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Getting to the Starting Location

This road log begins at the California State Department of Transportation (Caltrans) rest
stop located on the west side of California State Highway 1, south of the town of Aptos;
and ends immediately south of Lucia located in the south central Big Coast region of
Central California. The total distance is approximately 88.5 miles along Highway.

The Caltrans rest stop is approximately 2.0 miles south on Highway 1 from the
intersection of Highway 1 and San Andreas Road. The rest stop, located on the west side
of Highway 1, is accessed by an off ramp near the crest of a long, low angle uphill grade.

Be alert for the off ramp to the rest stop. If you drive past the off ramp,
you must drive 7.5 additional miles to return to the starting location.

If you drive past the rest stop continue to the next off ramp, which is 1.8 miles south of
the rest stop. You will drive over a divide and descend into the next drainage. At the
bottom of the first descending grade is the intersection of Highway 1 and Buena Vista
Drive. Exit at Buena Vista Drive, get back on Highway 1 going north, and return to the
San Andreas Road off ramp. Exit Highway 1 at San Andreas Road, and go south (again)
toward the rest stop.
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Road Log Mileage

The road is log is a concatenation of the trip leaders individual efforts to identify
important and noteworthy locations between the Highway 1 rest stop south of San
Andreas Road near Aptos, and the area immediately south of Lucia along the Big Sur
Coast. The log lists the following:

» Rod log mileage beginning at the Highway 1 rest stop.

» Geographic points of reference to most road log locations.

» Descriptive text for most road log locations.

» The leader with expertise concerning a given road log location.

Note the following about the road log:

» Locations in the road log are listed in geographic order in a southerly direction from
the Highway 1 rest stop.

» Locations lacking mileage were approximated from local knowledge, maps, and
interpolation to adjacent stops with known mileage.

» The road log contains two sets of mileage logs. The first set begins at the
Highway 1 rest stop and ends approximately 35 miles south at Rio Road,
located at the south end of the City of Carmel. The second begins at Rio
Road and ends approximately 54 miles south near Lucia on the central
Big Sur coast.

The best method for following the road log is to zero the odometer of your vehicle at Rio
Road. In lieu of zeroing the odometer, knowledge of local geography and a road map
should allow you to locate many stops in the road log, and begin registering mileage to
other stops from that location.

Roadcuts along the Big Sur coast are very steep and falling rocks are
common. The curves of Highway 1 are extremely sharp and mostly
blind. Turnouts are too small, and there is little or no shoulder.

So... be extremely careful crossing the roadway. Do not stand in the
roadway, and do not scatter rocks on the pavement!
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Mileage

Location

Description

Leader

(0.0)

Rest stop on
California
State Highway
One.

Approximately 2.0 miles south of the San
Andreas Road off ramp of Highway One.

Monterey Bay and Monterey Canyon,
one of the largest submarine canyons
along the contiguous U.S. is located here
and cuts deeply into the granitic rocks of
the Salinian Block. It is about 15-21 my
old and originated a considerable
distance to the south, in the general
location of Santa Barbara. This canyon
has been moved to its present location by
transform motion along the San Andreas
fault system.

See:

* Page Structure-4, figure 2.

* Page Structure-1, Regional Tectonics
and Structural Evolution Offshore
Monterey Bay Region, by H. Gary
Greene.

* Page Structure-2, Fluid Flow in

Offshore Monterey Bay Region, by H.
Gary Greene and others.

G. Greene

From this vantage point the Pajaro
Groundwater Basin is to the south and
Soquel-Aptos Groundwater Basin is to
the north. The Pajaro is a 120-mi” aquifer
system mostly in the unconsolidated
Aromas Formation and younger deposits.
Pumping of nearly 70K ac-ft/yr results in
overdraft of roughly 20K ac-ft/yr, a
portion of which is made up by sea water
intrusion. The Pajaro Valley Water
Management Agency is attempting to
increase recharge and import water.

See:

* Page Hydrogeology-9, figure 1.
* Page Hydrogeology-10, figure 2.

N.
Johnson
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Location

Description

Leader

The Soquel-Aptos aquifers are mainly
confined within the consolidated
Purisima Formation. Although one model
estimates the fresh-salt water interface is
offshore, and yet to reach eustatic
equilibrium following the Pleistocene,
some indications of intrusion are
apparent. The Parajo Valley Water
Management Agency vacillates between
stating it has a surplus to share, and a
posture of being cautiously ‘concerned’.

Before continuing, we will discuss the
upcoming drive over the next three
groundwater areas to the south.

See:

* Page Hydrogeology-2, Hydrogeology of
Coastal Watersheds: Southern Santa
Cruz and Northern Monterey Counties,
by N. Johnson.

* Page Hydrogeology-11, figure 3.

Streams originating on the Aromas
formation have a distinctive hydrology.
Mean annual runoff averages from near
zero to about 8 to 10 percent of mean
annual precipitation at the watershed
scale, compared with 25 to 40 percent in
the Santa Cruz Mountains streams with
watershed development in crystalline
rocks or consolidated sediments. This
may be attributed primarily to higher
rates of infiltration through the sandy
soils and sediments of the Aromas
formation and younger terrace deposits.
Note that significant runoff occurs in
perhaps only 10 to 15 percent of all years
from the sandy waters, and 60 to 80
percent of all years from most other
Santa Cruz Mountains catchments. This
affects not only the recharge regime of
the Pajaro and adjoining valleys, but also
land use, water rights, and habitat values
along the streams draining the sandy
watersheds.

Lower rates of runoff translate to higher
rates of annual recharge in this region,

B. Hecht
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Location
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which receives significant rainfall,
averaging between 18 and 32 inches.
Higher rates of recharge through the sand
hills on either side of the Pajaro Valley
have been instrumental in minimizing
water-quality constraints to ground-water
use in this region despite a large and
persistent overdraft. This recharge
reduces concentrations of low dissolved
solids, boron, and nitrate, which none the
less approach or exceed regulatory action
levels.

At the site level, recharge and runoff
rates within the sandy watersheds vary
considerably, depending upon the
textural facies within the Aromas
Formation. As such, a fundamental
aspect of useful geologic or
hydrogeologic practice in these areas is
recognition of local textural facies.

See:

* Page 93, figure 3-4—Primary and
channel recharge areas in the Pajaro
Valley.

* Page 94, figure 3-5—Rainfall and
Annual Runoff Recurrence Curves for
Streams in the Pajaro Valley and Nearby
Areas.

(6.1to 11
miles)

Pajaro River to
Moss
Landing—The
‘Springfield
Terrace’

The Springfiled Terrace is ‘officially’
designated as part of the Pajaro Basin,
however it is essentially cutoff from
inland recharge by Elkhorn Slough that
curves behind it to the east. Few practical
measures for augmenting water supply
exist. Although artichokes are salt
tolerant, intrusion may someday make
agriculture unviable.

(11to 18
miles)

Moss Landing
to immediately
south of the
Salinas River
(17.1 miles)—
The Salinas
Groundwater

As we cross the mouth of the 470-mi’
Salinas Groundwater Basin, imagine how
seawater intrusion in the shallow 180-ft
aquifer has extended nearly 7 mi. inland
toward Salinas, encompassing 30 mi’
(nearly 3 mi. inland and a 15 mi’ area in
the 400-ft aquifer). Although solutions

N.
Johnson
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Mileage Location Description Leader
Basin have been elusive for greater than 60
years, improved conjunctive use of river
and reclaimed water may be at hand.
See:
* Page Hydrogeology-13, figure 5.
* Page Hydrogeology-14, figure 6.
* Page Hydrogeology-15, figure 7.
* Page Hydrogeology-16, figure 8.
(18 to 28 Salinas R. to Cleanup of contaminated groundwater
miles) Monterey— continues at the Army’s former Fort Ord
Marina/Fort military base. Pilot measures to augment
Ord and limited local water supplies include
Seaside Basin desalination of seawater pumped from
wells located on the beach, and aquifer
storage and recovery (ASR) of wet
season flows diverted from the Carmel
River and transported in a pipeline to the
aquifer beneath the former base. ASR is
essentially a groundwater injection
endeavor to replenish depleted
groundwater bodies.
(35.0 Rio Road, ZERO YOUR ODOMETER!!!
miles) south end of | ROAD LOG MILEAGE IS
0.0 miles cl Y 01 RECALIBRATED AT RIO ROAD,
Carmel_ LOCATED AT THE SOUTH END OF
arme THE CITY OF CARMEL.
River/Carmel
Valley
An upthrown block of granite partially N.
blocks the 7-mi’ Carmel Groundwater Johnson
Basin from seawater intrusion. However,
conflicting water demands, and
environmental and legal issues have
paralyzed efforts to optimize the
conjunctive use of its surface and ground
water resources.
Monastery At this location one of several heads of G. Greene
Beach/ San the Carmel Canyon forms the beach. The
Jose Creek canyon cuts the Cretaceous granodiorite

porphyry of the Monterey Mass. Two
other heads of the canyon are located
offshore, one in Stillwater Cove and the
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other off Point Lobos Reserve. The
canyon head off Point Lobos Reserve is
fault controlled by the Carmel Canyon
fault segment of the Palo Colorado-San
Gregorio fault zone.

0.2 miles

Closed-cone Coniferous Forest
dominated by Monterey pine (Pinus
radiata) begins on the inland side of
road. Monterey pine is considered rare
and endangered by the California Native
Plant Society (CNPS) and is a Federal
Species of Concern. Monterey pine,
which occurs in three small mainland
populations in California, is hugely
planted in Mediterranean climates world-
wide. However, the species is presently
beset with pitch canker, a fatal disease
which arborists claim will kill >80% of
all trees within 25 years.

See:

* Page Botany 2, California’s Native
Monterey Pine Forest: Can It Be Saved,
by M. Matthews and N. NedeffPage

* Botany 13, Pitch Canker and Its
Potential Impacts on Monterey Pine

Forests in California, by T.R. Gordon
and others.

J. Norman

0.9 miles

Immediately
south of San
Jose Creek and
Beach.

Southernmost range limit for long-
petaled iris (Iris longipetala), in Coastal
Prairie habitat east of road.

J. Norman

1.6 miles

Big pullout
with view of
Point Lobos.

Location of one of two naturally-
occurring populations of Monterey
cypress (Cupressus macrocarpa). The
other population is across Carmel Bay at
Pebble Beach. Monterey cypresses were
much more widespread until sea level
began rising at the close of the
Pleistocene. Their distribution was
likewise restricted by the advent of
wildfires, to which Monterey pines are
better adapted.

J. Norman

2.2 miles

Point Lobos

Mid-Cretaceous porphyritic Santa Lucia

G. Ernst
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NO STOP

granodiorite of the Monterey Peninsula.
Rock contains enormous euhedral K-
feldspar tablets. It appears to be similar to
the Cathedral Peak quartz monzonite of
Yosemite Park and Sonora Pass; but of
course, is not related. It is overlain along
a buttress unconformity by gravels and
sandstones of the Eocene Carmello
Formation.

2.6 miles

Gibson Creek

Middle reaches of this drainage support
the rare Gowen cypress (Cupressus
goveniana ssp. Goveniana) growing with
rare Central Maritime Chaparral plant
community on podsolized sandy soils
similar to those at the S.F.B. Morse
Botanical Reserve in Pebble Beach
(called “Evolution Hill” by Ledyard
Stebbins). Gowen cypress grows only in
two locations, both inland from the two
sole stations for Monterey cypress.

See:

* Page Botany 18—The Santa Lucia
Mountains: Diversity, endemism, and
Austere Beauty, by D. Rogers.

J. Norman

4.7 miles

Malpaso Creek

Immediately south of the bridge is where
the main occurrence of the Monterey
Pine Forest in Monterey County ends.
South of this location are two or three
sites where small groves of a few trees
have been mapped. Although their native
status is questionable. Monterey Pine
Forest commences again just north of
Cambria in San Luis Obispo County.
Southernmost range limit of Hooker’s
manzanita (Arctostaphylos hookeri ssp.
Hookeri) which occurs at the edge of the
pine forest at this location. Hooker’s
manzanita is listed by the CNPS as
endangered.

J. Norman

5.5 miles

Garrapata
Creek

The Palo Colorado-San Gregorio fault
zone comes ashore at this location. Just
below the stairs a good fault contact
between folded Cretaceous sandstone and
granitic rocks can be seen.

G. Greene
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Approximately 2 km of faulted and
sheared rocks is exposed in the cliffs.
This fault zone is the western margin of
the granitic Salinian Block.

A shallow well beside Garrapata Creek V4
mile from the coast supplies about 30
nearby homes. The California
Department of Fish and Game and the
State Water Resources Control Board
recently contested its use. The main
question posited by these State agencies
was: Does the well tap a “subterranean
stream’ or does its yield, like the creek,
derive from groundwater migrating
across the watershed from areas of
rainfall recharge?

See:

* Page Hydrogeology 19—Source
Evaluation of Groundwater Extracted
from Garrapata Water Company Wells,
by N. Johnson.

N.
Johnson

7.4 miles

Immediately
south of
Soberanes
Point.

Central Maritime Chaparral growing on
the inland side of the road. The chaparral
is surrounded by more recently
colonized, and more aggressive, Coastal
Sage Scrub. The Central Maritime
Chaparral is growing on granitic soil, and
has been reduced to a single component
taxon—chamise (Adenostoma
fasciculatum). The presence of a single
taxon is probably due to thinning of soil
as sandy material has eroded away. The
process may have been accelerated by
fire.

J. Norman

9. 7 miles

Garrapata
Beach

Big pullout at the north side of the
Garrapata Creek bridge. On the east side
of road the Central Maritime Chaparral
on sandy soil supports endemic Carmel
creeper (Ceanothus griseus var
horizontalis), and is the northernmost
range of the Little Sur manzanita
(Arctostaphylos edmundsii), a Federal
Species of Concern and CNPS List 1B
species (rare and endangered). Also

J. Norman
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present is seacliff buckwheat (Eriogonum
parvifolium), host foodplant of the
Federally-listed Endangered Smith’s blue
butterfly (Euphilotes enoptes smithz).

This location is a documented station for
the butterfly.
10.7 miles | Rocky Point NE-dipping Upper Cretaceous, brown G. Ernst
weathering Great Valley coarse
Eﬁfr(s);l.lth of sandstone, shale, and siltstone. Well-
bedded clastic sedimentary strata derived
from the Klamath-Sierran arc plutonic-
volcanic arc.
11.0 miles | Immediately Coastal grassland is being overrun by J. Norman
south of Rocky | French broom (Genista monspessulana)
Point an invasive exotic shrub. The owner-
Restaurant. rancher of the fields south toward Palo
Colorado Canyon has used herbicide to
reduce French broom.
Hurricane A long coast vista allows observation of G. Ernst
Point the steep tectonically uplifted and faulted G. Greene
NO STOP seaward margin of the Santa Lucia
Range. Roof pendants of Jurassic
limestone are visible on the slope to the
east and the tombolo at Point Sur can be
seen to the south.
Mouth of the Erosion and sedimentation following the | B. Hecht
Little Sur Marble-Cone fire of 1977 left deposits of
River sand several inches to 1.5 feet thick on

the floodplain throughout the alluvial
lower segments of the Little Sur River.
The lagoon was largely, but not
completely, sedimented because tidal and
storm-wave action kept a vestigial lagoon
functional. This lagoon has been studied
extensively by Dr. Jerry Smith of San
Jose State University. Dr. Smith has
noted very high rates of Steelhead
productivity in this lagoon, where some
fish grow at rates sufficient for them to
go so sea during their first late spring or
early fall after hatching, rather than the
second year which is typical for stream
reared steelhead. The lagoon is
considered very important not only as
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refuge during droughts and post-fire
sedimentation episodes, but also as a
locus of year-class diversification. This
diversification minimizes the risk of
complete brood-year loss and helps to
stabilize the population of steelhead.

See:

* Page Geomorphology and Hydrology 2

* Page Hydrogeology 2—Marble Cone
Fire—Effect on Erosion, by G. Cleveland.

* Page Hydrogeology 55—The Marble—
Cone Fire Ten Months Latter, by J.
Giffith.

12.7 miles

North side of
Rocky Creek.

Central Maritime Chaparral located
above highway, growing in granitic soil.
It is being slowly swallowed from below
by Coastal Sage Scrub (of a lighter, gray-
green color). Higher up at an elevation of
about 1,300’ above MSL, where sandy
soil persists, is a greater species
composition of Central Maritime
Chaparral, including the southern range
limit for the federally listed endangered
Yadon’s rein-orchid (Piperia yadonii).

See:

* Page Botany 27—California’s Coastal
Sage Scrub, by S. DeSimone.

J. Norman

12. 8 miles

Roadside
turnout

Dark gray, coarse-grained, biotite-rich
charnockitic tonalite; original pyroxene is
now completely pseudomorphed by
uralitic amphibole. The tonalite contains
even darker, medium-grained inclusions
or metadikes (chiefly biotite + quartz +
plagioclase). Float blocks of very coarse,
dead white marble suggest proximity to
Paleozoic platform sedimentary rocks of
the Sur Series (Coast Ridge Belt).
Presumably, the tonalite intruded the
carbonate strata, then both were
metamorphosed.

G. Ernst

13.4 miles

Bixby Canyon
and bridge.

On the east side of road, Central
Maritime Chaparral is losing the battle
with Cape ivy (Delairea odorata), an

J. Norman
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invasive exotic from South Africa. In the
Riparian Woodland of Bixby Creek,
Cape ivy has extirpated the southernmost
range limit of the CNPS Iisted rare and
endangered plant, maple-leaved sidalcea
(Sidalcea malachroides), extant until
about 1980. Southern range limit for
California rose-bay (Rhododendron
macrophyllum) is in this drainage,
associated with Central Maritime
Chaparral and Redwood Forest.

14.3 miles

Roadside
turnout

Light-colored graphitic marbles of the
Sur Series (Coast Ridge Belt), striking
NS, dipping about 60°E. Associated
metasedimentary rocks (pelitic schists,
slates?) can be seen down the cliff along
beach. South end of outcrop looks like a
poorly exposed Great Valley arkosic
sandstone layer (buttress or angular
unconformity?). In places, looks like
massive, saccroidal granite, but contains
subangular to moderately rounded grains,
and lacks phenocrysts. Nice big pullout.

G. Ernst

14. 6 miles

Pullout at
Hurricane
Point

Growing in Northern Coastal
Scrub/Coastal Bluff Scrub at the edge of
the pavement are specimens of
Hutchinson’s larkspur (Delphinium
hutchinsoniae) in bloom on east side of
road on 23 April 2000. This plant is a
Monterey County endemic, and a federal
Species of Concern, and a CNPS List IB
(rare and endangered).

J. Norman

15.0 miles

NO STOP

Conglomeratic Upper Cretaceous Great
Valley sandstone on east side.

G. Ernst

17. 0 miles

NO STOP

Sand dunes on east. Material derived
from the abundant nearby granitoids (and
Great Valley sediments). Cross from
Salinia to Nacimiento block.

G. Ernst

17. 2miles

Dunes south of
Little Sur
River.

At this location “trees similar to present-
day Monterey Pine, Bishop Pine (Pinus
muricata) and Gowen Cypress grew
together 10,000 years ago.” James R.
Griffin, “What’s So Special About

J. Norman
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Huckleberry Hill on the Monterey
Peninsula?” California Native Plant

Society Newsletter (pre-Fremontia), Vol.

8 No.2, July 1972.

18.0 miles

NO STOP

To the distant west is a tombolo with a
perched lighthouse atop Point Sur. The
bedrock is a large knob of Franciscan
greenstone.

G. Ernst

18. 6 miles

Pullout
opposite Point
Sur.

Great Central Maritime Chaparral on
greenstone at “The Rock.” Lots of Little
Sur manzanita.

J. Norman

Point Sur

Point Sur is a rock, former sea stack, of
more resistant Franciscan Formation that
is attached to the mainland by a tombolo.
Note the extensive sand dune
development here indicating a southward
transport of sediment along a very windy
part of the California coast.

G. Ernst

21. 0 miles

North
boundary of
Andrew
Molera State
Park.

The private El Sur Ranch grazes cattle, a
practice that began with a Mexican land
grant in 1834. The south half of the land
grant became a state park in 1971, at
which time cattle were removed. The
ensuing regrowth of Northern Coastal
Scrub dominated by coyote brush
(Baccharis pilularis) on state lands is
dramatic and demarcates the boundary
between the present and former locations
of grazing.

J. Norman

21.3 miles

Andrew
Molera State
Park

Entrance to Andrew Molera State Park is
on west side of Highway One. Directly
opposite on the east side is the southern
entrance to the old Coast Road, a
beautiful 10.4 mi-long gravel road drive
through bucollic alpine meadows and
valley redwood groves. Serpentinite is
exposed at 1.4 mi, but exposures of
Salinian block granitoids and
metamorphics to north are intensely
weathered. This is an optional route on
return north.

G. Ernst
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Mouth of the Big Sur River contains a N.
relatively undeveloped alluvial aquifer Johnson
that may be of adequate volume and
sufficient quality to be considered a
resource.

21.8 miles | Old Coast Granitic, metamorphic, and sedimentary B. Hecht
Road rocks are exposed along the road. These
(alternative rocks types impart varying major ion
return route) signatures to ground water and late
summer baseflows emanating from
ground water.
Big Sur River Aggradation of the Big Sur River B. Hecht
streamflow following the Marble-Cone fire was so
gage large and rapid at this gage that it

overwhelmed the ability of USGS WRD
staff to maintain the gage. USGS reports
that the peak flow for the 1978 water year
occurred on January 9, 1978. Yet, very
little or no rainfall was reported for this
date, or for the previous week, at all six
rain gages which were operating in this
watershed or on the ridges at its edges.
Much larger storms occurred during the
Christmas week, later in January, in mid-
February and early March. Each of these
storms produced records of large storm
crests at other gages in the region. I
believe that the reported high flows for
the day represent aggradation at the
gaging station from sediment delivered
from the burnt hill slopes to the channel
during the late December storms.
Floodflows during the following week
likely initiated the post-event
downcutting cycle, as they did in the
Carmel watershed to the east (See page
149, figure 2.). Because most gages are
maintained approximately monthly,
USGS-WRD staff may not have been
aware of the sand ‘wave’ which passed
through the Big Sur gage leading to
misinterpretation of the water level
record. The report of peak flows on
January 9 is one manifestation of the
rapid rate at which erosion and channel
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sedimentation occur following episodic
events. It also serves as a caution about
the extra care warranted in the use of
gaging records collected during bed
sedimenting episodes. In such cases,
hydrologists should probably turn to the
primary data, such as instrument read-out
and the observers’ log of conditions and
measurements made at the station.

Big Sur River
watershed

Discussion of the finding of research
from the Marble Cone fire of 1977.
Discussion of paper South of the Spotted
Owl: Restoration Strategies for Episodic
Channels and Riparian Corridors in
Central California.

See:

* Page Geomorphology and Hydrology
10—South of the Spotted Owl:
Restoration Strategies for Episodic
Channels and Riparian Corridors in
Central California, by B. Hecht.

* Page Geomorphology and Hydrology
62—Sequential Changes in Bed Habitat
Conditions, by B. Hecht.

B. Hecht

21. 5 miles | South end of
Big Sur Valley

The Riparian Woodland of the Big Sur
River. Dominant species are black
cottonwood (Populus balsamifera ssp.
Trichocarpa), white alder (Ainus
rhombifolia), western sycamore
(Platanus racemosa), and arroyo willow
(Salix lasiolepis ).

J. Norman

22.6 miles

Entering the Redwood Forest plant
community, dominated by coast redwood
(Sequoia sempervirens ). This tree
reaches its southernmost range limit in
Monterey County, at Soda Springs Creek
near the south end of the Big Sur Coast,
about 48 miles south of this location.

J. Norman

23.1 miles | High Bridge
Creek

The stream here flows down the top of a
ridge (!) formed by alluvial deposition.

J. Norman
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24.5 miles

Juan Higuera
Creek

See:

* Page Geomorphology and Hydrology
33—Dating and Recurrence Frequency
of Prehistoric Mudflows Near Big Sur,
Monterey County, California, by L.
Jackson.

B. Hecht

24.5 miles

Juan Higuera
Creek

There is a substantial kill-off of tan-oak
(Uthocarpus densiflorus) here, due to the
mysterious “tan-oak disease” (probably a
fungus). Locally, the vast number of dead
tan-oaks become host to three oak beetle
taxa; when these emerge, they infest
other tan-oaks and also coast live oaks
(Quercus agrifolia). They destroy
cambium tissue, and also inoculate their
new hosts with “tan-oak disease.” The
secondary kill-off of coast live oaks is
now becoming epidemic.

J. Norman

25.8 miles

Pfeiffer-Big
Sur State Park

Hills to west of Big Sur State Park
entrance are in the Franciscan Complex,
but are poorly exposed. Typical! Here is
where we camp.

G. Ernst

26.1 miles

Cedar Flat

Named for a volunteer incense cedar
(Calocedrus decurrens) which probably
grew after a seed from high altitude
populations, was deposited during
flooding >100 years ago. The tree fell
during the strong winds and heavy rain of
3 February 1998. John Pfeiffer grew
potatoes here at the turn of the century. It
is now a State Park septic system
leachfield.

J. Norman

26.7 miles

Entrance to
Pfeiffer-Big
Sur State Park

The land that is now the P-BS SP was
acquired from John Pfeiffer by the State
of California in 1933.

A mudslide in 1973, a by-product of
1972 Molera Fire, carried seeds of
Arroyo Seco bushmallow
(Malacothamnus palmeri var.lucianus),
in alluvium originating at high elevations
of Mt. Manuel, to this location. Here they
germinated, and several clonal groups

J. Norman
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persist. Arroyo Seco bushmallow is a
federal Species of Concern, and CNPS
list 1B species (rare and endangered).

27.1 miles

Most tan-oaks in the Post Creek drainage,
which you are now ascending, ) are dead
or dying due to “tan-oak disease.”

J. Norman

28.0 miles

NO STOP

Franciscan graywacke and a greenstone
pod crop out along west side of CA State
Highway 11 near the crest at Post Ranch
Inn (west) and Ventana Inn (east), and
~0.2 mi north of Nepenthe. Beyond, cross
from Nacimiento to Salinia block.

G. Ernst

29.2 miles

Sycamore
Canyon Road

Sycamore Canyon Road, on west side
highway off our route. The southern
range limit for Little Sur manzanita, the
rare Monterey Indian paintbrush
(Castilleja latifolia), bear grass
(Xerophyllum tenax); and the northern
range limit for California peony (Paeonia
californica) are located at the end of the
road to the Pfeiffer Beach area.

J. Norman

29. 1 miles

Roadside
parking

Sheared serpentinite on west, dark
Franciscan shale across road on east.
Good parking.

G. Ernst

29.9 miles

Serpentine plug on west side of highway
supports Coastal Sage Scrub invaded by
French broom. Foothill needlegrass
(Nassella | = Stipa] lepida) also occurs
here.

J. Norman

29.9 miles

CONSTRICTE
D SPACE ON
CURVE FOR
PARKING.

Sur Series marbles and quartzites +
feldspathic gneisses of the Coast Ridge
Belt. Mineralogy includes uralite after
clinopyroxene, red garnet, graphite *rare,
unaltered clinopyroxene.

G. Ernst

30.7 miles

Pull out

Flat-lying Sur Series (Coast Ridge Belt)
marbles, metasiltstones, and quartzites.
Same neoblastic minerals as at stop 29.9
mile.

G. Ernst

31.2 miles

Pull out

Coarse-grained graniodiorite. On the
south is dark, very coarse-grained biotite

G. Ernst

Road Log—18




Mileage

Location

Description

Leader

+ hornblende-bearing, weathered
charnockitic tonalite.

31.5 miles

Parking area

Coarse, dark gray charnockite with
stringers of white alaskite at stop, and in
ravine down near beach. Charnockitic
tonalite contains a large, fine-grained,
plate-like mafic granulite body consisting
chiefly of biotite + hornblende +
plagioclase, representing a wall rock
inclusion or an early, mafic igneous
border phase or relict mafic dike. It is
clearly intruded by dark tonalite and by
even later, pale alaskite. Well-exposed,
banded charnockite crops out southward
to bridge at 32.8 miles.

G. Ernst

31.7 miles

Typical Coastal Sage Scrub growing on
colluvial soil; dominated by California
sagebrush (Artemisia californica) and
black sage (Salvia mellifera). Some nice
virgin’s bower (Clematis lasiantha)
clambering over scrub, in full bloom on
22 April 2000.

J. Norman

32.5 miles

Grimes Point. Dwarf form of California
buckwheat brush
(Eriogonumfasciculatum); could be a
hybrid with seacliff buckwheat (E.
parvifolium ).

J. Norman

32.7 miles

Spanish bayonet, or yucca (Yucca
whipplel) in bloom on inland side of road
is near its northernmost coastal range
limit. Also found at this location along
roadside is the northernmost specimen of
chicory-Heaved stephanomeria
(Stephanomeria cichoriacea).

J. Norman

33.7 miles

South end
Torre Creek
Bridge.

South end Torre Creek bridge.
Location of rediscovery in 1969 of the
‘extinct’ Hutchinson’ s larkspur
(Delphinium hutchinsoniae). The
Coastal Sage Scrub habitat which
supported this plant has been greatly
reduced by French broom incursion,
and Hutchinson’s larkspur can no

J. Norman
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longer be found here. Some 10
locations exist for the taxon.

34.8 miles

Sycamore
Draw

Work to repair landslide here (which
occurred in early 1983) created massive
areas of disturbed soil, which has been
colonized by pampas grass
(Cortaderiajubata), French broom, and
sticky eupatorium (Ageratina
adenophora), which is poisonous to
horses.

J. Norman

36.5 miles

Off road
parking

Traveling through brown, weathered
charnockitic tonalite to the road stop at
commodius off-the-road parking.
Hornblendic charnockite contains felsic
layers and stringers (migmatitic
sweatouts or Cretaceous granitoids?). Sur
Series marble float suggests that the
intrusive contact with the Coast Ridge
Belt is nearby.

G. Ernst

36.7 miles

Julia Pfeiffer
Burns State
Park

Lunch and rest stop. If you take the ocean
trail from the parking lot to observe a
seacliff waterfall, note the exposure of
Miocene Monterey Formation
porcellanite.

G. Ernst

37.8 miles

Julia Pfeiffer
Burns Slide of
1983 (AKA
‘Big Slide’).

Millions of yards moved from here by
Caltrans, 1983-84. Sidecasting ruined the
nearshore, subtidal Julia Pfeiffer Burns
Underwater Park and Area of Special
Biological Significance. Uncompacted
fill continues to erode and the highway is
nearly undercut here at present.

J. Norman

37.9 miles

NO STOP

Coarse conglomerate of the Great Valley
Series on the east side of road. Mostly
granitic closets, this unit is probably
proximal to the Salinian granite source
terrane.

G. Ernst

39.8 miles

Burns Creek

Type locality of Smith’s blue butterfly.
The butterfly’s habitat at this location
was greatly disturbed by recent bridge
rebuilding which required replanting of

J. Norman
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the buttetfly’s host foodplant as
mitigation for the construction.
40.1 miles | Pull out Fantastic exposure of heavy G. Ernst
conglomerate of the Great Valley Series.
Locally, the conglomerate appears to be
transected by medium-grained, cm-thick
alaskite stringers. Really???
40.5 miles | Buck Creek Northernmost range limit for wishbone J. Norman
bush (Mirabilis californica) in middle
reaches of this drainage.
40.9 miles | NO STOP Cross from Salinia to Nacimiento block. G. Ernst
(approx.)
41.2 miles | Hot Springs Blue gum trees (Eucalyptus globulus) J. Norman
Creek, Eslan planted here to support overwintering
Institute masses of Monarch butterfly (Danaus
plexippus).
41.9 miles | Lime Creek, Elizabeth Livermore planted Torrey pines | J. Norman
John Little (Pinus torreyana) at this location,
State Reserve probably in the late 1920s or early 1930s,
which have naturalized. Where Torrey
pine occurs in native stands, it is
considered a federal Species of Concern,
and CNPS List 1B species (rare and
endangered).
42.4 miles | Roadside Franciscan greenstone knocker, G. Ernst
parking somewhat weathered, with vague pillows
and more obvious pillow breccia. Calcite
epidote veins transect the pod.
42.7 miles | Roadside Very well endurated, disrupted G. Ernst
parking Franciscan graywacke, siltstone, and dark
shale. Beautiful tectonic mélange.
43.0 miles | NO STOP Greenstone lens in Franciscan mélange at | G. Ernst
this location and at 43.8 miles.
44.0 miles | Roadside Really large Franciscan greenstone G. Ernst
parking

lenses, approximately 2 km long.
Subhorizontal flow layering is well
displayed. Abundant calcite + epidote
veins and hydrothermal alteration.
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Pillows are present ~0.3 mi east of this
stop.

Big Creek
Reserve

This is an area of alternating Cretaceous
sandstone and

Franciscan Formation rocks that are
deformed and fractured along the Sur-
Nacimiento fault zone. The high relief
and rock offshore region is attractive to
rockfish and the reserve has been
established to preserve the fisheries here.

G. Ernst

44.0 to
49.0 miles

Lots of gigantic landslides—this is the
Caltrans sandbox. Look uphill for
hummocky ground (where not
landscaped), chaotic blocks and hard
knockers of Franciscan, and swales in the
semicontinuously patched/repaved
roadway.

G. Ernst

44.2 miles

Rat Creek

Coast redwoods here were severely
burned during the Rat Creek Fire of
1985.

J. Norman

44 .8 miles

Wing Gulch

This gully was created when a 19th-
Century rancher built a wing fence far up
the hillside above today’s highway. This
caused his cattle to erode the hillside,
where the herd was diverted at a steep
area. The erosion made a gully which
today is very nearly a perennial stream. It
is a regular source of winter road
closures.

