
1 

 

NCGS FIELD TRIP - Saturday June 22, 2013 

Field Trip Leader: 

Dr. William Elder  

Golden Gate National Recreation Area, San Francisco, CA 
 

Field Trip Director: 

Tridib Guha 

 “GEOLOGY OF THE GOLDEN GATE HEADLANDS” 

NORTHERN CALIFORNIA GEOLOGICAL SOCIETY 

 

View of Marin Headlands from the Presidio with serpentinite bluffs in foreground 



1 

 

Geology of the Golden Gate Headlands 

 

Introduction 

From ancient mid-ocean ridges and hotspots, to sea-
mounts and subduction zones and finally to roaring 
glacial rivers and drifting sands, geology has shaped 
the Golden Gate headlands and provided habitat for 
the diverse biota of Golden Gate National Recreation 
Area. This field trip focuses on the rocks of the head-
lands just north and south of the Golden Gate Strait. 
Exposed in dramatic sea cliffs, these rocks not only 
form a spectacular backdrop for the Golden Gate 
Bridge, but also provide a detailed record of Pacific 
basin and active margin tectonics spanning a period 
of nearly 200 million years. The primary focus of this 
trip is to investigate rocks of the Franciscan Complex 
in a sequence that represents an ophiolite complex 
that provides evidence of events occurring from its 
mid-ocean ridge origins in the central Pacific to the 
mechanics of the accretionary prism, where this 
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piece of ocean crust was accreted to North America. 
Sites visited on the fieldtrip include exquisitely 
folded chert beds, an ore-grade manganese bed, 
textbook examples of pillow basalt, and tortured 
cliffs of serpentinite and mélange.  

On this field trip, we will be examining the Marine 
Headlands terrane in some detail. This terrane pro-
vides an excellent example of all the typical Francis-
can lithologies, as well as the complex internal 
thrust faulting that can develop within these terrane 
blocks.  We will be able to observe these tectonic 
complexities in detail at Stop 1 (Figure 1). At Stop 2, 
we will look at hydrothermal mineralization and 
ponder whether the mineralization is associated 
with volcanism at a mid-ocean ridge or with subduc-
tion processes. We will examine pillow basalt and 
diabase feeder dikes at Stop 3 and exam processes 

Figure 1. Fieldtrip stops in the Marin Headlands. 
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associated with ridge volcanism. Stop 4 will look at 
graywacke sandstone deposits and we will discuss 
their depositional setting. For Stop 5, we will move 
south of the Golden Gate to the Hunters Point mé-
lange zone in the Presidio, where we will look at 
serpentinite and mélange outcrops and discuss 
their formation (Figure 2). If time provides, we will 
end at Stop 6 at Baker Beach, where we will inspect 
the Pleistocene Colma Formation and Holocene 
sand dunes that overlie the Franciscan Complex 
rocks in that area. 

Franciscan Complex 

Rocks of the Franciscan Complex form the bedrock 
of the Coast Ranges east of the San Andreas fault. 
In the Bay Area, Franciscan rocks range in age from 
about 200 Ma to 50 Ma (see papers in Blake, 1984; 
Snow et al., 2010). The Franciscan Complex is com-
posed of a amalgamation of semi-coherent oceanic 
blocks, called tectonostratigraphic terranes (Figure 
3), that were episodically scraped from the sub-

ducting oceanic plate and thrust eastward to form 
thrust Nappes that shingle against and underplate 
the western margin of North America (e.g. Blake et 
al., 1984, Wakabayashi, 1992). To the east of the 
subduction zone during this period, volcanic-rich, 
deepwater turbidite sediments the Great Valley 
Group filled a forearc basin developed above oceanic 
crust of the Coast Range Ophiolite (Dickinson, 1970, 
Dickinson and Rich, 1972). Some of these sediments 
flowed through submarine canyons into the subduc-
tion trench to the west, to ultimate be preserved in 
Franciscan rocks (Figure 4).  

The thick sequence of Franciscan rocks preserved in 
the Marin Headlands terrane has received much at-
tention by geologists over the decades and has 
yielded a detailed record of events and transport his-
tory. Tropical fossils and paleomagnetic evidence 
indicate that the terrane originated in the central 
Pacific near the equator (Murchey, 1984). It then 
moved northeastward with the oceanic plate to-
wards the North American Plate, finally colliding with 
North America at the latitude of today’s Mexico 
(Murchey and Jones, 1984). This and other terranes 
were then likely transported northward some dis-
tance from the point of accretion by lateral faulting 
due to oblique subduction of the northeasterly mov-
ing plates relative to North American (e.g., Beck, 
1986, 1991; Hall, 1991, Wakabayashi, 1992).  The 
Franciscan blocks continued to move northward and 
be dissected by the San Andreas right lateral fault 
system, which was initiated about 28 Ma in Southern Figure 2. Fieldtrip stops in the Presidio of San Francisco. 

