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1. INTRODUCTION 

The distribution of geologic data across the Marinship Planning Area is spotty and the 

quality is variable. Figure 1 shows major geologic formations. The areas covered by 

geotechnical studies and their relative usefulness to the analysis of geologic risk in the 

study area is discussed in Section 4. In addition to the well known regional studies, there 

are other studies within the planning area that are useful to review during site-specific 

foundation investigations, some of which are included in the present analysis. These 

include foundation investigations for small structures which provide limited near-surf ace, 

site-specific data. Although not broad in scope, they do have information to contribute to 

this study. 

A description of the data base for Figure 1 is given in Section 4 of this report. Relevant 

major publications by the U.S. Geological Survey, the California Division of Mines and 

Geology, Marin County and the City of Sausalito cover the entire Marinship Planning 

Area. These are included in the data base and were very useful during the preparation of 

this report. 

Because earthquake-induced liquefaction is known to be a major concern, the indicators of 

potentially high liquefaction conditions· were sought during the data review. These 

indicators, when taken as a complete set, describe the subsurface conditions in which 

liquefaction is likely to occur during earthquake-induced groundshaking. Liquefaction is 

usually associated with loose, cohesionless, saturated sands; therefore the indicators 

sought were (1) a high water table, (2) near-surface, saturated, clean sands and (3) low 

values of standard penetration resistance. This information was obtained from bore-hole 

logs in the above-named and other reports. 

Because both static and earthquake-induced settlement also are known to be major 

concerns, considerable emphasis was placed on locating information sources describing the 

thickness of bay mud and of overlying artificial fill. The speed, amount and duration of 

static settlement increases with the weight of the fill and depth of the mud. Earthquake 

vibrations can accelerate the settlement process to such a rate that these sediments can 

shift or liquefy. Bore-hole logs and historical land descriptions provide much of this 

information. 
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Regional Geology 

San Francisco Bay is in a depression between uplifted hills that bound the bay on the east 

and west sides. The hills which divide the Bay Area from the Great Valley are east of San 

Pablo Bay. The mountains to the west and north surround the upper portions of San 

Francisco Bay. Richardson Bay, the westernmost inlet of San Francisco Bay lies between 

the Marin Peninsula and the Tiburon Peninsula. 

The West Bay lies within the northern Coast Ranges geomorphic province, containing a 

diverse assemblage of rocks named the "Franciscan Complex. 11 This complex consists of 

sandstone, shale, conglomerate, altered mafic volcanic rocks, chert, limestone, and 

various metamorphosed rocks. 

Several active and numerous inactive earthquake faults are !.ocated within the Bay Area. 

Faults which have been mapped as being active during Quaternary and Recent times 

(within the last 2 million years) are the San Andreas, Hayward, Rodgers Creek, Calaveras, 

and Concord/Green Valley faults. The closest of these Quaternary faults is the San 

Andreas, approximately eight miles west of Sausalito. Historical fault activity has been 

documented on each of the faults. 

The Richter magnitude (M) for maximum credible earthquakes emanating from the 

Hayward and San Andreas faults (the largest fault systems in the are_a of the site) are 7 

and 8-1/ 4 respectively. The recurrence interval for these earthquake magnitudes is 

estimated to be about 100 years. 1•
2 

Local Geology 

Most of the Marinship Planning Area was once a tidal marshland on the edge of 

Richardson Bay, bisected by tidal sloughs and channels. It was reclaimed for military 

shipbuilding during World War II by driving wooden piles and by grading Pine Point for fill 

to be placed behind constructed levees and seawalls within the periphery of the property. 

Little topographic relief is apparent throughout the entire area. Approximate elevations 

range from +3 to + 10 feet mean sea level (msl). 
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The soil and groundwater conditions have been established by test borings drilled for 

various projects in the area, by in-situ strength measurements, and by laboratory samples 

removed from the test boring. 3 Scores of test borings were made; the deepest boring 

extended to about 120 feet below existing grade. The following discussion regarding the 

local geology and soil conditions is based upon a review of the results of numerous site 

investigations and upon data regarding the properties of bay mud. 
4 

Nearly all of the Marinship Planning Area is underlain by a layer of geologically young 

silty clay and clayey silt, commonly found around the edge of San Francisco and 

Richardson Bays, and generally known as bay mud. Thin layers of silt and fine sand are 

interspersed throughout the bay mud layer. In addition, pockets of fibrous peat occur in 

the upper part of the bay mud. Bay mud (referred to variously as soft bay mud, younger 

bay mud and recent bay mud) is soft, unconsolidated, water-saturated silty clay of varying 

thickness, containing peat and shells. This jelly-like deposit underlie-s marshlands, 

mudflats and many artificially filled bayside areas. It was deposited in the basins that 

form San Francisco Bay and Richardson Bay during the rise in sea level that accompanied 

the melting of the ice age glaciers. The process of natural compaction that squeezes 

water out of sediments has not continued long enough to consolidate the mud into rock. 

Bay mud contains voids (the spaces between particles) roughly equal to twice the volume 

of solids. It is about one-third solid particles of silt, clay, shells or peat, and two-thirds 

air or water. The voids are not interconnected, thus although bay mud is highly porous, it 

is not very permeable. It is low in strength, cannot support appreciable loads without 

compressing and will flow laterally in response to weight (pressure) imposed from above 

(fill over ·mud). Peat, the most compressible component of bay mud, occurs in 

discontinuous lenses that compact more easily than surrounding materials and create 

differentials in the amount and rate of settlement under fill. 

Below a depth of about 25 to 30 feet, the bay mud layer usually is overconsolidated. This 

soil engineering term indicates that the lower portion bay mud layer is less compressible, 

stiffer and stronger than the upper part. The bay mud generally is underlain by 

geologically older sands and clays throughout San Francisco Bay. 
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The underlying soils are consistently stronger and much less compressible than the bay 

mud. These soils are older river or esturine deposits laid down when sea level was lower. 

Below these soils is the Franciscan Complex that forms the sides and bottom of the Bay 

Area basin. In Marinship, the Franciscan is represented by sandstone, generally 

uncommon in Sausalito surface exposures. Where present, it is principally massive gray

wacke, composed of dark-colored rock fragments, silt, clay and the minerals quartz and 

feldspar. It has high slope stability except where sheared or closely fractured. It 

weathers easily to a nondescript, buff-colored, crumbly rock that seldom crops out in 

natural slopes. It is the least abundant and weakest of the solid rocks underlying the 

southeast Marin area. The sandstone is part of a block of rock that is in fault contact 

with the highly disrupted Franciscan melange that forms most of the rest of southeast 

Marin County. The fault is several tens of millions of years old and is not potentially 

active, but does form a groundwater barrier that keeps the melange rock upslope 

saturated and more landslide prone than the sandstone downslope. In Marinship, sandstone 

underlies the central and eastern part of Bridgeway (Area 12) and parts of the adjacent 

Area lA, 2B, 4A and 6A. 