J. Norman

45.5 miles

Pull out

Square Black Rock in the nearshore. The
north half of this sea-stack (which had a
NE-SW trending cleft all the way
through) fell in the ocean during an
earthquake in 1972. A rancher above the
town of Lucia (ca. 35 mi. distant) heard
the splash. Inland, the Rat Creek Fire of
1985 started at elevation 1,450’ above
MSL following a lightening strike. Blue-
blossom (Ceanothus thyrsiflorus) above
highway is a fire-follower from this
event. “Banded” vegetation pattern is

J. Norman
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probably a result of soil depth with
ceanothus occurring in deeper soil.

46.2 miles

Big Creek
Bridge

University of California’s Landels-Hill

Big Creek Reserve at south end of bridge.

The concrete used to make this bridge
incorporated sand taken from the beach
below. There is evidently enough
greenstone in the beach sand to give this
bridge a slightly greenish cast.

G. Ernst

47.3 miles

NO STOP

Tectonic block of Franciscan chert.

G. Ernst

47.5 miles

Rigdon
Fountain

During construction of Highway 1, the
location where north-bound crews met
south- bound crews in 1934. Named for
promoter of the highway, State Sen.
Elmer Rigdon of Cambria. Rigdon was
known for swindling mercury miners in
San Luis Obispo County. He owned a
brick works, and convinced the local
school board, of which he was a member,
to use his inferior bricks to enlarge the
Hesperian School. His bricks contained
substantial amounts of shell and chert
from Indian midden deposits.

J. Norman

47.7 miles

Nice red jasper east of road.

J. Norman

47.8 miles

Pull out

Small, indistinct outcrop of serpentinite,
which is the California state rock. This is
hydrated mantle, but from what plate-
tectonic environment?

G. Ernst

48.2 miles

Immediately
south of

Gamboa Point.

Inland, much vegetation damaged by the
Hare Creek Fire of 1999 can be seen.

J. Norman

48.6 miles

Vicente Creek

Inland, more damage from Hare Creek
Fire.

J. Norman

48.9 miles

NO STOP

Franciscan shaley mélange.

G. Ernst

49.6 miles

Lucia

AKA, Landslide City.

J. Norman

49 .8 miles

Coast redwoods show typical damage to
foliage, as browning and kill-off, caused

J. Norman

Road Log—23




Mileage

Location

Description

Leader

by exposure to high wind driven salt
spray from ocean.

51.0 miles

Lime Kiln
Canyon

Landslide—a truly big honker mass
slumpage.

G. Ernst

51.2 miles

Grandpass
Elbow

Caltrans ‘fixed’ this location in 1998.
Redwoods here have long been losing
fight with gravity, and lately some real
leaners have developed.

J. Norman

51.5 miles

Limekiln
Creek

South end of the bridge is the entrance to
Limekiln Canyon State Park.

G. Ernst

51.5 miles

Lucia Lodge

The motel cabins located north of the
lodge on the ocean side of road, were
built about 1936. At the time of
construction the ridgepoles of the four
cabins were in a straight line. After
substantial drifting, they were realigned
in 1974. Presently, they look about they
way they did prior to the 1974 work.

J. Norman

52.0 miles

‘New’ Dani
Creek

Centerline of Dani Creek as it flowed
after the 1906 Earthquake (as per George
Harlan, then 13 years old). Harlan also
observed water sloshing out of a farm
pond next to his home, above here at
elev. 800°.

J. Norman

52.1 miles

Point 16

In the 1930s, the gardener for then-owner
Edward Moore recommended pampas
grass to stabilize the substratum (the
owner was worried that unstable soil
might undercut the mansion). The
mansion slipped into the ocean in the
early 1940s; the pampas grass remains
(everywhere).

J. Norman

52.4 miles

Dani Creek

According to George Harlan, the
centerline of Dani Creek prior to 1906
was different from that of today. The
former topography is shown on the Lucia
15’ USGS quadrangle, 1921. The shift
evidently occurred at about 1,000” above
MSL.

J. Norman
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53.6 miles | Limekiln Cone Peak, elevation 5,155” above MSL, | J. Norman
Creek can be seen inland from this bridge. One

of the steepest gradients along this coast,
and supporting a diverse and numerous
progression of plant communities from
sea level to the summit. Atop Cone Peak
many Sierra Nevada disjunct plant
species are found, including: sugar pine
(Pinus lambertiana); Santa Lucia
Mountains endemics, such as Santa Lucia
fir (Abies bracteata), Cone Peak
bedstraw (Galium californicum
ssp.luciense); and, Santa Lucia bed straw
(G. clementis).

Th th th th tha aa atsss all, f f f f folks!!
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Introduction

The central California Coast ranges contain a telescoped lithotectonic complex
representing stages in the geologic evolution of the Mesozoic margin of California.
Important maps and cross-sections have been published by Ross (1976a,b, 1977, 1983),
Ross and McCulloch (1979), and Hall (1991). Physiographic provinces and rock
assemblages include: (1) the landward Andean (Sierran) calcalkaline plutonic-volcanic
arc + Northwest Foothills upper Paleozoic-lower Mesozoic metamorphic belt; (2) the
Upper Jurassic-Cretaceous Central Valley (Great Valley forearc basin turbiditic strata);
and (3), the contemporaneous deep-water trench deposits (Franciscan Complex).
Neogene dextral slip along the San Andreas system transected the old continental margin
from an internal, landward position on the south in the present Gulf of California, to an
external, oceanward position near Cape Mendocino on the north, reflecting the fact that
the North American continental crust-capped plate progressively overran the outboard
East Pacific Rise spreading center during late Oligocene time. Right-lateral motion along
the San Andreas thus has duplicated the Mesozoic continental margin along the Big Sur
coast—(1) Salinian silicic, calcalkaline granitoids + Paleozoic Sur Series metamorphics,
(2) Great Valley first-cycle detrital sediments depositionally resting on the Salinian
basement, and tectonically thrust over the outboard Franciscan Complex, and (3),
Nacimiento graywackes, greenstones, and cherts of the Franciscan mélange. The nature
of the Neogene strike slip 1s quite apparent, but the antecedant history of rock sections
disposed along the Sur-Nacimiento fault is not.

What is clear is that the Sur Series + Salinian granitic rocks share petrochemical and
geochronologic characteristics with inboard granitoids of the western Mojave Desert and
the Tehachapi Mountains (miogeoclinal upper Paleozoic-Triassic Calaveras Complex =
platform strata of the Paleozoic Sur Series?). In sharp contrast, the Franciscan is
everywhere a dog’s breakfast of oceanic affinity (far-traveled oceanic crust +
hemipelagic chert) overlain by voluminous masses of calcalkaline arc-derived first-cycle
clastics, all intensely tectonized within the North American/paleo-Pacific plate-boundary
subduction zone. The facts that Salinian tonalites have been recrystallized to pyroxene(s)
+ garnet-bearing phase assemblages (i. e., charnockites) and associated aluminous
metapelitic rocks contain sillimanite suggest high temperatures and considerable depths
of origin. Somewhat similar, deep-seated, garnetiferous tonalites in the eastern
Transverse Ranges have been described by Sams and Saleeby (1987); therefore, a
palinspastic restoration (approximately 310 km) of the Big Sur region against the farther
inboard Tehachapis + western Mojave is plausible. Eocene to lower Miocene strata of the
northern Santa Lucia Range were deposited in a basin adjacent to analogous rocks
exposed in the San Emigdio area of the Transverse Ranges just east of the San Andreas
(Nilsen and Link, 1975), supporting such a Neogene offset. The more oceanic, deep-sea
Franciscan assemblages along the Big Sur coast have been exhumed from much
shallower subduction depths compared with along-strike metagraywacke terranes
cropping out farther south in the San Luis Obispo area (Ernst, 1980), but comparable
rocks crop out from the Oregon border at least as far south as central Baja.
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Various scenarios regarding the plate-tectonic assembly of the Salinia/Nacimiento
amalgamated terrane have been proposed. At the end of this road log, abstracts are
presented by Page (1981), Dickinson (1983), Hall (1991) and Dickinson and Butler
(1998). Interepretations for the origin and evolution of the Coast Range ophiolite are
summarized by Dickinson et al. (1996). In addition, handouts describing the Salinian
(Ross, 1983; James and Mattinson, 1987) and Nacimiento (Ernst, 1980) blocks are
presented for further study and hours of boundless enjoyment. Field trip stops and points
of reference are presented below.
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Regional Tectonics And Structural Evolution

Offshore Monterey Bay Region
By H. Gary Greene

The tectonic and structural evolution of the Monterey Bay region of central California is complex
and diverse. The region has been subjected to at least two different types of tectonic forces; to a
pre-Neogene orthogonal converging plate (subduction) and a Neogene-Quaternary obliquely
converging plate (transform) tectonic influence. Present-day structural fabric, however, appears to
have formed during the translation from a subducting regime to a transform regime and since has
been modified by both strike-slip and thrust movement.

Monterey Bay region is part of an exotic allochthonous structural feature known as the Salinian
block or Salinia tectonistratigraphic terrane. This block is proposed to have originated as part of a
volcanic arc a considerable distance south of its present location, somewhere in the vicinity of
the southern Sierra-Nevada Mountain Range. It consists of Cretaceous granodiorite basement
with an incomplete cover of Tertiary strata. Paleocene rocks are scarce, evidently stripped from
the block during a time of emergence in the Oligocene time.

The Ascension-Monterey Canyon system, one of the largest submarine canyon systems in the
world, is located on and adjacent to the Salinian block. The system is composed of two parts
which contain a total of six canyons: 1) the Ascension part to the north, which includes
Ascension, Ano Nuevo and Cabrillo canyons, and 2) the Monterey part to the south, which
includes Monterey Canyon and its distributaries, Soquel and Carmel canyons. The ancestral
Monterey Canyon originated in early Miocene time, cutting east-west into the crystalline
basement rocks. Since that time (~21 Ma), the Salinian block, riding on the Pacific Plate, moved
northward along the San Andreas fault zone. During this period of transport the Monterey Bay
region was subjected to several episodes of submergence (sedimentation) and emergence
(erosion) that alternately caused sedimentary infilling and exhumation. The present
configuration of the Ascension-Monterey canyon system is the result of tectonic displacement of
a long-lived Monterey Canyon, with associated canyons representing the faulted offsets of past
Monterey Canyon channels. Slivering of the Salinian block along several fault zones trending
parallel or sub-parallel to the San Andreas fault zone (i.e., the Palo Colorado-San Gregorio fault
zone) displaced to the north the westerly parts of Monterey Canyon. In this manner Monterey
Canyon “fathered” many of the canyons to the north (i.e., Pioneer and Ascension canyons).

Tectonics continues to dictate the morphology and processes active in the canyon system today.
Erosion has formed a seafloor physiography that is significantly greater in relief than onshore.
The Palo Colorado-San Gregorio fault zone marks the continental shelf boundary in the
Monterey Bay region and divides the canyon system into two parts, the Ascension and Monterey
parts. The Monterey canyon part is youthful with heads that lie at, or close to, the shoreline and
its present morphology is the product of active erosion originating near the canyon heads. This
canyon system is the main regional conduit for the transport of terrestrial sediments to the
abyssal plain. In contrast, the Ascension Canyon part heads far out on the continental shelf, far

removed from the littoral drift, but still subjected to erosion from mass wasting, some possibly
fluid induced.
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Fluid Flow In The Offshore Monterey Bay Region

By H. Gary Greene
Moss Landing Marine Laboratories and Monterey Bay Aquarium Research Institute
Moss Landing, CA 95039,

Norman Maher,Thomas H. Naehr

Monterey Bay Aquarium Research Institute
Moss Landing, CA 95039

and

Daniel L. Orange
Department of Earth Sciences

Univ. California, Santa Cruz
Santa Cruz, CA 95064

Abstract

Fluid flow out of the seafloor offshore Monterey Bay region is extensive. To date 16 major active
and ancient, or dormant, seep sites have been identified and many of these sites are composed of
smaller sites too numerous to map at a regional scale. These seeps have been identified by the
presence of chemosynthetic communities that are primarily composed of chemoautotrophic
organisms or by carbonate deposition and buildups. Of the 17 identified sites, 9 active cold seep
sites support living chemosynthethic communities. Seven major dormant seep sites have been
identified based upon the presence of carbonate deposits or buildups.

Identified seep sites are primarily concentrated along fault trends associated with the boundary of
the Salinian block or Palo Colorado-San Gregorio fault zone, and along the lower flanks and
crests of tectonically uplifting slopes. A combination of transpressional squeezing and
overburden pressures, vertical advection through hydrocarbon and organic-rich sediment, and
seaward flow of meteoric waters supply fluids to the seep sites.

Introduction

Monterey Bay is located within the active transform boundary that separates the Pacific Plate
from the North American Plate (Fig. 1). In central California this boundary is over 100 km wide
and includes offshore faults of the Palo Colorado-San Gregorio and Monterey Bay fault zones
(Fig. 2). These fault zones are seismically active and in many places offset the seafloor or
Quaternary sedimentary rocks (Greene et al., 1973, 1989; Greene, 1977, 1990; McCulloch and
Greene, 1990). The Palo Colorado-San Gregorio fault zone is a 200 km long fault zone that
trends nearly N30°W and defines the western boundary of the Salinian block in the Monterey
Bay region (Page, 1970,; Page and Engerbretsen, 1984; Greene, 1977, 1990). The Salinian block
is a sliver of southern Sierran granitic rocks that is being carried northward on the Pacific Plate,
sliding along the San Andreas fault proper (Page and Engerbretsen, 1984).

The Monterey Bay region can be divided into two major physiographic and tectonic provinces;
(1) an eastern allochthonous (Salinian) block and strike-slip fault sheared and slivered province
and (2), a western allochthonous (San Simeon) block and transpressionally faulted and deformed
or continental slope accretionary province (Greene et al., 1997). These provinces are separated by
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the Palo Colorado-San Gregorio fault zone, the local western boundary of the Salinian block
(Fig. 1).

Figure 1. Generalized sketch map showing the allochthonous Salinian block of Sierran granitic
basement rocks. Modified after Greene (1990).

The Palo Colorado-San Gregorio fault zone juxtaposes the Tertiary marine sedimentary rocks and
their underlying Mesozoic basement units of the two allochthoneous blocks. West of the fault
zone continental slope sediments are subjected to transpressional forces associated with the
oblique convergence of the Pacific Plate against the North American Plate (Nagel and Mullins,
1983; Greene, 1990). Here Greene et al. (1997) and Orange et al. (1993, 1995, in press) interpret
that two areas (Smooth ridge and Sur slope) are being uplifted by the oblique fault motion
associated with the Palo Colorado-San Gregorio fault zone. This compression is probably
causing interstitial fluids to migrate up through the sediments and seep out along the surface
trace of the faults where extensive areas of carbonate slabs have been found.

Within the Salinian block, the Monterey Bay fault zone is comprised primarily of short (2-3 km
long), discontinuous, en echelon faults oriented primarily NW-SE (Greene et al., 1973; Greene,
1977, 1990; Gardner-Taggart et al., 1993). Two longer faults within the Monterey Bay fault
zone, the offshore extensions of the Chupines and Navy faults (25-30 km long offshore), mapped
onshore near the towns of Seaside and Monterey (Rosenberg and Clark, 1994), are exceptions to
this. These two faults generally define the boundaries of this fault zone which is restricted to
Monterey Bay and the onshore area to the southeast, in the northern Santa Lucia Range. The
Monterey Bay fault zone merges with the Palo Colorado-San Gregorio fault zone offshore of
Santa Cruz and southward along the trend of Carmel Canyon (Fig. 2). Gardner-Taggart et al.
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(1993) reports that two types of faults occur in the southern part of the Monterey Bay fault zone,
strike-slip and thrust. The primary NW-SE oriented faults appear as right-lateral strike-slip
faults, whereas conjugate faults are thrust faults that generally trend east-west. Rosenberg and
Clark (1994) reported similar fault relationships onshore.

D wwww g [ = asseno o = pohiens wnw wry () v pumes catruse o = pscrcamane
ACTEE SR

Figure 2. Physiographic map of the Monterey Bay region showing generalized geologic structure
and sites of past, present and potential fluid flow and gas concentration on and in the seafloor.
Offshore shaded relief map constructed from Simrad EM300 (30 kHz) multibeam bathymetric
data collected by MBARI and the USGS; contour interval is 1000 m. Onshore topography from
USGS DEM’s. Black lines are active faults: solid lines where well defined and dashed lines
where inferred. Long dashed black lines on mid-slope are surface expressions of inactive faults
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Cretaceous granitic basement rocks of the Salinian block (Fig. 1) lie adjacent to the Franciscan
complex west of the San Andreas fault (Jennings and Burnett, 1961) and are thought to underlie
the Tertiary marine and Quaternary continental slope deposits west of the Palo Colorado-San
Gregorio fault zone (Greene, 1977, 1990; Mullins and Nagel, 1981; Nagel et al., 1986). Offshore
in the Monterey Bay region, approximately 1,790 m of Tertiary strata overlie the Cretaceous
basement rocks and about 570 m of Quaternary sediments overlie the Tertiary strata, totaling
about 2,360 m of sedimentary rocks overlying basement (Greene, 1977).

East of the Palo Colorado-San Gregorio fault zone in northern Monterey Bay about 550 m of the
Monterey Formation unconformably overlie Cretaceous granitic basement rocks (Greene, 1977;
1990). Unconformably overlying Monterey is about 370 m of upper Miocene Santa Margarita
sands and 200 m of the Santa Cruz Mudstone, a well layered diatomaceous mudstone of middle
Miocene age. Unconformably overlying the Santa Cruz Mudstone is approximately 670 m of the
Pliocene Purisima Formation which, in turn, is either exposed on the seafloor or covered by
Pleistocene deltaic and alluvial deposits or Holocene shelf deposits that can total up to 670 m
thick (Fig. 3).
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Figure 3. Composite stratigraphic section of the northern Monterey Bay region, east of the Palo
Colorado-San Gregorio fault zone. Thickness based on continuous single channel seismic reflec-
tion profiler data. Modified after Greene (1977, 1990) and on ROV and submersible observations.

East of the Palo Colorado-San Gregorio fault zone in southern Monterey Bay as much as 850 m
of Neogene sedimentary rocks and 630 m of Quaternary sediments are piled an average of 1,480
m above the basement (Fig. 4). The sedimentary units of this sequence total approximately 640
m of the Monterey Formation, a porcelaneous and diatomaceous mudstone sequence of Miocene
age rich in hydrocarbons. This formation is either exposed on the seafloor or is unconformably
overlain by up to 210 m of the Purisima Formation, a nearshore marine sandstone of Late Mi-
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ocene to Pliocene age (Fig. 4). Overlying the Purisima Formation are local deposits of Pleis-
tocene deltaic, aeolian, alluvial and Holocene shelf sediments that total more than 630 m.

Figure 4. Composite stratigraphic section of the southern Monterey Bay region, east of the Palo
Colorado-San Gregorio fault zone. Thickness based on continuous single channel seismic reflec-
tion profiler data. After Greene (1977).

During the summer of 1998, MBARI in conjunction with the USGS undertook an extensive
bathymetric survey of the Monterey Bay offshore region using a Simrad EM300 (30 kHz)
multibeam system mounted aboard the M/V Ocean Alert. The purpose of this survey was to
define the seafloor physiography and geomorphology at a resolution that allows identification
and investigation of geologic, biologic and chemical features using MBARI’s ROVs Ventana and
Tiburon. Over 17,000 km? of continental shelf, slope and rise were covered.

Evidence Of Fluid Seeps

In the Monterey Bay region 16 major seafloor sites, many composed of several scattered smaller
sites, of fluid seeps have been identified by the presence of chemosynthetic communities
primarily composed of chemoautotrophic organisms that are dependent upon thiotrophic
symbionts or by carbonate deposition and buildups (Fig. 2). The chemosynthetic communities
consist of vesicomyid clams, vestimentiferan worms and free-living bacteria that are dependent
upon sulfide-rich fluids for life support and thus indicate present-day seep activity. Carbonate
deposits typically represent ancient seeps, although some carbonates were found in the vicinity
of current chemosynthetic communities and may be forming today (Orange et al., in press;
Stakes et al, in press).

Cold-seeps, both fossil and active are being discovered on a regular basis today along active
convergent plate margins. Deep water chemosynthetic communities were first noticed during the
discovery of hydrothermal vents along the Galapagos Ridge in 1977 (Corliss et al., 1979).
Chemosynthetic communities similar to those found at hydrothermal vents, but associated with
“cold” seeps, have been reported offshore of Louisiana (Bright et al., 1980; Kennicutt et al.,
1985), along the Florida Escarpment (Paull et al., 1984), within Sagami Bay, Japan (Okutani and
Egawa, 1985; Hashimoto et al., 1987, 1989), offshore Oregon (Suess et al., 1985; Kulm et al.,
1986; Ritger et al., 1987), and in the Japan Trench (Laubier et al., 1986; Le Pichon et al., 1987,
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Pautot et al., 1987; Cadet et al., 1987; Ohta and Laubier, 1987), to mention a few studies. Many
cold seep communities appear to be associated with dynamic geological processes such as
tectonically induced high fluid pressures in compressional regimes (Kulm et al., 1986, 1990),
artesian springs (Paull et al., 1984; Robison and Greene, 1992), hydrocarbon or natural biogenic
seeps (Brooks et al., 1987; Kennicutt et al., 1989; Hovland and Judd, 1988), or mass wasting
(Mayer et al., 1988).

Chemosynthetic Communities — Indicators of Active Seeps
Cold seep communities were discovered in the Monterey Bay region during Alvin dives and
bottom-camera tows in Monterey and Ascension Fan Valleys in 1988 (Embley et al., 1990;
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Figure 5. Shaded relief map of Smooth Ridge constructed from MBARI EM300 bathymetry
showing seafloor morphology, faults and seep sites. Triangles represent active seeps; squares
indicate ancient seeps.
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McHugh et al., 1997). Since then several additional cold seep sites have been observed and
sampled in Monterey Canyon and along the offshore fault zones and continental slope using the
Monterey Bay Aquarium Research Institute’s (MBARI) remotely operated vehicle (ROV)
Ventana (Barry et al., 1993).

12240 122700
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Figure 6. Shaded relief map of the Monterey meander and spur located within the middle part of
Monterey Canyon. Seafloor morphology, faults, and active seep sites are shown and labeled. Map
constructed from MBARI/USGS EM300 mulltibeam bathymetry.

Structure-8



Barry et al. (1993, 1996, 1997) and Greene et al. (1997) divide the biota inhabiting cold seeps of
the Monterey Bay region as including ‘obligate’ species, restricted to sites in direct proximity to
fluids rich in sulfide, methane, or perhaps other reduced inorganic compounds (e.g. ammonia;
Fisher 1990), and ‘regional’ species that are found at seeps, as well as local non-seep habitats.
Obligate species may be chemoautotrophic (e.g. Beggiatoa), or have thiotrophic or
methanotrophic symbionts (e.g. vesicomyid clams, mytilid mussels, and vestimentiferan worms),
but also may be heterotrophic and rely nearly exclusively on chemosynthetic fauna (e.g. galatheid
crabs [Munidopsis? sp.], gastropods [Mitrella sp.], limpets [Pyropelta sp.]). Regional fauna may
forage on chemosynthetic biota (e.g. Neptunia amianta, lithode crabs), but range throughout
regional benthic environments and are clearly not dependent trophically on chemosynthetic
production.

Distribution of Seeps West of the Salinian Block

West of the Salinian block, west of the Palo Colorado-San Gregorio fault zone and within the
eastern compressional province, four well defined cold seep sites which support active
chemosynthetic communities are known (Fig. 2). The deepest site is located within the proximal
Monterey Fan Valley at a water depth of ~3,200 m (Plate 1, A). Here the source of the sulfide-
rich fluids that sustain the biota appear to come from either compressional dewatering of

sediment under convergent compression or from buried organic sources deposited in channel fill
(Embley et al., 1990; Greene et al., 1997).

Three distinct cold seep sites (Clam Flat, Horseshoe Scarp-South, Tubeworm Slump in Fig. 5)
that support chemosynthetic communities have been identified on Smooth Ridge (Barry et al.,
1993; Greene et al. 1997; Orange et al, in press), a smooth sediment covered ridge that separates
the Monterey Canyon system from the Ascension Canyon system and makes up the continental
slope immediately west of Moss Landing (Figs. 2 & 5). The site known as “Clam Flat” (Barry et
al. 1996, 1997; Greene et al., 1997; Orange et al., in press) is located between 980 and 1,010 m
deep along the crest of Smooth Ridge.

Barry et al. (1996) described the vesicomyid clam Calyptogena kilmeri as the dominant obligate
taxa at Clam Flat (Plate 1, B). Tectonic compression at this site results in “squeezing” of the
sediment package and outflow of CO -saturated interstitial fluid according to Barry et al. (1996),
Greene et al. (1993), Orange et al. (1993) and Martin et al. (1997). Apparently fluid expulsion in
this area promotes surficial carbonate precipitation and the release of sulfide and methane-rich
fluids at the sediment-water interface, in close proximity to where aggregations of thousands of
live clams are located (Barry et al., 1996)

Pore water analyses of push core sediment samples taken on Smooth Ridge at Clam Flat showed
elevated levels of sulfide and methane (Orange et al., in press). Isotopic analyses of authogenic
carbonate precipitates by Stakes et al. (in press) from carbonate samples indicate the presence of
methane and report isotopic values of —48.8 %o to -52.6 %o (PDB) for *C and of +4.05 %o to
+5.19 %0 (PDB) for '*O whereas oxygen isotopes indicate precipitation at or near ambient
seafloor temperatures. Martin et al. (1997) interprets the presence of the fluids at Smooth Ridge
as being derived from both shallow and deep sources based on the presence of higher order
hydrocarbons. These authors state that pore fluids outside the Clam Flat seeps include
thermogenic methane and within the seeps fluids are of a mixed biogenic-thermogenic origin.
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The two other active cold seep sites located west of the Palo Colorado-San Gregorio fault zone
lie along the eastern and southern flank of Smooth Ridge (Fig. 5; Orange et al., in press). One of
these two sites is known as “Horseshoe Scarp-South” and is located near the upper eastern edge
of the ridge at about 800 m deep along an area faulted and deformed by the Palo Colorado-San
Gregorio fault zone. At this locality, Orange et al. (in press) reports cold seep chemosynthetic
clams and surface parallel authigenic carbonate deposits. The second seep site is located in the
secondary head scarp of a recent slump near the lower southern flank of Smooth Ridge in 2,310
m of water and is known as “Tubeworm Slump” (Fig. 5). Here the existence of Vestimentiferan
tubeworms and authogenic barite deposits indicate an active cold seep (Naehr et al., 1998).

All of the active seep sites on Smooth Ridge appear to result from dewatering of accretionary-
like sedimentary units squeezed against the Salinian block by motion of the Pacific Plate (Figs. 2
& 5; Nagel and Mullins, 1983; Greene et al, 1990; Orange et al., 1994, in press; Barry et al,
1996). A combination of uplift and compression leading to dewatering appears to be responsible
for fluid-induced mass wasting along the flanks of Smooth Ridge.

Distribution of Seeps on Salinia

East of the Palo Colorado-San Gregorio fault zone distinct evidence of fluid seepage along faults
of the Monterey Bay fault zone and bedding planes of the Purisima Formation exposed along the
northern wall of Monterey Canyon consists of sites where metal oxidizing bacterial mats and/or
chemosynthetic communities occur (Figs. 2 & 6). Greene (1997) and Orange et al. (in press)
proposed that these fluids could be sulfide-rich aquifer waters in the Purisima Formation that
originate in the Santa Cruz Mountains northeast of Monterey Canyon and/or fluids that circulate
through the hydrocarbon-rich Monterey Formation. Oxygen isotopic analyses of carbonate
deposits sampled at some of these seeps do not indicate fresh water flow (Stakes et al., in press).
They conclude that hydraulic connectivity to fresh water aquifers does not force fluid flow at the
seeps and that the carbon isotopic values indicate that the carbon source is sedimentary, and that
lateral transport of particulate organic carbon dominates fluid flow at the canyon head sites.

Of the five confirmed active seep sites found on the Salinian block, three (Mt. Crushmore,
Tubeworm City, Clam Field; Fig. 6) are located along the northern wall of Monterey Canyon
within Monterey meander and opposite the Monterey meander spur, within the Monterey Bay
fault zone (Fig. 6). The fourth site (Invertebrate Cliff) is located within the extensive mass
wasting field and canyon complex that has formed between the Monterey Bay and Palo
Colorado-San Gregorio fault zones (Fig. 2).

The shallowest seep site is at a depth of 550-700 m and is located at the confluence of Monterey
and Soquel submarine canyons, in a region of intense deformation associated with movement
along faults within the Monterey Bay fault zone (Greene et al., 1997; Barry et al., 1996). The site
is known as “Mount Crushmore”, a name that reflects the shatter ridge-like structure that has
been produced from cross-faulting and thrusting within the fault zone. Here bacterial mats and
clams buried deeply within black hydrogen sulfide-bearing mud form 0.25-3 m diameter patches
of seep communities that stretch for approximately 1 km along the NW-SE trend of the faults in
this location (Plate 1, C). Gray bacterial crusts or authigenic carbonate precipitates are common
to all seep patches (Barry et al., 1996). The vesicomyid clam Calyptogena pacifica and bacterial
mats are the most conspicuous biota found at this site (Barry et al., 1996) (Plate 1, D). Stakes et
al. (in press) and Orange et al. (in press) report that pore waters contain moderate sulfide and
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extremely low methane concentrations.

The second site is known as “Tubeworm City,” named after Vestimetifera tubeworms found there.
This site is structurally similar to the Mount Crushmore site and is located in water depths of
610 to 810 m along the outer western wall of the Monterey meander. Barry et al. (1996), Greene
et al. (1997) and Orange et al. (in press) show that active cold seeps are scattered within crevices
and fault gullies in the Monterey Canyon walls that ring the apex of the Monterey meander (Fig.
6). This is an area where several faults of the Monterey Bay fault zone, including the Navy and
Chupines faults, cut through the walls of the canyon.

Two other active seep sites exist on the outer western wall of the Monterey meander and are
aligned along the trend of the Navy fault within the Monterey Bay fault zone (Fig. 6). The third
site is known as “Clamfield” and is located along the outer wall of the Monterey meander in 875-
920 m of water, centered at 896 m, is 2 m wide and 150 m long trending E-W. This site lies along
the Navy fault trend and is composed of a dense aggregation of Calyptogena sp. clams
concentrated in muds overlying the Monterey Formation (Barry et al., 1996). At Clamfield the
communities may depend upon a sulfide source within the Miocene Monterey Formation. Here
Ferioli (1997) found that the fluids are salt water derived.

The fourth site is called “Invertebrate Cliff” named after clams found there. This site lies in water
depths of approximately 900 to 1,100 m (Fig. 6). Because the site has just recently been
discovered, no detailed descriptions have been reported. We interpret the community to be
sustained by fluids seeping out along the offshore extension of the Navy fault.

The fifth seep site (842 in Fig. 6) is located along the southern wall of Monterey Canyon, just
south of the eastern flank of the Monterey meander spur. Stakes et al. (in press) report that
faulted granitic rocks exposed along the southern wall of Monterey Canyon in this area is
occasionally covered with bacterial mats.

Ancient Carbonate Deposits - Indicators of Past Fluid Flow

Seven major fossil or dormant seep sites have been identified based on the existence of carbonate
deposits or buildups. Five of these sites either lie on, or in close proximity to, the western margin
of the Salinian block, along the Palo Colorado-San Gregorio fault zone, or on Smooth Ridge and
the upper flank of Sur slope (Fig. 2). Two other sites are located on the Salinian block, on the
shelf of southern Monterey Bay.

West of Salinia

Using side scan sonar data along with in situ observations and sampling from MBARI’s ROV
Ventana, three major areas of fluid-produced carbonate deposits have been identified near the
head of Smooth Ridge (Fig. 5; McHugh et al., 1997; Orange et al., in press; Stakes et al., in
press). These deposits occur along the trend of the offshore extension of the San Gregroio fault
zone, both east and west of the main fault strands. Although many areas are devoid of living
chemosynthetic biota, they are underlain by carbonate cemented sediment. Orange et al. (in
press) describe carbonate layers on the seafloor along the western margin of the San Gregorio
fault zone and large (5 m x 2 m x 1 m thick) rectangular blocks of carbonates along the eastern
margin of the fault zone that are randomly scattered and oriented.

In other areas along the Palo Colorado-San Gregorio fault zone (Fig. 5), on the outer continental

Structure—11



- 36 20

Figure 7. Shaded relief map of the Sur Ridge area showing seafloor geomorphology and seep
sites. Image constructed from MBARI/USGS EM300 multibeam bathymetry. Ancient seep sites
indicated by squares, potential seep sites by astricks and possible carbonate deposits by circles.

shelf NE of Smooth Ridge, Orange et al. (in press) describe en echelon carbonate ridges a few
centimeters wide and high and about 10 m long and trending N-S. Brachiopods are often
attached to the carbonate deposits. At sites where no carbonate deposits crop out on the seafloor
yet extensive patches of brachiopods occur, we found hard carbonate substrate about 8-10 cm
beneath the seafloor. Petrographic analyses reported by Orange et al. (in press) indicate that the
carbonates in this area are composed in part of micritic to sparitic calcite and brachiopod shell
hash with framboids of sulfide and inclusions of hydrocarbons. Push cores obtained with the
ROV Ventana contained minor amounts of hydrocarbons. Orange et al. (in press) concluded that
methane seepage is probably dormant, although earlier methane seeps did produce the carbonate
deposits.
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Figure 8. Shaded relief map of the headward part of Monterey Canyon and the Monterey Bay
shelf showing seafloor geomorphology, faults and locations of carbonate deposits (squares). Map
constructed from USGS EM1000 and MBARI/USGS EM300 multibeam bathymetry.

Two other areas of past fluid seepage were identified on Smooth Ridge. One site, known as
“Chimney Field”, is located on the upper northern flank of the ridge, at the base of a slump head
scarp (Fig. 5). Broken carbonate chimneys (as large as 1.5 m long x 0.6 m in diameter and in the
form of doughnut-like features) lying on their sides are concentrated in this area. Orange et al. (in
press) and Stakes et al. (in press) report that the isotopic composition of the carbonates range
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from -55.9 %o to -11.8 %0 (PDB) for '*C and +3.44 %o to +6.82 %o (PDB) for '*O. Oxygen
isotopic analyses indicate that precipitation took place at near ambient seafloor temperatures.