Figure 3. Terranes of the Franciscan Complex in the San  
Francisco Bay Area (modified from Blake et al., 1984). 
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California as the East Pacific Rise started be sub-
ducted under the North American Plate (Atwater, 
1970, 1989).  

Marin Headlands terrane has experienced much tec-
tonism and deformation during its journeys. 
Wahrhaftig (1984) depicted up to eleven repeated 
thrust sheets in the terrane at the Marin Headlands 
(Figure 5). In addition, the Marin Headlands block of 
that terrane has experienced about 130 degrees of 
clockwise rotation relative to other terrane blocks in 
the Bay Area, as indicated by structural and paleo-
magnetic evidence (Curry et al., 1984).  This rotation 
is readily evident from the dramatic shift in dip di-
rection of Franciscan thrust planes on opposite sides 
of the Golden Gate, from northeasterly on the San 
Francisco Peninsula to southerly in the Marin Head-
lands (Figure 3) (Wahrhaftig, 1984). This rotation is 
likely owing to either oblique subduction or right 
lateral movement on the San Andreas fault system. 
This structural break suggests a major fault under 
the Golden Gate Strait (Wakabayashi, 1999) that 
may have weakened the bedrock and allowed the 
present outlet of the Sacramento River drainage to 
develop in that location. The timing of rotation for 
the Marin Headlands block is poorly constrained but 
postdates emplacement of Franciscan Complex 
rocks in the area.   

 

Start Field Trip  
Conzelman Road parking lot 

Meet in parking lot at base of Conzelman Road (see 
map below) near Alexander Avenue entrance to 
Highway 101 South at north end of Golden Gate 
Bridge.  
 
Proceed to Stop 1 (0.3 mi. up Conzelman  
Road) to Battery Spencer Parking Lot 

Figure 5. Geologic map of Marin Headlands and Presidio 
showing major geologic units and location of field trip stops 
(after Wahrhaftig and Murchey, 1987; Schlocker, 1974). 

Figure 4. Schematic drawing of the Cretaceous subduction zone showing areas of formation for different Mesozoic rock 
types and locations of the Franciscan Complex, Coast Range ophiolite (CRO), and Great Valley Group. 
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Stop 1 - Conzelman Road Cuts 

Battery Spencer 

Road improvement work during 2010 included wid-
ening three bends on Conzelman Road to accommo-
date formal parking and bike lanes. The cutting and 
removal of slope material at these locations pro-
duced extensive fresh exposures of basalt and chert 
and associated jasper and manganese deposits. On 
completion of the work, the exposures were 
groomed so as to look as closely as possible to adja-
cent older exposures. The most extensive new expo-
sure was created near the at Battery Spencer park-
ing lot. At this location, fresh rock surfaces revealed 
the spectacularly complex structural features that 

we will inspect. These include zones of shattered ba-
salt that have been dragged and smeared into chert 
beds (or possibly injected by over-pressured fluids), 
probably along ancient thrust faults during the sub-
duction process. Extensive jasperized chert and ba-
salt can also be observed at this exposure (Figures 6, 
7). 

Excellent exposures of the bedded chert sequence 
are also present at this site. Chert is the most com-
mon lithology in the Marin Headlands, underlying 
about 50 percent of the area. Because chert is resis-
tant to weathering, particularly the jasperized zones, 
many of the ridge tops are held up by this rock type. 
At places in the Marin Headlands the chert appears 

Figure 7. Western middle part of Battery Spencer roadcut at Stop 1 showing rock types and unit boundaries. Note shattered 
and attenuated light colored basalt unit in center right. 

Figure 6. Eastern middle part of Battery Spencer roadcut at Stop 1 showing rock types and unit boundaries. Note shattered 
and attenuated light colored basalt unit at left and draping over top of entire exposure. 
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to be in depositional contact with the underlying ba-
salt or with the overlying clastic rocks, but most con-
tacts are formed by faults as is the case at this site. 
In the lower part of the chert section, predominately 
of 2- to 10 cm-thick red chert layers alternate with 
thinner, dark red shale beds. The red color indicates 
the oxidized state of the iron in this siliceous rock. 
On the east side of the exposure at Battery Spencer, 
light green to yellowish-white chert beds are pre-
sent, indicating the mid to upper parts of the chert 
section (Murchey, 1984). Chert lying near the basalt 
contact has a silvery gray to black manganese oxide 
staining.  