Overlying the sandstone, on the upland areas, is slope debris and natural ravine fill. These 

materials are collectively referred to as colluvium. Colluvium is a general term for 

unsorted, unconsolidated soil and rock fragments that accumulate as debris and natural 

fill at the base of slopes by gravitational or slope wash processes. It is present in some 

degree at the base of most slopes around the Marinship Area. It accumulates in deposits 

many tens of feet thick and, being unconsolidated, is weak and subject to landsliding when 

carelessly cleared or graded. Colluvium underlies parts of Areas 12, 2B, 3A and all of 

Areas 3B, 3C and 3D. 

Artificial fill is highly variable material consisting of soils, silt, clay, rock waste, garbage, 

trash and/or dredged bay mud. Because of the abundance of clay it is not very permeable 

and not very stable on slopes. It is subject to settlement when placed over bay mud. 

Artificial fill forms the surface of all of the Marinship Area that is underlain by bay mud. 

This constitutes the remainder of the parcels not underlain by sandstone or colluvium. 

The stability of fill placed over bay mud is a function of the fill thickness and the 

thickness of the underlying mud. For example, 10 feet of fill placed on 50 feet of mud 

84124.10 5 



would settle about 4.5 feet in about 200 years with 50% of the settlement occurring over 

the first 12 years. In contra.st, 10 feet of fill placed on 25 feet of mud would settle about 

3 feet in about 20 years with 50% of the settlement occurring during the first year. A 

considerable amount of settlement has occurred in Marinship since filling began about 40 

years ago. However, because of the thickness of the mud, even near the old shorelines, 

and the added weight of continued development, most of the area has not yet stabilized. 

A stability of sorts has been achieved in the bay side coves in Areas 3A, 4A and 5B where 

hundreds of wooden piles were driven to support the ways for launching ships during World 

War II. The bayside portions of Area 8A also have achieved a measure of relative 

stability. However, this has occurred because the portion of the parcel concerned 

supports only ground-level parking facilities. Stability is relative because total settle

ment is continuing, although differential settlement is not rn pronounced as it is, for 

example, in Area llD (the 3030 Bridgeway Building). 

The strength of potential groundshaking at the site would vary from weak to strong during 

a Richter 8+ earthquake. The groundshaking levels identified by the USGS relate to an 

earthquake along the San Andreas or Hayward faults and take into account the effects of 

ground displacement over bay mud. Seismic waves are actually reduced in acceleration as 

they pass through bay mud, but subsidence from ground displacement may be more serious 

than damage from shaking. 

Seismicity 

There are several adverse effects related to earthquake-induced vibration. Groundshaking 

would induce inertial forces in structures located on fill over bay mud. Seismic waves 

generated from nearby faults and passing through the soils can lead to lurching of the 

ground surface. This would damage the utilities and surface improvements. Earthquake 

groundshaking can increase the pressure within the water found in the pores of sandy soils 

causing liquefaction. Liquefaction can lead to soil stability failures and settlement of 

developed areas. Shearing along an active fault could severely damage structural 

improvements located on the fault trace. 
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Ground surface failure, such as lurching, can be mitigated by proper site preparation in 

building areas and by providing adequate building setbacks from the bay shore channel 

banks. Such site preparations would require recompaction of existing fill and slope 

protection of additional fill. Although the techniques are well understood and are part of 

current engineering practices, the costs involved do not make them practical for small 

scale inf ill construction. 

Bay mud, either as fill or in a natural state, is not susceptible to liquefaction. The sandy 

seams found within or on the bay mud may liquefy. However, since they are not 

continuous nor extensive, the impact of liquefaction of these seams on surface settle

ments and stability would be minimal. Loose, sandy fills located at the ground surface 

would not have an impact if removed or densified (recompacted) to above liquefiable 

levels during construction. 

All reports indicate that no active fault passes beneath Marinship. Therefore, the 

potential for shear displacements at the ground surface is nil. The presence of a deep 

layer of soft soil over the bedrock under most of the site would tend to prevent the 

displacement of bedrock from being manifested at the ground surface. 

The specific effect that severe groundshaking would have on structures and other 

improvements on in Marinship depends upon the nature of the structures and the stiffness 

and thickness of the bay mud and other soils above the bedrock. The soft bay mud would 

attenuate high frequency ground motions and reduce the ground surface accelerations 

below the levels generated in the bedrock underlying and adjacent to Marinship. However, 

thick deposits of bay mud would amplify groundshaking in other frequencies particularly 

where a high contrast occurs between the vibrational characteristics of the mud and the 

underlying rock. If the structures on the site are no more than four stories high, the 

impact of groundshaking could be reduced through foundation and structural design. As 

with lurching prevention, foundation design may involve measures too expensive to be 

practical for small infill construction. Driven pile foundations would need to be scores of 

feet deep to pass through the soft bay mud to more substantial substrata. Surcharged fill 

would cause additional settlement on the building site and alter gradients on adjacent 

sites. 
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It is anticipated that channel bank and bayshore slopes would suffer deformation (outward 

movements) if the area is subjected to a long duration and high magnitude earthquake. 

This deformation is caused by inertial forces in the bay mud which momentarily exceed 

yield acceleration levels of the bay mud and capping fill. 

It is anticipated that the seismicity impact is greater for Alternative B than would be the 

case for the proposed project because the greater density of dwelling units would mean 

more people would be affected. Seismicity impacts for the "No Project" Alternative also 

would be severe because of the high population associated with the office development. 

Tsunami Inundation 

The Marinship Planning area is mostly within about 10 feet of mean sea level (msl). 

Elevations along Bridgeway vary between +10 and +11 feet msl. Other National Geodetic 

Reference Marks record about +8 feet msl near the east corner of the Corps of Engineer 

laboratory yard (Parcel 3A) and about +6 feet msl on Gate 5 Road northwest of Harbor 

Drive (Parcel 7C). Areas east of a line connecting these points are generally below +6 

feet msl and are within the 100 year flood zone as determined on the Flood Insurance 

Rate Map for Sausalito (Community-Panel Number 060182-0001 C, September 30, 1980). 

Tsunamis, or seismic sea waves, arrive at the Golden Gate tide gauge at an average rate 

of once about every five years. The highest were recorded at Fort Point (March 1964, 

Alaska earthquake) was 7.5 feet and produced a 3. 75 foot increase in the existing tide 

levee. Wave height diminished as the tsunami entered the bay, but strong associated 

currents caused $275,000 damage to yacht harbors in Sausalito and San Rafael. A ten

foot-high wave at the Golden Gate would cause little flooding damage, but would produce 

associated strong current damage as described above. Tsunamis generated in the Gulf of 

Alaska seem to produce higher runups in the seemingly more protected northern parts of 

S?-n Francisco Bay such as the northernmost reaches of Richardson Bay. 

