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NORTHERN CALIFORNIA GEOLOGICAL SOCIETY FIELD TRIP,
JUNE 6-8, 2003:

GEOLOGY OF THE RIGHT STEPOVER REGION BETWEEN THE
RODGERS CREEK, HEALDSBURG AND MAACAMA FAULTS,

NORTHERN SAN FRANCISCO BAY REGION

Field Trip Leaders for Saturday June 7:  Bob McLaughlin and Andrei
Sarna-Wojcicki, U.S. Geological Survey, Menlo Park, CA

Itinerary and descriptions of field trip stops Saturday June 7:

8:30 AM--Assemble Saturday morning in the parking area at the Bechtel
house at the Pepperwood Ranch, and load into vehicles.  See the included
map figures and today’s roadlog for directions to  stops. We encourage
attendees to condense into as few vehicles as possible to minimize the
number of vehicles that we need to keep track of and to more easilly
accommodate room for parking along busy roads in the field area.  We will
return to the Bechtel house at the end of the day.

♦  From the Bechtel house drive on gravel ranch road ~ 1.0 mi. NW along
the Maacama fault zone, to a fenceline gate at the crest of a prominent
ridge.  Walk to the top of knob to the east of parking spot, with elevation
marked as 1524’ on Mark West Springs 7.5’ quadrangle.

Stop 1. Pepperwood Ranch, 360˚ overview of right-stepover area.–
At this first stop we will provide an overview of the regional geology

and significant crustal features of this part of the northern  San Francisco
Bay region (See figures 1A-C, 2, and 3).

♦  The overview is along the eastern side a broad 1 km-wide zone  of faults
associated with the Maacama fault zone in this area.  You are standing on
graywacke that is a large block within melange of the Franciscan Central
belt.  Numerous other melange blocks including high-grade blueschist,
eclogite, chert and metabasalt occur in this melange

♦  Tilted against the Maacama fault zone on the southwest are basalt of the
Sonoma Volcanics (Ar/Ar dated at 5 MA), overlain by a thin unit of
rhyodacitic ash flow tuff (>3.1< 5 Ma), in turn overlain by younger Plio-
Pleistocene fluvial gravel.  The fluvial gravel is derived from the
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Mesozoic basement and Tertiary volcanics, and contains obsidian clasts
from at least 2 distinct obsidian sources.

♦  Tilted against the Maacama fault on the northeast, is the volcanic and
sedimentary section of Franz Valley, which is also present as several
isolated outliers  along the ridge traversed by the Maacama fault zone.
The Franz Valley volcanic and sedimentary rocks consist of a locally
preserved, thin, undated basalt and a thin layer of gravel at the base,
overlain by a thick sequence of 3.4 to 2.8 MA (Ar/Ar ages) siliceous ash
flow and air fall tuff. Basaltic andesite occurs higher in the ash flow
section, along with intercalations of volcanic-clast gravel and lacustrine
silts and diatomites.  Younger volcanic-clast gravel with obsidian clasts,
unconformably overlies the volcanic rocks.

♦  To the northeast of Franz and Knights valleys are the Mayacmas
Mountains, consisting of an uplifted basement of Franciscan Complex
rocks, and ophiolitic and sedimentary rocks of the Great Valley sequence,
capped by the 3.3 MA and younger Sonoma Volcanics of Mount St.
Helena and the Palisades area.  To the NW of Mount St.Helena, along the
crest of the Mayacmas Mountains, is the 2.2 Ma rhyolite and dacite of
Pine Mountain , which is associated with the 2.2 MA and younger  Clear
Lake Volcanics and The Geysers geothermal region.  The Mayacmas
Mountains northwest of Mount St. Helena are underlain by a voluminous
felsic pluton.  The Geysers pluton  extends in the subsurface at least 20
km northwestward, and to an unknown depth below 3 km.  The pluton is
within 1 km of the surface beneath The Geysers, and it is within about 2
km of the Maacama fault at depth northeast of Alexander Valley.
Magma that may be associated with the lower part of The Geysers pluton
is considered to underlie the Mayacmas mountains and the Geysers steam
field.

♦  Note that the Maacama fault zone here, and the entire right stepover area
betweeen the Healdsburg and Maacama faults is largely an upland
instead of the lowland normally expected in an extensional right-stepping
dextral fault system.  Also note that the adjacent principal valleys of the
area (Calistoga-Napa, Knights, Alexander, Dry Creek and Franz valleys),
as well as intervening ridges trend W-NW, oblique to the more N-NW-
trending active Rodgers Creek, Healdsburg, and Maacama strike-slip
faults.  The Maacama fault clearly cuts across the W-NW trend of the
valleys and ridges.
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♦  The valley and ridge topography in this area, especially NE of the
stepover area, appears to be controlled by W-NW trending, steeply to
moderately NE-dipping faults with significant components of reverse
slip. These reverse and thrust faults offset ≤ 3.3 MA volcanics and fluvial
gravels.  Some of the thrust faults are seismically active.

♦  Slip surfaces on faults that offset Neogene rocks within the stepover area
are of highly variable orientations and show kinematic evidence of
dextral, sinistral and normal slip, consistent with dominant E-W
extension.

From Stop 1 we will turn around and retrace our path past the Bechtel house
and continue to the intersection with Franz Valley Road.

♦  Mileage log begins at Pepperwood Ranch entrance at the intersection
with Franz Valley Road.--O mi.

-Turn right on Franz Valley Road. Travel downhill to intersection with
Porter Creek Road.
-Turn right on Porter Ck. Road and drive 1.5 mi to pullout and outcrop of
east-dipping gravels.

Mi=1.5 --
Stop 2.  View of east-dipping, folded Plio-Pleistocene fluvial gravels that
overlie Sonoma Volcanics –

At this stop view fluvial gravels which overlie the Sonoma Volcanics.
Southwest of this locality, these gravels depositionally overlie a 4.83 MA
ash flow (Lawlor tuff) and a  4.89 MA basalt. To the northeast, the gravels
are folded into a syncline and tilted against the Maacama fault zone.

♦  The gravels are dominated by rounded and subrounded clasts derived
from the Tertiary volcanic section, including rare pebbles of obsidian.
Clasts derived from the Central belt of the Franciscan Complex are also a
prominent clast component.  Previous workers correlated these sediments
with the Glen Ellen Formation.

♦  Sediment paleoflow (Figure 4A), based on clast imbrication and on
channel orientation was generally toward the west, probably in a braided
stream system. This paleoflow direction  dominates the entire right
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stepover area, indicating flow was nearly orthogonal to the active strike-
slip faults of the stepover area.  Maximum clast size data (Figure 4B) for
the stepover area also indicates NE to SW transport with a general pattern
of decrease in maximum clast size toward the SW.  This pattern suggests
that neither sediment  transport nor local sediment supply were
influenced by strike-slip faulting, leading us to conclude that strike-slip
faults had not encroached into this area at the time of deposition of these
gravels.

Return to cars and drive back to the northeast on Porter Creek Road, past
Franz Valley  Road intersection.  Continue driving northeastward along
Porter Creek Road, where highway work has been conducted to mitigate
active landslides in highly sheared  melange and serpentinite along the
Maacama fault.  Watch for entrance to Camp Neuman on the right.

Mi= 6.2 Entrance to Camp Neuman
Stop 3.  Camp Neuman Conference Facility exposures of Maacama fault
zone

At this locality we see a relatively well exposed segment of the southern
Maacama fault.  This is one of the best natural exposures of the southern part
of this fault zone.  Along this part of the Maacama fault zone, interbedded,
steeply east dipping or overturned gravel, silt and ash flow tuff (≤ 3.3 MA)
are juxtaposed with each other, and locally, against Franciscan rocks (Figure
5).  In places the gravel and tuff may be depositional on the Franciscan, but
several closely spaced nearly vertical fault strands cut the late Tertiary
volcanic and sedimentary section. The faulting is aligned along the
Franciscan -Tertiary contact.  Scattered seismicity is associated with this part
of the fault zone.  Southeast of this area the Maacama fault is largely
covered by landslides and alluvium.  The fault trends into northeastern
Rincon Valley in Santa Rosa 7.5’ quadrangle, where a rhombic extensional
basin occurs between the northern Rodgers Creek fault and the southern-
most Maacama fault (Figure 1B).

Leave Camp Neuman and turn right (east) onto Porter Creek Road.
Intersect Calistoga-Petrified Forest Rd.
Turn left (northeast) on Petrified Forest Rd for 1.0 mi to the Petrified Forest

Mi=  7.2- Entrance to the Petrified Forest
Stop 4. Lunch Stop and visit to the Petrified Forest—
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The Petrified Forest is privately owned and there is an entrance fee to
view the excavations (~$4-$5?).  We will have lunch here (~45 min) where
you can also view the petrified tree excavations if you choose.

♦  Numerous very large in-situ, silicified, conifer trees can be seen that were
buried 3.34 to 3.19 MA during eruption of the ash flow tuffs of the
Petrified Forest area.  Based on preservation of the tree roots and the
areal orientations of the trees, it can be determined that most fell toward
the W-SW (Figure 6).   We interpret this to suggest that the paleosurface
sloped SW, and (or) that the ash flow that buried the trees moved toward
the W-SW.  This direction is consistent with westward paleoflow
measurements in fluvial gravels that overlie and are intercalated with the
ash flow tuff section (Figure 4A).

After lunch, assemble in parking area, load vehicles and proceed
approximately 2.5 mi eastward again on Porter Creek Road, toward
Calistoga.

At approximately mi= 9.7, turn left onto Franz Valley School Rd.
Drive west along Franz Valley School Rd to stop 5 along the northeast side
of Franz Valley.

Mi=14.6-ViewAsh flow tuff section of Franz Valley
Stop 5. Ash flow tuff section of Franz Valley

At this locality we will view rhyodacitic ash flow tuff with a distinct
tephra fingerprint, that is radiometrically dated (Ar/Ar) at 2.85 MA.  This
tuff is high in the Sonoma Volcanics section (Figure 3) and is among the
youngest dates in the Sonoma, but the volcanics are also overlain  by more
tuff and andesite (Ar/Ar age in progress).  The tephrochonologic fingerprint
and age of the Franz Valley tuff section, together with presence of the 3.34
MA Putah tuff and underlying fluvial gravel section, have enabled us to
match the Franz Valley section to tephra and gravel about 24 km to the NW,
on the SW side of the Maacama fault (Figures 1B, C).  We will discuss this
correlation and the implied slip rate for the Maacama fault further at this and
a later field trip stop.

Return to vehicles and proceed westward to intersection of Franz Valley
School Road with Franz Valley Road.

Turn right (north) on Franz Valley Road.
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At intersection with Spencer Road turn left, then jog to right (north).

At approximately mi =18.4, intersect Highway 128.

Turn left on Highway 128 and drive NW through Knights Valley.

View Mount St. Helena to right; Franciscan melange can be seen along east
side of Knights Valley, locally overlain by erosionally isolated remnants of
Sonoma Volcanics

At the divide between Knights and Alexander Valleys, re-cross the
Maacama fault.

Relatively intact Franciscan graywacke is seen in the road cuts of divide area
dissected by Maacama Creek.

At approximately mi=25.2 intersect Chalk Hill Road.

Turn left (south) on Chalk Hill Road, drive approximately 2.5 mi to Chalk
Hill.

Mi=27.7- Exposures of air fall  and water lain tuff along Chalk Hill
Road--
Stop 6. This well exposed ash unit displays abundant syn-depositional
structures including grading, convolute structures, loading and current
transport features.  The ash unit correlates with a local tuff that abuts the
eastern side of the Maacama fault in Franz Valley (tuff of Devils Kitchen ).
The tuff of Devils Kitchen is dated at >3.22< 3.34 MA, based on  its
stratigraphic position in Franz Valley relative to other well dated tuffs. We
are still determining the detailed suite of local and more widespread tuffs in
the region, and hope to use their distributions in fault blocks of the right
stepover, to better constrain  long term Neogene slip rates (Figure 3).

-Return to vehicles and drive back to the north, to intersection with Highway
128.

At approximately mi= 30.2, Turn left on Highway 128.

Drive NW along Maacama fault zone in Alexander Valley to intersection
with Alexander Valley Road  at mi=33.7.
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Turn right on Alexander Valley Road

Turn left on Red Winery Road and drive NW along NE side of Alexander
Valley parallel to Maacama Fault zone.

Junction with The Geysers-Healdsburg Road  at mi=36.5

Turn right.

Mi=36.9 –38.5--Geysers Road section
Stop 7.  View Sonoma Volcanics and fluvial gravel right-laterally offset
by the Maacama Fault zone--

Drive up The Geysers Road, obliquely down-section, through Sonoma
tuff, basalt and underlying fluvial gravel that is vertical to steep dipping, to
where the Maacama fault crosses the road.  Park  along northwest side of
The Geysers Road, near private gate, just after crossing the Maacama fault.
The road is caving-in near where the fault crosses the road and only one lane
is still open here.

We will inspect the gravel outcrops in this cut and then drive back down
The Geysers Road to the lower part of the outcrop section and look at the
overlying volcanic units.

Based on geochronology and tephrochronologic correlations, the ash
flow tuff in the upper part of the volcanic section includes the Putah tuff and
a tuff that is part of the 2.85 MA ash flow tuff section of Franz Valley
(Figures 2, 3).  Based on the correlative volcanic units and the similarity of
the volcanic-stratigraphic sequence  along the Geysers Road to the section
truncated by the Maacama fault on the SW side of Franz Valley, we propose
an offset of about 24 km along the Maacama fault since ≤ 2.85 MA (Figure
1B).  We will discuss this proposed offset and the implied slip rate.

-Return to vehicles and drive back to The Geysers-Healdsburg junction with
Highway 128, then SE to Jimtown store at junction of Highway 128 and
Alexander Valley Road at approximately mi=43.2.

Turn right (SW) on Alexander Valley Road

Cross the Russian River at mi=43.8

Turn left onto Healdsburg Ave
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♦  Cross Healdsburg fault zone at mi=47.0

Intersect Dry Creek Road-mi= 48.6

From Dry Creek Road access Highway 101 South

Travel south of Healdsburg and exit Highway 101 at Old Redwood Highway
off-ramp (mi ~51.5).

Travel SE along Old Redwood Highway to Eastside Road intersection at
mi=53.4

Travel SW along Eastside Rd to exposures of marine Pliocene Wilson Grove
Formation along the Russian River

Mi=57.9—Wilson Grove Formation
Stop 8.  View fossiliferous Pliocene and late Miocene marine strata of
the Wilson Grove Formation

At this locality observe pebbly, near shore marine sandstone of the
Pliocene Wilson Grove Formation (Figures 1B, C, and 2).  The Pliocene age
of these strata possibly overlaps the late Pliocene and Pleistocene age of
fluvial deposits that overlie 3.1 MA Sonoma Volcanics northeast of the
Healdsburg fault.  About 2 km south of this locality, near Trenton, the
Wilson Grove Formation includes the ~6.3 Ma Roblar tuff, which is also
present in fluvial, lacustrine  and estuarine strata of the Miocene and
Pliocene Petaluma Formation to the southeast (see presentation by James
Allen, NCGS field trip guide for 5/8/03).  Petaluma Formation strata are
recognized locally along the southwest side of the Healdsburg and Rodgers
Creek faults as far northwest as northwestern Santa Rosa.  The distribution
of marine and fluvial strata of overlapping ages on either side of the Santa
Rosa plain southwest of the Healdsburg and Rodgers Creek faults implies
that a Miocene-Pliocene shoreline transition is buried beneath Quaternary
alluvium of the Santa Rosa-Russian River plain.  Paleoflow in the coeval
fluvial deposits east and southeast of the Wilson Grove Formation and in
younger gravels that overlie the marine section was to the west.  Younger
alluvial fans overlap and incise older, more deformed fans westward.  This
suggests that fluvial systems propagated W-SW over the Plio-Quaternary
shoreline, in response to westward tilting, volcanism and uplift east of the
Santa Rosa plain.  Neogene geology and structure of the area beneath the
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Santa Rosa – Russian River plain will be discussed in further detail at the
next stop.

-Return to vehicles and travel 0.3 mi. SW from Wilson Grove locality along
Eastside Road, to Trenton Road intersection at mi=58.2

Turn left. Travel to Trenton.

Turn left at Trenton onto River Road at mi=59.0.

Turn left onto Slusser Road from River Road at mi=62.3.