The other site is known as “Horseshoe Scarp-North” and is located along the eastern margin of
Smooth Ridge, a fault truncated boundary (Fig. 5). Authigenic slope parallel carbonate slabs are
found near the base of the head scarp of the slump here. No biologic communities indicative of
present-day fluid flow were found (Orange et al., in press).

A Fourth site is located in about 400 m of water along the upper northern flank of Sur slope
(Figs. 2 & 7). Carbonate “patties” (Plate 1, E) are scattered about the slope in this locality and
suggest that past fluid flow has occurred in this area (Waldo W. Wakefield, pers. Commun. 1998).

On the Salinian Block

Three major sites of past fluid flow are located on the Salinian block and two are found on the
southern Monterey Bay shelf (Fig. 2). One of the three sites lies within the Monterey Bay fault
zone, between the offshore extensions of the Navy and Chupines faults (Fig. 8). Side scan sonar
and seismic reflection profile data, as well as submersible diving observations and sampling,
indicate that a carbonate mound (80 m x 40 m x 4 m high), that incorporates Pleistocene gravels,
formed on top of faulted and tilted beds of the Monterey Formation since the last rise in sea level
(Plate 1, F). This mound is located in a major fishing ground known as Portuguese Ledge in
water depths of 90 m. Simrad EM 1000 swath bathymetry data collected by the U.S. Geological
Survey (Ettreim et al., 1997; Edwards et al., 1997) indicate that Portuguese Ledge and nearby
Italian Ledge, are partially composed of carbonate mounds and angular blocks forming “hard
ground” critical to rockfish habitat (Fig. 8).

Oxygen and carbon isotopic analyses of the carbonate cement sampled from the mound at
Portuguese Ledge yielded *O values of -6.01 %o to -6.06 %o (PDB) and *C values of -9.77 %o to
-10.04 %o (PDB) (K.C. Lohman, Univ. of Michigan, Written Commun., 1996). Stakes et al. (in
press) obtained similar values from a sample collected in the same area, which range from values
of -5.81 %o to -5.68 %o (PDB) for 80 and values of -10.01 %o to 10.21 %o (PDB) for *C. These
data suggest meteoric water sources and based on this, along with interpretation of geophysical
data and in situ seafloor observations, we speculate that fresh water fluids flowed offshore along
a fault and then along fault-tilted bedding planes to the seafloor where the carbonate mound
formed. Because the carbonate mounds found at this location contain Pleistocene gravel, we
speculate that seeping occurred before or shortly after the last transgression started, ca 7000 BP.

The second site is located along the shelf break at the top of a slump head scarp, at the top of the
southern headward wall of Monterey Canyon (Fig. 8). The EM300 multibeam bathymetry data
show several rounded mounds that stand about 4 m above an otherwise flat seafloor 90-100 m
deep (Fig. 8). In addition, 100 kHz side scan sonar data show a high reflectivity bottom
composed of

concentric reflectors that dip away from a gently uplifted center indicating that the seafloor here
is domed and composed of thin sheets of hard ground. Dredge haul samples of well lithified
gravel cemented by spary calcite (Robert E. Garrison, Pers. Commun., 1998) were collected from
this locality. Based on the exposures of fresh water aquifers (180 foot and 400 foot aquifers in the
Aromas Red Sands and the deep aquifer in the Purisma Formation) exposed along the slump
scarp, we suspect that the carbonate precipitation resulted from the flow of fresh water. Also, just
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below the shelf break in the slump head
scarp, side scan sonar and EM 300
bathymetric data show a series of linear
reflectors and ROV observations show that
these reflectors correspond with extensive
flat lying tabular beds of CaCO exposed in
the upper wall of the canyon. These beds
form overhangs and ledges.

Stakes et al. (in press) described an area
(site 842 in Fig. 6) in northern Monterey
Bay, along the western edge of the Monterey
Bay fault zone, where crusts of CaCO were
identified. These authors also noted thiat
sometimes bacterial mats are found here as
well and that several other minor associated
sites in this area contain carbonates that
were not occupied by chemosynthetic
communities and, therefore may represent
past fluid flow.

EVIDENCE OF GAS EXPULSION

In the Monterey Bay region only two gas
sites have been identified, and these are
found in Tertiary sedimentary rocks at the
heads of submarine canyons (Fig. 2). One
site is located on the Salinian block east of
the Palo Colorado-San Gregorio fault zone,
at the head of Soquel Canyon which incises
the northern Monterey Bay shelf. The
canyon cuts the Purisima Formation and
seismic reflection profiles collected across
the shelf just north of the canyon head
exhibit acoustic anomalies or “bright spots”
indicative of gas charged sediments (Figs. 8
& 9; Sullivan, 1994).

b.

Figure 9. Geopulse seismic reflection profiles (a.,
line 64 and b., line 68) across the shelf immedi-
ately north of the head of Soquel Canyon show-
ing acoustic anomalies (bright spots) characteris-
tic of gas charged sediments. See Figure 8 for
location. After Sullivan (1994).

Sullivan (1994) reported finding water column anomalies which she interpreted as gas. We
speculate that the block glides and other slump deposits found in the head of Soquel Canyon
(Sullivan, 1994) result from elevated pore pressures associated with periodic venting of gas in the

headwalls of the canyon.

A second gas site lies along the shelf at the head of Afio Nuevo Canyon (Fig. 10). Data collected
from a single channel 1 kJ sparker and a 300 J Uniboom seismic reflection profiling systems
along the Afio Nuevo Point to Santa Cruz shelf defined an area of acoustic anomalies (“bright
spots”) on the shelf immediately adjacent to the canyon head (Mullins and Nagel, 1982; Nagel et
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Figure 10. Shaded relief map of Ascension Canyon slope showing inferred gas induced canyon
head collapse at Afio Nuevo Canyon. Dashed line represents inferred structural lineament, possi-
bly a fault or lithologic contact. Map constructed from MBARI EM300 multibeam bathymetry.
Slashes and dashed symbols indicate the location of interpreted gas occurrences near the head of
Afio Nuevo Canyon by Mullins and Nagel (1982).

al., 1986). Similar to Soquel Canyon, Afio Nuevo Canyon notches the continental shelf and has
eroded Pliocene sandstones equivalent in age and lithologies to the Purisima Formation. Mullins
and Nagel (1982) also reported finding several water column anomalies that they interpreted as
gas venting from the seafloor. The recently collected MBARI EM300 swath bathymetry shows
Afio Nuevo Canyon to have a crecentic to circular collapsed head (Fig. 11). We speculate that
this collapse is primarily the results of high pore pressures produced by gas forcing from
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Figure 11. Shaded relief map of the northern Ascension slope showing inferred groundwater
geomorphology and seep sites. Map constructed from MBARI EM300 multibeam bathymetry.
Circle shows location of possible carbonate mounds. A denotes scallop, B marks thin sediment
flow, and C’s indicate areas of incipient canyon formation.

hydrocarbon sources at depth with the gas traveling to the headwalls of the canyon where mass
wasting and headward encroachment is stimulated

EVIDENCE OF POTENTIAL FLUID SEEPS

The EM300 multibeam data revealed a seafloor morphology that suggests deformation and
alteration through transpressional tectonic processes, fluid flow and submarine canyon erosion.
Much of the region exhibits fluid induced mass wasting that is especially prominent in the north
along the Ascension Canyon slope. Parts of the Sur slope also exhibit a seafloor morphology that
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may result from fluid induced mass wasting. These two slopes, the Ascension Canyon (including
Smooth Ridge) and Sur slopes, are separated by Monterey Canyon and Fan Valley (Fig. 2)

Ascension Canyon Slope and Smooth Ridge

The Ascension Canyon slope (Fig. 11) exhibits features such as rills, pits and gullies associated
with piping, fluid induced thin sediment flows, concentric- to circular-shaped small (meters to
10’s of meters in diameter) slump scarps we call “scallops” or “cusps” associated with fluid
sapping, and fluid induced rotational slumps (Greene et al., 1998; Maher et al., 1998; Naehr et
al., 1998). These features are remarkably similar to those described on land by Parker et al.
(1990), Jones (1990), Higgins et al. (1990) and Baker et al. (1990). In addition, areas along the
distal edge of the shelf and upper slope (100-300 m deep) where rills and pipes terminate
correspond to incipient canyon formation (C in Fig. 11). The term pipes as used here refers to
narrow conduits through which fluids flow in sedimentary deposits and where granular material
is removed forming linear collapsed structures that can be identified as rills and aligned pits on
the surface of the seafloor.

Past, and perhaps present, fluid flow is suggested in the EM300 bathymetry by the presence of
possible carbonate mounds scattered about the flat shelf floor (Fig. 11). The base of the slope is
similar to outwash plains. We speculate that fluid and gas migration from the hydrocarbon source
in the Monterey Formation of the Outer Santa Cruz Basin (Hoskins and Griftiths, 1971;
McCulloch and Greene, 1990) may be responsible for the shelf and slope morphology. We have
identified several geomorphic features along the upper slope and outer shelf where we suspect
that fluids and perhaps gases are seeping out into the water column (Figs. 2 and 11).

The EM300 data also shows that the southern flank of Smooth Ridge is shedding its sediment
cover, which appears the result of fluid induced mass wasting. We have identified a few of these
areas in Figures 2 and 11. Young to incipient cold seep sites aligned N-S along the eastern crest
of the ridge, just west of the Horseshoe Scarps, may be forming from compressional squeezing, a
result of the buttressing effect the Salinian block creates where the ridge is obliquely converging
along the western boundary of the block, along the Palo Colorado-San Gregorio fault zone. This
compression is forcing fluid flow.

Sur Slope

Similar to the Ascension Canyon slope and Smooth Ridge, the Sur slope is being tectonically
uplifted as indicated by the uplifted terraces in the coastal part of the Santa Lucia Mountains
adjacent to Point Sur and the shedding of the sedimentary cover at the base of Sur slope. This
uplift has led to the initiation of denudation of the upper slope and the formation of gullies and
canyon heads (Fig. 7). Apparent fluid induced mass wasting occurs here as suggested by rills,
mounds that may be constructed of carbonates and scallops.

The EM300 data collected along the northern flank of Sur slope shows two possible carbonate
sites where mounds have been identified associated with canyon heads on an otherwise smooth
area of seafloor (Figs. 2 & 7). One site is located at the head of an unnamed canyon just offshore
of Garrapata Beach, in the area where the Palo Colorado fault zone extends offshore to connect
with the southern extension of the Carmel Canyon fault zone, the southern extension of the Palo
Colorado-San Gregorio fault zone. The other site is to the south of this unnamed canyon on the
upper slope and distal outer shelf where distinct mound-like topography is mapped (Figs. 2 & 7).
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The entire western base of Sur slope is undergoing mass wasting and, based on the
geomorphology, we speculate that many of the landslides in this area are fluid induced. The very
large and extensive Sur slide, identified by Hess et al. (1979) and Normark and Gutmacher
(1988) is composed of a number of retrogressive slumps (Greene et al., 1989) which probably
result from an increase in slope due to tectonic uplift of the Sur slope and platform to the east,
and increased fluid flow resulting from compressional squeezing and overburden pressure. The
Monterey Formation exists at depth in this area and gas expulsion may also be taking place. The
identification of an extensive pockmark field south of the Sur slope, near the lower part of Lucia
Canyon, suggests that gas venting occurred in this area in the past (Maher et al., 1998).

We have identified a series of sites along the base of Sur slope that we think are potential fluid
seep sites (Figs. 2 & 7). These sites by no means represent the total number of seeps we believe
are present, but are identified to indicate symbolically that fluid induced mass wasting is most
likely occurring around the base of the lower Sur Ridge.

CONCLUSIONS

At least 16 major active and past fluid seep sites are identified in the Monterey Bay region. Of
the 16 identified sites, 9 are confirmed active and 7 are fossilized or dormant. The active seeps
are based on the presence of chemosynthethic communities composed of vesicomyid clams,
vestimentiferan worms and free-living bacterial mats. The existence of ancient seeps are based on
the presence of slabs, pavements, chimneys and other buildups that are composed of authigenic
carbonate.

Seeps are generally concentrated along faults, particularly along the Palo Colorado-San Gregorio
fault zone that marks the western boundary of the Salinian block in the Monterey Bay region.
This boundary locally separates two major tectonic provinces; 1) the eastern fault sheared and
slivered allochthonous Salinian block province and 2), the western transpressional accretionary
province.

Expelled fluids in the eastern province appears to derive from several different sources. Ancient
or dormant seep sites on the southern Monterey Bay shelf may have resulted from the expulsion
of aquifer driven meteoric waters. In the Portuguese Ledge and Italian Ledge areas we suggest
that these waters traveled along faults within the Monterey Bay fault zone to sites on the seafloor
where the water vented.

Along the eastern margin of the western province, west of the Palo Colorado-San Gregorio fault
zone and in the area where the faults of the Monterey Bay fault zone merge with the Palo
Colorado-San Gregorio fault zone, many active seeps are located. Cold-seep communities of
metal oxidizing bacterial mats and chemosynthetic clams (Vesicomya) along the northern wall of
Monterey Canyon indicate that sulfide-rich fluids are seeping out of faults in the Monterey Bay
fault zone (Barry et al., 1993, 1996, 1997).

The fluid chemistry suggests the mixing of fluids from several sources (Stakes et al., in press;
Orange et al., in press). Some fluids may result from advection through the hydrocarbon-rich
Monterey Formation whereas other fluids may be transported along fault conduits. Other fluids
travel through freshwater aquifers within the Purisima Formation that extend from the Santa Cruz
Mountains to Monterey Bay and surface along the walls of Monterey Canyon (Greene et al.,

Structure—19



1997). Artesian conditions exist, although flow rates at the faults are not known. At Mount
Crushmore the chemosynthetic communities may obtain sulfide-rich fluids from artesian flow of
aquifer waters as the biota are all concentrated in black hydrogen-sulfide mud in fault and
fractured crevices that cut deeply into the Pliocene Purisima Formation, a shallow water marine
sandstone and the best recharged aquifer of the Santa Cruz Mountains (Muir, 1972). Some fluids
may be methane-rich resulting from gas overpressures in the Monterey Formation and migration
to overlying permeable sandstones such as the Purisima Formation exposed at the heads of
Soquel and Afio Nuevo canyons.

In the western province expelled fluids originate from several sources and processes.
Compression of the sedimentary slope west of the Palo Colorado-San Gregorio fault zone due to
transpressional movement may cause dewatering. This dewatering is shown by the existence of
cold seep chemosynthetic communities and carbonate crust formation. Carbon and oxygen
isotopic analyses indicate several sources for these fluids (Orange et al., in press; Stakes et al., in
press). One source is from the hydrocarbon-rich Monterey Formation of Miocene age whereas
the other is from carbon buried in Quaternary sediments. The Monterey Bay region is a major
upwelling area and high organic production occurs here. Organic-rich sediment accumulates on
the slope and produces considerable biogenic methane. Other fluids flow along faults and have a
source deep in the sedimentary column.

In Monterey Fan Valley, chemosynthic seeps are reported to be the result of biogenic fluids that
originate from buried organic material in filled channels (Greene et al., 1997). No chemical
analyses have been made of these seeps so the origin of fluids is still speculative.

The recently collected EM300 multibeam bathymetry data indicates extensive areas of seafloor
fluid flow and gas expulsion north and south of Monterey Bay. The Ascension Canyon slope
exhibits distinct groundwater geomorpholgy with numerous fluid-induced mass wasting features.
Fluid induced rills, grooves, pipes and pits are common in this area. We speculate that these
features may be forming from gas and fluid expulsion originating from deep hydrocarbon sources
in the Outer Santa Cruz Basin.

EM300 data show that the Sur slope offshore of Point Sur is undergoing similar mass wasting
processes. In addition, these data revealed an extensive pockmark field to the south of the Sur
slope (Maher et al., 1989) that may be the result of past gas expulsion associated with of gas

escaping from the Monterey Formation at depth here, possibly initiated by seismic activity.
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Hydrogeology of Coastal Watersheds: Southern Santa Cruz and Northern
Monterey Counties

Nick Johnson

Introduction

Constraints imposed by seasonal and drought scarcities of potable water strongly characterize
development patterns in California’s past and present. Whereas water imported from the state’s
north and Sierra Nevada helped alleviate such constraints across large portions of the state, the
Central Coast region between San Francisco and San Luis Obispo struggles with its continuing
dependency on local supplies. The myriad of problems associated with this struggle include
groundwater overdraft, seawater intrusion, depletion of in-stream flows, pressure to construct dams,
wanted and unwanted growth, and water quality degradation by agriculture, wastewater, and other
aspects of development. Traditional local sources include a few relatively large unconsolidated
groundwater basins, scattered bedrock aquifers of primary and/or secondary porosity, direct
diversions from large and small streams, and releases from relatively modest reservoirs built prior to
the mid-1960s. “New” supplies mostly involve the conjunctive use of surface water, groundwater,
reclaimed wastewater, and desalinated water, as well as continued attempts to build new dams and
importation pipelines (Table 1).

The streams, aquifers, farms, towns, and relatively native watersheds we pass on our drive from
Aptos to Big Sur embody all these issues—from one of the worst cases of seawater intrusion at the
mouth of the Salinas Valley, to ongoing fights over water importation into Pajaro Valley; dam
construction in Carmel Valley; and residential diversions from small salmonoid streams along the
Big Sur Coast.

Highway 1 Rest Stop Between Aptos and Watsonville (0.0 mile)

From this vantage, the Soquel-Aptos groundwater basin extends to our north and the Pajaro
groundwater basin lies to our south (Figure 1). Urban water production from the Soquel-Aptos basin
is primarily from confined aquifer zones in the semi-consolidated, Pliocene Purisima Formation.
Production from the Pajaro basin, mostly for agriculture, is largely from relatively unconfined zones
within unconsolidated deposits of Aromas Formation, terrace deposits, and river alluvium.

Soquel-Aptos Basin

The Soquel Creek Water District serves a population of about 50,000 from 17 wells with a total
capacity of 17,000 acre-feet per year (ac-ft/yr). Most of these wells draw from confined portions of
the Purisima aquifer, although its southern wells are in the Aromas. A building moratorium was
imposed in the 1970s in response to a USGS investigator’s warning that overdraft and seawater
intrusion were imminent. After a District consultant negated these concerns in the 1980s by
installing coastal monitoring wells and arguing for a nearly open-ended yield, the area grew
substantially and the City of Santa Cruz Water Department began eyeing the Soquel-Aptos basin
for itself. Santa Cruz considered an exchange of its stream and river diversions during wet years for
Soquel groundwater during dry years, and more recently considered increasing its own Purisima
production from along its eastern service area boundary. Meanwhile, far-reaching subsealevel
drawdowns propagating through the confined aquifer have renewed overdraft and intrusion
concerns.
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Evaluating the potential for seawater intrusion depends in part on assumptions about potential
pathways and initial conditions. The Purisima outcrops in Monterey Bay, including where cut by the
marine canyon. One modeling effort concluded that insufficient time had passed since the Holocene
sea level rise to equilibrate the aquifer’s freshwater-saltwater interface (Essaid, 1992); i.e., although
sea water continues to enter the aquifer through the canyon walls, the interface remains far offshore
and pumping has little effective impact. This conceptualization, however, may underestimate
downward leakage near shore and communication with intruded portions of the Aromas.

Recent modeling by the Soquel District suggests overdraft of as much as 1,000 ac-ft/yr. Supply
augmentation measures being considered include distributing pumping inland and among
unconfined zones; offstream storage of Soquel Creek high flows, with injection of same back into
the Purisima; and desalination. The City of Santa Cruz is again looking elsewhere for water,
including a major desalination facility. In the near term, Santa Cruz will be limited to renewed water
conservation and rationing.

Pajaro Basin

As shown in Figure 1, the Purisima dips steeply east and south from Soquel and becomes overlain
by many hundreds of feet of unconsolidated Aromas Formation and younger terrace and alluvial
deposits beneath the 120-mi? Pajaro Valley (Figure 2). Agricultural, urban, and industrial needs are
currently met by nearly 70,000 ac-ft/yr of groundwater pumping, mainly from the Aromas aquifer
and Pajaro River alluvium. Seawater intrusion into shallow zones near the river mouth and
Springfield Terrace to the south was noted as early as the late 1940s. Significant intrusion is now
evident in wells along the coast, for example at La Selva Beach immediately west of the scenic
overlook at Stop 1.

The Pajaro Valley Water Management Agency (PVWMA) was formed in 1984 to address the
overdraft issue. Groundwater modeling for the Agency has estimated 18,000 ac-ft/yr of overdraft, of
which a portion is replaced each year by seawater intrusion (Table 2). The Agency’s 1993 Basin
Management Plan asserted that future water demands could be met without overdraft by eliminating
pumping along the coast (thus increasing the “natural” yield by 60 percent), recharging 6,000 ac-
ft/yr of local runoff, importing as much as 20,000 ac-ft/yr from outside the basin, and achieving
conservation through an aggressive pump tax.

Implementation of the plan began to falter once the pump tax began to hit water users hard and
potential growth-inducement from water importation became a stronger environmental issue. With
the help of a group called “NOPE” (No Overpriced Pipeline Ever), a halt was put to the pipeline and
further increases in the pump tax.

Local recharge projects are going forward, including percolation of river diversions into the basin
forebay and percolation of slough diversions into coastal dunes. Logistically, these diversions are
fraught with environmental issues of their own, e.g., minimizing disturbances to the streambed and
flow conditions. Because extensive clay layers may inhibit deep percolation, new shallow recovery
wells are planned along with a pipeline distribution system. Enhancement and use of seasonal
storage in College Lake has been delayed pending integration with new Army Corps flood control
plans. Finally, a new Basin Plan and EIR are intended to revitalize the importation pipeline, which
would bring outside water to the Central Coast for the first time. The pipeline would convey an
entitlement from the Bureau of Reclamation’s San Felipe Project as well as “water transfers”
negotiated on the open market.
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Pajaro River to Moss Landing (6.1 to 11.0 miles)

Springfield Terrace and Aromas Sand Hills

After crossing the Pajaro River and leaving Santa Cruz County, we climb out of the flood plain and
onto Springfield Terrace, an area of rich farmland cultivated primarily in artichokes. This area and
the rolling hills of Aromas Sand to the east are within the overlapping jurisdictions of PVWMA and
Monterey County Water Resources Agency (MCWRA). Yet neither agency has any easy answers
for dealing with severe groundwater overdraft and seawater intrusion in these areas. As illustrated
in Figure 3, Springfield Terrace may be essentially cutoff from inland recharge by a deep clay plug
underlying Elkhorn Slough to the south and curving behind to the east. Although the sand hills
comprise a highly permeable recharge area, rainfall amounts are low. Furthermore, groundwater
quality degradation from fertilizers and septic tanks is particularly acute here. No viable local
recharge projects have been advanced. Because houses use less water and introduce less nitrogen
than farms, Monterey County has been hard pressed to stem the conversion of agricultural land to
residential subdivisions. Ultimately, a prohibition on future development may result from water
supply limitations, although curtailing agricultural use remains problematic under California water
law.

Moss Landing to just beyond Salinas River (11.0 to 18.0 miles)

Salinas Groundwater Basin

As shown in Figure 4, the long and narrow Salinas Valley floor extends nearly 80 miles inland
southeast of Monterey Bay and covers about 470-mi?. Compared to the rather heterogeneous
hydrostratigraphy of the Pajaro Basin, the lower Salinas Basin consists of a series of three relatively
distinct aquifer zones defined by confining aquitards (Figures 1, 5, and 6). Drawn by pumping
depressions exceeding 100 ft below sea level near and east of Salinas, seawater intrusion in the
shallow “180-ft aquifer” extends nearly 7 miles inland, encompassing 30 mi? (Figure 7), and nearly 3
miles inland over 15 mi? in the “400-ft aquifer.” Furthermore, severe nitrate contamination from
agriculture and wastewater is prevalent.

Figure 8 summarizes the Salinas Valley groundwater balance. Among its four subareas,
groundwater production exceeds 500,000 ac-ft/yr. Since construction of San Antonio and
Nacimiento reservoirs in the upper watershed in the 1950s and 1960s, Salinas Valley water supply
problems have been mainly a function of distribution rather than available yield. Indeed, when the
California Department of Water Resources (DWR) conceptualized these dams in the 1940s, a
complementary conveyance system was known to be necessary for a long-term water supply
solution. The DWR envisioned using the Upper Valley and Forebay subareas for storage by
drawing groundwater levels down, piping the pumped groundwater to the Pressure and East Side
subareas, and inducing additional recharge from reservoir releases to replenish upper valley
groundwater storage. Because such conveyance facilities were never implemented, the upper
(southern) portion of the valley has enjoyed a water surplus and the lower (northern) portion of the
valley has experienced severe local overdraft. Due to confining layers and limited local runoff, the
lower valley does not receive significant local recharge.

Because water users in the upper basin are apparently unwilling to allow groundwater withdrawals
to serve the needs of the lower basin, the current Salinas Valley Water Project intends to use
inflatable dams or Ranney collectors to capture excess reservoir releases, hold it in various off-
stream storage facilities, and distribute this water for irrigation in the lower valley. This “in-lieu”
recharge will reduce groundwater extractions in the lower valley and help the groundwater gradient
reverse against seawater intrusion. Reclaimed wastewater is providing an additional source of
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irrigation water in intruded areas, although planned recharge and recovery of reclaimed water using
injection wells in the intruded zone has yet to be permitted.

Salinas River to Monterey (18.0 to 28.0 miles)

Marina/Fort Ord

The City of Marina has assumed responsibility for supplying water to the various new endeavors at
Fort Ord. Falling within the Salinas Valley water management zone, it may be assumed that
groundwater use by Marina/Fort Ord contributes to existing overdraft and intrusion problems.
Marina has gone ahead and constructed a 300 ac-ft/yr desalination project. Because its beach well
currently produces brackish water with only 22,000 ppm salinity, wastewater from its treatment plant
approaches the salinity of seawater and can be discharged directly to the ocean.

Seaside Basin

Although the Seaside Basin is considered separate from the problems of Salinas Valley, its size and
yield are limited. It falls within the jurisdiction of the Monterey Peninsula Water Management District
(MPWMD), within which the California-American Water Company (Cal-Am) is the primary water
purveyor. With the recent failure to win public approval for a larger dam on the Carmel River, the
conjunctive management of surface water and groundwater between Seaside and Carmel Valley
has increased. A pilot project now pipes 350 gallons per minute over from the Carmel River when it
is flowing to the ocean (thus, about 200 ac-ft/yr) for recharge by injection well into the Seaside
Basin. Although approved by regulators, the public also voted down a Seaside desalination project.
Nevertheless, the water needs of the Monterey Peninsula may be met by a future water
desalinization project and expanded injection and recovery of Carmel River water in the Seaside
Basin and perhaps at Fort Ord (i.e., “aquifer storage and recovery,” or ASR).

Rio Road, south end of the City of Carmel (35.0 miles [reset mileage to 0.0 mile])

Carmel River/Carmel Valley

An up-thrown block of granite at the mouth of the Carmel River partially blocks seawater intrusion
from entering the 7-mi?> Carmel Groundwater Basin. However, conflicting water demands and
environmental and legal issues have thwarted efforts to optimize the conjunctive use of its surface
water and groundwater resources. Presently, the area is under order from the California State
Water Resources Control Board (SWRCB) to reduce Carmel Valley water production by 10,000 ac-
ft/yr, which may trigger mandatory rationing until other sources and/or projects are developed.

Garrapata Beach (5.5 miles)

Garrapata Creek

Available water supplies become limited in the steep bedrock canyons south of Carmel. Please
refer to the attached report prepared for the Garrapata Water Company for an example of water
issues in this area. In this case a shallow well beside Garrapata Creek “2-mile from the coast
supplies about 30 nearby homes built since the 1960s. State Fish and Game and the Water
Resources Control Board recently challenged the use of this well. At issue is whether the well taps
a "subterranean stream." Following a hearing in February 1999, the Board determined that it does.

Andrew Molera State Park (21.3 miles)

Big Sur River Alluvial Fan

The lower reaches of the Big Sur River are likely underlain by a locally significant alluvial aquifer.
Perhaps because of its parkland status, it appears to have remained undeveloped.
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Selected References

My personal knowledge of water supply conditions and issues along the Central Coast derives from
over 20 years of work in the area. However, | am very grateful to my colleague Martin Feeney, a
consulting hydrogeologist based in Monterey (831/643-0703; mfeeney@ Ix.netcom.com), for the
update he provided me on many of these topics immediately prior to the field trip. Furthermore,
several of the following references cite only an agency and/or district and its current consultant;
tittes of many of the most recent and relevant reports were unavailable to me as this guide was
prepared.

California Department of Water Resources, 1977, North Monterey Water Resources Investigation.

CH2M HILL and Montgomery Watson, recent reports prepared for Pajaro Valley Water
Management Agency.

Corollo Engineers and Fugro West, recent studies prepared for the City of Santa Cruz Water
Department.

Essaid, H.l., 1992, Simulation of Freshwater and Saltwater Flow in the Coastal Aquifer System of
the Purisima Formation in the Soquel-Aptos Basin, Santa Cruz County, CA: USGS Water-
Resources Investigation Report 91-4148, 35 p.

Feeney, M.B., Consulting Hydrogeologist, Monterey, CA, personal communication.

Jones & Stokes Consultants, State of the Basin Report, in preparation for Pajaro Valley
Groundwater Investigation, Phase |, prepared for Pajaro Water Management Agency.

LeClergue, B., County Hydrologist, Santa Cruz County, CA, personal communication.

Luhdorff & Scalmanini Consulting Engineers and Montgomery Watson, recent reports prepared for
Soquel Creek Water District.

Luhdorff & Scalmanini Consulting Engineers, 1987, Pajaro Valley Groundwater Investigation, Phase
|, prepared for Pajaro Water Management Agency.

Montgomery Watson, 1994, Salinas Valley Groundwater Flow and Quality Model Report, prepared
for Monterey County Water Resources Agency.

Montgomery Watson, 1998, Salinas Valley Historical Benefits Analysis Final Report, prepared for
Monterey County Water Resources Agency.

Montgomery Watson, 1998, Salinas Valley Water Project, Draft Project Plan Report, prepared for
Monterey County Water Resources Agency.
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PGS Field Trip, May 2000, Aptos to Big Sur - Hydrogeology
summarized by Mick Johnson

Table 1
Summary of Water Supply Sources, Issues, and Proposed Solutions for Central Coast Region
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PGS Field Trip, May 2000, Aptos to Big Sur — Hydrogeology
summarized by Nick Johasen

Table 1
Summary of Pajare Groundwater Basin 1993 Management Plan
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PAJARO VALLEY WATER MANAGEMENT AGENCY
PVWMA BOUNDARY MAP

Figure 2
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Historic Seawater Intrusion Map
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Introduction

Garrapata Water Company (Water Company) supplies water to approximately 35 homes and one restaurant in an area near the
Monterey County coast approximately 5 miles south of Carmel Highlands (Figure 1). The water source is from two shallow
wells near Garrapata Creek approximately 1500 feet upstream of the coast (Figure 2). Only one of these wells is in regular use.

The Water Company retained Geomatrix Consultants, Inc. (Geomatrix) to evaluate the source of groundwater to its wells. This
evaluation relates to whether or not the Division of Water Rights (Division) of the California State Water Resources Control
Board (SWRCB) has the jurisdiction to require an appropriative water right for the Water Company’s groundwater use.

In California the following definitions are used:
Groundwater is all subsurface percolating water not flowing in a known and definite channel.

A stream’s underflow is a subterranean stream flowing through a known and definite channel having
identifiable beds and banks.

As defined, use of underflow requires an appropriative right whereas use of groundwater does not.

Division staff prepared an analysis in May 1997 summarizing a staff field investigation relating to Garrapata Creek water rights
issues. This analysis recommended conditions for permitting a Water Company appropriate right to extract groundwater from its
wells. A subsequent memorandum by Division staff in October 1997 concluded that the source of water to the Water Company
wells is Garrapata Creek underflow.

In this report, Geomatrix evaluates available hydrologic and hydrogeologic information for the Garrapata Creek watershed and
nearby region to demonstrate the role of groundwater as a source of water to both stream baseflow
and wells.

Watershed Hydrology and Hydrogeology

Garrapata Creek has a watershed area of approximately 10.6 square miles upstream of the Water Company wells. The watershed
includes two principal tributaries, Joshua Creek and Wildcat Canyon. The watershed is underlain entirely by granitic bedrock.
Alluvial deposits derived from this bedrock underlie Garrapata Creek. One alluviated reach of Garrapata Creek follows a branch
of the Palo Colorado fault for a distance of approximately 2%2 miles.

Water Balance

Inflow

Watershed average precipitation is approximately 26.4 inches based on a U.S. Geological Survey (USGS) isohyetal map (Figure
3; Rantz, 1969). Average precipitation measured by a resident at an approximate elevation of 1000 feet above mean sea level (ft
amsl) in the watershed for water years (WYs) 1982 to 1996 was 29 inches per year (in/yr) (Table A-1). Nearby official
precipitation gages include Monterey and Big Sur State Park, where long-term average precipitation is approximately 19 and 42
in/yr, respectively (Figure 4; Tables A-2 and A-3). The Division assumes average watershed precipitation to be 25 in/yr.

Table 1 presents an estimated soil water balance for the Garrapata Creek watershed upstream of the Water Company wells. The
soil water balance indicates that actual evapotranspiration is approximately 16.7 in/yr. Thus, approximately 9.7 in/yr, or 5500
acre-feet per year (ac-ft/yr), are available for streamflow and groundwater recharge.

In the May 1997 Division staff report, total watershed runoff was estimated as 35 percent of precipitation, or 4668 ac-ft/yr
assuming 25 in/yr of average precipitation. This is reasonably consistent with the above estimate using the soil water balance
approach.
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Outflow

Meter readings of water produced by the Water Company well between July 12 and September 13, 1997 indicate an

extraction rate of approximately 3.6 ac-ft/month during the dry season (27 gpm or 0.06 cfs). This extrapolates to 43 ac-ft/yr,
although water use is probably less during other times of the year. The majority of this water is used in nearby areas outside the
watershed boundary, and some is recharged by septic tanks and percolated landscape irrigation of Water Company customers
within the watershed.