Geological Hazard 

For descriptive purposes the Marinship Area was divided into 12 areas designated 1 

through 12, corresponding to the Planning Areas of the Specific Plan. These are shown in 

Figure 1. Five categories of known geologic hazards in the Marinship Area are shown in 
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Table 1. The data network and additional site data were overlaid on Figure 1 to establish 

whether sufficient information existed within each planning area to give preliminary 

indications of geologic risk to potential development. The types of development (land 

uses) considered were extracted from the City's Zoning Ordinance and grouped into 

categories as shown in Table 2. Only low occupancy residential uses were included 

because no others were being considered in the Specific Plan. 

Structure types in Land Use Categories 1 through 3 and their corresponding levels of risk 

are defined according to Table 3, Scale of Acceptable Risk. No facilities in Categories 1, 

2 or 3 are proposed for the Planning Area. Structure types in Categories 4 through 8 all 

fit Risk Level "4" in Table 3. The Risk Matrix developed from this information appears in 

Section 3 of this report. 

1Department of the Interior, U.S. Geological Survey, Basic Data Contribution 54, 
Preliminary Geologic Map of Solano County and Parts of Napa, Contra Costa, Marin and 
Yolo Counties, California, 1973. 

2
california Division of Mines and Geology, Geologic Data Map No. 1, Fault Map of 
California, 1975. 

3Test borings completed by the U.S. Geological Survey and by various geotechnical 
consulting firms for part of the information to produce the Marinship Geology Back
ground Report [to be] filed with the City of Sausalito Planning Department. 

4Two excellent sources of information on the properties of bay mud are Geology for 
Planning, Central and Southeastern Marin Countv, California, California Division of 
Mines and Geology (CDMG), 1976 by S. J. Rice, T. C. Smith and R. G Strand; and 
Geology and Engineering Asoects of San Francisco Bav Fill, CDMG Special Report 97, 
1969, edited by H. B. Goldman. 
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TABLE 1 

KNOWN GEOLOGIC HAZARDS 

1. Existence of younger bay sediments. 

2. High water table. 

3. Seismic groundshaking for a Richter 8+ earthquake; weak to strong. 

4. 100-year flood zone 

5. Subsidence of fill over mud. 

IL\ 
( 2. \ \ 3: J 

~ 
/ 5. 

6. 
7. 
8. 

Category 

High Critical Facilities 
Critical Facilities 
High Occupancy Uses. 

TABLE 2 

LAND USES 

Low Occupancy Uses/Residential 
Administrative/Professional Offices 4:----
Commercial/Retail 
Industrial/ Arts 
Open Space/Marina 
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Prooosed 

