This 
spring lies at the contact between Pliocene and Miocene rocks. 
 
3.2 Farm. Old towns site of Annette (Site #103). 
 
3.3 Turn south on the old Annette Road (Carter Grade, now Bitterwater Road).  The road cuts 
through a pressure ridge.  The formation on both southwest and northeast of the fault is the 
Pleistocene-Pliocene? Paso Robles. 
 
Northwest of the fault, the Paso Robles is very extensive.  Mostly light-buff fine- to medium-grained 
sand and interbedded gray gypsiferous clay, containing pebbles derived from Miocene Monterey 
Shale and granitic rocks.   
 
Southwest of the fault, the Paso Robles forms the lower part of the formation.  Mostly light-gray, 
bedded, crossbedded to unbedded gravel with local inclusions of sand, silt and clay.  Derived mostly 
from the La Panza Range. 
 
 
5.0 San Luis Obispo County-Kern County line (Site #104) is marked by the roadway 
 
0.0 Reset odometer. Proceed south on Bitterwater Road through Choice Valley. The road 

follows Palo Prieto Pass Creek. 
 
Palo Prieto, meaning black  tree, may derive from the fine stand of California live oak trees at the 
head of the valley (Sylvester and Crowell, 1989:T309:097). 
 
0.2  Roadcut exposes sandy facies of Pleistocene-Pliocene Paso Robles In this area the shale 
pebble conglomerates are in a more sandy matrix 
 
1.3 Offset streams, landslides 
 
1.6 Break in slope 25 feet above the road is the most active trace of the fault zone. 
 
2.0 East facing scarp in San Andreas Fault 
 
The main trace of the fault is to the east (left) of the road about 50 feet up the slope.  Right lateral 
offset of drainage is to the east (left). 
 
2.3. Cross San Luis Obispo-Kern County Line. Choice School (Site #105) is to the south. 
 
3.9 Sag Pond at Palo Prieto Pass (Site #106) is on the west  On the east is offset drainage. 
Temblor Mountains are to the west. 
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[The roadway between Palo Prieto Pass and Choice Valley] runs through the northern Temblor 
Range and Bitterwater Canyon, a geomorphologist's paradise. We approach from a high plain then 
drop down into an unnamed canyon with so many slumps and landslides that it is hard to take 
everything in. A minor strand of the San Andreas Fault runs through this [Choice] valley, and 
eventually joins up with the fault in lower  Bitterwater Canyon. The area is entirely within the  gray  
Paso  Robles  Formation. Throughout the year the grassland ranges from green in spring to tan 
during the other seasons (Lynce, 2005:126). 
 

MAP 18. GYPSUM MINES TO NORTH CARRIZO PLAINS 
 
4.7 Offset ridges 
 
6.1 Twisselmann Ranch.  The buildings are located on the San Andreas Fault.  The scarp is in 
back of the house. 
 
7.1 Old gypsum prospect pits (Site #107) were in this area.  
 
To the east (right) is Bitterwater Creek.  Old gypsum prospects pits were explored with minor mining 
activities in this area.  Gypsum had been deposited by groundwater action along the SAFZ.  
Landslides are common along the fault zone in this area. Continue south into southern Choice Valley. 
 
8.1 Landslides (Site #108) to the west. 
 
8.4 Bitterwater Valley Road leads east to Highway 46. Following this route will eventually bring 
you to Blackwell’s Corner. 
 
8.5 NEST ON TELEPHONE POLE (Site #109) 
 
Off to the left in a telephone pole is a large nest which is most likely that of a hawk or some other 
large raptor.  Along the road also can be seen clumps of grayish green foliage with stalks with 
interrupted clusters of last year's flowers protruding from them.  These are horehound (Marrubium 
vulgare), a member of the mint family (Lamiaceae) native to Europe.  Formerly cultivated for use in 
teas and as a flavoring, it was the basis for horehound cough medicines.  However, in non-native 
territory, and lacking the native pests or competitors which might keep it in check, it can become a 
pest which is extremely difficult to extirpate once established. 
 
In this area, watch for another common raptor, the northern harrier (Circus cyaneus).  Males are gray 
above and light below with black wing tips.  Females are brown above and more streaked below.  
Look for its distinctive white rump area in flight, and its characteristic soaring low over fields looking 
for prey. 
 
There are many horned larks in this area, as well as kestrels and soaring raptors of several types.  
Also look for the flycatcher Say's phoebe (Sayornis saya), which will dart from a fence line or post, 
flutter around seeking flying insects, and then return to the fence.  Grayish-brown above with belly 
and undertail feathers tawny, it is fairly common in dry open areas.    Other common birds likely to be 
seen include mountain bluebirds (Sialia currucoides), distinguished by the bright sky blue above and 
pale blue below of the male, and its ability to hover in flight.  Western bluebirds (Sialia mexicana) are 
darker blue on top with rusty sides and breast.  Mourning doves (Zenaida macroura) are trim-bodied 
with a long tail tapering to a point, and a head relatively small in relationship to its body.  California 
quail (Callipepla californica) have a distinctive teardrop-shaped plume or double plume, and grayish 
to graying-brown coloration.  Yellow-billed magpie (Pica nuttali) have distinctive black and white 
markings and an unusually long tail, with a large bright yellow bill and yellow eyepatch. 
 
Miles 
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8.8 The road cuts expose white shale pebble conglomerate facies of the Pleistocene-Pliocene? 
Paso Robles Formation. 
 
9.1 LANDSLIDES (Site #110) 
 
South of the Bitterwater Creek Road, along the Carrizo Road, on the east side are a number of 
spectacular landslides. These formed in the El Nino of 1996. The landslides destroyed large sections 
of the roadway. 
 
Miles 
9.2 Triangular shaped building ruins (Site #111). 
 
9.4 Bitterwater Creek Road.  
 
10.6 Poso Ortega Lakes (Sites #112 and 113) 
 
On the southwest (right) is are two  well developed sags pond named Poso Ortega Lake.  These sag 
ponds are on a subsidiary en echelon fault in the SAFZ. The main active trace of  the San Andreas 
lies about one mile to the east. 
 
Miles 
10.9 Paso Robles Formation. 
 
12.2 Pinole Spring (Site #114). Bitterwater Canyon and the SAF are to the east about 1 mile. 
 
Road cuts expose interbedded claystones, ash beds and fine sands of the lacustrine Paso Robles.  
The facies of the Paso Robles has yielded a fresh water ostracod fauna.  Considerable folding has 
occurred in this area with dips up to 30o. 
 
Miles 
13.7 Pinole Ranch (Site #115) 
 
13.8 Paso Robles Formation. 
 
Road cuts and stream outcrops in this area expose predominantly bluish bentonitic clays of the 
Pleistocene-Pliocene? Paso Robles Formation.  Paso Robles sedimentation in this area appears to 
be largely lacustrine in origin.  The road gradually progresses from the flat Carrizo Plain into a more 
hilly dissected topography which merges eastward with the foothills of the Temblor Range. 
 
Miles 
13.9 The skyline is the Temblor Range 
 
14.2 Small syncline 
 
15.5 The low hills in this area have been mapped as representing gentle folding of the 
Pleistocene-Pliocene? Paso Robles beds. 
 
17.9 Paso Robles Formation. 
 
Road cuts expose relatively flat lying gritty clays and white shale conglomerates of the Pleistocene-
Pliocene? Paso Robles Formation.  The presence of the shale pebbles this far west into the plain 
suggest the sediment source to be the Temblor Range. 
 
Miles 
19.7 The low hills to the west (right) are within the east-dipping Miocene Santa Margarita 
Formation. 
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22.4 Turn south (left) on Simmler- Bitterwater Road. The road ends at State Highway 46.  The 
industries in this area are dry (non - irrigated) grain farming or cattle ranching. 
 
The low hills on the west are an east dipping Miocene Santa Margarita Formation, same as Syncline 
Hill. 
 
The road will gradually progress eastward from the flat Carrizo Plain into a more hilly dissected 
topography within the San Andrea Fault. 
 
 

MAP 19: NORTHERN CARRIZO PLAINS 
 

27.9 Bitterwater Road and Highway 46 (Site #116). 
 
0.0 Reset odometer 
 
3.1 Turn south (right).  At the turn is the site of the now-dismantled Carrizo Solar Project (Site 

#117).  The solar project was started by ARCO.  
 
