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APPENDIX A 
 

RESULTS OF TRENCHING INVESTIGATION 
 
The trenching investigation consisted of detailed geologic logging of exposures created in 
three trenches, two of which included multiple exposures. Members of the Brightwater 
Seismic Study Team who participated in the geologic logging of the trenches are listed 
below, followed by a statement of their qualifications: 
 
Jeffrey R. Keaton, Ph.D., P.E., P.G 
David L. Perry, P.G., C.E.G. 
Marsha Fronterhouse Sohn, M.S. 

William T. Laprade, P.G. 
Paul H. Zehfuss, Ph.D. 

 
Jeffrey R. Keaton is a senior principal engineering geologist in MACTEC's Los Angeles 
office with over 35 years of experience on a wide variety of projects. He has a PhD 
degree in Geology from Texas A&M University where he studied stratigraphy and 
geomorphology of alluvial fans to evaluate hazards related to debris-flows and other 
sediment-discharge processes. He has a Master's degree in Engineering from the 
University of California at Los Angeles where he studied soil mechanics, and his 
Bachelor's degree is in Geological Engineering from the University of Arizona. He taught 
Principles of Geomorphology and Applied Geomorphology as an Adjunct Associate 
Professor at the University of Utah. Dr. Keaton serves as an accreditation evaluator of 
undergraduate geological engineering programs for the Accreditation Board for 
Engineering and Technology and is the alternate member of the Engineering 
Accreditation Commission on behalf of the Society for Mining, Metallurgy, and 
Exploration (SME). He is licensed as a geologist and certified engineering geologist in 
several states, including Washington. He is also licensed as a civil engineer in several 
states.  
 
Dr. Keaton is a member of a number of professional society organizations and is Fellow 
of the Geological Society of America and a Fellow of the American Society of Civil 
Engineers. He has maintained a high level of professional activity, serving as President of 
the Association of Engineering Geologists in 1992-93, Chairman of the Engineering 
Geology Division of the Geological Society of America in 1989-1990, Chairman of the 
Committee on Engineering Geology of the Transportation Research Board (TRB) in 
1990-1995, Chairman of the Committee on Exploration and Classification of Earth 
Materials of the TRB in 1996-2001, and Chairman of the Section on Geology and 
Properties of Earth Materials of the TRB from 2002 to present. Dr. Keaton was the 2004 
Richard H. Jahns Distinguished Lecturer in Engineering Geology, jointly sponsored by 
the Association of Engineering Geologists and the Engineering Geology Division of the 
Geological Society of America. Dr. Keaton was selected for the 1999 Professional 
Fellowship in Earthquake Engineering, a program funded by FEMA and the Earthquake 
Engineering Research Institute, for his proposal to work with Drs. John G. Anderson and 
Yuehua Zeng at the University of Nevada-Reno Seismological Laboratory to use their 
Composite Source Model to produce synthetic strong ground motions for normal-fault 
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sources. He served on a review panel for the U.S. Army Corps of Engineers Portland 
District to evaluate the ground motion used for seismic safety assessments of dams in 
Oregon. He was the Team Leader for the Geotechnical/ Foundations Team for Applied 
Technology Council Project 33, Guidelines and Commentary for Seismic Rehabilitation 
of Existing Buildings, a five-year, $8 million project funded by the Federal Emergency 
Management Agency (FEMA) that resulted in publications FEMA-273 and FEMA-274. 
He served on Technical Subcommittee 3 (Geotechnical and Foundations Subcommittee) 
of the 2003 Provisions Update Committee for the International Building Code. 
 
Dr. Keaton directed and conducted many projects involving geoseismic evaluations of 
fault zones for determination of degree of fault activity and earthquake design 
parameters. Among the fault zones he has evaluated are the San Andreas, San Fernando, 
Santa Monica, Hollywood, Raymond and other faults in California; the Stafford fault 
zone in Virginia; the Wasatch, West Valley and other faults in Utah; the Eglington and 
other faults in Nevada; faults associated with the Rio Grande rift in New Mexico; the 
East Franklin Mountains fault in West Texas; the Amargosa fault in Chihuahua, Mexico; 
faults associated with the East Africa rift in Ethiopia; and a number of unnamed faults. 
Dr. Keaton was the Principal Investigator of three fault evaluation research projects in 
Utah and Texas funded by the U.S. Geological Survey under the National Earthquake 
Hazards Reduction Program. He was Co-Principal Investigator of five regional 
liquefaction hazard research projects and one detailed liquefaction susceptibility analysis 
funded by the U.S. Geological Survey under the National Earthquake Hazards Reduction 
Program. He was the Principal Investigator of two earthquake-induced slope stability 
research projects funded by the U.S. Geological Survey under the National Earthquake 
Hazards Reduction Program, and Co-Principal Investigator of one landslide research 
project funded by the U.S. Department of Agriculture, Forest Service. 
 
Dr. Keaton directed the seismic trenching evaluation of the Brightwater Wastewater 
Treatment Plant site beginning in the late winter of 2004. He participated in discussions 
with the USGS scientists on selection of the locations of the USGS Beef Barley and 
French Onion trenches in the fall of 2004. He was the principal author of Technical 
Appendix A of the Supplemental Environmental Impact Statement for the Brightwater 
site. He led the effort to interpret the geology exposed in Trenches South 1, 1a, 1b, and 
1c, South 2a and 2b, and the North Trench in the summer of 2006.  
 
David L. Perry is a senior engineering geologist in MACTEC's Los Angeles office with 
23 years of experience on a wide variety of projects, many of which involved 
neotectonics, paleoseismology, and interpretation of stratigraphy deformed by faulting 
and liquefaction. He is licensed as a geologist and certified as an engineering geologist in 
the state of California. He has a Bachelor's degree in Geological Sciences from the 
University of California at Santa Barbara and post-graduate studies in geology at 
California State University at Los Angeles. He has extensive experience in planning, 
excavating, and logging trench excavations across active faults and to investigate sites 
within regulated earthquake fault hazard zones. He has also evaluated fault-rupture 
hazards based on transects of closely spaced continuously cored borings. Mr. Perry has 
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examined trench exposures of faults ranging from major to minor. Major strike-slip faults 
that he as examined include the San Andreas and Rose Canyon-Newport-Inglewood fault 
zone. Major reverse-slip and reverse-oblique-slip faults that he has examined include the 
San Fernando, Hollywood, and Raymond. In the fall of 2004, Mr. Perry was the lead field 
engineering geologist for logging geology exposed in the two seismic trench excavations 
on the Brightwater Wastewater Treatment Plant site (the USGS Beef Barley and French 
Onion trenches). In the summer of 2006, he was the lead field engineering geologist for 
logging Trenches South 1, 1a, 1b, and 1c at the Brightwater site and participated in 
logging the North Trench. He also participated in logging Trenches South 2a and 2b. He 
was the co-principal author of Technical Appendix A of the Supplemental Environmental 
Impact Statement for the Brightwater site. 
 
Marsha Fronterhouse Sohn is a staff engineering geologist in MACTEC's Los Angeles 
office. She has a Master's degree in Geology from California State University at Fullerton 
where she worked with Dr. Jeffrey Knott studying Quaternary tectonics. Her Master's 
thesis project included extensive mapping of Quaternary stratigraphy, identifying and 
measuring fault scarps, and collecting and processing samples of Quaternary sediments 
for Optically Stimulated Luminescence (OSL) dating. She conducted the laboratory work 
for the OSL dating at the US Geological Survey Luminescence Laboratory in Denver, 
Colorado. Ms. Fronterhouse Sohn has a Bachelor's degree in Geology from the 
University of New Mexico where she studied soil geomorphology under Dr. Les 
McFadden. She conducted an independent research project under Dr. Les McFadden on 
the factors affecting soil formation and presented the research results at a regional 
geologic society meeting. Her consulting experience includes logging trenches across the 
Sierra Madre fault, evaluating Quaternary stratigraphy in a transect of closely spaced 
borings at an elementary school site in Los Angeles within a state-regulated fault-rupture 
hazard zone near the Raymond fault, and cleaning and logging Trenches South 2a and 
South 2b at the Brightwater Wastewater Treatment Plant site in Snohomish County, 
Washington. 
 