Travel north on Slusser Road to intersection with Laughlin Road south of
Sonoma County airport, at mi=63.5.

Turn right onto Laughlin Road, travel a short distance, and pull off road at
Slusser Vineyards-mi=63.9.

Mi=63.9—Pleistocene and younger fluvial deposits of Laughlin Rd.
Stop. 9.—View Pleistocene – Holocene (?) terrace deposits  and basin-
bounding late Quaternary normal fault along west side of the Santa
Rosa plain

At this locality we will view gently west-tilted Quaternary fluvial
gravel exposed in a road cut along Laughlin Road south of the County
airport.  The gravels display channeling, cross-bedding and clast imbrication
that indicate westward paleoflow.  The clast suite in these gravels is derived
both from Mesozoic (Franciscan, Coast Range ophiolite and Great Valley
sources) and from Tertiary volcanic sources, including source areas for rare
obsidian pebbles.  Previous workers correlate this strata with the Glen Ellen
Formation, although we interpret this unit to be younger and incised into
more deformed gravels to the northeast, that also were mapped as Glenn
Ellen Formation by previous workers

♦  We have studied the compositions of obsidian pebbles in these Plio-
Pleistocene fluvial deposits, and have geochemically correlated the
obsidian clast types with two distinct in-situ sources of obsidian in the
Sonoma Volcanics (Figure 7).  From the distribution of the differently
sourced obsidian clasts in the gravels, and paleoflow data,  we can
approximate how the obsidian clasts were transported from their source
areas and interacted with other gravel lithofacies.  We have, in turn, used



10

this data to model approximate displacements of the obsidian clast
lithofacies in the gravels across the Healdsburg-Rodgers Creek and the
Maacama-Bennett Valley fault zones (Figure 8).

♦  This model suggests an offset since ~ 2.85 Ma on the order of 10 to 19
km for the Healdsburg-Rodgers Creek fault zone, and about 13 km
(probably a minimum) for the Maacama-Bennett Valley fault zone.

♦  Combined with a larger offset determination for the Maacama fault based
on correlation of the offset volcanic and sedimentary sections of Franz
Valley and The Geysers Road, cumulative slip across the stepover area
since ~ 2.85 Ma, has been ≥23km and ≤43 km.  This suggests a
cumulative slip rate of ~33 ± 10km since 2.85 Ma, or a rate of ~11.6 ±
3.5 mm/yr since 2.85 Ma.

♦  The upper part of the exposure consists of flat-lying reddish colored
gravel 1-2 m thick, unconformably capping underlying channeled and
west-tilted gravels. The undated red gravel unit forms the extensive flat
terrace of the county airport area, and columnar structure and carbonate
veining beneath the red gravel is probably related to paleosol
development.

♦  At the east end of the road cut, red colored Holocene soil and colluvium
drape a steep-dipping, down-to-the-east normal fault.  This fault cuts the
channeled Pleistocene gravel and the unconformably overlying  red
gravel, tilting these units to the SW in the footwall block.

♦  Bouguer gravity maps over this part of the Santa Rosa plain (Figure 9)
indicate that these flatlands are underlain by a 2.5-3.0 km -deep
structural depression filled with low density sediment (R.C. Jachens,
personal commun., 2000).  The Quaternary normal fault observed here is
considered to be part of a set of N-S-trending extensional faults that
bound the west side of this buried basin (Windsor basin).  The northeast
side of this basin is bounded by the Healdsburg fault zone.  The
Healdsburg fault appears to have low density sediment tucked to the NE,
beneath the surface expression of the fault:  a relationship suggesting that
the fault has a component of reverse slip and that it dips moderately to
the NE.  The south side of Windsor basin is bounded by a W-NW-
trending structural sill separating the Windsor basin from Cotati basin
(also 2.5-3.0 km-deep) to the south .  The sill between Windsor and
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Cotati basins is apparently asssociated with the SW-vergent Trenton
thrust fault, which is exposed at the surface only at Trenton.  At Trenton,
the fault thrusts Franciscan rocks to the SW, over the Wilson Grove
Formation.

♦  The senses of slip of the faults which bound these basins are consistent
with the present  stress pattern for the area from earthquake focal
mechanisms (Figure 1B), and indicate that the crust accommodates
dominant EW extension over these basins and (or) NS compression,
which has segmented and isolated the Windsor and Cotati basins.

♦  The large volume of soft, low density fill in these basins and the
structural architecture of the basins beneath the Santa Rosa plain has
important earthquake hazard implications for ground shaking and surface
rupture potential, as well as important implications for understanding the
ground water hydrology of the basins.

END OF 6/7/03 ROAD LOG.



Figure 1A. Road map for Day 1 stops, June 7, 2003.
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Fluvial and landslide deposits (Holocene - mid-Pleistocene)--

Fluvial and lacustrine deposits (mid-Pleistocene - Late Pliocene)--
Fluvial gravel, sandstone and siltstone, largely sourced from and locally intercalated with upper
Sonoma Volcanics. Locally, source of detritus is predominantly pre-Miocene basement; 
Deposits include locally conspicuous obsidian clast detritus; and minor nonmarine diatomite.
 Includes Huichica and Glen Ellen Formations

Sonoma Volcanics (Late Pliocene - Late Miocene)--Basalt, andesite,
and silicic flows, breccias, and tuffs, with radiometric ages ranging from 
~7.0  Ma- 2.5 Ma, locally intercalated in lower beds of mid-Pleistocene to late 
Pliocene fluvial deposits

Nonmarine to marine transitional deposits (Pliocene to middle Miocene)-- locally
 beneath Sonoma Volcanics and interbedded with  6 Ma and older Tolay and older 
 volcanic rocks of  Burdell Mountain. Includes:

	 Fluvial, lacustrine and-brackish water sediments.  Includes Petaluma Formation
	 and Gravel of Cotati

Pre-Miocene basement

strike-slip fault 

EXPLANATION

Rock Unit Descriptions Map Symbols

thrust fault

normal faultU
D

LEGEND

EARTHQUAKE EPICENTERS

Magnitude

Depth, in kilometers

0.0 - 1.9

0 - 2.4 2.5 - 4.9 5.0 - 7.4 7.5 - 9.9 10.0 - 12.4 12.5 - 14.9 15.0 - 100.0

2.0 - 2.9 3.0 - 3.9 4.0 - 4.9 5.0 - 5.9 6.0 - 6.9 7.0 - 7.9

	
	 Shallow marine shoreline and shelf facies deposits.  Includes Wilson Grove Formation 

Tolay Volcanics and associated volcanic rocks (late to middle Miocene)--Volcanic rocks, ~6 my- to 10my old, 
that occur between Rodgers Creek-Healdsburg and Proto-Hayward (Petaluma Valley-Tolay) Fault Zones,
 intercalated in nonmarine to marine transitional deposits.  Compositions range from basalt to rhyolite.

Volcanic Rocks of Burdell Mountain (middle Miocene)--Volcanic rocks of basaltic to dacitic composition, 
~10 my-to 12 my old, that occur southwest of  Proto-Hayward (Petaluma Valley-Tolay) Fault Zone, largely
intercalated with  marine  deposits  of Nonmarine to marine transitional sequence.

Figure 1C.  Map Explanation. Neogene and younger geology draped on shaded relief map from 30m 
DEM's (Graham, 1997, U.S.G.S. digital Open File Map 97-745b).  Geology coverage in part from 
Wentworth and others, 1997, U. S. Geological Survey digital Open-File Map 97-744).  Geologic 
revisions are from this investigation, geologic mapping in progress and aerial photo lineament 
interpretative work.  Earthquake locations and focal mechanisms for period 1969-present contributed 
by D. Oppenheimer (U.S.G.S.), 2001, and by S. Walter (U.S.G.S.), 1994 and 2001. Locations of 
largest shocks (M 5.0-5.9) of October, 1969 Santa Rosa earthquake sequence, are relocated 
according to Wong and Bott (1995, B.S.S.A., v.85, no.1, pp.334-341).  Focal mechanisms with yellow 
borders are selected 1984 and later earthquakes with M£ 2.4.  
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Figure 4A. Paleoflow pattern in Plio-Pleistocene fluvial gravels 
across right-stepover region.
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Figure 4B. Variation in maximum clast size for Plio-Pleistocene fluvial gravels across 
right-stepover region.
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Figure 5. Prominent strand of Maacama fault zone exposed along tributary to 
Porter Creek on Camp Neuman conference facility property. Gravel to left (NE) 
of fault plane is overturned against fault contact with ash flow tuff to right (SW). 
View is toward SE.



Figure 6. View of a large petrified tree preserved at the Petrified Forest. Root 
System area of tree is in upper left part of photo (NE side of tree). Tree fell toward 
SW during eruption and deposition of enclosing ash flow tuff of the Petrified Forest.
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Introduction 

On this part of the trip we will be looking at the geologic setting and tectonics along the 
southern part of the Rodgers Creek Fault. The trip will cover some of the territory that was covered 
by the NCGS field trip in 1992. During the past couple of years, the California Geological Survey 
(CGS) geologists and graduate students from San Francisco and San Jose State universities have 
been mapping and investigating the area and have reinterpreted some of the features described in 
the guidebook from the 1992 field trip (Wright, 1992). CGS has been conducting 1:24,000 scale 
mapping in northern Marin and southern Sonoma and Napa counties. Carolyn Randolph-Loar of 
San Francisco State University excavated trenches across the Rodgers Creek Fault and investigated 
the tectonics of the southern Sonoma Mountains. Jim Allen of San Jose State investigated the 
stratigraphy, paleontology, and tectonics of the Miocene Petaluma and Wilson Grove formations. 
Rick Ford of San Francisco State University is mapping Burdell Mountain and the surrounding 
region.  All this work, including new radiometric dates and tephrochronologic correlations, has led 
to some new conclusions about the geology of this complex area. 

There is no road guide because all of this part of the field trip is on private property. We are 
grateful to the landowners, Justin Faggioli, Tony Lilly and Nancy Lilly, for access to complete our 
investigations and for our field trip across their property.  

Geologic and Tectonic Setting 

The southern Sonoma Mountains lie north of San Pablo Bay between Sonoma and Petaluma 
valleys. Figure 1 is a generalized geologic map of the north San Francisco Bay Area. Mesozoic 
rocks of the Franciscan Complex, the Great Valley Sequence and the Coast Range Ophiolite make 
up the basement of this area. Tertiary sedimentary and volcanic rocks are exposed in the upland 
areas and Quaternary deposits underlie the lowlands. Miocene to Pliocene sedimentary rocks are 
exposed on the flanks of and sporadically within the Sonoma Mountains.  

The late Cenozoic volcanic rocks of the north San Francisco Bay region (Tv on Figure 1) are 
part of a linear belt of volcanic fields that are progressively younger to the northwest (Fox and 
others, 1985a). This heterogeneous assemblage of basaltic to rhyolitic lava flows, pyroclastic, and 



volcaniclastic rocks were called the Sonoma Volcanics (Morse and Bailey, 1935; Weaver, 1949). 
Radiometric dating later showed the Sonoma Volcanics to be packages of lithologically similar 
rocks that are of different ages (Mankinen, 1972; Fox and others, 1985a,b; Davies, 1986; 
Youngman, 1989). These and other investigators (Fox, 1983, McLaughlin and others, 1996; 
Wakabyashi, 1999; Graymer and others, 2002) recognized these packages are generally fault-
bounded and many have been displaced form their original depositional positions by dextral faults 
of the San Andreas system. Figure 2 shows evolution of the nomenclature of the Sonoma Volcanics. 
There are two lithologically similar volcanic sequences exposed in the southern Sonoma Mountains, 
the Donnell Ranch volcanics of Youngman (1989) and the Sonoma Volcanics. Each sequence 
consists of a basal rhyolite overlain by mafic breccia, lava flows, and abundant tuff interbeds. The 
Donnell Ranch volcanics are older however, ranging from 10.64 to 9.28 Ma (Youngman 1989; 
Randolph-Loar, 2002).  Rocks of the Sonoma Volcanics lie within, and east, of the Rodgers Creek 
Fault Zone; and range in age from 8.65 to 3.8 Ma (Fox and others, 1985; Youngman, 1989; 
Randolph-Loar, 2002).  Rhyolite yielding dates of 8.17 to 7.36 Ma (Fox and others, 1985b; 
Youngman, 1989) were interpreted by Youngman (1989) to be Donnell Ranch volcanics that were 
thrust over younger Sonoma volcanics.  New interpretations by Randolph-Loar, (2002) and new 
mapping (Wagner and others, 2003) indicate that this rhyolite is the basal unit of the Sonoma 
Volcanics.  Rhyolite considered here to belong to the Donnell Ranch Volcanics is west of the 
Rodgers Creek Fault Zone, and was dated at 9.86 to 9.56 Ma (Fox and others, 1985b; Youngman, 
1989).  New dating performed as part of this project indicates the Donnell Ranch volcanics of 
Youngman (1989) are the same age as the Tolay Volcanics described by Morse and Bailey (1935) 
from the Murphy No. 1 well in the Petaluma Oil Field.  

Sedimentary rocks of the southern Sonoma Mountains belong to the Petaluma Formation.  The 
Petaluma has recently been studied in detail by Allen (2003 and this volume) who divided it into 
three units based on lithology and age.  The lower Petaluma overlies and is interbedded with the 
Donnell Ranch Volcanics of Youngman (1989).  The middle Petaluma underlies and is interbedded 
with the Sonoma Volcanics.  The upper Petaluma contains the 6.26 Ma Roblar Tuff. 

Major faults in the southern Sonoma Mountains include the Rodgers Creek Fault Zone studied 
in detail by Randolph-Loar (2002 and this volume), the Tolay Fault, the Roche-Cardoza Fault, 
Bennett Valley Fault, and numerous thrust faults (Youngman, 1989; Randolph-Loar, 2002). 

Volcanic Units 

Donnell Ranch Volcanics  

The Donnell Ranch volcanics were informally named by Youngman (1989) for mafic flows, 
tuff, breccia and rhyolite that occur between the Rodgers Creek and Tolay faults on the Sears Point 
and Petaluma River quadrangles. Previously these rocks were considered to be part of the Sonoma 
Volcanics (Weaver, 1949; Cebull, 1958) but later were included with the Tolay Volcanics (Fox and 



others, 1985a,b). Mapping done for this investigation indicates the Donnell Ranch volcanics rest 
unconformably on rocks of the Franciscan Complex and are conformably overlain by the Petaluma 
Formation.  The Donnell Ranch volcanics as mapped by Youngman (1989), were interpreted to be 
thrust sheets or "flower structures" on both sides of the Rodgers Creek Fault, regarded as near 
surface, low-angle segments of the RCF. Recent mapping  (Randolph-Loar, 2002; Wagner and 
others, 2003) confirm the Donnell Ranch volcanics are klippen thrust over younger Petaluma 
Formation strata, but the thrusts are west-dipping and east-vergent. 

Basalt and basaltic andesite lava flows and breccia, as well as rhyolitic to dacitic lava flows 
and tuff, are the predominant lithologies in Donnell Ranch volcanics.  Interbeds of cream-colored 
tuff are common but most are not mappable at 1:24,000 scale.  Basalt and basaltic andesite range in 
age from 10.64 to 8.52 Ma (Youngman, 1989).  The younger age is on andesite lava flow 
interbedded with the older Petaluma Formations (Fox and others, 1985b).  A contact between chert 
and Donnell Ranch basalt is exposed in the same area northeast of Tolay Creek on the Sears Point 
quadrangle (Figure 3).  These relationships provide evidence that the Donnell Ranch volcanics 
underlie and are interbedded with the lower Petaluma Formation.  Cebull (1958) first suggested that 
the "Transition zone" between the Petaluma and Tolay Volcanics in the Murphy #1 well described 
by Morse and Bailey (1935), is exposed at the surface along Tolay Creek.  In a major new 
development, James Allen recovered the core material from the Murphy #1 well from the 
University of California Berkeley and preliminary dates were obtained for two andesite samples 
from the core.  One sample from a depth of 2492 feet is 9.02 +/- 0.27 Ma and the other from a depth 
of 3787 feet is 9.27 +/- 0.32 Ma.  These dates indicate the Tolay Volcanics in the Murphy well are 
the same age as the Donnell Ranch Volcanics of Youngman (1989).  Moreover, the lithology of the 
lower Petaluma Formation and its gradational contact with the underlying volcanics are the same as 
described by Morse and Bailey (1935), providing compelling evidence that the "Transition zone" is 
indeed exposed along Tolay Creek.  