The prominent rhythmic bedding of the cherts is one 
of their most distinguishing features (Figure 8). The 
contrast between the hard chert beds and the inter-
vening shale beds has been magnified by diagenesis 
following deposition (Figure 9). Subtle original com-
positional differences would have been enhanced as 
silica moved from the less silica-rich zones to the 
more silica-rich beds during diagenesis, in which opal
-A silica from radiolarian shells was transformed into 
opal-CT silica, and ultimately to quartz (Tada, 1991).  

The origin of the primary compositional differences 
is debated and could reflect dilute turbidity currents 
produced by episodic submarine landslides that oc-
curred on the flank of the mid-ocean ridge (Karl, 
1984). Alternatively, the lithic cycles may be the re-
sult periodic changes in oceanic upwelling and sili-
ceous productivity, possibly in response to the 

earth’s orbital Milankovitch cycles (Decker, 1991).  

Locally, the chert is intensely folded, forming com-
plex sharp-crested chevron and isoclinal folds 
(Figure 10). Such folding is well exposed along Con-
zelman Road. Most likely, the folding occurred when 
the Marin Headlands Terrane was wedged against 
the continental margin and subsequently faulted to 
its present position, but there has been some specu-
lation that some of the contorted folding reflects 
submarine slumping on the flank of the mid-ocean 
ridge prior to final hardening of the layers (Bailey et 
al., 1964; Wahrhaftig, 1984). 

The chert of the Marine Headlands contains abun-
dant radiolarian fossils that are silt to sand size and 

Figure 8. Ribbon chert beds on road to Kirby Cove. 

Figure 9. Diagram showing diagenetic enhancement process. 

Figure 10. Folded chert beds on Conzelman Road. 
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that are clearly visible with a hand lens. Over 60 
species of Radiolaria have been identified in the 
Marin Headlands terrane (Pessagno, 1977; 
Murchey, 1984; Murchey and Jones, 1984). These 
radiolarians       provide age constraints of approxi-
mately 200 Ma to 100 Ma (Early Jurassic to Late 
Cretaceous) for the deposition of approximately 
100 meters of chert preserved at the Marin Head-
lands (Murchey, 1984). The radiolarian assemblage 
also contains a significant number of tropical to sub-
tropical species, implying that the rocks were de-
posited to the south of their present position. In 
addition, the red, oxidized radiolarian cherts found 
here are typically associated with high productivity 
upwelling zones found just north and south of the 
equator (Karl, 1984). The observed upsection de-
crease in bedding thickness also is consistent with a 
depositional site that was moving northward, out of 
the equatorial high-productivity zone. The general 
lack of terrigenous, continental-derived sediments 
throughout the sequence implies that it was depos-
ited far offshore, probably more than 1,000 km (600 
miles), if there was no topographic barrier to im-
pede continental sediment supply (Karl, 1984).  

Walk 0.2 mile up Conzelman Rd. to Overlook 1 park-
ing area 

Overlook 1 

As a result of the new roadwork widening the road 
at Overlook, the fresh exposure revealed a 1 m thick 
bed of ore quality manganese oxides developed 
within the bedded chert section (Figure 11). The 
dark red coloration and relatively thick chert beds at 

Figure 12. Close up of manganese oxide and silicate bed. 

Figure 11. Western part of Overlook 1 roadcut at Stop 1 showing manganese bed and other rock types and unit boundaries.  
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this location imply that they were deposited near 
the underlying basalt contact. Relict bedding can be 
seen within the manganese zone (Figure 12).  

At present, two quite different layers within the 
manganese zone have been analyzed. James Hein of 
the U.S. Geological Survey provided the following 
personal communication in 2012. “One layer is pre-
dominantly the Mn silicate braunite with lesser 
amounts of Mn oxides, vernadite and birnessite(?). 
The latter two minerals are common marine Mn ox-
ides. It appears that hydrothermal fluids deposited 
Mn oxides in a siliceous ooze, and during diagenesis 
(and metamorphism?) the Mn oxide was trans-
formed into a Mn silicate. The second layer is com-
posed only of Mn oxides, predominantly cryptome-
lane, perhaps with minor nsutite and bixbyite.  These 
are probably diagenetic transformations of typical 
marine Mn oxides: todorokite, birnessite, and ver-
nadite.” Hein indicated that fluids from an underly-
ing hydrothermal system circulated through only a 
specific part of the overlying siliceous ooze because 

the Mn mineralization is confined to a specific inter-
val.  This could have been near the sediment water 
interface, but not on it or above it or the Mn miner-
als would be different.  The fluids never made it the 
sediment surface to enter the water column (Figure 
13). As such this hydrothermal mineralization was 
associated with volcanism at a mid-ocean ridge. Ad-