William T. Laprade is a licensed engineering geologist in Washington and is a Vice 
President with Shannon & Wilson, Inc., a Seattle-based geotechnical and environmental 
consulting firm. He has been practicing engineering geology in the Seattle/western 
Washington region for 33 years. His practice specialties include the interpretation of 
glacial geologic features in boreholes and exposures, and the mapping, exploration and 
remediation of landslides. In 1991, he co-authored the "Geology of Seattle, Washington, 
United States of America", which has been a staple for engineering geologists and 
geotechnical engineers working in the region.  He has written and lectured regularly 
about the glacial geology of the Puget Sound region and its relationship to the built 
environment. Mr. Laprade has also contributed substantially to the Washington 
Department of Natural Resources guidelines for the evaluation of forest land slope 
instability and to the Washington State Board of Geologists engineering geology report 
guidelines. He has performed the geologic interpretation of some of the largest 
geotechnical exploration programs in the Northwest. Mr. Laprade directed the 
preliminary geotechnical characterization of the Route 9 site for the Brightwater 
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Wastewater Treatment Plant in 2003 and participated as an advisor in planning and 
logging of the seismic trenches at the site in 2004 (the USGS Beef Barley and French 
Onion trenches) and 2006 (Trenches South 1, 1a, 1b, and 1c, South 2a and 2b, and the 
North Trench). 
 
Paul H. Zehfuss is a staff engineering geologist in Shannon & Wilson's Seattle office 
with 11 years of experience working as a geologist in consulting and academia. He has a 
PhD degree in Geology from the University of Washington where he investigated the 
stratigraphy and chronology of volcanic debris flows and lahars from Mount Rainier and 
estimated their influence on sedimentation in the Puget Sound lowland. He has a Master’s 
degree in Geology from Humboldt State University, where he studied slip rates of 
faulting along a strand of the Owens Valley Fault Zone in California. He has a Bachelor’s 
degree in Geology from the University of Vermont, where he studied the influence of 
deforestation on rates of erosion and sedimentation. Dr. Zehfuss has also taken part in 
numerous other geologic studies in a variety of disciplines, including glaciology, 
paleoseismology, and geochronology. Since joining Shannon & Wilson as a geologist in 
2005, he has been involved in a wide range of geotechnical studies.  Some of those 
projects have drawn on his experience to evaluate geologic conditions beneath future 
buildings, highways, bridges, and rail alignments, and to assess areas of instability and 
landsliding. He participated in cleaning and logging Trenches South 2a and South 2b at 
the Brightwater Wastewater Treatment Plant site in Snohomish County, Washington. 
 
Surface Exposures or Expressions 
 
MACTEC field personnel visited the site to observe general site conditions prior to the 
time that trenches were excavated. Surface conditions were noted, including the general 
topographic setting and related conditions. The general geologic setting of the 
Brightwater site in the vicinity of the Chemical Buildings is dominated by glacial 
deposits and slopes westward toward Little Bear Creek. 
 
Trench Exposures 
 
Three areas were excavated at the site between June and August, 2006 using a track-
mounted excavator. A regular bucket with ripping teeth was used for the initial part of the 
investigation, and a smooth-tooth bucket was used for the later part. The first trench area, 
designated Trench South 1, was excavated approximately 240 feet southeast of the South 
Chemical Building and consisted of four exposures: 
 
a. Southeast side of main trench (Trench South 1) 
b. Supplemental trench excavated northwest of main trench (Trench South 1a) 
c. Wall in northeast corner of excavation (Trench South 1b) 
d. Benched excavation (Trench South 1c) 
 
These trenches were excavated to a depth of approximately four to ten feet below ground 
surface, along a trench length of about 200 feet, and at an azimuth of 055°. The second 
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trench area was designated Trench South 2a and South 2b.  Trench South 2a was located 
through the South Chemical Building, and Trench South 2b was located adjacent to the 
southeast corner of the South Chemical Building. Trench South 2a was excavated to a 
depth of approximately 12 to 15 feet below ground surface, along a trench length of 200 
feet, and at an azimuth of 055°. Trench South 2b was excavated to depth of 
approximately 10 to 12 feet below ground surface, along a trench length of 200 feet, and 
at an azimuth of 055°.  The third trench area was designated North Trench.  The North 
Trench was located approximately 1,000 feet north of Trench South 1 and about 800 feet 
north of Trench South 2a (Figure A-1). Trench locations are shown on Figure A-1. 
 
MACTEC engineering geologists directed excavation of the exploratory trenches with 
assistance from members of the Brightwater Design Team.  Trench South 1 was 
excavated from the northeast toward the southwest beginning on June 20, 2006.  A track-
mounted excavator with a smooth-tooth bucket was used to construct a trench with 
sloping sides (text Figure 6 photos A and B) because of stability and safely concerns.  
Groundwater was encountered at a depth of about 10 feet in the northeast part of the 
trench.  The bottom of the trench was sloped toward the southwest and a sump pump was 
used to pump accumulated water into a portable Baker tank that had been positioned next 
to the trench. 
 
A narrow uniformly sloping bench was constructed along the southeast wall for much of 
the length of Trench South 1, and nearly vertical faces were created above and below the 
bench to facilitate geologic logging.  Trench South 1a was four-feet deep and excavated 
by a small backhoe parallel to and about 25 feet northwest of Trench South 1 (Figure A-
1).  The initial excavation of the northeast end of Trench South 1 was too wide to allow 
the four-foot-deep trench to extend all the way to the northeast limit of the South Trench 
area.  Trench South 1b is the northwest wall of the excavation was cleaned and logged as 
a northeast continuation of Trench South 1a.  Trench South 1c is a bench approximately 
15 feet long and 6 feet wide that was excavated by hand adjacent to the northeast end of 
Trench South 1 (Figure A-1). 
 
Trench South 2a was excavated from the southwest toward the northeast beginning on 
August 19, 2006.  A track-mounted excavator with a smooth-tooth bucket was used to 
construct a terraced trench with four benches consisting of three-foot-high risers and 
four-foot-wide treads (text Figure 8 photos A and B).  Near the midpoint of the trench, 
the depth was increased to 15 feet and an additional bench was needed for stability.  
Trench South 2b was excavated from the southwest towards the northeast beginning on 
August 23, 2006.  Trench South 2b was excavated in the same manner as Trench South 
2a with terraced construction.  Groundwater was encountered in the northeast portion of 
the trench at a depth of about 12 feet.  The bottom of the trench was sloped toward the 
northeast and a sump pump was used to pump accumulated water into a portable Baker 
tank that had been positioned next to the trench. 
 
The North Trench was excavated at the site starting on June 22, 2006 using a track-
mounted excavator with a smooth-tooth bucket from the southwest to the northwest.  The 
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North Trench was excavated with sloping sides and exposed only compact till and 
crudely stratified till-like diamict deposits.  The lowest three or four feet of trench wall 
were vertical; the walls above the vertical part were sloped for stability and safety. 
 
A MACTEC engineering geologist mapped the geologic contacts between the various 
subsurface soil and stratigraphic layers encountered in Trench South 1 – 1c.  Horizontal 
(level string) line was established by MACTEC along the cleaned exposures .  Geologists 
from MACTEC and Shannon & Wilson mapped the geologic contacts in Trench South 2a 
and 2b. A horizontal (level string) line was established by MACTEC along the southern 
sidewall of each terrace in Trench South 2a and northern sidewall of each terrace in 
Trench 2b with horizontal stationing every ten feet to facilitate horizontal and vertical 
location while geologic mapping. 
 
A MACTEC engineering geologist classified geologic units and subunits visually using 
the Unified Soil Classification System, and where appropriate, described soil pedologic 
development using Soil Conservation Service terminology (Soil Survey Staff, 1975). The 
lithologies of the geologic units and subunits were described according to their 
predominant grain size, Munsell soil color, bedding thickness and character, and physical 
properties. In Trench South 2a, the southeren sidewall between stations 0+90 and 1+06 
was mapped at a scale of 1 inch = 2 feet.  This section was incorporated into the main 
trench log. 
  
