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Scope of the Investigation

The initial phase of the present investigation for the County of San
Mateo began in August, 1971 with a study of vertical aerial photographs
dating from 1930 (see separate list of referenced aerial photographs).
Matching pairs of this time-lapse photography of the same area were stereo-
scopically studied in order to delineate pronounced lineaments and other
features decipherable by photogeologic methods.

Geologic surface mapping began on Septembe:i 16, 1971 and was progres-
sively augmented by a subsurface program that was carried out in two stages:
(1) a preliminary exploration, and (2) pdvancad exploratica that scught
answers to questions posed by both geologic mapping and the preliminary
stage of subsurface exploration. A total of 41 subsurface probes were
éxcavated. These include 15 backhoe trenches (test pits) 18% inches wide,
17 bucket-auger borings 24 inches in diameter and 9 flight auger borings
® inches in diameter e trenches range from 9 to 12.5 feet in depth and
the borings range f to 61 feet in depth. All were excavated and back-
filled between Septe 17, 1971 and October 7, 1971. All have been checked
for restoration to previous grade and for settlement.

Geclogic data were compiled on 100-scale base maps and aerial photographs.
A preliminary copy of the geologic map and Cross-Sections A-A' and C-C! were
submitted to the County of San Mateo on October 1, 1971 in an interim geologic
report that summarized the first phase of the preliminary geologic investigation.

Subsequently, the second (and final) phase of the preliminary investi-
gation was undertaken. This included additional field mapping, 9 subsurface
holes drilled with a 6-inch diameter flight auger, preparation of geologic
1llustrations including the Geologic Stability map and compilation of the

report.
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General Topographic and Geologic Setting

The setting is graphically shown by the geologic index map whose base
is the Montara Mountain Quadrangle. A prominent northwest-trending topo-
graphic ridge crosses the study area. This ridge extends over 2 miles from
pillar Point northward to Moss Beach. It varies in width from a quarter i
mile to a half mile, and reaches its maximum elevation of approximately i
190 feet immediately south of the study area. The west flank of the ridge
is bounded by the sea cliff and the east flank is a gentle to moderately
steep. slope. A relatively flat terrace surface at about 100 feet elevation
occupies much of the south study area.

Surf erosion along the western margin of the study area has produced
a sea cliff which is 50 to 105 feet high except in the limited areas of
slide and stream channels. Thus, most of the 125% feet of relief in the
aiea 1S concentrated in the Sea cliff zone.

The sea cliff generally exhibits natural slope angles ranging from
50 to 70° to near vertical in local areas. In places, landslides have
altered the slopes to flatter angles that are between 1.5 (horizontal):
1 (vertical), and 3 (horizontal):1 (vertical).

Rainfall averages approximately 20-25 inches per year, about half the
amount received by the mountains to the east. However, concentrations of
fog, swept inland by the prevailing west and northwest winds, result in less
loss of this precipitation by evapo-transpiration.

'Nine major lithologic units have been mapped and appear on the map
legend. These include six chief surficial units and three bedrock units.
The mappable surficial units are TERRACE DEPOSITS, COLLUVIUM-SLOPEWASH,
ALLUVIUM-COLLUVIUM, COLLUVIUM, ALLUVIUM, and ARTIFICIAL FILL. The mappable
bedrock units are GRANODIORITE, SILTSTONE-SHALE and SANDSTONE-SILTSTONE.

Thus, the study area contains two distinct bedrock units: (1) a
sedimentary unit consisting of the marine siltstone-shale and sandstone-
siltstone sub-units of the Purisima Formation (Pliocene), and (2) an igneous
unit of granitic plutonic rock (quartz diorite to granodiorite) in composi-
tion known as the Montara Formation (late Cretaceous).