There are rhyolite flows and tuff southwest of Tolay Creek that were mapped here as part of 
the Donnell Ranch volcanics.  These lava flows and tuffs were mapped as the Pliocene St. Helena 
Rhyolite by Weaver (1949) and Cebull (1958) but a potassium-argon date on plagioclase of 9.56 +/- 
0.15 Ma reported by Fox and others (1985b) confirms they are part of the Donnell Ranch volcanics. 
Youngman (1989) included silicic flows, pyroclastics, and associated sediments east of the Rodgers 
Creek Fault (RCF) in the Donnell Ranch volcanics.  However, most of those rocks are now 
considered to be part of the Sonoma Volcanics (Randolph-Loar, 2002; Wagner and others, 2003). 
Silicic lava flows, tuffs and associated sediments on both sides of the RCF are lithologically similar 
so it's very difficult to confidently assign a single outcrop to the Donnell Ranch or the Sonoma. 
Silicic rocks believed to be Donnell Ranch, range in age from 9.86 to 9.56 Ma while silicic rocks 
believed to be Sonoma range in age from 8.17 to 7.37 Ma. Youngman (1989) dated a large fault 
sliver of rhyolite in the RCF at 8.65 +/- 0.02 Ma.  The age is younger than expected for Donnell 



Ranch silicic rocks and old for the Sonoma Volcanics.  Wagner and others (2003) mapped it as 
Sonoma but it could be part of the Donnell Ranch volcanics.  

Sonoma Volcanics 

Basalt, basaltic andesite, silicic rocks (rhyolite and dacite), and interbedded tuff of the Sonoma 
Volcanics occur mostly east the RCF.  These rocks are part of the lower member of the Sonoma 
Volcanics as informally defined by Fox and others (1983). Silicic rocks ranging in age from 8.65 to 
7.36 Ma are the oldest rocks here assigned to the Sonoma Volcanics.  Youngman (1989) considered 
these rocks as Donnell Ranch volcanics thrust over mafic volcanics of the Sonoma.  Mapping for 
this project supports the interpretation of Randolph-Loar (2002) that these rocks underlie younger 
mafic rocks and are exposed in the cores of anticlinal folds along the crest of the Sonoma 
Mountains south of Hwy 116.  The east limb of the anticline is a sequence of andesite, basaltic 
andesite, some basalt, and abundant interbedded tuff that is about 750 meters thick and forms the 
eastern slope of the southern Sonoma Mountains. 

The best exposures of the basal Sonoma rhyolite are roadcuts along a private ranch road north 
of Tolay Creek.  It is a complex assemblage of volcaniclastic sandstone, gravel, flow rock and tuff. 
Throughout most of the area the rhyolite is poorly exposed and is marked by large boulders of flow 
banded rhyolite. 

Faults 

Rodgers Creek Fault Zone 

The Rodgers Creek Fault Zone is an active dextral fault of the San Andreas System that 
traverses the southern Sonoma Mountains (Figure 1). It has been zoned as an Earthquake Hazard 
Zone pursuant to the Alquist-Priolo Earthquake Hazard Zoning Act.  Carolyn Randolph-Loar (2002 
and in this volume) discusses the Rodgers Creek in detail, so it will not be discussed more here. 

Tolay Fault Zone 

The Tolay Fault was named by Morse and Bailey (1935) who described it as a reverse fault 
extending southward from near Lakeville School possibly to Sears Point.  They estimated 4500 feet 
of displacement along a fault dipping 60 degrees to the west. Morse and Bailey (1935) mapped the 
Tolay about a mile north of Lakeville School where they indicated it is truncated by the northeast-
trending Dado Fault.  Weaver (1949) speculatively extended the Tolay to the northwest beneath the 
alluvium of Petaluma Valley, past Meachim Hill to the west boundary of the Santa Rosa 15' 
quadrangle.  Travis (1952) mapped the Tolay another two miles or so onto the Sebastopol 15' 
quadrangle.  Weaver (1949) suggested the Tolay could be an extension of the Hayward Fault 
because both faults juxtapose Franciscan rocks with Tertiary sedimentary formations.  However, 



Hayward and Tolay faults are not aligned and display different displacement histories so a direct 
connection is not apparent. Huffman and Armstrong (1980) showed the Tolay Fault as potentially 
active (ie Quaternary movement) but a later evaluation of the recency of movement on the Tolay by 
Hart (1982) indicates there is no evidence of Quaternary movement. 

Mapping during the course of this investigation revealed the Tolay to be a zone of disparate 
faults with a complex history.  Morse and Bailey (1935) showed a wedge of Franciscan rocks 
bounded by steeply dipping faults.  The wedge is shown bounded on the northeast by the southwest 
dipping Tolay Fault and bounded on the southwest by the northeast dipping Lakeville Fault.  The 
wedge extends southward to Sears Point and has been called the Sears Point anticline (Weaver, 
1949; Cebull, 1958; Fox, 1983; Davies, 1986). There is a diapir-like structure with a core of 
Franciscan surrounded, and in places overlain by different parts of the Petaluma Formation.  The 
structure does have aspects of a fold, but it really is a fault-bounded piercement, in many respects 
similar to the much larger Mount Diablo piercement in the Diablo Range. Bounding the piercement 
on the northeast is what has been mapped as the Tolay Fault. Rather than a single fault the Tolay 
fault zone consists of imbricate thrusts, and at least one high angle fault. On the southwest side of 
the piercement, the Lakeville Fault can be traced south from where it was mapped by Morse and 
Bailey (1935) to Sears Point where it apparently merges with the Tolay Fault. 

Extensive excavations at the Sears Point Raceway revealed a zone of pervasive deformation 
over 2,000 feet wide. Intensely sheared clayey siltstone and minor pebble conglomerate of the 
Petaluma Formation is interleaved with Franciscan rocks and serpentinite.  Though complicated by 
landsliding and folding, the general structure is west-dipping, east-vergent imbricate thrust faults 
(Donn Ristau,  personal communication, 2001) that can be described as a schuppen-structure. A 
prominent hill immediately west of Sears Point Raceway is a slab of Franciscan sandstone that is 
the southernmost exposure of the Franciscan wedge between the Tolay and Lakeville faults.  

At Sears Point, an ash flow tuff is interbedded with the Petaluma Formation and rests 
depositionally on the Franciscan wedge. The same ash flow tuff overlies the Franciscan wedge 
several kilometers to the north. Garniss Curtis sampled tuff from outcrops along Highway 37 and 
obtained a K/Ar date of 5.77 Ma (Fox and others, 1985).  Andrei Sarna-Wojcicki (1992) correlated 
this sample with the Roblar tuff and showed the Roblar is a marker useful in palinspastic 
reconstructions of movement along faults of the San Andreas Fault System in the Bay area. Three 
tephra samples were collected during this investigation and have trace element chemistry consistent 
with the Roblar tuff.  Two of the samples overlie the Franciscan wedge west of the Tolay Fault 
Zone and one is interbedded in the Petaluma Formation east of the Tolay Zone. The occurrence of 
the Roblar tuff on both sides of the Tolay Fault Zone at Sears Point precludes major strike-slip 
displacement. 

Along the southwest side of Tolay Creek, Franciscan rocks have been thrust to the northeast 
over strata of the lower Petaluma Formation.  Here also, the fault is a series of imbricate thrusts 
though the shear zone is not as wide as, nor is the shearing as pervasive as it is at Sears Point.  A 



near vertical fault cuts across the thrust plate, apparently with the northeast side down.  There are 
topographic lineaments along this fault that Huffman and Armstrong (1980) interpreted as evidence 
for Quaternary movement but Hart (1982) later interpreted as erosional features in bedrock. Field 
observations during this investigation indicate the lineaments are indeed due to differential erosion 
of soft sediments of the Petaluma Formation and do not indicate Quaternary activity.  

On the northeast side of Tolay Creek, thrust klippen of Donnell Ranch volcanics rest on middle 
Petaluma Formation. These klippen were first recognized by Youngman (1989) and were also 
mapped by Randolph-Loar (2002) and Wagner and others (2003). Youngman interpreted thrusts as 
west-vergent flower structures emanating from the Rodgers Creek Fault. However Randolph-Loar 
(2002), argued that the thrusts are west-dipping, east-vergent thrusts. Southwest of Tolay Creek, 
9.56 million-year-old rhyolite here considered to be the part of the Donnell Ranch volcanics, 
depositionally overlie Franciscan rocks in the hanging wall of the thrust providing strong support 
for Randolph-Loar's interpretation. 

In the eastern part of the Petaluma River quadrangle, the Tolay Fault is depicted differently on 
existing maps. For example, Blake and others (1971) show it as a single fault concealed beneath 
alluvium along Tolay Creek, while Huffman and Armstrong (1980) show it as a complex, possibly 
Quaternary fault, in bedrock west of the alluvium along Tolay Creek.  Unfortunately, landowners 
would not allow access to their property so we were not able to make field observations in this area. 
Near Lakeville School, the Tolay Fault changes dramatically.  Here it appears to be a single, nearly 
vertical fault juxtaposing Franciscan rocks to the west with lower Petaluma Formation to the east.  

Whether this fault is the high-angle fault that cuts the thrusts noted previously, a steepened 
thrust fault, or a high angle reverse fault (Morse and Bailey, 1935), is unknown at this point. The 
Tolay Fault can be traced easily north of Stage Gulch Road for about a mile where on hill 320 on 
the Brazil Ranch, it seems to disappear. Morse and Bailey (1935) show it being truncated by a 
northeast trending cross fault they call the Dado Fault.  They do not discuss the Dado Fault 
specifically, but include it in a group of mostly normal faults.  Inspection of their map also suggests 
it is a significant normal fault.  There is a strong topographic contrast across the fault with smooth 
rolling hills north of the fault and steeper topography to the south.  Also, faults within the Petaluma 
Formation appear to be truncated along the Dado Fault.  

Weaver (1949) extended the Tolay Fault northwest to the edge of the alluviated Petaluma 
Valley and beyond. He incorrectly extended the Franciscan wedge to a low hill along South Ely 
Road. There are no Franciscan rocks exposed along South Ely road and cuttings from a water well 
drilled just north of the road on the crest of the hill are all Petaluma Formation sediments. In 
addition Petaluma strata are continuously exposed along a creek north of South Ely Road where 
Weaver (1949) shows the Tolay Fault juxtaposing Franciscan rocks and Petaluma Formation. 
Subsequent published geologic maps have shown the Tolay Fault following Weaver (1949), but this 
is incorrect.  



Roche-Cardoza and related faults 

The Roche-Cardoza Fault was named by Youngman (1989) who described it as a normal fault 
with the south side down. Prominent faceted spurs along the fault suggest it is a normal fault. The 
Roche-Cardoza Fault verges with the Tolay Fault to the north and verges with the Rodgers Creek 
Fault to the southeast. Within the Tolay Fault Zone on the south side of Tolay Creek, high-angle, 
apparently oblique normal faulting with the north down, is superimposed on older thrust faults, 
displacing them. Thus it appears that there is a graben between the Tolay zone and the Roche-
Cardoza/Rodgers Creek faults that trends southeast beneath San Pablo Bay. Three oil wells drilled 
within the graben penetrated volcanic rocks. A sample from 1315 feet in the Texaco Nobel #1 well, 
drilled in the wetlands of Tubbs Island, yielded a K/Ar date of 9.2 Ma (Wright and Smith, 1992). 
This age indicates the volcanics are the Donnell Ranch volcanics of Youngman (1989). 

Discussion 

This investigation of the geology of the North Bay is ongoing, so the information presented on 
this trip is a progress report that no doubt will be modified as more data become available. Based on 
the data available so far a few points can be made. First, the 9.02 and 0.27 Ma dates on the 
volcanics in the Murphy #1 well along with mapping done for this project, confirms earlier 
suggestions (Cebull, 1958; Youngman, 1989) that the section of lower Petaluma Formation 
gradationally overlying the Donnell Ranch volcanics of Youngman (1989) along Tolay Creek is 
correlative with the "Transition zone" described by Morse and Bailey (1935) in the Petaluma Oil 
Field. Thus the Donnell Ranch volcanics of Youngman can be considered part of the Tolay 
Volcanics. Second, the Tolay Fault Zone is a zone of deformation with disparate kinematic histories 
rather than a through going discrete fault zone. It does not appear to be major strike slip fault, at 
least over the last six million years. And, it appears to be truncated by normal faulting  south of the 
Petaluma Valley. 
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Figure 2   Chart showing nomenclature for late Cenozoic volcanic rocks in the north       San 
Francisco Bay region from Randolph-Loar (2002). 

 

 



 

 

 

Figure 3. Contact of the lower Petaluma Formation with the basaltic andesite of the Donnell Ranch 
volcanics of Youngman (1989) near Tolay Creek.  Light-colored organic chert rests 
depositionally on the volcanics. 



    
THE WILSON GROVE AND PETALUMA FORMATIONS AS A RECORD OF 

LATE MIOCENE TO PLIOCENE SEDIMENTATION, NORTHERN SAN 

FRANCISCO BAY AREA, CALIFORNIA 

 

James R. Allen and Peter J. Holland 
San José State University  

 

INTRODUCTION 

A record of Late Cenozoic westerly directed nonmarine to marine sedimentation in Sonoma and 

Marin Counties is represented by the coeval and interbedded Wilson Grove and Petaluma Formations (Fig. 

1).  Previous research on these rocks provided important information on the late Cenozoic tectonic history 

of this area, (Fox, 1983).  Recent and current studies have refined the age, stratigraphy, provenance and 

relationships between these two formations and have demonstrated that the Petaluma Formation, whose 

source rocks were derived much further south of the Hayward fault, crops out east of the Rodgers Creek 

fault and Sonoma Mountain which suggests a major strike-slip fault with significant right-lateral 

displacement occurs in Sonoma Valley (Allen, 2003).  

 

TERTIARY STRATA OF THE NORTHERN SAN FRANCISCO BAY AREA 

 Key upper Cenozoic units analyzed in this study are the Wilson Grove and Petaluma formations. 

Allen (2003) modified the stratigraphic nomenclature of these units chiefly based on variations in the 

composition of conglomerate clasts. The upper Miocene-upper Pliocene Wilson Grove Formation consists 

chiefly of marine sandstone.  Conglomerate is interbedded with the sandstone along the eastern margin of 

the formation. This interbedded zone was called the Fresh Water Merced by Johnson (1934), the “sand and 

gravel of Cotati” by Fox (1983), and the “Cotati Member” of the Wilson Grove Formation by Davies 

(1986). Fox (1983) reported that this interbedded sequence unconformably overlies the Wilson Grove and 

Petaluma formations, whereas Davies (1986) correlated this sequence with the uppermost Petaluma 
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Formation. This zone of interbedded marine sandstone and fluvial conglomerate is informally named 

“Interbedded Wilson Grove and Petaluma Formations”, with the Wilson Grove interbedded with the 

Petaluma from base to top (Allen, 2003). 

The upper Miocene-Pliocene Petaluma Formation (Dickerson, 1922; Youngman, 1989) was 

divided by Morse and Bailey (1935) into the Lower Petaluma Formation, consisting predominantly of 

mudstone, and the Upper Petaluma Formation, consisting of sandstone and conglomerate. Morse and 

Bailey (1935) did not further subdivide the Upper Petaluma Formation, but they did note that the main 

source of the clasts in the lower portion of the section was the Franciscan Complex, and the main source of 

the clasts in the upper part of the section was the Monterey.  

Allen (2003) modified the stratigraphic nomenclature of Morse and Bailey (1935) and followed 

the usage of later workers (e.g., Weaver, 1949; Travis, 1952; Youngman, 1989) in grouping Morse and 

Bailey’s Lower and Upper Petaluma formations into the Petaluma Formation. Allen (2003) considered 

Morse and Bailey’s “Lower Petaluma Formation” to be an informal lower member of the Petaluma 

Formation and assigned rocks of Morse and Bailey’s “Upper Petaluma Formation” to informal middle and 

upper members of the Petaluma Formation based on the differences in composition of conglomerate clasts.  

Allen assigned the interbedded marine sandstone of the eastern Wilson Grove Formation and 

conglomerate of the western Petaluma Formation to an informal unit referred to as the “Interbedded Wilson 

Grove and Petaluma formations”. The western limit of this zone is placed where conglomerate disappears. 