Logs of Trenches South 1, 1a, 1b, are presented at a scale of 1 inch = 5 feet on Figures A-
2 through A-4 with the Log of Trench 1c presented at a scale of 1 inch = 2 feet on Figure 
A-5.  Lithologic descriptions of units in the “South 1” trenches are provided on Figure A- 
6. The Logs of Trench South 2a and 2b are presented at a scale of 1 inch = 5 feet on 
Figures A- 7 and A-8. Lithologic descriptions of units in the “South 2” trenches are 
provided on Figure A- 9. The Logs of Trench North are presented at a scale of 1 inch = 5 
feet on Figures A-10 through A-12. Details of geologic exposures in the pit excavated on 
the north side of the North Trench are presented on annotated photographs on Figures A-
13 and A-14. Each trench log includes a scanned image of the field log showing the 
geologic contacts and internal stratigraphy for illustrative purposes. Selected photographs 
of the trenches are presented on Figures within the main report. 
 
The trenches were left open for about three weeks, during which time MACTEC and 
Shannon and Wilson geologists studied, photographed, and mapped the exposures. 
During this time, consultants and members of Snohomish County were invited to observe 
and investigate the geology.  The trenches were backfilled with excavated earth materials 
under the observation of a subcontractor to Hoffman Construction. The backfilling work 
was completed after MACTEC’s Engineering Geologist left the site. 
 
Trench South 1a 
 
Earth materials encountered in Trench South 1a consisted of man-placed ‘artificial’ fill 
underlain by a cambic soil horizon, and sub-glacial meltout till deposits, and ice-contact 
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deposits, and local intrusions of liquefied sand. The lithologic descriptions of the 
subsurface earth materials logged in Trench South 1a are presented below. The trench 
logs (Figures A-2, A-3, A-4, A-5, and A-6) present a more detailed description of 
lithology and illustrate stratigraphic details of the geologic units. 
 
Artificial Fill: Undocumented (Trench log symbol: af) 
 
Artificial fill soils, apparently placed during prior grading operations, were observed 
throughout the upper portion of the trench. Reportedly, prior site usage had included 
periods of logging and agriculture dating back to the early 1900’s. It is assumed that no 
engineering observation of these fill soils was provided at the time of grading. The fill 
depth varied between approximately three and four feet below ground surface (below 
ground surface).  
 
Fill soils encountered in the trench appeared to consist of more than one layer; however, 
mapping emphasis was not placed on logging details of the fill. The fill consisted 
predominantly of sandy gravel and sitly, fine to medium sand with scattered glass 
fragments. The fill appeared generally medium dense with a sharp and undulatory basal 
contact with underlying deposits.  
 
Cambic Soil-Horizon/ Weathered Diamicton (Trench log symbol: Bw/Cox) 
 
A cambic soil-horizon forming in weathered diamicton consisted of silty, sand, and 
gravel.  It is predominantly oxidized to orange-brown (10YR 4/6) with a basal contact 
that appeared overall conformable with the underlying beds. 
 
Vashon Sub-Glacial Fluvial (Intra-Till) Deposits (Trench log symbol: Qvit) 
 
Sediments of probable sub-glacial fluvial origin stratigraphically underlie the cambic 
soil-horizon. This geologic unit was in large part deposited by a fluvial system developed 
as the continental glacier emplaced during the Vashon stade of Fraser glaciation retreated 
northward. The outwash deposits exposed in Trench South 1 – 1c were subdivided into 
several mappable beds and subunits as shown on the trench log. Brief lithologic 
descriptions of the individual subunits are presented below in general order of increasing 
geologic age. Detailed lithologic descriptions of all geologic units are provided on the 
trench log (Figure A-8). 
 
Subunit 7 was mapped as a stratigraphic unit directly underlying the artificial fill. Thus, it 
was the youngest of the sub-glacial fluvial subunits. It was comprised predominantly of 
silty, medium to fine sand with some coarse sand and fine gravel. The subunit was 
massive with open root tube pores to 1/8-inch. 
  
Subunit 6b was mapped beneath the cambic soil between Sta A1+04 and Sta A1+20. The 
lithology consisted of gravelly, fine to coarse sand with variable silt content.  This unit 
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graded laterally to poorly sorted sandy gravel. This poorly interbedded subunit measured 
about one to two feet thick.  
 
Subunit 6a was mapped beneath the cambic soil, artificial fill, and subunit 6b between Sta 
A1+09 to Sta A1+55. The lithology consisted of coarse to fine sandy gravel.  The gravel 
was moderately sorted and appeared dense to very dense.  The basal contact was sharp 
with localized erosional scour features. 
 
Subunit 5b was presented as a laterally discontinuous mappable subunit between Sta 
A0+77 and Sta A1+04.5.  The lithology was laminated to very thinly bedded, medium to 
coarse sand interbedded with sitly, fine sand and minor silt.  This dense and moderately 
well to well stratified subunit measured between 2 to 0.2-feet thick.  
 
Subunit 5a was mapped southwest of subunit 5b between Sta A1+04.5 and A1+22.5.  
This subunit consisted of primarily medium to fine sand interbedded with medium to fine 
sand, silty sand, and minor, olive gray silt with traces of clay.  The top of the subunit 
contained discontinuous, dense, laminated to very thinly bedded, moderately well to well 
stratified gravel lenses. 
 
Subunit 4 was the most laterally continuous subunit identified in Trench South 1a.  This 
unit consisted of coarse to fine gravel that graded laterally and vertically to coarse to fine 
sand with scattered gravel and traces of silt.  Within this subunit were localized lenses of 
medium to fine sand and sandy silt.  The silt of this subunit appeared dense, moist to wet 
with local seepage near the base and the gravels of this subunit appeared subrounded to 
rounded, poorly to moderately sorted, and interfingered with the underlying stratigarphic 
subunit 3. 
 
Subunit 3 consisted of coarse to medium sand interbedded with medium to fine sand and 
sitly, medium to fine sand.  Within this subunit was minor, olive gray silt with traces of 
clay and discontinuous gravel lenses that marked the top of the unit.  These gravels 
appeared dense, laminated to finely bedded, and moderately well to well stratified. 
 
Subunits 2a and 2b were mapped at the southwestern end of the trench.  Subunit 2b 
consisted of coarse to fine sandy gravel interbedded with coarse to fine sand and minor 
silty, fine sand.  This subunit overall was dense to very dense, moist, and moderately well 
stratified.  It had an angular contact with subunit 2a that consisted of coarse to fine sandy 
gravel interbedded with coarse to fine sand.  The gravel layers appeared well sorted, 
slightly imbricated, dense to very dense, and moist. 
 
Vashon Sub-Glacial Ice Contact Deposits (Trench log symbol: Qvic) 
 
Sediments of probable sub-glacial ice contact origin are identified throughout the 
stratigraphic section. Detailed lithologic descriptions of all geologic units are provided on 
the trench log (Figure A-8).  Overall these subunits consisted of bluish gray (5PB 5/1), 
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silty to very silty fine sand with randomly oriented fine gravels.  There were two subunits 
identified within this unit, 1b and 1a. 
 
Subunit 1b was presented as a mappable unit throughout the trench exposure.  The 
lithology was characterized by silty, medium to fine sand with randomly oriented fine 
gravels.  Within this subunit was discontinuous zones of coarse to medium sand and 
discrete zones of manganese and iron oxide stains. 
 
Stratigraphically below subunit 1b in the west of the trench was subunit 1a.  The 
lithology was primarily medium to fine sand with traces of silt interlayered with thin 
lamina of sandy silt and localized small gravel lenses.  The sand layers were oxidized to 
orange brown and the silty layers were grayish in color. 
 
Trench South 1a Geologic Structure 
 
Structural features interpreted to be associated with neotectonic deformation were 
mapped at the north and south sidewalls of Trench South 1, 1b, and 1c. These secondary 
(i.e., post depositional) features consist of liquefaction features, angular unconformities, 
and minor fault displacement. Liquefaction features observed in Trench South 1 and 1c 
may have formed in response to ground shaking from a distant source, rather than from 
an underlying fault. (Note: Trench South 1a exposed continuous, unfaulted stratigraphy). 
 
Trench No. South 1, South 1a, South 1b, and South 1c Structural interpretation 
 
Liquefaction features observed in Trench South 1 and Trench South 1c were in sandy 
deposits that were too dense to liquefy in their current condition; therefore, the 
liquefaction must have occurred before the deposits were compacted by overriding ice no 
less than 16,950 cal yr B.P.  The liquefaction features in Trench South 1 consist of 
disrupted sandy silt and injection features.  Most liquefaction features in Trench South 1 
were located west of about Sta B0+27 in a sandy unit underlying a body of diamict.  The 
sandy unit locally had prominent reddish brown iron oxide and black manganese oxide 
mineralization.  The disruption associated with these liquefaction features was minor and 
it terminated at the contact with the overlying deposit. 
 