Excluding the Water Company, the Division lists ten diversions of record in the watershed totaling 310 ac-ft/yr of appropriative
and claimed water rights (Table 3 of May 1997 staff report). The entire amount of these rights may not be exercised, and of the
amount used some returns as applied water and wastewater recharge. Additional water use includes non-recorded diversions and
other groundwater extractions. No water use appears to occur downstream of the Water Company wells.

Based on these outflows, a rough, conservative estimate of total watershed outflow to the ocean is 5100 ac-ft/yr. Based on the
discussion in the following sections, it is reasonable to assume that most of this reaches the ocean as Garrapata Creek
streamflow.

Garrapata Creek Discharge

Garrapata Creek does not have a recording stream gage. The nearest recording gage is operated by the USGS on the Big Sur
River. The average discharge of the river’s 46.5 square mile gaged watershed is approximately 72,000 ac-ft/yr (Table A-4).
Figure 5 provides the river’s WY 1951-1997 gaging record in terms of percent average annual discharge. Assuming Garrapata
Creek has an average annual flow of approximately 5000 ac-ft/yr near the Water Company well, its average annual flow is equal
to approximately 7 percent of that of the Big Sur River.

Available Data

Table 2 summarizes 13 measurements of Garrapata Creek instantaneous discharge reported by various observers during 1976 to
1996. These measurements were taken at various times of the year during both dry and wet years, and range from 0.05 to 22
cubic ft per second (cfs).

The measured instantaneous flows of Garrapata Creek range from about 2 to 11 percent of the corresponding average daily flows
of the Big Sur River (Table 2). Creek flows below 1 cfs were roughly 3 percent of corresponding river flows, creek flows from 5
to 10 cfs were about 8 to 11 percent of river flows, and creek flows over 15 cfs ranged from about 5 to 7 percent of river flows.
This relation is plotted in Figure 6. The non-linear relation between creek and river flows may be related to various factors,
including differences in watershed physiography, geology, precipitation, and vegetation.

Estimate of Average Monthly Flows

Based on the flow relationship in Figure 6, Table 3 provides estimates of the average monthly flows of Garrapata Creek. These
total 5000 ac-ft/yr, consistent with the water-balance estimate presented in Section 2.1. Figure 7 is a plot of the estimated
average monthly flows of Garrapata Creek expressed in terms of cfs.

In Table 1 of their May 1997 report, Division staff estimate the average monthly flows of Garrapata Creek to equal 35 percent of
the estimated volume of average monthly rainfall. Because this approach ignores the contribution of groundwater discharge to
streamflow during the dry season, the Division’s estimated minimum monthly flow of 0.16 cfs (in July and August) is only about
one third of the minimum monthly flow estimated by Geomatrix (in October; Table 3). Indeed, the Division approach for
estimating monthly flows is contrary to the following statement by Division staff in the same May 1997 report:

“Streamflow during the six months [dry season] consists of water that is released from bank and channel storage
and water discharged from springs and seeps” (p. 7, 2" paragraph).

Estimated Baseflows

Similar to other streams in coastal California, Garrapata Creek streamflow consists of two components, runoff and baseflow.
The runoff component occurs during and after periods of precipitation. The baseflow component occurs because of the hydraulic
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head difference between groundwater and the water surface in the creek. During the dry season from May to October, when
there is little or no precipitation (Figure 4), the flow is entirely baseflow. All but four of the flow measurements in Table 2
represent such conditions. During the wet season, flows consist of both baseflow and runoff. The rate of baseflow is greatest
when the hydraulic gradient between groundwater and stream is greatest. This occurs when groundwater elevations reach their
annual peak near the end of the wet season as a result of cumulative recharge.

Figure 7 shows an approximate runoff-baseflow separation for the estimated average annual hydrograph of Garrapata
Creek. Peak baseflow is estimated to occur in April at a rate of about 6 cfs. Baseflows of this magnitude were measured
during June of 1982 following a winter of above average rainfall. As summarized in Table 3, average annual baseflows
are estimated to total about 1900 ac-ft/yr given the runoff-baseflow separation shown in Figure 7.

Groundwater

The Garrapata Creek watershed consists of a dual aquifer system. One aquifer consists of alluvial deposits underlying the valley
floor and the other aquifer consists of the weathered and fractured granite exposed across the remainder of the watershed.

Alluvial Deposits

Drillers’ logs suggest that alluvial deposits in the vicinity of the Water Company wells are at least 40 to 50 ft thick. The Water
Company wells are completed in these deposits and operate at a rate of approximately 50 gallons per minute (gpm). From the
Water Company wells upstream to where the creek follows the Palo Colorado fault, the valley floor occupies approximately 42
acres. Another broad portion of the valley floor further upstream occupies another 24 acres. Because the alluvial fill is “V”’-
shaped in cross section, its average thickness may be about 20 ft. Assuming a porosity of 20 percent, the total amount of
groundwater stored in the alluvium may be about 260 ac-ft.

Weathered and Fractured Granitic Bedrock

As described in the October 1997 Division staff memorandum, the granitic bedrock has a moderately to well developed system
of joints trending northwest similar to the Palo Colorado fault. Weathering and fracturing associated with the joints and faulting
result in a secondary porosity capable of producing significant well yields.

Wells in the granitic bedrock provide groundwater to many residents in the region. For example, a 900-ft deep well drilled in the

late 1980s at an elevation of approximately 800 ft amsl on the ridge separating Garrapata Creek and State Route 1 had a yield
reportedly sufficient to serve 12 homes (D. Lane, personal communication).

Water Quality

Table 4 gives 7 paired measurements of the water quality of Garrapata Creek and the Water Company well. The

electrical conductivity of groundwater averages about 3.5 times greater than the streamflow. The pH and turbidity also are
distinctly different. These differences are significant given that groundwater has been extracted continuously at this site for

several decades, and indicate that the groundwater pumped from the Water Company well is derived from a source other than
Garrapata Creek.

Interpretation

Several lines of evidence indicate that water pumped from the Water Company well is truly groundwater and not underflow, i.e.,
not a “subterranean stream flowing though a known and definite channel having identifiable beds and banks.” These include the
following:

*  The need for a bedrock aquifer to transmit and sustain baseflows.
*  The existence of a bedrock aquifer indicated by the many bedrock wells in the region.

»  Significant water quality differences between Garrapata Creek and the groundwater.
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It is not possible to transmit the measured and estimated rates of Garrapata Creek baseflow into the stream except through the
bedrock aquifer. The volume of water released from “bank and channel storage,” as suggested by the Division staff report, could
not sustain these volumes of baseflow. Indeed, the alluvial deposits upstream of the Water Company well have an estimated
groundwater storage capacity of less than 15 percent of the estimated average annual baseflow. Water released from the banks
immediately adjacent to the creek could not provide the additional water needed to sustain baseflow.

The volume of baseflow indicated in Figure 7 and Table 3 requires an average rate of groundwater recharge of 3.5 in/yr across
the entire watershed. Effectively transmitting this flow through the colluvium across the entire watershed, as suggested by the
October 1997 Division staff memorandum, is highly improbable. Instead, this recharge percolates over the entire watershed to
become groundwater within a significantly thick weathered and fractured zone of saturated bedrock. The existence of this
bedrock aquifer is known from the many successful wells in granitic bedrock in the region of Garrapata Creek. Aquifers within
fractured granitic rock are common throughout the world. The weathering of feldspar minerals into clay, contrary to the
Division staff memorandum does not compromise their viability.

The Division staff memorandum states that the “boundary of the zone of [bedrock] fractures and weathering, although not known
with exactness” may be inferred to be the “bed and banks of a subterranean stream.” Because the granitic bedrock occurs over
the entire watershed, and because fractures and weathering are not limited to the bedrock immediately beneath Garrapata Creek,
this statement by Division staff may be reasonably interpreted to say that the entire watershed is underlain by a subterranean
stream. Geomatrix agrees that the entire watershed is underlain by a bedrock aquifer that transmits recharge to Garrapata Creek,
but this clearly should not be described as the underflow of a subterranean stream.

Garrapata Creek occupies the topographic low point of the watershed and is thus the ultimate destination of most groundwater
flow through the bedrock aquifer from all points of the watershed. Furthermore, because the hydraulic conductivity of the
alluvial deposits is likely greater than that of the fractured and weathered bedrock, groundwater flow paths are directed into the
alluvium. The difference in hydraulic head between areas of recharge and the creek cause groundwater entering the alluvium
from the bedrock to rise up into the channel. This is particularly true as sea level is approached towards the lower portions of the
watershed, such as where the Water Company well is located. Figure 8 illustrates this flow pattern. Whereas this flow system
can support the observed baseflows of Garrapata Creek, the flow system described by Division staff cannot.

The water quality differences between the Water Company well and Garrapata Creek are consistent with the interpretation that
groundwater flows from the bedrock aquifer across the watershed toward the creek. The groundwater is more mineralized
because of its residence time in the bedrock aquifer.

Conclusion

The source of groundwater that both discharges into Garrapata Creek and is pumped from the Water Company well originates
from groundwater recharge into the weathered and fractured bedrock aquifer across the entire watershed. This explanation of the
watershed hydrology is consistent with rates of observed and estimated baseflow, the existence of wells in the bedrock, and
water quality differences between groundwater and the creek. These conditions indicate that percolating groundwater is the
source of water to the Water Company well.
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Table 1

Estimated Soil Water Balasce for the Garrapaia Crock Walerahed Upstream of ihe Garrapata Water Company Wells*
(] vahucs wre: b mnchees cxeept T [F) deed | [Semerasonica])
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Tabde 2
Instamtansous Discharge Messurements of (arrapats Creek

Average Garrapats Ck. | Big Sur L
Gaged Flows Daily Flowol | Flowas% | WY Flow
Big Sur & | of Big Sur B %ol
Reported Flow for Drate Flow for Average
Date (gpm) {efs) Reported Method Source {cfls) Diate Flow
&/76 thra 158 047 |nome reporied; uncertain date within |Black & Veach, 1980 14 1.99% 13%
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measurements, >0 siation widths each
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|communication to Division of
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bl bt 12 0.05  |2-inch flume; stage 0.225 g 2.8 1.7¥% 15
12141951 17 026  |E-imch Mme; -.-Fnu . 9.4 1. T 0
WA 1992 L] 0T |E-inch flume; slage 0.2 5 6.3 1.50%% 55"
| 10201956 233 0.52 Imone reporied " 1% 21.39% 121%
{m'fsec) | (cfs) FPrior Fainfall Reparted Method
IS99 0617 22 3310 3r%9%  |Price pygmy current | California State University, 121%
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of Water Rights 395 5.51%
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Table 3
Estimation of Garrapats Creek Average Monthly Discharge
[ Siream Umits Source | OCT | WOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | siP | WY
|n.-.s. River el Table A4 | WREFl | WREF | WEEF! | WREF | WRER | WREFl | WREF | WREF| | WREF) | WREFI | WREF | WREF | WREF!
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Ic.n.-cmt mY%olBgSwR | Fguret | 30% | 60% | B0% | 70% | 0% | To% | RA% | BO% | S0 | 4% | 35% | 3om | #RER
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F-mr:r.m- el Figure 7 | 052 1.9 1E) ¥l 4.50 535 580 433 B 0492 Ly 044
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Tabile 4

Available Paired Water Quality Data for Garrapata Creek and Water Company Well

Garrapaia Water Compamy 'Well Groundwater
Elecirical Electrical
Temp. | Conductivity Turbidity | Temp. | Conductivity Turbidity | Rainfall During
| Dae | F) {uSem) pH | (NTU) | (F) (uSiem) pH | (NTU) | Days Prios Source
Irace amdunts
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1728998 5E9 174 863 13 5.2 48 7.59 0.2  |dry 1/20-1/27, | Garrapata Water Co.
rrwess] sa 161 8.9 %) (] 45 7.59 015 |wet 1/28-1/29, -
1Fuv1ese| 556 156 839 13 59.0 40 7.99 0.1% wet 2/1- -
e | 53 137 872 L 5350 209 798 015  |x23 -
1251998 SE.1 150 E.92 12 59,5 695 7.99 o1 =
2726/1998] 57.2 150 E.50 7.5 61,9 T35 7.99 0,15 -
Average | 578 163 .61 I8 60,0 574 7.0 0,15

Trnkabew Tiadds 1 11 Wt 1371 Pl




Figures

Hydrogeology—29



Carmel
[ tgll Linls

]
=

—
e

I I.. L - g"':"-
pata Watﬁ’r:-;hed-a-..___ o

= |

e

’

la-ull B

)

- I' I
—ha 1
I'_.-r I

- '\-.,_,_th ﬁd-‘.l

. ,
Sty |
b -
S i
i sl
o = -—\-\__. |-I l;
4 o

Ravadd

Alream '_
s+

Figure |

l.ocation Map lor Garrapata Creek

Prished box shows area of Fieare 2

Hyrdogeology—30



ABojoabolpAH

T€

F ﬂ::rq.;.llh‘rﬁi.'-.ﬁ.
i

I'u"lf.‘l:}_\".m i :-:

Figure 2
Garrapata Watershed

Kol - .
Ly ETanEla Waler
Sineam Comrapury Well




5 miles

Figure 3
Isoh
yetal map for Central Monterey County (inche
(adopted from Rantz, 1969) )

32

Hyrdogeology:




ABojoabolpAH

€e

Figure 4
Average Monthly Precipitation at Big Sur State Park and Monterey
(Source: Tables A-2 and A-3)
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Figure 5
Annusl Discharge of Big Sur River as Percent of 1951-1997 Average Discharge

(Source; Table 4)
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Figure 6
Gaged Instantaneous Discharge of Garrapata Creek as a Percent of
Corresponding Big Sur River Average Daily Discharge

(Source: Table I)
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Figure 7
Estimated Average Annual Total Discharge and Baseflow of Garrapata Creek
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Figure B
Groundwater Flow Pattern from Bedrock Aquifer Recharge Areas to
Alluvial Deposits Beneath Garrapata Creek

Allgvial Aguifer

View Perpendiculas 4 Valbey A (pol to scale)
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Table A-1
Precipitation Record of Residence at 1000-Foot Elevation in Garrapata Creek Watershed
(Souwrce: B. Cox, March 1997, written communication 1o B, Bean/SWRCE)

wWY* inches/year
1982 44.95
1983 64,45
1984 15.50
1985 11,56
1986 Y168
1987 17.68
1933 21.42
1989 15.14
1990 15.66
1991 19.21
1992 26.57
1993 3837
1994 19.3%
1995 49 30
1996 29.02
Average 29.43

“Reflects July | 1o June 30 water year,: e.g., WY 1982 begins July 1 1981,
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DROUGHT, FIRE AND GEOLOGY: KEY
WATERSHED INFLUENCES IN THE
NORTHERN SANTA LUCIA MOUNTAINS

Barry Hecht
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Sediment Yield Variations in the Northern Santa Lucia Mountains
Barry Hecht'

Sediment yields in the northern Santa Lucia Mountains affect channel stability and flood
inundation levels along the larger streams, riparian vegetation and aquatic habitat associated with
the streams, beach sand supply, and the supply of sand available for transport into the deepsea
canyon network just offshore. Sediment yields vary considerably over space and time in this
region. Understanding this variability is one key to usefully reconstructing events of the recent
past and anticipating channel, beach, and offshore dynamics likely to occur in the near future.

Knowledge of sediment yields and transport rates are based on a limited number of
measurements of sediment transport (c.f., Matthews, 1989; Hecht and Napolitano, 1995); on
progressive measurements of sedimentation rates in three reservoirs (see Figure 1, from
Woyshner and Hecht, 2000); and on miscellaneous observations observations developed by
biologists and engineers in the course of evaluating instream habitat and channel stability or
flooding potential. Until recently, absence of data and analysis would have precluded developing
even initial assessments of sediment yields.

Sediment originating in the northern Santa Lucia Mountains is transported subequally as
suspended and bedload sediment (Kondolf, 1982), in contrast to other many other Central Coast
streams, where bedload is frequently 10 percent or less of the material delivered from large
watersheds. The predominantly granitic or crystalline-metamorphic parent rock often weathers
to relatively coarse sands, normally transported by rolling or saltating along the bed. One recent
analysis of portions of the sediment retained in San Clemente Reservoir on the Carmel River
(Moffatt and Nichol, 1996) indicates that about 95 percent of the material is sand, primarily
coarser than 0.25 millimeters.

Spatial Variability

Data to date show much more temporal variability, which masks sub-regional or basin-by-basin
tendencies. In keeping with patterns observed elsewhere in the world, the sub-arid portion of the
region, where mean annual rainfall is less than 20 inches (600 mm.), appears to yield more
sediment per unit area than the sub-humid areas (20 to 40 inches of mean annual precipitation)
based on the limited information presently available. One important mechanism for the

"1 Balance Hydrologics
Principal
900 Modoc St., Berkeley, CA 94707
(510) 527-0727(ph)
(510) 527-8531 (fx)
bhecht@balancehydro.com
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apparently higher rates in the drier areas is mobilization of sediment stored in valley fills by
incision of the larger streams into the adjoining alluvium (Williams and Matthews, 1983;
Hampson, 1997). Higher local relief in the wetter areas also contributes to yields from the
headwaters. It is difficult to distinguish the effects of climate from those of grazing or other
land-use practices, which tend to affect the drier areas to a greater degree.

Underlying geologic materials strongly affect the mechanisms—and presumably the rates—of
erosion. About one-quarter of the northern Santa Lucia Mountains are underlain by Tertiary
sandstones and shales (including Monterey Shales), or by Mesozoic Franciscan and Great Valley
Assemblages. Since little is known directly about yields from these substrates (Hampson, 1997;
Matthews, 1989), rates and processes may be best inferred from adjoining areas with similar
erosional influences (Brown, 1973, Hecht and Enkeboll, 1981, Hecht and Kittleson, 1997 for the
Tertiary sediments; Brown and Jackson, 1973; Knott, 1976; Hecht, 1983 for the older rocks).

Short-Term Variability

Both rates and processes of sediment delivery vary episodically in the northern Santa Lucia
Mountains. Sediment yields following large wildfires, in particular, can abruptly alter sediment
yields and result in fundamental changes in the processes which move sediment (c.f., Cleveland,
1973, 1977; Jackson, 1977; Hecht, 1993). Sedimentation in Los Padres Reservoir during the
winter following the Marble-Cone fire of 1977 effectively doubled the long-term rate of
reservoir filling (Hecht, 1981). Following the same fire, Arroyo Seco aggraded nine feet at the
Green Bridge upstream of Greenfield, with the bed gradually being exhumed during the
following 4 to 6 years (Roberts and others, 1984); farther downstream, non-cohesive banks of
the Salinas River were destabilized during the following 10 years. The pulse of suspended
sediment generated by this fire was several times larger than that moved by the record storms of
January and February 1969, two of the regional floods of record. Smaller—but still
geomorphically significant—episodic events generating large volumes of sediment have been
attributed to large regional storms, landsliding associated (Fig. 1) with large-scale grading and
channel incision and instability (Kondolf, 1982; Williams and Matthews, 1983; Matthews, 1989;
Hampson, 1997; Woyshner and Hecht, 2000).

It is difficult to evaluate sediment yields (or sediment storage) in the streams of the northern
Santa Lucia Mountains without knowing the recent local history of fire, floods and other
episodes. For example, the March 1995 storm fundamentally altered sediment delivery and
channel stability on several regional streams, such as Cachagua Creek (Kondolf, 1995), while
incision events which altered the entire Carmel River corridor downstream occurred on
Tularcitos Creek during 1983 and 1998. At Big Sur, debris flows following fires have
complemented overbank flooding during 1995, which left atypical vegetation washed in from
the watershed growing on the floodplain downstream from the mountain front (Jeff Norman,
pers. comm.).
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Episodic variability is sometimes caused and extended by two or more discrete unusual events
occurring concurrently, or nearly so. The high rates of sediment yield following the Marble-
Cone fire are likely related to a very large buildup in fuel loadings caused by a record snowstorm
in January 1974 (Griffith, 1978). The numerous hardwood limbs which broke off during this
event had been thoroughly dried in time for the July and August 1977 fire by a hard drought
during 1976 and 1977—at Big Sur, the driest and third-driest years in a century of measuring
rainfall. The winter 1978 fire/fill episode resulted from the sequential occurrence of snow, then
drought, then lightning.

Whether eroded during isolated or compound episodes, sediment can be rapidly removed from
source areas and delivered to the lower alluvial reaches of the master stream or to the near-shore
environment following episodic events. Factors promoting quick recovery of the sedimentary
system and related instream and riparian habitat values are rapid curtailment of the source of
sediment (such as after a fire by regrowth) and/or maintenance of terrestrial channel stability
downstream. Soft, non-cohesive banks may retreat during the rapid delivery of sediment, adding
substantial volumes from bank or bed storage to the event-related yields from far upstream. The
additive yields of sediment from these primary and secondary sources can result in large
accumulations of sediment in the lower alluvial reaches or on the adjoining continental shelf
over a period of a few years, potentially generating density currents in the marine environment.
It may be that depositional sequences in the offshore canyons or abyssal plain are most likely to
be generated or preserved following episodic events in the high-relief setting of the northern
Santa Lucia Mountains.

Valley-Filling Events

The geological evidence points to a number of periods of valley-filling aggradation throughout
the northern Santa Lucia Mountains. Multiple river terraces are visible at heights of 1000 feet
(300 m) or more along the larger streams, such as the Carmel and Big and Little Sur Rivers. The
terraces appear to be remnants of once-continuous and presumably coeval surfaces, now
discontinuous and partially buried beneath cones or slopes of colluvial deposition.

Kondolf (1982) shows that the flood of 1911, perhaps in combination with a smaller event in
1914, left deposits which now form much of the floor of Carmel Valley. The flood(s) resulted in
sedimentation of typically 2 to 20 feet thick over much of the eastern half of the valley. No
subsequent events have even approached the level, magnitude, or extent of deposition. The river
terraces visible high above the present-day valley floors may be eroded relics of comparable
depositional epicycles in the past.

River terraces and alluvial benches or fans are often ascribed to climatic change, typically to the
drying stages of the fluctuations prevailing throughout the Quaternary. Conventional thinking is
that the higher rates of erosion prevailing in drier climate lead to accelerated erosion of the
weathering which occurred during the wetter stade. This mechanism may or may not play a
significant role in the incidence of valley-filling events. It might be held that this epicycle
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followed a period of protracted drying from the preceding glacial maximum, circa 15000 bp,
when the Monterey Bay region was clearly colder and wetter, locally supporting Sitka spruce
woodlands (c.f., Adams, 1975). It is also possible that the valley-filling epicycles are associated
simply with peaks in sediment supply. Such peaks might be created by discrete events (such as
massive erosion following fires, or failures during earthquakes). They may also be an artifact of
the rapid rise of the mountains. Very large sediment loads might be generated by temporary
obstructions of the main channel (such as the debris flows described by Cleveland in 1973),
rapid erosion of large point bars or the previous generation(s) of terraces as the rivers erode
beneath the riparian trees which hold such features in place in less tectonically-dynamic settings,
or by large failures of soils and regolith as the river undercuts metastabale slopes not previously-
attacked for many years (c.f., Kondolf, 1995).

Many homes and extensive public improvements have been built on deposits of the 1911/1914
floods in Carmel Valley. The scale of such valley-filling epicycles should be better known, if
only in deference to their public safety implications. They also have a significant, little-
understood role in the regional sediment budget when considered at the geologic time scale.
Although perhaps better known from Southern California or the Wasatch Front, the causes and
implications of valley-filling events in a rapidly-uplifting areas merit consideration and
evaluation in many aspects of local geological investigations.

Conclusions

Sediment yields in the northern Santa Lucia Mountains are variable spatially, with underlying
geology, rainfall and relief as significant influences. Sediment yields in this region vary even
more over both the short term and geologic time frame. The sedimentary record preserved in
reservoirs and Quaternary stream terraces helps in understanding accumulation in the lower
valleys and near-offshore environments during the recent geologic past. The episodes which
generate sediment yields in this high-relief setting may aid in understanding (and be better
understood through) the turbidites and other high-energy deposits recorded in the Jurassic and
Cretaceous rock record preserved along this coast.
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South of the Spotted Owl:
Restoration Strategies for

Episodic Channels and Riparian
Corridors in Central California

Barry Hecht

Balance Hydrologics, Inc.
1760 Solamd Awve,, Ste 209

Berkeley, CA 94707

Abastract: Episadic change at the seale of
decades may be the distingwishing
characteristic of riparign entironmentls in Semi-
arid central amd southern California. In
episodiz corridors, substrale anmd muni?r
structure are rejuvenaled abruptly al intervals
shorler than those needed for & malure
woodland lo develop. Disruption caused by
fires. floods, pulses of sediment. or drought is
extensive bul mot complete. Communities are
eften adspled fo regenerale from wndisfurbed
arens in the corrider. Posi-evenl incresses in
sediment transporl and decreases in
evapeiranspiration accelerate  re-
sslablishment, particularly for aguatic
components ¢f the riparian sysiems. Ecological
end hydrelegical professionals meed lo develop
understandable, implementable poradigms for
the funclions, processes, and values of epizodic
corridors wpen which lo base meaningful crileria
and planning for resloralion success. If based on
processes imherenl to this regiom, they can
ultimalely serve as a basis for floodplain
managemen!, community planning, and public-
works design within the riparian corridors.
Withou! a clear underslanding of the roles and
effects of episodic evenls, riparian sysiems
which do mot develop mature woodlands or
ancient forests are likely to be underoalued and
awkmardly regulated wusing inappropri@ie
concepts borrowed from other regions.

While change is intrinsic to most channel and

riparian corridors, episodic change may be the
distinguishing characteristc and hallmark of

riparian environments in semi-arid central and
southern California. Naturally-occurring
episadic events periodically establish new bed
conditions and vegetation patterns along many
streams in this region and in many other areas
where old-growth valley-floer wvegetation
have not sustained in the past.
Disturbance at intervals shorter than
maturation of a riparian woodland, followed
by a period of gradual re-establishment, is a
repeating pattern both in a given corrider and
for Wrri:;!ri within lﬂﬂfin‘n. A l:‘_ﬂ:l"i.;l]
sequence of disturbances of varying magnirudes
and recwmences is shown in Figure 1.

Definitions and Influences
An episodic corridor is one where the substrate
is renewed of rejuvenated abruptly, at intervals
shorter than that typically needed for a
mature woodland to develop. Floods,
wildfires, sudden pulses of sediment, or
droughts aré typical of nahiral diﬂ.‘l.ipl‘j.‘l‘l.E
events. Disrupting procedses can be erosion,
depasition or changes in grade. Disruplon is
extensive, but ususlly nat complete. Pre-
existing eommunities -are generally re-
established by propagation from remnant
Hons. Dominant ies in episadic
D, iy i = i
changed hydrologic conditons following
events, such that their regeneration is
abetted and (in the cases of numergus woody
species) their regeneration abets the
restoration of normal or chronic conditions.
Additionally, during perieds of disruption,
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changes in hydrologie or gromorphic processes
occur which tend to be exploited by the aquatic
or riparian organisms which are most persistent
in that corridor. Varlability in the processes
and rates of growth in bislogical communities
(Vogel 1980) and field manifestations (Faber et
&l 1969) have been previously discussed in the
ecological and restoration literature.
The focus of this paper is upon cormidors with
streams that are minimally affected by
of flows. In central and southern
Californda, the principal mechanisms of flow
regulation are the changes in flows and
sadiment supply caused by dams, summer
diversions, increased dry-season flows
composed of treated effluent or of irrigation
tailwaters, or changes in flows associaled with
pumping from alluvial aguifers. Each can
substantially change the episodic character of
the cormidor downstrearn. While the number of
unregulated streams in the region is
diminishing, most watersheds still have large
sub-basing which are substantially
unregulated, or reaches which are not
predominantly  affected by upstream
regulation. Omer the effects of episodicity on
these unregulated channels and reaches is
better understood, recommendations for
emulaling, lor devising nonemulative) patlerns
of disturbance can be more easily substantiated.
For the of this » corridors
lndudeﬂuﬁllrw\rﬁlhnll ﬂ]?ilki;rnwﬂ:hmy
be accupied by the existing stream during an
extreme episodic event. Comidars may extend
somewhal beyond the outer ecotone of riparian
vegetation or alluvial scrub into the lowermost
depositional aprons at the bases of slopes,
which are occasionally eroded by flood flows.
Intervals which typically are shorter than
needed for development of a mature woodland
are central to the concept of episodic event used
in this paper, as are & and associated
sediment influxes and/or channel instability.
Longer-term geomorphic effects, such as
regional channel incision, tectonie changes in
base level, or climatic fluctuations result in
semi-permanent (relative to successional or
human time frames) or eplcyclical
modifications in the valley corridor.

Findings from Field Studies

A partial digest of insights developed from
field studies can provide initial directions in

understanding in such systems, and
applying this understanding in management
in the text are shown in Figure 1.

Changes During Episades
Most episodes result in a sudden influx of

sediment and organic debris into a corridor. The
influx may come from the slopes
of upper walershed, as following a large
wildfire or landslide. It may come
predominantly from the channel and

valley flat, as during the first floods after
severe drought has oversiressed a riparian
woodland. With major floods, the influx may
come from slopes, the channel corridor and
other sources throughout the walershed.
Multiple events during a briel period can
magrify the sediment pulse. Figare 3 shows the
dominance of two events, a major 1566 wildfire
and the storms of 1969, on sediment loading for
the Sisquoc River, a large unregulated stream
near Santa Maria, California.

Debris is stored in the channel and corrider,

and overbank areas. Stored debris
is by subsequent llows. Depletion is
rapid at first, and then progressively slows, as
normal or chronie conditions are attained.
Sprouting woody vegetation stabilizes some of
the deposited sediment, a process which begins
slowly and becomes g:rugmiiuly more
effective during the first

Communites re-establish from shelterad,
minimally-disturbed areas or patches within
the corridor, as well as by seed and by
E;ﬂmum !ml:luw ﬂm:m scattered

waters t riparian zone.
These refugls can be%::ﬁnm of the channel

by bedrock auterops or large boulders
of thickets, and abandoned channels or
tributaries not substantially affected by the
episodic events.

Events which disrupt the corridor, rather
than solely the channel, yield much greater
amounts of organic matter and large woody
debris. Dispersal of this debris can affect not
only riparian and aquatic community structure,
but also water quality, public works and public
safety. Current engineeri ce and
federal ﬂmd-prnt:;Elnn &hﬂdu not
generally encourage considering hazards posed
by woody debris, nor do they recognize that
certain types of events are likely to produce
debris of varying amounts and sizes.
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Figure 3, Simulated long-term record of bedioad sediment transport in an unregulated episodic
stream-- the Sisquoc River, near Santa Maria, California. Mare than half of the bedload (coarsa)
sediment transpored by the river during the 60 years was probably associated with two events — the
Wellman fire (1986}, which burned approximately 35 perceni of the watershed, and high-recurrence
storms of January and February 1969, Source: Knudsen el al. (1992).

Geomorphology and Hydrology—14



Duration of Episodes
In most stable episcdic systems, the ly of
eroded material rapidly attenuates mﬁdng
the eveni(s) which has produced the sediment
pulse. Diminishing sediment delivery is
attributable both to geomorphic adjustment and
o vegetative stabilization. Fallowing large
landslides or fires, the initial sudden pulse of
sadiment is followed by smaller  and
slips or mudflows, and by rilling and gullying of
the bare fresh surface. Onoe the new network of
hillslope channels has developed, rates of
erosion tend to decrease rapidly, unless the new
surface continues to be disturbed.
further reduces erosion, particularly following
fires. In stable systems, most hillslope debris
associated with typical episodic events will
have been eroded during the first one or two
SEAS0NS.

A broadly-similar sequence may be observed
as a stream erodes or undercuts a valley flat,
such as may occur following a severe drought or
other cause of sudden ripanian dieback. Initial
rapid bank retreat and sloughing is often
followed by geomorphic adjustment and
vtg;Etuﬁ.w rﬁp-ut:dﬂt ;Fénndul! and CurF.-' 1985).

vent-genera iment frequently passes
through stable episodi~ comidors over a period
of several years. [In many streams,
measurements of reservair sedimentation trace
progressive declines to pre-event sedimentation
rates within two to five years after a discrete
event (Ritter and Brown 1972, Wells 1582,
Hecht 1983, Glysson 1983, Hecht 1984).
Detailed repetitive surveys of bed conditions
affecting aquatic habitat also indicate that
many key descriptors return to pre-event
within a few. seasons when the source of
sediment is self-curtailing (California
riment of Water Resources 1958, Hecht
1984, Hecht and Woyshner 1991). Not all
natural aspects of the corridor will be re-
established within this period. ‘However, the
general structure of the channel and of the
vegetative mosaic will often have done so.
Larger events can in some instances
fundamentally de-stabilize slopes (Kelsey
1980} or valley flats such that erosion continues
well after the event, and original channel
patterns and riparian cormidors may not be re-
established within several decades. Near the
mouths of coastal streams or other low-gradient
reaches, sediment and debris may also be stored
in the corridor for tens of years, affecting both

aquatic habitat conditions and channel form
(Madej 1987).

Variability of Episodic Change Along
A Channel
At the larger scale, both the extent and

frequency of disturbance vary longitudinally
along the corridor. Hm frequent. and

occur immediately downstream of tributary
confluences (Hecht 1991}, bedrock constrictions
in the corridor (Lisle 1986) or recurrent large
landslides. Reaches in which the longitudinal
slope of the corridor decreases rapidly in the
downstream direction also tend o be affected

mare frequently and to a greater degree
following episodic events. Other reaches and
segments are often affected less frequently or to
lesser degrews. Expected down-valley trends in
the frequency, and generally the magnitude, of
disturbance are shovwn in Figure 4.

