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Abstract References Cited 125 17 30" P uget Sound
Many landslides occurred on the coastal bluffs between Seattle and Everett, Wash., Pleistocene) landslides mapped by Smith (1975, 1976). Recent landslides also occurred Arndt, B., 1999, Determination of the conditions necessary for slope failure of a deep- 115
during the winters of 1996 and 1997. Shallow earth slides and debris flows were the most within the boundaries of 16 of the 21 active landslides that Smith (1975, 1976) mapped. seated landslide at Woodway, Washington: Golden, Colo., Colorado School of Mines _— D
common, bu.t.a few deep-seated rotatione}l earth slidgs aIsp occ.urred. The Iand_slide_s; Observations confirm that groundwater seepage contributed to many of the Master of Engineering thesis, 216 p. s 114
caused significant property damage and interfered with rail traffic; future landslides in the landslides. Seeps were present at about 60 percent of sites where landslides impacted the Baum, R.L., Chleborad, A.F., and Schuster, R.L., 1998, Landslides triggered by the . 108 110, 112 £ i .
area pose significant hazards to property and public safety. Field observations indicate railroad (Appendix A). Seepage was likely present at many other landslides at the time December 1996 and January 1997 storms in the Puget Sound area, Washington: U.S. 47 57°30 105 106 109, 2~ /i iy 47 57' 30
that ground-wa_lter seepage, runoff concentratlon,. and.dumplng at the tops of thelbluffs all they occurred, but evidence was not directly observed later when Shannon and Wilson, Geological Survey Open-File Report 98-239, 16 p. e C}
contributed to instability of the bluffs. Most landslides in the study area occurred in Inc. did their landslide inventory. Seeps related to landslides were present in several Bjorhus, Jennifer, and Tu, J.I., 1997, 2 witnessed fatal slide: Seattle Times, January 24, & 107
colluvium, residuum, and landslide deposits derived from the Vashon Drift, particularly the settings: at the heads of shallow landslide scars on steep slopes, at the downhill edges of 0. A1, A23 Q g
advance outwash. In the northern part of the area, colluvium derived from the Pleistocene benches and basins, and on the surfaces of large landslides. Y o o | '
Whidbey Formation was also involved in shallow landslides. Comparison of recent activity Runoff . locally a sianifi ¢ landslid he biLff Crandell, D.R., Mullineaux, D.R., and Waldron, H.H., 1965, Age and origin of the Puget
with historic records in the southern part of the map area indicates that landslides tend to unoff concentration was locally a significant cause of landslides on the bluffs. Sound trough in western Washington, in Geological Survey research 1965, Chapter B: ,
oceur in many of the same areas as previous landslides. Several shallow landslides were centered on small streams that originated at natural U.S. Geological Survey Professional Paper 525-B, p. B132-B136. 122 15
seeps on the benches or at the mouths of drain lines. Broken drain lines originating from Gerstel. W.J.. 1996. Th ide of the landslid f Feb 1996—Validati tabilit
Introduction upslope residences were observed in the source areas of many shallow landslides and erste ’I o fth ,C e.tu‘l)g o gl af? Soll eso 3\/ rusry ton: W ahl. atlng gs ? y
debris flows. Where the stream channels have become incised, shallow landslides also analysis ot the -apitol L-ampus Biuts, lympia, Tashington: Y¥ashington taeology, MP 28.37
Landslides have been a significant problem in the Seattle area for many years, and occurred on the channel walls. V.24, no. 3, p. 3-16. ' ' 555,000 m E
nqmero_us Iandsllde_s occ_urred there as a_ rgsult of major storms in 1996 and 1997. During Erosion at the base of the bluffs by wave action probably contributed to their instability Gerstel, W.J., Brunengo, M.J., Lingley, W.S., Jr., Logan, R.L., Shipman, Hygh, and Walsh,
this period, four major episodes of landsliding along the bluffs between Seattle and Everett from the end of the Vashon glaciation until the railroad right of way was developed to T.J., 1997, Puget Sound Bluffs—The where, why, and when of landslides following the
impacted residential and commercial properties and the Burlington Northern Santa Fe protect the toe of the slope. The sea wall and stone revetments that protect the railroad holiday 1996/97 storms: Washington Geology, v. 25, no. 1, p. 17-31. 122 17' 30"
(BNSF) Railway, which runs along the shore of Puget Sound at the base of these blufs. embankment were probably constructed in the late 1800's. Since then, they have Harp, E.L., Chleborad, A.F,, Schuster, R.L., Cannon, S.H., Reid, M.E., and Wilson, R.C.,
'll)'lhellazdsllldestflllﬁd iltczfregbfillongr:he tI:leS, covered ra:;lroa? tra(:ks, uprogtﬁld ]Efr eets, ¢ protected the base of the bluffs from wave erosion and have probably increased the 1996, Landslides and landslide hazards in Washington State due to February 5-9, :
(I;: diiar(';nuavzr) Sa,n dr(;tricti ):Ial (cai;rurlaa(;etor:;z?ael ﬁfﬁié c:g thlgifuz‘fsczunsc? der;ilerde rzft of stability of the bluff. Continued landslide activity higher up on the bluff face indicates that 1996 storm: U.S. Geological Survey Administrative Report to the Federal Emergency 95 M u kl Iteo
a freiaht traign In all. at least 100 diﬁ%rent landslides covered one or k;oth tracks of tﬁe any such increase has been insufficient to completely overcome the long-term instability Management Agency, 29 p. 5310.000 m N P / 5,310,000 m N
railrogd duriné; the %995/1 996 and 1996/1997 wet seasons. Millions of dollars in direct of the bluffs. However, retreat of the bluffs during the winters of 1995-96 and 1996-97 Laprade, W.T., 1986, Unusual landslide processes, January 17 and 18, 1986 storm, , , -
costs accrued from debris removal, repairs, recovery operations, environmental might have been greater had the sea wall and emban.kment not been present. Szﬁglrel,i\xy]asm:goz:Eﬁs?r?;:::tilr:)né)gglr;glneverégg GZC;IOQIStS’ 29th Annual Meeting; 93
rehabilitation, landslide remediation, and lost or destroyed property. Additionally, significant Aside from these natural causes, several human-induced changes to the area may 9 gh Eng g gy, V- 29, P. 99
indirect costs accrued to the BNSF Railway from delays, lost revenues, and rerouting of have altered the stability of the bluffs. In a few instances, dumping of material at the top of Laprade, W.T,, Gilbert, J.W., and Hultman, W.A., 1998, Woodway landslide—A reminder
rail traffic. Fortunately, no deaths or injuries resulted from any of these landslides. tge bI;Jffdhgs r:sul:)ed (ijn unsta:)le rgasses perched at the bluff tOFJS(;I Suﬁh cas;es alre eaSilyl and an opportunity: Landslides in the Puget Sound Region Seminar, Seattle Wash.,
- . . . . . identified by the abundance of yard waste, construction waste, and other artificial materia April 4, 1998, ASCE Seattle Section Geotechnical Group, 11 p. 92
. Three of the foqr Ian.dsl.|(?|ng epls?.odes occurred dur!ng or immediately after major in the landslide debris. Where the dumped material is soil or earth fill, it can usually be : e . : 1y
winter storms. The first significant episode occurred during the storm of February 5-8, ; ; . ; ; i Miller, D.J., 1991, Damage in King County from the Storm of January 9, 1990: Washington 1 e
. . . . recognized as such in the landslide scar. These include landslides at mile posts 16.9 and 9
1996 (Harp and others, 1996), which triggered several shallow slides and debris flows. 26.37 that covered the tracks. Dumping fil at the top edge of bluffs has also been Geology, v. 19, no. 11, p. 28-37. 90
However, the greatest concentratlion of landslides from thgt storlm was mainly to the south rec;ognized as a contributing <':ause of landslides on Capitol Hill in Olympia, Wash. (Gerstel Mullineaux, D.R., Waldron, H.H., and Rubin, Meyer, 1965, Stratigraphy and chronology of 8897 2
of the study area. The second episode occurred the following winter from December 31, and others, 1997) late interglacial and early Vashon glacial time in the Seattle area, Washington: U.S. <6
1996 to tJanuary 2, 1997 (Gerstel and others, 1997; Baum_and others,. 1998). Wind and ’ ’ Geological Survey Bulletin 1194-O, 10 p.
