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ACTIONS TAKEN BY AND FINANCED BY Tue CITY OF SAN J0S! ( 1967 -0-
IN THE SAN JOST HIGHMLANDS ARLA, 1864-71 Winter and spring road maintenance to ) }3‘2‘3 33'8?;8
CTORS . ; / i
DERUAHC i | Soils study and consultant fees 1968 £ 10,60 ;:?3;’63:°:2dd::31;:dagge::C"ﬂ5‘"9 \ 1970 32,000
Tie ecomomic 1965 as a consequence of development on these landslide deposits 2°"515t“°y'“"d consultant fees ::69 ':~:2: |5 months of 1971 30,000
14 aiready large, will continue to grow, and will probably become significantly onsultant for new road 70 3, = e
.. ter 4 additional development is permitted without thorough engineering geol- Construct 1400' gravel fill interception ditch 1969 15,000 ) Total  $760,000
v tnyestinations of the area. The estimated 1969-70 loss in market value for (no water was apparently removed) Estimated value of City streets in San Jose
.11 mouses 1n San Jose Highlands, for example, was $228,000; the loss for lots was & . ) Highlands (exclusive of new access road) . . . . . . e w e« . . . . $750,000
$14.000; and the loss in valuation for specific landslide damage to certain Clean hydraughers several times 3.n0c
o ; ; ' ) Estimaited value of City utilities (street
“ouses was $61,520, yielding a total of $483,520 (Santa Clara County Assessor's Construct de-watering wells [Jeactivated after 1964 25,pan lights and sewers) in San Jose Highlands . . . . . . .. ... ... 300,000
ffice, written comn,, 9/22/71). These additional cost)data provided by the San 1 year, no apparent help) ’
‘n.» Department of Public Works (written comm., 9/28/71 reveal the variety and i . |
b 5 e o i i Sud bove-aground flexihble aluminum sanitary sewer 196& 4,400 Landslide damage to gas lines in San Jose Highlands totaled $20,000 by late 1970
B RN &S o o munliciall Ly e e e e o = L (Pacific Gas and Electric Company, written comm., 11/18/70) and damage to water
A Sl R Sewsy pliste, supvey L .0 lnes bwned by a private water company was presumably extensive.
Replace sanitary sewer 1671 7000 \ﬁ information was obtained on the cost of landslide damage in the map area
kerial photography 7,060 nutside of the San Jose Highlands, but landslides were a substantial and presum-
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PRELIMINARY PHOTOINTERPRE%ATION AND DAMAGE MAPS OF LANDSLIDE AND OTHER SURFICIAL DEPOSITS IN NORTHEASTERN SAN JOSE, CALIFORNIA

by Tor H. Nilsen and Earl E. Brabb
1971

o

Lands!ide deposits in the mortheastern portion of the City of San Jose were first shown on a published map of
bedrock geology by Crittenden (1951, pl. 1). The area thought to be covered by landslide deposits has been expanded in
the present map, with damage to cultural features within part of the landslide deposits shown for the first time.
Although this damage 1s thought to result from movement of the landslide deposits, additional work will be necessary to

determine the full extent of the problem. Some areas shown as bedrock, for example,

may also be involved in some down-

slope movement, while others may be relatively secure huilding sites. In addition, some landslide deposits shown on
the map may be very old and quite stable at the present time. Drill holes may be required to determine the depth of
landslide movement and activity, as well as more detailed geologic and engineering studies of the deposits themselves.

These maps present preliminary information about one aspect of the physical environment necessary to sound land-use
planning--the distribution and probable nature of surficial deposits. Recause surficial deposits are common in much of
the Bay region, it is useful to know how and why they have formed, as well as what properties they possess. When these or

other maps of surficial deposits are used in combination with other types of environ

s0ils, bedrock geology, slopes, vegetation, climatic variation, scismic response, an

mental information, such as data on

e e E S s o - s

d hyrology, then planners and others

may be in a better position to make sound judgnents reaarding the physical aspects of land use. The U.S. Geological
Survey is presently studying many of these factors in the Bay region and will provide the community with much of the
required information as part of its San francisco [ay Peqion Study in cooperation with the Department of Housing and

Urban Development.