 
White-tailed (formerly black-shouldered) kites (Elanus caeruleus) may be seen hovering over fields or 
swooping down from perches on telephone poles seeking prey.  They can be distinguished by their 
long pointed wings, long white tail, white underparts, and black shoulders which show in flight in all 
ages.  Its populations have fluctuated widely, but are now on the increase, and they are expanding 
their range rapidly. 
 
A much less common raptor recently identified in this area is the rough-legged hawk (Buteo lagopus).  
Its long white tail with a dark solid subterminal (near the end) tail band and bold black wrist patch help 
to identify this bird.  Seen in flight from above, a white band at the base of its tail is conspicuous, and 
its legs are feathered to its toes.  A distinguishing feature of this large hawk is its ability to hover while 
hunting its prey. 
 
Along the road in this area fields can be seen which have fallow for several years.  Although at this 
time of year it is not readily apparent, many of the dry sticks which can be seen in the fields are the 
remnants of last year's mustar (Brassica sp.) crop.  An introduced and invasive species, when in 
bloom it can be seen covering large fields, and often whole hillsides, with its bright yellow flowers.  
Interspersed in this field are annual grasses and a few natives such as species of the fiddleneck 
group (Amsinckia sp.) in the borage family (Boraginaceae), but a trip to this area in the spring will 
reveal that many of these fields are almost entirely dominated by the mustards. 
 
4.0 Carrizo Plains School (Site #118) 
 
4.1 STOP #11  SYNCLINE HILL VIEWPOINT (Site #119) 
 
Directly west from this point is an end view of Syncline Hill.  It was named by Arnold and Johnson in 
1910. The limbs of the syncline have been eroded leaving the elevated trough.  The formations is a 
resistant sandstone layer of the Miocene Santa Margarita Formation. This is an example of 
differential weathering. 
 
6.2 Highway 58 and Bitterwater Road (Site #120) 
 
The less common ferruginous hawk (Buteo regalis) may be seen in this area.  Largest of any hawks 
likely to be seen (23" long, 53" wingspan), it is characterized by a pale head streaked with brown, and 
pale underside and tail.  Rust colored leggings may be seen in contrast to the tail.  There is a large 
reddish brown area on the upper part of the back of the wing, with large white crescent shaped 
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patches near the ends of the wings which make a bold flash when its back can be seen in flight.  
While recently seen in this area, its wide range makes a sighting anywhere along the route possible.   
 
Also recently seen in this area were several gold eagles (Aquila chrysaetos).  Their large size (30-40" 
long; 80-88" wingspan) and overall dark brown appearance will make them immediately noticeable.  
Further observation  will show the distinctive gold nape of the neck with variable gold wash over the 
head.  The golden eagle has had a protected status on both the U.S. Fish and Wildlife Service and 
California Fish and Game lists. This protected status was established in 1962 after more than 20,000 
were destroyed between 1952 and 1962s, mostly by sheep ranchers. The eagles were killed 
because of a belief that they were responsible for livestock predation, a view which had little scientific 
support.  Now the golden eagle population is stable and even increasing.  Eagles form long-term pair 
bonds, with the male often feeding the female on the nest during incubation and chick-rearing, 
although rarely tending the chicks himself.  A normal brood will be two chicks per year, with a range 
of from one to four chicks.  They use two or three nest sites alternately in different years and often 
line their nests with aromatic herbs, probably to deter parasites.  Larger siblings may kill smaller ones 
in the nest to reduce competition for food. 
 
Much of the vegetation along this area is highly disturbed, agricultural land.  Some areas have been 
recently plowed for dry agriculture; other fields lie fallow.  In fields which have been fallow for years, 
you may see numerous introduced grasses, as well as other introduced or invasive plants which can 
often out compete the native grasses.  It is worth noting the differences in vegetation types between 
one side of a fence and another along the route, and to observe what forces might have been at 
work:  plowing, grazing, or being left idle for various amounts of time.  Relatively few patches of 
native vegetation remain, these often in areas too steep or otherwise unsuitable for plowing or 
grazing. 
 
0.0 Reset odometer at State Highway 58  and the Bitterwater Road.  Go straight (east) toward 

McKittrick. To the south is the Carrizo Plains. The mountains to the east are the Temblors, 
and those to the west are the Caliente Mountains. 
 
 

TEMBLOR AND CALIENTE RANGES 
(From Sylvester and Crowell, 1989:T309:095-097) 

 
The Temblor and Caliente Ranges bound the northeast and southwest sides, respectively, of the 
Carrizo Plain, a broad, undrained depression in the central Coast Ranges (Dibblee, 1973). The San 
Andreas fault marks the structural and physiographic boundary between the Temblor Range and 
Carrizo Plain, and it juxtaposes two different basement terranes. Basement beneath the Temblor 
Range is Franciscan Complex, whereas Mesozoic granitic rocks of Salinia form the basement 
beneath the Carrizo Plain and Caliente Range. Miocene marine strata overlie marine Eocene and 
lower Cretaceous strata in the Temblor Range; similar, but non-correlative Miocene marine strata 
overlie Oligocene nonmarine strata beneath the Carrizo Plain and Caliente Range. Detailed 
biostratigraphic and paleogeographic studies of the Miocene sequences east and west of the San 
Andreas fault show that they were deposited in different basins, perhaps hundreds of kilometers 
apart, which subsided unevenly adjacent to rising highlands that shed different types of detritus into 
each basin (Sylvester and Crowell, 1989:T309:095). 
 
Post-Miocene  thrust faults beneath the Temblor Range and the Carrizo Plain dip toward the the San 
Andreas fault, posing an interesting structural question of their relation to the San Andreas fault. Are 
they cut by the fault and thus have offset counterparts in the subsurface tens or hundreds of 
kilometers along the fault, or do they cut the fault at depth? The two mountain ranges take their 
names from the Spanish words for earthquake (temblor) and for hot (caliente).  It is evident in July 
that both ranges are aptly named! (Sylvester and Crowell, 1989:T309:095). 
 
Temblor Range 
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Up  to  5000  m  of  Miocene  marine  strata  lie unconformably on as much as 800 m of marine 
Eocene strata which, in turn, lie unconformably on more than 2000 m of lower Cretaceous marine 
strata in the Temblor Range. This sequence lies on Franciscan Complex in a northeast-dipping 
homocline (Sylvester and Crowell, 1989:T309:096). 
 
In the central and southern Temblor Range, the sedimentary strata are deformed into numerous, 
northwest-trending, southeast-plunging folds which are increasingly tightened near the San Andreas 
fault. The folds are cut by a series of southwest-dipping thrust faults which, if projected to the San 
Andreas fault, would intersect the fault at a depth of about 700 m (Sylvester and Crowell, 
1989:T309:096). 
 
An interesting geological problem exists in the Recruit Pass area of the Temblor Range. Locally, thin, 
flat masses of pre-Cretaceous mica schist, coarse marble, quartzite, and coarse-grained granodiorite 
- underlain by gouge and breccia - overlie lower Miocene marine strata and are overlain, in turn, by 
upper Miocene marine strata. These crystalline rocks are unlike any nearby crystalline rocks on this 
side of the San Andreas fault where the prevailing basement is Franciscan Complex. One 
interpretation holds that they are the vestiges of an almost completely eroded thrust sheet. Another 
interpretation says that they are erosional remnants of a massive landslide.  No matter which 
interpretation is correct, the lithology requires that they be derived from across the San Andreas fault, 
but their source has not yet been confidently identified (Sylvester and Crowell, 1989:T309:096) 
 
Caliente Range 
 
Directly west of the San Andreas fault, the Miocene marine/Oligocene nonmarine succession lies 
directly on granitic gneiss and Mesozoic granitic basement, or on Cretaceous strata in the La Panza 
area of the Caliente Range, and on Paleocene marine strata in the southeast Caliente Range. The 
stratified succession thickens from 1200 min the La Panza area to 4000 min the Caliente Range and 
Carrizo Plain. Miocene arkosic strata must have been derived from a granitic source east of the San 
Andreas fault, because they are coarsest near the fault. The nearest such source without a cover of 
Miocene rocks, is the San Emigdio Mountains, 30 km to the southeast  
(Sylvester and Crowell, 1989:T309:096). 
 