A curvi-planar feature was observed cutting through massive sand and diamict at about 
Sta B0+28 in Trench South 1 and on the opposite side of the excavation in Trench South 
1c; an undeformed deposit of very dense stratified gravelly sand to sandy gravel was 
observed to overlie the curvi-planar feature on both sides of the trench.  The cause of the 
curvi-planar feature is unclear; it could be caused by loading related subglacial processes 
or secondary earthquake effects, such as liquefaction.  It is less likely that the curvi-
planar feature is related to tectonic faulting because of the character of fine sand and silt 
filaments along the feature and its variable strike and dip (N55°W/55°SW in Trench 
South 1 and N05°W to N20°W/38°W in Trench South 1c) over a short distance. 
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This curvi-planar feature coincided approximately with down-to-the-west irregularities in 
the base of a diamict unit in Trench South 1c, but the base of the diamict unit in Trench 
South 1 was more regular at the location of the curvi-planar feature. The character of the 
massive sand under the diamict was different on opposite sides of the curvi-planar feature 
in Trench South 1c. The curvi-planar feature had the appearance of a fluidized zone 
associated with injection of silt and fine sand in a dike-like form perhaps along a minor 
fracture caused by differential subsidence generated by ice melt out or liquefaction of the 
massive sand deposit 30 to 60 feet to the west. The fluidized zone consisted of wavy, thin 
fine sand and silt filaments that were continuous along the plane without evidence of 
shearing. The change in strike and dip over a short distance is consistent with subglacial 
deformation in response to differential settlement caused by ice melt out or the 
liquefaction a short distance to the west. The curvi-planar feature extended through the 
diamict deposits and was truncated by a very dense subglacial gravelly sand-sandy 
deposit in both Trench South 1 and Trench South 1c. 
 
Trench South 1a exposed continuous, unfaulted stratigraphy containing bodies of till with 
bedded sandy coarse gravel, massive sand, and thinly bedded sand. A massive silty sand 
unit with scattered gravel between Sta A0+42 and A0+57 was medium dense. This 
medium dense unit was near the ground surface and overlying all other deposits except 
fill and possibly a weak soil horizon; all other deposits exposed in Trench South 1a were 
uniformly very dense, indicating that they were overridden by ice no less than about 
16,590 years ago. Therefore, we interpret the medium dense silty sand with gravel to be 
recessional outwash or possibly colluvial deposits derived from erosion of the subglacial 
deposits and redeposition on the slope. 
 
Trench South 1b in the northeast corner of the excavation exposed approximately 65 
lineal feet of stratigraphy that was uniformly very dense and included bodies of diamict 
indicating deposition in a subglacial environment. Two small faults with approximately 
one inch of down-to-the-east normal separation were observed in a sand unit at Sta 
A0+47 to A0+50. The small faults could be traced upward to an undeformed contact with 
stratified diamict. The small faults are consistent with ice melt out features described by 
Bennett and Glasser (1996). 
 
 
Trench South 2a Stratigraphy  
 
Earth materials encountered in Trench South 2a consisted of subglacial and recessional 
outwash deposits dominated by silty gravel. Lithologic descriptions of the subsurface 
earth materials logged in Trench South 2a are presented below. The trench log (Figure A- 
7) presents a more detailed description of lithology and illustrates stratigraphic details of 
the geologic units.  
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Artificial Fill: Undocumented (Trench log symbol: Af) 
 
Artificial fill soils, apparently placed during prior grading operations, were observed 
throughout the upper portion of the trench. Reportedly, prior site usage had included 
periods of logging and agriculture dating back to the early 1900’s. It is assumed that no 
engineering observation of these fill soils was provided at the time of grading. The fill 
depth varied between approximately three and four feet below ground surface (below 
ground surface).  
 
Fill soils encountered in the trench appeared to consist of more than one layer; however, 
mapping emphasis was not placed on logging details of the fill. The fill consisted 
predominantly of sandy gravel and sitly, fine to medium sand with scattered glass 
fragments. The fill appeared generally medium dense with a sharp and undulatory basal 
contact with underlying deposits.  
 
Cambic Soil-Horizon (Trench log symbol: Bw) 
 
A cambic soil-horizon forming in colluvial/alluvial gravels consisted of silty, sand, and 
gravel.  It is predominantly oxidized to orange-brown (10YR 5/4) and dark yellow brown 
(10YR 5/6 to 5/8) with a basal contact that appeared overall conformable with the 
underlying beds. 
 
 
Vashon Recessional Outwash Deposits (Trench Log Symbol: Qvrf subunits 4e-1a) 
 
A sequence of interlayered sand, sandy gravel, silt, and minor silty clay was exposed 
beneath the cambic soil-horizon to the base of the trench.  The contact between the 
interlayered sediments and overlying cambic soil-horizon appeared gradational and 
undulatory with the contact intermittent between Sta 0+00 and Sta 0+93.  In general, the 
sand and silt beds ranged in thickness from laminated (less than 3/8-inch thick) to thinly 
bedded (0.1 to 0.3-feet thick) and the sandy gravel to gravel beds ranged from thinly to 
medium- thickly bedded (0.1 to 1-foot thick).  Bedding appeared primarily planar to 
undulatory with some lenticular-shaped beds and channel lenses.  Bedding contacts were 
generally gradational, although some beds exhibited sharp contacts.  The beds near the 
base of the trench in the northeastern section had long amplitude folding that decreased 
towards the top and southwest end of the trench. Brief lithologic descriptions of the 
individual subunits are presented below in general order of increasing geologic age. 
Detailed lithologic descriptions of all geologic units are provided on the trench log 
(Figure A-9). 
 
Subunit 4e was mapped as a stratigraphic unit directly underlying the cambic soil-
horizon. Thus, it is the youngest of the sub-glacial fluvial subunits. It is comprised 
predominantly of silty, sandy, gravel that is massive and dominantly matrix supported.  
Within this unit are planar beds of coarse sand to fine gravel.  This unit pinches out at 
approximately Sta 1+47. 
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Subunit 4d is broken in unit 4d and 4d1.  Subunit 4d was mapped stratigraphicly below 
subunit 4e between Sta 0+00 and Sta 0+77.5.  This subunit was comprised predominately 
of silty, gravelly, fine to coarse sand with scattered laminations of interbedded sands with 
silts and roughly planar bedded gravels.   Within these deposits are distinct localized 
lenses of slightly silty, fine to medium sand (4d1).  A small lens of 4d1 was mapped 
between Sta 0+95 to Sta 1+02. 
 
Subunit 4c was presented as a mappable unit directly beneath subunit 4d from Sta 0+00 
to Sta 0+55 where it pinched out into subunit 4a.  The nature of the contact between 
subunit 4c and underlying subunit 4a is irregular with the appearance of cut and fill with 
possible overbank deposits.  The lithology consisted of silty, sandy, fine to coarse gravel 
with trace to slight clay.  The subunit was generally massive with few distinct layers.  
The thickness of this unit varies from 1.5-feet thick in the northeast to less than 0.10-feet 
thick toward the southwest.   
 
Subunit 4b was exposed beneath subunit 4e and the cambic soil (Bw) between Sta 0+96.5 
and Sta 1+97.5.  This subunit comprised stream deposits that were dominantly silty, 
sandy, gravels.  The grain size ranged from coarse sand to well rounded gravel.  Overall 
the gravels were supported in a coarse to medium sand matrix with local clast support.  
Within this unit was rough to planar bedding of silty, fine to medium sand lenses.  The 
basal contact with subunit 2g was irregular with cut-and-fill features and between Sta 
1+54 to Sta 1+60 the contact alters to an interfingering with subunit 2g in a thrust fault 
manor.  This change in contact morphology was slightly southwest of the fault-like 
buttress unconformity in subunit 1c.  The upper contact was irregular with several 
features that suggest bioturbation from trees.   
 
Subunit 4a was presented as a mappable unit directly below subunit 4b, 4c, and 4d.  It 
was laterally discontinuous, showed evidence of fault off set (Sta 0+58), and cut-and-fill 
features (Sta 0+69).  The lithology of this unit consists predominately of roughly bedded 
planar to sub-planar gravel beds.  The gravel was small to large, subrounded to rounded, 
with an occasional small cobble.  This subunit was locally clast supported and over all 
supported by a matrix of coarse sand to find gravel.  Within this unit were thin planar 
beds of coarse to medium sand. 
 