The eastern limit of this unit was placed where marine sandstone disappears, although, thin marine 

interbeds are found in the Petaluma as far east as Bennett Valley and the Sears Point area.   

In this study, the stratigraphic position of conglomerate clasts of different composition was used to 

informally subdivide the late Cenozoic units, as described in detail in later sections. The most diagnostic 

clast types are Franciscan Complex graywacke; white and gray, laminated, foraminiferal, Monterey-derived 

chert; and Tertiary volcanic rocks. The results of clast counts are plotted on a ternary diagram to 

graphically distinguish the conglomerate units (Fig. 2).  
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          Figure 2.  Ternary diagram showing composition of clast types in the Wilson Grove Formation, 
Petaluma Formation, and "Interbedded Wilson Grove and Petaluma formations."  Numbers refer to 
specific samples (see Allen, 2003 for a more detailed account).



    
DESCRIPTION OF SEDIMENTARY UNITS 

 Late Cenozoic units on which this study focuses are the Wilson Grove Formation, the Petaluma 

Formation, and an informal map unit called “Interbedded Wilson Grove and Petaluma formations”.  It 

should be noted that the Wilson Grove formation is also an informal unit named by Fox (1983).    

 

Wilson Grove Formation 

 The Wilson Grove Formation consists predominantly of fine- to medium-grained marine 

sandstone, but exhibits significant lateral (west to east) differences. The east-dipping formation includes a 

basal conglomerate in the west that is overlain by sandstone. Along its eastern margin, the Wilson Grove 

sandstone is interbedded with Petaluma conglomerate from its base to its top; this interbedded zone will be 

discussed in a section following the Petaluma Formation.  

The Wilson Grove Formation generally overlies rocks of the Franciscan Complex along an 

angular unconformity, but it disconformably overlies Tertiary volcanic rocks at Spring Hill and adjacent to 

the Dunham fault (Travis, 1950). Fox et al. (1985) reported a K-Ar age of 11.76 ± 0.44 Ma for the volcanic 

rocks at Spring Hill. Because clasts of the volcanic rock are present in the Wilson Grove Formation at 

Spring Hill, an erosional disconformable contact is indicated. 

Thickness varies throughout the Wilson Grove Formation due to the irregular basin it filled 

(Johnson, 1934). The restored minimum thickness of the Wilson Grove Formation is approximately 2,110 

m in the deepest parts of the basin to the west and 610 m to 1,219 m in shallower parts of the basin to the 

east (Allen, 2003).  

 

Stratigraphy 

 The lithology of the Wilson Grove changes from the base of the section, in the west near Tomales, 

to the top of the section, in the east near Steinbeck Ranch (Fig. 1). The base of the Wilson Grove Formation 

is especially well-exposed at Estero San Antonio. A 5-m-thick, clast-supported basal conglomerate consists 

of poorly sorted, angular clasts of graywacke, shale, and greenstone that are 5 to 50 cm in diameter encased 

in a carbonate-cemented, coarse-grained sandstone matrix that contains marine foraminifera, bryozoans, 



    
and cetacean bones.  The basal conglomerate fines upward into a 3-m-thick bed of matrix-supported, 

pebbly sandstone followed by a 3-m-thick bed of thick-bedded, low-angle-stratified, fine- to medium-

grained sandstone.  A 5-m-thick, thick-bedded, bioturbated, fine-grained sandstone unit overlies the low-

angle-stratified sediment. The top of this unit is locally channelized.  

A resistant, 15- to 17-m-thick, carbonate-cemented, coarse-grained sandstone unit overlies the 

bioturbated unit at Estero San Antonio. The coarse-grained sandstone is locally thick-bedded to vaguely 

planar-cross-stratified and contains minor plane-parallel sets of cross strata.  This unit is a litharenite  (Folk, 

1970). The sand grains are about 2 mm in diameter and are composed of Franciscan Complex metamorphic 

lithic fragments and minor Tertiary volcanic (red cinder) lithic fragments. The sandstone contains 

uncommon 20- to 30-cm-thick pebble layers. Imbricated pebbles show transport to the northwest. The 

remainder of the section (2,080 m) above this basal sequence consists of thick-bedded to hummocky cross-

stratified, fine- to medium-grained marine subfeldsarenite and lithic arkose (Folk, 1970).  

The central outcrops of the Wilson Grove Formation between the towns of Bloomfield, Bodega, 

and Sebastopol and west of the Santa Rosa Valley  (Fig. 1) consist of thick-bedded to hummocky cross-

stratified (Harms et al., 1975), fine- to medium-grained, subangular feldsarenite (Holland and Allen, 1998), 

feldspathic litharenite, and lithic arkose (Fig. 3). The thick-bedded sandstone contains numerous burrows.  

At Steinbeck Ranch, the ~ 6-Ma Roblar Tuff  (Sarna-Wojcicki, 1992) crops out approximately 105 

m above the basal contact with the Franciscan Complex (Holland and Allen, 1998). The Roblar is absent 

from the section south of the Bloomfield fault, apparently due to uplift and erosion (Holland and Allen, 

1998; Powell et al., in press). The tuff contains dish structures. The Roblar is overlain by fine- to medium- 

grained sandstone that contains fossiliferous lenses that are approximately 15 m long and 25 cm thick. 

Invertebrate fossils in these lenses consist of disarticulated, broken pelecypods and gastropods that are 

typically packed tightly.  

 

Age  
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The Wilson Grove ranges in age from late Miocene to late Pliocene (Allen, 2003). Newly 

collected fossils are late Miocene at the base of the formation and late Pliocene at the top (Powell et al., 

2003). The ~6-Ma Roblar Tuff has been identified in this formation (Sarna-Wojcicki, 1992).  

Sand dollars (Scutellaster oregonensis), discovered by Steve Bezone (CGS), from the base of the 

Wilson Grove Formation at Spring Hill are late Miocene (Richard Mooi, California Academy of Sciences, 

personal communication, 2003; Charles Powell, II, U.S. Geological Survey, personal communication, 

2003).  

A bird humerus was collected from a fossiliferous bed west of the Meacham Hill fault that also 

contains abundant marine pelecypods and gastropods. This humerus may be middle Pliocene in age 

(Thomas Stidman, University of California Museum of Paleontology, personal communication, 2002). 

Other fossils from this same locality indicate a Pliocene age for the Wilson Grove (Bedrossian, 1971).  

Late Pliocene marine fossils occur at the top of the Wilson Grove near Trenton (Fig. 1) (Powell 

and Allen, 2001; Powell et al., in press). 

 

Petaluma Formation 

The Petaluma Formation coarsens upward from claystone and siltstone at its base to sandstone and 

conglomerate higher in the section. The formation crops out between Petaluma Valley and western Sonoma 

Valley (east of the Rodgers Creek and Bennett Valley faults), west of Glen Ellen, within Bennett Valley, 

and north of Santa Rosa. The formation is covered by Quaternary alluvium in the Santa Rosa-Cotati plain 

and is exposed from the Cotati area south to Sears Point (Cardwell, 1958). The Petaluma is highly folded 

and faulted on either side of the Rodgers Creek fault, especially in the Sears Point area. 

Allen (2003) split the Upper Petaluma of Morse and Bailey (1935) into informal “middle” and 

“upper” parts (Fig. 4). The basis of this revision is the composition of conglomerate clasts, with Franciscan-

derived clasts predominant in the middle Petaluma Formation and Monterey-derived clasts predominant in 

the upper Petaluma Formation. These compositional differences were noted by Morse and Bailey (1935) 

and are confirmed in this report. 



    
Conglomerates of the Petaluma Formation interfinger with sandstone of the Wilson Grove 

Formation to the west (Johnson, 1934); this interbedded zone is described below. The Petaluma is 

interbedded with several mafic flows and tuffs of the Sonoma Volcanics to the east, as indicated by 

preliminary mapping in the Taylor Mountain and southern Sonoma Mountains areas 

The Petaluma Formation locally overlies undated volcanic rocks and the Jurassic-Cretaceous 

Franciscan Complex along an angular unconformity (Youngman, 1989).  Borehole data show that the 

Petaluma Formation overlies Tertiary volcanic rocks in the Petaluma Oil Field area and at the Stony Point 

Rock Quarry (Morse and Bailey, 1935; Youngman, 1989; Phil Frame, personal communication, 2003). 

New geologic mapping for this project indicates the Petaluma Formation unconformably overlies the 

Franciscan Complex immediately east of the Dunham fault.  

At the Petaluma Oil Field, the Petaluma Formation is at least 1,220 m thick, including 183 m of 

basal mudstone (lower Petaluma) and at least 1,037 m of conglomerate and sandstone of the middle and 

upper Petaluma.  The lower Petaluma Formation thins to 91 m at the Stony Point Rock Quarry (Phil Frame, 

personal communication, 2002). The equal thicknesses of the middle and upper parts of the Petaluma 

Formation shown in Figure 4 are approximate; the precise boundary between them cannot be pinpointed 

because of poor exposure. There are enough outcrops along a ~1,200-m stratigraphic section to visually 

inspect lithologic changes throughout the stratigraphy, but the contact between the two lithologic units is 

not exposed. 

 

Stratigraphy 

 Good exposures of the lower, middle, and upper Petaluma are exposed in the Stony Point Rock 

Quarry area and in an unnamed creek between Lynch and Adobe creeks. Total stratigraphic thickness at 

each location is about 1,220 m, which is similar to the total thickness for the formation at the Petaluma Oil 

Field. The following section describes the stratigraphy and lithology of the Petaluma Formation based 

chiefly on the outcrops in these two key areas. 

 The lower Petaluma Formation consists of blue-gray, thick- and thin-bedded, structureless to 

thinly laminated mudstone and very fine-grained sandstone. The predominant rock type is thin-bedded to 





    
thinly laminated, planar-cross-stratified clayey siltstone. Laminae are 0.5 to 1.0 mm thick and have fissile 

parting. Cross strata, if present exceeds 120 cm in thickness (McKee and Weir, 1953). The thick-bedded, 

structureless lower Petaluma Formation contains microfossils and has flaggy to slabby parting (McKee and 

Weir, 1953).  

In the southern Tolay Valley area, the lower Petaluma Formation includes chert, dolomite, and 

limestone. The chert is brown and orange-brown with abundant siliceous cement. Petrographic analysis 

shows that the chert contains 20-30% diatoms. Creamy-white dolomite crops out locally. Petrographic 

analysis shows this rock contains mostly fine-grained dolomite and a few large dolomite rhombs, with 

clusters of closely packed ostracode shells. Limestone is grayish-white. 

The lower Petaluma also contains minor clastic interbeds of sandstone and conglomerate.  Clasts 

are about 2 cm across and angular, and consist chiefly of metagraywacke and chips of black, angular shale. 

Sandstone is poorly sorted, medium- to coarse-grained, and planar- to trough-cross-stratified, and forms 

beds about 5 cm thick.  

The contact between the lower and middle Petaluma is placed at the top of the highest laminated 

shale that is overlain by thick beds of either coarse-grained, planar- to trough-cross-stratified sandstone or 

coarse conglomerate. Conglomerate is channelized into the uppermost portion of the lower Petaluma 

Formation. Rip-up clasts of the lower Petaluma up to 10 cm long are present within the lowest 30 cm of the 

middle Petaluma.  These rip-up clasts comprise up to 15% of the clast population.  

Most conglomerate beds in the middle and upper Petaluma are lenticular, with a maximum length 

of 5 m and maximum thickness of 2 m.  Conglomerate beds up to 7 m thick have been observed in the 

field, but their lateral extents are not well-constrained due to poor exposure. Thin, lenticular pebble 

conglomerate forms interbeds 20 to 25 cm long and 10 cm thick in thick-bedded sandstone outcrops. 

Conglomerate beds are planar- and trough-cross-stratified and clast-supported, and fine upwards into 

planar-stratified sandstone. Clasts are subangular and poorly to moderately sorted. 

Conglomerate clasts in the middle Petaluma Formation are dominated by Franciscan Complex 

material; those in the upper Petaluma Formation are dominated by laminated Monterey Formation chert 

and white sandstone with glauconite and quartz veins (Fig. 5). Average clast size is about 5 cm, with some 
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	  Photograph of upper Petaluma Formation Monterey-derived fluvial con-
glomerate.  This outcrop overlies the Roblar Tuff nearby at Cannon Lane.  This 
conglomerate is mapped west of the Tolay fault, in Cotati, western Sonoma Valley,
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        Figure 5.  Diagnostic clasts of certain stratigraphic levels of the "Interbedded Wilson Grove-Petaluma Formations" and Petaluma 
Formation.



    
clasts up to 25 cm by 15 cm. Outcrops in Bennett Valley and north of Santa Rosa contain clasts 4 to 6 cm 

across. These outcrops are rare and poorly exposed, so larger clasts may be present. 

Sandstone is thin- to thick-bedded (a few centimeters to about 20 m thick), planar- and trough-

cross-stratified, low-angle cross-bedded, and plane-parallel-bedded. Sand grains are well-sorted, medium- 

to coarse-grained, angular to subangular, and lithic-rich.  According to petrologic data, sandstone in both 

the middle and upper Petaluma is litharenite derived from metamorphic rocks  (Franciscan Complex), as 

recognized by Johnson (1934). Sandstone in the middle Petaluma contains a higher percentage of volcanic 

lithic fragments than sandstone in the upper Petaluma (Fig. 3). 

 

Age 

The Petaluma Formation is late Miocene to Pliocene according to radiometric and paleontological 

data. Vertebrate, invertebrate, and plant fossils from the Petaluma Formation were identified by Osmont 

(1905), Dickerson (1922), Morse and Bailey  (1935), Stirton (1952), and Davies (1986). New microfossils 

and vertebrate and invertebrate fossils were collected during this study.  

The lower Petaluma contains an interbedded mafic flow dated at about 8.5 Ma (Youngman, 1989), 

and is inferred to overlie a ~9.3-Ma volcanic rocks of Graymer et al. (2002). A late Miocene (Hemphillian) 

horse tooth was collected by Eugene Boudreau at the top of this unit at the Stony Point Rock Quarry 

(Charles Repenning, written communication, 2002). 

The middle Petaluma contains interbeds of the Sonoma Volcanics that have yielded K-Ar and Ar-

Ar dates of about 7.37 to 6 Ma (Fox et al., 1985; Youngman, 1989). Fossils collected in this unit are 

Hemphillian in age.  The ~6-Ma Roblar Tuff crops out near the base of the upper Petaluma. The upper 

Petaluma contains early Pliocene fossils and the 4.65-Ma Healdsburg Tuff in Bennett Valley (Sarna-

Wojcicki, personall communication, 2003).  

 

Interbedded Wilson Grove and Petaluma Formations 

Rocks in the easternmost outcrop area of the Wilson Grove Formation are interbedded with the 

westernmost outcrops of the Petaluma Formation (Fig. 4) (Allen, 2003). This distinctive interbedded 



    
sequence, herein called  “Interbedded Wilson Grove and Petaluma formations,” is used as an informal map 

unit and locally unconformably overlies the Franciscan Complex and late Miocene volcanic rocks of Fox et 

al. (1985).  

 

Stratigraphy 

The most complete sequence of these rocks crops out near the Stony Point Rock Quarry. At the 

base of the Stony Point section, about 91 m of lower Petaluma Formation shale rests on a volcanic flow 

(Travis, 1952; Phil Frame borehole data, 2002). The shale is overlain by up to 30 m of Franciscan-derived 

Petaluma conglomerate that contains some Tertiary volcanic clasts. A thin olivine basalt overlies the 

conglomerate and is overlain by about 1,100 m of interbedded Wilson Grove sandstone and Petaluma 

conglomerate. The sandstone contains invertebrate marine fossils. Conglomerate clast composition, lower 

in the section, contains material derived chiefly from the Franciscan Complex, whereas those higher in the 

section contain predominately laminated Monterey chert and white, glauconitic sandstone with quartz veins 

(Fig. 5). This change in conglomerate clast lithology, plus the presence of the Roblar Tuff in mid-section, 

correspond to the stratigraphy of the main body of the Petaluma Formation.  

Sandstone beds in the interbedded zone are 1 to 3 m thick and locally show high-angle to planar 

stratification and herringbone cross-stratification. Burrows and disarticulated marine invertebrate fossils 

occur in structureless sandstone. Three-dimensional views of cross strata and cosets have not been observed 

due to poor outcrop, so current-direction indicators have not been obtained.  