CARRIZO PLAIN 
 

Nowhere in California is the San Andreas Fault more dramatically expressed  than  in  the  Carrizo  
Plain,  a closed depression between the Temblor Range to the cast and the Caliente Range to the 
west. Water drains in and evaporates leaving the glistening, usually dry Soda Lake. The Elkhorn 
Scarp ("Dragon's Back") is a 17- mile long pressure ridge raised by the fault. It forms a bold slice 
along the western foot of the Temblor Range that ts visible from space. The fault offsets many 
streams including infamous Wallace Creek. There is little ground cover and the unobstructed views 
reveal countless tectonic features in all the glory. Much of this route lies on or close to the fault in the 
Carrizo Plain National  Monument. The fault zone is [sometimes] narrow and for the most part  
singled-stranded. When  multiple  strands  do  occur.  the}  are  closely spaced. never more than 0.2 
miles apart (Lynch, 2005:113) .  
 
The Carrizo Plain is a nearly level, undrained valley, about 50 miles long and 6 miles wide, at an 
altitude of 2000 to 2500 feet.  Its lowest part contains a desert-type playa, Soda Lake, which is 
encrusted with sodium carbonates and sulfates when dry. 
 
The San Andreas fault passes along the northeast edge of Carrizo Plain, a nearly level, undrained 
valley - the only one in the central Coast Ranges - lying between the Temblor and Caliente Ranges. 
Carrizo Plain is about 80 km long, 10 km wide, at an altitude of about 600 m. The climate is  arid, 
therefore, streams are intermittent and flow only in springtime. Most of the water flows into a desert-
type of playa, Soda Lake, which is encrusted with sodium carbonates and sulfates when dry. 
Carrizo means "reed grass, bunch grass, and cane" which were important commodities for the 
California Indians who made a sweetening substance from it called panoche (Gudde, 1969). During 



 

 

 
 61 

the hot summer, about all that may be seen growing on the Carrizo Plain, aside from  the  parched   
weeds,   are  solar  panels [now removed] which generate electric power by a photo-voltaic process 
(Sylvester and Crowell, 1989:T309:096). 
 
The surface formations are Holocene or Recent alluvium deposits and the Pleistocene Paso Robles 
Formation.  The sediment origin is erosion from the bordering mountains and hills ranges through 
wind and stream deposition.   As the valley area became filled, the source areas were eventually 
reduced to low relief, as indicated by an old erosion surface on the crests of the Temblor and 
Caliente Ranges. 
 
At the same time as the Paso Robles Formation was being deposited, the early Carrizo Plain was 
being carved out by a major stream that must have meandered and flowed northwestward to the 
San Juan Creek, and then to the Salinas River.  The evidence for this is suggested by several steep-
sided crescent-shaped erosional re-entrants carved into the hills at its southwestern border near 
Soda Lake.  This episode was followed by uplift of the entire region by more than 1,000 feet.  This 
uplift resulted in severe dissection by the San Juan drainage system, and in the abandonment of the 
Carrizo Plain by the stream that once flowed through it. 
 
The regional uplift was accompanied by lateral movements on the rift zone and associated local 
deformation.  The present alignment of scarps, ridges, and trenches extending along the SAFZ were 
formed at this time. 
 
In contrast to the Cretaceous, Eocene, and Miocene marine strata of the Temblor Range, the 
Carrizo Plain is underlain by a 4000 m-thick sequence of Oligocene and Miocene strata lying on 
gneissic and granitic basement of the Salinian block. The sedimentary section is broadly folded into 
a great, asymmetric anticline, which extends into the southern Caliente Range, and which is cut by a 
major northeast-dipping thrust. If projected to the San Andreas fault, the thrust would intersect it at a 
depth of about 12,000 m, although it probably bottoms into a "flat" or decollement (Sylvester and 
Crowell, 1989:T309:096). 
 
 
2.3 Simmler (Town Site) (Site #121). 
 
 

MAP 20: SIMMLER TO GOODWIN VISITOR’S CENTER 
 
5.0 Anticlines and Synclines (Site #122) 
 
Highway 58 makes several undulations through as series of hills formed by anticlines and synclines 
in the SAFZ. The rock formation is Pliocene Paso Robles Formation. 
 
7.5 STOP # 12: (Site #123) SAN ANDREAS FAULT AT HIGHWAY 58 
 
The active trace of the SAF crosses Highway 58 at this point. It makes and abrupt decent down the 
face of a fault scarp, a portion of which was produced during the 1857 Ft. Tejon Earthquake 
 
9.4 Highway 59 and east end of 7 Mile Road (Site #124) 
 
Turn right and go west on 7-Mile Road. 
 
10.5 STOP #13: (Site #125). GRABEN IN SAFZ 

 
Two pressure ridges to the east and west with a sag block between them form a graben structure in 
the SAFZ 
 
0.0 Reset odometer. Turn around, go 0.5 miles east to the Elkhorn Plain Road.  
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0.5 TURN LEFT at the intersection of 7-mile road and Elkhorn Road. 
 
1.8 Two-foot high escapement on right. 
 
3.1 Intersection of Simmler Road and Elkhorn Road.  Keep straight toward south. 
 
3.6 Power lines cross over roadway. 
 
4.6 White cattle guard. 

 
4.7  STOP # 14  (Site #126) WALLACE CREEK, Sec. 33-34, T.30S, R.20E 
 
The fault scarp here marks the geologic boundary between Pliocene Paso Robles Formation to the 
east, forming the cliff, and Quaternary sediments to the west. 

 
Figure 6. Aerial Photograph of Wallace Creek. From Lee Wilkerson Collection. 
 
At this stop, be careful not to disturb the small-scale features of the fault.  It is also critical to be 
careful of fire.  Wallace Creek is one of the more important localities in the study of the San Andreas 
Fault.  It was one of the first areas to be studied in detail for geomorphic offsets relating to fault zones 
and to determine a recurrence interval for major earthquakes.  This part of the Fault Zone is classified 
by USGS as part of the high-slip Carrizo segment of the SAFZ.  Historically, motion between the 
plates occurs in large increments at certain intervals. 
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Figure 7. Wallace Creek. View north from overlook. BLM Collection. 

 
Wallace Creek was named in honor of the geologist, Robert Wallace, for his over 20 years research 
on the San Andreas fault, and for his pioneering work on characterizing the geomorphic offsets along 
the fault (1968).  Wallace Creek was investigated by Kerry E. Sieh and Richard H. Jahns (1984) to 
determine slip rate and history of offset for the site. 
 
The geomorphic story of Wallace Creek has been used to determine the tectonic history of the San 
Andreas fault.  The Wallace Creek area was a broad alluvial apron, upon which aggregation 
apparently kept pace with fault scrap formation.  However, about 13,000 years ago, Wallace Creek 
became incised into the fan surface and deposition effectively ceased. 
 
Sieh and Jahns excavated trenches into inset terrace deposits within both the active and abandoned 
reaches to determine ages through C-14 analysis.  From this work it was concluded that Wallace 
Creek has twice abandoned offset channels.  The first channel was cut off about 10,000 years ago.  It 
was about 100 m (328 ft) in length and is located about 475 m (1568 ft) from the active creek channel 
from the plain.  The second channel was cut off about 3700 years ago.  It was about 250 m (820 ft) in 
length and is located about 380 m (1247 ft) from the active creek channel from the plain.  The current 
active creek channel is 130 m (430 ft) in length.  From these measurements, a rather precise 
calculation of 33.9 +/- 2.9 mm/year (1.33 inches) slip rate has been made.  This is similar to projected 
Pacific Plate motions.   
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FIGURE 63. Holocene-Late Pleistocene Evolution of Wallace Creek. Heavy bars in map 5 are 
locations of trench excavations. From Sieh (1981). From (Sylvester and Crowell, 1989:T309:096). 
 
The energy of the motion of the Pacific Plate in this area is accumulated and released in large 
events, rather than a gradual slip.  The estimated dates that earthquakes have occurred are 1857 
(known), 1550 +/-70 years, 1180 +/-65 years, and 845 +/-75 years, A.D.  During the 1857 earthquake 
the movement at Wallace Creek was calculated to be 9.5 +/- 1 m (31 ft).  The total offset for these 
events of about 1000 years is 33.5 +/- 1.9 m (110 ft).  The reoccurrence interval for earthquakes in 
this area is calculated to be 240 to 450 years.   
 