None 
None 

~~~-
/Yes 
Yes 
Yes 
Yes 
Yes 
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TABLE 3 

A SCALE OF ACCEPTABLE RlSXS 

1· E.tll'a Project Cost Probably 
Required.-to Reduce R.iS.k. to 

Le-ref of Aceet'tahle Risk Kindlll of Stm~ An Acceptable !.eYd 

l. E:merneiy low· 1 I Stmcmr.::11 whoc continued fun«:~ is eriticd;, or No set p:1m:n~e (whate'IVU is 

I whose fa.ilwe might be e:atastrophie: m.u;lc::-~~ ~ formuimum ;i.t"'..:W:l· 

I 
luie d.1.ma, power in.tenie .l)'stenu ... pi.mt! ~.Wcty) 

mimuiacturing or sto~ e::q:1foa<JC$ m toxic mat~ 

2. Slightly higher than Sau~ wha!le mi::. is Cl.itially needed after ~ S w 25 ~t of projet:t emt 2 
mtdc- level 11 d:isute:: ~ utility eeme:s; boipi~ f'U'll!., 

police, md eme~cy communic:1.tion facilities; fu-e. 
stations; and c:titial ~on eiemmu mch a 
bridges :md o~~ 2lso smll12 d.mn· 

3. Lowest possible mlc. Stmctw'e3 of ~ oca.apaney ... or whose me aftu a S to IS ~t o{ project COit 4 
to oa:upmts o( the dmter would be puticubrly eon.,enif:m: ~ 
structme 3 clmn::hes, ilieate:'3., large hotel&. md otha •.me 

bmldinp ~ ~ mam.ben of people_ other 
~- nonmlly attfae~ la~ c:meemratiom o! 
peopie.. cine buildinp auch as ru-e statiom,. secondary 
utilit"T structures. n:trem~y ~ eommc:ttW 
enterprises. most roads, zlte::r.atM: ex noncritic:U 
~mdo~~ 

4. An .. ordiruay .. levd The vast majority of sttuctme:!: most commercial. 3nd 1 to 2 percent of projed ~ 
of risk to occup:ma industrial build~ sm31I hote!.s md apartn:u:nt 

I 
in mmt c::o.liC5 ( 2 to 10 pereent of 

o{ the muc:ture 3• 5 · I huildings, and sin;ie family re:sideneeL projeet cost m ill minority of 
~r 

i 

2. These additional pereen~cs are based on the assumption that the hue C06t is the total eost of the buiidin; or oth~ 
facility when ready· for oc:up::mcy. In addition. it ii a.smmel'i that the stmcmre woukl. have been de:ri~ and built m 
aceani:mee with c:urn:nt California practice. Moreove:-. the estimated additional am pn::sumes that strucnm:s in thi.I! 
ac=ptahle-risk cat~ are to embody sufficient safety to remain furu:tioruml. following m euthquw. 

4. These additiomJ pere:n~ are based on the 2SSWI!ption that the base am i& the total ~ of the 'building «facility 
when ready for occupancy.. In addition., it is assumed that the stmctmes would have been d~ed md built in 
accord:mce with current California pr.M:tice • .Moreover the estimated additioml CDl!t presumes that atmctlm:s in ti:m 
aci:eptabie-risk ategory are to be sufficiently safe to give reasonable ~ of preYenting injury « los of life 
during and following m earthquake., but ot.he:rwUie oat nece31W'ily to rem.lin functiom.!.. 

5. 14Qrdinzry risk.,.: Rcsiat minor e:mhqmkcs without d:u:mge; resist moderate earthquakes without muetunl ~ 
but with some non..-tmctural dam~; resist major earthquakes of the intensity or severity of the stro~t e:perienc:ed 
in C.ilifornia. without collapse, but with some structural a! w.eil as. nono5truetuN.I. c:hmage. In mmt struetures.. it iii 
e:pected that structural dam~ eTen in a major e:mhquake, c:ouid be limited to ~le damage. (Stmd:m:U 
~cs Association of Caliiomia). 

Source: Meetiru< the Earthquake Ch:ille:ui:e. Joint Committe: on Seismic Safety of the C.ilifomia Le;is.Lature, ! UW2-""1 

1974, ?· 9 .. 
11 



2. DEVELOPMENT OF GEOLOGIC HAZARD DATA 

Liouefiable Sands 

Clean, loose, saturated sands, within 50 feet of the ground surface are the sediments most 

likely to cause structural damage if they liquefy. Therefore, it is important that a boring 

used as a major data source extend at least 50 feet below ground level. The level of the 

water table identifies the depth below which saturated sediments occur. Sediments below 

the permanent water table will be saturated throughout the year while sediments within a 

zone of water table fluctuation will be saturated during part of the year. Standard 

penetration resistance test results indicate the relative density of the sediments by 

measuring the number of blows from a 140-pound hammer, falling 30 inches, needed to 

drive a hollow two-inch diameter sampling tube one foot into the sediment. High blow 

count values (e.g. more than 50 blows per foot in near-surface sand) indicate very dense 

sediments; low values (e.g. less than four blows per foot) indicate very loose sediments. 

Clean sand, i.e. sand which contains no binding material such as silt or clay, can be loosely 

packed (shown by low blow count values) and saturated (below the water table) and near 

the ground surface (within a 50-foot depth). 

Because most of the Marinship Planning Area contains a chronically high water table, any 

clean sands within 50 feet of the surface will be saturated during part or all of the year. 

For the identification of liquefaction potential, it is important that standard penetration 

tests be conducted for the saturated clean sands. High blow count values indicate dense 

material with low liquefaction potential. Generally speaking, values above 25 indicate 

good penetration resistance (medium dense to dense material) and low liquefaction 

potential. Where sands occur mixed with silt or clay their densities are higher and 

liquefaction potential lower. Few bodies of near-surface clean sands were discovered in 

the planning area, and those had blow count values greater than 25. 

Bay Mud/Settlement 

The younger bay sediments include bay mud, which does not liquefy, but which can 

contribute to ground displacement during earthquakes. This creates a subsidence hazard. 

Layers or pockets of clean, loose (low density) sand occur within the younger bay 

sediments. This, combined with a water table depth of less than 10 feet, defines an area 

that is considered moderately liquefaction-prone, by the USGS. 
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Ground settlement would occur in any area of the project site, underlain by bay muds, 

where existing grades would be raised with fill. As previously described, the settlement is 

a function of the compressibility of bay mud and the weight of the fill plus the weight of 

new structures. 

The thickness of bay mud near the older shoreline (inland from the present shore) is less 

than at the present shoreline. Consequently total settlement as well as differential 

settlement, caused by new filling also would be less. Presumably less fill was placed in 

these areas originally and they are closer to a stable state than the more bayward areas. 

This will probably be the case in the areas near the sandstone substrate. However, in such 

Areas as 2A or 6, artificial fill extends well back of the 1869 shoreline and the mud is 

thick, indicating greater potential for settlement. 

Settlement of imported fill (in addition to settlement of underlying mud) could also be an 

impact if the fill is derived from a dredged source. This would depend upon the 

characteristics of the dredgings. If the dredged soil is predominantly silty and clayey then 

the post-construction settlements could be similar to those which would occur in the bay 

mud. Dredgings composed primarily of sand would not be susceptible to post-construction 

settlement unless the sand fill has an extremely low density. In this case, the sand fill 

could settle if subjected to a sudden shock such as a major earthquake. Low density is 

only likely to occur if the sand fill is hydraulically placed and not subsequently 

mechanically compacted. 

Uniform settlement would have less significant impact on the project area than 

differential settlement, which can be expected from a variety of sources. The type and 

significance of each source is shown in the following list. 

o Variations in bay mud thickness: potentially significant 

o Presence and thickness of peat layers that remain after grading is completed: 
potentially significant 

o Sloughs and drainage ditch backfills: potentially significant 

o Finished thickness differences in fills: probably not significant 

o Existing localized high ground: potentially significant 
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0 Differences in construction history (time between projects): 
significant 

potentially 

The total amount of uniform settlement is important because it would control the height 

to which developed areas would have to be overbuilt to maintain an adequate free-board 

and to prevent inundation by high-tide flows or tsunamis. 