Conglomerate beds in the interbedded zone range in thickness from 25 cm to at least 5 m, and thin 

and pinch out to the west, as indicated by the absence of conglomerate in outcrops of thick to hummocky 

cross-stratified sandstone west of this area. The conglomerate is well-sorted, and clasts are very well-

rounded, polished and often disc shaped. Clast size is approximately 2 cm to 10 cm. Some beds contain 

clasts that are uniformly 1 to 2 cm in diameter, whereas other conglomeratic beds contain clasts that are 

uniformly 10 cm in diameter. Conglomerate is typically thick-bedded, although it locally exhibits trough 

cross-stratification.  

 



    
Age 

Volcanic rocks below the interbedded unit have been dated at ~9 Ma (Graymer et al., 2002). The 

late Miocene Scutelaster oregonensis was collected at the base of this unit at Spring Hill (Richard Mooi, 

California Academy of Sciences, personal communication, 2003; Charles Powell, II, U.S. Geological 

Survey, personal communication, 2003). The ~6-Ma Roblar Tuff crops out mid-way through the 

interbedded zone. Invertebrate marine fossils collected at the top of the interbedded zone at Stony Point and 

Pepper roads are Pliocene (Bedrossian, 1971). 

 

DEPOSITIONAL ENVIRONMENT 

Wilson Grove Formation 

In the Estero San Antonio area, the ~16-m-thick, coarse-grained unit at the base of the section is 

thick-bedded, has a concave-up morphology, and contains grains of uniform size. It is interpreted as a 

channel deposit at the shelf-slope break (Allen and Holland, 1998), but here I interpret it as a sediment-

gravity-flow deposit that accumulated in a channel near the head of a submarine canyon.  Sandy channel-

fill deposits at canyon heads along the outer shelf are commonly thick-bedded (up to 350 m thick), have a 

concave-up outcrop pattern, and show uniform grain sizes (Stanley and Urug, 1972; Stanley et al., 1978).  

Foraminifera from this unit include Buccella frigida group (transitional and inner shelf: ~10m depth),  

Neoconorbina sp. (inner shelf: 0-10m depth), Cibicides sp. (shelf-bathyal; 0-2,000 m), Cibicidina sp. 

(shelf, bathyal? ~100m depth), and Cibicidoides sp. (shelf-bathyal). The mixture of shallow-water and 

deeper-water benthic foraminifera in the same outcrop probably indicates downslope transport of the 

shallow-water fauna. Rapid deposition of this unit is suggested by the burrows in the fine-grained 

sandstone below this unit that are in-filled with coarse-grained sediment. Hummocky cross-stratified, fine-

grained sandstone in this area is a key indicator of deposition on the continental shelf (Boggs, 1992; Miall, 

1995; Powell and Allen, 2001; Powell et al., in press). Invertebrate fossils from these outcrops suggest 

water depths of at least 100 m, which is similar to the modern water depths on the outer continental shelf. 



    
In the Steinbeck Ranch area, the Wilson Grove is dominantly thick-bedded and hummocky cross-

stratified. Marine fossils from this area suggest water depths of 50 m, which is typical of water depths on 

modern continental shelves. 

The eastern part of the formation ("Interbedded Wilson Grove and Petaluma formations") was 

deposited in coastal environments, as indicated by interbedding of marine sandstone and fluvial 

conglomerate. This interpretation is supported by marine invertebrate fossils that were deposited in very 

shallow-water deltaic environments (Powell and Allen, 2001; Powell et al., in press). 

 
Petaluma Formation 

The Petaluma Formation coarsens upward from mudstone of the lower Petaluma to the sandstone 

and conglomerate of the middle and upper Petaluma. The lower Petaluma Formation contains transitional 

marine and lacustrine ostracodes, a barnacle plate (marine), marine foraminifera, and marine diatoms. 

Some of the ostracodes required fresh-water environments (Dawn Peterson, personal communication, 

2002), so the lower Petaluma Formation represents interfingering of fresh-water environments with a 

marine system. The lower Petaluma Formation has been described as a fine-grained unit that was deposited 

in a low-energy lacustrine and estuarine environment (Morse and Bailey, 1935). The results of this study 

support that interpretation. The environment of deposition of the lower Petaluma Formation must have been 

low-energy and near sea level . The lower Petaluma is interpreted to have been deposited as a distal, fine-

grained unit in a delta.  Distal facies of deltas typically consist of thinner and finer-grained sediment that 

are coeval with thicker, coarser proximal units (Coleman and Wright, 1975; Heward, 1978; Miall, 1995).  

The middle and upper Petaluma contain terrestrial vertebrates and sparse marine invertebrates. 

The sandstone beds that contain marine fossils exhibit herringbone cross-stratification, which is evidence of 

a tidal-flat environment (Miall, 1995).  Within the middle and upper Petaluma, abundant normal-graded 

conglomerate to plane-stratified sandstone are interpreted as gravels and sand deposited within a braided 

stream environment (Miall, 1977; Boggs, 1992; Reading, 1996).  



    
From about 7 Ma to at least 4.65 Ma, the lower Petaluma Formation was covered by a westward-

advancing fluvial system of the middle and upper Petaluma Formation. Because marine interbeds of the 

Wilson Grove Formation are present in all three members of the Petaluma Formation, one or both of the 

following must have occurred: the Petaluma basin was continuously subsiding during deposition of the 

Petaluma Formation, and/or sea level was continuously rising during deposition of the Petaluma Formation. 

 

PALEOCURRENTS 

Paleocurrent measurements from imbricated clasts in the Petaluma Formation show that paleoflow 

was to the west-northwest (Fig. 6). Thus, interbedding of the fluvial-deltaic Petaluma and marine Wilson 

Grove indicates a generally west-flowing continental drainage that emptied into a marine basin (open 

ocean) to the west. This corroborates the paleogeography suggested by Sarna-Wojcicki (1992).  

 

PROVENANCE 

The compositions of sandstones and conglomerate clasts in the “interbedded Wilson Grove and 

Petaluma Formations” and Petaluma Formation provide clues about their provenance. 

Sandstone in all units was derived chiefly from the Franciscan Complex, as had been deduced by 

previous studies (Johnson, 1934; Travis, 1952). However, the middle Petaluma Formation also contains 

abundant Tertiary volcanic sediment that could have been derived locally from the upper Miocene Donnell 

Ranch Volcanics and upper Miocene-Pliocene Sonoma Volcanics or from reworking of more distal 

sources. 

Conglomerate in all units was derived chiefly from the Franciscan Complex, the Great Valley 

Group, the Monterey Group, Tertiary volcanic rocks, and Tertiary quartz-veined sandstone . Strata 

dominated by Franciscan clasts contain ~7-Ma volcanic rocks and late Miocene (Hemphillian) fossils. 

Strata dominated by Monterey and Tertiary sandstone clasts contain the ~6-Ma Roblar Tuff, early Pliocene 

(early Blancan) vertebrate fossils, and the 4.65-Ma Healdsburg Tuff.  

Paleocurrent data from this study indicate that the source rocks for the Wilson Grove and 

Petaluma formations probably occurred to the east of these formations at the time of deposition.  However, 
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Figure 6.  Rose diagram, trough cross-stratification, and clast imbrication used in determination of paleoflow in the Petaluma Formation



    
Tertiary strata presently east of the study area consist of friable clastic rocks that lack lithologies of the 

clasts of laminated Monterey chert and well-indurated, quartz-veined Tertiary sandstone that are abundant 

in the Petaluma conglomerates. Thus, appropriate source rocks either have been eroded away or exist 

elsewhere. I concur with previous studies (Sarna-Wojcicki, 1992; Dickerman, 1999) that favor the latter 

option, which argue the Petaluma formed south of it present latitude. Furthermore, the Franciscan, Great 

Valley, and Monterey rocks east of the northern Hayward fault lay beneath the Contra Costa Group in the 

late Miocene to Pliocene and were not exhumed until after deposition of late Tertiary rocks of the northern 

Bay Area (Graymer et al., 2002). Thus, Franciscan, Great Valley, and Monterey clasts probably were 

derived from an indeterminate part of the northern Diablo Range, as was suggested by Dickerman (1999).  

Tertiary volcanic clasts in the middle Petaluma probably were derived from the interbeds of 

Donnell Ranch Volcanics and Sonoma Volcanics. 

Tertiary sandstone clasts with quartz veins provide the strongest tie to a specific source area to the 

east. These distinctive clasts contain veins of microcrystalline to polycrystalline quartz , are cemented by 

silica or clay, and contain accessory biotite and glauconite. 

The clasts of veined sandstone were not derived from the Franciscan because they lack high-

pressure minerals typical of the Franciscan and contain accessory biotite and glauconite that do not persist 

at Franciscan metamorphic conditions. Thus, I conclude that the sandstones with veined quartz probably 

were derived from the Briones Formation (See Allen, 2003). 

Field examination of the Briones in the eastern Bay Area shows that quartz veins are present near 

Clayton Road east of San José, but not farther to the north. Veined Briones sandstone crops out within the 

higher-temperature zeolite zone (peak temperatures 85 °C to at least 100 °C) identified by Murata and 

Whiteley (1973). The Briones in the higher-temperature zone is cemented by silica and clay, whereas the 

Briones in the lower-temperature (40–59 °C) zeolite zone north of Niles is cemented by carbonate. Veined 

Briones clasts in the Petaluma are cemented by silica and clay, further supporting derivation from the 

Clayton Road region. Conglomerates of the Contra Costa Group that overlie the Briones near Clayton Road 

also contain Briones sandstone clasts riddled with quartz veins. The combination of quartz veins and high-

temperature zeolites is extraordinarily uncommon in rocks younger than about 12 Ma in the Bay Area 



    
(Murata and Whiteley, 1973). Allen (2003) considers the Briones near Clayton Road to be the source of the 

quartz-veined clasts in the “interbedded Wilson Grove and Petaluma Formations,” Petaluma Formation. 

In light of this evidence, I conclude that the late Miocene – Pliocene Wilson Grove-Petaluma-

Garrity Member basin lay much further south than it is today. After deposition of these formations, the 

basin was extremely fragmented. 

Several researchers have noted a possible correlation of rocks in and offshore the northern Bay 

Area and in the eastern Bay Area (Louderback, 1951; Taliaferro, 1951; Savage in Cebull, 1958; Fox et al., 

1985; Liniecki-Laporte and Andersen, 1988; Youngman, 1989, Sarna-Wojcicki, 1992; Dickerman, 1999), 

but none of them studied the Wilson Grove and Petaluma formations in detail.  

 The Wilson Grove Formation and Petaluma Formation are interbedded from the base to the top of 

the section (Figs. 27, 36), indicating not only temporal correlation but also physical contiguity of the two 

formations. 

 

SUMMARY 

The coeval and interbedded upper Miocene-lower Pliocene Wilson Grove and Petaluma 

formations in the northern San Francisco Bay Area represent fluvial flood-plain to open-ocean deposition.  

In all these units, sediment in the late Miocene part of the section was derived from the Franciscan 

Complex, whereas sediment from the Pliocene part of the section also was derived from Tertiary 

sedimentary sources in the eastern Bay Area. 

Distinctive clasts of veined sandstone in the Wilson Grove-Petaluma rocks probably were derived 

from a unique outcrop area of the regionally extensive the Briones Formation. This source region (near the 

northern Diablo Range) also probably delivered the Franciscan, Great Valley, and other Tertiary detritus 

that makes up the bulk of the Wilson Grove and Petaluma formations. 
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NEOTECTONICS OF THE SOUTHERN RODGERS CREEK FAULT 
SONOMA COUNTY, CALIFORNIA 

Carolyn Randolph Loar 
 
 

The 60-km-long Rodgers Creek fault, located between San Pablo Bay and Santa Rosa, 
California, strikes approximately N35°W, and is characterized by a late Holocene right-
lateral slip rate of 6.4 to 10.4 mm/yr.  The Rodgers Creek fault is one fault in a series of 
right-stepping en-echelon faults that include the Hayward fault to the south, and the 
Healdsburg and Maacama faults to the north.  Recent field studies along the southern 
section of the Rodgers Creek fault have resulted in: 1) new insight concerning the 
structural relations across the Rodgers Creek fault and the long-term slip budget on the 
system of faults that make up the East Bay fault system; 2) proposed modification for the 
age ranges of the volcanic units located along the Rodgers Creek fault, 3) a new 
annotated strip map documenting details of the tectonic geomorphology of the fault 
zone; and 4) new paleoseismic data.    
 
Structural relations found west of the Rodgers Creek fault indicate that thrust klippen of 
the Donnell Ranch Volcanics (40Ar/39Ar 10.64-9.28 Ma) were emplaced over the 
Petaluma Formation (40Ar/39Ar 8.52 Ma) along east-vergent thrust faults, rather than 
along west-vergent thrusts that splay from the Rodgers Creek fault, as was previously 
proposed.  This implies that: 1) the allochthonous Donnell Ranch Volcanics, which have 
been correlated to volcanic rocks in the Berkeley Hills  (40Ar/39Ar 9.99-9.2 Ma), must 
have originated from west of the Tolay fault; and 2) much of the 45 km of northward 
translation of the Donnell Ranch Volcanics from the Berkeley Hills may have occurred 
along the Hayward-Tolay-Petaluma Valley system of faults, rather than along the 
Hayward-Rodgers Creek fault system as proposed by previous workers.  
 
Structural interpretations of relations along the Rodgers Creek fault from this study, 
suggest a modified age range for the Sonoma Volcanics of 8.17 to 1.96 Ma, and that 
they may possibly be as old as 8.65 Ma, compared to the previously proposed age 
range of 7.28 to 1.96 Ma for the unit.  Additionally, the Donnell Ranch Volcanics are 
thought to range from 10.64 to 9.28 Ma, but may be as young as 8.52 Ma.   
 
An annotated strip map compiled from 1:6000 scale aerial photos for the southern 12 km 
of the fault has resulted in unprecedented new details on the surficial and bedrock 
deposits, and tectonic geomorphology along the fault. The new maps were interpreted 
along with new Ground Penetrating Radar (GPR) surveys, and provided the basis for a 
site-specific paleoseismic investigation.    We opened a 60-meter-long trench located 2 
km northwest of Wildcat Mountain, in southern Sonoma County.  The trench exposed 
two main traces of the fault that bound a 7-meter-wide tectonic depression.  Stratigraphic 
and structural relations in the trench have provided evidence for six mid to late Holocene 
faulting events, the youngest of which may have ruptured to the modern ground surface.  
Limited bulk dating implies one of the faulting events occurred prior to 6.8 ka.  The 
following two events occurred after 6.8 ka, but before 3.7 ka, and the last three events 
occurred post 3.7 ka.  In comparing the expected recurrence interval of the Rodgers 
Creek fault with the results from this study, it is possible that the bulk dates are all 
reworked, thus biasing the results toward older events; or the fault may be less active 
than believed, which seems unlikely due to the amount of data already collected for the 
surrounding faults in the EBFS that require up to 10 mm/yr of slip in this region.
. 



In the San Francisco Bay Area of California, 
faults of the dextral San Andreas transform 
system dominate the Miocene to Holocene 
tectonic development and the contemporary 
seismic hazards of the region.  At the 
latitude of San Francisco Bay, the primary 
active faults west of the bay include the San 
Gregorio and San Andreas faults (Figure 1).  
Faults east of the bay are collectively 
referred to as the East Bay fault system 
(EBFS; McLaughlin et al., 1996) and include 
the Hayward, Rodgers Creek, Healdsburg, 
Maacama, Calaveras, Concord, Green 
Valley, and Greenville faults (Figure 1).  

The Rodgers Creek fault is one of the most
active faults in the EBFS.  It is one in a
series of major right-stepping en-echelon 
faults within the EBFS that also includes the
Hayward fault to the south and the
Healdsburg and Maacama faults to the north
(Figure 1).  The surface expression of the
fault, as mapped by Hart (1992), extends
approximately 60 km from San Pablo Bay in
the south, to Santa Rosa in the north (Figure
1).  The amount of net displacement along
the Rodgers Creek fault is not well 
constrained, but workers have previously
interpreted up to 65 km of total right-lateral
offset (McLaughlin et al., 1996; Graymer et
al., in review).  Geomorphically, the Rodgers
Creek fault is well defined by classic strike-

-slip features such as deflected drainages, 
shutter and pressure ridges, scarps, sag 
ponds, springs, saddles, side hill benches, 
and other linear topographic features (Herd, 
1978; Hart, 1992; Schwartz et al., 1992).