The surficial units that overlie the bedrock stratigraphically range
from late Pleistocene to late historical in age. All of these units except
the alluvium have been affected by faulting and/or landsliding.
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Sul'ficj'al Units

The major surficial unit is a marine terrace deposit composed of uncon-
solidated gravel, sand a§d minor amounts of silt. This unit (Qt) caps the
ridge area and the relatively flat terrace level that buries the bedrock
throughout most gf the area. The thickness of this cap ranges from 3-4 feet
to 40+ feet. This variability in thickness is probably a reflection of the
erosional topography upon which the marine sediments were deposited, but- may,
in part, be due to faulting. The sandy portion of the terrace materials consists
of light tan to deep red-brown arkosic debris that is locally cross-bedded. In
places the basal portion of the unit is a fine to medium-grained, micaceous sand
that rests on a basal pebble to cobble conglomerate.

Other surficial units consist of alluvium, colluvium, mixtures of colluvium,
alluvium and slope wash, and slide debris.

Alluvium (Al) is divided on the geologic map into beach sand (Aly) and
stream channel deposits (Alg). The beach sand is confined presently to dis-
continuous patches at the base of the sea cliff, and the stream channel deposits
are restricted to the stream channel at the north end of the study area.

Colluvium (Col) is mapped where the soil zcne is known to be thicker than
4* feet. These thick colluvial soil zones commonly develop on and at the base
of slopes by a combination of deep weathering, rain wash, soil creep and small-
scale mass movements. Together with slope wash (Sw), colluvium poses local
foundation problems largely because of its combined looseness, humus and swell-
ing clay content and thickness.

The residual soil zone covers most of the area and has been mapped only where
it is thicker than 4 feet. On the principal terrace surface in the south, it has
developed a dark brown to black, potentially expansive mantle that is 1 to 4
feet thick. In reentrants and low gullies, the normal soil zone resting on
terrace deposits merges downslope into a mixture of colluvium and slope wash.

Slide debris is divided into 10 mapped surficial slope failures and major
slide areas, some of which are composite. The mapped slide areas are confined
to the surf zone, sea cliff area, and a coastal belt that extends inland about
300 feet from the toe of the sea cliff.

Some of the surficial slope failures are extremely fresh and have occurred
within the past year. At the other end of the time scale some slides are pre-
historic. However, most of the slides are developing and enlarging now, both
by growth headward and toeward. For example, analysis of aerial photographs
taken in 1941 in the vicinity of the sea cliff between the foot of San Lucas
and La Grande Avenues shows the existence of three slide scarps. By the time
aerial photographs were taken in 1956, the terrain below these fresh scarps
had deteriorated into a jumbled state.
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Bf_:,dI-‘OCk Units
/’—_d—

The Purisima Formation is exposed along the entire length of the steep
sea cliff, and where buried by terrace deposits it has been intercepted by
gost of “the bOT1NEEs Two sequences have been distinguished on the basis of
the following dominant lithology: (1) sandstone-siltstone (5-10% of the
mapped purisima area), and (2) siltstone-shale (90-95% of mapped Purisima
area). Ihe sandstone-siltstone sequence forms the relative resistant

romontory sections of the sea cliff. It consists of tan to light gray,
fine to medium-grained sandstones interbedded with thin beds of siltstone.
The sandstone beds of this unit are massive to thick-bedded, locally cross-
pedded and contain lenses of well-rounded, gray pebbles of granitic composi-

tion.

The siltstone-shale portion of the Purisima constitute the dominant unit
influencing bedrock stability. It is composed of dark gray to yellow-brown,
thin-bedded bedrock materials. Within the sequence, are yellow-brown con-
cretionary beds and lenses and pods of limonitic, calcareous siltstone that
form useful marker horizons; they can in places be traced for several hundred

yards.

The Montara Formation is not exposed at thz surface but has been penetrated
in the subsurface in the southeast portion of the study area. Here it is in
fault contact with the younger Purisima Formation. Surface exposures of the
Montara Formation lie outside the study area in the rugged sea clitf toithe
north, along the roadcut east of the Half Moon Bay County Airport, and in
the high mountain terrain toward Montara Mountain (see Geologic Index Map).

Geologic Structure

The principal structural elements within the study area are: (1) the
Seal Cove Fault Zone and its secondary branches, and (2) zones of intensely
sheared and fractured bedrock.

