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Dear Ms. Oesterreich:

Berlogar Stevens & Associates (BSA) is pleased to present this Fault Ground-Rupture
Investigation for the proposed Copperleaf residential development to be located between State
Highway 156 and San Juan-Hollister Highway, east of The Alameda in the City of San Juan
Bautista, California (Vicinity Map, Plate 1). The purpose of the investigation was to evaluate the
possible presence or absence of ground-rupture potential from active fault displacement on the
property. The scope of this current investigation is limited to an evaluation of potential ground
rupture at the project site and does not include evaluation of seismic shaking or other geologic
hazards. Our findings are based on a review of readily available published documents,
unpublished consultant’s reports, aerial photographic and historical topographic map reviews,
site and vicinity reconnaissance by our engineering geologist, and interpretation of near-surface
geologic conditions.

SITE DESCRIPTION

The approximately 13.3-acre Copperleaf—project site encompasses an area north of San Juan-
Hollister Highway, beginning about 200 feet east of the intersection of The Alameda and San
Juan-Hollister Highway. The Site Plan, Plate 2, shows the general layout of the project site, west
Alquist-Priolo boundary, and other features. The property is bordered on the north by State
Highway 156, on the west by undeveloped land and Hacienda de Leal (formerly known as San
Juan Inn), and on the east by Mission Farm RV Park. The rectangular-shaped property is
accessed by an unpaved road leading from San Juan-Hollister Highway near the southeast
property corner that extends north parallel to the property’s east boundary. An occupied
residence with out-buildings and a barn are located in the southwest corner of the property. A
pump house enclosed in a chain-link fence is located in the northeast portion of the site. A
concrete stand pipe is located south of the Pump house adjacent to San Juan-Hollister Highway.
No other surface structures are located on the property. A buried water line leading from the
pump house is recognizable from disturbed ground in LiDAR image (Plate 8) and was located in
the field by projecting a line from its connection at the pump house to a fire hydrant near the
property’s south property line. The area of our exploratory trenches was covered with seasonal
grasses, a few scattered bushes and willow trees in the vicinity of the pump house. The east
margin of the property along the fence line is marked by a dense growth of mature trees.
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The United States Geologic Survey 7.5-Minute San Juan Bautista Quadrangle topographic map
(USGS, revised 1997) shows the ground-surface elevation within the project site ranges from
about 220 feet above mean sea level in its southwest corner to about 198 feet in its northeast
corner. The coordinates of a point near the approximate center of the project site are latitude:
36.8401 N and longitude: 121.5296 W.

GEOLOGIC SETTING

REGIONAL GEOLOGY

The San Francisco Bay Area and the San Juan Valley in which the proposed Copperleaf-project
is located lie within the Coast Ranges geomorphic province. The province consists of a series of
discontinuous northwest trending mountain ranges, ridges, and intervening valleys characterized
by complex folding and faulting. The general geologic framework of the San Francisco Bay
Area is illustrated in studies by Schlocker (1970), Dibblee (1980), Wagner and others (1991),
Chin and others (1993), Ellen and Wentworth (1995), and Helley and Graymer (1997), the
California Geological Survey (CGS, 2002), included as the Regional Geologic Map (Plate 3)
among others.

Geologic and geomorphic structures within the San Juan Valley and the greater San Francisco
Bay Area are dominated by the San Andreas fault system, a right-lateral strike-slip transform
boundary that extends from the Gulf of California in Mexico, to Cape Mendocino in Humboldt
County, California. It forms a portion of the boundary between two independent tectonic plates.
To the west of the San Andreas fault system is the Pacific plate, which moves north relative to
the North American plate, located east of the fault system. In the San Francisco Bay Area,
movement across this plate boundary is concentrated on the San Andreas fault; however, it is
also distributed across a number of faults that includes the Calaveras, Hayward, San Gregorio,
Paicines, Zayante-Vergeles, and Quien Sabe among others. Together, these faults are referred to
as the San Andreas fault system. Movement along this fault system has been ongoing for about
the last 25 million years. The northwest trend of the faults within this system is largely
responsible for the strong northwest structural grain of geologic and geomorphic features in the
San Francisco Bay Area as well as the San Juan and lower Santa Clara Valleys.

Basement rocks east of the San Andreas fault system consist of a chaotic mixture of highly
deformed marine sedimentary, submarine volcanic and metamorphic rocks of the Franciscan
Complex of Jurassic to Cretaceous age (205-65 million years old). West of the San Andreas
fault system the basement rocks consist of successive slivers of granite once associated with the
Sierra Nevada - Peninsular intrusive complex (batholith) but which have been sliced by the San
Andreas fault and "stretched out" to the northwest to their current position.