Subunit 3b was a complex unit that was presented between Sta 0+51 and Sta 1+14.  The 
lithology of this unit was primarily light olive brown (2.5Y 5/4) to olive brown (2.5Y 
4/4), interbedded coarse to medium sands with fine sand to silty beds.  Through out the 
deposit were discontinuous sandy, fine to small gravel lenses.  The beds were relatively 
planar and pinched out over distances, contained liquefaction sag features, and reverse 
offset.  A bulk sediment radio carbon sample was taken from this subunit around Sta 
0+72 (Figure A-5, Appendix B).  This subunit also contained a clast of highly weathered 
diamict around Sta 0+79.  Within this subunit were two distinct lenses of light olive gray 
(5Y 6/2) to olive gray (5Y 5/2), very dense silt with very fine- to fine sand identified as 
subunit 3b1.  The subunit 3b1 silt beds were outlined by iron-oxide stain. 
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Subunit 3a was a localized lens of very coarse sand with small gravel between Sta 0+02 
and Sta 0+05.  It was distinct in color, shape, and grain size compared to surrounding 
lithologies.  It was a bluish gray (Gley 2 5/1), massive, wet, sand with magnesium oxide 
staining around the contacts with surrounding units. 
 
Subunit 2g was the youngest stratigraphic expression of glaciolacustrine environments.  
The unit was mappable between Sta 0+99 to Sta 1+96.  The lithology was presented as 
laterally discontinuous, planar, interbedded fining upward sequences of medium to fine 
sand to silt.  Between Sta 1+55 to Sta 1+95, iron oxide staining was common and parallel 
to the top of the sequences in the silty, fine sand layers.  The sand was primarily dark 
yellowish brown (10YR 4/6) and the silt was light olive gray (5Y 6/2).  Within this 
subunit were several features that may be related to liquefaction or bioturbation from 
trees found at Sta 1+49, Sta 1+57, and Sta 1+70 and described under the following 
section on geologic structure.  The upper contact with subunit 4b was irregular with cut-
and-fill features and the basal contact with subunits 1d and 1c was gradational. 
 
Subunit 2f was presented as a mappable unit between Sta 0+00 to Sta 0+33 as a grayish 
brown (2.5 Y 5/2), medium to fine sand that was slightly silty in thinly bedded fining 
upward sequences.  Within this unit was coarse sand to fine gravel lenses.  Between Sta 
0+00 and Sta 0+20, the overall bedding was slightly inclined to the southwest and 
flattened out between Sta 0+20 to Sta 0+33. 
 
Subunit 2e was exposed beneath subunits 2f and 4a from the northeastern end of the 
trench to Sta 0+50.  The lithology consisted of light olive brown (2.5Y 5/2), slightly silty, 
slightly gravelly to gravelly, coarse to fine sand.  This deposit appeared to have stream 
channel morphology and cuts into the underlying deposits. 
 
Subunit 2d was a complex lithologic subunit with light olive brown (2.5Y 5/4), 
interbedded, planar to subplanar, laterally discontinuous, sitly, coarse to  medium sand 
with fine to small, well rounded to rounded gravel.  Within this unit, there was a 
pronounced liquefaction feature and small faults that are described in detail in the 
following section on geologic structure. Between Sta 0+70 and Sta 0+85 the beds are 
gently inclined to the southwest. 
 
Subunit 2c was presented as a mappable until between Sta 0+36 and Sta 0+83.  The 
lithology was primarily light olive brown (2.5Y 5/4), interbedded, silty, coarse to medium 
sand to olive brown (2.5Y 5/1) silt.  The beds in this unit were slightly inclined to the 
southwest between Sta 0+65 and Sta 0+83 and contained several small faults.  This 
subunit also contained two clasts of highly weathered diamict around Sta 0+56 to Sta 
0+59. 
  
Subunit 2b was exposed beneath subunit 2c between Sta 0+53 and Sta 0+73.  The 
lithology of this unit was planar to sub-planar, sandy, gravel lenses in silty, medium sand.  
The lenses are inclined to the southwest beginning at Sta 0+68. 
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Subunit 2a was exposed between Sta 0+19 and Sta 0+71 as silt layers with olive gray (5Y 
5/2) to grayish brown (2.5Y 5/2), fine sand interbedded with slightly silty, medium sand.  
The bedding in the northeast portion of the trench had a gentle inclination to the 
southwest and became roughly planar at approximately Sta 0+40.  The subunit pinched 
out between Sta 0+54 and Sta 0+58 due to trench bench features and erosion from 
subunit 2b.  Approximately between Sta 0+58 to Sta 0+71 this subunit had the 
appearance of a low amplitude anticline –syncline set described in detail in the following 
section on geologic structure. 
 
Subunit 1e was presented as a mappable unit between Sta 1+96 and 2+08.  It was stream 
channel fill that consisted of non-bedded, fine to medium, subrounded to rounded gravel 
that was capped by roughly planar bedded coarse sand to fine gravel with occasional 
coarse gravel to fine cobbles.   
 
Subunit 1d was mapped as channel fill consisting of fine to medium, well rounded to 
subrounded, gravel to small cobbles between Sta 0+19 to Sta 0+23,  Sta 0+24 to Sta 
0+28, Sta 0+29 to Sta 0+62, and Sta 1+76 to Sta 1+99.  This subunit was massive to 
poorly bedded, locally clast supported, overall supported in a silty, coarse to medium 
sand matrix. 
 
Subunit 1c was the most laterally continuous unit and most complex subunit exposed in 
this trench.  The liquefaction, fault-like buttress, and small faults are described in detail in 
the following section on geologic structure.  The lithology was primarily interbedded 
fining upward sequences of gray to dark gray (5Y 5/1 to 5Y 4/1), coarse to medium sand 
to olive brown (2.5Y 4/4) silt.  Within this unit were lenses of coarse sand with small to 
medium, rounded to subrouned gravel.  The bedding was planar to subplanar and the 
alternating sand bed ranged from 0.1 to 0.4-feet thick and the silt beds ranged from 
laminations to 0.5-feet thick.   
 
Subunits 1b and 1a were exposed as mappable units between the northeast end of the 
trench to Sta 0+26 and Sta 0+15, respectively.  The boundary between these two units 
was gradual and subunit 1b consisted of silty, fine to medium sand with scattered fine to 
medium gravel.  Within this unit were scattered to abundant silt lamina and gravel lenses.  
Subunit 1a consisted of sandy, matrix supported, fine to medium, subrounded to well 
rounded gravel.  The matrix was silty, medium to fine sand.  Both the units were gentle 
inclined to the southwest. 
 
Trench South 2a and Trench South 2b Geologic Structure 
 
Trench South 2a exposed subglacial and recessional outwash deposits dominated by silty 
gravel. Small bodies of diamict were present at a Sta 0+79, Sta 0+56, and Sta 0+58 . 
Thinly bedded fine to coarse sand and silt which existed in the southwest end of the 
trench had some appearances of being deposited in a quiet-water, possibly 
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glaciolacustrine, environment. Gravel-filled channels cut into non-gravelly or less-
gravelly deposits (cut-and-fill structures) were common (text Figure 16).  
 
The glaciofulvial subunit 1c in Trench South 2a contained a buttress unconformity 
exposed at Sta 1+57.  This feature was visible on both sides of the trench with a strike 
and dip of N05°E/32°W.  The east edge of the feature had some appearance of a stream 
channel erosion cut.  Layered sand deposits with the feature were inclined at the angle of 
repose. The base of the feature appeared to curve into and become a bedding plane in the 
stratified sandy and sitly deposit.  A pronounced liquefaction feature was preserved at Sta 
0+97 that displayed disturbed sand containing moderately large fragments of laminated 
silty sand that were rotated as if they became incorporated into a fluidized mass of sand.  
At Sta 0+84.5 a small vertical fault with down to the northeast motion offset the bedding 
approximately 0.1-feet.  From the northeast end of the trench to approximately Sta 1+20, 
the bedding generally had a gentle southwest inclination.  It was possible to follow planar 
to subplanar ‘marker’ beds of silt through the beds in the southwest toward the northeast 
and around Sta 1+20 the bedding begins to gentle fold in antiform-synform complexes. 
 