The Working Group on California 
Earthquake Probabilities (WGCEP, 1999) 
defined the Rodgers Creek-Hayward fault 
system as having the greatest probability of 
producing a strong Bay Area earthquake 
within the next 30 years.  However, data 
used to develop the probabilities for the 
Rodgers Creek fault are based on findings 
from only two studies along a short reach of 
the fault (Figure 2; Budding et al., 1991; 
Schwartz et al., 1992).  Paleoseismic data 
from the southern part of the fault is 
necessary to evaluate whether the Rodgers 
Creek fault ruptures along its entire length, 
or in shorter segments during large 
earthquakes.  Historically, the Rodgers 
Creek fault has been seismically quiescent. 
The only moderate to large earthquakes 

 5.6 
and 5.7 earthquakes near Santa Rosa 
(Cloud et al., 1970; Wong, 1991), and the 
Mare Island event of 1898.  The location of 
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Regional location map showing the study area and faults of the
San Andreas fault system.  The study area is within the 
Petaluma River and Sears Point 7.5-Minute Quadrangles.  
Faults modified from Jennings (1994).
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Fault and lineament map (this study) of the southern 25 km of the Rodgers 
Creek fault  showing the location of the two previous paleoseismic 
investigations on the fault (USGS trench sites).  USGS 7.5-minute 
Quadrangle names and boundaries are shown in green.  The detailed map 
area for this project is restricted to portions of the Petaluma River and 
Sears Point Quadrangles and is outlined by the bold dashed line.
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the 1898 event remains uncertain due to the
lack of definitive supporting information.



In the San Francisco Bay Area, 39 mm/yr of 
movement is partitioned among the many 
faults of the San Andreas system.  The San 
Andreas and San Gregorio faults account for 
approximately 55% of the 39 mm/yr, and 
show a combined slip rate of 21 ± 4 mm/yr 
(Argus and Gordon, 2001).  The Hayward 
and Rodgers Creek faults are believed to 
accommodate 9 mm/yr of the 19 mm/yr 
EBFS slip rate (WGCEP, 1999). The rates 
obtained from Global Positioning data are 
generally in agreement with right-lateral slip 
rates along the faults determined from 
geologic data (WGCEP, 1999). 
 
The field mapping during this study was 
essential for selecting the most suitable 
location to calculate slip rate or earthquake 
recurrence intervals along the southern 
reach of the Rodgers Creek fault.  An ideal 
paleoseismic site is an area along the most 
active trace of a fault where datable strata 
record a more or less continuous record of 
deposition and faulting, such as an active 
alluvial fan setting.  Ideal slip rate sites 
require features that transect the fault and 
then serve as piercing points, and 
unfortunately, mapping along the Rodgers 
Creek fault through the Sonoma Mountains 
did not reveal an optimal depositional 
environment for either type of study.  
Nevertheless, numerous depressions exist 
along the active trace of the Rodgers Creek 
fault.  Based on this, hand auger boreholes 
and Ground Penetrating Radar (GPR) 
surveys were used to investigate whether a 
tectonic depression located 250 m south of 
Gravelly Lake (Figure 2) had the potential 
for obtaining an event chronology for the 
Rodgers Creek fault.   
 
Following the GPR survey, two trenches 
were excavated by backhoe across the 
depression south of Gravelly Lake.  
Stratigraphic and structural relations 
exposed in trenches were documented with 
detailed trench logs and evaluated through 
comprehensive field reviews by USGS 
collaborators and other members of the 
paleoseismic research community. At 
pertinent stratigraphic positions, bulk 
samples were collected to be radiometrically 
14C dated at Lawrence Livermore National 
Laboratory using reprecipitated humic 
extract analyses to constrain the timing of 
past large earthquakes.   

STRATIGRAPHY 
The bedrock in the study area consists 
primarily of late Miocene and early Pliocene 
volcanic and sedimentary rock units; there is 
also an outcrop of Mesozoic Franciscan 
Complex basement rock near Sears Point 
Raceway.  The Mio-Pliocene units in the 
study area include the Donnell Ranch 
Volcanics, the Sonoma Volcanics, and the 
sedimentary Petaluma Formation.  For this 
study, volcanic rocks found west of the 
Tolay fault are identified as Burdell Mountain 
Volcanics; those between the Tolay fault 
and southern part of the Rodgers Creek fault 
as the Donnell Ranch Volcanics; and those 
east of the Rodgers Creek fault and along 
the fault north of the Donnell Ranch 
Volcanics, are called the Sonoma Volcanics.   
 
The oldest bedrock in the mapped region is 
the Mesozoic Franciscan Complex, which 
was accreted onto the continental margin 
during multiple accretionary events 
approximately 40-90 Ma (Blake et al., 1984).   
 
Several volcanic units have been mapped in 
the region.  The Burdell Mountain Volcanics 
are found west of the study area, and these 
volcanic rocks have contributed to our 
understanding of the long-term history of the 
EBFS.  The age of the Burdell Mountain 
volcanic rocks range from 13.62 to 11.76 
Ma, and are the oldest mapped volcanics in 
the region (Fox et al., 1985).   

The Donnell Ranch Volcanics are mapped 
as isolated thrust klippen, which are found 
overlying the Petaluma Formation west of 
the Rodgers Creek fault and are dominantly 
east of the Tolay fault.  New interpretations 
from this study suggest a revised age range 
of 10.64-9.28 Ma (Fox et al., 1985) for the 
Donnell Ranch Volcanics, and possibly as 
young as 8.52 Ma.   
  
The middle Miocene to Pliocene Sonoma 
Volcanics are exposed across a 270 km2 
area extending from San Pablo Bay on the 
south to near Clear Lake on the north 
(Wagner and Bortugno, 1982).  The volcanic 
unit shows a general younging trend to the 
north (Fox et al., 1983), with ages ranging 
from 8.17 to 1.96 Ma, and possibly as old as 
8.65 Ma (Fox et al., 1985; Youngman, 
1989). A maximum total thickness for the 
Sonoma Volcanics was estimated at 2000 m 



(Osmont, 1905), although a complete 
section has never been measured.   
 
The Petaluma Formation has a broad 
regional extent, from 5 km north of Petaluma 
to the Berkeley Hills (J. Allen, 2002, 
personal comm.).  Allen (2002, personal 
comm.) has proposed informal upper, 
middle and lower members for the Petaluma 
Formation, based on differing rock types and 
source area.  Determining the age of the 
Petaluma Formation has been problematic 
because only two dates have been obtained 
from the formation.  The age of the 
Petaluma Formation appears to range from 
somewhat older than 8.52 Ma, to younger 
than 6.25 Ma (Fox et al., 1985; Sarna and 
Walker, 1999).  This age range overlaps 
with the Sonoma Volcanics. 
  
Quaternary deposits in the southern and 
eastern part of the map area are dominantly 
located near the historical margin of the bay, 
and consist primarily of Holocene bay mud 
and bay margin alluvial fan complexes of 
Pleistocene and Holocene age.   
  
STRUCTURAL GEOLOGY 
The structural grain of the North Bay region 
is defined by major faults that are closely 
aligned with the N35-40°W trend of the San 
Andreas transform system.  The major faults 
of the study region are, from west to east: 
the Petaluma Valley, Tolay, Rodgers Creek, 
and the Bennett Valley faults (Figure 1).  Of 
these structures, only the Rodgers Creek 
fault is zoned as “sufficiently active" as 
defined by the Alquist-Priolo Special Studies 
Zones Act.  Such zoned faults require 
building setbacks from the “active” fault 
traces (CDMG, 1982a).   
 
 Rodgers Creek and Bennett Valley Faults 
The Rodgers Creek fault zone lies mainly 
within the Sonoma Mountains and strikes 
N35°-40°W (Figure 2).  Throughout most of 
the study area, the fault marks the boundary 
between the Petaluma Formation and 
Donnell Ranch Volcanics to the west, and 
the Sonoma Volcanics to the east.  From 
approximately 1 km south of California State 
Highway 116, and continuing northwest 
beyond the study area, the fault lies entirely 
within the Sonoma Volcanics.  
Geomorphically, the Rodgers Creek fault 

exhibits numerous characteristics typical of 
active strike-slip faults, including closed 
depressions, sag ponds, deflected and 
offstream channels, linear troughs and 
ridges, sidehill benches, scarps, linear 
vegetation alignments, and topographic 
breaks in slope.  Fault traces were mapped 
from over 250 observations of such features 
along the southern part of the Rodgers 
Creek fault during this study, identified from 
aerial photograph analyses and field 
mapping (Figure 3).  The fault zone has a 
width of up to 600 m, and is mapped as 
multiple, overlapping, discontinuous strands 
and lineaments.  The most prominent and 
apparently most recently active strands 
show a tendency to form a right-stepping 
pattern.  The nearly linear strike of individual 
fault strands across undulating topography 
indicates a vertical to subvertical 
approximately planar fault geometry.   
 
The Bennett Valley fault lies approximately 
1.5 km east of the southern part of the 
Rodgers Creek fault.  The Bennett Valley 
fault juxtaposes Sonoma Volcanics to the 
west against the Petaluma Formation to the 
east.  Field relations delineated a more 
sinuous fault trace than shown in previous 
maps, with structural outliers of Sonoma 
Volcanics overlying the overturned strata of 
Petaluma Formation particularly along the 
southern part of the Bennett Valley fault.  
These structural relations are consistent with 
an interpretation of the Bennett Valley fault 
as an east-vergent thrust fault.   
 
 Klippen of the Donnell Ranch Volcanics 
Mapping during this study has verified that 
the Donnell Ranch Volcanics structurally 
overlie the Petaluma Formation west of the 
Rodgers Creek fault along west-dipping 
thrusts as mapped by Youngman (1989).  
However, an exposure of the thrust fault in a 
creekbank, shows that strata of the 
Petaluma Formation are steeply overturned 
toward the east. The east-vergent sense of 
overturned footwall strata, together with the 
west dip of thrust sheet remnants, indicate 
that the Donnell Ranch Volcanics were 
emplaced along east-vergent thrust faults in 
contrast to Youngman’s (1989) 
interpretation.  
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Figure 3

The Donnell Ranch Volcanics mainly are 

mapped as far west as the Tolay fault.  West 

of the Tolay fault, isolated rhyolitic volcanic 

rocks on top of the Franciscan have also 

been mapped as Donnell Ranch Volcanics 

(Huffman and Armstrong, 1980).  Those 

relationships indicate that the east-vergent 

thrust klippen originally rooted from west of 

the Tolay fault and perhaps even west of the 

Petaluma Valley fault (Figure 1), where 

rocks in the age range of the Donnell Ranch 

Volcanics have been mapped near Cotati, 

well north of this study area.  The 

allochthonous nature of the Donnell Ranch 

Volcanics and the observation that they 

were emplaced from the west precludes 

using their current position to estimate offset 

along the Rodgers Creek-Hayward fault 

system.  These observations have important

-implications for earlier estimates of right-

lateral offset along the Rodgers Creek fault.    

Estimating long-term post-middle Miocene 

right-lateral offset along the Rodgers Creek 

fault is problematic because insufficient 

radiometric dates have been collected from 

units across the fault, but offset can be 

estimated by comparisons of the positions of 

similar-aged Sonoma Volcanics across the 

fault.  For example, 7.37-7.05 Ma volcanic 

rocks located west of the fault along 

California State Highway 116 are similar in 

age and lithology to Sonoma Volcanic rocks 

east of the Rodgers Creek fault ~20 km to 

the south.  McLaughlin et al., (1996) has 

also estimated 25 km of post 3.5 Ma right 

lateral offset across the northern Rodgers 

Creek-Healdsburg faults based on 



correlation and paleogeographic 
reconstruction of fluvial gravel of the 
Pliocene Glen Ellen Formation.  The gross 
similarity in the amount of offset estimated 
for post 7 Ma and post 3.5 Ma rocks 
suggests that the Rodgers Creek fault may 
not have become active until after Middle 
Pliocene time. 
 
PALEOSEISMIC INVESTIGATION 
  
The paleoseismic trenching investigation 
was conducted on Donnell Ranch, across a 
small depression south of Gravelly Lake, in 
southern Sonoma County (Figure 3).  A 60 
m long trench was excavated to a depth of 
approximately 3 m with the goal of obtaining 
new data on the timing of late Holocene 
large-magnitude events for this part of the 
fault.  The site on Donnell Ranch was 
selected on the basis of:  (1) detailed 
geologic and geomorphic mapping of 
surficial deposits along the southern 12 km 
of the fault, (2) data obtained from hand 
auger borings, and (3) two Ground 
Penetrating Radar (GPR) surveys.  Mapping 
showed that this part of the fault is 
characterized by a relatively narrow and 
well-defined fault zone, which represents the 
most recently active trace of the fault.  The 
hand auger and GPR surveys provided 
information about whether the stratigraphy 
was sufficiently detailed to provide a well-
defined record of paleoseismic events.  The 
results of the trenching study and the GPR 
surveys are described below. 
 
An important component of paleoseismic 
studies is dating of recently faulted deposits, 
and charcoal fragments are typically ideal 
for this.  Unfortunately, no charcoal was 
found during this study. However, sufficient 
organic material was obtained to provide 
bulk radiocarbon dates. Radiocarbon-AMS 
analyses were conducted on reprecipitated 
humic acid extracts from three bulk samples 
collected from trench T-1 (Figure 4).   
  

Summary of stratigraphy, history of 
faulting and sag development 
The trench exposed a 10 m wide section of 
sag deposits bounded by the two main faults 
(Figure 4).  These faults align with the 
geomorphically mappable fault traces at the 
ground surface and are referred to as the 
western and eastern boundary faults.   

Along the western boundary fault, sag 
deposits are juxtaposed against highly 
weathered Sonoma Volcanics bedrock. The 
average strike and dip of the western fault is 
N27°W, 60° E.  This fault zone is evidenced 
by a 1 -2 m wide shear zone, with some thin 
clay gouge along the fault traces. This 
margin of the fault is mapped as having an 
apparent east-side down component, which 
has facilitated the formation of the sag.  The 
fault zone is complex overall, having multiple 
fault strands and a wide (~25 cm) fault 
gouge zone.  This boundary represents 
multiple faulting events, both apparent 
normal and reverse motion. 
  
The average strike and dip of the eastern 
fault is N22°W, 86° E.  This fault zone 
disrupts the central and thickest portion of 
the sequence of the broad sag deposits.  
The eastern boundary fault is well defined 
and marked by a 10-20 cm-wide gouge zone 
that is characterized by a sticky clay, and 
seepage along the fault plane, which was 
noted as being moist during the duration of 
the study.  This fault zone is complex 
overall, and appears to have multiple 
faulting events preserved along it.  No 
slickensides were visible, but shears and 
fractures did extend up into the overlying 
alluvial deposits.  East of the eastern 
boundary fault the sag deposits thin 
markedly and appear to grade to poorly 
bedded alluvial deposits.   
 
The trench stratigraphy exposed a sequence 
of deposits that record the development of a 
fault-bound sag during the mid to late 
Holocene.  Fault activity during sag 
development appears to have generally 
shifted from the western boundary fault to 
the eastern boundary fault, although the 
most recent event in the trench is interpreted 
along both strands.   
 

Event Chronology Summary 
The sag probably formed initially by right 
normal-oblique motion along the western 
fault with an apparent vertical downdropping 
of more than 3 m along the western 
boundary fault, as is indicated by the height 
of the large colluvial wedge (event 1).  Net 
vertical offset across the sag is probably 
less than 3 m and the exaggerated apparent 
vertical offset along the western fault was 
probably the result of warping and graben 



formation.  The second event is defined by 
the offset of units E and E2.  Similar to event 
1, the timing of event 2 is poorly constrained 
to have occurred between 6.8 ka and 3.7 ka.  
At least one later event (event 3) also 
produced movement on the western 
boundary fault, although vertical separation 
and colluvial wedge formation associated 
with this event were minor.   
 
Following the deposition of an alluvial unit C, 
fault activity appears to have shifted in part 
to the eastern boundary fault as evidenced 
by abundant clay-filled fractures that are 
most prevalent in close proximity to this fault 
(Figure 4).  All fractures appear to post date 
the alluvial unit C, and predate unit B.   
 