Figure 13. Hydrothermal mineralization processes associate with ridge spreading centers. One process involves the output of 
metal-rich waters from hydrothermal vents, like black smokers, and mineral precipitation in the water column (right side of 
figure). The process for the responsible for the manganese-rich bed at Overlook 1 took place as metal-rich fluids passed 
through soft siliceous sediments below the sediment surface (left side of figure) (figure modified from www.pmel.noaa.gov/

vents/PlumeStudies/plumes-whystudy.html .   

Figure 14. Jasper block showing a brecciated texture. 

http://www.pmel.noaa.gov/vents/PlumeStudies/plumes-whystudy.html
http://www.pmel.noaa.gov/vents/PlumeStudies/plumes-whystudy.html
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jacent jasperized chert pods and beds (Figures 11, 
14) suggest that silica transport and precipitation/
recrystalization (jasperization) was associated with 
this hydrothermal mineralization.  

In contrast, at the east end of the new cut a large 
jasper block occupy the hinge of a fold (Figure 15). 
This fold axis could have served as a fluid conduit 
along which the mineralization occurred. Since fold-
ing in the chert sequence likely to have formed dur-
ing the subduction process, the jasper mineralization 
at this location may be the result of hydrothermal 
fluid movement in the accretionary prism at around 
90 Ma, rather than near the mid-ocean ridge at 
around 200 Ma.  

 
Walk back to cars at Battery Spencer and drive to 
Stop 2, Battery Alexander parking area 

Walk from cars to Point Bonita Lighthouse trail and 
down trail and cross small bridge to tunnel entrance.  

 Stop 2 – Point Bonita Lighthouse trail 

On the way down the trail, the first outcrop on the 
right is graywacke sandstone. A prominent fault and 
sheared zone can then be seen separating the gray-
wacke on the uphill side from sheared greenstone 
(altered basalt or diabase) on the downhill side. This 
fault may represent the contact between the Point 
Bonita block (downhill) and the graywacke sand-
stone of the Marin Headlands terrane proper. 
Wahrhaftig and Wakabayashi (1989) established a 
separate Point Bonita block based on a difference in 
composition of the basalts in the Point Bonita as 
compared to those of the rest of the Marin Head-
lands terrane. Basalts of the Marin Headlands ter-
rane are titanium- and iron-rich (MORB) and indicate 
a mid-ocean ridge origin. However, Point Bonita ba-
salt chemistry is more indicative of a seamount or 
oceanic island site of eruption, although a mid-ocean 
ridge site near a hot spot is also possible (Wahrhaftig 
and Wakabayashi, 1989; Shervais, 1989).  

Further down the hill, diabase is exposed on the 
right side of the trail before an interval of mélange 
and pillow basalt. Just south of the small “bridge” 
before the tunnel, the cliff face is composed of dia-

base. This massive block of intrusive rock is basaltic 
in composition and may represent either a dike or 
sill. On close inspection, plagioclase phenocrysts up 
to 1 cm or more are visible here, indicating periods 
of slow cooling in a magma chamber before em-
placement in the ocean crust resulted in rapid cool-
ing and the formation of the fine-grained matrix of 
dark minerals (Figure 16). 

Tunnel Entrance - Pillow Basalt 

Near the tunnel entrance, well-developed pillows 
are seen in the basalt of the cliff face the right. The 

Figure 15. Jasper block at east end of Overlook 1 that is devel-
oped in the hinge of a fold, as indicated by the chert beds wrap-
ping around it (black line parallel to bedding).  

Figure 16. Diabase boulders and cobbles on beach below show 
plagioclase phenocrysts in various concentrations and sizes.  
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best pillows are seen near the water line below 
Point Bonita lighthouse, where the waves have 
beautifully exposed them (Figure 17). The tunnel to 
the lighthouse is open on weekends and Mondays 
between 12:30 and 3:30 p.m. 