Wam&_ rain mﬁlte? 1:[2, ftof SQOW that had ﬁCﬁumtljlatgdrgunng ;hj %rgw;)us wte:]ek; thﬁ - Additional Information Needed to Quantify Landslide Hazards Smith, Mackey, 1975, Preliminary surficial geologic map of the Edmonds East and Area of detailed mapping by
:jg 'Q?er;?mga z;dngg:? aﬂgrg)e?xf, jveaessvﬂa?; j&riis ?t?e th?rd”; i;‘,@ ;%L;% ?u © This inventory provides a starting point for considering landslide hazards to private Edmonds West quadrangles, Snohomish and King Counties, Washington: Washington ST e 4561 AL -
y map gs- ’ 'ng . P g P tv. rail ti d oth tivities in th Additional st f ; Division of Geology and Earth Resources Geologic Map GM-14, scale 1:24,000. -
seated rotational landslide occurred at Woodway, Washington (fig. 3). The Woodway property, rail operations, and other activities in the map area. itional steps of mapping e - . _ 5
landslide derailed five cars of a freight train operated by the BNSF Railway. (Shannon and landslide susceptibility, estimating potential landslide runout (travel distance), determining —1976, Prgllmlnary surf|C|aI. geologic map of the ML_JI(_lIteo and Everett quadrangles, :
Wilson, Inc., 1997a"). The fourth episode occurred March 18-19, 1997, when a major frequency of landslide occurrence, and combining those factors into a probabilistic Snohomish County, Washington: Washington Division of Geology and Earth ¢
rainstorm triggered more shallow landslides. landslide hazards map are needed as input for a modern risk-based decision-making Resources Geologic Map GM-20, scale 1:24,000.
The inventory of recent landslides presented in this map constitutes a part of the process to evaluate potential landslide mitigation strategies for the area. Thorsen, G.W., 1989, Landslide provinces in Washington, in Galster, R.W., ed., Puget Sleﬂ’ld 80 ‘nﬂ <)
information needed to assess the potential for landslides in the coastal bluffs that might The relationship between locations of recent and historic landslides is relevant to Engineering geology in Washington: Washington Division of Geology and Earth 550,000m E i
the local geology, briefly review the findings of previous investigators, describe our locations. Skewing might result from factors such as incomplete or short records of Tubbs, D.W., 1974, Landslides in Seattle: Washington Division of Mines and Geology 76 e
methodology, describe the characteristics and causes of the landslides, and compare the landslides or peculiar characteristics of a given storm. Using a long enough period of Information Circular 52, 15 p., scale 1:31,680.
locations of recent (1995-96 and 1996-97) landslides with locations of previous (1933- record to represent multiple triggering events should subdue effects of varying rainfall, Varnes, D.J., 1978, Slope movement types and processes, in Schuster, R.L., and =
1960) landslides documented by Shannon and Wilson, Inc. (19602). The map shows the wind direction, and other characteristics of single storms that might tend to skew the Krizek, R.J., eds., Landslides analysis and control—Transportation Research Figure 2 75
distribution of the recent landslides along the bluffs next to Puget Sound in the entire map landslide distribution. Combining field reconnaissance with mapping from aerial Board Special Report 176: Washington, D.C., National Research Council, ;1
area and of the previous landslides in the southern part of the map area. We mapped photographs that have been taken after a landslide event helps to produce more complete p. 11-33. 73
outlines of recent landslides from aerial photographs taken in 1997 and supplemented our records of the landslides. Recent landslides shown on the map resulted from three ”
mapping with field mapping by Shannon and Wilson, Inc., (1997b3) in three selected areas different storms and the areas where historic (1933-60) landslides occurred resulted from 122 20 b
indicated on the map. We conclude by discussing landslide susceptibility and frequency in many storms. Remaining factors that could influence the distribution of landslides should "Letter report to the Burlington Northern Santa Fe Railroad regarding Woodway landslide, MP / i
the area, and what additional information is needed to quantify landslide hazard so that be rglated to thg topography (slope, slope aspect, and relief) or geology (structure, 15.8 and 15.9 North, Scenic Subdivision, Seattle, Washington, unpublished, May 22, 1997. 47 55' | 72 J [ 47 55
appropriate actions can be taken to reduce landslide losses in this area. physical properties, and hydrology). 2Report of landslide investigation, Great Northern Railway, Ballard to Everett, Seattle, T Ay %
Sound Transit (The Central Puget Sound Regional Transit Authority) has proposed to The ]ocatlon_s of recent landslides mapped in this §tudy coincide closely with locations Washington, unpublished, September 30, 1960. 70 v
add the operation of commuter trains in the BNSF rail corridor to the existing traffic, so of historic landslides documented by Shannon and Wilson, Inc. (1960). The recent 3Draft Report, Evaluation of three landslide areas between Seattle and Everett, Scenic >
exposure of rail traffic to landslides is likely to increase in the future even if the average 'andS“\?\?S_O;’C“f”ed 't’; or afija%entttf ”i"f‘”y evfery areta O]:jkt?'o‘th' hIIStocrilcl'lc?ndtsrLIdtetsh(see Subdivision, Pacific Division, April 1997.
i i i i i map). We infer from the coincident locations of recent and historic landslides that the . .
{rrr?g;;ntzytﬁg?;iﬁgs ?ss iﬁ;noa:ltgsntc g:%zg.rrﬁis:iizstlﬂg ts:\?eFt); t;n;fclzr:o;r:itrl;rt?ol:gd8|Ide distF:i)bution of bluff instability has not changed significantly since 1933 and that future “Landslide Table" pages 1-12, unpublished, June 1997. 69
Continuing population arowth in the Seattle area will likely result in increased landslides are likely to occur in the same general areas as past landslides. Field 63
. . 9 pop 9 y . observations indicate that it is particularly common for shallow landslides to occur in the 67 &
residential development on and near the bluffs between Seattle and Everett. Information same places on the steep slopes where colluvium and landslide material accumulates 66 ’A
contained in this map may help potential developers, homeowners, and officials of local ) . 65 f64 2
overnments to identify areas of high landslide incidence so that thev can take downslope from large landslides. Many examples of this occur near Carkeek Park (see 63 ®
g rooriate actions to ¥ninimize Ian%slide losses in these areas Y map). Repeated occurrence of shallow earth slides and debris flows is less likely from the 62
pprop ’ same spot in other geologic settings along the alignment. For example, after a landslide 61
Background occurs in the colluvium and residuum that forms on thick sequences of outwash between
Surficial geolo Edmonds and Meadowdale (near 5,298,000 m N.) it takes several years for loose material 60
9 o 9y _ _ _ _ _ to accumulate to sufficient thickness to spawn another slide. In these areas, shallow slides Fi 2. Landslid th of Mukilt Snoh ish C tv. Wash. Th lid v d dthe | behind t h
The surficial geology of the study area consists mainly of Pleistocene glacial, alluvial, or debris flows will occur in adjacent areas before repeating in the source area of a past igure £. Lanasiides south or Mukifieo, snonomish Lounty, vvash. These slides severely damaged he lawns behind two homes,
and marine sediments; little or no bedrock is exposed in the map area. Major Quaternary slide. stripped vegetation from the steep slopes above the railroad, and deposited material on the tracks. Movement near the top of the
stratigraphic units in the map area include nonglacial sand, silt, and clay of the Whidbey Correlation noted earlier between locations of mapped landslide deposits (Smith, 59 slope is predominantly translational and the extension fractures in the lawn are consistent with retrogressive failure from the edge
Eormathn agd_fstequgrj[ﬁesvof ﬁlamgl ,?te‘z_?s'tsd |ﬂclu<;|ngt]hthe E%th_fl\?hrlf_f Dritt, thed " 1975, 1976) and locations of recent landslides similarly suggests that areas of past of the steep slope.