Two times in the early 70's and again in the early  80's, the creek was flooded and almost succeeded 
in straightening the stream path.  For the past several years, the winter's storms despite severely 
flooding in other portions of the Carrizo Plain, have not changed the creek path.  With continuing 
offset by the San Andreas fault, each new reach becomes progressively offset as well. 
 
1857 FORT TEJON EARTHQUAKE: LAST MAJOR QUAKE ON THE "BIG BEND" SEGMENT OF 

THE SAN ANDREAS FAULT 
 
On January 9, 1857, within a few days after the completion of the Fort Tejon's first buildings, the 
newly constructed buildings were cracked or destroyed by a major earthquake occurring along the 
northwest trending right-lateral San Andreas Fault.  The epicenter is estimated to be about 6 miles 
(9.6 kilometers) to the southeast of Gorman (near the area of Three Points).  The estimated Richter 
scale magnitude of 8.0 +/-0.5? of the quake is greater than the 1906 San Francisco earthquake and 
has been the strongest earthquake to hit southern California in recorded history.  Right lateral offset 
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was measured at 30 feet (9 meters).  Ground breakage was over 200 miles (320 kilometers) in length 
(including the Carrizo Plain) (Sieh, 1984b). 
 

 
Figure 8. Fort Tejon barracks. BLM Collection. 

 
The ground motion was felt from San Diego to Sacramento.  Waters from the Los Angeles River and 
the Tulare Lake sloshed over embankments.  On the coast, Santa Barbara and San Buenaventura 
Missions were severely damaged.  According to one source, a circular sheep corral astride the fault 
in eastern San Luis Obispo County was broken across the middle and converted to an open S-
shaped figure.  Fortunately, the only victims were a woman living near Fort Tejon who died when an 
adobe building collapsed and fell on her and reportedly a cow that fell into a trench that was opened 
and reclosed by the earthquake. 
 

EARTHQUAKE REOCCURRENCE INTERVALS OF THE SAN ANDREAS FAULT IN THE 
CARRIZO PLAINS 

 
"When will an earthquake occur again?", is the most commonly asked question about the San 
Andreas.  Fault segments have different rates of movement and earthquake magnitude dependent 
upon the subsurface structure and rock types the fault bisects.   
 
The Carrizo Segment extends from Three Points (east of Gorman) to Wallace Creek.  The 90.1 mile 
(145 kilometer) segment has an average of 8.0 magnitude earthquake every 296 years with a slip of 
19.7 to 39.4 feet (6.0 to 12.0 meters).  The events calculated over a 1000 year average have 
occurred every 240 to 400 years.  
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During the past 50 years, repeated surveys have been made across the Carrizo portion of the San 
Andreas affected in 1857.  The surveys have revealed no sign of creep, nor have any major 
earthquakes been attributed to this segment since 1857-apart from a 6.0 magnitude on October 24, 
1916 at Tejon Pass.  This part of the San Andreas is frequently cited as locked into position by its 
bend ("Big Bend") into the Transverse Ranges-while strain energy accumulates for the next all-but 
inevitable strong earthquake. 
 
Southeast of the Carrizo Segment is the Mojave Segment.  Ranging from Cajun Creek to Three 
Points (East of the Gorman) a distance of 62.14 miles (100 kilometers) this segment has an average 
7.5 magnitude earthquake every 132 years (calculated over a 1200 year average) with a slip of 10.0 
to 16.5 feet (3.5 to 5.5 meters).  The events occur in clusters from less than 100 years to 300 years 
(1812 San Bernardino? and 1857 Fort Tejon) (Working Group, 1988). 
 
Zielke and others (2010) found that the moment magnitude (Mw) 7.9 Fort Tejon earthquake of 1857, 
with a ~350-kilometer-long surface rupture, was the most recent major earthquake along the south-
central San Andreas Fault, California. Based on previous measurements of its surface slip 
distribution, rupture along the ~60-kilometer-long Carrizo segment was thought to control the 
recurrence of 1857-like earthquakes. New high-resolution topographic data show that the average 
slip along the Carrizo segment during the 1857 event was 5.3 ± 1.4 meters, eliminating the core 
assumption for a linkage between Carrizo segment rupture and recurrence of major earthquakes 
along the south-central San Andreas Fault. Earthquake slip along the Carrizo segment may recur in 
earthquake clusters with cumulative slip of ~5 meters. 
 
The Pacific Plate motion is northwest into the Aleutian Trench.  At the same time the North American 
Plate motion is west.  The boundary is the San Andreas Fault.  The 350-mile measurement of slip 
movement along the San Andreas has come from the combined movements of the pre-San Andreas 
Faults (Elsinore, San Jacinto, San Gabriel, and Sur-Nacimiento) as well as the current trace of the 
San Andreas.  As has occurred in the past, the future activity of the plates similar to the San Andreas 
is expected to migrate further to the east, maybe at "Landers?"-"Furnace Creek?"- or the "Las Vegas" 
shear zone. 
 
TURN NORTH, RETURN TO ELKHORN ROAD.  
 
0.0 RESET ODOMETER at Elkhorn Road 
 
Take Elkhorn Road across Soda Lake to the southeast 
 
4.5 STOP #15 (Site #127) SODA LAKE CLAY DUNES 
 
The low hill separating north and south basins of Soda Lake is a clay dune. These form in 
only a dozen places on earth. They form in hypersaline alkaline dry lake settings where there 
is prevailing spring and summer winds. The alkalie salts form sand-sized grains of clay that 
behave like sand, blow like sand and accumulate. Winter rains dissolve the salts and leave 
the clay. Clay dunes are have a different shape than sand dunes. Sand dunes have their 
steep face downwind. Clay dunes have their steep face upwind 
 
The Clay Dunes of the Carrizo Plain  are at N35 13.919 W119 51.138. Currently only a small 
portion of the dunes are actively accumulating 
 
The Carrizo Plain is the only closed basin in the southern California coastal mountain 
ranges.  (See Soda Lake for how the area became a closed basin)  All the rain that falls on 
the plain ends up in Soda Lake.  The high temperatures and low rainfall during the summer 
quickly evaporates the water.  This means that salts dissolved from the surrounding hills get 
transported and concentrated in the two basins of Soda Lake creating a hypersaline 
landscape. 
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Clay dune formation requires the specific set of environmental conditions found in this 
hypersaline environment.  The salinity of the soil inhibits plant growth preventing roots from 
stabilizing the soils.  Salt crystals promote the formation of pellets (more on that later).  The 
seasonal flooding concentrates the salts and clay grains into the temporary lake.  Summer 
heat and lack of rainfall quickly dries out the lake exposing the clay, keeps the water table 
low and facilitates efflorescence (the loss of water from a hydrated salt to the atmosphere on 
exposure to air wikipedia http://en.wikipedia.org/wiki/Efflorescence).  Strong dry season 
winds are needed to transport the pellets.  All of these characteristics are found at the Soda 
Lake of the Carrizo Plain. 
 
The formation of the clay dune begins in the wet season when the clay particles and salts 
are transported to Soda Lake.  As the lake dries the dissolved salts crystallize (precipitate) 
incorporating the clay particles into their crystals forming pellets.  Spring and summer heat 
further dries the crystals (efflorescence) making them lighter.  Then strong summer winds 
transport the pellets down wind to accumulate on the windward (stoss) side of the dune.  
(This is opposite of where sand accumulates on a sand dune).  Then the winter rains 
dissolve the salt out of the pellet and transport it back down to the basin leaving the clay on 
the dune.  The clay particles become compacted by the water and effectively become stable. 
 
A variety of plants have established themselves on the sides of the dune to the south of the 
road bisecting Soda Lake. This indicas that dune formation is not occurring on in those areas 
and likely hasn’t been occurring for a few thousand years.  Those areas appear to be 
adjacent to areas of Soda Lake with a thick salt crust which likely prevents the summer 
winds from transporting any particles. 
 