Pillow basalt makes up about 20 to 25 percent of the 
exposed rocks of the Marin Headlands terrane. The 
pillow forms are only created when low viscosity ba-
salt is erupted underwater. Typical pillows are a few 
tens of centimeters to a meter or more across. They 
have rounded tops and downward projecting keels 
that were molded by the tops of the older underly-
ing pillows. These forms provide an up-section indi-
cator and demonstrate an underwater origin for the 
flows (Moore, 1975). Hot sea water, presumably cir-
culating through the sea floor near the mid-ocean 
ridge, resulted in low-grade metamorphism and the 
development of the minerals chlorite and pumpelly-
ite. These minerals give the basalt a dark green color 
and hence its common name, greenstone. Most pil-
low basalt in the Point Bonita block contains gas 
vesicles and many of these voids have been infilled 
with quartz, including a semi-translucent orange 
chalcedony known as carnelian (Figure 18).  

Pods of red chert, altered to jasper, are present be-
tween some pillows (Figure 19). Locally, in the Marin 
Headlands terrane, inter-pillow limestone pods also 

are found, indicating that the seafloor was above 
calcium carbonate compensation depth (CCD – to-
day around 4 km) for at least a short time after 
forming. The occurrence of these relatively slowly-
deposited sedimentary rocks indicates periods of 
volcanic quiescence between pillow lava flows.  

The red-looking growth covering the basalt by the 
tunnel entrance is Trentepohlia, a filamentous green 
algae. Feral cabbage, escaped from the lighthouse 
keeper’s garden, is a common plant here, as well as 
a many native species, such as cobweb thistle and 
paintbrush.  

Figure 17. Classic exposure of pillow basalt at Point Bonita light-
house.  

Figure 18. Basalt cobbles showing carnelians developed in vesi-
cles (top) and small wave-polished carnelian on Rodeo  Beach. 

Figure 19. Pillow basalt exposure near tunnel entrance with in-
ter pillow jasper deposits suggesting a period of siliceous deposi-
tion between volcanic events.  
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Stop 3 – Rodeo Beach  
 
Clastic Rocks - Conglomerate, Sandstone, Shale  

Marine clastic rocks such as these underlie about 25 
percent of the Marine Headlands terrane. They 
weather deeply and are usually exposed only in the 
coastal bluffs, where they form steep, dangerous 
cliffs. Sandstone is the predominate lithology and is 
mainly a lithic arkose wacke, consisting of a poorly 
sorted mixture of angular plagioclase feldspar, 
quartz, and volcanic rock fragments. The volcanic 
component gives the sandstone its characteristic 
greenish-gray color. This “dirty sandstone” is com-
monly called graywacke, and is typical of submarine 
landslide deposits (turbidites) associated with sub-
duction zones along continental margins.  

The sandstone intervals are composed of beds typi-
cally ranging in thickness from 1-2 m to more the 20 
m. The beds generally show no internal features 
other than graded bedding, although internal lami-
nae or cross-bedding are occasionally present. The 
base of the beds may be pebbly, or have small shale 
and other rock clasts. Beds grade upward to progres-
sively finer sandstone and may be capped by thin 
shale intervals, usually no more than 50 cm in thick-
ness and reflect periods of pelagic deposition be-
tween turbidite events (Figure 20). This grading from 
cobble to pebbles at the base to fine sand and silt at 
the top of beds results from decreasing transport 
energy after a slide event. As the energy decreased, 
smaller and smaller particles drop out of suspension 
and are deposited. Most sandstone beds reflect the 
A, C and D facies of the classic Bouma turbidite se-
quence (Bouma, 1962) with the preservation of the 
pelagic E facies at the tops of some (Wahrhaftig, 
1984).  Locally, carbonized plant material is appar-
ently concentrated at the tops of sandstone beds, 
perhaps floating to the top of the sand slurry follow-
ing a turbidite event. 

Walk west from parking lot across the road.  

The cliff and point to your right are composed of 
continentally-derived graywacke sandstone and 
shale. If the tide permits, you can inspect this unit in 
a small pocket cove just northwest of the beach. The 
sandstone at this location contains some cobbles 

and pebbles and also displays bedding features not 
characteristic of turbidite deposition. Here you can 
see what appears to be hummocky cross-
stratification (Figure 21), a bedding feature indica-
tive of shelf-depth deposition within storm wave 
base but below fair weather wave base (Dott and 
Bourgeois, 1982). These hummock and swale fea-
tures are interpreted to form during periods of wan-
ing wave energy following large storm events.  

Figure 20. Interbedded turbidite sandstone and shale sequence 
exposed at the south end of Baker Beach. Note graded  bedding 
indicating the up direction (to right) on  the tops of these now 
vertical sandstone beds. 