Recessional outwash subunits 1a, 1b, and glaciofluvial subunits 1d, 2a, 2b, and 2c were 
found to be sub-horizontal to gently dipping between the northeastern end of the trench 
and Sta 1+20. 
 
Subunit 3a was most likely a piece of diamict that was surrounded by ice, buried, and 
remained after the ice melted over time. 
 
  
Trench No. South 2a and South 2b Structural interpretation 
 
Structural features interpreted to have formed by tectonic (coseismic) deformation were 
mapped along portions of the south sidewall terraces of Trench South 2a and the north 
sidewall terraces of Trench South 2b.  These secondary (i.e., post-deposition or syn-
deposition) features consisted of inclined beds, liquefaction, small faults, and a buttress 
unconformity feature.  Inclined beds existed in the northeast half of the trench and had 
the appearance of low-amplitude anticlines and synclines.  All features were plotted in a 
Rose diagram and compared to the approximate trend of Lineament 4 and the over all 
approximate trend of the SWIF (Figure A-15).   
 
Four types of deformation were observed in Trench South 2a: inclined beds, liquefaction, 
small glacial faults, and a buttress unconformity feature. Inclined beds (text Figure 17) 
existed in the northeast half of the trench and had the appearance of low-amplitude 
anticlines and synclines. The axis of the anticline had a trend of N60°W to N75°W.  They 
could be glacier push folds or ice melt out sags, described by Klein and Davis (1999) or 
Bennett and Glaser (1996). Gently dipping recessional deposits overlie the inclined beds 
between Sta 0+15 and Sta 0+90 (text Figure 18) clearly indicating that the folding 
process ceased during glacial recession. 
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Liquefaction features are present in Trench South 2a Sta 0+97, Sta 1+49, Sta 1+57, and 
Sta 1+70. The liquefaction feature at Sta 0+97 is most pronounced below elevation 260 
feet displays disturbed sand containing moderately large fragments of laminated silty 
sand that were rotated as if they became incorporated into a fluidized mass of sand (text 
Figure 19). Deposits directly above this liquefied zone appear to have sagged with 
approximately one foot of elevation difference across the liquefied zone. A small north-
trending, steeply dipping fault was exposed at about elevation 262 on the bench above the 
liquefied zone (text Figure 20). This small fault was adjacent to a zone of sand disturbed 
by liquefaction appeared to be overlain by unfaulted gravelly sand. A reddish brown 
marker sand was disrupted by the liquefied zone at Sta 1+00 and elevation 262, but it 
appeared to project through the liquefied zone and across the small fault with a sag shape 
that matched the lower sag. Another small fault at about elevation 264 appeared to be 
approximately in line with the lower small fault (text Figure 21) and positioned on the 
northeast edge of a coarse gravel deposit. This gravel deposit did not appear to be filling 
a stream channel, and it had a small zone of disturbed sand suggesting that the gravel 
deposit is filling some type of a liquefaction feature. Gently inclined, but undeformed 
sand and gravel deposits are present above the coarse gravel deposit indicating that the 
liquefaction and other disturbing processes are no younger than the age of the upper 
recessional outwash deposits which are no younger than 16,570 cal yr B.P. The deposits 
described above are on vertical faces separated by benches that are several feet wide; 
therefore, the trench log does not represent a single vertical plane. Therefore, lateral 
variability in the nature of the deposits and liquefaction features incorporated into the 
logs of the terraced trenches (Trench South 2a and Trench South 2b).  
 
A dike of liquefied sand was exposed at Sta 1+49 in Trench South 2a and a liquefaction-
appearing feature was exposed at Sta 1+70.  The deposits above the feature at Sta 1+70 
were in a ‘V’ shape that suggested it might be the root ball of a tree that was uprooted as 
the tree fell.  
 
Several small glacial faults were exposed at Sta 0+72 in Trench South 2a in subunit 2c. 
These faults have limited vertical extent and terminate upward and downward. They 
probably are caused by subglacial or possibly by secondary earthquake processes. They 
are covered by unfaulted glacial deposits. 
 
A buttress unconformity feature was exposed in Trench South 2a at Sta 1+57. This 
feature was visible on both sides of the trench with a strike and dip of N05°E/32°W. 
Sediments on opposite sides of the feature appeared similar, but specific stratigraphy 
could not be correlated. Layers below the feature were continuous across its downward 
projection. The east edge of the feature had some appearance of a stream channel erosion 
cut. Layered sand deposits within the feature were inclined at the angle of repose, 
suggesting that it was exposed as the sand accumulated in a colluvial wedge 
configuration. The base of the feature appeared to curve into and become a bedding plane 
in the stratified sandy and silty deposit. Sandy gravel deposited in channels that cut into 
the sandy and silty deposit with the buttress unconformity was undeformed where it 
overlies an upward projection of the feature. Therefore, whatever processes caused the 
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features, they have not been active since the time that deposition of recessional outwash 
was complete. 
 
The geology exposed in Trench South 2b is similar to the geology in Trench South 2a, 
but with some remarkable differences. Glacial erratic boulders, a diamict body adjacent 
to an esker-form gravel deposit, a buttress unconformity, and local deformation were 
exposed. The glacial erratic boulders were encountered at Sta 0+96 and Sta 1+10 (text 
Figure 25), clearly indicating a subglacial origin of the deposits below the boulders. A 
body of diamict exposed at Sta 0+75 in Trench South 2b was larger than any diamict 
bodies exposed in Trench South 2a. An esker-form gravel deposit was exposed at Sta 
0+65 near the diamict body.  
 
A buttress unconformity was exposed at Sta 1+22. This feature separated steeply inclined 
gravel and sand from nearly horizontal sand and silt layers. Contorted beds and small 
faults were located in the sand and silt layers adjacent to this unconformity. A 
continuous, undeformed sand layer was present below the unconformity at the downward 
projection of the fault-like feature. This unconformity is located approximately 10 feet 
west of the larger of the two glacial erratic boulders, but the influence of the boulder on 
the unconformity is unknown. The trend from the unconformity to the liquefaction zone 
at Sta 0+97 in Trench South 2a is about N08°W, but the relationship between the 
liquefaction feature and the unconformity is unknown. In any event, the unconformity is 
not an active feature because its upward projection is overlain by undeformed subglacial 
or glacial outwash deposits. 
 
Remarkable local deformation in silt deposits was exposed between the two glacial 
erratic boulders and adjacent to the smaller boulder at about Sta 0+93. The stresses 
responsible for this deformation must have been compressive and could have been caused 
by glacial push in which the larger boulder resisted movement of subglacial deposits 
containing the smaller boulder. In any event, the compressive stresses must have been 
local and acted only at the time of deposition because undeformed stratigraphy was 
present below and above the deformed deposits. 
 
North Trench 
 
The ‘North Trench’ consisted of a main trench and a small pit excavated on the northwest 
side at Sta 1+10. Geologic materials exposed in the trench were diamict, stratified 
diamict, and injected sand and silt. Fill soils were present over the glacial deposits and in 
backfill along trenches excavated for drain lines. All natural materials had been 
overridden by ice because they were uniformly very dense, including fine sand dikes and 
crack fillings. 
 
Cracks were observed in the diamict at a number of locations, and Troost et al. (2005) 
note in the summary description of the Vashon till that it is commonly fractured. Some 
cracks branched into two parts that diverged in direction. One crack was observed to have 
a very small (0.01 foot) component of left-lateral separation. Other cracks were simple 
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tension cracks. These cracks were plotted in a Rose diagram and compared to the 
approximate trend of Lineament 4 and the over all approximate trend of the SWIF 
(Figure A-15).   
 
One curvi-planar feature striking west-northwest and dipping southwest was exposed at 
about Sta 1+08. This feature was adjacent to thin fine sand dikes with local pockets of 
fine sand. The pit was excavated to create a larger exposure of this curvi-planar feature. 
The curvi-planar feature appears to be a fluidized zone because it consists of wavy, thin 
sand and silt filaments that are continuous along the plane without evidence of shearing. 
The curvi-planar feature in the North Trench is similar in appearance to the curvi-planar 
feature exposed in Trench South 1c. 
 