Miles 
6.0  Junction of Soda Lake Road and Soda Lake-San Diego Creek Road. Turn right (north) 
toward the Soda Lake Overlook 
 
10.4 Turnoff to left (west) to Soda Lake Overlook 
 
STOP # 16. (Site #128) CARRIZO PLAINS OVERLOOK AT SODA LAKE  
 
At this overlook is a contact between Simmler Formation Sandstone (Oligocene ?) and Soda Lake 
Shale Member of the Vaqueros Formation (lower Miocene). 
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Figure 9. Carrizo Plains wildflowers. Photo from BLM Collection. 

 
SODA LAKE 

 
Within the Carrizo Plain the area of interior drainage is called Soda Lake (Sites #129 North and #130 
South).  Soda Lake has a length of about five miles and a maximum width of over one mile with an 
area of about 3,000 acres.  The approximate drainage basin for Soda Lake is 525 square miles.  
Since the environment is arid, the ground does not readily absorb moisture.  When it rains,  
Temblor. Caliente and La Panza ranges.  
 
Soda Lake is the only un-drained lake in the Coast Ranges. The others drain to the Pacific Ocean. 
The rocks of the surrounding mounta1ns contain very little in the way of soluble minerals. These salts 
are produced via erosion as slightly acidic water - sulfuric acid mostly from volcanic emissions - 
breaks down the rocks. Calcium carbonate from sea floor sediments is readily attacked by acids 
(Lynch, 2005:115) 
 
Many salt lakes are remnants of former seas that evaporated, and they leave wave cut terraces and 
ancient shorelines. But not Soda Lake, for it was never a lake proper.  It was once a relatively well 
vegetated region that drained southward, probably through the Cuyama region . About 1-3 million 
years ago the region was uplifted and the river reversed course. flowing north through San Juan 
Creek and the Salinas River to the ocean. Some time after the last glacial maximum (-10.000 years 
ago), uplifting at the northern end of the plain blocked access to the sea and the region became 
isolated. Small creeks carried sediments and dissolved material from the surrounding mountains into 
the basin. 'There they accumulated to form Soda Lake. Today. most of the runoff is from the Caliente 
Range. (Lynch, 2005:115) 
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Figure 10. Aerial photograph of Soda Lake. From 

http://farm3.staticflickr.com/2422/3842571281_b5b627831c_z.jpg, August 15, 2012. North is to the 

right in this photograph. 
 
The sodium sulphate minerals located at Soda Lake are bloedite, thenardite, and mirabilite.  The 
minerals are mined by digging by hand through a hard crust into a black anoxic mud that smells of 
rotten eggs (H2S gas).  When found, the soda minerals are washed and preserved with mineral oil or 
kerosene, as washing the crystals with water dissolves them.  
 

http://farm3.staticflickr.com/2422/3842571281_b5b627831c_z.jpg
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Figure 11. Remnants of Soda Lake Pier. From BLM Collection 

 
Bloedite is found about one eighth of a mile offshore, suspended in saturated mirabilite brine together 
with mud, at 47 to 59 inches (1.2 to 1.5) meters below a crust of 10 inches (0.25 meter) of mirabilite.  
The chemical formula is Na2Mg(SO4)2-4H20.  Bloedite is a large, blunt distinctly terminated and 
double-ended crystal of flat tabular form, of clear glassy material, containing an irregularly distributed 
dark, almost blackish, coloring matter.  The common crystal size is about 6.5 inches (16.5 
centimeters) by 4.1 inches (10.5 centimeters) by 1.4 inches (3.5 centimeters). 
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Figure 12. Bloedite from Carrizo Plains. Bates Collection (from http://www.johnbetts-

fineminerals.com/jhbnyc/mineralmuseum/picshow.php?id=7786, August 15, 2012) 
 

http://www.johnbetts-fineminerals.com/jhbnyc/mineralmuseum/picshow.php?id=7786
http://www.johnbetts-fineminerals.com/jhbnyc/mineralmuseum/picshow.php?id=7786
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Figure 13. Crystals from Soda Lake. Photo from BLM collection. 

 

 
Miribilitite is a purer form of Bloedite and has a chemical formula of Na2SO4-10H20.  On removal from 
solution, the crystals rapidly effloresce and losing water, crumble to a fine white powder.  The natural 
anhydrous sodium sulphate is thenardite.  The chemical formula is Na2SO4.  When exposed to air, 
thenardite is not so subject to chemical alteration.  Thenardite is a white to brownish white or gray, 
vitreous, transparent to translucent mineral.  It has a weak salty taste and is water soluble.  
Thenardite forms in chemical sedimentary evaporite deposits in lakes and playas in desert climates 
and occurs in bedded deposits associated with halite and borax.  Fine twined crystals up to 3 inches 
in length occur in the Carrizo Plain locality. 
 
In the 1880s the saline deposits at Soda Lake were mined for use at nearby cattle ranches as 
saltlicks or for preserving meats.  Prior to 1908, the Carrisa Chemical Company, capitalized at 
$1,000,000, invested $60,000 for a plant and narrow-gauge railroad on the lakebed for the extraction 
of sodium sulphate.  A mineralogist report of 1920 states that the Consolidated Chemical Company 
of Lompoc, California located 23 claims on Soda Lake.  The company had a plant at Soda Lake for 
evaporating the saline water and recovering the solid salt.  Capacity was 600 tons per month.  
Between 1923 and 1925 an operation was active, with the product hauled to McKittrick by truck.  In 
1934 the plant was moved from the south side of the lake to the north and a small amount of mineral 
was produced. 
 
A mineral record cards at the BLM offices indicate that Soda Lake was leased for minerals two further 
times.  In March, 1947, Soda Lake was leased for production to a C. A. Spicer.  In March, 1959, W. 
C. Hay, Ltd. leased the lake to mine the sodium sulphate minerals by solar evaporation. 
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Figure 14. Soda Mining circa 1910. C.C. Pierce collection. 
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Figure 15. Railroad at Soda Lake Saltworks, circa 1910. C.C.  Pierce Collection. 

 
Sodium sulphate is used primarily in the production of kraft paper (60%) and detergents (20%).  In 
California today, sodium sulphate is recovered from Searles Lake, which is in the Mojave Desert.  
Soda Lake is similar in mineralization with Searles Lake.  In the U. S. A., production of sodium 
sulphate was 15% less in 1992 than in 1991. 
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Figure 16. Soda Lake Saltworks, South Plant. Circa 1910. C.C. Pierce Collection 
 
 

CHEMICAL AND BIOTANIC ZONATIONS AT SODA LAKE 
 
The soil chemistry around Soda Lake reflects the solubility of different sodium salts. The outermost 
zone is characterized by sodium carbonate, the middle zone by sodium sulfate, and the inner zone 
by sodium chloride.  This zonation is also reflected in the plant communities. 
 
Iodine Bush is abundant in the sodium chloride zone nearest the lake. This is followed by iodine bush 
in the middle sodium sulfate zone, and then by saltbush in the sodium carbonate zone 
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BIRDS OF SODA LAKE 

 
From October until late February, Soda Lake is 
home to sandhill cranes (Grus canadensis), 
sometimes numbering in the thousands.  Breeding 
on tundra and in marshlands and grasslands in the 
northern  United States, Canada and Alaska, they 
winter in California and Mexico. They spend the 
night in the shallow water of the lake, which affords 
protection from coyotes and other predators and 
draining of this habitat area could result in a decline 
of this species. Their call, a gurgling coo, is 
commonly heard just before the flock becomes 
active at dawn, signalling their departure for the 
day's feeding in dry fields during the day. They are 
opportunistic feeders, eating insects, worms, 
smaller worms, aquatic invertebrates, and lacking 
the availability of these, grains, seeds, or whatever 
presents itself. Look for groups of cranes arriving at 
the lake at dusk or departing at dawn in small vocal 
groups, flying in v-shaped formation.  Flying cranes 
can be distinguished by their long, extended necks. 
 
 

 
Figure 17. Sand Hill Crane. From 

http://www.bing.com/images/search?q=sand+hill+crane+carrizo+plains&view=detail&id=5ED45B8D

E13C1C9B86F25064B2CCFE2909596FDD&adlt=strict, August 15, 2012. 