Figure 21. Bedding features reminiscent of hummocky cross-
stratification at north end of Rodeo  Beach. 
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Wright (1974) listed the belemnite Acroteuthis from 
this locality. The apparent occurrence of this is Early 
Cretaceous (Hauterivian) cephalopod is not consis-
tent with the age of the only other fossils known 
from sandstones of the Marin Headlands terrane; 
the mid-Cretaceous (Cenomanian and Albian) am-
monites Mantelliceras found under the north tower 
of the Golden Gate Bridge (Hertlein, 1956), and Dou-
villeiceras mammillatum (Schlocker et al., 1954) 
found near China Beach in San Francisco. The belem-
nite, however, may be reworked from older depos-
its, as is not uncommon for this sturdy-shelled fossil. 
Recent studies using U-Pb dating of detrital zircon to 
date Franciscan sandstones suggest that the rework-
ing of older fossils into younger deposits in the 
trench setting may be a fairly common occurrence 
(Unruh et al., 2007; Dumitru, 2012). 

Proceed up the gated road to the north of the beach 
and then left, up the path to the cliff top.  

From the top of this promontory are excellent views 
of the coast to the north and south. The bluffs in this 
area are all composed of graywacke sandstone. The 
deep cove just to the north cuts into an area of less 
resistant, more-shaley turbidite beds. To the south 
and east, Rodeo Cove and Rodeo Lagoon are visible. 
No other West Coast beaches have the composition 
or coarse grain size of the beach in Rodeo Cove. The 
beach is composed predominately of rounded red 
and green chert and lesser amounts of mafic 
volcanic rock fragments that fall mostly in the 1-4 
mm grain size range (Wakeley, 1970). In addition to 
the brightly colored chert pebbles, the beach 
contains carnelians that formed in the vesicles of the 
nearby pillow basalts.  

Rodeo lagoon fills a valley drowned by recent sea 
level rise following the last glacial period. The lagoon 
is developed behind a barrier bar formed by the 
beach. During winter storms, ocean water may over-
top the bar during storm tides and high seas, form-
ing landward dipping washover fans (Figure 22). In 
addition, rains may increase freshwater flow into the 
lagoon causing overtopping and erosion from the 
landward side (Hill, 1970). The barrier beach reforms 
during summer dry season conditions, when the 
coastal beaches build up and out. At this time the 

lagoon increases in salinity due to evaporation and 
little freshwater inflow.  

As sea level rises with global warming, the fate of 
the barrier beach and lagoon are in question. The 
balance of sediment supply and transport needed to 
replenish the beach to keep pace with sea level rise 
and increased wave and storm intensity is unknown. 
Perhaps the barrier beach will simply move land-
ward, or it may be overtopped and disappear alto-
gether? 

Walk back to cars at Rodeo Beach parking lot and 
drive to Stop 4 at Story Road and Lincoln Boulevard 
in the Presidio. 

 

Driving directions:  
 
Mi. 0.0 - Proceed ahead on Bunker Road 
Mi. 2.5 - Turn on to McCullough Road 

Mi. 3.3 - Turn left onto Conzelman Road 

Mi. 4.5 - Entrance ramp to 101 South toward GG 
Bridge 

Mi. 6.4 - Stay in far right lane, immediately after toll 
booth, turn right on Merchant Road 

Mi. 6.7 - Turn right on Lincoln Boulevard 

Mi. 6.8 - Turn right into Langdon Court parking area 

Figure 22. Large storms coupled with high tides and large waves 
lead to washover of the barrier beach at Rodeo. These events 
are likely to become more common with  sea level rise. 
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Stop 4 – Serpentinite Bluffs 

Serpentinite is associated with the mélange blocks of 
the Central terrane north of the Marine Headlands 
terrane in Marin County, and is also excellently ex-
posed here in the Hunters Point mélange zone in the 
Presidio (Figures 3, 5, 23). Highly fractured serpen-
tinite rocks and associated mélange form hills with 
broad crests and abundant seeps, slumps, and land-
slides (Figure 24). Soils form slowly over serpentinite 
and disturbed areas may be barren for extended pe-
riods before vegetation develops. The bluffs in the 
Presidio provide spectacular serpentinite exposures 
that also exhibit these characteristic features of this 
rock type (Figure 25). 

Figure 24. Diagram of  serpentinite bluff at Presidio showing 
serpentinite blocks and clay-rich faulted zones that form barri-
ers to groundwater along which seeps and slides can form. 

Figure 23. Geologic map of coastal bluffs in the Presidio 
showing major geologic units, location of field trip stops, 
and locations at stops referred to in text (modified from 
Wahrhaftig, 1984b; Schlocker, 1974). 