Differential settlement would affect the design and performance of utilities, structural 

foundations and streets. Where differential settlement occurs over short distances, the 

potential significant impacts include overstressed foundations and buried utilities, 

wracked building superstructures, reversed gradients in gravity flow pipelines and 

culverts, and the development of bumps and sags in streets. Potential impacts on 

buildings include foundation cracking and loss of supporting capacity, possible roof and 

wall leaks, breaks in building service connections, and other architectural and cosmetic 

damage. 

Settlement occurring as a result of oxidation of the peat is not expected to have an 

impact. This is because the peat would not be exposed during site grading. 
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3. CONCLUSIONS AND RECOMMENDATIONS 

The compiled geologic data were compared to possible land uses for each Planning Area 

rea and one of three ratings of data sufficiency was assigned to the area for each land 

use. The ratings are shown in the following list.: 

A: Existing information is sufficient to state that this use of the area is within an 
acceptable level of risk. See Scale of Acceptable Risks (Table 3), footnotes 3 and 5. 

I: Existing information is insufficient to state whether or not this use of the area 
involves an acceptable level of risk. See explanation of further investigations 

U: Existing information is sufficient to state that this use of the area currently involves 
an unacceptable level of risk. See explanation of precautionary criteria. 

Land use categories 1 through 8 (from Table 2) are shown across the top of the Risk 

Matrix (Table 4) and the Planning Areas are shown down the left margin. 

In the area/land-use intersections labeled "A," the preliminary indication is that enough 

data is available to state that the site and use are compatible with the acceptable level of 

risk: i.e., Risk Level 3 (from Table 3} is compatible with Column 5 land uses; Risk Level 4 

is compatible with land uses described by Columns 4, 6, 7 and 8 on the Matrix. 

In the area/land-use intersections labeled "I" further studies would be necessary to 

establish a rating of "A" or "U". The level of effort for further studies generally may be 

determined from the Scale of Acceptable Risks as follows: 

o For administrative/professional uses (Column 5 on Table 4) a "lowest level of risk 
to building occupants" is acceptable (Level 3 on Table 3). 

o For low occupancy, commercial, industrial and open space uses (Columns 4, 6, 7 
and 8 on Table 4), an !!ordinary level of risk" is acceptable (Level 4 on Table 3). 

The rating "I" has been subdivided into "I-1" and "I-2" to give a qualitative indication of 

whether normal pre-development geotechnical investigation is warranted ("I-1") or 

intensive investigative would be necessary ("I-2"). 
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TABLE 4 

RISK MATRIX 

Land Use 1 

Planning Area 2 
1 2 3 4 5 6 7 8 

1 West A A A A A 
1 East u u u u A 

2 West A I-1 I-1 A A 
2 East u u I-1 A A 

3 West A A 'A A A 
3 East 1-1 I-2 I-1 I-1 A 

4 West A I-1 [-1 A A 
4 East I-1 I-2 I-2 I-1 A 

5 South A I-1 I-1 A A 
5 North 1-1 I-2 1-2 I-1 A 

6 I-1 I-2 I-1 I-1 A 
None Proposed 

7 I-1 I-2 I-2 I-2 A 

8 West I-1 I-2 l-1 A A 
8 East u u u u A 

9 I-2 I-2 l-2 I-1 A 

10 West I-2 u I-1 I-1 A 
10 East u u u u A 

11 I-1 I-2 A A A 

12 A I-1 A A A 

1Land use numbers ref er to categories in Table 2. 
2Numbers refer to Planning Areas shown in Figure 2. 
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Risk Level 4 generally would require no more than normal geotechnical studies for 

foundation design and soil supporting capacity. At least one bore hole to a depth of about 

50 feet would be needed to establish whether or not the potential of deep liquefaction 

exists at the site and whether or not a stable subsoil/rock layer could easily be reached 

below the bay mud to reduce new settlement effects and to counteract seismic effects. 

Risk level 3 would require similar work with the addition of at least one bore hole to a 

depth of about 100 feet. Liquefaction potential below this depth would have little effect 

on surface structures. Bay mud to this depth would indicate the need for an extremely 

deep pile foundation or a massive mat foundation designed to accommodate differential 

settlement, total settlement and seismic vibration. 

The area/land-use intersections labeled "U" currently are not compatible with acceptable 

risk levels. It is clear that no highly critical, critical, or high occupancy facilities should 

be placed on or adjacent to younger bay sediments or on unsettled fill sites. Because no 

such facilities are proposed for the Marinship Area the first three columns in the Matrix 

are blank. 

Certain precautionary criteria are assumed regarding the "U" category. No part of the 

Marinship Planning Area is made permanently uninhabitable by its geologic conditions. 

There is existing technology that could be employed to adequately protect nearly any type 

of development from static or dynamic natural forces (settlement, earthquake, tsunami, 

flood, liquefaction, wind, lateral spreading, lurching). However, at some point common 

sense must be applied. Even if an intensity of development were being considered that 

would accommodate the very expensive foundation and structural designs needed to 

ensure an acceptable level of risk in the fill-over-mud environment, it does not really 

make sense to go to those extremes if there are other options available that would 

consume fewer of the community's resources. Those options (other locations or other 

uses) should be explored first. They may be eliminated in the distant or near future, at 

which time some form of foundation/structural solution may become appropriate. 

However, it is the opinion of the consultant that simple avoidance of the "U" areas is 

currently the most practical solution. 
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Specific geologic hazards related to the area/land-use data ratings were reviewed and the 

following major points should be noted regarding further studies: 

o An increase of liquefaction potential toward the bay related to clay-free sand 
layers occurs most commonly because of thin sand layers separating the bay 
muds within the younger bay sediments. 

o An increase in settlement potential toward the bay relates to the depth of bay 
mud and the amount and rate of new fill placed on the mud. 

o Pockets of liquefiable sediments more than 50 feet below ground surface would 
have little effect on surface structures. Pockets of clean sand within 30 feet of 
the surface should be tested for blow count values and either removed or avoided 
during construction if they are liquefiable. Removal will be difficult because of 
the high water table. 

o Thicknesses of bay mud less than 10 to 12 feet would need about three years to 
stabilize after new fill was added before construction could begin. Settlement 
time increases almost exponentially with depth of mud (50 feet of mud needs 
about 200 years to stabilize after filling). Pile foundations should be considered 
when mud thickness is shallow enough to allow their economical use. 

o For most structures one- or two-stories high the danger posed by potential 
settlement is moderately low. Fifty-foot deep bore holes with standard 
penetration tests would be adequate for siting these structures. In most cases, 
standard foundation investigations are all that would be necessary (Risk Level I-
1). 

o Expending additional money at this stage of the planning process to obtain more 
geotechnical data is not recommended. Current data for the study area are 
spotty, but they are generally sufficient to indicate that potentially hazardous 
conditions can be reduced or avoided. Tens of thousands of dollars could be 
needed to make a full investigation of the planning area. 

o Specific construction recommendations would vary with each building site, but 
some general recommendations can be made. Structural design should take into 
account anticipated seismic groundshaking. Seismic design parameters set forth 
in the Uniform Building Code (1980) should be minimum guidelines. Surcharging 