Significant vertical movement along the 
eastern boundary fault occurred after the 
deposition of the basal part of the 3.7 ky unit 
B, enhancing sag development.  During the 
deposition of unit B, a surface-rupturing 
event (event 4) occurred along the eastern 
fault.  Unit B and all older units are 
downwarped to the west.  Units C and D are 
downwarped and are also clearly offset 
across the 30 cm thick fat clay-filled gouge 
zone representing the eastern fault.  
Apparent net vertical offset (warping and 
offset) of units C and D is 0.75 cm.  Unit B is 
apparently displaced in a downwarped 
sense and is also clearly truncated by the 
eastern fault.  Net apparent vertical 
separation of unit B across the eastern fault 
is 0.5 cm, and this unit appears to have a 
greater amount of thickening across the fault 
relative to units C and D.  It is unclear 
whether the progressively greater amount of 
downwarping of progressively older units is 
the result of multiple strike-slip events or a 
consequence of a vertical component of slip.    
 
Event 5 is interpreted as occurring entirely 
within unit B along the eastern boundary 
fault.  This event may have had dominantly 
strike-slip movement due to the continuity of 
the upper part of unit B along this part of the 
exposure.  This event occurred post 3.7 ka, 
which is the age of the lower part of unit B. 
 
The evidence for renewed surface rupturing 
events recorded in the trench exposure after 
the deposition of unit B are fractures and 
subtle color changes across the fractures 
that can be traced well into unit A along both 

bounding faults (event 6).  One such fracture 
that projects up from the western fault 
coincides with a possible 7-9 cm high 
surface scarp.  This event represents the 
most recent event observed in the trench, 
and is consistent with the surface 
geomorphology. 
 

Comparison with other Paleoseismic 
Results on the Rodgers Creek fault 
Paleoseismic data obtained at BB Ranch 
and Triangle G on the Rodgers Creek fault 
indicated slip rates of 6.4-10.4 mm/yr, timed 
the MRE as AD 1670 – 1776, and yielded an 
average recurrence interval of 130-370 
years, with a best estimate of 230 years 
(Budding et al., 1991; Schwartz et al., 1992).  
Based on these published results, it seems 
unlikely that the Donnell Ranch trench site 
contains a complete record of faulting along 
the southern Rodgers Creek fault.  For 
example, average recurrence intervals of 1.1 
kyrs for the six post- 6.8 ka events fall well 
short of the estimated recurrence interval of 
230 yrs for the central Rodgers Creek fault 
and also for the Hayward fault to the south. 
Using the average recurrence interval of 230 
years for large surface rupturing events on 
this fault, as many as 30 events or more 
could have occurred across the latitude of 
Trench T-1 since the deposition of the lower 
clay unit, if the southern part of the fault has 
a similar slip rate as the central Rodgers 
Creek fault.  It would appear that the 
exposed trench section preserves only a 
portion of the record of faulting along this 
part of the fault.  There is a possibility that 
other mapped Rodgers Creek fault strands 
are accommodating some of the slip, or that 
the shallow bedrock of the Sonoma 
Volcanics may make it difficult to obtain a 
complete record from a single paleoseismic 
site.  Additionally, the dating of the material 
at this site was not well constrained, which 
hinders the differentiation of some events in 
the trench.  And lastly, because of the slow 
deposition rate repeated events may have 
overprinted each other, which would make 
distinguishing individual events difficult.   
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Lithologic and Soil Descriptions

A

K

Notes

Upper alluvium grading to colluvium in western half of trench
SILT with clay and fine sand (ML); dry: light gray brown (10Y/R 6/2); 
90% fines (75% silt, 15% clay, 5% fine sand);  10% clasts, subangular, no
bedding, poorly sorted;  no dilantency, low to medium dry strength, 
low to no plasticity;  no soil structure, occasional v. fine roots;  lower
contact is smooth and gradational. 

Sag depression and alluvial deposits interfingering near eastern margin of 
existing sag depression (bulk dated at 3740 ± 30   C yrs. B.P., RCF-3)
SILT clayey with fine sand (MH); dry: mottled light brown to light gray (7.5 YR 6/3
and 7.5 YR 7/2);  90% fines (75% silt, 15% clay, 5% fine sand); 10% clasts, 
subangular to subrounded, 2 mm - 20 mm, average 10 mm, no bedding, 
poorly sorted;  lower contact is smooth and gradational to clear and abrupt 
locally.

Sag depression deposits  
CLAY silty with sand (CL); dry: mottled brown to pinkish gray (7.5 YR 7/2 
& 7.5 YR 4/3), with black seams (7.5 YR 2.5/1);  95% fines (50% clay, 35% silt, 
10% sand) 5% clasts, subangular to sub-rounded, 2 mm-10 mm, poorly sorted; 
many fractures with up to 1 cm wide clay filled fractures (all infilled fractures 
are terminated at the contact with unit B); lower contact is wavy and gradational.

Sag depression and alluvial deposits interfingering near eastern 
margin of existing sag depression (Upper part of unit is a soil boundary).
SILT clayey with sand (MH); dry: brown (7.5 YR 5/3-4);  >95% fines (50% silt, 
30% clay, 15% sand), < 5% clasts, subangular to sub-rounded, range 
2 mm - 40 mm,  ave 10 mm, poorly sorted, no bedding, clast lithology is 
rhyolite; clay filled fractures;  lower contact abrupt and smooth.

Alluvium (upper portion of unit bulk dated at 6830  ± 30   C yrs. B.P., 
RCF-4 in upper E2);  (E2 is a soil horizon boundary).
CLAY with sand to silt (CL); dry: dark gray brown to brown (10YR 4/2 to 5/3), 
75 - 80 % fines (60% clay, 15-20% sand) 20-25% clasts, subangular, range 
2 mm - 20 mm,  < 10 mm average, no bedding, poorly sorted;  blocky prismatic 
structure, many manganese veins throughout, clay-filled fractures common;  
lower contact of E2 is gradational and wavy where exposed.

Clay lens (bulk dated at 6210 ± 50   C yrs. B.P., RCF-5) 
CLAY with sand to silt (CL); dry: dark gray brown to brown (10YR 4/2 
to 5/3), 75 - 80 % fines (60% clay, 15-20% sand) 20-25% clasts, subangular,
range 2 mm - 20 mm, < 10 mm average, no bedding, poorly sorted;  blocky 
prismatic structure, lower contact abrupt and smooth.

G

Colluvial wedge  
GRAVEL with silt (GP), dry: gray to light brown (5 YR 6/1 to 7.5 YR 6/3), 
35 % fines (15% clay, 15-20% very fine sand) 65% clasts, subangular,
range 2 mm - 50 mm, ~20 mm average, no bedding, poorly sorted; 
lower contact abrupt and smooth.

H

Clay bed, colluvial wedge 
CLAY with sand (CL), dry: dark gray brown to brown (10YR 4/2 to 5/3), 85% 
fines (65% clay, 15-20% sand) 15% clasts, subangular, range 2 mm - 20 mm, 
< 5 mm average, no bedding, poorly sorted;  highly faulted and fractured; 
blocky prismatic structure, lower contact abrupt and smooth.

 I

Colluvial wedge 
CLAY with sand and gravel, (CL), dry: dark brown (10YR 3/3 ), 75 - 80 % fines 
(60% clay, 15-20% sand) 20-25% clasts, clast lithology is andesite, subangular,
range 2 mm - 20 mm, < 10 mm average, no bedding, poorly sorted;  highly 
fractured and sheared; lower contact abrupt and smooth.

Highly weathered  volcanic bedrock
Light olive brown, red, dark brown and dark yellow brown (2.5 Y 5/3, 
10R 5/8, 10YR 3/3, 10YR 4/4);  no foliations, clast lithology is dominantly 
andesite, some altered clasts; weathering ranges from moderately to very 
highly weathered; many fractures, some of which are filled with calcium 
carbonate.

B

C

D

E2

RCF-3

A

K

14

1

14

14

o o 

o o 

SOUTHWEST
N55 Eo

K

G

H

 I

 I

A

A

C

D

F

D

C

E
E2

E2

B

B

Horizontal Distance (meters)

D
epth (m

eters)

S 35 Wo

NORTHEAST

WESTERN 
FAULT

EASTERN �
FAULT

Fault gouge
zone

1

3

6

5

6

4

2

1

pre-4

21 6

7

10

9 12

11

4

5

3

8

Interpreted time gap in depositional sequence, based on increased soil 
development in unit C,  and fracture truncation at clear contact between units 
B & C.

Highly faulted clay bed.

Average strike and dip of fault across trench at eastern fault boundary:  
N 27  W  60  E.

Colluvial wedge; clast count supports derivation of wedge from the western 
source.

Fractures extend to within 5 cm of the ground surface, possible small scarplet 
(7-9 cm high) coincident with projection of the fault to surface.

Spring; source of continual flow of water.

Older subvertical faults, displaced by nearly vertical faults.

Older fault zone within unit E, overlain by unit E2 bulk dated (RCF-4) 
at 6830 ± 40 yrs. B. P.

Fractures within units C, D, E and E2 ranging in width from 2 mm to 
20 mm.  Fractures terminate at the contact with overlyling unit B.

Clay lens (Unit F),  interpreted as a minor compressional feature; bulk 
dated (RCF-5) 6210 ± 50 yrs. B.P.  Overlies Unit B bulk dated (RCF-3) 
3740 ± 30 years before present.  Apparent truncation of Unit C 
below,  between meters 27 and  28.

Average strike and dip of fault across trench at eastern fault 
boundary:  N 22  W  88  E.

Fractures traceable to within 5 cm of the ground surface (most 
visible on north wall).

	 	 G eologic contact: solid for abrupt; long dash for 
clear; short dash for gradational contact; dotted 
for inferred; queried where uncertain.

	 	 S oil boundary; approximate.

	 	 F ault; dashed where approximate.

	 	 F racture; solid where >1 cm wide; dashed 
where

	 	 < 1 cm wide.

	 	 C lasts

	 	 B ulk radiocarbon sample, already dated.

	 	 Lithologic units

	 	 F ault event chronology (see text for details ).

	 	 S prings  and seeps

	 	 K rotovina

	 	 G round water level 

Figure 4
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This stratigraphic unit is offset by the oldest 

interpreted faulting event in the trench at 32 m, 

having a west-side-down apparent movement. 

Reflector terminates and downwarps into the 

fault zone within the clayey unit E at horizontal 

datum 29 m.  Faulting near this contact (28 m) is 

interpreted as the second distinct faulting event 

in the trench.

Reflector coincident with lithologic contact 

between a silt with clay overlying a clay with silt 

in the sag depression (units B and C).  An 

interpreted time gap in deposition between the 

two units is based on the clear increase in the soil 

developmentacross the contact, and upward 

terminations of clay fractures.

The interpreted western boundary fault of the 

currently active sag depression is not clearly 

mimicked by reflectors coinciding with this 

faulting, but east-side-down steps in the reflector 

at 21-22 m is visible, and may represent the 

western fault.

Reflector mimics the warped and downdropped 

stratigraphy along the eastern fault boundary of 

the sag depression at the contact between units B 

and C and clearly delineates the eastern margin of 

faulting.

No evidence of offset or disruption of reflectors for 

unit A, although the resolution of the survey is not 

sufficient to portray the subtle offsets documented 

in the stratigraphy.  

Flattening of reflectors at ground water level.

A Kthru Lithologic Units, see Figure x for Description



GROUND PENETRATING RADAR 
INVESTIGATION 
 
In paleoseismic studies, GPR has not been 
prevalently used to assess subsurface 
stratigraphy (Bilham and Seeber, 1985), 
although recent studies, including this one, 
have successfully used GPR to image 
shallow faults, and to assess stratigraphic 
correlations prior to excavating (Smith and 
Jol, 1995).  Two GPR surveys were 
conducted across a desiccated fault sag on 
the main trace of the southern Rodgers 
Creek fault about 250 m south of Gravelly 
Lake (Figure 3).  The GPR surveys were 
used prior to trenching to investigate the 
subsurface stratigraphy and structure.  
 
An alluvial clayey unit (Figure 5, note 1) was 
found near the eastern fault boundary at the 
base of the trench. This unit is visible on the 
GPR survey and steps up to the east by 0.5 
m at GPR datum 95 m (unit E).  The 
disruption of the reflector at this location is 
interpreted as corresponding with the oldest 
distinct faulting event preserved in the 
trench.  Similar to the 50 MHz survey, the 
100 MHz survey resolved an onlapping 
relationship between two of the reflectors at 
horizontal datum 97 m.  Additionally, the 
upper onlapped reflector warps down into 
the fault across the eastern boundary fault 
(Figure 5, note 4).   Visible on the 100 MHz 
survey, between GPR datum 100 and 107 
m, both of the fault zones that bound the 
current depression are clearly delineated 
(Figure 5, notes 3 and 4).  The western 
margin of the depression has a relatively 
broad fault zone (~4 to 5 m), and the dip of 
the reflector within this zone is similar to the 
overall dip of that margin, at 50-55°.  The 
reflector correlated with unit A is not 
disrupted along its length, although it does 
ramp up steeply along the western boundary 
fault.  The resolution of this survey does not 
distinguish the subtle offsets and fractures 
that are visible in this upper silty unit. 
 
In summary, both GPR surveys yielded 
evidence for faulting, as well as warped 
reflectors that appear to correspond well 
with the mapped stratigraphy from the 
subsequently excavated trench T-1, along 
the same transect.  The 100 MHz survey 
shows comparable stratigraphy to the 
detailed trench logs, with a resolution for the 

stratigraphic units of about 0.5 m.  The 50 
MHz survey could be useful for a broader 
scale study where the presence or absence 
of a fault is an issue, as opposed to 
obtaining data for detailed stratigraphic 
correlations. The GPR tool was a useful 
means of assessing the subsurface 
stratigraphy and structure prior to excavating 
the trench.   
 
CONCLUSIONS 
 
The mapping and paleoseismic investigation 
I conducted along the southern section of 
the Rodgers Creek fault provided new 
insight into structural and stratigraphic 
relations along the fault, the long-term slip 
budget on the system of faults that make up 
the East Bay fault system, and limited new 
information on the timing of Holocene 
earthquakes on the fault. 
 
New interpretations of radiometric dates and 
structural relations along the Rodgers Creek 
fault suggest a modified age range for the 
Sonoma Volcanics of 8.17 to 1.96 Ma, and 
the unit could be as old as 8.65 Ma, 
compared to the previously proposed age 
range of 7.28 to 1.96 Ma for the unit.  
Similarly, I suggest a modified age range for 
the Donnell Ranch Volcanics of 10.64 to 
9.28 Ma, and but the unit could be as young 
as 8.52 Ma.    The new age ranges result 
because 8.17 Ma rocks formerly mapped as 
Donnell Ranch Volcanics east of the 
Rodgers Creek fault are more reasonably 
mapped as a part of the Sonoma Volcanics.   
 
New field observations indicate that the 
allochthonous Donnell Ranch Volcanics 
lying west of the Rodgers Creek fault were 
emplaced over the Petaluma Formation 
along an east-vergent thrust fault, in contrast 
to previous interpretations that indicated 
emplacement of the Donnell Ranch 
Volcanics along a west-vergent thrust 
splaying outward from the Rodgers Creek 
fault.  The origin of the Donnell Ranch 
Volcanics was likely from west of the Tolay 
fault and perhaps west of the Petaluma 
Valley fault.  This information negates 
previous interpretations suggesting that the 
45 km of right-lateral translation of the 
Donnell Ranch Volcanics from correlative 
rocks in the Berkeley Hills occurred entirely 



along the Hayward-Rodgers Creek fault 
system.  Consequentially, the only estimate 
of long-term offset is along the northern part 
of the Rodgers Creek fault and is a post 3.5 
Ma right-lateral displacement of 25 km 
(McLaughlin et al., 1996).  The distribution of 
similar aged (~7 –8 Ma) Sonoma Volcanics 
found east and west of the southern and 
central Rodgers Creek fault do not appear to 
require more than about 20 km of right-
lateral offset, although the correlations of 
volcanic units across the fault is not 
straightforward.  Nonetheless, the 
observation that the 8.17-1.96 Ma Sonoma 
Volcanics are not required to be offset more 
than the 3.5 Ma rocks to the north suggests 
that the Rodgers Creek fault did not become 
active until after 3.5 Ma.  
 