 
Flocks of long-billed curlews (Numenius americanus) can also be seen flying to the lake in the 
evenings, identifiable by the long, thin downturned bill.  Common ravens (Corvus corax) can be seen 
thorughout the range of this trip, the males occasionally soaring, wheeling and tumbling in courtship 
display.  A wedge-shaped tail and larger size distinguish the common raven from the American crow 
(Corvus brachyrhynchos).  Call is a low, drawn-out croak. 

http://www.bing.com/images/search?q=sand+hill+crane+carrizo+plains&view=detail&id=5ED45B8DE13C1C9B86F25064B2CCFE2909596FDD&adlt=strict
http://www.bing.com/images/search?q=sand+hill+crane+carrizo+plains&view=detail&id=5ED45B8DE13C1C9B86F25064B2CCFE2909596FDD&adlt=strict
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Figure 18. Long Billed Culrew. 

 
Other birds which will be common over the entire route are Brewer's blackbirds (Euphagus 
cyanocephalus), usually in large flocks in open habitats and recently plowed or fallow fields.  They 
are often accompanied by red-winged blackbirds (Agelaius phoeniceus), the males of which are 
distinguishable by a red shoulder patch, often with a yellow patch beneath it.  Occasionally tri-colored 
blackbirds (Agelaius tricolor) can also be seen with the flocks.  The males have the same red 
shoulder patch as the red-winged males, but the patch underneath is white. 
 
Western meadowlarks (Sturnella neglecta) can often be seen perching on fence posts and wires, and 
their distinctive song, a variable series of bubbling, flute-like notes, accelerating toward the end, can 
be identified commonly in fields even when they are hidden.  Look for distinctive black v-shaped band 
on a yellow breasts, and white tail edges when in flight.  Less easily seen although also quite 
common are horned larks (Eremophila alpestris).  Distinguished by their white or yellowish face and 
black "horns" (wing tufts over the eyes), they can be seen in open fields and occasionally on fences. 
 
Several types of sparrows, including lark sparrows (Chondestes grammacus)  white-crowned 
sparrows (Zonotrichia leucophrys) and house sparrows (Passer domesticus) will be seen.  Although 
difficult to distinguish from other small brown birds, they can often be seen in small flocks on fences 
or feeding on the ground.  Other small brown birds are the female house finches (Carpodacus 
mexicanus), but the males have bright red or orange-red heads and chests, especially apparent 
during breeding season.   
 
Loggerhead shrikes (Lanius ludovicinus), although less common than the above mentioned birds, 
can be seen along the route perched on telephone poles or fence posts. Small (9" long) passerine 
(perching) predators, they lack talons and impale their prey on thorns or barbed wire, or wedge it into 
a tree fork to eat or store for later.  They are similar in appearance to mockingbirds, gray with 
conspicuous white patches on the tops of their wings, but are distinguished by a broad black mask 
which extends above the eyes and thinly across the bill.  Shrikes often perch motionless for long 
periods, surveying the area for food. 
 
Also quite likely to be seen anywhere along the route are turkey vultures (Cathartes aura).  These 
large scavengers (27" long, 69" wingspan) are characterized in flight by two-toned wings, with white 
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flight feathers and dark linings and tops of wings.  They have small, featherless red heads with 
hooked bills which aid in consuming carrion.  Turkey vultures in flight can be distinguished from 
soaring hawks by more of a v-shaped wing position. 
 
 
 RAPTORS IN THE CARRIZO PLAINS 
 
Raptors are birds which prey on other birds, animals and insects.  The open nature of the terrain and 
vegetation along this tour make it an ideal habitat for raptors, and there are many in this area.  Small 
mammals, such as ground squirrels, various species of mice and rats, including the federally listed 
giant kangaroo rats, small birds such as sparrows, doves and finches, and numerous insects provide 
ample food.  Many of these prey are well hidden or not apparent, but we will see many ground 
squirrels, even some standing on fence lines or fence poles seemingly offering themselves as 
candidates for dinner. 
 
Watch for other predators competing for raptors' prey. Coyotes, while not often seen during the day, 
are common in the area, and may often be heard howling during the night.  It is entirely possible that 
we may see some during the day.  Kit foxes are shy but often prey on similar animals, and domestic 
animals such as cats and dogs also compete with raptors for small mammals and birds. 
 
Raptors which will be seen on this trip include American kestrels (Falco sparverius), and red-tailed 
hawks (Buteo jamaicensis).  Kestrels, small falcons (10-11" long, 23" wingspan), perch on telephone 
poles or lines, or hover over open fields seeking the insects and small vertebrates or mammals which 
make up their diet.  Their distinctive appearance with double black stripes on white faces and russet 
backs and tails, coupled with their distinctive behavior make them fairly easy to identify.  Red-tailed 
hawks, when seen soaring, are also easy to identify by their red tails, dark faces, and pronounced 
dark lines on the leading edge of their wings.  Look for a faint brown band across the pale underside 

of perching adults.  Immature red-tailed hawks 
have brownish tails with many dark bands.   

 
Figure 19. Red Tailed Hawk. From 

http://www.bing.com/images/search?q=Red+Tai

led+Hawk&view=detail&id=44FED88B163BE7

07D0B31DB465A8436C7D697D54 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

VEGETATION AT SODA LAKE 
 
Notice the darker band of vegetation edging Soda Lake.  This vegetation type is Valley Sink Scrub, 
dominated by alkali-tolerant chenopod species, especially iodine bush (Allenrolfea occidentalis).  
Valley Sink Scrub is found on heavy saline and/or alkaline clays of lake beds or playas, where the 
high ground water supplies provide capillary water for the perennials.  The brilliant white salty crust 
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that you see lies over dark, sticky clay.  According to the California Natural Diversity Data Base 
(CNDDB), only five of the 25 extant occurrences of Valley Sink Scrub are in good condition.  Since 
this plant community occurs only in California, it is a very rare community and an equally fragile one.  
Agricultural practices have heavily impacted it.  They draw down the water table, introduce chemicals 
into the water and soil, and provide irrigation water during the summer, in contrast to the natural cycle 
of winter rains and summer dry periods--the Mediterranean climate--to which the plants are adapted.  
 
Around the lake is a vegetation type known as Valley Saltbush Scrub, which is made up of open 
gray- or blue-green chenopod scrubs (species of the Atriplex genus) usually over a low herbaceous 
annual understory.  Characterized by plants adapted to the high alkalinity of this area, this vegetation 
type can be seen from the Soda Lake Overlook, stretching from the northwest and around the 
western part of the lake. 
 

 
Figure 20. Saltbush. From BLM Collection 

 
 

From the Soda Lake Overlook, return to the Soda Lake Road, and go south to the Goodwin Visitor’s 
Center 
 
Miles 
0.0 Soda Lake Road. Turn south. 

 
5.5 Turn off to Goodwin visitor’s center. Turn west. 
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6.1. STOP # 17 GOODWIN VISITOR’S CENTER (Site #130) 
 

MAP 21: GOODWIN VISITOR’S CENTER TO KKC RANCH 
 

PAINTED ROCK ARCHAEOLOGY SITE (Site #132) 
 

Public access to the Painted Rock archaeology site is restricted. Check with the staff at the Goodwin 
Visitor’s Center for permits and tour information. 
 
In the southwestern part of the Carrizo Plains is an isolated butte rising to a height of about 140 feet.  
The outcrop is part of the Tertiary Miocene Vaqueros Formation, Painted Rock Member.  The 
Painted Rock Member is a marine sandstone with interbedded shale.  The Painted Rock Member 
was deposited in shallow marine waters affected by strong tidal and longshore currents.  Evidence of 
strong currents is the large scale cross bedding structures within "Painted Rock."  The main surface 
exposure is to the west in the Caliente Mountains.  The thickness of the deposition is measured to be 
5000 to 6000 feet.   
 

 
Figure 21. Painted Rock. Outlier of Vaqueros Sandstone. BLM Collection 
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Figure 22. Aerial photograph of Painted Rock. From http://en.wikipedia.org/wiki/File:RockCove-
CarrizoPlain.jpg, August 16, 2012. 
 