AREA AND SITE GEOCLOGY
The project site is located on the southwest margin of a broad alluvial basin forming the San

Juan Valley. The San Juan Valley is a generally northwest-southeast trending alluvium filled
structural basin bounded on the north by the Lomerias Muertas and the Flint Hills and on the
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south and east by the Gabilan Range. Approximately 200,000 years ago (middle Pleistocene),
landslides inferred to have been triggered by movement along the San Andreas fault blocked the
flow of water from the San Benito County area to Monterey Bay forming I.ake San Benito.
Later in the Pleistocene, fault movements again dammed the water flow, forming Lake San Juan
(Jenkins, 1973). The sediments of Lake San Juan filled the valley to about 200 feet above sea
level and formed the surface on which the project site is located.

The San Juan Valley is separated from the San Gabilan highlands to the southwest by the San
Andreas fault. Mapping by the U.S. Geological Survey (Graymer and others, 2006) indicates
that the mountains of the Gabilan Range southwest of project site are supported by granitic rock.
The Gabilan Range has a granitic and metamorphic basement where the oldest rocks consist of a
series of quartzites, schists, and Gabilan (crystalline) limestone of probable Jurassic age. These
are intruded by the Santa Lucia acid to basic granitics and are overlain by a thin sequence of San
Lorenzo (Oligocene) sandstone and shale and Vaqueros and later (lower and middle Miocene)
sediments and volcanics. San Juan Creek drains the granitic hills to the south of the project site
(Vicinity Geologic Map, Plate 4). Prior to man-made channelization and over recent geologic
time, the creek had eroded the Pleistocene deposits and deposited a sequence of granitic sand in

the east 1/3 of the project site.

FAULTING

The project site and the southern portion of the San Francisco Bay Area are located in an area
characterized by moderate to high seismic activity. Plate 5, Fault Activity Map, shows faults and
their inferred activity in the vicinity of the Copperleaf project site. Two significant aspects of
fault activity that can damage buildings and infrastructure are: ground rupture along and adjacent
to active earthquake-fault traces, and seismic shaking. The focus of this investigation is

evaluation of potential ground rupture associated with the San Andreas fault. '

Zones along fault traces where renewed ground rupture is more likely to occur have been
investigated by the California Geological Survey (CGS 1974, 2000). Based on the publications
by Hart and Bryant (2007) and CGS (1982 and 2000), the project site is located within a State
designated Alquist-Priolo (A-P) Earthquake Fault Zone for the San Andreas fault (Plate 6) and
requires geologic study before development of structures for human occupancy.

SAN ANDREAS FAULT

The main trace of the San Andreas fault is mapped by the CGS through the northeast corner of
the project site (Plate 6). The San Andreas has an historic record of moderate to- great
earthquakes including the 1906 San Francisco earthquake. The fault defines an approximately
800 mile boundary between the Pacific and North American tectonic plates. Along its length, the
fault undergoes primarily horizontal strike-slip motion that accommodates most of the relative
motion between the plates. Fault creep has been recorded in the San Juan Bautista segment of
the fault trace and is observed in the vicinity of the project site.

Fault Evaluation Reports (FER) for the San Juan Bautista quadrangle have not been prepared by
the CGS (CGS website http://www.quake.ca.gov/gmaps/WH/regulatorymaps.htm). Fault
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Investigation Reports (FIR) described in CGS CD 2003-1 are located on the west side of the fault
and are too far away to be helpful in determining the fault’s location at the project site.

The 1975 Alquist-Priolo map of the 7%-minute San Juan Bautista quadrangle (CGS, 1974) (Plate
6) identifies fault creep along the. “accurately located” trace of the San Andreas fault a few
hundred feet north of Highway 156 (point C1, Plate 7), in the roadway of San Juan-Hollister
Highway south and adjacent to the project site (point C3, Plate 7), and in Mission Vineyard Road
about 2,000 feet southeast of the project site (point C4, Plate 7). Point C2, observed in this
study, is a 3- to 4-inch right-lateral offset of the Caltrans fence along the north side of highway
156. The fence is presumed to have been originally constructed straight. The alignment of
points C1 through C4 indicate that the fault is straight from at least 300 feet north of the site to at
least 2,500 feet south of Trench T-10. Together, the above points of evidence indicate that, in
the vicinity of the project site, the fault is linear and does not appreciably deviate from a straight
line along a trend of about N45°W.

HISTORICAL TOPOGRAPHIC MAP, AERIAL PHOTOGRAPH, and LiDAR REVIEW

We reviewed readily available historical topographic maps, aerial photographs, and on-line
imagery of the area to evaluate historical surface features that may relate to fault locations and
arcas of past fault deformation. The years covered by the topographic maps and aerial
photographs reviewed for this study are listed in the following tables.