Much of the downvalley or cross-corridor
variability of importance to restoration
planning occurs at the seale of individual
channel sepments (such as pools, bends, riffles,
major bars and crossovers), or at the scale of
individual large bed elements (such as debris
jams, MNood-resistant thickets, bedrock ledges,
or in the lees of large boulders fallen from
adjacent slopesl. Restoration planning can
usefully consider both reach and segment (a
pool, rifile, or bar) scales. Aerial or ground
phetographs of the corridor following prior
events can be particularly helpful in
identifying reaches or areas subject to greater or
Jesser disturbance.

Self-Adjustment Ameliorates Effects On
Populations

A number of changes in processes and physical
conditions occur following the peaks of episodes
which ameliorate effects on remnant

populations, and on habitat values in general.

Representative examples include:
© transient increases in the rate
of sediment ransport, allowing

~for accelerated depletion of
sediment entering the corridor

and stored within it;
o transient decreases in riparian
evapotranspirative rales
during droughts, as waler
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Figure 4, Schemalic longitudinal variability in the frequency of episodic disturbance in a represen-
tative cenbral California corridor, Reaches immediately downsiream from channel confluences and
ofher poird sowcas of sedimeant are more suscaptible to frequent disturbanceas; reaches with gorges or
perennial springs tend 1o be more resilient to the same disturbances, Frequency diminishes from
upsiream (o downstiream, but relative severity or extent of disturbance does not.

Geomorphology and Hydrology—16




levels decline in the channel
and underlying alluvium;

o temporary increases in dry-
season flows, where fires or
other events have reduced
vegetative cover (see Figure 5).

The corridor scientist should recognize thess
and other changes, which tend to buffer the
expected effects on individual reaches of
stream, or particular organisms and
communities. Concepts and models of functions
and processes within a corridor can benefit from
incorporating  factors which promote
persistence of species, comemundties, or channel
form. Upper limits for the severity, extent, or

of disturbance likely exist for key
species, beyond which the ameliorating
changes no longer will aid in maintaining
historical patterns or populations. These
limits may be reached earlier in the aquatic
communities of perennial or near-perennial
reaches than in riparian or scrub commmundtes.
A reasomable case may be made, for example,
that the increasing frequency, magnitude, and
extent of channel disturbance during the past 50
o 100 years may be & mapr contributor to the
near-extirpation of coho salmon from the
streams of central coastal California.

Applying Episodicity

Initial directions

The role of episodic events in corridor
management and restoration can be used to

madify existing prograrms or practices throughs

(-} exploring how these programs
or practices would function
during the t of episodes
huﬁ o hiﬁim in the
past (see Capelli and Keller
1993 for a useful application to
the lower Yentura River);

o using criteria based on
acceptable responses of the
corridor to & natural episode,
such as restricting withdrawals
from an alluvial well 1o thoss
creating a certain percent of the
witer-level decline observed

o revising programs or practices
which do not ]Pprapﬂllﬂj"
consider conditions or processes

* framing (or evaluating)

prevailing during episodes,
such as revisions in a
bridge design which meeis
FEMA criteria but is unlikely to
the dislod riparian
l»:;uﬁun htit'i;d conveyed
through the corridor during
certain types of events,

Planning for the episodes which may be
anticipated in a particular corridor can also
seTve as a comerstone in developing new
policies and programs for valued corridors.
First, if a clear goal is established to maintain
AR e0d Ily-sound level of disturbance
{either emulating inferred natural patterns, or
using other specified magnitudes and
frequencies), implicit biases favoring
development of a mature woodland may be
redirected toward & more realistic mosaic of
vegetative types and stages of development.
Folicies valuing the natural dynamism of the
corridor lead to do-able programs for habitat
and species consérvation as well as meeting
public safety and recreation needs. Second,
estimates of likely frequencies and for durations
of episodic effects can provide the bases for
plans for
the corridor for key sensitive or valued spedies.
In a given region, the types of habitat-affecting
events can vary considerably over short
distances, depending upon geologic setting and

r. Figures & and 7 portray results of an
aralysis of this type, developed primarily for

" a steelhead recovery and enhancement

program. Finally, a focus on episodes can help
embed the habitat manager or restorabondst in
regional water-resource and watershed-
management planning. Many watershed or
engineering professionals understand the
importance of epi o habitat walues, and
will work with the corridor sclentist to build
the episodes inlo management or operations
models. Portions of all three approaches are
being used in the cooperative mult-species
conservation currentl d im
By s e

Discussion: Guidelines

Several guidelines can be offered for
incorporating episodic change in evaluation
and planning of riparian and channel comidors.

iorphology and Hydrology—17



Ay erage June + July fiows, 1862 1o 1886

Armoyo Seco (bumed) Thowi
lourrilplra s ol m e 5 i)

Gepge 11151870, aperaled 1962 - 1585
1

o.&

7]
0,

[ =] rr? :I:

San Lorenzo fenbumed] Nows
frumedaires maan oy i e -+ oy
Gags 11180500 operated 1937 10 foiian!
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Rinves funburned watershed), offsetting some of sediment waler-quality and lemperature effects on sguabc biota. The
double-maks Swied ihowd 1hat the pre-fivg felaban 1o June and -.t.ll:l' fawd Batwden H.I‘ftrrb Sacs and the San Lédenzo River
rgsumed after 1982 or 1583
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Bed - Monifaring Sited
Upper Corralitos ! Browns Cresks
Watershed Boundary

Qa Unconsoldsed sedimants
Semil - consolidated Purisima
sandstones and siltstones

Conscdidated marine dkaled,
sandslones and shales

Consolidated marine silitstones
and sandstones

Figure 6. Location and geclogic influences, Corralitos and Browns Creeks.
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Predominant Substrate and Vegetation

Geology: Te: Hard siltstones Teo: Tightly-folded shales, Tp: Semi-consolidated
and sandstones sandstones and mudstones sandsiones and siliatones
Dominant Vegetation:  chaparral mixed conifer hardwood, conifer

————— T S - R

| Reactivated landzhdes

Large rocksbdes

T T s Emlor

PRIMARY SECOMDARY PRIMARY SECONDARY PRIMARY SECONDARY

Probability of Oceurrence
in a Ghen Year
#
Colpwial shumps

Figure 7. Estimated probability of significant sedimentation of stesihead habitat caused by episodic events, in three
gesdogicivegetative regimes, Comalitos Creek watershed, Probabilities based on estimated or cbserved frequancies and
progected durations of bed sedimentation. Primary disturbances warrant site a5sssments by knowlsdgeable specialists and
may mert emponary mansgement measures. Secondary influsnces are mofe localized of less severs than primary  Source
Hechl and Wioyshnes [ 1881).
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1. Applying episodicity requires abrupt

gradualism. )
The episodic paradigm is not based
upon development of equilibrium
channels and mature habitats or
communities. Change that is abrupl,
recurring, and progressively more
gradual following events becomes the
underlying and fundamental tenet for
understanding the corridor. Familiar
concepts or tools, such as bankfull
geometry, vegetation mapping, or a
standard base condition for flood
simulations, acquire different, and

generally less-central, meanings.

2. Past episodes are the key fo the future.
Flanners, scientists, and engineers
proposing plans or works in episodic
corridors should become familiar with
the majpr events and episodes. The
ability to withstand or adapt to the
range of past episodes is a basic test of
reasorableness for programs or projects
proposed in the corridor.

3, Hobitatl instability may wsefully drive

corrider managerment.
Episodic corridors are ones where
suceessful management of the
baseflows, floodplain values, and
water quality may ultimately be based
upon concepts of a corridor integrally
related to habitats and communities.

4. Restorational success requires successiomal
resioralion.
Generally, criteria for success in
managing or restoring habitats are most
likely to be useful if they are based on
Process or on communities, rather than
on form or individuals or conditions

during a base period.
5. Bad episodic planning will drive oul the

ood.
5 Useful, valid analyses should logically
be based upon the processes which
prevail and the distribution of
habitats likely to be achieved, both
over time and spatially wll.'rldn the
corridor.  Simply adding a contingency
or an engineering risk factor to a model
which does not recognize changing

or conditions may lead to
fundamental errors in planning.
Simdlarly, efforts to portray significant
construction activity or changes in land
use as just another episode are usvally
imcorrect, misdirected, and
inappropriate. By extending
sedimentation or other effects through
non-episodic periods, these activities
tend to diminish the stability,
robustness, and resilience of a corridor
to disturbance during natural episodes.
Readers may wish to speculate on
whether such land-use increments may
be more usefully considered epicyclical
{see above) or permanent.

Hydrologic responses may be self-

miligating.

Hydrologic and geomorphic processes in
episodic corridors tend to change after
events in ways which protect remnant
populations and may promote eventual
re-establishment of a community
similar to that prevailing prior to the
event. As one example, increased flows
and more efficient transport of habitat-
impairing sediment immediately
following major fires or storms help
sustain pockets of wviable aquatic
habitat, albeit under considerable
stress. Hydrologic models or plans
should recognize that different
processes and physical relations may
apply during the event and recovery
period. Those which do incorporate
these differences will provide more
useful results, with a considerably
greater likelihood of resulting in a
successful management and restoration

program.

7. Do codes meet episodes?

If restoration of past episodic patterns
is to be a management goal, regulatory
approaches may need to explicitly
recognize that:

. mature and stable habitats and
habitat wvalues may not
necessarily be wuseful or
appropriate objectives;

b. approaches used everywhere-
elge-in-the-counlry may not
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work suitably in episodic
corridors, particularly with
to food sirmulations;

c. it may be more beneficial and
emulative to plan restoration
within a reach, rather than
necessarily on a particular
parcel;

d. stable functions and values
within a corridor may requine
objectives and criteria which
wvary over time, and betwesn
reaches, and consider episodic
events and responses particular
to that corridor;

€. ecological professionals, either
as planners or preserve
managers, need o be embedded
in regional water, watershed,
and floodplain management if
natural patterns of disruption
are to sought or emulated.

Conclusions

It behooves the technical communities of
ecological and hydrological professionals to
develop understandable, implementable
paradigms for the functions, processes, and
values of episodic streams and corridors, such as
those in central or southern California and
similar areas. If a goal of restoration is to
emulate a near-natural (or other specified)
;:dmm of disruption, useful types of strategies
include:

0 reach-by-reach management,
including restoration of nearby
off-site locations to exploit
longitudinal and cross-channel
variability;

o widening or modifying the
corridor to promote variability;

o using sites both along the main

corridor and in suitable nearby
tribuitaries;

o curtailing chronic sedirment
SouIrTEs

o inducing or re-creating

hydrologic conditions which
emulate narural patterns (both
spatial and temporal) of

disruption.

Establishing restoration goals which clearly

and rationally incorporate effects of episodic
events can lead to sound habitat management
and meaningful criteria Ffor success of
restoration, based on processes inherent to this
region. Without a clear understanding of the
roles and effects of these events, we can expect
riparian systems which do not develop either
mature woodlands or ancient forests to be
undervalued, and to continue to awkwardly

respond using regulatory guidelines, standards,
and criteria which are more applicable in

regions where mature riparian systems are a
legitimate goal.
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FIRE+RAIN:

MUDFLOWS

BIG SUR
1972

by George B. CGleveland, geelogisl
Calitorma Civisian of Mines and Seology
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MUDFLOWS AT BIG SUR

Take one burned over foredl slope, add imense rain-
fall, and stand back — insant mudfow, This recipe is woll
known and the events are prediclable. yer precise causes of
the medNow phenomenon are not well andersond, Che
example of mudflow evolutson occurred recently ai Big
Sur, Momerey Coanty, California, when neashy hills and
canyons shed their skin of beose debris during a series of
early season rainsorms, The geographic sening and the
nature and sequenes of events at Big Sur illustrate seme of
1he conditioms thal can lead 1o the development of muod-
Naws,

The Setting

The sea, the mowntains, asd the foress dominate the
Bag Sur const, Even iis thousands of visitors, and those who
live scattercd along the lower reaches of the Big Sur River
of adhering 10 the steep hillslopes facing the sea, are lost in
significance i ¢omparison with the greater dimension of
the mataral sciiimg.
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The Sur fault imercepis the Big Sur Hiver a8 ol flows
westward out of the higher reaches of the 5anta Lucis
Range (sce maph The river then wends northwes aad
follows the fault zone, cutting a sinwows defile in the mone
casily eroded rocks of the fault zong before I empies b
the seax near Point Swr. Along this 3 mile stretch af the
piwer is the Big Sur area, In comtram 1o the more gemle
dopes and lewer clevations of the soubwesl of the Ll
rone, b the nonbeasw, Big Sur is crowded against a mom-
tain from which gises abrupaly 1o more than 3300 fee,
Slope angles range from abowl 15 degrees to 90 degreen
with mo® shepes berween 13 and 40 degrees 1 O 1hia
risck wall Mow several minor ribulames o the Big Sar
River, and oa three of these tributaries damaging med.
Mows orginated i 1972,

The Sui Maul 2ope scparates the dissimilar rocks of
the ancient Sur Serics on the sonheast, rom the younges
Franciscian Foermaison on the sowibwesi.'? The Sur Séric
in this arca i comprised of hard meamorphic rocks
largely gmeiss, quartzite, and limestone: the rocks of 1he
Frasciscian Formation are mainly sandstone and shale, &
narrow bell of fine- o coarsc-grained sandsones, amd
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Figure 2. Molera fire which oocumed
in garly Augunt 1972 lefi boked slopes
above Big Sus. Wiew norih,

conglomerate and shale 13 sandwiched boiween the suher
twir reck wnits and fosms the core of the faull tonc. The
rocks in the fawult zone are part of the Greal Valley
Sequence and the “Big Sur Sandsione™ (sce map).'d They
form a weak foundation along ke base of the hills lapes
northcast «f the Big Sur River and are more easely
wepthered and eroded than thase of the Sur Series that
are siacked above them, The weathered debris from the
Greal Valley Secquence and the "Big Ser Samdsione™ s
manly sand and clay: debris from the Sur Series is coarse
angular blocks of paeiss. These and oiber feck nalerials
have been classifecd inte several sl pypes.'0 The sail
types are all generally similar — coarse graimed, shallow,
and moderaiely erodable. Erosion rages vary whilely,
howewer, and depend wpon local conditions within each
drlmny basin., The thin soil gover and the |||pp|_-;|1|1_-uh|c
bedrisck Below leads v rapid runoff,

Hig Sar. lying near sca level, receives about 40 inches
of rainfall anneally giving iv 3 somewhar humid climate
and a vegetation cover to match,® Higher elevations nearhy
drain toward Big Sur amd receive an annosl rainfall of
from 50 1o 60 inches'? But these anmuaal rainfall figures
reveal little with respect o the extremes of weather,
capecially in terms of rates of rainfall and ranoefl,

Both short and leng duration raenfall vosls are related
o the landslide process, buot short duration high intensity
rainfall sppears 1o be mos closely related to mudflow ace
tivity, Less intense rainfall of longer deratlon mainly in-
Muences masmive soil and bedrock landslides,

The rainfall imensity figeres for the Big Sur arca,
when compared with those from other parns of California,
show that shon ferm rainfall is relatively high in the Big
Sur region, Hainfall commonly will feach intensities
cquivalent 10 0.8 inches per haur, Muach kigher rates per
howur are reached for shorter durations.!? Caoly local areas
in the Transverse Ranges |a the southern pan of the state,
and the Santa Cruz Mountains te the norh, can normally
eapeat slightly higher imremsirty rainfall than thas of coastal
Momterey and Sam Luls Obispo Countics.

In contrast 1o bath inensity and goral annual rainfall,
single-dorm rainfall totals around Big Saer are gemerally
lower than single-vtorm tolale for most of the rest of the
California coast. Hut compared 1o many inlerior pans of
the state and for the western states gemerally, storm vsals
im the Big Sur region are significantly higher.:

The Big Sur River draims o relatively small region of
abous 46 sguare miles, bat 2orm rainfall wtals within the
region vary widely, [1 s common for the lawer reaches of
ihe river Lo flosd. Weather records indicaie that the Big
Sur River drainoge basin has a mean anmeal rainfall of
about 51 imches, of which rowghly half runs off, This
amoenid o a méan runed of about 63 MM} acre-feet,
During T son-consecutive years of severe storms and
resuliant flooding beiween 1931 and 1960, runofll was
viery high, reachimg a hagh of 177,500 acre-feet in 1941,
The lowest runofl was in 1931 when only 8100 acre-fect
were recorded.! Thus, it may be inferred that the capacily
of the siream cowrses will nod accommodate the runoff
withow flooding dusing peak years of high rainfall,

The influence of reinfall on the formation of mudflows
is dependent upon other conditions as well, The charagier
and density of the vegetation hagz a profoand influsnce on
regulating the way in which the ramfall is dissipated. The
plamis prevent the falling raindrops from kinisg the sail @
a hagh weloginy, allowing a greater amount of the masisiure
b enter the soil rather than to rus off over the surface and
crade away the seil, Once the moksiure is absorbed by the
sopl, pan of il is taken wp by the plant which returns mos
of it to thie aEnasphers by Wanspication. Plams alo impart
drength to the soil throwgh their imerlocking roots which
help 1o prevent the soil from moving down slope, Oiher
conditions being the same, this root mat tends o allow
steeper slopes 1o be mainiained than where the vegetation
i cither mare sparie or absemt, The Wnfuence of the
vigetatien i3 furthor dependent wpon the kinds of plants
represented, Differear plam 1ypes, becauwse of their
physiclogy, will wiilize and dissipate the ground maisgure
in various ways, The nature of their root siructure also will
bear on the gros srength of the soil,

June 1973 ¥
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The rainfall during the Movember storm was measured

3 continucus reconding rain gauge imstalled afer whe
etober ®torm by the US. Forest Service. This record
p3 maore precize data in terms of critical rates of rainfall

d the beginning of the muditows, although o bess ac-
Iy records total amouwnt of rainfall. Figure 3, curve A

the rate of rainfall for the 24 howr period between

E00 Bours 13 Mowvember and 0200 14 MNovember,
Although total rainfall was high (4. 98 inches as measured
iy standard , non-recording, cumulative rainfall gauge), the
oft term howrlly rate was not as great as for the period
516 Movember when a 24-hour 1aeal of 1.79 inches fell
I Y, curve B). The 13:-14 Movember curve shows a
dy heavy rainfall beginning at 0830 and ending about
2100; no mudlows reached Big Sur during this period,

The curve for |5-16 Movember mndicates heavy rainfall
began in the carly afiermoon and reached ity highesi in-
temsity begimning at 1 T} whenm 0,44 inches fell in 15
minutes. After this surge, it 1ook ancher 15 mnutes Fos
the runofl o accumulate and mix wilh debris and race
dowm Pheneger Creek, for @t 1730 on 132 November a
debris Mow, estbmaed a0 several thousand cubic yards,
struck Big Sur Village.

The rain gasges were not in the drainage baziss from
which the mudilows originated, but were along the Big Sur
River. Furthermorne, because of the kigh mountains to the
northeast, raimfall intensities at higher elevations may have
heen skgnificantly grealsr. Stréam flow meamurements
womld be more meanimgful if they were available.

Juna 1973 LEL
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Figura 4, Mydflp=g rapeatedly cloned
Mighway 1 ar Pleilles-Big Sur S
Perk during astorms of Oercher and
Hovember 1972, Mudllows jumpad the
bad &f Pleilles:Redwosd Cersek ond
ercided the highway fa the Hig Sur
River (oui of sight 1o the srightl, View
simithganr,

Mudflows

During the storm perieds of late 1972 three of the
four coecks drapning wite the Hig Sur River al I.Fi;'. Sur
would @ ome time yield relatiwely ¢lear water amd at
anoher time a mudilow or debris flow, Generally, Pieil-
fer-Redwood Creek carried fine grained materials asd
only mudows ofemered along thas drainage course ifgure
). The sice of the debris feag@scmis wai greater on the
creeks po the north amd al Phencger Creck. hlocks of fock
B feet im greatest dimension and irees 4 fect in diameter
were carricd along. within, of riding awop the flowy (figure

Figure 5 Large boulderd, some B fawt in grestest dimen:
sion, rode oiep Bhe debria flow shet areck Big St Yillags
o 15 Movembaer, 1972, Debriz chown bers coms to rent in
e Post Office parking lor.  An esiescbile wes crushed
batweesn a large baulder and o teee. Filtean other vehicles
meit @ pimilor Fate ond Four were known fo hove Been wonkied
Imte the Big Sur Riwver,

133 Califamia Gaclogy

5} Juan Higuers Ureek carred relanvely smaller volumes
mgd Nows than did ke other twoe efecks

I've motable difference in grain siee between the Mows
thar apginated on Plailfer-Redwond Creek and thoze far-
thie north s daffecu It ey explaim; compase Ngudes 4 and §
The available sowrce materials for all (Be Nows s debdn
that accamulaies near the mouths of the iribwiarics to the
Hig Sur Hiver and ihe blanker of ol that mantles the
hillsluoges. These materiali are derived from (B¢ Tage of the
massif behind Big Sur which it mamly crystalline rocks
and younger sedmentary rocks, The sedimemary rocks are
of the Gircal Valley Sequense acith of (he cooss Taull s
Phemeger Creek, and “Big Sur Sandstonc™, to the soulk
Abhhough both wnits are mamnly sndgoenes, some shale o
s wolh sand wn the s&cuien to the sauth, Thie dallercpee
n |.|.|'|'|n|.||g:|_ the eromaon of sl left unprotestesd amer the
fire, or ihe possibility that Fleiffer-Redwood Creck Tailed
1o develop enough emergy te move larger clasts, may ac-
cagnt for the himer gramed MNows slosg thee creck

The volume of some of the MNows was calemaled o be
on the arder of 10000 cubic yards. The estimates were
dhiffigalt r make because succceding fhows over risde
FIF(!.'i-Iu'«I:,‘ depositcd Mows, masking theis onginal dimsen-
sioms. Maoreover, the ratio of salids o liguid rasged sadely
and afier a Aow sablived it “deflaied” as the waier
drained away

Some of the flows apparently moved a1 high velogity
and gemerally in one or a few distingt pulses. Although no
ewimatcs afe avilable, eyewalnesses coubd hear the flows
approaching and were Fforecd to ran from thewr paths
Probably these flows craveled a fow tens of miles per kour.
The mudilow ar the Scare Park on 12 Coober, however,
mowed selatively sore slowly edging From ke ob-
servations of State Park personncl. They moted that thia
fMow moved about half @ mile in 10 mingies, or abowt 3
miles per howr

The mudilows and debris fows reachcd (he mnbabitgd
sectboms of Big Sor several times during the Otober and
Movember worms, The aae highway was blocked by flows
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Figwre & Debrig flow of 15 Movember
1972 inwndeied the Big Sur Yillages,
demoged buildings, ond swept wehiclea
ahead af it reward the Big Sur River,
seyond ithe fress,

gnd memerows homes and business buildings were nun-
dated by mud and water. The most devastating evenis oc-
curred when the fows were divemed by previowsly
deposited debris or when they jumped the drainage chan-
nels and moved inio habited arcas along uneapecied
roules.

On 15 Movember o debris low was crowded oul of the
channel of Phencger Creek at Big Ser Yillage and fhowed
tward ithe north and west calting across the basiness arca
i the Big Sur River. [t Blacked she highway with a train of
debris & feer thick, plowed through a <cement block
bualding, climbed up and around the lower oy of the Tws
wory building that howses the pos office, and fanther
beyond dropped a tow truck onto a houss trailer, In all it
wrnathed a dosen cars or more into trees and rocks and
inno cackh ocher, then rafted four of them e the river where
one of them was washed down@ream 2 malés lrem the
village (figurcs & and 7).

. ke

CH 1he aumerous ways 10 whish medilows griginae,
those associated with the "fire-flood sequence™ have been
sudied in most detail. Although moch cemams 1o be
bearmed. ome of the most motable aspecis of the events an
Bag Siar, i3 tha they were predicted with uncanny accuracy
well before they ook place. A team of hydrologiss,
foresters, and podologists, from the U5 Fores Service,
e U5 Sodl Conservation Service, and the California
Division of Forestry, began an investigation of the arca
after the August 1972 fire and prepared a Forest Service
report that gives a detailed chronology of what was o
come. 10 Their conclusions were reached by measuring how
the Bedrock, sml, vegeratwn, and slope wisald react Lo
ﬂ.p—n;l:d weaher conditions based on the climatic pattern
aof the region. From ibese data estimales were made of the
amounts of debris available for wransport by the sirgam,
ciosion and funod? rates, and what remedizl measures
cowld Be waken o reduce the danger frem flooding and
migdfiows

Figure F. lremically, dhis esrablish-
maenf ot Big Sur Yilloge lived wp o iis
reme wher deme of the flew frem
Phﬁnﬁilﬂr Creek chase to cut Illruugl‘l
o porking ot an i1s way re the Big S
Riwer.
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The recemt history at Big Sur may be only the
beginning of a pericd of Aood and mudilow activily that
cowld continue for the next several years, The danger will
be greatest daring the carly part of this period while the
vegetation is recovering and the grownd i healing, Much
of the loose debris available o form mudflows, originally
estimated w0 29600 cublc yards per square mile, !0 qill lies
waiting above Big Sur.
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DATING AND RECURRENCE FREQUENCY OF PREHISTORIC MUDFLOWS
NEAR BIG SUR, MONTEREY COUNTY, CALIFORNIA

By LIOMEL E. JACKSON, Jr., Menlo Park, Calif.

Abairact —EDotanical evldencs based on the dendrochrmsalogy
and oot hoplzons of redwoods (Fegueis sempercirens) nnd
radiorarbon diting were used do date prebistorie mudilows
wear Big Bar, Callf, At least three perbods of mudflow activity
wers delineated for the approximate prehistoric peried 1550
18040, Two kistorie perieds of mudfow activity Bave ococarmed,
1E-10 and 1972-53. The decumestation of mudflows se char-
acteriatie surficlal processes in the Sanfa Locks Range bndi-
cates @ Bazand o development on recent modfow deposits in
this region.

From mid-October 1972 through mid-February
1073, mudflows from the rugged Santa Luocia Range
repestedly invaded the community of Big Sur, Calif.
{figs. 1, 2). The flows were generated by intense winter
rains falling on the steep slopes of the Santa Lucies
which had been denuded by the Molers fire in August
1972, Damage fram mudflows and foodwater was pre-
dominantly confined to arcas marginal to the lower
eourses of Pheneger, Juan Higuern, and Pleiffer-Red-
wood Creeks (fig. 2). Within thess areas California
State Highway 1 was blocked by mud. boulders, and
vegetational debris; structures were partly  buried,
heavily damaged, or leveled ; antomobiles were swepl
into the Big Sur River: and private und public recrea-
tional areas were littered with bounldery debris. Ome
life was lost s & result of the mudflow activity.

A reconnaissance af the mudflow-afllicted areas of
Big Sur following the first flows in Oetober 1972
ghowed that the structures and roads damaged by muwd-
flows and attendant Aoodwater were generanlly on al-
luvial fans deposited by Pheneger, Juan Higuera, and
Pleifer- Redwood Crecks, Older mudflow deposits, al-
mwd identical to those freshly deposibed, wers well ex-
posed along stream channels in these fans.

The alluvial fans of these three streams are domi-
nantly covered with forests of redwond [ Seguaia
sempervirens). Subsequent investigntion of the fans
indicated that the root systems of the redwoeods have,
over the vears, acted as bedding markers along the
tops and bottems of the older modflow deposits. Thus,
by dating root layers, s chronology and recurrence
frequency of mudfow activity could be established.
Such a recurrence frequency is useful in evaluating
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Fundamental to all uses of the redwood to date
past catastrophic natural evenis §s its long lifespan.
Individual specimens in the 5300- to 1,000-year-old
range have been identified in the Big Sur area.

Moot spsfem—Redwoods lack tap roos  (Frite,
1934). Instend they develop extensive, relatively thin
root horizons that, in the study area, never exceeded
4 1t (12 m) in thickness. Bedwoods are able to with-
stand periodic burial by mudflows or Aood-deposited
sediment boeanse of their propensity for negative
geotrophic root prowth {rests growing toward the sur-
face following burial) and subsequent development of
a new and shallower root system (Stone and Vasey,
1868). Negative geotrophic root growth restores the
flow of water amd nutrients into the tree which wonld
otherwize be inhibited by the newly deposite] sedi-
ments [(Stone and Vasey, 1968), The vertical roots
are eventually supplanted by horizontal shallower roat
systems  developed from  adventitions buds on the
buried stem (fig. 4). A schematic cross section of the
root. horizons of old redwoods that have experienced
several mudflows during their lifetimes i= shown in fig-
ure 5, frees T and 3. Each rool horizon marks the top
of the underlying mudflow and the bottom of the over-
lving deposit. Furthermore, the presence of a buried

36°15°20° i e

Frovek E—Geodogy nnid selecied lotanleal features along 1

rool orizon imlicates a significant histos between sie-
cessrve mudflows, Without soch an indieator it is im-
possilde to determine whether two suceesive mudilows
were deposited during the same winter or 100 years
apart. Figure 6 shows examples of the appearance of
soane of these mdventitions roots in the field.

The relations between rool horizons and mudfow
deposits used to date past mudflow events in this study
are illostrted in figure 5. Tree 1 in figure 5 has only
u single oot system. Cores were taken from trees with
a single root horizon, The annual rings in the cores
woere counted i the lnboratory in an attempt to find
the aldest trees. The ages of the oldest trees sampled
are the minimum ages of the deposits underlying the
trees. Ages of trees with several roat syslems [ﬁ;, I
trees 2, 3) are the minimum ages of the deposits below
the lowest and original reot system. Counting the root
horizons above the ariginal root system determines the
number of mudflows which buried the tres deeply
enongh to canss it to develop now root svstems, Tf the
number of ot zones is divided into the age of the
tree, then the result is the average recurrence interval
(in years) for mudflows at that site and of a char-
peter capable of causing development of a new root
zome, Thus, the divizion of the numler of s leequent
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pdwacd Croeek beiween Plolfer Falls and the Big S3ar Hiver.

mot horizons into the age of the iree proslsces e
minimuem average mudfow reeorrence interval. Where
teees with different numbers of muliiple oots were lo-
catel in elose proximity, minimum and maxinnm ages
wern established for the mudflows, Table 1 deseriles
tree copes examinsd during this study,

Mudflow recurrence frequencies determinsd by root-
horizon studies most e reganded as minimum values
owing to the complex history of streams such as
Pletffer- Redwond (reek. Constant clannel migration
and attendant cutting and flling complicate the =trm.
tigraphy of deposits adjecent to the channel. For ex-
ample, the mudflow depesits of 1972-73 are only spo-
radically deposited along the upper part of the
Pleailfer- Redwond Creek (fig. 3).

Trunks—Redwend  trunks recond  mlflow
svents in sovernl ways, The pounding of mudflows or
Apodwater-driven bedload against the uwpstream side
of the trees strips away the bark and phlocm and sears
the |m|;|r|-|:pi.n.-_r :rJ.'Irm. Far |':m||||r'|l=. weata o the
mpdilows af 18E-10 ape still visible on @ome (s
atongs both Pleiler-Redwood and Pheneger Crecks, Tf
no subsequent flows attack these trees, the sears will
eventunlly be healed by peripheral growth avewnd the
sear, which can be bleniified in annual-growth-ring

HITTRY

studbes  (see section “Field and Laloratory Proce-
.;|,||m.'¢"‘]. When such a scar is identified, the year af
the rr-.s.]mlmih'ln flow may be etimated by dating LI
first complete annusl growth ring on the outside aof
the sear (Sigafoos, 10464 ),

Forest fire sears are mecorde] in the medwosd inoa
similar manner. Fime scars ame sigmificant beeanse, on
the bmsis of the past 113 vears of recorded history.
muad fbow - producing  winters  (( 1907=10 and  1OT2-TE)
have been proceded by fire, suggesting a direct pela-
tion letween the two |_:II1I.'IL"IIH.'|'II. At any rate, fires
goems to have been frequent events near Pleaffer-Red-
wannl, Juan Higiera, and Plencger Crecks, Many of
the meilwoesls along tlese streans ame burmed out ne
siille or have mnltipls Are scars by e dipe they are
W) or S0 years olil, This situation can e partly ac-
counteld for by the fact that the stamds of wamlly Are-
resistant redwonsds, which geow in the Bottons and on
the =ides of narrow valleys, end abruptly, and the
flammable chapareal vegetation on the surronmil ing
alopes beging, When the chaparral biarns, the intense
fire overcomwes the noturm] mesistanee of (he vedwoods
anel cmaees danange.