1822?23'931 1r|97,5an1 97: 'I?hs %n rll ( rzn ef tahn \7 Ers, Drift > M llr;eaux ar; do eri, landsliding are prone to repeated landsliding. Roughly two-thirds of the recent landslides
fd Sl | - | ’ tri ) | © a:jsa_ltmerﬂ 322 Le tas 8? :\I/I 'SS wi Ntlasl;la_rea epc;& occurred within the bounds of mapped landslide deposits. The remaining one-third of the 5.305.000 m N
oth ensigém?rﬁcu; rine clay gn dSIM cabe fih a\vy O?] "’B' .ftem T,r ( trl: "EeaL:X a2:| recent landslides occurred in several steeply sloping areas where Smith (1975, 1976) had ’ ’ m 5,305,000 m N
;\)/I erts), F )-The sperance f;n ; etmtr?r 0 e‘t as t%n Ln tover Iedsth ean on Liay mapped other deposits. Shallow landslides may have occurred previously in these areas
ember. For convenience we will refer 1o tnese units as the L-awlon and the Esperance. but left little evidence behind. Vegetation commonly obscures the scars and deposits of
The contact between the Lawton aqd thg Espera.nc'e IS .tranSItlc.)r_laI over ;evgrgl tens of shallow landslides within a few years of their occurrence. Consequently a map showing
feet, where layers of sand and clay interfinger; within this transition zone individual strata areas of previous landslide activity may be a better indicator of bluff stability than a map
are laterally discontinuous. Tubbs (1974) identified this transition zone as the source area showing landslide deposits
of many landslides in Seattle. The Esperance becomes pebbly near the top and grades ]
into the coarser, more poorly sorted Vashon advance outwash. Till of the Vashon Drift, A comprehensive landslide susceptibility map of the area would show all the potential
which is generally compact and hard, overlies the Vashon advance outwash or the source areas of landslides. Potential source areas have similar geologic, hydrologic, and
Esperance. Recessional outwash locally overlies the till. In the northern part of the map topographic characteristics to the source areas of recent landslides (described above).
Possession Drift or the medium-bedded alluvial deposits of the Whidbey Formation. The stability models that account for these characteristics, by field mapping, or a combination
Whidbey Formation rests unconformably on the Double Bluff Drift, which consists of of both. Areas where landslide remedial measures are in place and functioning according
cemented gravel, pebbly glaciolacustrine silt, and massive silt. to design could be accounted for in ranking the susceptibility.
Several large post-glacial landslide deposits occur along the bluffs (Smith, 1975, Frequency of landslide occurrence along these coastal bluffs is significant to
1976). These include deposits from deep rotational and translational landslides that range determining appropriate mitigation for landslide events of different magnitudes. Broad -
in age from late Pleistocene to Holocene. Smith (1975) attributed some of these slides to estimates of frequency can be derlveq from avallgble historic data.Yea.r of occurrence is
lowering of water levels during ablation of the Vashon ice sheet. Some are active or show :;nnoc\i’;rl}cjgro?:?:zlrj:e%ngj;if:ic;0122)? tlzngSg(:/isa:Issz‘drg;;?gla ;333”(11 ;éé?i;l:t\;ﬁ;iﬁ?g:; o
evidence of recent movement; others show no evidence of recent movement. -
the areas of historic landsliding shown on the map. These sparse data indicate that
Methods and what is shown on the map isolated landslides occurred, on average, at least once every 2 years. This estimate is an
. . . . upper bound; actual average time between single occurrences is probably less than 1
: The map shows three kinds of data: (1) o_utllnes 9f landslides that 'resulted from the year, considering that dates are known for only one-fifth of the landslides. A minimum of MP 23.35
winter storms of 1995-96 and 1996-97, (2) point locations where landslides affected the three slides occurred in at least 4 of the 28 years of record, in 1933, 1949, 1951, and 1960
:)I:thc;]a;rl]n ;??gf—?ﬁea:]c; 12?2;196\,, ear;g n(?)ﬂzgeilﬁeolg:ldséﬁgg Eﬁczgtgfozrf;d:gpngb;:;Egn o (table 1). Assuming that slides in a given year occurred in response to the main storms of N Table 1. Areas of historic landsliding along coastal bluffs (1933-1960) from Ballard
USGS da?a and BNSF (?ata or.l file at thz office of its consultant Sr):annon and Wilson. Inc that year, events having three or more landslides occurred, on average, at least once to the Highlands, Seattle, Washington
The railroad data are included by permission of BNSF. Most of t’he original data were i’n ’ every 9 years. The occurrence of six major storms that triggered multiple landslides in the [Summarized from plates 3-8 of Shannon and Wilson, Inc. (1960). Area number keyed to map. The
. . o . 26-year period 1972-1997 are consistent with a shorter interval for multi-landslide events approximate mile post location is given in the second column to aid in locating individual areas.]