the area with structural fill would aid densification of underlying mud and sand 
layers, but would increase the rate of settlement. This increase is not 
necessarily undesirable, but the amount of settlement should be analysed as part 
of the development proposal and incorporated in the structural design. 

o Seismic risk generally can be reduced beyond UBC standards by using the 
Association of Professional Engineers of California Seismic Recommendations 
(1981) as basic standards for internal/dynamic loads. 
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4. ANNOTATED BIBLIOGRAPHY 

REPORT 

J. Schlocker, Geology of the San Francisco North Quadrangle, California, U.S. Geological 

Survey Professional Paper 782, Washington, D.C. 1974, 109 pages, 67 figures, 2 plates, 

map scale, 1:24,000. 

COVERAGE 

Planning Areas 1-8, east t of 9A, 98, east 3/4 of 9C, easternmost tip of 9D, 9E-9K, east 

1/3 of 9L, 10, east t of llA, easternmost tip of llC, 12 north to Colma Street. 

SUMMARY 

Marinship contains Franciscan sandstone, slope debris and natural ravine fill, bay- mud and 

clay, and artificial fill. In the legend for the Generalized Geology Map (Figure I-1) each 

of these deposits is described. The engineering characteristics of each depo-sit are 

summarized from Table 11 (pages 96-99) and Plate 1 of Prof. Paper 782. Full descriptions 

of the deposits, including considerable information on chemical and fossil c-ontent, as well 

as photographs of occurrence areas on the Marin Peninsula, are given in Prof. Paper 782 in 

the bedrock stratigraphy section (Franciscan Formation; pages 9-29) and the surficial 

deposits section (slope debris and ravine fill, pages 80-81; Bay mud and clay, pages 83-85; 

artificial fill, pages 88-90). 

Marinship is about 10 miles west of the Hayward Fault and about 8 miles east of the San 

Andreas Fault. This is a region of high seismic activity in which earthquakes are frequent 

and unpredictable. The five largest Bay Area earthquakes since 1800 originated on or 

near these two faults: June 1836 and October 1868 on the Hayward; June 1838, October 

1865 and April 1906 on the San Andreas. None were-epicentered in or near the Marinship 

area. The effects of these earthquakes have been documented and discussed in numerous 

publications, generally concentrating on the City of San Francisco. Observations reported 

by several investigators in 1908, 1932 and 1958 are pertinent to Marinship. The least 

earthquake damage to buildings was in areas where structures were founded on or near 

Franciscan bedrock. Damage generally caused by settling of poorly consolidated fill, was 

84124.10 19 



5-10 times greater where structures were founded on artificial fill overlying bay 

sediments. No Class 'A' building founded on well-driven piles or well-placed concrete 

piers suffered any material injury due to the 1906 earthquake. 

COMMENT 

Detailed description of subsurface deposits on a regional scale. This is the base document 

for most subsequent mapping and investigation by geotechnical specialists in the region. 

The information is highly reliable on a regional scale and may be interpolated with 

confidence to a local scale. Site-specific information may be verified with the USGS or 

by on-site testing. 
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REPORT 

T.L. Youd and S.N. Hoose, Historic Ground Failures in Northern California Triggered by 

Earthquakes, U.S. Geological Survey, Professional Paper 993, Washington, D.C., 1978, 177 

pages, 67 figures, 5 plates, map scales 1:250,000 (plates 1,2,4,5) and 1:24,000 (plate 3). 

COVERAGE 

Entire planning area. 

SUMMARY 

The 1906 shock was by far the most important event for earthquake-related ground failure 

studies in the region. Landslides occurred near Bolinas Lagoon, Bodega Head, Point 

Arena, Tomales Bay and Santa Rosa. Lowland failures (differential settlement, lateral 

spreading, ground cracking) occurred near Tamales Bay, Lagunitas Creek and the Cotati 

Valley. Failures reported near Sausalito included broken waterpipes and small north-south 

trending ground fissures at Scheutzen Park, 1.5 miles east-southeast of San Rafael,· about 

7 feet above sea level. Landslides occurred on the south face of Mt. Tamalpias. The 

asphalt pavement in front of the Sausalito ferry was broken and sunken. 

COMMENT 

Information and photographs (none from Sausalito) are of interest, historically, and as an 

aid to recognize earthquake-induced ground-failure features. The text emphasizes the 
~ 

links among unstable geologic deposits, earthquake-induced ground failures, and increased 

risk due to population growth in such areas. No site-specific information is from 

Marinship, however, because the described low-land ground failures are the type that 

would occur in Marinship, the document provides pertinent background knowledge. 
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REPORT 

S.J. Rice, T.C. Smith and R.G. Strand, Geology for Planning, Central and Southeastern 

Marin Countv, California, California Division of Mines and Geology, Sacramento, 

California, 1976, 103 pages, 12 plates. 

COVERAGE 

Entire planning area. 

SUMMARY 

Stability of the Land 

Marshlands and mudflats around San Francisco Bay are among the most hazardous sites 

for the location of structures and utilities because (1) the compressibility of underlying 

sediments causes settlement and (2) the instability of underlying sediments makes them 

susceptible to disruption during great earthquakes. Residential development on fill over 

bay mud may not be an appropriate use of bay side plains. If development on fill....:over

mud is to proceed, an advisory board of soil engineers and engineering geologists should (1) 

define the requirements, standards and guidelines for engineering geology reports to be 

submitted and (2) define restrictive amendments for the Uniform Building Code to 

adequately address the long term stability of developments underlain by bay mud. The 

technical knowledge needed to evaluate and enforce the regulations should be embodied in 

City employed geologists/engineers or in impartial consultants retained to evaluate and 

monitor proposed fill-based developments. Adequate flood plains for major creek 

drainages should be preserved to help reduce flooding in previously developed low-lying 

areas. 

The stability of fill placed over bay mud if a function of the fill thickness and the 

thickness of the underlying mud. For example, 10 feet of fill placed on 50 feet of mud 

would settle about 4.5 feet in about 200 years with 50% of the settlement occurring over 

the first 12 years (see graphs). In contrast, 10 feet of fill placed on 25 feet of mud would 

settle about 3 feet in about 20 years with 50% of the settlement occurring during the first 

year. 
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Structural damage due to settlement includes cracking, disruption and differential 

subsidence of streets, sidewalks, driveways, underground utilities and building foundations. 

Examples cited are from various nearby locations in Marin County, Corte Madera and San 

Rafael. Lee and Praszker (1969) emphasize that preventing such occurrences in residential 

construction is of utmost importance. Because streets and utilities on fill would subside 

faster than adjacent residential structures on piles, it is practical to support the 

structures on fill, however any miscalculation of settling rates or conditions may result in 

rapid, irrepairable deterioration of the subdivision. Steinbrugg (1969) speculates that the 

cost of compensating for differential settlement is more often responsible for 

inappropriate fill support than incorrect design by the soils engineer. The Uniform 

Building Code does not provide an adequate standard for long-term foundation stability in 

the fill-over-mud environment. 

The recommendations of Lee and Praszker (1969), reproduced below should be adopted as 

part of the local building code for residential developments on fill over bay mud. 

"For the specific purpose of developing mud flats for residential subdivisions, the 
following requirements are deemed necessary: 
(a) The first fill blanket must consist of well-graded granular material, 

carefully placed. The method of placement must be such that at no time is 
the mud surface distorted or broken with resulting mud waves. 