The only other trees growing with the redwomsds in
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Figvgg & —Exnmples of redwoosd-roct horlzons slong Plelfer
Redwissd Creek. 4. Two young redwoods, FR-2Z io the Fore
groand aid PFR-3 in the bawkgErotimd, wiilh ddngle rool borizoas
growing in the deusits of the mudflives of the winler 15907
s, Hoth teees, PR-ZF and PE-3, dated rhe degeeits within 15
years. The Inrge umderlying log is part of the ondeslying
depaosit. The sfadin rod is 2 /8 (222 m) io length, K Root
horfpone bolow ATZ%yenr-old tree FH=1. Five ool borlzoms
Including the present forest floor are present bolow this froe s
hawover, only the upgser twoe reob Borleens and the second
roeol Borizen from the Bollom belong to this tres. The
youngest dépoeils may predate the mudBows of 198065810 The
shadis Fed 8 30 M0 (3.4 mi (o lepgth. Nofe the large slze
of some of fhe channel-sediment clasrs ael the helighe of
thie moil splacier marks o tree PR-1 (isdicatsd by fhe
RFFOW ),

oy

Because of the relative youthfulness of the ages de-
termined for the carbon-14 samples collected along
Pleiifer- Redwood Croel, :-.i.l_-".lt.lli.ll'll.ﬂ‘l differences are
|:H:l“*:~i|.l|-|l bt ween the e of n .‘-I.lIII|I]I." and the ame of
the mudflow from which it was collected. Tf o woody
materm] entrained in a4 mudfow originated near the
center of the trunk of o free or if the period of time
between the death of the tree and the incorporation
of the material in the mudiow was a long one, then
the age of the sample conld be greatly in exeess of
that of the Bow, Conversely, if the dated sample was
a root, then it cannot be determinesd whether the oo
begnn growing in the deposit I vear or 100 vears alter
the flow, Furthermore, the carbon-14 age determined
for @ l'\ll!ll:rli."' i o mean of the rmngE af daies when
ench of the '|'I-"l.lll}li}' cills ﬂilln.ﬂ'r-in;: it eliied, {"ulieﬂ'qau'rl!-
¥, the carbon-14 dates obtamed along Pfeiffer-Iied-
wod Creek were regarded as mindmum or maximam
limits of the ages of the modilows from which they
wore onlleeted,

.
1
Ongmal '.
ireE | i A 5

r

Frovee 7.
velopment of ® foiry ring. The falry ring =

Scehematles represemitntlon of the de-

ghown ns the shaded trunks. Repeated fires
during =veral hundeed sears oritbeally  In-
Jured fhe original tree in the center. In ore-
Epoide 0 IhER jRjury, sprouls Began growing
from jis hasie. OF theise sproars only theee oF
four survived. The others, along with the ol
tleally imjared mother free, were Kllbed amad
comenEsl by enovess|ve flires, s Thils seqgusnce
ia ropeated, the falry ring eplarges ungil i
fmally loses b= identliy amomg (e serroands
img trees, (Modided from Stoe and Yosey,
]
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Field and laboratory procedures

Significant peological and botanteal features of the
sudy aren were mapped (fig. ). Cores were taken
from 13 redwomd trees by nsing a power tree borer
developed by the (Geological Survey of Canada
1850 which cuts a 1%0-mem core amid =
Bwedizh inerement borer which cuts & £.50-mm core,
Une complete section of o fallen redwood was el
(fig. ®), and the anmual Fngs of the s ples were
eounted in the laboratory. Fire sears, impact injuries,
pericds of buttress growtl, and the general condition

{ Parker,

and quality of the core were notod during connting
and are listed in table 1.

Biream eross spelions were plotted (Gg=, 3, %) and
photographs were taken (fig. 8) of the mudilow and
medwond root horizons adjucent to locations along
Pleiffor- Hedwood Creek where trees were comed or car-
bon samples were collected, These photographs and
cross sections were ussd to decument the locations of
carbon-14 1-'~;ll|'|'|.l]l:'1- amd root horizons,

Sources of error in annual ring studies

Some counting ervor must b assoned for highly
fragmmented cores where rings may have been destroyed
during the coring operation or unknowingly connted
twice. Error from this souree is profably Bess than
4 percent of the total age of even the most fragmenied
cores examined, Discontinuous rings, which are com-
mon in el woods |:|"r'll..-:., S T and do ot |'||t|||'|r|1-|'-

Iy encirele the tree (fig. 8), are another ssurce of sroor,
Errors in tree ages owing to discontinuous rings can-
meit B et iimated |:|||h.'m several cores are tnken [T L,
The ring count on tree PR=10, which was a complete
redwond crocs section (g, 88, moged from a maxi-
e & 151 rings to s minimum of 148 Angs over the
thres radit that were counted, 8 maximuom error of 2
percent. It is hoped that the age error owing to miss-
ing rings of the cores counted is az snall, although
lnrger ervors am poss ble,

DATA AND FIELD OBSERVATION ANALYSES FOR
DEVELOPING MUDFLOW CHRONOLDGY

Irata for tree cores and carbon-14 samples taken
near each cross section (fig. #) were comparsd with
field observations to determine which data were reli-
able and should be vsed to define periods of mudflow
activity. hscussion of two cross sections (0= amd
E-E"} will show how pari ial or 1|||L=.~l:r|l|n]:-||' dantn wers
evalusted and how the data and feld observations
ware nssl to determine dates of madflow activity.

Clraes seefion U—C—The left lank of Pleiffer-Reld-
wael Creek at this site shows more root horizons (han
any other individual seetion exposed along the creek.
Tree PR-1 {fig, 3}, which yielded an age of 472 vears,
amd the root strmtigraphies undedying 8 are plotured
in figure G This section was exposed by the sconring
and undermining of mudflows and torrential surges of
Noodwnters that almost consesd the (e o I;n-||]'||[=. Hr1|_1'

Frorer E—FExamplea of core and slah samples peeqaesd for annabeprowih-ring sindies. 4. & pact of fhe core faken from Dnee
PR=22 The core was ofbenbed for eing counting, bnded to the pregrooves] moonfing baanl. and samded finsh with the
mount, &, A slab from follen eedwos] PHR-100 Node that the ring widibs vary amd (hat some of The rings are discoptins.
ous. The cards are 5 by & o (030 by 500 mm b
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MARBLE CONE FIRE

... tFFECT

The Marble Cone fire of Augusa 1977

ix the third largpest fire in California his-
tory. It consamed vegelation im a large
part ol the Vemam Wilkdomess are, de-
stroying valushle walershed bn foar major
i basing in the nod Bernmoest part

of the Samin Lucis Mowsntains, Monterey
County, California {%oc map; front cov-

er; photos 1-13,

The data in this survey of erosion con-
ditsons within ke Big Sur deainage basin
were rapidly msembled and snierpreted
tacauer off the werious hazards thar may
develop during this winter. The arca was
examimed briefly om the ground, but the
amahysis is based maialy om air phobo-
graphic interprctalion of geologic fea-
tures, vepetstion, and geomorphology. |
am indebied 10 the peruwosne] of the L.
Forest Service for valuable discussion of
the erosics problems and for the loan of
air photographs and enpablished maps.

PHYSICAL SETTING

The Big Sur drainage basin covers an
pred of abodat 8,000 scres, wiil nhowt 50,-
000 mercs sitwated in the upper basin
About 28000 sedes im the upper basin
were burmesd over danng the fire (see
map}.

Gaology

The details of the geology and mimeral
respurces of 1B arca bave been r
on by Pesrson and atbers [ [1967). The
asin is undeslasn mainly by strong oryss
tlline rocks which reflect ther resstance
o erosion by fosming steop dopes. Below
the steep shopes, highly leregular drainage
wourses have developed.

The Sur Serie, 8 sequence of meta-
marphic rocks, is the principal rock uni
i the basin. A s0il mantle supporting
iparse bo heavy vegetation has developed
on tsese rocks. The vegetation on the up-

By

GEQRGE B CLEVELAND. Geclogisr
Calkipraw Divmign af Minos and Goslogy

per slopes © composed mainly of hasd.
woods and dense chaparral Conifers,
including somme reclwaoids, are primarily
fousd slong the drainape courses. The ex-
temsive rood mal of the plant cover tends
to hold the sbapes i place by prodecting
the grownd from dires smpact of precipe
tation and reducing  ground  mosiure
through evapo-transgiraison,  Locally,
landalides in aress urnderlsin By ibe
enctamorphic rocks ocowr aloag the pris-
cipal drasnage cowrses where the slopes
huve been undercut by stream erosion.

Gramiise rocks occur mainly in twao
large snsises & 1he cadlern pari of the
basin and locally clicwhere. These rocks
regalarly shed their westberad produoces
and only relatively thin rocky scals cover
the slopes. These rocky woils sre thindy
sniered by vegetation.

Menor badics of sedimemtany rocks oc-
caf i\ the southwest part of ke ares
These focka ane primarily sandsdones and
conglomeralos and are generally covered
by relarively dende vegelation

ON EROSION

Rainfall Patterns

The Big Sur regson liss in a climatic
zone of high sannual rasnfall and skort du-
ration high-imtensity rainfall. The annas
raanfall ever the basim averages from Sia
&0 inches, bal reaches 100 inches along
ibe cossi midge Au Codd Spring Camp
(elevation 1,550 fect) dusing the period
July 1940 o June 1941, 18] inches of gain
fell — the grealest recorded in Califomsds
{Pearson amd others, 1970, During the
wimter of 1972-1973 hagh-intensity rain.
Falls caneedd Ploods, debiis Nows, and mad-
flows. Al Cold Spring Casp, 086 of
an inch of ruin fell in 1B minaies
(U, 8. Forest Service). Witkin 15
mingles, 344 of an inch of rain was re-
corded a1 an elevation of 216 feet on the
lower Big Sur River (Clevelarsd, 1973). A
review of projecied rainfall inbensities
over the Big Swr basdn indicabes a paitemn
af precipiation that (ncreases steadily
from the coastline ug 1o 1he wuthwesbern
edige of the basin, 1ken rises abruptly 1o e
maximum in the nombsaitern part of the
baain {Miller ard others, 1973).

Photo 1.
g Sur drainages Bagn, Bofned ceer during the Marble Cona fre, must pass through 1his
rarro ik

Colitarnia Gealogy Cecembar 1977

Big Sur Rever Gorge. Aunalf and debris from abeut U000 scres in b upoar

75T

Geomorphology and Hydrology—50



L E G717

GEOLOGIC UNIT
SURFICIAL ROCKS
SLOPE — LANDSLIDE Maassa rock lndures
DEPOSITS S0y | meriwh sk ceposis snchoned dnd pro DEPOQSITS LS | Bwteis ot dorface inchonad aad st
ol nd L Becack Hram s By Cvi OF Vigla Pt
weathered Bt Tk il B S e Mapten 0ok fabon

ok Bt AT D7 My ITRAD 00 WA Ig | Pabea demd poded 800 soesey oovies

AR covar O vagaals Aol vapatAbOn, ipcaly enchasas ol o

-

ELLYETHN ABOAVT BES LEVEL Le %]
g 2

PROFILL OF B SR AVER
dnhy MLEETIG TRBUTARES

b s G e

gtfs L

- T = T T =3
[ATANMOE ABNE FHE MOUTH
I= Founards i el

Califzmin Gealogy Decambar 1977

Geomorphology and Hydrology—51



| €

CRETACEDUS
snd TERTRARY

FRE-CRETACEOUS

IR TR A sk
iy Qg g sk
of i S S

EROSION PROPEMSITY FOLLOWING MARBLE COME FIRE,
BIG SUR BASIN, MONTEREY COUNTY, CALIFORNIA

G. B CLEVELAND
Auguan WI7

Decembar 1977

Califomia Gealagy

GEOLOGIC PROCESSES
AND PRODUCTS®

AREAL EROEON

[50:]

Argart whaew Gar S wall radaa
Z il asduni of g debng fo g S

Riepie STy pepddily; in part, in fiw Soem of

At A avE S

a [50z 3

i Arparp where lose of
magerate amoenis of Bope ot fo g S

Lo

] | Ls |
Bdrock lasdikden nive Ou oF regedaion
wall Jadid' I cSRdaied eromsan oF nedv-gur
e Ml Al Scebiiie e B Bon o
g it [ f

W

CHAMNNEL EROSI0N AND
SEDIMENTATION®

Danind e F §RdmaRATE, Al Trva Pack .
o o oSS By S fy & pal e

LOMWER BIG SR BASIN
§

F By R g

CEBRIS BLOCEAGE OR RESTRALTION
OF STREAM FLOM

EIII:I'.IIHI ri.l'lwm

Paitasl PeEITeE rel O CiAvevared OF dlraaen Mioey
by laraBabide et d AERgiomarta e OF by (R
LE O L I T T R TR R
jirTend brp FiDATR R0

HOTES

1 Ehdren only i araa oF Marbis Cone (v
J1STF): et wrats dhevwn Banailh fur-
fiesid ufnhi; bedench wivhl mcdded s
Poamios asd oitson [1080)

7 EMeon ol noessl 0 Sbdwe-nidral
DRCELEON O WA ol 5 boad ol
PRI | pikeing Mlartls Cove e in-
Plaabrazin 0 Tirg il drmiorindhs il vaQELItON
POt BOba iy s @ | pRarh

3 Crannsl eromsgn will b meremall whens
BUGng bepdroct COMpraet resr bank
poren of CepORSOn Ehown A sphey
el padhmaniy pubyect B3 SeraporLInDn

i Flond bvels determaed by charmesl wol
T [ ol SO = bl bt oF
il Channel Bech B4 Crowdeig of T
e by ladsl (i desaloemenl o
Triary digerdadiek 5 ey B b i
N oe OF prevelaly Gepo el 100k e
Enn

B Loceboh and fufmbsd o [sdasdds dem
g channg §HMeCuls e |

268

Geomorphology and Hydrology—52



Phata 2 Burnaed ovar Bnes Biong Logwood Crest in upaer Big Sur drainagh Dasn; view

gast from Coast Ridge Rasd

EROSION
Upper Big Swr Basin

The uwpper Big Sur basin has been di-
videsdl imto mreas of relslive erosson pog-
pensily based on suscepiibility to sheet
erosion and landsliding prios to the Mae-
ke Comne fire, Air photographoc examina-
tiom, of photographs tsken im T6E,
inilcatod that cemain areas were undergo-
img relakively mose ragd efcaind 1han
piher arcas. These areas (5D, on the
fap) afe pemerally im slesp lermmin, um-
protected by an adegaute soves of stabiliz-
ing vepetation, snd are nal prone 10
lansdshiding exeepd locally where debms
flows have cocurned. A relstavely this lay-
o of weathered rock and soi covers the
sbopes, bt some sream channels below
the sbopes are choked wih significant
aoanis of weaibered debrs This imade-
cabes thal ibese slopes were supplying
muoch of the sedimenl laad casried by ihe
Hig Sar dminage system. The cumulative
eatenl of thess sreas smounis to sbout
4% of the upper basin and is probably
the main source of the 22 scre feet of sedi-
mient produced yvearly (ULS. Fored Serv-
e, 1977])

The balanee of the basin (SIY, on map)
was chamctemized by relatively stable
alape matenals on gentle 1o sleep terrain.
anchored and peatectad from rainfall and
rancif by a relatively demse cover of vege-
cation. Thick scoumulatsons of sl and
weathered rock debois cover these dlopes.
Bedrock landalides occus along ihe chan-
miels of the major drainages. These land-
alidex, which were mantled with a dense
and mature forest cower, appeared 10 be
relatively stable under i prevailing con-

e

ditions in 1968, Alheugh part of the ha-
sin was barmed over m 1924, most of the
debers on the slopes has been accumaular-
ing since the last majos freflood se-
quence in the upper basin. This sequencs
began with a fire 0 1907 and was folbowed
by Moods in 1907-1908; 1908-1%0%; and
15CE- 1910 {Jacksan, 1977}, Therelcre, in
&09% af 1the basin a lafge new sousce of
ercdable debrin s availahle 16 be frans-

pored in the Big Sur dramage system

Cingplod wath this voldumie of dehris will
be a moderale increase im sediment vield
onginating from the arcas of normally ac-
tive erckion ($0.) prior to the fire. Morne-
ower, channel deposiis  have  beem
accumulating below these slopes far mose
than 3 years and these materials wall be
am additional soarce of sediment.

Loweer Big Sur Bagin

The last £ males of the Big Sur Biver
oocupies & relatively wide channel and
flows dawn a gentbe gradient 1o ibe sea. Tt
was in this subbatin that the Malera lire
end destrsctive debns Aows aocarred in
1972 {Clevelasd, 1973). Thas reach of the
river represents the comduit, through
which alll the water amd sediment from the
upper hasin st pass 10 reach the sea.
Most of the manmade development i the
Big Sur area slso s concentrated here

Retation of Molara Fire 10 Marble
Cong Fire

The Maolern fire of 1972 cocurred 16 the
lower Big Sur basin. The debris flows of
197 ocourred in the steep Imbisary
dirminages off the mountain (ront east of
Big Sur. Much of the energy developed to
mokilize the debris was dependent oa the
steep gradienis of the channels. The grads-
enits of Pheneger, Juan Higwera and Pliif-
fer-Redwond Creek, where the debris
flows occwrred, are showm  on ihe
map drawm 1o the same scale as that of
the Bag Sur Biver. s the 3 years since the
Modera fire much of the vegetaion has
recovered and Mature musof rates woulkd
o approach these that were associaded
with the storms al 19721

The Marhle Cone fire barned through
949 of the vegetation cover in the upper
Bag Sur drainage basin and apset the equai-
libriam between eslablished terrain fea-
tues and ihe climate. The destroctson of
the greater part of (he vegetntion in the
basin will prevent normal rainfall infilise-
thon and redsce evapo-transpiration. This
will bead 1o raphd menodf from an ares ol

Phote 3
girucied 1o provede protachon from Roodwa ban

Colilermio Gaslogy December 1977

Dikps Bround sirsctees near ot of loveer Big Sur River. Dikes ware o0
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In August 97T, firg Burncd 178,000 acres on Los Padires Mational Forest, Phosographs by the author excepl where indicaied

THE MARBLE-CONE FIRE TEN MONTHS LATER
by James R. Griffin

For three weeks in August 1977 | watchesd the
Marble«Cone fire char 178,000 acres of the Los
Padres Mational Forest in Monterey County.
Although smaller than the record-setting 219,000
were Manlpa lire of 1932 in tolal sige and rate of
spread. the Marble-Cone burn set new California
recofds in the sirpe of contral efMors, Some &, 0
people, vasl fleels of equipment. and more than
513,000,000 were invalved. The Marble-Cone fire
also prompted record levels of public alarm over
damage o vegetation, wildhfe. and watersheds as
well as concern over fire management problems in
wililierness regions,

Why So Large?

Despite miedia reports 1o the contrary. the Los
Padres Watiwonal Forest was nol prohibiled from
using mechanized equipment in suppressing the

i

fire within the Ventana Wilderness., However,
wilderness and roadless areas inherently limit
queck access of fire fighters and equipment, and
the steep rugged terrain and dense vegelalion of
the Santa Lucias imited the operation of the sixty-
one bulldoeers musiered for the fire. The hazardous
topography and cover conditions also made i
impassible for the crews to work in many places
afler they had hiked or been aidifted to ihe fire. In
addition, amm:.phuri...- condiliong L:pl! the :_u.:h'am.'m.:
fire under an wnusually dense smoke sereen that
hampered air operations. Bul perhaps the magor
factor in the spread of this fire was the extreme
accumuliation of dead brush and other material
o fecd the fire.

Cialy small portions of the Marble-Cone area had
bgen bumed dunng the past thiny yvears, and ihe
maporily of the lind had not been burned for over
ﬁ.‘nl‘l}' or ﬁfl}' WEArs. Some pOrHINS all the wrea haad
been piling up fuel For a1 least seveniy-six years.
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Bt The singde mwsr imporioil Gac s e the alsan.
danee uf Tuel s o owerl, stisgky snowfl? en
Jaomany 3 M aliich crushed the crowens of the
evenerecn Icdes ithd ~hrubs. [0 omasy arcas the
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1937, (e ~irikos womn oon Mz ble Pak; another was
Uil Suewlh Ventang §aoe. Aller (he-o Pag lightming-
e fizes merged 1he resuling eomfligiation
warh mamed the " Markde-Uone'® fire.

firec Froqueency im the Pasl
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v the arrival of the Sjkcash i 1Y, Duing the
Spvonish and Mesicwn cros there svere iy repen s
ed Ties baipg el by Costionoan and Saliman
indliznns, pricolarly in vulley or coosld grassbomds.
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fise, Loodeisheicdly 1he Essolpns eogipged i anten-
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burned 1o ground level, In portions of the b
where | observed these shrubs, they were slower
to sprout than the oaks. Few burs sprowted within
the first theee months, Perhaps drought stress
delayed response. but some of the burls probably
were Killed, One measure of the hean produced a
ground level was the melling of bottles and
aluminum cans which had been present in the
chaparral latter,

Enobcone pine (Piaws artensata) 15 found in
some places in the chaparral in the Santa Lucias,
and abost half the Monterey County range of this
ping wiis within the burn. From an airplane |
ahserved that knobcone pine groves had been
largely destroved in the chaparral crown fires, but
it is unlikely that all the sceds in the vast store of
“ghosed™ cones would have been consumed.

Twao rare Santa Lucia endemics grow in Lhe
chaparral. Almost the entire range occupicd by the
Arroyo Seco bush-mallow (Malacorfarinies paleerd
vier, fucignus) and Hickman sidalcea (Sidaleea
hickemanrtt subsp. hickmanii) was burmed. Both
species are on the CNPS rare and endangered list.
I would expect that such plants growing in the
chispirml would be well adapied to fire; in garden
situations the bush-mallow spresds vigorously by
runneis: bl there must be weak points in their
reproductive potential, or they would not be so rare.
About half the known sidaleea bocalities were on o
ridge below Pinvon Peak that received massive

Within weeks alier the fre Focca whippled produced
dub=pf-season fowers,

bulldozer scraping, In this case only time will tell
whether the sidilcea was extirpated from the ridge
or rgjuvenated in the new “open™ habitag, Many
disjunct or otherwise interesting herbs occurred
in the chaparral regions of the bumed area, mostly
concentrated around Hanging Vallev. 1t is 10 be
haped that maost of these herbs will reappear.,

The severely bumed chaparral slopes suffered
heavy soil erosion during the Janvary-to-March
stormis i |9T8, O slopes steeper than fory percent,
mrost of the ashes, charred linter, and the upper inch
or sa of soil were washed ofl by sheel crosion b:,
late January. A network of rlls and small gullies
wigs later cut into these steep slopess at the top of
some slopes the rills are now many inches deep anad
il the botiom channcls were scoured several feed
decp. The eroston and rapid run-ofT from such
slopes had a disastrous effect on the ripaman
communitics downstream. Probably the most sig-
mificant habitat alterations resulting from the firc
accurred in e slreams,

As parl of the rchabilitation effort 300 Lons of
anmusil rye grass (Lalfam rudiiflorem )y were aenally
seeded over the burn, In aress where this grass
has prosfuced a thick cover the native herbs have
severe competition. On odher arcas where Lhe grass
did not germinaie or i5 sparse there are many fire-
following herbs developing (Fremonfie January
1977), but ot the time of writing the herbs were not
mature encugh 1o identily readily, On limited

Chamiie and susanila shrubs bormed o the grounsd bt sidll
slanding are charred trunks of oaks asd one Couller ping
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arcas, parficularly ridge tops. mo grass or native
herbs have stamed and only a few shrub sprours
of seedlings are present yel.

Mixed Hardwood Forests

Hardwoosd Torests are another mapor vegelation
Iype in the burned aren, These forests, which are
concentraled on north slopes and canvon boltoms,
were damaged in various palterns. Some stands
had severe crown fires, many had a ground fire
which scorched the crowns, and some had a ligh
ground Tire that ded hntle damage.

Al lower elevations coasl live oaks (Quercies
aprfolia) and madrones (Arbuius meaziesidy dom-
inate the mixiure. At higher elevations canyon live
ok ). clrvsolepin) is the most widesprend tree,
but tan-oak (Lithecarmes dersifferus) and interor
live ook (F wislizeadi) are locally abundant, Al
these trees sproad readily from the base when the
cronw s destroved, butl vulnerability of their crowns
Lo fire varies widely, Canyon live pak has a sensitive
crovwn. The thin dry bark s Mammable and seems
to invile self-desiruciion. Linder some conditions
canyon live oak crowns may camy 4 crown fire
when there s not enough litter on the ground to
burn., In contrast comst ive ook has thack, wet bark
which is extremely fire retardant, Hopeless-lookimg
chamed branches can produce new crowns.

Twar months afler fire now sprouls sarmound the charmed trunk
of mienor bve oak, (Mrrcus wrslizeain,

Some very small areas in the Marble-Cone
region seem o have been free of dumaging fire for
many ceniuries, The oaks and madrones in such
spols are massivie, their trunks often well over sixty
inches in diameter. In some cases the Marble-Cone
fire was too much for these velerans, but in Lhe
battom of Miller Canyon the largest canyon live oak
that I know of in the Sunta Lucias (ninety inches in
dimmeter) survived without damage. Such trees ane
not large becawse the habitat is especially favorable
for tres g;mwlh: I!|'||'."!|.' are lul‘gl: becase lisel and
Lupngr’.'l.phiu condilions preciude all but minor
ground fires,

These unburned areas pose an infcresting ques-
tion, Are forests of large single-stemmed trees
which started from sgeds more ““natwral'” than
foresis of smaller multiple-stemmed trees from
sprouts? Baoth eomditions exist i the Santa Lucis,
but fires such as the Marble-Cone burm certainly
reduce the proportion of large single-stemmed
trees. Several such fires would convert virtually all
the hardwosd forests o thickets of multiple-
stemmed sprout clumps. Whether Ii;hl fires oocur
inl"r;;qu;;nll].' or severe fires occur more oflen these
hardwoods will survive, The form of the stand waill
change. but the species will remain on the site in
cither case.

I the Santa Lucias Couller pines (Pirus coulier)
ure widely scattered within the mixed hardwoeod
forest, but they seldom form extensive pure stamds.

The CosMer peme Thicket which starcd after tha 1928 fire on
Chews Hidge was kelled by croas e

A e
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Cl-proveil Coulter pines which survived ke 1978 fire on
Chewd Ridpe were desivoyed i 1977,

The Santa Lucia firs (Bics brdclrala} glow, as here om
Come Preak. on sieep and rocky slopes. Pholograph by
Wiayne Roderick,

Where firg or other disturbance opens the hardwood
canopy, seedlings of Coulter pines may come up
abundantly v the openings. Ultimately the base-
sprouting hardwoods will recover dominance, and
the pines will survive only where there are Eaps
in the canopy.

12

After the 1928 fire on Chews Ridge many of the
large Coulter pines, which germinated in the 15005,
survived and produced abundant scedlings. By
1977 these secdlings had become thickels of trees
awer Tty Feat tall with an alarming amount of litter
on the ground, Many of these pine thickets carmied
crown fires that left no adult trees 1o produce seeds,
Elsewhere in the bumed area surviving Coulter
pines should produce seedlings within a few years,
but areas such as the crowned groves oft Chews
Ridge will have only hardwood sprouis in the
near future,

Santa Lucia Fir

Another conifer associnted with the hardwood
forest, particularly in the canvon live cak come
munity, is the Santa Lucia fir (Abics brocieara).
Almasl gvery fir grove north of the Cone Peak
region — more than two-thirds of the bl disfriba-
tion of this endemic — was within the burn,
However, the bulk of the fir colonies grow on steep
I".'h.'.“k.}' terran, and they were nol ~.|_-r'|'-|_1u:-,|}- burmed,
The largest Sama Lucia fir (fifiy-one inches in
trunk diameter) survived the fire with o damage.
Thas fir is in ihe bottom of Miller Canyon nol Far
from the huge canvon live oak mentioned above.
These firs survive not because of fire resistance:
the species is rather sensitive to heat damage.
They survive because they can grow on sieep
harren slopes that will mot support strong fires.

Ground fires did burn into many of the fir
colonies, and some trees om the Tringes of the groves
were killed. But the majority of the trees in the
groves | kave seen still have healthy booking crowns,
Perhaps some Latent heat damage will show up when
the trecs come under moisture stress this summer,
but 1 suspect that insect damage may finally kill
more firs than the fire. Two 6ir groves within the
large 1970 Buckeyve fire that were studied by
Ipr. Steven Talley displayed this pattern. Boih
groves lost only a small number of trees as o direct
effect of the fire but secemed 1o have more
morality from msect damage. My general impres-
sion of the Marble-Cone burn area is that some firs
were killed, some additional trees will die, bul the
species. and even individual stands are in no way
doomed, The firs had a heavy cone crop in 1977,
and of the seeds are viable (they are often damaged
by insects), there might be a good crop of seedlings
to Feplace the tree losses.

One CMPS rare and endangered species, Muir's
raillardella (Raifardella muieiil, which s disjunct
from the southern Sierrn Mevada, has a tiny outs

Geomorphology and Hydrology—59



post in the fir region on the summit of Yentans
Doukle Cone. Several odhier inferesting monlaine
disjuncts which are common on rock outcrops o
Conce Peak are scattercd on the rocks al Ventana
Double Cone. The fire burned slowly over this
rdge without any complications by bulldozers or
suppression effors, and these plants were probably
not seriowsly damaged.

Mixed Coniier Forest

Aeveral contfers which grow in the Sierma MNevada
moentane forest also grow in the Santa Lucias:
ponderosa pine (Minus peaderosa), sugar pineg
1P, mbertinna), and incense-cedar (Calocrdras
decurrens). These confers are not closely associ-
ated with ench other; the sugar pine and pondenosa
pine ranges usually do not meet. o all stands e
ald pines have vigorows hardwood understories,
Al Beast o dozen Serran shrebs and herbs — ingclud-
g Sierr gooseherry (Ribes roezlii), creambush
ifHolodiscis mibceoplvliies ), pipsissiwa (Chimaphila
rrenstesich, and a sedge (Carexy minlticanlis) —
growy o the Santa Lucs forests but are ndatl found
elsewherg in the south Coast Kanges,

The best obd-growth ponderosa pine forests in ihe
Santa Lucias (Big Pines, Little Pines. Pine Valley,
Fine Ridge) all burned in varyving degrees. The stand
ihat 1 have looked at most carefully is on the summit
of Fine Bidge, This area last bumed m August 1916
when hightning fires spread over several thousand
acres there. By 1977 the fuel load on Pine Ridge was
excessive, amd the Names from the nearby South
Wentana Cone lightning strike destroved much
of the cover on the southern porfion of the summit.
In this casc the fuel hazard was strictly & function
af the |.-|1|'|g |'|-|.'|'i-.l-:l Between fires: 1here was no snow
breakape ot this alevalion.

The heat forced most of the 1977 ponderosa pine
comes to open, but these secds were not fully mature
by August. Seeds exposed on the ashes, ripe or
mol, were quickly eaten by the surviving blue gpys
and chipmunks. Some mature ponderosa pines
survive on the summit, but the seed supply will be
limited in the next few years — the period when
sproals from the harcdwood forest and chaparral
species Al in the arca. The extent of pine forest on
the summit has probably becn reduced.

e Marble-Cone fire burned only one minor
oulpost of the Cone Peak sugar pine population,
but the entire Jumpers Serra Peak sugar pine
region was within the burn, Only isolited sugar
pines on rock Bluffs escaped unharmed. On the
summit and adjacent slopes the damage was

A sleep slope pholographed ofi March dhasw s sirface efuisnn
and many gullics over a foosl deep

A wmall dransge chanmel has been scoured 1o & depth of five
Feet, exposang oak and madross faols

locally heavy. Both sugar pine and Coulter pine
trees of seed-producing size remain on the summit,
amd n will be inh.-:r-:,:*-.lmg 1o s¢¢ which pine
regenemifes botler,

Dr. Steven Talley recently studied fire scars on
sugar pines on Junipere Serra Peak, and he con-

14
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An erodod slope has beon seoded with rye prass dense onough
liv commpebe with nalive seadlings.

clisded that at least six fires had bormed the summii
forest between 1790 and 1900, Those lires hod
scarred some of the sugar pine runks but hid mot
killed mature irees. [Last vemr s fing after a sevenly-
six year lapse killed many sugar pine velerins
which had been on the peak long belore the
Spanish came,

Ingense-cedar also occurs on Junipero Serra Peak
i the deeper cunyons, growing there beeause these
cinyons provide coober, moister habitais, bul also
Because the cinyen boltoms do not burn as in-
lensely as the ndges, and this partial fire protection
helps preserve the Sierman conifers. Viewed from
the air the topographic pattern of fire damage in
the forest is .-|1:n!-c:in|.;, with the least-damaged sLgar
pine stands and the only incense-cedar stands in
IJ:-I‘:]'.! canvons. LUndoubledly incense=cedurs werne
more widespread here in the past, A few more fires
of this intensity will mot only restrict incense-cedars
to smaller portions of the canyvons but might
climinate them from the peak.

Two CNPS rare and endangered species, Santa
Lucin bedstraw, (Galinm clesrentis) and Santa
Lucia lupine, (Luprnes cervinus) ane scattered on
Junipero Serra Peak. The bedsiraw tended 10 be
i orocky spots within the forest that did not burn
heavaly, The lupine gres in openings in the forest
that ded have \igl‘liﬁl,:ﬂl‘lt groumad fires, Bodh should
survive although perhaps reduced in numbers, The
most altractive and restricted Nower on the peak is
the montane disjunet Cveladenia hwmilis var,

14

venasta. s one small “land on Junipero Serra Peak
is near the lookout wwer on the summit, Part of
this arca was bﬂdl}' scraped by bulldocers; part had
a maderate ground fire: part between bulldozer trails
did nat burn, The other Santa Liscia population of
the cyclmdenia near Cone Peak was anaflected by
The fere.

Redwood Forest

Coast redwoodls (Sequoin sempervirens ) ane
reputedly among the most fire resistaml comifers,
and some redwood groves along the Big Sur River
canyons received a severe 1esl, Within w month
many of these charred redwoods were sprouting
from the base, and some were sproating all abong
the trunk, Probably the recovery of the redwoods
which hiad their crowns destroved in the Markbbe-
Cone fire will follow the same pattern as those
burned in the 1970 Buckeye fire, which was further
south in the Santa Lugias, Thickets of basal sprouts
ten feet or more in height are common now in the
redwood groves of the Buckeye fire area, The irecs
which had trunk sprours there now book like giant
bottle brushes with dead branches poking through
the tall column of green sprouls, A few redwood
groves al higher elevations in the Big Sur drainage
may have been killed outright. Ar least they showed
no sign of sprouting when last viewed before the
winler storms closed the area 1o any prudent
abserver,
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lnincoedinte axinl bengthe ol pardicles ampllac
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Tleld conditlond; Chidd wild jcoupad 1n & xcingls
clads lnlormably latsrlled mg "finey.""

Suqurntha]l chenged in the sabd-vuddted oEo=
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dlocmm alter Ehy fEre, ALK the BLufl Coms riffke,
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Yowr wrwndard clapsiffcacions S1vide mande
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wact, daficlent in wiry Plne grwvals, ity inldepris
cive dIfliculdcy Infcodysed By inclyding T-5 =
BiCatlal with the pepda i BETOT,

Brelicilag dinzoss ingrd

[he perednfagh of Y4d mrew coverdd by wand cc Tingr
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beneard i, By The rmd of che FLCAC yaar, THE
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Ehm I1%1§ watsr yanr.