e o e ) eponrnt oot once evry 5yt These sormscscued e ety and ear it 7 5220 475230
’ ) P . ] port. 1972 (Tubbs, 1974), January 1986 (Laprade, 1986), January 1990 (Miller, 1991), February Area Mile post Number Description
We mapped the outlines of landslide scars and deposits on 1:24,000-scale USGS 1996 (Gerstel, 1996; Harp and others, 1996), December 1996 (Gerstel, 1996; Baum and number of
topographic maps primarily by interpretation of 1:12,000-scale color aerial photography others, 1998), and March 1997 (Baum and others, 1998). More detailed data on landslide Puget Sound landslides
acquired by the USGS through a private contractor on May 7, 1997. We performed ground occurrences could be analyzed to determine accurate return periods and to assess the ] - ] Lo, EeE)
reconnaissance of several areas between Seattle and Mukilteo in the winter and spring of feasibility of forecasting times of increased likelihood for multiple and single landslide i/ : =INie SNl
1997 to observe locations and characteristics of reported landslides (Baum and others, events. 2 7.4 2 Two landslides, 1950, 1956
1998). Harp, assisted by W.Z. Savage, performed aerial reconnaissance of landslides 3 7.5 5 Five landslides, 1949-1960
along the bluffs in April 1997. We checked this inventory against 1:6,000-scale color aerial Summary ey
hotography acquired earlier in 1997 for use by Shannon and Wilson, Inc. under contract 51 4 7.5 1 Landslide, about 1960
:)o BNSF. This check resulted in several additions or modifications to t’he inventory Landsliding on the bluffs between Seattle and Everett, Wash., poses a significant but 5 7.55 1 Landslide, active in 1936
mapping in a few places. The 1:6,000-scale photographs had a low sun angle, which intermittent hazard to private property and rail operations in the area. Recent landslides 6 7.74 1 Landslide, 1937
made many of the landslide scars; and deposits more difficult to see than on tt,1e 1:12.000- damaged several residences on the bluffs. Landslides blocked one or both tracks in about
. ; 1 o 100 places and came close to the tracks in about 30 more locations during 1996 and 30 i
scale photogrgphs_‘., .however, the larger scale enabled us to see a few details Iocal_ly that i 8 ) : ) 4 7 7.8 2 Lapdslldes, 194}9, 1955
were not readily visible on the 1:12,000-scale photographs. We also added landslides that 1997. Although most landslides that temporarily blocked the tracks did not collide with 8 8.9-9.2 13 Thirteen landslides recorded through 1960
Shannon and Wilson, Inc. (1997b) had mapped in the field under contract to BNSF for trains, one large slide derailed part of a train and caused significant damage. Frequent 9 9.4-9.5 3 Three small landslides, 1940, 1957, 1960
detailed studies of th’ree areas where landsliding was particularly severe in 1996 and 1997 commuter train traffic to _be developed irj the BNS_F right of way under a Iig.ht-rail plan &
(see map) adopted by Sound Transit (Sound Transit Resolution No. R2000-10) could increase 47 10 96 4 Four landslides, 1951, 1954, 1957, 1958
o ) ) ) . ) exposure of passengers to landslides. These small, relatively light commuter trains might 11 9.7 4 Series of landslides in 1941 and two landslides in 1951
~ Point locations, referenced by railroad milepost, show approximately where landslides be easily derailed or damaged by impact of small- to medium-sized landslides. Additional 6 I - 12 9.8 1 Landslide, 1933
impacted or came near the railroad. These poTt locations were derived from a table data that would enable the operators of the commuter rail system to anticipate the onset of §
prepared by Shannon and Wilson, Inc. (1997¢) on the basis of their field investigations. landslide activity might help them to avoid landslide-related accidents. Careful analysis of i 13 10.4-10.6 50 Approximately 50 landslides recorded 1933-1960
Generally, this table included only landslides that were close to the railroad or threatened landslide probability and processes along the bluffs could aid in evaluating the need for 14 10.45 1 Minor slumping or spalling near top of bluff
it. A table of landslide data referenced to these locations appears in Appendix A. This table other remedial measures 15 10'7 1 Minor slumping o spalling near top of bluff
contains landslide classification, dimensions, slope angle, geologic materials, seepage, ) = ’ ping P 9 P
and related information compiled by Shannon and Wilson, Inc. from their field . . . . .
investigations. We have reinterpreted the landslide classifications to make them consistent 5300.000 m N ) 5300.000 m N e 11053 g Fglrfelzr:ﬁ:ydﬁz‘t; 9;9}:3960’ EEENED @ Gl Bt es
with the nomenclature of Varnes (1978). These include earth slides, debris flows, rapid ’ ’ m MP 21.28 ’ ’ m 17 11 o8 Fresh IandsFI)ide sgar?/isi-ble on 1960 oblique aerial
earth flows, and rotational earth slides (slumps) or combinations thereof. Our . Meadowdale otoaranh. aporoximataly 30 landslides recorded
reinterpretation is based on Shannon and Wilson's descriptions of individual landslides Eetwegen ‘r)ni,le pgst 11.0 ar):d 11.2 from 1933 throuah 1960
and our field reconnaissance of the area. We could determine the map locations of a few 4544 S 18 11.05 1 Minor slumpin por S aliin near io of bluff 9 ’
railroad mileposts from the railroad's track chart; milepost locations between the known ’ ping pafiing P
locations were interpolated linearly along the track. Consequently, some of the point . - . .
locations do not correspond exactly with the locations of mapped landslides. In most 05 e Tl L Frisc:olar:stl:de Sl viglel em 1HE0 elblene ERre]
instances we do not know which mapped locations correspond to the point locations. 20 111 1 Ff’)esh Ign dZIi;:ie scar visible on 1960 oblique aerial
Shannon and Wilson, Inc. (1960) previously documented historic landslide areas ' photograph.
(areas known to have produced landslides in the past) for the Great Northern Railway. We 21 11.1 1 Landslide active in 1960
have plotted these areas from about milepost 7.2 to about milepost 12, the only area for
whigh location data were readily availa}ble. These areas were qriginally drawn. on oblique o 22 11.25-11.4 20 Approximately 20 landslides recorded through 1960,
aerial photographs of the bluffs so their representation on the inventory map is fresh landslide scars visible on 1960 oblique aerial
approximate. The 24 areas of historic landsliding shown on the map account for photograph.
approximately 159 individual landslides that occurred between 1933 and 1960 (table 1). 23 11.55 11 Eleven landslides recorded 1955, 1956
Few data on th(_a classififzation or dimens_,ion_s of these historic landslides are avai_lable, but 24 11.75 1 Landslide December 1959-January 1960 covered tracks
s.tUQy of the oblique aerial photographs indicates that at least some of the landslides were and deposited material on the beach. Slide was
similar to recent ones. 350-400 ft wide.
159 Total
Previous work regarding landslide triggers
Landslide occurrence in the area has been linked to precipitation, snowmelt, and / 48' !
groundwater seepage. Several landslides occur almost every year during the wet season, o /
which usually lasts from October through April (Thorsen, 1989). Winter storms have 122 22' 30 39 / 550,000 m E
triggered significant numbers of landslides in 1934, 1972, 1986, 1990, 1996, and 1997 47 50' 122 20
(Tubbs, 1974; Laprade, 1986; Miller, 1991; Gerstel, 1996; Harp and others, 1996; Baum 38 47 50'
and others, 1998). Tubbs (1974) identified numerous seeps and landslide source areas in %7
the transitional contact between the Lawton and the Esperance and concluded that 36
groundwater seepage there contributed to landslide occurrence. Tubbs also recognized
several human activities, including drainage diversion and hillslope grading, that
contributed to the 1972 landslides. Thorsen (1989) attributed most landslides in the
Seattle area to excess ground water, whereas Gerstel (1996) concluded that both
seepage of perched ground water and infiltration of surface water contributes to instability Figure 3. The January 15, 1997, Woodway landslide, Shohomish County, Wash. This complex
of thin colluvium and fill overlying glacial materials. L ’ ’ . ) ’ . " . .
99 landslide began as a deep-seated, rotational slide. Much of the slide mobilized into a debris flow that
Landslide Characteristics derailed several cars of a passing freight train. Shallow earth slides and debris flows also occurred on
Shallow earth slides and debris flows were the most common types of landslides that the slope directly south (to the right) of the rotational slide. YT
occurred along the bluffs, but a few other types also occurred. Field observations by i . . . e . . .
Shannon and Wilson, Inc. (1997b) and the USGS and study of aerial photographs indicate Tabulation of data on recent landslides that affected the Burlington Northern Santa Fe Railway (modified from Shannon and Wilson Inc., 1997c). Approximate locations are keyed by number to the map.
that many of the slides were shallow features that removed vegetation and colluvium from
the slope. In particular, shallow earth slides or earth-slide and debris-flow combinations Number Mile post Mile post Type Width Height of  Avg. Slope Area Covered Soil type(s) Seepage Description
occurred at 89 of the 121 sites where landslides affected the railroad in 1995-96 and / (as plotted) and direction* (ft) slide (ft) (degrees) (sq. ft) tracks** (gpm=gallons
1996-97 (for example, see fig. 1). Another 21 were classified as debris flows or rapid earth / per minute)
flows. A few rotational earth slides occurred, including the deep-seated Woodway i . . . I .
landslide, which was a combination rotational slide and debris flow (fig. 3). Several of the 1 7.40 7.40 Debris flow 40 200 35-90 8,000 M1/M2 Gravelly, clayey, silty sand over clay/silt  Yes (30-50 gpm) Sl;g\i:rta;gigo?‘tct)?ilgf:t of the slope (colluvium in old slide bowl) and flowed over
Shallow_ Iandsll_des formed by slumping at the toes of pre-existing deep rotational or 2 8.20 8.20 Embankment failure 20 20 40 400 No No Shallow embankment failure. Existing crack is located about 12 ft from end of tie on
translational slides. 545,000 m E Main 1.