During excavation of the small pit with a smooth-tooth bucket, the MACTEC geologist 
paid particular attention to the density of the diamict and the injected thin sand and silt 
filaments in the curvi-planar feature. All materials, including the sand and silt filaments, 
were uniformly very dense. We interpret this degree of density to indicate that the deposit 
was overridden by ice. 
 
The exposures of diamict in the North Trench revealed cracks and a curvi-planar feature 
that is interpreted to be injection of liquefied sand and silt in a fluidized zone. The lack of 
stratified subglacial or recessional outwash deposits overlying the diamict in the North 
Trench require that the density be used as an indicator of the age of injected or fluidized 
zones and crack fillings.  



FIGURE A-1

LOCATIONS OF

CHEMICAL BUILDING SEISMIC TRENCHES

Base map source: Orthorectified aerial photos, 2000 (?)
MACTEC Project 4953-05-3181
Date: September 2006

Projection: NAD83 NARN State Plane Washington North (feet) Note, See Figure 3 in text
for locations of trenches
in relation to site boundaries.
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FIGURE A-2

LOG OF TRENCH SOUTH 1

BRIGHTWATER WASTE WATER TREATMENT PLANT

Base map source: Original Trench Logs
MACTEC Project 4953-05-3181
Date: July 2006

280

0+00 0+10 0+20 0+30

Stations (ft)

0+40 0+50 0+60

285

E
le

v
a
ti
o
n

(f
t)

See Figure A-6 for
description of units



FIGURE A-3

LOG OF TRENCH SOUTH 1a

BRIGHTWATER WASTE WATER TREATMENT PLANT

Base map source: Original Trench Log
MACTEC Project 4953-05-3181
Date: July 2006
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FIGURE A-4

LOG OF TRENCH SOUTH 1b

BRIGHTWATER WASTE WATER TREATMENT PLANT

Base map source: Original Trench Logs
MACTEC Project 4953-05-3181
Date: July 2006
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FIGURE A-5

LOG OF TRENCH SOUTH 1c

BRIGHTWATER WASTE WATER TREATMENT PLANT
Base map source: Original Field Logs
MACTEC Project 4953-05-3181
Date: July, 2006
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FIGURE A-6

LITHOLOGIC DESCRIPTIONS FOR TRENCH SOUTH 1- 1c

BRIGHTWATER WASTE WATER TREATMENT PLANT

Base map source: Original Trench Logs
MACTEC Project 4953-05-3181
Date: August 2006
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(1) Qvtsd

Artificial Fill (Undocumented)
Man-made of variable composition including Sandy GRAVEL and
Silty, fine to medium-grained SAND with scattered glass fragments,
appeared generally medium dense, sharp and undulatory basal contact

Cambic Soil-Horizon/ Weathered Diamicton
Silty, fine-grained SAND (SM) to Sandy SILT (MLs) with randomly oriented
fine gravels and scattered organic fragments and roots; porous from open root
pores; weak, subangular to blocky ped development; iron-oxide staining.

Sub-Glacial Fluvial (Intra-Till) Deposits
Moderately-well stratified sequence of predominantly Sand and Gravel with subordinate
Silt deposited both conformably and unconformably against the sandy diamicton beds of
Unit 1; In general, the sand and silt beds (i.e., layers) ranged in thickness from laminated
(less than ½ -inch thick) to thinly bedded (0.1 to 0.3-ft thick) and the sandy gravel to gravel
beds ranged in thickness from thin- to medium thick (0.1 to 2-ft thick). Bedding appeared
primarily planar parallel and continuous with some lenticular-shaped beds and minor channel
lenses. Bedding contacts appeared generally sharp, although some beds exhibited gradational
contacts.

The sub-glacial fluvial (Intra-Till) deposits deposits are subdivided below into the following
units in order of relative stratigraphic position (i.e., uppermost to lowermost):

Fine- to coarse sandy GRAVEL (GP), locally grading downward to fine- to coarse-grained Sand
with scattered gravels (SW-SP), oxidized to orange-brown (10YR 4/6); basal contact appeared
conformable with the underlying beds except for localized erosional scour at station 1+30.

Silty, fine- to medium-grained SAND (SM) with trace to some coarse sand and few to common

(about 10 to 30 percent) fine gravels; no bedding apparent, open root tube pores to -inch.⅛

Gravelly, fine- to coarse grained SAND with variable silt content (SP-SM) graded laterally to
poorly sorted, sandy Gravel (GP); gravels and cobles ranged from about ½ to 6-inch length
with rare clasts of volcanic porphyry to 12-inch- length; appeared dense to very dense.

Fine- to coarse sandy GRAVEL (GP); gravel clasts commonly from ¼ - to ¾ -inch length
with few 1- to 2-inch length, moderately sorted; appeared dense to very dense; sharp,
localized erosional scour along base.

Medium- to coarse-grained SAND (SP) interbedded with, silty, fine-grained SAND (SM),
and minor SILT (ML); appeared dense; laminated to very thinly bedded (½ to 1-inch thick),
moderately-well to well stratified.

Fine- to medium-grained SAND (SP) interbedded with fine- to medium- grained SAND (SP),
silty, - grained SAND (SM), and minor olive-gray SILT with trace clay (ML); discontinuous gravel
lens at top of unit; appeared dense; laminated to very thinly bedded (½ to 1-inch thick), moderately-
well to well stratified.

Fine- to coarse sandy GRAVEL (GW), grades laterally and vertically to fine- to coarse-grained
SAND with scattered gravels and trace silt (SW-SP); local lenses of fine- to medium-grained
Sand and sandy Silt; appeared dense; moist to wet with local seepage near base; gravels
typically ranged from ½ - to 2-inch length, with few gravels from 3- to 8-inch length; gravels
commonly sub-rounded to well-rounded, poorly to moderately sorted (bimodal distribution?);
appeared crudely bedded to massive; interfingered with underlying stratigraphic unit no. 3.

Medium- to coarse-grained SAND (SP) interbedded with fine- to medium- grained SAND
(SP), silty, fine- to medium- grained SAND (SM), and minor olive-gray SILT with trace clay
ML); discontinuous gravel lens at top of unit; appeared dense; laminated to very thinly
bedded (½ to 1-inch thick); moderately-well to well stratified.

Fine- to coarse sandy GRAVEL (GP) interbedded with fine- to coarse-grained SAND with
scattered gravels (SW-SP) and minor silty, fine-grained SAND (SM); appeared dense to
very dense and moist; moderately well stratified.

Fine to coarse GRAVELS (GP) interbedded with sandy GRAVEL (GP) and subordinate
medium- to coarse-grained SAND (SP); gravel layers defined by clast size appeared well
sorted with layers typically 2 to 4-inches thick; appeared dense to very dense and moist;
commonly sub-rounded to well-rounded gravels; clasts show slight imbrication,
moderately-well bedded.

Till like deposits: Sandy Diamicton
Silty to very silty, fine-grained SAND (SM), with some scattered medium to coarse grains
and fine gravels, commonly ¼ to 1-inch diameter, maximum 4-inch length, bluish-gray,
munsell color (5PB 5/1); appeared dense to very dense and moist to wet; locally, subdivided
into following facies:

Silty, fine- to medium-grained SAND (SM) with randomly oriented fine gravels, moderately-
well to well-rounded (about 5 to 15 percent by volume); contains discontinuous zones or
lenses of medium- to coarse-grained Sand, discrete zones of manganese and iron-oxide
staining; vaguely bedded to massive; subunit exposed between station 1+25 to west end of
trench.

Fine- to medium-grained SAND with trace silt (SP-SM) interlayered with thin laminae of
sandy SILT (MLs), and localized, small gravel lens; sands layers are commonly oxidized to
orange-brown colors and silty layers are predominantly grayish-colored; poorly to
moderately well stratified, thinly bedded (¼- to 1-inch thick beds); subunit exposed
beneath subunit 1b.
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FIGURE A-8

LOG OF TRENCH SOUTH 2B

BRIGHTWATER WASTE WATER TREATMENT PLANT

Base map source: Original Trench Logs
MACTEC Project 4953-05-3181
Date: August 2006
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FIGURE A-9

LITHOLOGIC DESCRIPTIONS FOR TRENCH SOUTH 2A

BRIGHTWATER WASTE WATER TREATMENT PLANTBase map source: Original Trench Logs
MACTEC Project 4953-05-3181
Date: August 2006

Unit ID Geologic Units and Lithologic Descriptions
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4d
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4d1

4a

3b1

3b

3a

2g

2f

2d

2c

2b

2a

1e

1d

1c

1b

1a

Artificial Fill (Undocumented)
Man-made of variable composition including Sandy GRAVEL and
Silty, fine to medium-grained SAND with scattered glass fragments,
appeared generally medium dense, sharp and undulatory basal contact
with under lying deposits.