The stratigraphic history of the trench site 
shows a long-lived and well-developed 
depression, bounded on the west by 
andesite bedrock, and grading to the east 
into relatively flatlying alluvium.  The trench 
stratigraphy records the mid to late 
Holocene development of the fault sag, 
which was possibly initiated by large normal 
oblique movement along the western 
boundary fault of the sag.  Fault movement 
later shifted to an eastern strand that further 
accentuated the depression with apparent 
vertical separation. 
 
The trench exposure revealed clear 
evidence for six surface-rupturing events: 
one event prior to 6.8 ka; two events after 
6.8 ka, and before 3.7 ka; and three events 
after 3.7 ka.  The first event occurred on the 
western fault and was responsible for 
developing the initial depression.  The 
second event occurred after 6.8 ka, and 
could be the same faulting event near the 
eastern end of the trench.   The third event 
may have produced ~0.5 m of apparent 
vertical separation along both fault strands, 
forming the depression visible at the ground 
surface today, and the small colluvial wedge 
near the western fault.  The fourth surface-
rupturing event occurred after 3.7 ka, and is 
evidenced by clay sliver that was emplaced 
along the eastern boundary fault.  The fifth 
event occurred after 3.7 ka, and the most 
recent event in the trench is evidenced by 
subtle color changes across fractures that 
extend to within 5 cm of the ground surface 
along the projection of both of the faults.   

 
Paleoseismic data from earlier studies along 
the southern Rodgers Creek fault indicate 
slip rates of 6.4-10.4 mm/yr, a MRE at AD 
1670 – 1776, and a best estimate 
recurrence interval of 230 years (Budding et 
al., 1991; Schwartz et al., 1992).  Based on 
these results, it seems unlikely that the 
Donnell Ranch trench site contains a 
complete record of faulting along the 
southern Rodgers Creek fault.  Using the 
average recurrence interval for large surface 
rupturing events on this fault of 230 years, 
up to 30 or more events could have 
occurred across the latitude of Trench T-1 
since the deposition of the lower clay unit.  It 
appears that the exposed trench section 
preserves only a portion of the faulting along 
this part of the fault.  The apparent 
incomplete record at this trench site may be 
due to other Rodgers Creek fault strands 
accommodating some of the slip, or that the 
stratigraphy lacks sufficient distinct units to 
preserve the distinct events that are 
occurring on this fault.  Uncertainties in 
recurrence estimates at the trench site also 
arise from a limited number of radiocarbon 
dates analyzed, which were derived from 
bulk organic samples rather than charcoal.  
It is also possible that due to a slow 
deposition rate, repeated events could have 
overprinted each other making the 
distinction of individual events difficult.   
 
Identifying useful locations for site-specific 
paleoseismic investigations along the 
southern Rodgers Creek fault is difficult 
because the fault traverses through bedrock 
along much of its length through the 
Sonoma Mountains, and there are only a 
few locations where useful Holocene 
deposits are disrupted by the fault.   
However, the importance of the Rodgers 
Creek fault to seismic hazard assessment in 
the San Francisco Bay region means that 
we need to continue to seek useful sites for 
fault studies if we are to assign meaningful 
values to the parameters that are used for 
probabilistic seismic hazard assessments 
(PSHA).  

 

 

 



ACKNOWLEDGEMENTS 
  
Many landowners gave me access to their 
property:  Justin Faggioli and Sandy 
Donnell, and Tony and Nancy Lilly.  Also, 
Loren Morelli, Fred Cline and Alice 
Martinelli.  I need to extend my appreciation 
to my committee members: John Caskey, 
Karen Grove and David Schwartz, who were 
very supportive and helpful during this whole 
process.  I am indebted to Todd Loar, for all 
of his patience and support over the past 
two years.  My field assistant, Sarah 
Watkins, helped log trenches and she 
contributed significantly to the trenching 
experience.  I am especially grateful to Drew 
Kennedy who was a wonderful friend and 
resource during the past several years.  
Many people provided insight: Dave 
Wagner, Jennifer Thornburg, Jim Allen, 
George Saucedo, Jerry Weber, Bill Lettis, 

Jeff Unruh, Chris Hitchcock, Rob Witter, 
Russ Graymer, Bob McLaughlin, Don 
Ristau, Tim Dawson, and Tom Fumal.   
 
The USGS Bay Area Paleoseismic 
Experiment (BAPEX), Assistance Award 
Number OOWRAG0031, provided funding 
for the paleoseismic investigation; California 
Geological Survey (CGS) provided support 
for the bedrock mapping and GIS synthesis 
of data for the study area; William Lettis & 
Associates, Inc. (WLA) provided funding for 
the Quaternary mapping through NEHRP 
Grant Award Number 99-HQ-GR-0095; and 
Lawrence Livermore Lab, with work by 
Gordon Seitz, was responsible for the 
radiocarbon dating.  The Geology 
Department at CSU Hayward, namely Dietz 
Warnke and student Sean Hanson, loaned 
us their GPR unit, through an NSF grant 
number DUE-9980881.

 
 
 
 
REFERENCES 
  
Bilham, R. And Seeber, L., 1985, Subsurface Radar Imagery of Near-Surface Fractures 

Associated with the Borah Peak Earthquake, U.S. Geological Survey Open-File Report 85-
290-A: U.S. Geological Survey, Denver, CO, p. 47. 

Blake, M.C., Jr., Howell, D.G., and Jayko, A.S., 1984, Tectonostratigraphic terranes of the San 
Francisco Bay region, in Blake, M.C., Jr., ed., Franciscan geology of northern California:  
Pacific Section of Economic Paleontologists and Mineralogists, v. 43, p. 5-22. 

Budding, K.E., Schwartz, D.P., and Oppenheimer, D.H., 1991, Slip rate, earthquake recurrence, 
and seismogenic potential of the Rodgers Creek fault zone, northern California: Initial 
Results:  Geophysical Research Letters, v. 18, no. 3, p. 447-450. 

CDMG, 1982a, Fault evaluation report FER-141, Map of Rodgers Creek fault on Sears Point, 
Petaluma River, Glen Ellen, Cotati and Santa Rosa 7.5' quadrangles, scale 1:24,000. 

Cloud, W.K, Hill, D.M., Hufman, M.E., Jennings, T.V., McEvily, T.V., Nason, R.D., Steinbrugge, 
K.V., Tocher, D., Unger, J.D., Youd, T.L., 1970, The Santa Rosa Earthquakes of October, 
1969, in Mineral Information Service, California Division of Mines and Geology, v. 23, no. 3, 
p. 43-63. 

Fox, K.F., Jr., Fleck, R.J., Curtis, G.H., and Meyer, C.E., 1985, Potassium-argon and fission-track 
ages of the Sonoma Volcanics in an area north of San Pablo Bay, California: U.S. Geological 
Survey Miscellaneous Field Studies Map MF-1753, 9 p. 

Graymer, R.W., Sarna-Wojcicki, A.M., Walker, J.P., and McLaughlin, R.J., in review, Controls on 
timing and amount of right-lateral offset on the East Bay fault system, San Francisco Bay 
Region, California. 

Hart, E.W., 1992, Recently active traces of the Rodgers Creek fault, Sonoma County, California:  
California Department of Conservation, Division of Mines and Geology Open-File Report 92-
7, 14 p. 

Herd, D.G., 1978, Map of Quaternary faulting along the southern Rodgers Creek fault zone: Glen 
Ellen, Petaluma River and Sears Point 7 1/2' quadrangles, California: U.S. Geological Survey 
Open-File Report 78-306, scale 1:24,000. 



Huffman, M.E., and Armstrong, C.F., 1980, Geology for planning in Sonoma County: California 
Division of Mines and Geology Special Report 120, 29 p., plus plates. 

McLaughlin, R.J., Sliter, W.V., Sorg, D.H., Russell, P.C., Sarna-Wojcicki, A.M., 1996, Large-scale 
right-slip displacement on the East San Francisco Bay Region fault system, California: 
Implications for location of late Miocene to Pliocene Pacific plate boundary: Tectonics, v. 15, 
p. 1-18. 

Osmont, V.C., 1905, A geological section of the Coast Ranges north of the Bay of San Francisco: 
California University Department of Geological Sciences Bulletin, v. 4, p. 39-87. 

Sarna-Wojcicki, A.M., 1992, Long-term displacement rates of the San Andreas fault system in 
northern California from the 6-Ma Roblar Tuff; in Borchardt, Glenn et al., eds., Proceedings of 
the Second Conference on Earthquake hazards in the Eastern San Francisco Bay Area: 
California Department of Conservation, Division of Mines and Geology Special Publication 
113, p. 29-30. 

Sarna-Wojcicki, A.M., Walker, J.P., 1999, Use of tephrochronology in correlation and dating of 
some late Neogene sedimentary sections, East San Francisco Bay Area, & Sediment 
provenance in the Shell Ridge and Los Medanos Hills areas, West of Mount Diablo: in 
Northern California Geological Society Field Trip, 35 p. 

Schwartz, D.P., Pantosti, D., Hecker, S., Okumura, K., Budding, K.E., and Powers, T., 1992, Late 
Holocene behavior and seismogenic potential of the Rodgers Creek fault zone, Sonoma 
County, California, Borchardt, G., et al., eds. Proceedings of the Second Conference on 
Earthquake Hazards in the Eastern San Francisco Bay Area: California Division of Mines and 
Geology Special Publication 113, p. 393-398. 

Smith, D.G., Jol, H.M., 1995, Wasatch Fault (Utah), Detected and Displacement Characterized by 
Ground Penetrating Radar, Environmental & Engineering Geoscience, v. I, Winter 1995, p. 
489-496. 

Wagner, D.L., and Bortugno, E.J., 1982, Geologic map of the Santa Rosa quadrangle: California 
Division of Mines and Geology 1"x2" series, scale 1:250,000, Regional Map Series, Map no 
2A (Geology), Santa Rosa Quadrangle. 

Wong, I.G., 1991, Contemporary seismicity, active faulting and seismic hazards of the Coast 
Ranges between San Francisco Bay and Healdsburg, California: Journal of Geophysical 
Research, v. 96, n. B12, p.19,891-19,904. 

WGCEP (Working Group on California Earthquake Probabilities), 1999, Earthquake probabilities 
in the San Francisco Bay region: 2000-2030, a summary of findings:  United States 
Geological Survey Open File Report 99-517. 

Youngman, M.R., 1989, K/Ar and 40Ar/39Ar geochronology, geochemistry, and structural 
reinterpretation of the southern Sonoma Volcanic field, Sonoma County, California: M.S. 
Thesis, University of California, Berkeley, 92 p. 



Miocene Volcanic Rocks at Burdell Mountain and Implications 
for Slip along the East Bay Fault System:  

A Preliminary Summary 
 

Eric W. Ford, John Caskey, Dave Wagner, and Robert Fleck  
 

Burdell Mountain, located in Marin County between the cities of Novato and 
Petaluma, is approximately 500 m in elevation and covers an area of about 100 square 
km. It consists of Cretaceous and Jurassic Franciscan Complex and Great Valley 
Sequence rocks overlain by Tertiary marine sandstone, and Miocene volcanic rocks, 
(Wagner et al., 2003). Recent studies focusing on displacement along the East Bay fault 
system have mostly relied on the distribution of ages and lithologies of the Coast Range 
volcanics.  McLaughlin et al. (1996) estimated a maximum offset of 175 km along the 
East Bay fault system (EBFS) based on a correlation between the Burdell Mountain 
volcanics (BMV) and the Quien Sabe volcanic field. However, previous radiometric ages 
(K/Ar and Ar/Ar) for the Burdell Mountain volcanics (11.8-13.6 ma; dates cited by 
McLaughlin et al., 1996) do not overlap with available K/Ar and Ar/Ar ages for the 
Quien Sabe area (7.4-11.6 Ma; Drinkwater, 1992).  In Spring 2002, I initiated a study at 
Burdell Mountain focusing on the stratigraphy of the BMV and underlying basement 
rocks. One of the objectives of the study is to provide a detailed stratigraphic framework 
for evaluating comparisons to other volcanic rocks (such as the Quien Sabe volcanics) 
and estimates of long-term displacement along the East Bay fault system.  

A variety of Franciscan rock types are found at Burdell Mountain including 
metagreywacke, blueschist, and serpentinite, and less metamorphosed greywacke, shale, 
chert. A   section of Tertiary marine strata, approximately 65 m thick,  is sandwiched 
between the underlying Franciscan and overlying BMV. It consists of moderate to well-
sorted, medium and fine-grained quartz arenite  and pebble conglomerate with a mollusk 
coquina exposed locally.  The BMV are approximately 200 m thick and consist 
dominantly of flow-banded, porphyritic andesite, and lesser amounts of volcanic breccia, 
volcaniclastic mudflow deposits, and minor flow banded dacite. The BMV together with 
the underlying Tertiary strata generally form a moderately, northeast-dipping (~30˚) 
homocline.   

Three samples collected from different stratigraphic positions within the BMV 
yielded similar Ar/Ar ages clustering around 11.1 ma (Robert Fleck, USGS, personal 
communication).  One of the 11.1 ma dates was obtained from dacite found along the 



southwest side of Burdell Mountain.  The age and lithology are  similar to the Northbrae 
rhyolite (11.5 ma; Lin Murphy, personal communication) found in the Berkeley Hills 
suggesting a possible correlation.  The new ages obtained for the BMV are also similar to 
the age of the Quien Sabe volcanics also suggesting that the previous correlation by 
(McLaughlin, et al. 1996; Wakabayashi, 1999) between the BMV and the Quien Sabe 
volcanic field is possible.  

If Miocene volcanic rocks in the Burdell Mountain area correlate to those in the 
Berkeley Hills, then at least 30 km of northward translation of the BMV must have 
occurred along a combination of the Hayward Hayward-Petaluma Valley, and possibly 
the Hayward-Burdell Mountain fault systems.  Recent observations suggest that the 
Burdell Mountain fault is predominately a strike-slip fault that may have accommodated 
a significant amount of northward translation of the BMV.  

The Burdell Mountain fault zone (BMFZ) bounds the BMV to the northeast.  The 
BMFZ, previously mapped by (Blake et al. 2000; Weaver, 1949), is marked by a series of 
northwest-striking fault strands across a zone approximately 500 m wide.  The shear zone 
is characterized by highly-fractured rocks, gouge, and local hydrothermal alteration and 
silicification.  The east boundary of the BMFZ is locally defined by resistant and foliated 
calcsilicate rocks that exhibit sub-vertical dips.  In addition, map and topographic 
relations indicate subvertical fault zone geometry.  Aerial photos show that the fault zone 
extends northwest well into Sonoma County similar to previous mapping (Blake et al., 
2000; Weaver, 1949).  To the southeast, the fault zone projects into San Pablo Bay near 
Black Point.  

The fault zone juxtaposes distinctly different basement rocks.  Northeast of the fault 
zone are highly metamorphosed Franciscan rocks similar to those found on the opposite 
side of the mountain approximately 5 km to the southwest.  Franciscan rocks found 
immediately beneath the BMV and therefore southwest of the fault zone are only weakly 
metamorphosed.  Preliminary mapping shows that a thin fault-bounded sliver of rocks of 
the Great Valley sequence lie within the BMFZ and that a distinct conglomerate unit (i.e., 
Novato conglomerate) also of the Great Valley sequence may be offset 10 km or more 
across the fault zone.  

Tectonic geomorphic features found in the vicinity of the Cooley Ranch and the area 
northwest of Olompali State Park exhibit youthful expression suggesting that movement 
along the fault may be as recent as late Holocene.  Near Olompali well-preserved fault 
scarps are up to 3m high.  These scarps are formed on BMV bedrock; therefore we are 
uncertain of their age.  However, at Cooley Ranch, side hill benches are developed on 
weakly resistant Franciscan serpentinite and can be traced across several successive 



interfluves for a distance of a kilometer.  The side hill bench marks an uphill-facing scarp 
exhibiting about 1 m of vertical separation.  It’s unlikely that such delicate geomorphic 
features would be preserved for an extended period of time.  Additionally, the fault trace 
appears to offset modern stream channels and recent landslide deposits.  The well-
preserved nature of the scarps even suggests the possibility that they represent historic 
ground rupture along the BMFZ.  (Toppozada et al., 2002) located two earthquakes in the 
region, the 1855 Ms 5.5 Petaluma and the 1898 Ms 6.5 Mare Island earthquakes, based on 
intensity reports.  Although the locations of these earthquakes are not precisely known, 
they are of large enough magnitude to produce surface rupture.  Future efforts will focus 
on locating a trench site that could potentially provide information on the age of faulting. 
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