Figure 25. Serpentinite bluffs at the Presidio  show characteristic 
landslides and seeps along them. 
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Serpentinites are rocks composed of the serpentine-
group minerals, chrysotile (asbestos), lizardite, and 
antigorite. These minerals impart a characteristic 
blue-green color to the serpentinite blocks and the 
sheared clay zones surrounding them. In outcrop, 
massive rounded serpentinite blocks, typically 1 to 2 
m in diameter, are surrounded by a matrix of 
sheared, flaky serpentine, called slickentite.  The 
massive blocks may show relict porphyritic textures 
(bastite replacements of pyroxene) of deep oceanic 
crust and mantle rocks (dunite and harzburgite). 
Other blocks may contain a lacy network of 1-5 mm 
thick network of asbestos veins (Figure 26). 

The serpentinites of the Franciscan Complex in the 
San Francisco area are fragments of deep oceanic 
crust and mantle that were accreted to the active 
continental margin rather than being subducted un-
der it (Coleman, 1989). Hydrothermal activity in the 
subduction zone has hydrated and completely al-
tered the mineralogy of these mafic and ultramafic 
crust and mantle rocks to serpentinite, reducing 
their density and making them more plastic. Blake 
et al. (2000) proposed that serpentinites in the Fran-
ciscan Complex are derived from the Coast Range 
ophiolite. In this scenario, the serpentinite blocks 
were interleaved into the Franciscan Complex dur-
ing accretion and subsequent deformation of the 
Franciscan terranes, incorporating both 
high-grade serpentinite bodies from 
the base of the ophiolite and low grade 
serpentinite formed higher in the 
ocean crust. Alternatively, some intact 
ophiolite blocks, such as in San Fran-
cisco at Potrero Hill and the Presidio 
may have been scraped off the sub-
ducting plate as tectonic sheets 
(Coleman, 2000). Extensive faulting, 
and possibly, upward diapiric move-
ment of these relatively light rocks, has 
led to their ascent to the earth’s sur-
face.  

Serpentinite is depleted in the impor-
tant plant nutrients potassium and cal-
cium. This rock also contains high lev-
els of magnesium, nickel and chro-
mium that are potentially toxic to 
plants. Therefore, plants living on ser-

pentine soils are specially adapted to these unusual 
chemical conditions, and serpentine areas can often 
me mapped based the abrupt vegetation change 
that occurs at their boundaries. Serpentinite out-
crops in California and throughout the world are 
known to be home a high concentrations of endemic 
plant species, many of which are rare or endangered 
(Kruckenberg, 1984; Anacker et al., 2010). Some spe-
cies are confined to just one or a few outcrop areas. 
Nine of the fifteen rare plants found at the Presidio 
grow on serpentinite (Figure 27), including the  

Figure 26. Lacy network of chrysotile (asbestos) on serpentinite  
boulder on beach. 

Figure 27. Rare and endangered plants living on serpentine soils and dunes of 
the Presidio. 1) Presidio clarkia (Clarkia franciscana), serpentine soils; 2) Dune 
gilia (Gilia capitata), dunes; 3) San Francisco wallflower (Erysimum francis-
canum), serpentine and dunes; 4) San Francisco lessingia (Lessingia ger-
manorum), dunes; 5) Raven’s manzanita (Arctostaphylos hookerii ssp. ravenii), 
serpentine soils; 6) Franciscan thistle (Cirsium andrewsii), serpentine seeps. 



14 

 

federally endangered Presidio clarkia, and the Fran-
ciscan and Raven’s manzanita, both of which are 
represented by a single plant. 

From the Langdon Court parking area walk south to 
Batteries to Bluffs trailhead and down the trail.  

This trail has 280 steps taking it down to the beach 
where we will examine serpentinite and mélange 
outcrops. This is a clothing optional public beach 
that provides excellent exposures of all kinds.  

Spectacular exposures of serpentinite can be seen in 
the large landslide headwall as the trail descends the 
bluff (Figure 23, stop 1). Near the low point in the 
trail is a long set of steps at the bottom of which 
there is a low bridge where a spur trail takes off to 
the beach (Figure 23, stop 2). This bridge spans a 
wetlands area that is fed year-round by serpentine 
seeps. Low-temperature hydrothermal alteration in 
serpentinite produces a water chemistry that is 
highly alkaline and enriched in calcium (Cardace and 
Hoehler, 2011). Some plants, such as Franciscan this-
tle in the Presidio (Figure 27), have adapted to these 
in serpentine springs and only grow in the seep ar-
eas. Bacterial mats can be seen below the seeps and 
may contribute to calc -silicate and hydrated manga-
nese mineralization found in these areas.  

Take the trail down to the beach.  