Avalbsbllicy of Spevwming-Sdued EaceTlat

Falaqnid spmmicg hab[twt In the upper Cameel
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wubltibla abiaN, & N0 AppTdCinkia sTmoTing of tha
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WRY .
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&, Wehan Fill wnd seouT;

b- puriiclecdize digetibulilcet 2 Cha Ted
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+. pPETSMAT el et bad wurface covaTed Ty
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d, Percant &f & bed putlece ooqupled by
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2. 0lIFf)lmg 1In ibs mesfer chenonels &af thd WpENT
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fize, priedrily Wick a&ared, Nr the end of tbx
fiTat yrar, meal of tha f1il had been SCOUTHE;
mich of vhar remalned wan af pabble bt
cebhla dlaek. Ky vba end ol cba thizd repr,
bl deacripioTe bad ratynad Do ulthinm I0Z
{ralaclve ©0 the maalmum sapoyred dISEPupTDoa)
o thiir pou=fiTd ceadirioan. Ochet oo-geizg
vatershed pro<eaEer warn probebly more im-
partinr rhan resiousal sffaccs of the Fire ai
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influsnces oo hableet gondftlone by che iod
pf rhe chird wiac.

}- Effacte af cha Pird o0 Tuhk dod pooly wacs ook
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FrofTsih.  Sujfestiane snd aeriETANCA VaTe £of-
Eclbutwd by Updy G, Sllr and C. Eugtat Cemrad af
tha wiatinn, Fobecc F, BlackaT (Laa Padews Kptlonal
Forest), Gann H. Taylar {Hootarsy {oopty Flood
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Fire, &b8d Fiowds]l Benkbin (California DapAComanc
af Flih wnd Coma). S$pacisl chanks are autesded e
frisode mnd gollasgued who amslsced LA che Flafd
wark, ofcep wndat v &bd eold 2esdlelemye: Rohatt
Barwan, Duvid F. Esdciec, Hack Jpopan, €, Hacx
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fomm,
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X b (b covmtral ooaas, Nhomderey pine 4 Fuma oo fofesh grace the dsrue ssarnine s naing ahowe the contomporany daeeline. Ploograph by

Lirsds 1. Smh

CALIFORNIA'S NATIVE MONTEREY PINE FOREST:
CAN IT BE SAVED?
by Mary Ann Mathews and Micole Nedeff

\
HILE THE MONTEREY pine {Piaus rodiabe ) is the
] widely amed nmber tree in he wor .

its three remaimng nalave contral coast stards

o] wih I'||I|=\.I|"' ¢ hareals <ong-
TN Frow an aneresisang oy gl | ol i) Al its rabural range
We can

g o slandd of theese pimes i |'|.|I"..|III w1, bl we dhis

a3y propagatc a Mostcrey pane, amd we can
uwrlerstand the requircments for maintaining a Monterey
pine [orest w b all s associaled specws. |m the 1994
CMPS Tavemory of Hary

berey pane 1% listed as erls

o Enchangered Plamis the Man
=g (CMNIPS List 1B

did @ tree thal 1% = w |..|'\. erowTi feach s poie whese i

1wy

consiilered ob nsk
g (rseld, but thee b
prr that puts the Monmerey pime al msk. Adwer all,

ol e

accelerated pace

thise padive foresis have survived massve enveronmsental

M

comircimg theis disl

tic comditions. Dunng the Ploistocons epsach they
As Lhe cli

abe bocams warmmet ams] dner felloacing the last glacial
K LA i

govered eanensive arens in ooasial Califomia
pericd, pine populations contractad 1o three small
Jamd Iocatioms—Adfio Muewvo, Cambria, and the Monterey
Penimsula—a tidal of absour 1HANE acres, The Monterey

population, extending along the coast from Canmel Highs

Faits i W =aoith s Pacific Grove amd Monterey on 1he
marth and inland aboss s eniles, o5 e largest, the mensi
wl arguably the most endangensd aative fopest

il 110N g |2 ORI e

diverse, &
Ol aboain 4.0 o the on

can be conssdened nanaral o

1. i CORIPRSE 10 mansouned

mrhan foresds, which have boen sabddev obed and Fragmeemted

ardl ks hawve losi moch of their ccologecal vales
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Foed-legged frogs are lound in pomds and streams i pine foresiz in Northem Califomsis. Amasieg muoaria (helow i, o pelatively cosvamod albs:ine
penic maushroom, grows im the Monioney pime forest on Jackson Peak. Photographs by Deborah Fillyaed

I Monterey pine belongs to the groap ol closed=-oome

conifers that appear to depend on fire or high temperatunes
for reproduction. On the Monterey Peninsula fwo other
meembers of this closed-cone group, th'u'-p i {Pinus
rpricafa) amd Cevwen cvpress (Cnpresias govemii), o
cupy haghly acihic hardpan soils on Heckleberry Bl and
abowe Point Lobos i smeall stands surrounded by Moniency
|,1||I-.,"H._ ‘\-._'.l:h_'\. i'. "'.l-\.'\lll'.l_' "q.,'.. |._:. I"!'I._"‘-\.'-\.lt " I o .;rll'I|J|_'\.'.|'||-_'|'|

i FEEMAOYNTIA

survives 1n a nalural state only on the rocky headlands of
the peninsula and Point Lobos, alihough it oo has been
wiidely and successfully grown in planied landscapes. The
Monderey Peninsula is the only place in the world where
these frees grow logether with a umigue assemblage ol
understory shrubs, erbs, and grasses

e Monterey pane 15 a chsunctive tree with stout,
spreading branches forming an imegular round-1opped
CANAYY. Mature trees av erage eighiy feet in |'|'.'|::|'|I andl 1w o
to three feed in dinmeter, with thick. deeply furmowed, red-
brown bark., The average life span is eighity 1o o hemdred
vears, althaough specmmens have Been documentsd o over
160 years ald, over 150 feet 1all, and wih diameters over
four feed. The bright. rich green neadles, in bundles of
thres, rarely two, are four to six inches long, useally living
abosul Three VTS The asymumeetrscal cones, (hree 0 six
inches bong and ¢lustersd, matwre mothe seoomd season and
may shed seeds in the absence of Dire, but prolific seedling
regeneralion 1akes place only after a fire. With the contin-
ucd absence of fire or an .||_q.,|_'|,1|.||'|!;,' substinae manage-
miend 1-.'-.'I'||:i|.||.||,'_ CjuesEoms e rusedd conceming the long
lerm sustanabality of exsimg natwral foress

Undersiory vegetation in a Monterey pine forest has
becn shown toe average about thirty-five percent cover. An
-.:;l:'l_\ '\II,.r:E:. comcluded that this '.u;__'-:_'l.niurl 15 crifecil 1n
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inswlating shallow pime rools from heast and desiccation
and that, where cover is removed, trees decline rapidly
Fog drip is considered the major f2ctor in limiting the
range of Monlerey pine. The understory appears 1o in-
crease the amound of moisdune caplured from freguent
heavy summer fogs, decreasing (he threat of waldfine ex-
o under unmsnally hot and dry conditions.

Common undersiory plants m Monterey pine forest
inc e blackbermy (Rinhics reimue), snowberry (Svephio-
FRCRFTAIE e d s b |||_|-\.,'|','|;,'|'\,'rr:\. [V ede e rairdires 4¥y cafiiir . th:\..'
monkeyTlower (Mesradivy airmminrcis ), e -blossom
I Eremaniss rlyrsifTorag b shagpv-bark manzamita (Arcie-

..'.rlllnl.". frag Featrner 15, M sisoik-0dik | Do codemdron diversi-
fodrm i, amdd bue l\.'.llll.'}l' i Flveurs wloucws). The under-
dory varies considerably, depending on soil, with hard-
leaved manzanitas and ceanothus replacing sofi=leaved
shrubs on more shallow and stenile soals.

Beecause of their limaed and shrmking range, a Monlerey
pae foresd harbors a remarkable number of rane amd en-
e gpecees. mcluding Eastwond s golden Meece (Eri-
comerar favcrciiara), Momterey maneanita (A posiapingte:
famakpry ), samdmal mangamia (A, preirfe ), Yadon s remnm

ofchsd [Fiperg yerdovin ). Hickman's ¢ b L fiol] | Prarev-

wcaredf i, Hackman s ondos (A i f
nealpodion |, Monterey spine-
mearhe pragens), nnd Monserey ceanothus
(Cenvorhns rigidis), Several mre or disjunct plants fhour-
ish only after fires, such as bear grass ( Xenopleplium temar)
arl Momderey chower (Frifadi

In 198 dhe status of the Monlerey pine fores was the

pilla Ied jebwamiih, Pa-

cilic Grove clover ( Trifliso

flowwver (Ch

irhacalyr)

subject of twomajor conferendoes and dosens of newspaper
artickes. Yaluable new mfcrmation was presenled on pine
fonesl associaliens thal have developed on ancsent manne
terrades. The lorest has beon descovered o Be an ecological
SLANTCHSE SCORYARET Commplei—a theory fira suggesied by
planmt coologist Jim Griffin in a 1972 amicle appearing in
the {'.J.'.l_[rlr.luu Wl e P IV ".':;:_._-;,-|,|r|n|| devel-
OHTICE O ANCEENED SRS i "il-cH'lll_'ll_':-. i= .||'|.1||||_l|||l'\. I
that which has des eloped on 1emaces al lllj_" Hand = State
Reserve on the Mendocing coasi. Another work=hop held
in Carmed in Okctober 1994 focused on the devastating
impact «f piich canker, a disease thw has been spreading
rapiddly from it imitial oufbreak among planied trees in
Samta Crar County in 195806, The pich canker conferenoe
highlighted work by plant pathologists and entomologists
investgatimg this virubent pathogen, whach s believed o
havwe Been anroduced fromm the somheastern Unised States
or Mexooo Local loreders demonsirabed ireatmsents. de-
apgisd g0 comirod the spread ol whal some analysis (ear
I ravage our naliye ".I..|||'.|_'|.,':. pne foresis,

Priblee comcem for Momcrey pine Torcst habital has
necn heighensd by @ series of comiroversial issues, i lad-

R 1)

Scrairron s i CA g s paeila i IR0 i 8
1 1 on Tewraces 4 and % indhe Dl hlome
pairal st P Ohvd. Plestogassh by Peoeds M
2, there & o e apocecy in Moslcoey pine

¥ Yaddsn's r i | . Phasio
native stick has only graph by Dcboral Hillvand

g perading Gevelspmen progcts, Spgnessive fire sup-

pression measures, and the specter of
o Frowm exrlier plantings of Monlerey pines of unkmown a

genctic coninmina

owrigin. A local prohibaion of nor
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Favg drip, evihanced by urderaorny vepetation. peovides evunntial maonien to the Sonlcrey it fored in Del Mone. Phowgnaph by Mel Fankraiz

recently been recommended after years of planting with
pines mostly from New Pealand purseries developed on
timber planiations. Along with the prodilerston of mon-
ntive Monterey pines in the forest, French Broom, pam-
pas grass, and other invasive exotbcs have spread rapidly
imbas disturbed arcas, prompling public and privaie calls for
their erclicatimn.

The tenels of conservation biology sugpest that the
healthiest and mwwsl diverse lorests ane those with the
Inrgest yet most compadt acreage, the purest genetic stock,
and the lovwest ratio of perimeter of edge w0 size. Thene-

[ FREMMIIMNIIA

fore, it is important b preserve the largest blocks of Toresi
possible ax @ bulfer agams1 the edge elfect, particulany
agminst diseases such as pitch canker. In onder 1o inclods
ihe full range of Monterey pine [ores) leimace sublypes, as
continuous a gradiem as possible should be preserved
between the ocean and inland popalatons. Farther siuds
oof the genetics and ecology ol the Momerey pane 15 needed
tor uamtify these peneral comservaiion mecommerslalions

Mary Ann Markews, Fox 38!, Carmel Valley, CA 939 Nacade

Neohefl, Box [E25, Carmel Valley, TA 923024
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THE MONTEREY ECOLOGICAL STAIRCASE AND
SUBTYPES OF MONTEREY PINE FOREST
by Paul D. Cylinder

N THE SPRIMG OF 1% the Califomia Depantment of

Fish amd Game and The Nature Conservancy fumded a

progect b assess the condition of the Monteney pi:nu,'
(Franey roediaa) forest on the Monterey Peninsula and 1o
gather data for the development of a forest conservalion
plan. Underlying the stady were three assumptions; tha
pocd comservalin planming should begin with saving all
the preces; that the Momerey pine forest cannog be ireated
ax a single ecological unit since a varety of forest sub-
tvpes are recognizabde: and that geobogy and soils are key
1 undlerstanding the distributson and ecology of these
sublypes. As part of this study, Wayne Verrill and 1 de-
scribed the correlation between the soils, geology, and
viepetation of (e peninsula and surmounding ansas where
Momerey pine [orest occurs, Wayne conducted the sodls
analyxis and | described the vegetation

The Maonterey peninsula is well stwdied. The MNora has
been docamented in published MNoras, and soils have been
mapped by the LS. Soil Conservation Service (SC5) The
Momberey pine, Momerey pine forest. and tse unusual
Ty Ty forests o |I|.'n.'l.ll.'|:'r1'|r3. Hill ardd near Chibson Creek
all have been studied. More recently, the geology of the
peninsula has been described and the geologic relation-
ships elucidated between geomorphic surfaces (areas ol
similar age, composition, and form).

Combimng this previous work amd wsing a recently
preparced geologic map o gusde us, we have characierized
the soils and vegetaiion to describe an ancient ecological
“ataincase” comsisting of s1x% aep-like lermaces cul inlo the
penmnsula by wave action and uplift, and we have created a
clussifscation system for Monterey pine forest sublypes.
The ecological siaircase is remarkably simdlar 10 that
deseribed wenty-five vears ago by Hans lenny and oibers
lor coastal Mendocing County, bui the relationships
hetween sls, '.|.-|:|.'=|.|ri|.||'|_ anid ;.':l_'||||'||||'|'-]||...: suFlaces had
not been previsusly explained for the Momeney Penimsula

The stucly was divided impo a discusssn of discrene:
geomorplhoc surfaces thal support Mongerey pine forest or
that were comshilered important to an understanding of the
limits v the distribution of Monterey pine lorest, Vegela.
o and smls on sevenleen geomorphic surfaces werne
divaded mto five groups:; marine teraces with che lowest,
youngest lermace nearest the ocean and mereasing in eleva-
tion and distance from (he coast in a aaircase fashion;
iicrvening slopes between marme iemaces defimed by the
terraces that surmound them: dune systems of varnous ages;
mnlard geologic formations, arcas underlxin by of suppon-
ing exposed shale or granite bedrock referred 1o as shale

WIDILUME 23, MO, 1

bedrock amd granite bedrock formations: and drainages
than cut through all the saber geomorphic fonmations.

Three major dune systems ooour on the Momerey Pen-
msula These are the recent dunes of the Holoeene epoch,
the youngest dunes: dunes deposited in the late Pleis-
ipcene cpoch, middle-aged dunes; amd dunes of the middle
e late Plestocene epoch, the oldest dunes, The youngest
tunes were formed aboat 60000 (o | 0000 WiEars ago, and
midcbe-nged and oldest dunes were formed abour 100,000
WEars g sommee of the oldest dunes are hallf o million 1o a
miallion vears old.

A L phoaograph look ing orved boswer [ youn ger | slaecases sceoss pur of
the 3B, Momne Rescrve, whach was extensively bumed i a 1957 fire.
Pheotograph by Deborah Hillyard

FEEMOONTIA 7
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Marine Terraces

Six marine terraces are found on the Monterey Penin-
suls and Point Lobos, These are numbered from 1 through
i, starting with the yvoungest terrace at the lowest elevation
mcar the coast amd rising wo the obdest terrace an the highest
clevation on top of Huckleberry Hill,

The soils on the six terraces represent a chronosequence,
ol sequence, of development from youngest bo oldest
terraces. Because the temaces are generally level, soils have
formed i |:'l|a|.'|.‘ OWET |n||'lq |H.".I'i1h;|.'£. The .;]'m,:'p:rwqm
displays a clear development sequence of sobl ypes.

Lesching of minerals and clay from upper horizons o
lower horizons is the most nodiceable aspect of soil devel-
opment with age. As clay is carried down through the soil
by water, it accumulates in lower hosizons 1o form a
claypan that restnicts plant roots and collects water. Onee
the claypan is Formed, newly beached clay collects on top
and the surface 20dl horzon becomes thinmer over Lmie.
The obidest soils, which occur on the obdest terraces, have
surface horizons keached of plant nutriems and dense,
thick claypans an shallow depahs, These old soils ane the
least hospitable to plant growih,

Mamne Temmace | is the first termace up from sea level

Geomorphic surfaces of the Monicrey Peninsula. Mags by Jones and Sokes,

and the youngest of the Pleistocens marine termaces ai
Monterey. In places along the Momerey Peninsula, Ter-
race 1 is covered by the voungest sand dunes; where
beaches exist, they ane lower in elevation and are beiween
Termuce | and the ocean. Yery lintle of this ermace remains
in a natural condition. Most has been developed or lands
scaped. Several soil 1ypes may be present on Terrace 1,
some of which may show minimal soil development.
Termace | suppors northern coastal scrub and coasial
prairie vegetation, Coastal scrub supports a dense shrub
cover with a good mix of species, Dominamt species ane
coyole brush (Baccharls pilularis, erect and prostrate
foems ), blue blossom (Ceanofus thyveailores), Califomia
blackberry (Rubus wrsinus), poison-oak (Taxicodendron
diversifoda), and bush monkeylower (Miowlus aieran-
fircns), Constal prairie suppors native perennial bunch-
grasses, non-native annual grasses, and native and non-
native herbs. At Point Lobos S1e Park there is o good
example of coastal prairie with mima mousd microrelief.
Muonterey cypress (Cupressies miacrocarpa) and Mon-
terey pane are unable to colonize Termace 1. possibly be-
cause of the saline-sodic soals or salt spray from the ocean.
A minimal rise in elevation and @ shon intervening
slope distinguishes Termace 2 from Temmace 1. Terrace 2 is

S aber i Sty

Legrsd

. Slariny Teevace | E hlsras Trivi e &

. Slarime Tewvace 2 E_Ij Womahgear |uisss

- Mlsiias Tadvace 1 F‘:: thaailr Lprd b

E Muarine Frorace 4 E Chdesl Dursrn
Emrmuﬂ wa
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f'|1-.l||.1n'n':| r\lll:n."-l'll'\a.l'll'\lp pine fiopest SUppON= a mis al
Maomlerey pane and Bishop pine in open stands, The hMon-
lerey pine ane slunted in height, bat form the canopy: nhosve
a susbcanapy of Bashop pane and smaller Monterey pine
The III'HII,'T'\-\.IIIT!- woam even oy of shrubs, The donainant
shimbs are shs i Jharked manzanica, Hooker®s manra-
nila. conode brash, amd bush meonkeyflower

The alorminant rees o pygmy forest ore Bishop pine
and Liowen cypress (Cipressus goveaiang subsp. g

i -
aral, These mrees are Bvpacally ten to taenty-Tive feet all
Mlonberey pires are somsd imes scatiered (hrough the pygmy
foresd, The Monterey pimes grow (aller (abo) rwenly 1o
thirty feet 1all ) than Bishop pine or Gowen cypress, bug ane
severely stunded from their normal heighi. The understory
i maiare pyemy lorest s domanabed by shaggy-barked
manzamiz and hackkeberry, with oocasmnal Califommia
coffeeherry, Recently bumed pygmy fopest has musch higher
shrub and herh diversity than mature pygmy forest

Marme Terrace 6 generally ranges in elevaisen from
(A} 1o BIMP feel. B fomas the summid cap in severnl seg-
menis on Huckleberry Hill, Most of Terrace & has been
developed. but remnant natisral ancas remain. The primary
sl seres of Temrace & is ihe Hiac KBebemmy semes: small
areas of The Marlon series may also oocwr, Soil characlernis-
tics are within the range for pygnay forest, but no pygmy
lonest arcas have boen observed, an inderesting situafion
deserving of more siudy

Terrace 6 suppons Momerey pine fofest moan open
oversiory, The pings are fla-topped and stumed an abou
fory fect. Scabiered Bishop pines are presemt. The under-

TV P P O LR sleplikor el seTrades, apliNied over
il sy e thal havee develsed =

story suppons dense cover of hucklebenry and shagpy-
bark mamzaniia. Where the canapy is more open the un-
dersiory suppons Hooker's manzamita. Very few coasi
liver oxaks are Fond in ihese Torests: vwever. scaflered
irslrviluals of madnone (Arfsirs menzieir s and Soouler™s
wlbow (Salir seomlerione) can be found bere

Slopes Between Marine Terraces

Becanse of helter il |.|r.|ll1.||:|," and the lack of a me-
stricting claypan or hardpan, Momerey pines grosw oo full
haight on the iMervening slopes belween manne fermces
Monicrey pine occurs in pure ands on slopes between
Termuces 1 and 2, with coastal serub of coastal praime
species i the understory, The soils on slopes berween
Terraces X amd 3 and between Termaces 3 and 4 ane most
likely the Shendan senes, with inclusions of other soil
vpes on decompossd gramie bedrock. Yegelation on
-,||_||'-_--, heiween Temaces X amd 3 is "|.|-:|-|1||_'r|_':.. e fresl,
with scaltered coast live oak, The I|.|||l-,'|"\||.||:. 1% & carpsel ol
poison-aak and bush monkeyflower, A pood grass cover is
presenl, inclsdmg bunchgrasses. The shpes between Ter-
races 3 amd 4 suppon Moalerey pane forest with an under
story of shaggy-barked manzaniza and hacklebemry. Coasl
live ok are commion

Sails on shopes between Terrnees 4 and 5 include the
Marlon and Hucklebermy series; other soal tvpes mny
oecur, Soils on shopes between Temmaces 5 and & inclade
the Sunndge seres. as well as the Sheridan and related
senes fommed on decomiposed granite. slopes beltween
Termuces 4 and 5 and between Terraces 5 and & sUppaOrt
Monterey pine Fforest, Coast live oak is commeon, amd the
undlerstory is dense shagey-barked manzanita amd hack-
leberry. Some ol the slopes belween Termaces 5 and &
support Bishop pine fogest, These fonests ane Conm el
ol dense, nearly pare stamds of Tall-szed Be 'ar'H'bil PN on
'\ll\.l|'\l\.""\- abawe fhe |:||'H'_'1|'\l[!- peane: pyEmY fopes, L |||.I|_'||'\.III|:|
vegpelation is sparse,

Sand Dunes

Three T or e SYRICIS GCCUET O Lhe "ill'\-r||-_'|:-_'_l. Feiie
insula, These are tbe recent dunes of the Holocemns: epoch,
the youngest dunes; dunes deposited in the late Pleisso-
cene epoch, mauddle-aged dunes; and dunes of the middle
b bate Plesaosene. the oldest dunes. Sand duanes of differ
el apes have accumulmed on ponemes of Termaces |
|:||r|'-||;.'_|| 4, Formations of dianes 1|\ Foar ARC ErMaps, onc
fromm e Molocene and three from the Pleistocene, have
been recognioed in the Monlerey pine area. The oldesi
groiap, knvam as Aromas samdd, 15 of limieed exient on the
Momierey Penimsula (found only in Carmel ) and we grouped
i with ik obdesi dunes

The younges! dunes are the active dunes in the process

VERLLIME PS5, MWLE, 1
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Coanlal Fraice

{asatal Zonik
Monierey © ypress Foresd
Mlaavierey Pt Faresl
Massierry Fire Forest

Vegelation

Terrace 1ightbawne Chean View Frninusls College
Elevatian il - Ao AP 140 - 109
Sails

TR

A ctinae s iaad of the Mondergy Boological Siamrcase.

of stabilizing and vegetating, The soil type is loose sand
with no pedogenic development, Primary soil characteris-
tics mre wery high permeability, very bow water-holding
capacity, and bow femility.

Tha younges! dunes support dune scrub habitar, The
duie scrub s dosanated by beach sagewon (Aremisia
pvenocephalal, mock heather (Ericameris ericotdes), sea-
hill buckwheat (Erfogowie parvifofium), bush lupine
(Lpirmus grborens), bush monkeyflower, amd prostrabe
and erect fonms of covale beash.

The middle-aged sand dunies occur inland of ihe young-
esl dumncs and Terrace 1| aml, in Carmel, indond of Terrsce
2 as well, The chamcieristic soil (ype is the Baywood
senies, which hus some secumulation of ofganic maller o
a depth of twenty o fory-cight inches. This resulis in
increased waler-holding capacity amd increased ferility,
allowing the establishment of Mongerey ping,

Midddle-aged dunes support Monterey pine forest with
a chosed canopy a1 maturity, The Monerey pines achieve
full height in mulii-sioried stands, Coast live oak is come
mn andl forms o subcanopy. The understory is rather open
with much duff and grass along wiath kv shrubs, The
diominant undersiory species are poison-oak, bracken fem.
Califernia blackberry, and snowherry,

The oldest dumes generally occur fumher mband than
the maddle-aged dunes, Ondy very small. solaed aneas
rerain in & semi-nataral condition. Four dune soil types,
Coenni, Elkhom, Tangair, and Armokl, occur on the aldest
dunes, Soil charscieriznes melude Organic matler acou-
milxtion and & subsoil accumulation of clay, The Elkhom

VEILLME 23, NG,

: |

Melimad Vinla

SIS e

series ix furher developed than the Oceano serics winth
respect 1o both surface organic maner sccumulation and
subsoil clay sccumalation. The Tangair series 15 3 more
developed soil than the Elkhom. The Amold series is
undoubedly a paleosol, a relict soil formed in a palen-
climate,

Matwral vegetatwn on oldest dunes was delermined
based on observations of remnant patches amd the experi-
emie of local experis, The oldest dunes suppon Monterey
pine forest, Coast live oak is present. The understory is
open and grassy along with areas of sparse shrub cover
inclsding poison-oak, bracken fem, snowherry, and Cali-
Tormia Mackberry,

Shale and Granitic Bedrock

Momerey pine forests exiend a considerable distance
wnlan from the coast and well inland of the marine lermace
ardl clune sequence. The two principal geodoge bedmck
types are granite and shale. Shale bedrock begins around
the sumamil of Hl.lﬂslnhn'r_lr Hill and extends eastward o
Jacks Peak and beyoml. The granitic bedrock underlics the
Monterey Peninsula west of Huckleberry Hill and extends
eastward of Poiml Lobos,

The principal =oil supporting Monterey pine on shabe
beddrock is the Sania Locia series. Santa Lucia soils ane
fine teximred with good structure amd moderate ferility
and water-holding capacity. These soils are nwre hospi-
table b pia]! growadh than are soils of the manne termces

FEEMONTIA 11
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Undersiory and Owverstory Characieristics of Montercy Pine Foresl Sublypes on Marine Terraces
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Lace Bchea b ooloninn] tew piscs growing close o the sea on Tomsoe I whisch B owell presarved a8 P Lodsn Siate Park Praeyraph by

Lnds L. Smath

PITCH CANKER AND ITS POTENTIAL IMPACTS ON
MONTEREY PINE FORESTS IN CALIFORNIA
Thomas B, Gordon, Karen B. Wikler, Andrew |, Storer, and David L. Wood

YER THE PAST cenbury, Morih Amenican forests

have sustained considerable damage dag 1D 1

imdrosluc o of exodic plaml palbogens. Mosa -
lable ame ik calnstrophic cofseguendaes thal have ol
levwesgd the estalslishimseng of the Tumgal Ful'!'hlgl'"-.. TEXHHI
wale Tor chesingl Blight, Danch elm disease, and whiie
pene Master rust. Tio this list may now be sdded Fasarium
soehg laifmans forma specialis i, i lEngus fesponsshic
a specialn

o ihee disease called paich canker, The Tod

VIRLLWME 25%-2. APRIL 1997

cesigration is appended o the species namse 0 idestify
thoss stramns which are pathogenic o pine; hereaiter 1he
:';'.lll"'{'l\.'ll is referred tooms F, £ pdic This Fiiignis was sl
descmibed a5 o pachogen of pmes & e southeasiern US
and thvus may be regancked as indigenoas i Norh Amenica

I Cabiformia, whene Lhe pathogpen was idenkified o= o cause
ol ree moralsy im Sanla Cruz snd Alsmeda coung
1986, 1 is Clearly an exotic pest

|I'I\JI:_'|.'III'\I-\.|'\- organasies have o hastory of mlcrscting
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wilh co-acurring species and selection tends to dannpen
the exbreme changes that may result. for example, from the
suscoplibility of a panticular plant species 1o a pathogenic
Iengus. Thus highly susceptible species temd i diacline in
absndance and highly aggressive pathogens are disadvan
taped by the loss of their prefermed host. Over ime such
procesears lead bo the stability that allows the esinblishnent

al loresied eoosystems o persisl over hundegds oF cvem
thousamds of years

Im contrast, exolic |'.|I|Ill.'-\.'|'.'\1 ETRC T an sray ol

wpecees wilh whach chey have mo Basiory of peeyiciEs inher-

Al COAes, B | 1 versiahd] o

EnCEEr o suishile hasl §

e ore wolli] mol siErvave
successiul establishenem 15 more Dkely wistee a patlsogen

is "presdapied 105 parteCuler host, Such was the Gasé [of

. & prasl resa1ve paEthogen ol pands o the southcass-

g LS, Althoagh Montgeey ping (Pings roollaie) was

L Do B wpsepli e b0 prlch canker. i Wi Hiol amodg

Thi Tasdaig tiee o the Towegivasid =
£ W foreg

heakhy. Thes photograph wan Ebon & & Chnsems. oy fem e Sedakhs

b FREMODMNTIA

« Electend e we sl lorse By phe p

the speces gioas of acas wher the discase preveously
ofcurmed, Naursl infections of Mossorey pane were nad
sduced into Califor
1i pojslations of Moddarey pane

Iherr W i

ohserved until the pathogen was

mil. Hecssse the Calle
ol ol par ol Been exposed boF L p
o selection fof pesistancs 1o pilch canker

Ihe epndemss ol putch canker thal has developed in
Calitormia can be atnbuled. in larpe measane, (o the ex
treme susgepiabiliny of Monterey pine and its popularity as
ananamental iree. Because of its rapid growith and stirsc
v Toarmn, Monteroy ping has been widely used in land
sgape semings such as parks and golfl commes and o pro
vile wisual selel and nose bamers along stale and local
ally
anlcicoaneciod sepply of hosd troes that allowed for inre
mcalal spread through larpe arcas of coastal Cakiformia
Rapid dispersal of the piich canker pathogen im Califor
miia appears 1o have been greatly facilitated by ihe develop

reghits of way, The pathapon was presendod with a spal

i Lasker pullipos, cervnp e death of e feee. Summanding oes ame

Botany—14



maend of new associations with insecis that fead and nepro-
duce on Monterey pine. This inclsdes the :‘-.luul..;-r-_-:. e
cone beetle (Conophrhorys radioune) ond several SpECICE
il Both twig beetles (Pitvophiforus spp. ) and CNgraver
bectles (fps sppd, all of which are nagive o California, All
hese insects ane known to camy F, 5 pied and, collec-
tvely. they are thought 1o be responsible for inil:i,_n;iﬂg
sl o e micctions thad occwr umidsr netural condilions
in Califormsa.

The infectsns whach result from fesding by twig and
oone beetles lead o the girdling of voung branches, The
death of these infecied branches wenkens the iree amd
provides substrate suitable for breeding by twig beetles
Besetles emerging fromanfecied branches commonly camy
ihe pathigen and may proceed o establish new infec-
ons. Engraver beetles can introduce the pathogen into
larger branches and altimately the bode or muin tnank of
e tree. Bole cankers furher weaken the tree and remder
Il e prone W engraver bectle attacks. Death of the
allecied wree allen follows, which in tum enhances the
reproductive opponuniees for both fps and Mirvophihors
ApeCices

Aihagh 1 s mos) conspacous as a disease of matune
trees, poich canker can akbso alled soods and seedlings
Seeds collected in piich canker-infested areas commanly
carry the pathogen. even where they ongimale From cones
o uninfected bramches. Infectad seeds may faal 10 germi
nate or genmnmate b produce mfected seedhings. Infected
seedlings may die shonly afier germinaion or survive
wilhousl ohvious symploms for severnl momths. Comse-
l\.|IJI\.'II|.|:\~. b miried sl 1|.'|.'|!|III:\.";'\- can serve as vehicles Tof
dispersal of the pathogen. In fact, the ocoumence of |'|i|...-||
canker m Christmas iree farms and ihe resuliing dissemi-
nation of infecied inees probably contributed 1o the estab-
lizhmsent of paich canker in Califormin

Pitch Canker in Native Populations

When |!l:|||.'I1 conker was first ideniified in Califoania @
1086, the |.|J'_|.'|."~|I infestaibon was in Santa Coaz I;,'llunl:l,_
located approximately midwoy betwesn the native stands
aof Monterey pime ol Afie Neevo (o the nonh and the
Momterey Peninsula io the south, The apparent absence of
the disease in these populations during ihe carly years of
the epstdermic nurured the hope that native hees weee
resislant b pitch canker. This view was consistent with the
behavior of the disease in the southeasiern ULS.. where
pitch canker was problemastic in plantstions and seed or-
chards bul red i wildland sstoabions

Unforanately. based on greenhouse tests of clonally
propagated trees anginally collected by D, William Libby,
prodessor emerius of forestry 2t the University of Cali-
formea, Berkeley, o was apparent tha ihe majority of
penolypes inall native populations of Monterey pine wene

susceptible to puich canker. By 1993 paich canker wos
VOLUME

25:2, AFEIL 1997

oserved m nabive slands ot Ao Nuevo amd om the Mod-
terey Peninsula, laving 10 ress the hope that they would be
sparcd the ravages ol thas disease. Finally, in 1%, piich
canker was confirmed 10 occur in the only other native
pecepn kv an Caldiformia, bocated near Camibrin, The exient
of the infestation mdicated that it had been ihere for at
least several years.