Cambic Soil-Horizon
Very fine to medium-grained SAND with Silt (SM) with scattered coarse
Sand and fine to medium Gravel, subrounded to well-rounded coarse
gravel to small cobbles, porous, dense, trace clay, massive, fine roots,
yellowish brown (10YR 5/4) to dark yellow brown (10YR 5/6 to 5/8)

Moderately well-bedded (layered) sequence of Sand, sandy Gravel, Silt,
and minor siltyClay; exposed beneath the cambic soil-horizon to the base
of the trench. The contact between the outwash deposits and the overlying
soil appears gradational.In general, the sand and silt beds (i.e., layers)
ranged in thickness from laminated (less than 3/8-inch thick) to thinly
bedded (0.1 to 0.3-ft. thick) and the sandy gravel to gravel beds ranged
from thinly- to medium thickly-bedded (0.1 to 1-ft. thick. Bedding appeared
primarily planar to undulatory with some lenticular-shaped beds and
channel lenses. Bedding contacts were generally gradational, although
some beds exhibited sharp contacts. The beds near the base of the trench in
the southeastern section had long amplitude folding that decreased towards
the top of the trench

The recessional outwash deposits were subdivided into several mappable
beds and subunits defined primarily by lithologic contrast (4e – 1a).
Descriptions of the individual subunits described below are in general order
of increasing geologic age.

Silty, Sandy, GRAVEL (GM), massive Gravel with planar beds of coarse
Sand to small Gravel, locally clast supported otherwise matrix is coarse
Sand to fine Gravel. Larger clasts lack preferential orientation.

Slightly Silty, Gravelly, fine to coarse-grained SAND (SW-SM), moist to
wet, massive with scattered laminations of interbedded Sands and Silts.
Gravel is roughly bedded planar to sub-planar, matrix is coarse Sand to
fine Gravel. Clasts are small to large Gravel with occasional small Cobbles
that are subrounded to well rounded.

Localized lens of slightly sitly, fine- to medium- grain SAND (SP-SM)

Silty, Sandy, GRAVEL (GM). Fine to coarse Gravel, trace to slightly
Clayey, massive with few distinct layers.

Silty, Sandy, GRAVEL (stream deposit), coarse-grain Sand to medium,
well rounded
Gravel, locally clast supported, overall medium to coarse-grain Sand
matrix supported.

Roughly bedded planar to sub-planar GRAVEL. Gravel is subrounded to
rounded, small to large gravel with occasional small cobbles. Locally clast
supported, overall coarse sand to fine gravel matrix supported. Contains thin
planar beds of medium- to coarse- grained Sand.

Interbedded coarse to medium-grained SANDS with fine-grained SAND to SILT beds.
Scattered discontinuous Sandy, fine to small, subrounded to well rounded GRAVEL lenses.
SAND is light olive brown to olive brown (2.5Y 5/4 to 4/4). Beds are relatively horizontal
but pinch out over distance and contain cutbank fluvial features within beds.

Localized lens of very dense SILT (ML) with very fine- to fine-grain Sand, moist, and
outlined by iron oxide staining. Light olive gray (5Y 6/2) to olive gray (5Y 5/2).

Localized lens of coarse SAND (SP) with small Gravel. Massive, wet, bluish gray
(Gley 2 5/1) with MgO stained horizons surrounding boundaries.

Interbedded fining upward sequences of medium- to fine- grained SAND (SP) to SILT (ML).
Iron oxide staining is parallel to top of fine, silty sand layers and found between stations

Medium- to fine- grained SAND (SM-SP), slightly to Silty, thinly bedded in fining upward
sequences. Interbedded with coarse- grained SAND to fine Gravel. Grayish brown (2.5Y
5/2).

Interbedded Silty, coarse- to medium- grained SAND with fine to small, well rounded
to rounded, GRAVEL (SM –GM). Sand is light olive brown (2.5Y 5/4). Beds are planer
to sub-planer and laterally discontinuous.

Slightly Silty, slightly Gravelly to Gravelly, coarse- to fine- grain SAND (SW). Light olive
brown (2.5Y 5/2). Apparent stream channel deposit

2e

Interbedded fining upward sequences of coarse- to medium- grained SAND (SW)
to SILT (ML). Contains lenses of coarse- grained Sand with small to medium, rounded
to subrounded Gravel. Sand is gray (5Y 5/1), Silt is olive brown (2.5Y 4/4).

Sandy GRAVEL (GM) lens. Gravel beds are parallel to subparallel in a medium-grained
Silty, SAND (SM) matrix.

SILT (ML) layers with fine Sand interbedded with slightly Silty, medium-grained SAND
(SP), olive gray (5Y 5/2) to grayish brown (2.5Y 5/2).

Non-bedded, fine to medium, subrounded to rounded GRAVEL (GW) (stream channel
fill). Capped by roughly planer bedded coarse grained Sand to fine Gravel with
occasional coarse Gravel to small Cobbles

Channel fill consisting of fine to medium, well rounded to subrounded, GRAVEL to small
Cobbles. Massive to poorly bedded. Locally clast supported, dominantly matrix supported.
Matrix consists of Silty, coarse to medium-grain SAND (SM).

Interbedded fining upward sequences of coarse- to medium-grained SAND (SP) to SILT
(ML). Contains lenses of coarse-grained Sand with small to medium, rounded to subrounded
Gravel. Sand is gray to dark gray (5Y 5/1 to 5Y 4/1), Silt is olive brown (2.5Y 4/4). Bedding
is planar to sub-planar and thickness varies from 0.1 to 0.4-ft. thick (Sand beds) and
lamination to 0.5-ft. thick (Silt beds).

Silty, fine to medium-grain SAND (SM), scattered fine to medium Gravel, moist, scattered
to abundant silt lamina, Gravel lenses.

Sandy GRAVEL (GM). Matrix supported fine to medium, subrounded to well rounded
Gravel. Matrix consists of Silty, fine to medium-grain Sand (SM).



FIGURE A-10

NORTH TRENCH

BRIGHTWATER WASTE WATER TREATMENT PLANT

Base map source: Original Field Logs
MACTEC Project 4953-05-3181
Date: June 2006
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FIGURE A-11

NORTH TRENCH

BRIGHTWATER WASTE WATER TREATMENT PLANT

Base map source: Original Field Logs
MACTEC Project 4953-05-3181
Date: June 2006
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FIGURE A-12

NORTH TRENCH

BRIGHTWATER WASTE WATER TREATMENT PLANT

Base map source: Original Field Logs
MACTEC Project 4953-05-3181
Date: June 2006

Southeast Wall

280

285

E
le

v
a
ti
o
n

(f
t)

Station (ft)



FIGURE A-13

WESTERN WALL - TRENCH NORTH PIT

BRIGHTWATER WASTE WATER

TREATMENT PLANT

Base map source: Original Field Photo
MACTEC Project 4953-05-3181
Date: July 2006

N18°W T-NP - Western Wall ‘A’ Logged by D. Perry, C.E.G., July 11, 2006

Poorly laminated to massive Diamicton

SPf-c

SPf-c

Seepage

QVD

Massive appearing Diamicton

Q
V

Stratified

SM
f
with gravels



SPf-c

SMf

SPf-c SPf-c

SPf-c

QVD

MLs

SMf

MLs

QVD

N18°W Logged by D. Perry C.E.G., 07-11-2006T-NP - Western Wall ‘B’

Massive appearing diamict, very dense
SMf with scattered fine pebble size gravel

very thin interbedded MLs and Smf

SMf

SMf

Seepage along contact

FIGURE A-14

WESTERN WALL - NORTH TRENCH PIT

BRIGHTWATER WASTE WATER

TREATMENT PLANT
Base map source: Field Photo Log
MACTEC Project 4953-05-3181
Date: July 2006



ROSE DIAGRAMS FOR
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Base source: Field Measurements
MACTEC Project 4953-05-3181
Date: September 2006
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