The main trace of the Seal Cove Fault Zone is exposed at the north end of
the study area along the sea cliff at Moss Beach. The zone measures approxi-
mately 100 to 150 feet in width. A well developed fault surface within this zone
strikes N18-35°W and dips 65° to 80°E. Here, siltstones and shales of the
Purisima Formation have been faulted against younger marine terrace deposits
to the northeast. The apparent vertical separation in the sea cliff area 15
approximately 40 to 50 feet, with the north side down. Secondary fault and

shear surfaces are abundant within the zone.

The main trace of the Seal Cove Fault Zone extends southward from the
Moss Beach exposure and is marked by a prominent east-facing scarp. The scarp
increases in height southward toward the Half Moon Bay area, suggesting greater
vertical movement in this direction.

Three principal secondary faults have been mapped on the broad terrace
surface west of the main Seal Cove Fault Zone. These faults have been delineated
on the basis of subsurface geologic data and detailed mapping of subtle topo-
graphic features. They are subparallel faults that strike roughly N20-30°W.
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ground Water
Grounc ————

Shallow subsurface water is evidenced by running springs and seepages
in the study area even during this dry season. Most‘suhsur?ncc borzaks inter-
cepted moist to saturated surficial and bedrock materials at depths of 10 to
50 feet. Moreover, several of the shallow test pits encountered ground water
which was not surprising in view of crop irrigation practices in the south
area and localized heavy growth of water-seeking vegetation fg&:cn::yh;:es‘.

However, even where irrigation water has not been applied, a perched water
table exists in some places.

Shallow perched water levels have been contoured from available sub-
3

surface data and are shown in Sections A-A', B-B', CLC', -D', and E-E'.
The common springs and seepages along faults and other rupture surfaces

exposed in the sea cliff are illustrated in Sections A-A' and F-i

Much of the ground water encountered in the subsurface borings 1S
located at or near the boundary between sandy terrace materials and the

relatively impermeable shales and siltstones of the underlying Purisima
Formation. Ground water contained in the relatively impermeable shales and
siltstones and the granitic basement rocks is lergely confined to fracture,
bedding and slide surfaces.

The influence of faults and landslide rupture surfaclcs On the impoundin
compartmon:i:ing and controlling of the flow of ground water 1S ;raphzcnlly
shown by Section c-C'. It is also noteworthy how the water table is much
higher in the south portion than in the north portion of the area (compare

Sections B-B' and F-F'). This condition 18 believed to reflect the thinner

cappihy_ of terrace deposits, the more subdued TOPOET the greater number
and complexity of fault and landslide blocks, and 1t heavier tion
practices in the south than the north. Ground water probably travels north-

ward into the study area from of { -property to the south because of the bedrock
high in that area.

Certainly, a ma jor contribution to the recharge of the ground-water
1 L]

regim is the crop irrigation ¢ ear e study area, Lawn and
garden jrrigation would probably become an ther major important source of
grou:‘-.! water wherever residential development in reases
pOnd ng of surface runoff in the po rly rained areas
season also contributes water to the grow l-water sSyst
Public sewers that present iy serve all the residences
reduce Pgtfﬂflﬂl man - induced { rat
-13
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gea Cliff Retreat

An analysis of aerial photos taken over a 29-year period has been made
to estimate the extent and rate of cliff retreat in the study area. Scales
were determined by comparing map distance to photo distances between the
center lines of Bernal Avenue and Los Banos Avenue parallel to San Ramon Avenue.

The results are presented in the table in the Appendix. They are compared

with averages over a 60-year period determined by geologists of the U. S.
Geological Survey who used a subdivision map produced between 1908-1912, and
ground photos taken over a similar interval of time.

Two important conclusions can be drawn from the data shown in the table:

1. The average rate of cliff retreat over the last 29 years
has been approximately 1 foot per year.

2. The rate of cliff retreat has been greater in recent years;
since 1965 it has been 3 to 4 feet per year.

-14-
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E&ﬂf_ﬁﬁffure and Active Faulting

gyelpgically active faults refer herein to faults which transect or
disturb the Holocene overburden (younger than 10-11,000 years®). Clearly
the main zone of the Seal Cove Fault has fractured the terrace deposits in
packho= trenches 1 and 9. Fault displacement of Holocene stream gravels
and colluvium is displayed in the exposure at the nickpoint of the small
stream within the northern tip of the mapped fault zone and within the
Marine Reserve. Based on this evidence, the Seal Cove Fault Zone must be

regarded as'active, subject to more detailed probing and delineation during
site investigations.