The promontory where the trail meets the beach is 
composed of graywacke sandstone that is in fault 
contact with a large, coherent block of serpentinite 
in the Hunters Point mélange zone to the north
(Figure 23, stop 3). To the south, a less coherent mé-
lange zone is developed just to the north of where 
the Marin Headlands terrane comes onshore in San 
Francisco (Figure 23).  Along the beach just north of 
the promontory, the bluff is composed of green ser-
pentine clay that appears to be slowly oozing onto 
the beach. The clay contains popcorn-like balls of 
hydromagnesite (Figure 28).  Blocks of reddish sand-
stone entrained in the clay matrix are pieces of 
Colma Formation that have fallen from the top of 
the landslide scarp and flowed down to the beach.  

If the tide permits, continue south to the large ribbon 
chert outcrop at the end of the beach.  

The chert block and the large sandstone block to its 
south are pieces of the Marin Headlands terrane at 
the northern boundary of that terrane on the San 
Francisco Peninsula(Figure 23, stop 4). The only pil-
low basalt in the Presidio is present in blocks found 
on the beach here as well. 

Head back up the trail to the cars at the Langden 
Court parking lot.  

On the way up the bluffs observe the large rocks 
that extend into the water at the north end of the 
beach. These are high-grade metamorphic rocks 
composed of amphibolites (Figure 29). Locally they 

Figure 28.  Hydromagnesite nodules in clay at beach. 

Figure 29. Amphibolite grade metamorphic block. On beach. 
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are garnet-bearing and have textures suggestive of 
partial melting indicative of high-temperature 
metamorphism (Wakabayashi, 1999). High-grade 
metamorphic blocks of the Franciscan Complex all 
date to about 160 million years old, but the Hunters 
Point mélange zone is probably not older than about 
100 million years, based on the age of the Marin 
Headlands terrane to its west (Wakabayashi, 1999). 

Time providing, proceed from Langdon Court to Stop 
5 at the north end of the Baker Beach parking lot. 

 

Stop 5 – Baker Beach (optional) 
 
From the north end of the north parking lot, walk 
north through Battery Chamberlin and up the beach 
to the exposures at the north end. 
 
Battery Chamberlin is a coastal defense gun 
emplacement built in 1904. It contains the last 
“operational” six-inch diameter disappearing rifle on 
the West Coast. Walk north to the exposures at the 
end of the beach. This is another clothing optional 
beach. 
 
The bluffs forming the north end of Baker Beach 
provide an excellent opportunity to observe sandy 
turbidite deposits of the Marin Headlands terrane 
close at hand, but our objective here is to look at 
the Pleistocene Colma Formation and the overlying 
Holocene dunes (Figure 23, stop 5). The tan bluffs 
just south of the massive sandstone at the north 
end of the beach are composed of poorly-
consolidated silts and sands of the Colma 
Formation that are dipping about 20 degrees 
south. The Colma weathers to form badlands 
topography in this area (Figure 30). Low angle or 
planer laminations are evident in the basal Colma 
exposed on the beach, and suggest a beach 
foreshore or backshore environment. The overlying 
finer-grained rocks may represent lagoonal 
deposits. The Colma Formation has been mapped 
above Franciscan rocks around the San Francisco 
Peninsula and on Angel Island (Schlocker, 1974). 
This unit is likely to represent a variety of 
environments developed in relatively small, sepa-
rate or loosely interconnected depositional basins  
in the period from the last interglacial highstand 

(ca. 125ka) to the last glacial maximum (ca. 20ka).    
The top of the Colma Formation is marked by a 
prominent gray soil horizon that is overlain by 
Holocene sand dunes. The sand in these dunes accu-
mulated as the glaciers waned at the end of the ice 
age and the shore to the west advanced eastward 
across a wide coastal plain that existed between the 
Farallon Islands and the present shore (Figure 31). 

Figure 31. Shoreline position during sea level s relative to present 

following last glacial maximum. (modified from an unpublished 

map based on data of Ken Lajoie, U.S. Geological Survey). 

Figure 30.  Colma Formation at the north end of Baker Beach. 
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High-angle cross beds indicative of sand dune 
deposits are visible in ravines along the cliff base 
(Figure 32). The dunes in the Presidio form a small 
part of what was once one of the largest dune fields 
on the west coast. These dunes provide a glimpse 
into what the northern San Francisco peninsula 
looked like before becoming urbanized (Figure 33). 
These dunes are some of the least impacted in the 
city, providing critical habitat for rare plants like 
dune gilia and San Francisco lessengia (Figure 27). 
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