Lands]ide deposits

Arrows indicate general direction of downslope
movements; queried where identification is uncertain

Debris composed of fresh and weathered fragments derived from rocks,
sediment, soil, and artificial fill, or any cumbinations thereof, that
have been transported downslope by falling, sliding, rotational slumping,
or tlowing. Landsiide deposits smaller than approximately 200 feet in
longest dimension are not shown on the map. Complex landslide depusits,
which result from combinations of different types of downslope movement,
are perhaps the most common type of landslide deposit in the Hay region.
In particular, materials near the head of landslide deposits typically
move in a different manner than materials at the toe. The landslide
deposits shown on this map have not been classified according to either
type of movement or type of material of which the deposit is composed.
The deposits vary in appearance from clearly discernible, laraely
unweathered and uneroded topographic features to indistinct, highly
weathered and eroded features, recognizable only by their characteristic
topographic configurations. The time of formation of the mapped lands | ide
deposits ranges from possibly a few hundred thousand yvars ago to 1970,
with no landslide deposits formed since 1970 shown. The thickness of the
landslide deposits probably varies from about 10 feet to perhaps several
hundred feet, being in qeneral greater 1n the larger deposits; many of the
small landslide deposits may be very thin and involve only surficial
materials.

Sereral background: -
The nhystca1 properties and engineering characteristics of the manped surficial
geologit knowledye of the processes responsible for their formation. Thus, at least
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. INTRODUCTION

IESTE?ELP‘"‘EFPFElﬂt‘O" map has been prepared by viewing °VSI%EPEJD' vertical aerial photographs through a steren- The photointerpretation map, then, shows the cumulative effect of various geological processes that have yielded

5 s permits a three-dimensional relief model of the around surface to seen. thus enabling the geologist to surficial deposits up to the time the photographs used for the photointerpretation were taken. Thus, the map does not
stusy and interpret the origins of landforms. Photointerpretation provides many advantages over both oround observations directly indicate future sites or rates of surficial processes. For example, the landslide deposits shown on map
and laboratory studies of surficial materials in the mapping of surficial depbsits, particulariy for reconraissance-tyce record past slope fallures, not areas of present or “future slope instability. However, knowledge of the past histor
studies. Preliminary photointerpretation maps such as this are the initial stace of a continuina, more detailed study of geologic events is the most important E o _understanding and predicting the future behavior of a particular T}ﬁﬁ
of surficial deposits in the Bay region, but they will hopefully provide mar users with immediately use€ul information area, even where man's activ1t1e§>519n17icant change the character o and. overwhelming majority of new
about the reaional distribution of landslide and other surficial deposits. ! TandsTides, for example, occur in areas with a history of past landslide activity. As such, this map can be used to

evaluate the regional importance of different surficial deposits in land-use planning.

4 Ppvam—

Ijg;{?ptointerpretation map indicates the dominant geoXoglgg)_gzggg§§g§'j3ﬁ3_59yg probably been aperative cver the
map area by showing the distribution of different types of surficial deposits, Natural processes sach as wea*hering,

erosion, sedimentation, and the slow as well as rapid downsliope movement of edrth materials, have beer constantiy shae- ‘ : )
ing and reshaping the land surface in the past. These processes will continué to do so in tne future, althounh their . o . of) Y. b - Loty 2 %
locations and rates of activity may change through time. The processes are not completely indecendent of ore arather, :

but are interrelated to varying degrees. For example, crustal uplift of the (oast Ranges will leai 20 increased erosion Note: Nilsen is responsible for the photointerpretation map and explanation; Brabb for the map showing the extent of
and downcutting by streams, which in turn generally results 1a increased deposition ot sediments 1ir river valleys, lakes, damage thought to be related to landslide activity.

and shoreline areas. Older flood plains and river deposits may be cut into, leaving elevated tervace depasits. In

addition, dgwncutting by the streams may cause the adjacent slopes to become dnstable, thereby inmcreasina the possibility

of slope failures.