(b) Compaction by heavy equipment of the first three-foot fill blanket should 
not be allowed. The only material that can be thus placed without future 
shrinkage of the fill material itself is either windblown sand or dredged 
sand. Both can be hydraulically placed. 

(c) The rate of filling should not be in excess of three feet a year. 
(d) Ultimate elevations and slopes should be adequate to provide drainage, flood 

control, and safety against tidal waves. 
(e) Settlement markers should be carefully placed and read at regular intervals 

to establish a settlement pattern. 
(f) No construction should start prior to the lapse of five years after the fill has 

been completed." 

Flooding is another expensive by-produce of bay fill developments. The flood plains and 

mouths of major streams have been reduced by bay fills, resulting in the flooding of the 

developments by upland runoff. Settlement of fill over mud lowers the new land surface 

toward the tidal level, resulting in flooding by wave and tidal action. An example cited 

from Marin County (Gallinas Village) describes serious flooding from both upland runoff 

and tidal action in areas where settlement was occurring at measured rates of two to 
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twelve inches per ten years. The estimated cost of flood control improvements were 

remarkably expensive. Similar cases were described from other Marin County locations. 

Seismic Risk 

In Marin County, seismic risk has five major aspects: 1) surface rupture along active 

faults, 2) earthquake-induced groundshaking, 3) earthquake-induced ground failure 

(landslides, subsidence), 4) secondary destruction (fire, utility disruption), 5) tsunami. 

Most earthquake-induced damage in the area would be due to the primary and secondary 

effects of groundshaking. 

There is no evidence of active surface faulting in southeastern Marin County. The major 

active faults in the area are the San Andreas, 7 miles southwest of Sausalito, and the 

Hayward, 8 miles northeast of Tiburon. 

Groundshaking itself is not likely to collapse one- and two-story frame structures that 

comply with the existing building codes. However, severe damage is likely to result from 

secondary ground failures such as landsliding and differential settlement. Deep, loose, 

compressible deposits (marshlands and soft bay mud) transmit low frequency, high 

amplitude, long duration seismic waves that, under appropriate conditions, produces 

accelerated settlement, lateral displacement and/or liquefaction of sediments. These 

effects are particularly severe if the deposits have been stressed by the weight of fill 

placed on them. Water, gas and sewer lines embedded in fill on bay mud would be 

expected to rupture during strong earthquake-induced vibration. 

Landsliding is one of the principal by-products of strong groundshaking in upland areas and 

is a predominant source of earthquake damage to be expected in upland areas of Marin 

County. Landsliding is not likely to affect Marinship. 

Fire as a destructive by-product of a great earthquake is often responsible for more 

damage than the groundshaking itself. Pilot flames from toppled water heaters igniting 

gas escaping from ruptured pipes may destroy a well-constructed building that would 

otherwise have survived an earthquake unscathed. Requiring adequate bracing of gas 

appliances would prevent most of this type of damage. Communities adjacent to the bay 

should have pumping facilities to use baywater as an auxiliary fire-fighting water supply. 

84124.10 25 



Tsunamis, or seismic sea waves, arrive at the Golden Gate tide gauge at an average rate 

of once about every five years. The highest wave recorded at Fort Point (March 1964 

Alaska earthquake) was 7 .5 feet and produced a 3. 75 foot increase in the existing tide 

level. Wave height diminished as the tsunami entered the bay, but strong associated 

currents caused $275,000 damage to yacht harbors in Sausalito and San Rafael. A 10-foot 

high wave at the Golden Gate would cause little flooding damage, but would produce 

associated strong current damage as described above. Tsunamis generated in the Gulf of 

Alaska seem to produce higher runups in the seemingly more protected northern parts of 

San Francisco Bay. 

Subsurface Deposits 

Sandstone is not abundant in Sausalito. Where present, it is principally massive 

graywacke, composed of dark colored rock fragments, silt, clay and the minerals quartz 

and feldspar. It has high slope stability except where sheared or closely fracture. · It 

weathers easily to a nondescript, buff-colored, crumbly rock that seldom crops out in 

natural slopes. It is the least abundant and weakest of the solid rocks underlying the 

southeast Marin area. The sandstone is part of a block of rock that is in fault contact 

with the highly disrupted Franciscan melange which forms most of the rest of the 

southeast Marin County. The fault is several tens of millions of years old and is not 

potentially active, but does form a groundwater barrier that keeps the melange rock 

upslope saturated and more landslide prone than the sandstone downslope. 

Colluvium is a general term for unsorted, unconsolidated soil and rock fragments that 

accumulate as debris and natural fill at the base of slopes by gravitational or slope wash 

processes. It is present in some degree at the base of most slopes in the southeast Marin 

area. It accumulates in deposits many tens of feet thick and, being unconsolidated, is 

weak and subject to landsliding when carelessly cleared or graded. 

Bay mud (referred to variously as "soft bay mud," "younger bay mud," "recent bay mudn) is 

soft, unconsolidated, water-saturated silty clay of varying thickness, containing peat and 

shells. This jelly-like deposit underlies marshlands, mudflats and many artificially filled 

bayside areas. It was deposited in the basin that forms San Francisco Bay during the rise 

in sea level which accompanied the melting of the ice age glaciers. The process of 
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natural compaction that squeezes water out of sediments has not continued long enough to 

consolidate the mud into rock. Bay mud contains voids (the spaces between particles) 

roughly equal to twice the volume of solids. It is about 1/3 solid particles of silt, clay, or 

other material, and about 2/3 air or water. The voids are not interconnected, thus 

although bay mud is highly porous, it is not very permeable. It is low in strength, cannot 

support appreciable loads without compressing and will flow laterally in response to 

weight (pressure) imposed from above (fill over mud}. Peat, the most compressible 

component of bay mud, occurs in discontinuous lenses that compact more easily than 

surrounding materials and create differentials in the amount and rate of settlement under 

fill. 

Artificial fill is highly variable material consisting of soil, silt, clay, rock waste, garbage, 

trash and/or dredged bay mud. Because of the abundance of clay, it is not very permeable 

and not very stable on slopes. It is subject to settlement when placed over bay mud. . 

Relative Land Stabilitv 

Five relative land stability zones are recognized in central and south eastern Marin 

County, all of which occur in the Marinship Planning Area. They are depicted in Figure 4, 

the Relative Land Stability Map. Each map unit is described in the legend following the 

figure. 

COMMENT 

Detailed description of the response of various geologic deposits, especially bay mud, to 

development activity. Examples from within and near Sausalito are pertinent to 

Marinship. Recommendations, now nearly ten years old, remain appropriate. Although 

the language sometimes seems alarmist, this is an excellent planning document at both 

regional and local scales. Site-specific information may be verified by on-site testing. 
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MAP UNITS 

Zone 1 - The most stable category. This zone includes resistant rock that is either 

exposed or is covered only by shallow colluvium or soil. Also included in this zone are 

broad, relatively level areas in valley bottoms that may be underlain by material that is 

weak (such as alluvium) but occupies a relatively stable position. 