Landslides ranged in size from a few cubic yards to about 100,000 yd3 and they 3 8.40 8.40 Shallow earth slide (2) 15 20 40-50 300 No Slide debris sand/clay/silt No Two small shallow earth slides.
covered the tracks in about 100 places. Appendix A summarizes the surface dimensions 7.67 4 8.60 8.60 Slump 50 100 20-35 ~  meemeemeem e Slide debris sand/clay/silt W:J?r;gg gf{gvl\;::w% Slump toeing out in ditchline. Complex slide as much as 400 ft long with track.
of Iandslllde-s that affected the railroad. Length and YV'dth vary significantly, but the long Edm Onds 5 8.3 8.2-8.6 Slump 1000 200 No Sand over silt/clay Yes , Existing landslide. This slide generally moves several months after heavy rainfall.
dimension is generally downslope. Observed or estimated thickness of the shallow earth 6 9.75 9.75 Slump/shallow earth slide 80 80 50-60 6,400 M1/M2  Sand over clay/silt Yes Shallow earth slide February 1996.
slides in colluvium on steep slopes ranges from 2 to 10 ft and probably averages about 5 7 9.94 0.94 Debris flow 100 100 30-45 10,000 M1/M2 Sand Yes (50 gpm)
ft. Some slides originated in colluvium on mid-slope benches; colluvium ranged in / 8 9.98 9.98 Shallow earth slide/debris flow 30 45 45 1,350 No Sand No
thickness from 5 to 10 ft at the downbhill edges of the benches. Large translational slides 5.295.000 m N 5295000 m N 9 10.30 10.30 Slump/shallow earth slide 200 150 35-90 30,000 M1/M2 Till and sand Yes LaLge I:IJIocks of advance outwash sand, till, and trees slumping to the railroad over
ranged in thickness from 10 to 30 ft or more, and the large rotational slide at Woodway ’ ’ ’ ’ ] the clay. -
Wgs 50 ft thick (perpendicular to the bluff face) at the source and left deposits 10-40 ft 10 10.40 10.4-10.62 Slump/shallow earth slide 1200 150 60 180,000 M1/M2 Sand over clay Yes Cl('))lI!]LtlglliJr:T; z::iﬁ::(;agﬁzlI(())vaséa;srrhssli?c;r;g/g\é%rritshﬁoligmé%:ﬁIii/] mtzn;:):gpb;r;cg;:nd
thick. adjacent to the railroad.
The few available observations of the speed or duration of these landslides coupled 11 10.50 10.50 Debris flow
with local experience indicate that most landslides were rapid and lasted less than a 12 10.63 10.63-10.72  Slump/shallow earth slide 500 ™ e 37,500 M1/M2 Sand over clay Yes CoIIL:vi;Jr:n an_? adc;/ance outwash sliding over the Lawton Clay Member bench and
: : . onto tne rallroadq.
minute. Some landslides consisted of severalll separgte pulses that occurrec;i several h.o urs 13 10.75 10.75 Slump/shallow earth slide 180 75 60 13,500 M1/M2 Sand over clay Yes (~40 gpm) Historic slump and earth flow area. Recent activity consists of shallow earth slides
apart, but each pulse lasted a less than a minute. Circumstances surrounding the main originating from the steep slopes adjacent to the railroad.
pulse of. the Woodway landslide are COI:\SiStent with dura_ltion Qf less than.20-30 seconds. 14 10.80 10.80 Shallow earth slide/debris flow (2) 15 50 60 750 M2 Sand Wet Two debris flows that started as shallow slides.
The main pulse of the Woodway landslide struck the train as it was passing and pushed 15 10.82 10.82 Shallow earth slide/debris flow (5) 10 50 60 500 M2 Sand/clay Wet Five debris flows that stated as shallow slides, spread over a length of 170 ft.
several cars into Puget Sound. Three engines and one other car had pushed through thin 16 10.90 10.90 Slump/shallow earth slide 130 60 45 7,800 No Fine sand Yes (5-40 gpm) Three small debris rows. on south flank of 440-ft-wide older slump. Seepage along
debris on the track before the slide struck. A secondary pulse that occurred several hours bo:fh flanks. Shallow slides along head scarp. Bench area wet, water at ground
later lasted about 15-20 seconds according to eyewitnesses (Shannon and Wilson, Inc., surface.
. L . 17 11.05 11.05 Shallow earth slide 200 40 60 8,000 M2 Sand/ clay No Shallow (less than 12 in. thick) earth slide exposing clay/ silt.
1997?)' Accounts of other recent landslides aro‘ﬂ”d Puget Sound SIn'.NIarIy indicate 18 11.15 11.15 Shallow earth slide 20 100 60 2,000 No Sand/clay No Shallow earth slide that did not reach track.
dura.tlon of a few SeC.C)ndslor tens of S?CO.ndS (Bjorhus and Tu, 1997); however a few'large, 19 11.25 11.25-11.35  Slump/shallow earth slide 600 200 60-70 120,000  M1/M2  Till over clay Yes Weathered till or advance outwash sand slumping over the clay bluff above the
persistent, slow-moving slides also exist in the area (for example, large slow translational 122 22' 30" railroad. Soil streaks down face of clay bluff show how the material failed over the
landslides occur on a mid-bluff bench north of Carkeek Park). Shallow earth slides and top of the clay and accumulated on the colluvium bench above the railroad.
debris flows that covered the tracks originated at the toes of some of these slow-moving 20 11.37 11.37 Slump 50 100 30-40 5,000 '\/}2 gravelly SandY/S”t/S”ty sand Yes (50 gpm)
slides (fig. 1). 21 11.60 11.60 hallow earth slide 100 80 30-60 8,000 M1/M2 and over clay/silt No
(fig- 1) 22 11.75 11.75 Slump/shallow earth slide 200 80 50 16,000 M1/M2 Sand over clay/silt Yes Small slumps and shallow earth slides from face of steep bluff above railroad.