The Seal Cove Fault and its associated secondary faults in the study
area have not had significant recorded earthquake epicenters. However, the
mactive' San Gregorio Fault located south of Half Moon Bay (approximately
12 miles south of Seal Cove) may be the southward continuation of the Seal
Cove Fault. This apparent southern continuation appears to be seismically
active on the basis of unpublished data from the U.S. Geological Survey.

Past seismic activity suggests that the subject area will be subjected
periodically to ground motion from earthquakes 1hat occur along faults in
the general region such as the San Andreas Fault System. The San Andreas
Fault System parallels the main trace of the Seal Cove Fault and lies approxi-
mately 7 miles east of the study area. Fast performance of the San Andreas
Fault has been analyzed by Dr. Robert W. Wallace of the U.S. Geological Survey.
mRecurrence curves' constructed by him suggest that the average time interval
between two successive quakes of Richter magnitude 6 along the San Andreas
could be five years; the interval for magnitude 7 quakes, 15 years; and quakes
of magnitude 8 might be expected at intervals of about 100 years.
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Geologic Stability of Natural Slopes
Geo b5

Slope_stability problems within the subject area are chiefly confined to
the sea cliffs. Approximately 75% percent of the sea cliff area is involved
in active mass movements at the present time. Three general types of slope
movements have been identified: (1) small scale rock falls along portions of
the sea cliff, (2) thin, surficial slumps on the sea cliff face, and t3) large,
deep-seated slumps which may extend as far as several hundred feet back (east) -
of the top of the existing sea cliff, These movements generally involve the
entire cliff face and portions of the surf-cut bench.

In several locations near the head of the major landslides, shallow linear
depressions have been mapped. These depressions are transformed through time
jnto linear troughs (grabens) bounded by parallel scarps. In addition, active
displacement is substantiated by reoccurring breaks in water pipes, cracks in
puildings, sidewalks, asphalt roadways and fences, and detached sewer pipes,
drain pipes and sidewalk slabs exposed on the sea cliff. Slide surfaces ex-
posed locally along and at the toe of the sea cliff are defined as zones of
imbricate (overlapping) planes which often cross each other. In addition, the
lowermost slide surfaces parallel the eastward-dipping bedding surfaces in the
surf zone. Well-developed, linear fault zones are a persistent path of detach-
ment.

Major factors which have contributed to unstable slope conditions in the
Seal Cove - Moss Beach area belong to three distinct categories: (1) the
physical characier and chemical (mineral) make-up of the bedrock materials,
(2) planar and curved structural features which have adverse orientations
either singly or in combination, and (3) outside influential factors, either
natural or man-induced, which place naturally stable slopes in jeopardy.

All of the major landslides have taken place in Purisima bedrock materials
that are incompetent owing to the abundance of clay and the highly fractured,
brittle condition. This inherent weakness has been aggravated by outside factors
that in some cases have triggered the development of the large-scale slope move-
ments along the western margin of the study area. An example of this is the
infiltration of irrigation water and precipitation into the subsurface. This
has resulted in seepages in the cliff face and a perched water condition in fault
and landslide bounded areas.

A natural outside factor contributing to slope instability is the removal of
beach sand, talus materials and the toe of the cliffs by both the sea waves and
slope runoff. Reefs and protective rocks offshore act to reduce wave attack, but

notches in the cliff and beach stripping testify to wave and current attack during
storm seasons.

The erosional retreat that is occurring is influenced by the fault and joint
control of the sedimentary units. The Purisima shales and siltstones appear to
Tetreat at approximately the same rate as the terrace materials. This retreat
as evaluated by aerial photographs is shown in a special table in the Appendix.

A summary of the results is presented in the next section.
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