o

EXPLANATION FOR PHOTOINTERPRETATIONEMAP

Qft Qaf

Alluvial deposits Colluvial deposits and Alluvial fan-terrace deposits Artificial fill : Bedrock and associated soil
alluvial fan deposits . (queried where
Irreqularly stratified, poorly consolidated Irreqularly interstratified deposits of clay, Highway, railroad and canal fills composed of identification uncertafn)
deposits of clay, silt, sand and gravel depos- Colluvial deposits: unstratified or poorly stratified, unconsolidated silt, sand and gravel that underlie broad, rock and soil derived from nearby cuts or
ited in stream and river beds and on adjoining to poorly consolidated deposits, composed of fresh and weathered gently sloping surfaces composed of large quarries; only large fill areas are shown on Igneous, metamorphic, and sedimentary rocks of
flood plains. Alluvial deposits less than fragments derived from rock, sofl, sediments, or irregular coalesced alluvial fans have been deposited the map. various ages, physical properties, and engineer-
about 200 feet in width, common along smaller mixtures of these materials, that accumulate by the slow by major streams where they emerge from moun- ing characteristics. Areas not shown on the map
streams, have not generally been mapped; where downslope movement of surficfal material predominantly by the tainous areas out onto flat valley floors. as covered with surficial deposits probahly
colluvial deposits are adjacent to such narrow action of gravity, but assisted by running water that is not The depositional surfaces are essentially contain bedrock either exposed at the surface or
strips, the alluvial deposits have been included concentrated into channels. Colluvial deposits have been terraces, and represent older levels of stream 3 mantled by a thin veneer of surficial deposits,
within them. mapped only where they form a distinct apron near the base of deposition that have been abandoned by subse- most commonly soils or other colluvial material.
slopes or fill and flatten canyon, ravine, and valley bottoms. quent stream downcuttino. The major active The bedrock is commonly weathered to a consider-
Colluvial deposits are probably forming on almost every slope in alluvial channels that cut through the fan- able depth, so that there is a gradual change
the Bay region--howeyer, only the thicker and more extensive terrace deposits have been mapped as-"Qal," downward from soils to fresh bedrock. Because
accumulations that are recognizable on aerial photographs have been although these channels can also be considered of this, many of the swall landslide deposits
mapped. In some narrow stream valleys, colluvial deposits include to he sites of active alluvial fan deposition. and some of the large landslide deposits that
alluvial deposits. Colluvial deposits may move downslope along the The alluvial fan-terrace deposits have been are shown on the map to be within bedrock areas
axes of ravines and form fan-shaped deposits where they emerge qnto napped only where they form very large, broad probably involve only material derived from
more gently sloping vatley floors. { features, such as on the castern flank of the - soils, weathered bedrock fragments, and other
Alluvial fan deposits: irregularly stratified, unconsolidated to poorly foast Ranges; smaller deposits within the colluvial material
consolidated, fan-shaped accumulations of water-laid sediment fdrmed mountains have been mapped as alluvial fan or
where narrow canyons emerge onto more gently sloping valley fioors. alluvial terrace deposits. Contact lines
The fan sediments are composed of clay, silt, sand and gravel | within these deposits indicate separate fan-
deposited by streams and thin water-rich mudflows. These deposits terrace levels,

deposits can he ioferred from
preliminary judqments reaarding

the signiticance of the pracesses and the 1nferred hehavior nf materials applicable to land-use decisions can he made

fors the distribution of surficial deposits shawn on 1he photointerpretation map.

—andsiide Jepusits:

Landsiiding takes place when tne downward pull of gravity on earth materials overcomes the frictional resistance of
the catertals Lo downslupe woverent. Swae of Loe impertant factors tnat aftect slope stability are: (1) type of tne
carth materiais--unconsol tdated, sott sediments or surficial depusits will move downslope mare easily tnan consolidated,

raru vedrock; (<) structurgl properties ut the eartn wlerials--the orientation ot tne layering of some rocks and sedinents

relative to slope girections, as well as the eatent and type of fracturing of the waterials, will atfect landslide poten-
tiai, J3; steepness ot slopes--landsiiding will gencrally take place mure casily on steeper slopes, with certain slope
intervals particularly susceptivle to landsiide activity: (4) water--landsliding will generally occur more frequently n
areas uf seasonally intense rainfall, because the adaition of water to carth materials will usually decrease their resis-
tance to sliding by (6) decreasing tne internal friction between particles, (b) decressing the cohesive torces that bing

lay minerals togetner, (o) lubricating surfaces glong wnich slippage may vccur, (d)

addang werght to surficial deposits

and vedruck, (¢) reacting with some clay minerals, cousing volume cnanges 1n the material, and (f) mixing witn fine-yraineg
unconsolidated naterials to produce wet, unstabile slurrivs; (9) ground snaking--strong sneking during edrthyuakes can jar

and loosen oedrock ang surficial materials, thus making them more unstable; (0) type

of vegetation--trees witn deep pene-

trating roots tend to nold bedrock and surficial deposits together, thus increasing ground stability; (7) pruxamity to

areas underyoing active erusiun, 1.¢., rap1d undercutting and downcutting along stredm courses and shorelines causes slopes

1IN tpese arcas to Le particularly susceptible to landsitde activity.