As the Painted Rock Member was deposited, the cementation of the rock was not uniform throughout 
the entire formation.  Weathering (wind and rain) eroded very easily the poorly cemented portions of 
the rock.  The outside shape of the rock formed into a conical shape similar to a volcanic crater.  
Facing toward the east, or rising sun is a narrow opening 24 feet in width opening leading into a vast 
oval cavity 225 feet long by 125 feet wide and 140 feet in height.  The cavity formation was the result 
of wind and water action on poorly cemented sandstone and siltstone. 
 

http://en.wikipedia.org/wiki/File:RockCove-CarrizoPlain.jpg
http://en.wikipedia.org/wiki/File:RockCove-CarrizoPlain.jpg
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Figure 23. Pictographs at Painted Rock. From 
http://upload.wikimedia.org/wikipedia/commons/f/f2/Pictographs_on_Painted_Rock.jpg, August 
16, 2012. 
 

 
To historians this is "The Painted Rock of the Carrizo Plains," to the Spanish it was known as "La 
Piedra Pintada," and by the Native Americans the rock was said to have been called "Tlacatapetl."  
Legend says either this great amphitheater in sandstone was cut out by the hands of man to serve as 
his temple of worship or it is a natural formation.  Either or the western recesses of this cavern 
contained perhaps some of the earliest known recordings of man's existence in the Western 
hemisphere.  Here on an area covering approximately 720 square feet were a group of intricate 
paintings in red, white, and black, representing forms of men, birds, suns, and other designs, the 
meanings of which have never been deciphered. 
 

RESUME FIELD TRIP 
 

From the Goodwin Visitor’s Center, go east  and return to the Soda Lake Road. 
 
0.0 Junction Soda Lake Road and driveway to Goodwin Visitor’s Center. Turn right, go 

south. 
 

3.6 Junction of Elkhorn Road and Soda Lake Road (Site #144) 
 

SIDE TRIP TO THE ELKHORN PLAINS 
MAP 21B 

 
This side trip takes us to the Elkhorn Plains escarpment on the San Andreas Fault, and also exposes 
outcrops of the Santa Maria Formation. Reset Odometer 
 
0.0 Elkhorn Plains Road turns to the north. 

http://upload.wikimedia.org/wikipedia/commons/f/f2/Pictographs_on_Painted_Rock.jpg
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3.5 R.C. Farm 
 
7.4 Elkhorn Plains Escarpment (Site #133). Reset Odometer. Go northeast to the Elkhorn Plain. 
 
The crown jewel of the Carrizo Plain is the Elkhorn Scarp. a pressure ridge 17 miles long. and 
certainly the  finest  in all of California. The scarp lies along the northeastern side of the basin at the 
western foot of  the Temblor Range and  is sculpted in non-marine alluvium of the  Paso  Robles 
Formation. The scarp more-or-less locates the fault because the zone is relatively narrow - less than 
a quarter mile wide in most places - and unmistakable even from the ground. It was formed from 
compress1onal stresses perpendicular to the fault and 1s dissected into many parallel ridges and 
scarps. Sprinkled along the trace are  offset  streams, beheaded channels, abandoned drainages,  
shutter ridges and linear scarps that are indicative of strike slip motion. The Elkhorn scarp is actively 
uplifting today. A particularly well-defined section of the scarp is called the "Dragon’s Back" because 
of its regularly serrated ridge and steep topographic relief.  The Dragon's Back is clearly evident from 
the E-W section of Soda Lake Rd as a prominent ridge reaching h1gher than the rest of the scarp.. 
(Lynch, 2005:114-115). 
 
6.2 Crocker Grade Junction (Site #134). A short distance up Crocker Grade Canyon are 
exposures of the lower Santa Margarita Formation (Miocene) with large cobbles and boulders in its 
basal conglomerate (Site #135) 
 
Graben and Right Hand Step 
 
A couple of miles southeast of Wallace Creek there is a well-exposed right-hand step in the fault and 
a textbook graben (dropped block, or sag) between the two strands. Being somewhat elevated. the 
view from this location is also nice, with scarps and ridges visible for several miles in either direction, 
especially when the Sun is low. The site is accessible on both routes and is well worth a visit (Lynch, 
2005:117) 
 
Scarp City 
 
One of my favorites places in the Carrizo Plain is a place I call Scarp City (35 13.051 119 46.301 
2108 ft). It's on the Alternate Route and shows a beheaded channel. two offsets in an unnamed creek 
and a left hand step. all within about 100 yards. The features are relatively small and close together 
so they are easily seen. The secondary fault trace is not evident unless we walk a few hundred yards 
NW where we will see a left band step in the fault (Lynch, 2005:117). 
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From Lynch, 2005:117 

The Dragons Back N35 06.782 W119 38.676 
 
The Dragons Back is a large pressure ridge along the San Andreas Fault.  Pressure ridges form 
where the rocks on either side of the fault are pushed up into hills on either side of the fault. 
 
This location is accessed on a dirt road from either the north (Elkhorn Road) or south (Soda Lake 
Road).  The roads becoming passable in wet weather.  Even in dry weather the road through the 
canyon is challenging for two-wheel drive, but can still be accessed easily by driving up from Soda 
Lake Road and returning back the same way you came. 
 
Pressure ridges form at slight bends in a fault as the sides push against each other forcing the rocks 
on either side up into ridges.  However right along the fault line, the rocks become fractured and 
easily eroded.  Here an arroyo has eroded through these fractured rocks in a relatively straight line to 
the southeast.  This section of the San Andreas is often photographed from the air. 
 
Following a second creek to the east you'll find evidence of the large offset that has occurred on the 
San Andreas Fault.  The arroyo channel is filled with a igneous and metamorphic rocks that are found 
nowhere in the surrounding hills.  Instead, the surrounding hills and mountains are composed of 
recent marine sediments.  The source of these rocks is the San Gabriel Mountains far to the 
southeast. 
 
The final point of interest is the USGS instrument on the hill N35 06.852 W119 38.774.  A locked 
cover protects the solar powered instrument so I'm not absolutely sure what it is.  But I can be 
reasonably certain this is a seismometer placed pretty much on the San Andreas Fault. 
 
8.0 Panorama Point Junction. Go west and then north to the point 
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9.3 Panorama Point Hill (Site #136) is to the west. 
 
0.0 Return to Panorama Point Junction. Reset Odometer. 
 
1.6 Contact between Paso Robles and Santa Margarita Formations (Site #137). 
 
2.3 Road to the east leads to an abandoned oil well (Site #138) 
 

MAP 21C. SIDE TRIP TO ELKHORN ESCARPMENT 
 
5.0 Water Tank with offset streams to the northwest (Site #139). 
 

MAP 21D SIDE TRIP TO ELKHORN ESCARPMENT 
 
15.0 Elkhorn Plain Depression (Site #140). 
 
16.8 Beam Flat to the north (Site #141). 
 
18.0 Elkhorn Plain Overlook (Site #142). 
 
19.0.  Junction of Elkhorn Plains Road and the Soda Lake Road (Site #143). 
 

RETURN TO MAIN TRIP ROUTE 
 
 

MAP 21: GOODWIN VISITOR’S CENTER TO VOLCANIC NECKS 
Miles 
0.0 Northern Junction of Elkhorn Plains Road and Soda Lake Road 
 
5.8 Volcanic Necks (Site #145).  These geomorphic features may be eroded remnants of lava 

flows in the Caliente Formation. They have also been interpreted as volcanic necks. 
 
 

MAP 22. KKC RANCH AND ELKHORN PLAIN 
 
Miles 
7.0 Kern County Land Company Ranch Headquarters (Site #146). Hills to the west consist , of 

a sequence of formations. From south to north, they are Pleistocene Paso Robles 
Formation,  Miocene Saltos Shale, intrusive igneous rocks, and Miocene Caliente formation. 

 
Most of  the  fault  on  this  [segment of the San Andreas fault]   lies  in  the  Plio Pleistocene Paso 
Robles Formation, though in a few places along the upper Elkhorn Rd the road skirts hills of the 
similar [appearing] Pliocene Morales Formation. The Paso Robles Formation consists of poorly 
consolidated coarse sand and gravel. as well as finer sand. silt. and clay and some limestone that 
formed from deposition in floodplains  and small lakes.   It originates in predominantly  non-marine 
sediment and contains sand and gravel inter-bedded with thicker layers of silt and clay (Lynch, 
2005:117) 
 
 
12.8 Well built gravel road to the right goes to the Tenneco TWI Fee #1-33 oil well drill pad. (Site 

#147).  This well was drilled in 1987 to an unknown depth.   Information about this well has 
not yet been released. 