. . Slumps originated along seepage at clay and sand contact. Current failure is on
Factors that Contributed to Landslide Occurrence 47 47' 30" 47 47' 30" southern flank of a larger, 200-ft-wide slide. Head scarp is about 200 ft from the
Field observations point to some natural geologic and hydrologic factors as well as ' railroad.
human-influenced factors that contributed to landsliding in 1996-1997. The immediate 23 11.80 11.80 Shallow earth slide 50 80 60-70 4,000 M1/M2 Gravelly sand/clay Wet
cause of recent landslides was the action of excess water due to heavy precipitation in the Noodway gg H-gg H-gg gﬁsﬁfvyzgrm ide ég gg ‘7‘8 38280 l\'\/llcz) - IES (50 gpm)
,area' The occurren'ce of Iandsh@es dur.lng 0!’ lmmedlate!y after preCIpltatllon _event§ .makes 26 12.05 12.05 Slump 120 150 60 18,000 No Sand Yes Slump. Did not reach track. Seepage at clay silt/sand contact.
it clear that the action of water is the triggering mechanism. The underlying instability of 27 12.19 12.2 (W) Debris flow 200 P210]0 JE— 40,000 M2 Sand and gravel No Debris flow from adjacent property blocked railroad culvert with debris and
Puget Sound coastal bluffs results from their steep slopes in combination with the overtopped track.
stratigraphy, structure, shear strength, and hydraulic properties of the geologic materials 28 12.21 12.2 (E) Debris flow 100 200 @ e 20,000 M1/M2 Sand and gravel No Debris flow from adjacent property blocked railroad culvert with debris and
that make up the bluffs. Wave erosion probably helped maintain the steepness of the bluffs , , DIEMEEER (RS, . . .
until the BNSF railway right-of-way was developed in the late 1800's with a seawall and 29 12.50 12.50 Debris flow 300 150 M1/M2  Sand, clay, and silt Yes Laargg ?ggrf'tsr::g‘r’“’)t;i‘;?f;gffg:ﬁ?ﬂﬁ; Si';nl?)lclzeart :g%'go}’;’;atﬁz zlcﬁ)h(so ft wide
revetments 10 help pereCt the toe of the slope. Effects _Of geological matenals’, seepage 30 13.50 13.50 Shallow earth slide 20 15 30-70 300 No Gravelly sand No Small shallow earth slide that involved colluvium over till. Numerous flexible drainage
and runoff concentration, coastal erosion, and human-induced changes are discussed pipes are present on the bluff. They discharge into the colluvium in the lower part
below. of the slope.
) p
Certain geologic units appear to be more susceptible to landsliding than others, and 31 13-65 13-65 gﬁblrl's flow - ?0 - 30-70 T mz grave::y sand N
different units are more susceptible in the northern and southern parts of the study area. gg 12;8 12;8 Shzllgx :gﬁh 3:32 28 12 gg 388 Ng s;?]\ée el Ng Blocked ditch
This is due in part to the distribution of geologic units between Seattle and Everett. In the NOHOMISH COUNTY 34 15.90 15.8-15.9  Slump 600 21570 J— 150,000 M1/M2  Sand/clay Yes Large rotational slide, known as the Woodway landslide.
southern part of the map area, landslides formed in colluvium and residuum derived from -——— = - === - - —= A=) Y7 e—=30e—\ - o 35 16.90 16.90 Shallow earth slide 75 75 45 5,625 Single Sand and yard waste No Shallow earth slide caused by weight of saturated yard waste and discharge from
the Vashon Drift. Lower stratigraphic units such as the Whidbey Formation are largely KING COUNTY 122 22' 30 flexible drainage pipe.
unexposed in the bluffs south of the Snohomish County line (see map), so they are not a 36 19.25 19.25 Shallow earth slide 60 60 50 3,600 M1/M2 Sand and gravel Yes (1-2 gpm)
factor in landslides there. Sand, derived from the Vashon advance outwash and the 33 g; 1328 }gzg gna::ow ear:E S:!ge 14000 16000 gg 126400000 Mq\/}fll ) ga”g a”g grave: ;T'Sht
; ; ; ; ! . allow earth slide , and and grave ig
Eﬁperange, Iz the mlozt qomdrr;on C(t)rl;np\?ne;t Othh.; IandSIIFie lmatterlal. Blocks tOf tI:Land 39 19.50 19.50 Shallow earth slide 150 200 50 30,000 M1/M2 Sand and gravel Slight Shallow slide, several undercut areas have potential to slide eventually.
silty sa}n and grave e.rlve rom the ?S on Dritt or qulva ent were present in the . 40 19.65 19.65 Shallow earth slide 75 90 50-70 6,750 M1/M2 Sand, some gravel No Slide originated in upper 40 ft of 100-ft-high slope.
deposits of a few landslides. Clay and silt from the transition beds were also present in 41 19.70 19.70 Shallow earth slide 200 90 45-70 18,000 M1/M2  Sand, some gravel No Several interconnected shallow earth slides originated from the upper 40 ft of the
deposits of about a quarter of the landslides. Many shallow earth slides and debris flows bluff.
occurred in sandy colluvium that mantled steep slopes of Lawton. Shallow slides also 42 20.50 20.50 Shallow earth slide 10 10 50 100 No Gravelly silty sand No Slide occurred on lower part of hydroseeded old slide.
formed in colluvium at the downhill edges of benches and slid down the steep slopes MP 14.50 43 20.90 20.90 Shallow earth slide 50 30 35-50 1,500 M2 Medium-coarse sand, till on top Yes Shaltlowdslitc)ie expc)josed Otld Ic.iéai?agte p;)p? bLtj'ri(IE? in yard V\{%S'te and colluvium. Scarp
below. The Woodway landslide was unusual, in that the entire thickness of the Lawton and _ extends beyond recent slide limits. Potential for more sliding. _
overlying materials failed as a deep rotational slide (Laprade and others, 1998; Arndt, 44 21.09 21.09 Shallow earth slide 10 20 40 200 No Sand No Sg&i‘lir:)a!:og\; (:arth slide (15 ft high x 10 ft wide) about 80 ft south of larger slide at
1999). Landslides that involve failure of the Lawton (or equivalent) are uncommon 45 21.10 21.10 Shallow earth slide 20 35 45 700 M2 Sand No Slide occurred in upper 20 ft of 35-ft-high slope. Broken drainage pipe at top of
throughout the map area (W.T. Laprade, oral commun., 1997). 2 slope. Scarp is present at midslope above colluvium.
In the northern part of the map area, landslides formed in colluvium derived from the N 1(;‘ g] gg 21 gg gﬂa::ow earm s:?ge gg gg gg 2(1)88 m;mg Sra\éelly sznd " zes Runoff drained onto slope from new development upslope of bluff.
. . . . . . a 5 allow eartn slide 5 ana, sanay si es
Vashqn Drift and the Whidbey Formation. Shal-low earth slld-es and dgbrls flows formed in 48 22.00 22.00 Slope erosion 100 40 30-65 4,000 M2 Gravelly sand Yes Three washouts occurred in the lower 30 ft of 70-ft slope. Erosion occurred where
colluvium that mantled steep slopes of the Whidbey Formation. Relatively deep the slope flattened out in the colluvium.
translational and rotational earth slides also formed in colluvium and Vashon Drift at the 5,290,000 m N MP 13.86 N 5,290,000 m N 49 22.10 22.10 Shallow earth slide/erosion 200 90 30-50 18,000 Mi/M2  Sand Yes Three shallow earth slides to the south, slope erosion at two spots to the north.
tops of the bluffs. Material calving off the toes of these deep slides will continue to create : 50 22.15 22.15 Shallow earth slide 25 70 35-70 1,750 No Sand No Shallow earth slide with erosion channels through the center of scar.
shallow slides and debris flows on the steep slopes below. Comparison of the mapped 32 51 22.40 22.40 Shallow earth slide 40 100 45-50 4,000 M2 Sand No Shallow earth slide occurred about midslope on a 120-ft-high bluff. Most slide debris
landslide locations with published geologic maps (Smith, 1975, 1976) indicates that recent 31 N o 410 2410 Banid earth 50 V2 Sang R Es_t‘;Ppeld a(‘j bl_ed”":‘ abo“tt‘tf’ ft ?bo‘ga track.
: . : . : . : o 5 apia ear ow o= an es H gpm Xisting lanasliae toe next 1o railroad.
Iandsllldes also occurred in old Iands!lde depOSItS. anq landslides that were active in the 53 24.15 24.15 Debris flow 50 200 20 - M1/M2 Sand, silt No Shallow slide that started at top of slope. Material flowed over ground surface at toe
1970's. Recent (1996 or later) landslides formed in nine of the ten old (probably late 30 and buried both mains.