PROPER USE OF THE PHOTOINTERPRETATI

Planning departments and developers:

ON MAP

““The density of Tandslide deposits is a vrude measire of the impartance of slope tailure as an erosional process and
therefore also of the overall slope stability of 1 particular area., However, quantitative determinations of the probability

of future landsliding based on infarmation available ‘roe this map are not possihle,

primarily hecause geologic and climatic

changes have occurred during the past few hundved thousand years that have altered slope stability, and because detailed
information regarding the style of movement and compositian of individual landslide deposits 15 aot available from the map.
Therefore, this map must not be used as 3 sulstitute for detailed site 1nvestiaations bv engineering qeologists and soils
engineers; on the contrary, areas of relatively hiah cusceptibility to landslide activity, in particular, require very

careful study prior to any development.

Geolagists and engineers:

This map has been orepared to provide a reqianal rantext for interpreting detailed site investigations, and is best
used ip conjunction with slope maps. bedrock qeoleogy maps, soils maps, and other available informatinn. It is certainly
nct interded as a sutstitute for site investigations, and its limitaticns should be clear. The Geological Survey would

appreciate any comments regarding the usefulness and accuracy of the map.

Home -y ers:
Sre3s of the rac with relatively low densities of landslide deposits probably have good slope stability compared

to areas with »ah densities of lands!ide depesits. However, it must he remembered

that landslide deposits less than

220 feer 1n longest dimension have not been mapped, and also that areas shown on Lhe map as landslide deposits are not
sezessaril, 'ess stable than adjacent areas not mapped s landslide deposits. The map, therefore, should not be used
25 a suostitule for a more detailed 'nyestigation by a (ompetent engineering aenlnqist; site investigations are neces-
sary For judzments about tne slope stability of individual areas. In addition to landslide deposits, other surfictal

¢esss'ts Ta; cose prodlers to bullding and should he carefully rnvestiaated.

SOURCE MATERIALS FOR THE PHOTOINTERPRETATION MAP
1963 Three series w! vertical aerial photoyraphs taken for the U.S.
1960 Geological Survey were principally used in the preparation of this

map (see diagram at left for area of coverage): (1) series CIV,
scale 1:20,000, taken 1n July and September of 1963, including

photograph numbers 20D-13 to 2DD-16 and 6DD-118 to 6DD-122; (2)

series GS-VALY, scale 1:30,000, taken in Auqust 1960, including
1970 photograph nuibers 2-71 to 2-74; and (3) series GS-VCMI, scale

PHOTO COVERAGE 1:8D,000, taken 1n April 1970.
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CRACKS

THAN'VE RSE

Nomenclature of parts of a landslide (from Eckel, 1958):

These illustrations show, respectively, the nomenclature used to describe landslide deposits, and four common typés of
landslide deposits found in the San Francisco Bay region: \ 7

commonly grade upsiope into colluvial deposits, and may be inter-
bedded with them. |
Note: because of the difficulties in distinguishing fan deposits from
fan-shaped colluvial deposits on aerial photographs, the two units
nave not been distinguished on this map. i

CHARACTERISTICS OF SURFICIAL DEPOSITS RELEVANT TO LAND-USE PLANNING

fiiuvial deposits:

A1V 57 wne neturai fagtors tnat prowote landsitde activity are present \A thie Ba, regios in 1001LI0n t9 Lhegd ¢ Yhe surtaces of these depusits are generally relatively flat, with finer-grained sediments depusited on floudplains
*ors, ran's activities save nad varying effects upon tne dotential fur slope fatlures, often decveditng 't Ly Yre awve, 8y cordering toe active strea channeis. bxcellent soils suitable for diverse agricul tural activities are founa on wany
ot siupes, futlding of retaining walls at tne tase of sleves, planting of treds or otner vegelatwon, a5 well 1 throuy” vioegularns.  These @eio-1ts ma, be water-bearing, are commonly poruus end permedble, and may compact slightly upon load-
SO1] Cutservation practices. however, otrer asctivities of mar may increase the putential fur slupe sallares. nese Vu- v i larger dratnage tasins, tne deposits cuy be excellent shallow sources of water and construction ayyreqate. They
Clude tne 1roreasing of slope angles tor road or building wonstruction; the adurtion of water i marginail, Stavle Siape ver reraliy eds, Lo eavavate, w1tn pebvle and cobble-ricn layers locally abundant. The surface may be subject to flood-
Uy watering of lawss, irgruper aandiing of raie water runcft, ang use of septic tanx gramfrelcs; the adsition of weigtt wi, seasiran o deas freqwmitlyy on tact, tne active stream channel muy alter 1ts Course graduall, over a long period
Ly saryinaily stable slopes Ly butlaing structares as well as adaing fill fur foundations; ang remeval of patural segeta o time or raglaey dueing tlhoaing.  Fhis migration of tne stream channei can result n erulion, undercutting, and fariure
“iiu.  Thus, siope farlure, a natural puenorenon that NAs Lluurred many th es [ip tne past thruugreut must Lards o1 e Lay e s Tru s9en we bamern, ang falling uff of bank edges into the stream cnannel.
veglon, Fes De enlhufaged ard pramoted thruugn proper use of tue iana. 1uvial gewsits and a%luvial €an deposits:
- o 3 + ' - . e e sl b 1 -l e S £ 407 = . e tal Hoonsits - qererally easily erad and easrlv excavated; th 11 probably covs - inc
§ ~ Epony P e e ] a0 sy B r 3t nuons ntpretttont | ' ensits are genaraliy e v ed a L3 av % ey W prohab:ly compact under loading, and
e :-; - iy Vg 3e, tme potantigl ey ﬂ-:i””4"ﬂ,u»p'f ,j,:Ls :r-a?':, ,“;,.- Joan ‘:._ i T wrapne  *a move slowly duwnslope, partrcularly in the steeper parts of the deposits, They ma, be water-beartna,
SerT 24 w* e Eeip 2 2Ty S £ & . 5@34"' Ay o no protiems ‘o CAE 3 rrras ¥5500 tated with some depasits. ’:n’hnq activitiey, particelarly those resalting in steeper slopdns,
3 - ¢ g Y [ P —— sehacs WL, OFGe kIR _,J[jn(s_ dowevir, Best Yandsiide adtl vity i o lerate the rate ot downslope maverent, producing landslides
B AR L 1r938 that Paue 3 Sres 0Ly miatory 9° landeitatoq, and o4 |langsiide dedosits are Fortonly reactt- L11svial €an defosits range in <haracter fron very thick, extensive, stream-deposited sands and gravels ta thin,
2 sz ETam - matersyle Lemprieiro tamis] e Aeposits may he su lvoben up and cmall tenasits fram single water-rich mudflows. As a result, porous and cermeahble aravel-rich layers may alternate with
' e Wt SR lder 1“905""- espec1aliy 't slnpe anales or imrermeatia clav-rick layers; it the tormer are egtensive areally, the deposits may be a aond shaliow source of water.
N 2 Commriy characterized by (1Y small veaiates ponds, lakes, and Tyn ten0scts are aenerally easy to excavate and not very resistant to eroston. Flooding and erosion of the fans can be
. s, (30 atruot ara arvenfilar CRanaes 1n slape and dratnage patters, we we*nt gyring oerinds of heavy rainfall. Natural slopes are normally stable, althoush streaw undercutting can yreld
: tae #505:%S tmat ave Lonmqeiy gouncer ant facm with'n older 4and treasrank faclyre, and some compaction or local subsidence of the fan surface may tabe place
P = SASE At tme oper edde oF the denusit, 7, ‘rregular soill and vegeta-
1N UK. 3 YT ERl VeRe St L . ABG oAt areas ha* meane aspear suitarie for Constructron 17Tuvral fan-terrace dqgg§1ts:
- 2 2 geracel, Mec 3¢ “gEse Eagcaptestciitg 4] te soted Tn the gmlier deadsife. detyrled around ~ These depos’ts have many of the characteristics of alluvial deposits, alluvial fan deposits, and alluvial terrace de-
“. v . e rea . aen rejgteen Sov dradiseies tpa €% ra Seraveor of lanqs] ide tepasit inder Lha’ninq cunditinns osits.  The fan surfaces may be subject to flash floods during neriods of heavy rainfall. Natural S‘ODES are norma]ly
S aen e seable, although the edges of the deposits may be subject to slope failure as a result of stream undercutting. Gravel and