I'he presence of pilch canker in Momerey pine foresis
roquires thal management plans reflect consideration of
the Taciors thal inllwence the rate of disease spread, To this
e wie have established permanent plots on the Momerey
Pendnsula 1o monitor the develapment of pitch conker. A
prancipal obpective of our study 15 10 assess the mle of
disease spread in exch of four lamdscape 1ypes: wild
chamcterizad by a relative lack of human imacts: goll
omarse, where groands-keeping and related acuvines di

A branch sip shoswmg ivpical tymgooeme of paich canber. The
ibfalineh Wi jind Behiva e deml noeadles and resolicd ;o3
lesiom thal Killed the Branch distal 85 & inflection. Fhaoiog
Tiwrm Cowddon

aph by
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ALIFORNLA STATE Park ecodogist Tom Moss has
observed and documented dramatic changes im the
Mosterey pine fonest al Asilomar State Park since 1993
when he mobed (e first incidence of pine paich canker
there. By 1994 N0 prees were infected. By lae 1996
nearly 2000 wees, of mofe than Fomy-fowr peroent of
b pine Forest al Asilomar was affected by the disease.
Moss moted during e Momcrey Pine Forest Sympio-
sium in October | 906 that vaenty percent of the young
trees, forty-three pencent of the “wenage” wees. and
fifty-mine percent of the mature pines at Asilomar wene
currently infected with pine pitch canker disease,
Treatment for the blight 21 Asibomar inclades trime-
ming and the removal of infected trees, most of which
are in l'r.l;rn:n.l-m,l portions of the forest, Moss belicves
Momlerey pines have a very low threshold of toderance
fiwr chamge, particularly chamge that impacts rools and
fowrest microclimate, such as what typically ocoors as o
resuall of development amd forest fragmentalion, Ac-
conding o Moss, “Changes creale siress in irees. Stressed
trees altract bark beetles, and may then becoms in-
fected with pitch canker.” Albough Moss agneed with

Case Study: The Asilomar State Park Pine Forest

ather presemiers duning the
panel discussion thal pre-
veming the spread of pitch
canker was a lop prorty,
he suted tha “People and
oilf activities in the Forest
are ke primary factors in-
Muemcing the spread of phich
canker. Human related -
tividies that increase siness
on ihe rees and forest xc-
celerate the spresd of piich
canker.” He echoed the concern of many forest watch-
ars on ke Monlerey Peninsula that development and
fragmentation of the remaining large tracls of pinu::
forest wall be the catalyst for a signaficant spread of
mich canker disease. Moss called for management of
ke pang forest 1o aplimize nalurl regemeration, He
addad that i siw conssrvation of the Monderey pine
forest will defend the genetic resources of the trees
against the comemporary pitch canker epidemic. and
afflictions that may affect the forest in years 1o come.

e i
fHrsach and cone showing
fpinch canker darmage

recily impact the rees and associated vegetation; hght
urban, whech includes arcas allecied aither by proximily
0 roads or vegetalson management For [ine suppression
andfor sesthetics; and wurbam, which are landscaped prop-
eribes other than golfl courses

A tedal of 47 permaneni plots have been established on
the Monterey Peninsula, ten plots in cach of the foar land-
scape types., six additional plots im wndisturbed arcas owned

AN A beetbe, one of several Ratne Beer puocise of Moleey pee
capable of veowring piich camber. Phategr by Asadrcw Swower

B FREMLIMTIA

by the Dl Monte Forest Foundation, and one plod that is
heavily affectad by paich canker whale alw showing sig-
mibicant polenial For regenerabion. The plots, which in-
lude a votal of BIY malure trees and 1,060 younger trees
(seedhings, saplings, and juvenile pinesj, will be surveved
lor the incidence and distnbubion of mich canker three
timies a year for three o five years.

Withim cach plot, the growth rabe and meedle qualiy of
all ik matare irees will be monfoned. We will also recond
ihe incidence of atacks by red nerpenting beetle and pitch
mioth. amd the incidence of western gall must and dwarl
mistheios, in order o cvaluse the influence of these fx-
iors on the development of pitch canker. Diata on seedling
survival amd tree mortality will be collected, allowing for
an analysis of age stnsctare and the potential for regemera-
1, The species composition of the |||1-J¢rh.|nr:. has. becn
chamcierized im order 10 xssess the infleence of grownd-
COVET 0N regeneration

Prospects for Monterey Pine

Even in the absemnce of pilch canker, the replacement of
dvimg trees poses achallenge toihe persisience of Monlerey
pane Fosests, In some of our plols, as in many areas throagh-
ol the Monterey Perinsola, stands are composed of a
oy age distnbaion of wrecs. CHien these brees are near
the emd of thewr natural hie spam and will soon die 1o yeld
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The stark, regged beassiy of the Sanda Luca Mountaia usdodds. in a wildernes. landwapa domenasiod by chapaemad, evposed bdrock, and nocasonal
i i il e, Photograph by Dhis Howe

THE SANTA LUCIA MOUNTAINS:
DIVERSITY, ENDEMISM, AND AUSTERE BEAUTY

by David Rogers

Aldong the centml Califormin coast, between Monerey
and San Luis Obfspo, a geologically young and sll
uplifting range of mountains rises abruptly from the
Facifie Oosan, forming a backdrop 1o the dramatic Rig
Sur coast: the Santa Lucia Mouantains, Unlike so much
of the landscape of California, which kas been greatly
alsered by human activitics, the extremely rugged and
inaicoeiaghle bermain of musch of the Santa Lucia Mouniains
has sheltered this region from exploitation. With the
possible exception of pars of the King Range south of
Cape Mendooina, the Santa Lucia Mounaics are probably
thee mast pristine af all the Outer Coast Ranges. The flor
has thus remained overwhelmingly native, and, due to
a number of geodimatic fecdors which combine in these
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mountains, a rich and Mghly diversified assonment of
plamts can be found in relatively chose proainuily within
the barders of the range

A lenisi fifiy-seven plant wom are foand only in the Sania
Lugin Mountains, The tail end of the great marinime
comafenous fores wiich eretch noriaand 10 the southern
coast of Alaska liss in the Samia Lucias, and over 220
speecies e a1 ibhe soaibern end of their nanaral dearibaion
im this range, including many spocies. in he coast rodwood
[Segreods sempervirensy communily. Along the cool,
windswept coast are a large number of planis which are
restricted oo this specialized habitar, and on che higher
peeales and ridges, elesniions are sufficient 1o haghor seall
imlamds of monane plants, many of which are separated
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from the nearest popalations of their kind by hund reds
of linear miles. The hot, dry interior regions of the
rountaing support a variety of plants which are typical
of the more arid Inner Coast Ranges or the mountains
of Southern California.

Extreme Topography

The primary features of the Santa Lucia Mountains
which have produced such a rich flora are their immediate
proxdmity to the ooast and their extreme topography, whach
ranges from sea level (o nearly 6,000 feet, These two
physical factors greatly influence the local climatic
conditions, On the west, the Santa Lucia Mountains rise
steeply from the Pacific Ocean; at Cone Peak, the abrupt
ascent from sea level to summit is 5,155 feed, The Santa
Lucias terminate on the nerth as the Monterey Peninsula,
which in itself is a well-siudied and deservedly famous
locale for rare and endemic plants. On the east, the
mountains descend into the Salinas River Valley; to the
south, they retreat from the coast and dimimsh in siee
in San Luis Chbispo County.

Rock and soil types also play a role in the diversity
af plamt life, The northern part of the Sania Lucia
Mountains are a complex of Mesozoic granites and
variable pre-Cenozoic metasedimentary and metavolcamc
bedrock. To the south are Franciscan metasedimentary
rocks, broken by bands of uliramafic rocks which
include serpentine

The mvost geclogically impressive region of the 5anta
Lucia Moungains is the beast apcessible to the casual visifos,
and is largely included in the Ventana Wilderness Area
of the Los Padres National Forest in the northern-central
part of The range. This regron contains nearly all the peaks
and ridges over 4,000 feet, including Junipero Serra Peak,
which, at 3,868 feet, is the highest point in the Coast
Ranges betwoen Snow Mountain (7,056 feet), 230 linear
miles to the north in Lake County, and San Rafael
Mountain (6,593 feet), 130 linear miles 1o the south in
central Santa Barbara County, The Vemtana Wilderness
is & dramatic expanse of steep-sided, sharply crested, and
typically rocky ridges, cut by deep, V-shaped canyons.
Mlassive rock outerops and cliffs are common, and so ane
waterfalls. The perennial streams which mece over thie bed-
rock of the canyon bottoms are often surrounded by
almost vertical cliffs on ether side. Deep pools that fill
the canvon bottom from wall o wall are relatively
cormmon, and practically irresistible 1o a hot, tired hiker.

Maost of this remote region was consumed by the
magsive, 180,000-acre Marble-Cone Fire of 1977, which
darkened the skies with smoke as far away as Salt Lake
City. Although most of the vegetation which was affected
was fire-adapied and s recovering from the burn,
numerous dead trees remain on the ridges and slopes as
testimony 1o that event.

4 FREMOMTIA

Baildings 41 Tassajara Hot Sprisgs give a husan scale 1o the rugged
sopography of 1hs parousding smountaies. Phoograph by Das Howe,

Contrasting Climates

The immediate coast and ridges and the rugged
moumainous interior of the Ventana Wilderness region
receive abundant rainfall in most years. This rainfall is
caused by the sudden uplifting of winter stormfronts as
they collide with the high ridges, causing the clouds 1o
drop much more of their modsture than they waould over
a more horrontal landscape. Ranfall i particularly heavy
fromn storm froms that approach from the soulwest, for
niot oaly are they warmer and frequently more moistune-
laden, but they hit the northwest 1o southeast axis of the
ridges broadside, and are thrust upward with the greatest
possible uplifi.

Average anmeal rinfall s Big Sur is nearly sixty inches
an Tassajara Hot Springs, which is aboan nine miles east,
in the rugged interior of the range, sverage annual rainfall
was almost fifty inches during a six-vear period in which
I monitored precipitation, with a low of twenty-eight
inches one vear and a maximum of eghty-one inches
anasther year, Annual minfall wals can exceed 100 inches
on the higher peaks and ridges, and, 1o the best of my
knowledge, the highest official annual rainfall record in
California is still at Cold Spring Camp, above the Big
Sur River on the Coast Ridge, where 161 inches of rin
fedl during the rainy season of 1940-41, Snow is relatively
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common on the higher peaks and ridges during the winter,
and major storms can drop many feet of saow in shor
periods of time. In contrast 1o the well-watered western
slopes, the eastern slopes of the Santa Lucia Mountains
thar approach or directly face the Salinas Valley receive
much less rainfall, and most of the Salinas Valley (Toos
has an annual average minfall of less than fourieen inches.

The summer weather pattern along the coast and in
thee coastal carvons of the Santa Lucia Mouniains is typical
of the costal regions of Northern and Central California,
Low clowds tend to hang along the immediate comst,
penetrate into the seaward-lacing canvons in the late
afternoon and evening, and persist until the warmih of
the next day's sunlight evaporates them. This maritime
influence has an almost constant cooling effect, ancd the
coastal summers are quite mild. The high ridges of the
mouniains, however, prevent these coaling coastal fogs
from spreading far inland, and sumesers in the central
and interior canyons are hot and dry, with afternoon
remperatures often exceeding 100 degrees.

The ridges along the immediate coastline are so effective
in blocking the marnitinme air that coastal fog rarcly reaches
the interior canyons, When fog does move in to cood Lhe
hemed peaks and valleys, it approaches from the east,
opposite the seacoast, when an exceptionally hesvy
summer fog has crept deep into the Salinas Valley.

The oceanic influsnce along the coast nod anly cools
1he coastal slopes and canyons in the summer, but also
helps keep them relatively warm in winter, for the
temperature of the ocean changes linle berween the
seaspns. The winters in the central and interior canyons,
however, are much colder, with morning lemperatunes
often fallimg below freczing.

Unusual Neighbaors

The combination of these geaclimatic conditions
produces numerous specialived habitats in which a wids
variety of diverse plants exist in more or less close
geographic proximity in the Santa Lucia Mountains,
Common m {he upper regons of the Big Sur River water-
shed are lush camyon bottoms dominated by coast
redwoods and other typical specics, overhung by dry,
rocky, slopes covered with chaparral species such as
Spanish bayone for Our Loed's candle, ¥iecca whipplel
ssp. percursd), along with other species which are more
iypical of the chaparral of Souwthern Californba.

O of the most intesesting meetings of two species
is that of the coast redwood and California sycamaore
{Plaranus recemosa). The sycamores exhibit a peculiar
form of growth when having 1o deal with the “sunlight-
stealimg™ redwoods. In more or less open places in which
there is sufficient underground moisture, the sSyeamones
rend to be low and spreading. with many tortuous
branches, In areas in which they must coexist with other
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riparian tree species, they hive o more enect posturg,
although their branches are often simsous enough to take
advantage of any easily exploitable source of sunlight.
When growing in association with redwoods, however,
the sycamores take on a remarkable posture, For then they
groww eremely tall, but also edremicly eroct, with vertical
trunks often free of branches for more than half of the
hieight of the tree. One of the pleasures of exploring the
Santa Luwcias lbes in encountering these strange meslings
of unlikely associates.

Santa Lucia Endemics

The Santa Lucia Mountains lave long been noted for
their endemism, and Jepson referned 1o this reglon as the
Luscian Endemic Zone. By my caleulation, there are over
fiftv-seven species in the Santa Lucia Moumains which

Belying lis masse, he upper reaches of the Arrovo Seco containdeep
ol 1 haat hold waler even dunimg a drosght year. Pholograph by Darid
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Chaparral andexpesed rock (e} coves Ebes abeep Berraim in e ciniral pard af the Ventana Wikdernams, with ook confined io the novih- facing
dhopes. Tha wiew 16 from (he [ndians Bod ko ng faor ives) stio e moa lisaow ity iod. Plstograph by David Rogere The tall, poinied
trecs in | he forepzoosd fhelos ) arg Sanis Lods fir (Abie hractpa ), sunowsded by pondeni pine [Pl ponderosas) and mised oal and
sdione woodlarsl. Mellad ameng ke mavive aanduone Boulders of 1he Vagquenos Formasion ai Chosch Crpel Iveidie, thes firs surived
the Marbbe-Coar fire of 1577, Plaodograph mken i June, 1958, by ‘vorn tadea.
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many of these plants weee formerly Bted & endernic until
thair disodvery oanlisde the range, typically in the Gahilan
Mowntaing to the east, or the La Panza BEange on the
souheast. These plants, some of which ase a conspicuss
and chamacteristic part of the regional Bndscape, include
the santa Lucia sticky mankey-Thower (Airmmbes Siidies
wip fascicwlatus), woolly yerba sania [Eriodicivonr
fomeniorum), small-leaved lomatium (Lowaiius
parvifodiur), Jobon brodiaea (Srodiecs jodonenss), Lowis
clarkia (Clarkia lewisil), Douglas' spineflower
(Chownizanithe chunplirai), and Hanfham's evening-prinnss
(Coamisronie hardbamize],

Disjunct Populations

In contrast 10 the endemic plants, which are found
newhere else beyond the boundaries of the Sama
Luocia Mountains, is 2 group of disjunct species which
il im & brief appearance in these mountains, but are

FREMODNTIA 7

Botany—22



Perple ammolde (Chiorogalum purpwaiesr var, purpasrse) (1080 is
endemic o a small arca sear Balan, in fhe cast-oeniral paation of the
o Lucis Ramge. This spacios i on the CAS Lint 1B ezl s 0 Category
1 camdidate for federald listing. Morre mancasiea {Arcioraphdon
morreensi] {alove) grows only in the vicimity of Moseo Bay, af the
sounthern end of 1he Sama Lucia Mounains. As i the case with many
of the Samen Lucka endemic plants, this species is on ihe CHI%5 Lisi
15, and i o Category | canddase fo incluion on the fedenal madangored
spegica lis!, Phatographs by Willaam Folleiie
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mast commonly found elsewhere. Many of these plants
are restricted 1o the higher peaks and ridges of the
Santa Lucia Moumains, but there are species which ocour
in enose meshe spots, and some speches appear even at the
lower elevations,

Planis which are restricted to the higher levations ans
tvpically montane species, and Uhe nearsst populations
of their kind appear in the higher mountains of the
Momhern Coast Ranges; the Sierma Nevadas or the Séerm
Madre, San Gabriel, San Bernarding, San Jacinig, or
Peninsular mnges of Southern California. Such plants
include sugar pine {(Pinics farbertiard), incene-cedar
{Libocedrus decurrens), Indian's dream o cliff-brake
{Aspidotis densa), Semicwls praveatens, red-cyed hulsea
(Mrulsea heverochroma), rose and yellow lepine { Lapinus
sliversif), Sierma gooseberry (Bibey roelif), Sierra onson
(Aftium camporelatess), small-leafed cream-bush
(Hofodiscis microphyliuz), and western pipsissewn
(Chimaphile menziesi),

Representatives from the North

Al leass 224 species of plants are at their most southern
Coast Range distribution in the Santa Ludaa Mounlains,
although some of these plants may actually extend their
ranges (o 4 mone southern latiude In the Sierea Mevada
o in the higher mourmaing of Souhem Califormia. Within
this association of plants from the porth, four growps
stand ouwl: maritime or coastal plans; plants associaied
with the redwoad fosests: the plamts which are maore or
less moneame by nanare, ard ane meostly restricied to higher
dhevations; and plants which are more generally distributed
in the Santa Lucia Mouwniaing,

The first group, plams which are mose of less conlined
tor Lhee dumes, Bluffy, o scrublands of the mmmediace coast,
includes footsteps 1o spring (Semiouks arciopoidies), pearly
everlasting {Araphalis margaritacea), the prostrge form
of covote brush which grows only along the coast
(Bacchans pifulerds ssp. pililarty], ool rock-cres (A aabi
biepharophyiln), bearberry (Arctostaphylos wva-ieesl),
multicolored lupine (Lupinus varkolor), stinging phacelia
(Phacelia malvaefolia), beach sirawberry (Eroparra
chiliperaeis), coast inis {fris Iongipeiis), coast onion (Aliwm
dichlamydenn), Johnmy-fuck (Ovihoomnes casmilisioider,
coast buckwheal (Eriogorue J'u-rﬂ'hj'a'nm:, coastal
rein orchid (Habeaerg segans var mariiisur), and
many moge specles,

The second group of plans rom the north are thoss
that are assocated with the redwood forests of the coastal
camyons. These foresis are best developed in the 5anta
Luscia Miountnins in the Big Sur River watershed, the Lanle
Sur River watershed, and the numerous walersheds of
srnaller srearms wihich feed divectly bo the ocean. In these
maisl canvons grow the coast redwood, red alder (Ao
rerhea, licorice ferm (Polypodivm glveyerhiza), lady fern
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The Sasias Lucia e {Abis brocteana) i the raest 0 in Nonh Asssrica, and is endemic to the Santa Lecis Mountaiss, |1 gross o two dnzinetly
ifferor bt equally Ainc-resistant habitate in degp, shady casyosa; or o expoced ridgeiops, bare cliffs and slopes. and rack cetcroge. Haenest
grom i form aned sharp, spire-like cromm e casily eeogained, cven a1 o disance. Photogmaph by Willam Follene
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arid lnmer Coast Ranges, Almost nimety spechss, owever,
do reach their most northern disinbotion in the Santa
Lucia Mountains,

My of these southern elernent plants ase found along
the immedizie coast ar coastal strand, such as coast live-
forever (Dudleve caespitasa), the sunflower Ferepasia
carpesipides, spectacle pod (Diifvree mrarilima), sea
|lavender {Limoniwm coljforaicns var, mevicarwm ], and
dlisne buckwhcat { Erioposnn parvaiiem A langer group
af plants that are more sddespread includes species typical
of many Southern California habitats, including the
coutstal mountaing of Southern California (the Sama Ynez,
Santa Monica, and Santa Ana mosntains); the mesic
elaations of the higher mouniain mnges (1he San Gabrel,
San Bernarding, San lacinto, and Cuyamacas mouniuns);
and riparian arcas.

The more widely distributed southern element plants
include California bobselia | Lobelle durrii var. seerara),
California peony { Peeonir califormica), prickly poppy
{Argemone munifa), the index “burn species”™ Phacelin
brachylobe, the showy scarlet larkspur (Dedphimium
curdingle), chaparral bedsiraw (Galfiom amgusnifolien,
flannel bush [(Fremorfoderdron ooliformicum
sp. ebisporase], bajada lupines (Lupiaus concinmus,
I mpardhiame), turkish regging (Ohoriarihe siaficoides),
and large-flowered coyote mind (Monandelle maceaniha),
Even cacti (Opuniia phacacenthe or O occidentalis)
are presend on the south-facing dopes 1o the cast-souheass
of San Luis Chbispa.

Exploring the Santa Lucias

With such a wealth of highly diverse, endemic, and
disjunct mative plants, the Santa Lucia Mountains offer
an enthusiast of native Californian plans a wide selection
of habitat tvpes 1o explore and enjoy. California Coast
Highway 1 allows relatively easy explosation of the Big
Sur coast, although frequent stops and car-window
botanizing may be difficult on this sometimes narmow
and well-travelled road. A more leisurely exploration is
possible on two dirt roads, Tassajara Road and Indians
Road, whach offer sccess 1o the northern and central areas
of the mountains. To the wuth, the Macmieno-Feaguson
Foad from Jokon to Highway | transects the range &t about
mid-point, and offers a car-bound explorer the best
vantage of the transitions between the interior and coastal
elemients of the flora of the Santa Ludia Mouantains, From
ihe Macimienio-Fergusson road, a side trip 1o the nonh
up the Coast Bidge Road leads wo some of the montans
elements of the Samta Lucia Mountains, near the summit
of Cone Peak. At this poant, everywhere one looks one
woes species which are either ensdemic 10 the Santa Liscia
Sountains or greatly disjunat. Far o the south, Fighwans
46, 41, and 10 pass through the very southern, and
diminished, end of the range.

VIOITLIMFE 9. NOL 4

The shaws, salTron-crenge flowers of Santa Lucia dicky monkey-Tlinver
[ Adférrnatian Bfder wxp fasckealare) are & commaon sight in the chaparmal
of ikbe Samts Lucia Mountains, Fholograph by William Follezie.

Hemotenss and inaccessibility have kept much of this
wild mountainous area from disturbance, and access 1o
mast of the range requines hiking. For those who want
o explore by food, | sugeest the twenty-seven-mile Pine
Ridge Trail, fronm China Camp on Thssajara Road 1o the
Forest Service Station ol Big Sur. Don't goin reverse onder
unless you're up for the steep, 3,500 plus foot climb
through chaparml from the Big Sur River 1o the sumemit
of Pine Ridge!

Because there is no public transporiation CoRRecting
these poinis, two cars are needed for this hike: park one
in the parking ol at the Big Sur Forest Service Station,
and drive other one to China Camp. This trail offers a
wide viriety of habitats, from open, grassy mcadows
teeming with wildMowers 16 the late spring 1o early
summser, to coniferous forests of pondenosa pine, inoense-
cedar and the endemic Santa Lucia fir; chaparsal (and
fantastic views)on the steep descent down to the Big Sur
Biver; and redwood forests abong ihe Last half of the trail,
from Redwood Camp o Highway 1. 1 suggest giving
yoursell three days and two mights out. One night might
b spent in idyilic Pine Villey, and the other at Sykes Camgp
on the Big Sur River, where you ¢an bathe in the
undeveloped hot springs, a shor distance downstream.
An excellent guide is a map of the Ventana Wilderness,
published by the Forest Servioe, and 1 advise a call tothe
Forest Service Headguarters in King City in advance to
find ouwl about road and wadl conditions — landslides and
fallen trees can persodically block aceess. Whichewer way
vou choose to travel, the Santa Lucia Mountains olfer
a rich opporunity 1o explore & dramatic landscape and
discover a wide varicly of native Californian plants,

David Ragers, 440 Lily Sireer, Sam Franciseo, CA 49008,
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CALIFORNIA’S COASTAL SAGE SCRUB

by Sandra DeSimone

10 MELD MEDITERREA NEAN-Type Chirane (hal deaws
many people b Calylorm is |.'|I.||ﬂ'|l_'||.l'\_'d.ll:| W
dry summers amd cool, moisd wimlers. Workdwide
thix type of climate i limited o five disjunct geogmphic
regions: parts of Lalifmia, the Medilermassan basin ol
Barope, cemtral Chile, the soshwesiem fegon of Soull
Alnga, and pans of weslern and soathern Austraha. All
five regions support various Types of shrobland vegeta
tion, some of which, though dissimilar in species compo-
wrlbon, share oy sinscoursl and funcisonal samalanisgs as
a resull of gomvergen! evoalubin under samilar scloction
[t et
In Calafiomia two mapor shrubland pypes ane distributed
within the Meditermanean-climate #one: chaparral and
coasisl wagpe scrube. Because coasinl SRPE LCrul IS OCCRS o -

ally owerlooked & & vepasion 1vpe dsnng mom the

VLILLME 23, MO, 4

betier known chaparmal, the overview hat lollows in
chudes comparative Feabares of te two commeanitses, Chap
arral, a hard-beaved [ecleropdy|bous ) shrublaend, has ana-
logs in &l four cibser Medsiermanean-climate regions and 1=

one of (e mesl enlensave vegelaion types im Califormea,
occupyiag about live percent of the olal area of the state

It occwrs in the Coasd Ranges and foothills of the Sierma
Mevads fromm sowmhwestem ( Megon anil MNosthem Lalilor-
nila o the meouniasns of Southern Calslomma and nosthom
Baja Calalorma, with disjusct extensions in the summer

raimflall arcas of Arsona and norbern Mexico, Coastal
sape worwh, @ sofi-lesved {malscophyllows) shrubland, s
RIENILAF BN Forms S sEnGoiure g
I ke peerypane 1\ OFeeoe, e

0l EPCIE )

i lsrac), pos

Sipaani, a8 Ll of matovral 15 Chale. 1a Califcrmia coastal

aape sonsh is mach maore limited in distribation than chap

FREEMIOMTIA
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herbivore effecis on some ¢ haparral specics, ;Ic-\.luz; |1|:',, h
lanmin concenirmons. Mishes of the “hare rones”™ that are
devosd of comnmson annmal species amd are occasionally
Found m b bires between coasial sage scruby o pon-
natnve grasslands imdicale thal secondary chemicals (ler-
penes) Fram the shrub bead [stter nvight protect shneh seed
limgs from herbivores

Hq.'rurrlr'._.'; fire is 3 distigbnes commeon o Meditermn-
nean-climate pones: both Califemian shrubland types show
resalmmds, depending on fire parameters and species life
hisserics. A pemeral distinction in post-fiee response has
been idemtified for chaparmal chaehs hitween spocies thal
resproul amd those thar recrul soodlings after fire. In
coastal sage scrul the distinclion is less clear, Like the
laculistive resprouter Adenostoma fascividanos s chap-
arral, masy dominanis in coastal sape sonsh retam afler
lere with both resprouts and seodlmgs depending on such
{actors as fine iE'.ll"I'l'\-I'.} and frequency, poographis boca
i, and plas size and physaological condilion.

Coartal sage sorulm bloom sh the Sas Dargo smiboaer | Vigaien

Fegent sudhes have showm thai boah chaparmral and
cndrslal T HiN serubs mMay MR Sepofous slands aver
exlended fine-free peredls. Wik (e exception of ._'h_.r\.r.
ral obigale seeders, which are dependent on ot < fire
seedlimg recnsitmnent for population mainienance o ex-
pansiom, shrub speces Gl both vegelmihon Types Colifis-
ally prodluce mew shoods from basal buds. However, soed-
liegs o Pesprouting '\.'hdr\.ll'n.l shiruks are checrved onlly 1n
the lomg absence of fire (greaber iham fifty years), while
woodlings of coasinl sxpe shrub species ane reporied in e
literaiure o oocur i stands Trom fwo 1o b enty-five ve
paost-fire, Indeed. some researchers believe that conti
recnaiEnen! wnder the relatively open shnab canopy main
Eaans Y iponus coasial sage sonah siands over loag fre-Free
prerieds.

Becawce coastal supe weib gencrally disiribaied st
bower elevatsons thas chaparral, il has been subsect o
exiensive degridalson and ¢leanng as urbaniration spresds
i Unliformas, As a resull, there has been sabstastial habica

a irakeibey i 1 b s prosnd
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Conservation Implications of Variation
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VOLUME 23, MO 4
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“And some rin up hill and down dale, knapping the chucky stanes to pieces wi’
hammers, like sa mony road-makers run daft. they say ‘tis to see how the world was
made!”

Sir Walter Scott
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:i: Start PGS field trip at Aptos overlook, Watsonville
not shown on map !
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PENINSULA GEOLOGICAL

SOCIETY FIELD TRIP
ROUTE AND LOCATION OF STOPS

Trip leaders and their stops

®  GARY ERNST, cumulative mileage for each
point of interest.

NICK JOHNSON
GARY GREENE

BARRY HECHT

¥ o o o

JEFF NORMAN (botany)
10 20 km
1

o-—To

5 10 miles
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SATELLITE IMAGE MAP
MONTEREY, CALIFORNIA
U.S. GEOLOGICAL SURVEY

Colors generally relate to typical features as follows:

Black -- Deep clear water,shadow areas,burn scars

Dark to light blue --Ocean; shallow, turbid water; urban
areas; bare soil

Gray -- Dry grassland, rock outcrops or bare soil in
upland areas

Dark Red -- Mixed forest and shrub area, kelp

Bright Red -- Growing crops and pasture lands

White -- Dry crops, and stubble fields

10 km
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not shown on map !

T
Peninsula Geological Society field trip to Salina/ Nacimento
amalgamated terrane, Big Sur coast, central Califoria.
May 19 - 21, 2000

Map compilation by R.G. Coleman, Stanford Geological Survey

using Strand & Jennings, 1958, Santa Cruz 1:250,000 geologic map
CDMG; Dibblee 1999, Geologic Map of the Monterey Peninsula and
Vicinty, #DF-71, 1:62,500; Ross, 1976, US. Geological Misc. Field Inv.

Map MF 750 ,1:125,000. /
Qs Monterey
} e

L}

EXPLANATION

Geologic poiM Q
of interest

UNCONSOLIDATED
SEDIMENTS

Alluvium

Qs | Dune Sand

Lobos

Q Quaternary non-marine
terrace deposits
Qc| Pleistocene non-marine

Plio-Pleistocene non-marine

Qm| Pleistocene marine Terrace
deposits

COVER ROCKS
S

Monterey Formation, mostl NG

y Formation, mostly

marine biogenic and {
clastic sediments middle to \\)\

late Miocene in age. IS\
FRANCISCAN SUBDUCTION Qs
COMPLEX J-K Point Sur \\ .
- Graywacke, deep-sea trench
deposits

- Deep-ocean bedded radiolarian cherts

- Sheared serpentine derived from
oceanic depleted harzburgite.

FOREARC SEDIMENTS J-K

Great Valley forearc turbidite
sediments Campsite

NEVADAN ISLAND ARC Pfeiffer-Big Sur
INTRUSIVE ARC ROCK
(78 -150 Ma age of arc) State Park

Porphyritic grandiorite of Monterey ISLAND ARC BASEMENT
Quartz monzonite

Porphyritic grandiorite

g/l EB

Quartz -poor quartz diorite
(some are recrystallized tonalites

@ Sur Series or Sur Complex
quartzofeldspathic schist, marble
granofels, and gneiss. Protolith
age is Precambrian 1.7 Ga and the

Quartz diorite metamorphic age is 78 to 100 Ma.

Qal

o —0O

containing granulite facies
garnet + opx , Compton's charnockite) -

122°00' 122°45

Chualar

Qal
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Scale

Cross section location
in California

200 km.

Western edge of former
Jurassic - Cretaceous subduction zone

REVISED

CROSS SECTION OF THE SOUTHERN COAST RANGES AND SAN JOAQUIN VALLEY

FROM OFFSHORE OF POINT SUR TO MADERA, CALIFORNIA
Donald C. Ross, U.S. Geological Survey (1979)
Geological Society of America, Map & Chart Series v. 28H
Revised by R,G, Coleman Stanford Geological Survey April 2000

Is this a step forward or backward for California Geology ?
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Tg“gab Bouger Gravity Profile (Bishop & Chapman 1967) 40
20 F 20
x 0

-20 -20
-40 -40
-60 -60
-80 -80
- Coast Ran -

100 San Andreas  —0ast Range 100

for point Sur Area Axis & shape of the Great Valley
A P Fault Zone Thrust magnetic high from Jachens et al 1995, JGR 100:12769-12790
KM . N\
Sur-Nacimento " . . .
4 Fault Zone Santa Lucia Sle_rra de Salinas ~ Gabilan 4= Panoche Hills San Joaquin Valley Madera 4 KN
Point Sur Range Salinas  Valley i C
alevel 0 L0
-4 -4
-8 -8
12 ’: -12
-16 .~ . 2T Fe
PR 7 - F
-20 ' Sierra Nevada Basement: | -20
-24 //:\ :\/\:\/::-24
- s 7 - -
:2;; Mantle = NN
) Begin GVO by slow /b -32
-36 rifting & magma generation (155-165 Ma) <[ 36
-40 + T T T T T T T T T T T T T T T T T T T T T T T T T L -40
110 100 90 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
KM

EXPLANATION

Quaternary & Pleistocene

Tertiary sediments

Fore Arc Great Valley
Cretaceous-Jurassic sediments

Coast Range ophiolite generated above
suprasuduction zone Cretaceous-Jurassic

Franciscan subduction complex,
Cretaceous-Jurassic

Gabilan crossection at Gonzales
Walter & Mooney (1982)
Bull. Seis. Soc. Amer.,
72:1567-1590

Great Valley crosssection
Holbrook & Mooney 1987
Tectonophysics, 140:49-63

Diablo crossection
Walter & Mooney (1982)

Bull. Seis. Soc. Amer.,
72:1567-1590
Nevadan Island Arc

Intrusive granites 78 - 100 Ma Slow spreading initiates partial

melting in the mantle ~ 165 Ma

- Sur Series continental basement 1.7 Ga

Great Valley Ophiolite slow spreading —
underplating of Sierran Basement '7/

- Mid ocean ridge basalt MORB

Mantle, depleted harzburgite

— A

Sierra Nevada Basement
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