é 54 24.30 24.30 Slump 40 50 45 2,000 M1/M2 Sand, silt, clay Yes
55 24.33 24.33 Shallow earth slide 15 50 60 750 M2 Sand, silt, clay Yes Shallow earth slide. Common origin point at crest, but two flow paths to toe of slope.
Y 56 24.50 24.50 Shallow earth slide 30 75 60 2,250 M1/M2 Sand, silt, clay Yes (100 gpm) Old slide area.
545,000 m E 57 24.55 24.55 Shallow earth slide 30 60 60 1,800 No Sand, silt, clay Wet Shallow slide.
58 24.60 24.60 Shallow earth slide 30 60 40-60 1,800 M1/M2 Sand, silt, clay Yes Shallow slide.
e 59 24.85 24.85 Shallow earth slide 15 100 50 1,500 M2 Sand No Slide was 15 ft wide on Main 2 but about 50 ft wide on the slope.
60 25.10 25.10 Shallow earth slide 30 100 50 3,000 M2 Yes (1-2 gpm)
61 25.20 25.20 Shallow earth slide 20 100 50 2,000 M2 No
62 25.30 25.30 Slump/shallow earth slide 90 150 - 13,500 M2 Yes Slide bowl located near the crest of the slope and partially undermines two
properties. It appears that the slide occurred in the soils above the mid-slope
bench. Debris flowed to railroad.
. 47 45 63 25.37 25.37 Debris flow 20 75 50-60 1,500 M2 Gravelly silty sand w/cobbles (till) No Slide orginated at the top of the slope and slid over lower slope. Failure occured
47 45 along the drainage pipe alignment.
64 25.39 25.4 (W) Debris flow 15 50 50 750 M2 Gravelly silty sand w/cobbles (till) Yes (10 gpm) Weathered sandy till flowing over ground above contact with clayey till. Seepage at
> sandy till/clayey till contact. Slump block above clayey till.
65 25.41 25.4 (E) Debris flow 15 50 50 750 M2 Gravelly silty sand w/cobbles (till) Yes Sandy till flowing over ground above contact with clayey till. Perched slump block
positioned between two slides that will eventually fail to railroad.
- 66 25.42 25.42 Shallow earth slide 20 75 >60 1,500 M2 Silt to silty fine sand w/gravel No Shallow slide.
67 25.47 25.47 Shallow earth slide 30 75 >60 2,250 No Gravelly silty sand overclay ~  —eemmeemmeeemeeeeeee- Colluvium slide over clay bluff.
68 25.54 25.55 (W) Shallow earth slide 50 100 >60 5,000 M2 Clayey silt Wet Old slide area.
29 69 25.56 25.55 (E) Shallow earth slide 20 75 >60 1,500 M2 Fine sandy silt Wet Lower 2/3 of slope is a shallow slide. Bench located above 2/3 point of slope.
0 The Highlands 70 25.80 25.80 Shallow earth slide 40 75 >60 3,000 M2 Silty gravelly sand No Shallow slide flowed over lower part of slope. Yard waste and gardening equipment
in slide.
71 25.90 25.90 Shallow earth slide 330 100 >60 33,000 M1/M2 Gravelly clayey silt/silty clay Yes (1-10 gpm) Shallow earth slide. Small bench at top of slope. Sand, cobbles, boulders exposed in
slope.
72 25.95 25.95 Shallow earth slide 70 100 60 7,000 M1/M2 Clay and silt No Shallow earth slide occurred in the upper portion of the slope and the debris slid
28 | over lower slope.
27 73 26.24 26.24 Shallow earth slide 30 75 60 2,250 M2 Gravelly clay (till) Wet
74 26.27 26.27 Rapid earth flow 250 75 50 18,750 No Gravelly silty sand over gravelly clay (till) Yes Fill failed at the top of slope and flowed over in-place clay down to retaining wall.
26 Several small slides.
MP12 (approximate 75 26.37 26.37 Rapid earth flow 150 100 60-90 15,000 M1/M2 Gravelly, silty sand over sand Yes (10 - 20 gpm) Failed in fill or outwash sand at top of slope. Flowed over lower slope to railroad.
Several seeps from top of slope, 10-20 gpm.
A f detailed ina b 76 26.59 26.59 Shallow earth slide/debris flow 20 30 40 600 M1/M2 Gravelly sandy silt w/cobbles Wet Small shallow earth slide/debris flow in old slide area.
D mapplng y 77 26.67 26.68 (S) Debris flow/shallow earth slide 10 75 50-60 750 M2 Clayey silt, trace sand and gravel Wet At toe of large historic slide.
Shannon and Wilson, Inc. 78 26.69 26.68 (N) Shallow earth slide 20 75 50-60 1,500 M2 Clayey silt, trace sand and gravel Wet At toe of large historic slide.
79 26.75 26.75 Shallow earth slide 500 150 60-90 75,000 M1/M2 Gravelly sand Yes (~20 gpm) 20 gpm seepage on north end, historic landslide.
80 26.83 26.83 Shallow earth slide 350 100 >60 35,000 M1/M2 Gravelly sand
e~ 81 26.91 26.91 Shallow earth slide 140 100 60 14,000 M1/M2 Cobbles, gravel, sand Yes Seepage from bench above railroad.
) PRIQge 82 26.94 26.94 Shallow earth slide 60 100 60 6,000 M1/M2  Gravelly sand Wet
21 boundaries 83 27.00 27.00 Debris flow Started at Mukilteo Speedway.
P S / inferred from 84 27.08 27.08 Shallow earth slide 300 100 60 30,000 M1/M2 Gravelly sand Yes (30-50 gpm) Three shallow earth slides in historic slide area. Seepage over ledge in existing slide
ug et Ouna pattern jof bowls.
damagce 85 27.10 27.10 Shallow earth slide 200 100 60 20,000 Single Gravelly sand Yes (20 gpm)
86 27.30 27.30 Shallow earth slide 30 75 50-60 2,250 No Gravelly sandy silt No
20 87 27.37 27.37 Shallow earth slide 20 75 60 1,500 No Gravelly sandy silt No Three to four small (<20 ft wide) shallow earth slides that did not break slide fence
2( but partially blocked the ditch.
17 88 27.38 27.38 Shallow earth slide 40 150 60 6,000 Single Gravel and sand Wet
1 89 27.40 27.40 Shallow earth slide 200 250 60 50,000 Single Gravel and sand Yes (flow not estimated)
90 27.45 27.45 Shallow earth slide 60 70 60-70 4,200 No Gravel and sand Wet
17 91 27.50 27.50 Slump/shallow earth slide 200 250 No Gravel, sand, silt Yes Numerous small shallow earth slides from steep part of slope near head scarp.
Slides did not reach the track.
92 27.60 27.60 Slump 250 200 50-90 @ -----eeee-- No Gravel, sand, silt Yes Existing slump. Cracked block of till in head scarp. Toe was undercut by erosion from
Figure 1. Shallow landslides north of Carkeek Park, Seattle, Wash. Much of the material in these slides originated at the edge of the mid- 15 03 0782 S 20 75 % 1 500 No  Sandovergravelly sand No 19961997 storms.
bluff bench. Slow-moving, deep-seated landslides occupy the bench, and material calves off the toes of these slides during or after severe 5,285,000 m N 5,285,000 m N 94 27.95 27.95 Shallow earth slide 50 40 60 2,000 No Gravelly sand Wet
rainstorms. 95 28.05 28.05 Shallow earth slide 20 50 60 1,000 No Gravelly sand Wet Small shallow earth slide at mile post 28.05 did not affect track.