sand-rieh layers may be excellent sources of construction aggregate. The deposits are generally easy to excavate, and may
campact slightly upon loading. Subsidence of the curface may occur, either from natural compaction or the pumping of water
frcm the underlying deposits.

FACTORS AFFECTING THE ACCURACY OF THE PHOTOINTERPRETATICN MAP

Date of photography:

Modifications of the landscape that have occurred since the tire the aerfa’ prgtgurarts eere taber L S Urbanization and farming:
1970) have nct been incorporated into this men. Thus, landslide deposits and larze a-t.foc & Ge0N: Y Lpac Aeve Surficial geologic features can be obscured by (1) modification of the natural landscape by grading (leveling, cut-
becn formed since ther are not delineated on the rag, although tre isvocrsf"{ Lace MRPS were photprensTon 8 (3EF ang ting, filling, terracing, cultivation, etc.), and (2) covering the natural land surface with man-made structures.

do show the extent of urbanization to that date.
Problems of interpretation:

Scale of maps and th}ogragg¥: l Mapping of surficial deposits by photointerpretation alone presents a number of difficult problems, some of which can
Landslide and other surficial deposits less than approximately 200 feet fn longes® dimensicr are nOt Showr cn th's only be resolved through field checking. Situations and problems that are especially difficult and which affect the accu-
map because they are too small to be clearly identified on the chotoaraphs uséd or ciearly portrased on the topographic racy of the map include: (1) the distinction of terrace-shaped slump-type landslide deposits from alluvial terrace deposits
base map. In addition, no attempt has been made to show the numerous small areas ccvered by art:€iial f1lf a'ena n-gh- where both are located adjacent to stream courses; (2) the recognition of bedrock cropping out beneath surficial deposits,
ways, railroads and airstrips, in cemeteries. in populated and farming areas, or rear guarries and mires, even thoudh sooe especially where a creek or stream has cut down through the overlying surficial deposit to expose bedrock along the stream-

bed; (3) the location of boundaries between adjacent surficial deposits that laterally grade into or interfinger with one
‘ another without Teaving any easily discernible topographic boundaries, e.g., the downstream gradation of alluvial terrace
deposits into alluvial deposits: (4) the recognition of landslide deposit boundaries--whereas the upslope boundary is com-

are greater than 200 feet in longest dimension.

Quality of photography:

The accuracy of the map varies directly with the clarity and contrast of tne aerial photoorauns used. Accordingly, monly defined by an easily recognized scarp, the toe or downslope boundary is often not well-defined and difficult to locate
the presence of haze or cloud cover, or poor sun angles, will make protninterpretation wore arf€icuit, a'so, the steecness exactly; (5) the recognition of stable masses of bedrock within landslide deposits, especially where the bedrock may appear
of the topoaraphy and the location and extent of shaded areas affect the usefylness of :ndividua’ phctograchs. Io qeneral, to be just a Yarge block within the surrounding TandsTide deposit; and (6] t! e distinction between irreqular or hummocky
however, the photographs used to prepare this ciap are of excellent qualrty. | topography caused by variations in the erosional resistance of bedrock and that produced by the erosfon of lands ide

| deposTts.

Forest cover:

| The recognition of surficial deposits in forested areas may be difficult, resulting in decreased rap accuracy in
these areas as opposed to grass-covered areas. Many landslide deposits, in fact, mav be 'rpossihle to recognize or slopes
covered with dense stands of tall trees.
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tarthflow: soil and other colluvial materials that Debris slide: incoherent or broken masses ot rack Slump: coherent or intact masses that move downslope Kockfall: rock masses that move primarily by fall-
move downslope in a manner similar to that of and other debris that move downslape by sliding by rotational slip on surface$ that underlie as ing through the air.
a viscous fluid. on a surface that underlies the deposit. well as penetrate the landslide deposit.