 
13.0 Small metal building on right. 
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13.1 Pliocene upper Morales Formation in hills. Pavement begins, ranch with green water tank on 
left. A.F. Trevor Ranch (Site #148).  

 
13.7. L.E. Trevor Ranch (Site #149). The low hills are composed of Miocene Branch Canyon and 

Caliente formations.  The Branch Canyon is composed of sandstone and conglomerate.  
The Branch Canyon is a member of the Monterey formation and grades westward into the 
Saltos Shale member.   

 
14.5 Paved road ends. 
 
15.9 Secondary road on left.  Keep straight on main road 
 
16.1 Metal building on left. 
 
16.5 Cross fence, road veers to the west into Section 17. Silver water tanks. 
 
16.7 Road goes south to a cemetery (Site #150). 
 
 

MAP 23: SOUTHEASTERN CARRIZO PLAINS 
 
17.0 The Pliocene Quatal Formation, Pliocene Morales, and Miocene Caliente Formation are in 

the hills on the left.  The Quatal and Morales Formations grade into each other.  The Quatal 
is a lacustrian gypsiferous claystone.  The Morales is a friable conglomerate and sandstone.  
The Morales contains boulders of older formations.  The Caliente is a variegated red and 
green, soft mudstone and red buff sandstone with conglomerate "red beds".  These 
formations are "conformable" with one another, i.e. they are in uninterrupted stratigraphic 
succession. 

 
17.5 Cattle corral with tin shelter on left. 
 
18.0 Pavement begins.  Deformed alluvial deposits, Quaternary-  Tertiary Paso Robles formation 

on right (north). 
 
19.7 Cattle corral (green) and 3 silver water tanks of the Harline Ranch (Site #151). 
 
20.8 Junction of Elkhorn Plains Road and the Soda Lake Road (Site #143). 
 
21.8 San Luis Obispo County line. 
 
22.7 Soil creep on hillside on right (south) side of road. 
 
STOP #18: MULTIPLE PRESSURE RIDGES AND DOWNDROPPED BLOCKS (Site #152). 
 
This site is a sag pond in a narrow valley flanked to the north and south by pressure ridges.  The 
1872 Ft. Tejon Earthquake fault scarp (now eroded) is on the north side of the sag pond. 
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Figure 24. Camp Dix Sag Pond and Dry Lake 

 
The horizontal bands on the western slope are caused by livestock activity.  The eastern side has not 
been grazed as intensively and has had little or no slope failure or soil creep. Walking up the 
pressure ridge to the north, when at the crest, gives panoramas of successive pressure ridges and 
down-dropped  sag blocks to the north and south. 
 

 
Figure 25. SAFZ at Camp Dix Dry Lake. Blue is roadway. Red are faults. 
 

END OF FIELD TRIP 
 
24.0 Camp Dix (Reye’s Station) 
 
From Camp Dix (Reye’s Station), you can take Highway 166 north to Maricopa, or south to Cuyama. 
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LITHOLOGIC DESCRIPTIONS 
 
 Units of the Temblor Range and 
 San Joaquin Valley 
 Quaternary 
 Recent/Holocene 
 
(Q) all Quaternary deposits. 
(Qa) valley and floodplain alluvium. 
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(Qls) landslide debris. 
(Qg) stream channel deposits of sand and silt. 
(Qs) Quaternary beach sand deposits. 
(Qds) dune sand deposits. 
 Quaternary 
 Pleistocene 
 
(Qos) Dune and sand deposits, in some places weakly consolidated. 
 
(Qoa) Remnants of weakly deposited stream terrace and alluvial fan deposits of silt, sand, and 
gravel. 
 
 Units of the San Emigdio Mountains 
 
 Quaternary 
 Pleistocene 
 
Tulare (QTt) terrestrial gravel, poorly sorted sand, clays, and conglomerate. 
 Tertiary 
 Pliocene 
 
Etchegoin (Te) marine fossiliferous fine buff sand. 
 
 Miocene 
 
Santa Margarita (Tsm) shallow marine sandstone, minor pebble conglomerate, indistinctly 
bedded. 
 
Maricopa thin bedded brown platey siliceous shale that weathers white.  Some thin calcareous 
beds. 
 
Temblor (Tt) (Tts) marine, gray clay shale, siltstone, and interbedded sandstone. 
 
Tecuya Formation-terrestrial strata in Temblor and Pleito Formations 
 (Ttc) red sandstone and clay. 
 (Ttg) conglomerate. 
  
 Oligocene 
 
Pleito (Tpl) (Tps) marine, thin bedded to massive buff colored sandstone, with cannon ball 
concretions, siltstone, and interbedded gray clay shale. 
 
San Emigdio marine sandstone, siltstone, and clay shale (Tse) with mostly siltstone and clay 
shale, (Tss) with mostly sandstone, and (Tqd) with quartz diorite breccia. 
 
 Eocene 
Tejon Formation- 
 Reed Canyon Member-(Ttr) siltstone member. 
 
 Mesozoic 
 
granitic rocks of quartz diorite, quartz monzonite, hornblende diorite, hornblende-quartz diorite 
gabbro, hornblende-pyroxene gabbro, and fine-grained metadiabase and amphibolite with some 
gabbro and pyroxenite. Metamorphic rocks of schist-gneiss and marble. 
 
 Units of the Temblor Range and 
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 San Joaquin Valley 
 
 Quaternary 
 Pleistocene and Holocene 
 
Alluvium-unconsolidated clay, silt, sand, and gravel; includes alluvial fan, flood plain, and 
streambed deposits. 
 
Landslide deposits-earthflows consisting of chaotic mixture of different lithologic types; some 
detachment blocks which have preserved original subsurface structure and lithologic identity. 
 
Tulare Formation-nonmarine, poorly consolidated, about 300 to 800 feet (91 to 244 meters) thick, 
conglomerate, sandstone, siltstone, and claystone coarsens westward. 
 
 Tertiary 
 Pliocene and Pleistocene(?) 
 
Paso Robles Formation-nonmarine, poorly to moderately consolidated, about 2000 feet (607 
meters) thick, conglomerate, sandstone, siltstone, marly clay, and granitic gravel including 
boulders and cobbles. 
 
 Pliocene  
 
San Joaquin Formation-brackish near shore marine deposition, about 350 to 750 feet (107 to 229 
meters) thick, mostly silty sandstone, siltstone, and claystone coarsens westward toward the 
Diablo Range. 
  
Etchegoin Formation-shallow marine, lagoonal, and fluvial, locally fossiliferous, about 4500 feet 
(1372 meters) thick, brown, mainly thick-bedded sandstone and interbedded siltstone, includes 
thin beds of pebbly sandstone, carbonaceous siltstone, and porcelanite coarsens westward and 
southward. 
 
Pancho Rico Formation-marine, about 450 feet (137 meters) thick, sandstone, mudstone, and 
conglomerate, includes white sandstone at base. 
 
 Miocene 
 
Santa Margarita Formation-marine and brackish deposition, about 0 to 250 feet (0 to 76 meters) 
thick, fossiliferous, white to gray calcareous arkosic sandstone, dark colored clay-shale, pebbly 
conglomerate, siltstone, and calcareous reefs. 
 
Reef Ridge Shale-marine shelf, about 0 to 600 feet (0 to 183 meters) thick, soft clayey to silty 
mudstone, locally bentonitic; with subordinate beds of fine-grained silty sandstone. 
 
Monterey Formation- 
 McLure Shale Member-marine, 60 to 1200 feet (18 to 366 meters) thick, porcelaneous 
mudstone and siliceous shale with a local conglomerate base. 
 
 Devilwater Shale Member-marine, about 0 to 250 feet (0 to 76 meters) thick, shale, 
calcareous shale, and siltstone. 
 
 Gould Shale Member-marine, about 0 to 60 feet (0 to 18 meters) thick, siliceous shale 
and calcareous shale. 
 
Temblor Sandstone-shallow, near shore, deltaic, tidal, slope, basinal, and marine submarine fan 
grading into nonmarine to the north, about 0 to 1000 feet (0 to 305 meters) thick, gray, buff, and 
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brownish, fossiliferous, calcareous sandstone, sandy siltstone, silty shale, conglomerate, and 
shale--mostly sandstone, with thin siltstone beds in the north and west, decreasing sand/shale 
ratio southeastward, and mostly shale in the west. 