96 29.20 29.20 Shallow earth slide 20 30 60 600 M2 Sand, silty sand No Shallow earth slide in colluvium on bluff below Mukilteo Blvd.
\ n 14 97 29.30 29.30 Shallow earth slide 40 90 60 3,600 No Sand and clay Yes
F- 1 98 29.35 29.35 Shallow earth slide 10 50 50 500 No Sand No
igure 99 29.40 29.40 Debris flow 50 40 e Mi/M2  Organics Yes
100 29.50 29.50 Shallow earth slide 30 80 50 2,400 M1/M2 Gravelly sand/silty clay Yes Shallow earth slide was about 20 ft wide at the top of the 100-ft-high bluff. Mud
545,000 m E MP 10.47 B flowed through a narrow chute and covered about 30 ft of track.
’ : 101 29.55 29.55 Debris flow 40 80 45 3,200 M2 Organics and gravelly sandy colluvium  Yes Debris flow from the upper part of the slope was deposited on the track.
S I 1 . 24 OOO 10 102 29.59 29.6 (W) Shallow earth slide 15 80 60 1,200 M2 Organics and gravelly sandy colluvium  Yes
Ca e . y 103 29.61 29.6 (E) Shallow earth slide 15 80 60 1,200 M2 Organics and gravelly sandy colluvium  No
9 keek-Park 104 29.79 29.8 (W) Shallow earth slide 50 80 60 4,000 M2 Organics and gravelly sandy colluvium  Yes
. 105 29.81 29.8 (E) Shallow earth slide 40 45 50 1,800 M2 Organics and gravelly sandy colluvium  No
1 0 1 Kilometer / / 106 30.09 30.1 (W) Shallow earth slide 25 40 50 1,000 M2 Organics only No
47 42' 30" 47 42' 30" 107 30.10 30.10 Shallow earth sl?de 45 40 60 1,800 M2 Organ!cs only No
108 30.10 30.10 Shallow earth slide 35 100 50 3,500 M2 Organics only No
109 30.11 30.1 (E) Debris flow 35 100 40 3,500 M2 Organics and gravelly sandy colluvium  Yes
110 30.19 30.2 (W) Shallow earth slide 45 110 55 4,950 M1/M2 Organics and gravelly sandy colluvium  No Shallow earth slide above and on the southwest side of intact colluvium.
111 30.21 30.2 (E Debris flow 25 110 40 2,750 M1/M2 Organics and gravelly sandy colluvium  Yes Flow and shallow earth slides on both sides of eroded chute deposited debris over
1000 0 1000 2000 3000 Feet & g grely Sl ow and sha ’

O N [ [ [ T T T T [ 112 30.30 30.30 Shallow earth slide 50 50 50 2,500 M2 Organics and gravelly sandy colluvium  No Shallow earth slide on the southwest flank of what may be an old slide bowl. Large
amount of construction debris may have contributed to the slump in upper part of
slope. The debris did not reach track.

Contour Interval 25 feet 113 30.53 30.53 Shallow earth slide 60 50 50 3,000 No Organics and gravelly sandy colluvium ~ No
114 30.80 30.80 Shallow earth slide 80 30 35 2,400 Sidin Sand, minor cla No Two shallow earth slides, each about 25 ft wide, separated by 20-ft-wide strip of
NATIONAL GEODETIC VERTICAL DATUM OF 1929 122 22' 30" ’ g intact colluvium. P ¢ P
8 115 31.10 31.10 Slump 40 40 35 1,600 M2 Sand and clay Yes
116 31.20 31.20 Slump 110 50 30-50 5,500 M1/M2 Sand over clay Yes Sand sliding over clay in 100-ft-wide slump. Steep head scarp as much as 15 ft high.
Seepage over railroad retaining wall at several locations.
& 117 31.30 31.30 Shallow earth slide 30 80 30-70 2,400 M2 Sand over clay Yes Sand and yard waste sliding over clay. Spring from groundwater perched on clay
4 flowing over retaining wall.
EXPLANATION 118 31.39 31.4 (S) Shallow earth slide 25 60 60 1,500 No Sand over clay Yes Debris from shallow earth slide overtopped retaining wall.
119 31.40 31.4(2) Shallow earth slide 100 60 65 6,000 M2 Sand over clay Yes Sand sliding over clay. Springs at sand/clay contact. Blowouts in sand just above
clay.
. . . . 3\ Seattle 120 31.41 31.4(3)  Debris flow 40 120 55 4800  M1/M2  Sandy colluvium Yes Debris flow covered both tracks.
—t Burlington Northern Santa Fe (BNSF) Railway—Line segment crosses track at location 5\ 121 31.42 31.4 (4) Shallow earth slide 100 80 60 8,000 M1/M2  Gravelly sand Yes Large shallow earth slide possibly initiated by surface runoff over crest of slope.
MP 14.50 of railroad mile post at bridge or road intersection as descibed in track chart 122 31.43 31.4 (5) Slump 70 80 60 5,600 M1/M2 Gravelly sand Yes Deep seated slump with sand sliding over clay. Spring at sand-clay contact.
2\t 123 31.44 31.4 (6) Shallow earth slide 70 50 60 3,500 M1/M2 Sand over clay Yes
. . . 124 31.45 31.4 (E) Shallow earth slide 100 60 65 6,000 M2 Sand over clay Yes
_ Shallow earth slide or debris flow that occurred in 1996-97 125 31.8 31.8 Debris flow 100 60 30-70 6,000 M2 Gravel, sand, clay Yes Runoff from upslope source eroded slope and deposited debris on M2.
126 31.83 31.83 Shallow earth slide 80 50 60 4,000 M2 Gravel, sand, clay Yes
127 31.88 31.88 Debris flow 30 90 45 2,700 M2 Colluvium Yes Runoff from upslope source eroded slope and deposited debris on M2.
) . . ) MP791 41 128 31.9 31.9 Debris flow 20 100 45 2,000 No Colluvium Yes
_ Deep-seated landslide that occurred in 1996-97 n 129 31.95 31.95 Shallow earth slide 60 50 50 3,000 M2 Sand over clay Yes
7 130 1783.9 1783.9 Shallow earth slide 400 120 60 - Highline Sand over clay Yes Multiple shallow earth flows from steep slope adjacent to the railroad.
. . . . i 131 1784.25 1784.25 Slump/shallow earth slide 400 100 60 40,000 Highline Sand over clay Yes Large slump on bench above railroad. Sandy colluvium sliding over silt/clay deposit.
15 Historic landslide areas mapped by Shannon and Wilson, Inc. (1960)—Keyed by j 6 Multiple shallow earth flows from steep slope adjacent to the railroad.
number to table 1 T 132 1784.4 1784.4 Slump/shallow earth slide 30 150 50 4,500 Highline ~ Sand over clay Yes Shallow earth slide for steep slope adjacent to railroad.
~/ Landslide scarp—May predate 1996 landslides Shilshole &) *Direction: where noted, E=east of mile post, W=West of mile post.
Bay P4 **M1=main track 1, M2=main track 2, single=only one main track, siding=a short track next to the main track, highline=elevated main track
1 ,
14 Locations where a debris flow or rapid earth flow covered the tracks or otherwise MP 7.2
affected the railroad in 1996-97—Keyed by number to Appendix A = Manuscript approved for publication October 6, 2000
(approximate) e
21 Any use of trade names in this publication is for
Locations where a slump or shallow earth slide covered the tracks or otherwise descriptive purposes only and dpes not imply
affected the railroad in 1996-97—Keyed by number to Appendix A endorsement by the U.S. Geolgical Survey.
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