Zone 2 - Includes narrow ridge and spur crests that are underlain by relatively competent 

bedrock, but are flanked by steep, potentially unstable slopes. 

Zone 3 - Areas where the steepness of the slopes approaches the stability limits of the 

underlying geological materials. 

Zone 4 - The least stable category. this includes most landslide deposits in upslope areas·, 

whether presently active or not, and slopes on which there is substantial evidence of 

downslope creep of the surface materials. 

mu - Bay mud has unique and severe stability problems that are not comparable to those 

of the uplands. Bay mud is unconsolidated, semi-fluid, and highly compressible. It is 

highly sensitive to loads placed on it, reacting by compaction and lateral flow to cause 

settlement of the fill -- often differential settlement -- that continues for many decades 

where the thickness of the mud exceeds about 25 feet. 
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REPORT 

Torrey & Torrey, Inc., Schoonmaker Point Final EIR, prepared for the City of Sausalito, 

October 1982, 66 pages, 23 figures, 6 appendices. 

COVERAGE 

Planning Area ZB. 

SUMMARY 

The geologic profile consists of 5-18 feet of uncompacted gravel, sand, silt and clay of 

moderate strength and compressibility underlain by 32-94 feet of bay mud and an 

undisclosed depth of firm clay, sand and gravel extending to bedrock. Groundwater was 

encountered between 3 and 7 feet below the ground surface. Levels varied in response to 

tidal change. Piles driven to bedrock are recommended for all structures. Retaining 

walls are recommended for any areas not supported on piles. 

COMMENT 

Site-specific descriptive information supplied by Harding-Lawson Associates is consistent 

with nearby USGS data. 
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REPORT 

Environmental Science Associates, Deak/Sausalito Final EIR, prepared for the City of 

Sausalito, April 1975, 203 pages, 13 figures, 10 appendices, 1 addendum. 

COVERAGE 

Planning Area 4A. 

SUMMARY 

The geologic profile consists of 1-20 feet of fill underlain by 15-36 feet of bay mud, 

underlain by 2-8 feet of very dense sandy clay and clayey gravel, all underlain by 

Franciscan sandstone bedrock at depths shallow enough to reach with a pile foundation. 

Areas within 120 feet of the bay margin could suffer rotational slumping during a major 

earthquake, resulting in subsidence on the landward side and uplift on the marina side. No

liquefiable sediments were encountered. Tsunamis could produce 5 feet of run up during 

the 50-year event causing considerable damage to the marina. 

COMMENT 

Site-specific information supplied by Converse, Davis and Associates is consistent with 

historical descriptions and nearby USGS data. Differential settlement of structures 

crossing the bedrock/fill contact are the major concern in foundation design. 
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REPORT 

Harding-Lawson Associates, Preliminary Report, Soil Engineering Investigation, Planning. 

Light Manufacturing and Commercial Building, 200 Gate Five Road, Sausalito, California, 

February 1977, 13 pages, 8 plates. 

COVERAGE 

Planning Area 9B. 

SUMMARY 

The geologic profile, determined in 5 bore notes, consists of 15-22 feet of sandy and 

clayey gravel fill (placed during the early 1940's) underlain by 48-55 feet of bay mud. 

Groundwater was encountered about 2-3 feet below the ground surface. About one foot of 

settlement was expected during the 30 years following construction of the building on · 

about 2 feet of new fill. 

COMMENT 

The geologic data obtained from shallow (20-35 feet) and deep (75 feet) test borings 

indicate conditions similar to those in nearby parcels and are consistent with other bore 

hole logs in Planning Areas 8 and 9. The recommended shallow spread footings tied 

together with grade beams and founded in properly compacted fill would support the 

proposed 2 storey timber frame structure. However, the 1 foot of settlement would have 

to be accounted for in the service connection design. 
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REPORT 

Donald Herzog & Associates, Inc., Geotechnical Investigation, Marinshio Office Building, 

Bridgeway at Harbor Drive, Sausalito, California, October 1979, 16 pages, 8 plates. 

COVERAGE 

Planning Area 6A. 

SUMMARY 

Five test borings, 38-45 feet deep, encountered 3-18 feet of rocky sandy silt fill underlain 

by 12-20 feet of bay mud and greater than 20 feet of clayey gravel (alluvium) and dense 

silty clay (older bay mud). The water table is within 5 feet of the ground surface. Near by 

buildings are pile supported, as were shipyard structures (no longer existing) built near the 

site during World War II. Because of variations in thickness and time of filling, up to .2 

feet of additional settlement is expected during the next 30 years. About 1 additional 

foot of settlement would occur with the addition of each 3 feet of new fill. A precast, 

driven-pile foundation was recommended to support the heavy load of the proposed two

story office building. Detailed recommendations regarding retaining wall pressures, 

seismic design loads, utility, ramp, stair and pile design were included in the report. 

COMMENT 

This report is a fine example of the type of information needed for inclusion in structural 

design. The test borings are well documented and deep enough to provide adequate 

information to determine the amount of support needed in a friction pile foundation. The 

data can be extrapolated to adjacent parcels with confidence that the findings will be 

substantially the same. 
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REPORT 

Harding Lawson Associates, Soil Investigation, Federal Ornamental Building, 475 Gate 5 

Road, Sausalito, California, December 1981, 18 pages, 10 plates 

COVERAGE 

Planning Area 7E. 

SUMMARY 

Six test borings between 18 and 117 feet deep encountered 12-29 feet of fill overlying 

more than 100 feet of bay mud. Total settlement of about 1.5 feet and differential 

settlement of 4-6 inches is expected during the next 30 years. Shallow spread footing 

foundations on at least 2 feet of new, compacted fill would support the proposed two

story, wood-frame buildings, but junction between the building would need to remain 

disconnected at the level of the ground slabs to allow for expected differential 

settlement. 

COMMENT 

The primary data collected on-site correlates well with other (off-site) data in the area. 

The recommendations are conservative, but do not address the question of settlement 

effects on utilities and the overall settlement/stability questions raised by construction on 

bay mud. This last topic is usually beyond the scope of engineering reports, but needs to 

be considered when proposed structures are founded on fill-over-mud. 
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REPORT 

Cooper, Clark & Associates, Foundation Investigation, Proposed Harbor Drive Offices, 

Sausalito, California, January 1972, 13 pages, 4 plates. 

COVERAGE 

Planning Area 7 A. 

SUMMARY 

Five test borings between 20 and 80 feet deep encountered 11-21 feet of sandy, gravely 

clay fill underlain by 39-49 feet of bay mud. This was underlain by more than 25 feet of 

consolidated, older bay clay. The water table was encountered about 4-5 feet below the 

surface and was tidal controlled. Partial removal of the existing wooden piles was 

recommended. (The procedure involves cutting the piles off below the level of new 

foundation support.) The recommended foundations were spread footings, tied together 

with grade beams, and set on 3 feet of new compacted fill. About 1.5 feet of total 

settlement and 6 inches of differential settlement were predicted as a r~sult of the new 

load imposed by the fill and the two-story, timber-frame structure. 

COMMENT 

The primary data collected on-site correlates well with other (off-site) data in the area. 

The recommendations are conservative, but do not address the question of settlement 

effects on utilities and the overall settlement/stability questions raised by construction on 

bay mud. This last topic is usually beyond the scope of engineering reports, but needs to 

be considered when proposed structures are founded on fill-over-mud. 
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