Table 1
Aerial Photographs v
Film Id Frame | Scale Date Line
AV 4130 2,59 | 1:63360 | 10-17-91 | 216, 16
KAV 4122 27 1:36000 | 09-04-91 16

AV 3845 61 1:12000 | 10-29-90 41
AV 3593 30 1.36000 | 06-23-89 16
AV 3411 8 1:36000 | 01-05-88 7
AV 2881 | 36,31 | 1:33600 | 11-03-86 14,13
AV 2600 | 36,35 | 1:63360 | 04-25-85 15, 16
AV 2050 | 53,54 | 1:54000 | 10-18-81 16, 17
AV 1700 | 50,52 | 1:54000 | 05-14-79 16, 17
AV 1215 47 1:54000 | 12-17-75 16

Table 2
Topographic Quadrangles
Scale Year
15 min. 1917, 1939, 1940, 1947, 1987
7% min. 1955, 1968, 1980, 1997

Aerial photographs show that the western and central portions of the property had been used for
row crops up through the 1970’s. The photographs indicate that the eastern approximately 1/3 of
the property was not used for crops. The linear scarp associated with the mapped trace of the
San Andreas fault north of Highway 156 is discernable on all photographs reviewed. Several of
the aerial photographs reviewed display a ground-cover tonal change along a line approximately
intersecting the property’s southeast corner and extending in an irregular line about N45°W
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through the property. Generally, ground cover and grasses appear to be diminished on the
northeast of the tonal change line potentially due to a change in soil type and groundwater
retention. No surface features potentially associated with fault ground rupture were observed in
the aerial photographs southwest of the tonal change line.

LiDAR images provided by the USGS and overlaid on Google Earth were examined for subtle
fault-related surface features. The linear scarp formed by movement of the San Andreas fault
north of Highway 156 is readily apparent in the LiDAR image (Plate 8). The LiDAR image
shows that the northeast portion of the property is depressed relative to the remainder of the
property. The depressed area is on the northeast side of the tonal change line observed on aerial
photographs. East-west crop rows are illuminated in the middle portion of the property. About
1,300 feet southeast of the project site, the Google Earth 45-degree sun angle LiDAR image
reveals a linear, topographical low area that lies along the northeast side of the mapped trace of
the fault (Plate 7). The southwest side of this depression aligns with and confirms the straight
configuration of the fault through the area of the project site.

SITE RECONNAISSANCE

A Certified Engineering Geologist (C.E.G.) representing BSA conducted several reconnaissance
of the site and surrounding vicinity between February 7, and November 16, 2014 to observe
surface conditions that may relate to fault activity. The site and areas along the mapped trace of
the fault were walked to observe possible evidence of surface disturbance to the ground or man-
made structures. Ground disturbances inferred to be the result of fault activity were observed at
several points along the CGS-mapped fault trace.

o North of highway 156: linear and heavily vegetated escarpment, aligned along an
approximately N45°W trend, increases in height to the north.

o North side of highway 156: 3- to 4-inch right lateral offset of the Caltrans fence (Point
C2, Plate 7). The fence is presumed to have been originally constructed straight.

« Northeast corner of the project site: area of depressed ground surface apparently related
to an abandoned meander loop along the course of the ancient San Juan Creek. The creek
may have preferentially flowed through a sag pond created by fault movement in this part
of the property. The ground surface in the northeast portion of the property was covered
with low grasses growing on coarse-grained granitic sand. The contact between the light
colored coarse-grained sand and dark gray to black sandy clay to the west generally
follows a scarp that rises up to about 4 feet west of the pump house on the property.

+  San Juan-Hollister Highway: left stepping tension cracks in the asphalt (Point C3, Plate
7. :
«  Mission Vineyard Road: left stepping tension cracks in the asphalt (Point C4, Plate 7).

SAN JUAN SCHOOL FAULT INVESTIGATIONS
The San Juan School campus is located northwest of the project site on the north side of

Highway 156 (Plate 8). Three previous fault investigations conducted at the campus to upgrade
and expand school facilities were reviewed prior to BSA’s investigation of the Copperleaf
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project site. In 1987, Cleary Consultants performed a fault location investigation for planned
additions at the school. The work involved two magnetometer lines and the excavation and
logging of two trenches totaling 770 feet in length. In 2002, D&M Consulting Engineers
conducted a geologic. seismic, and fault hazards assessment for a proposed addition to the
kindergarten building. This study involved the excavation and logging of a single trench 192 feet
long within the property east of San Juan School. Fugro (2012) logged two trenches totaling
approximately 477 feet in length for planned seismic upgrades to six existing buildings and
construction of a multi-use building (Trenches A and B, Plate 8).

The stratigraphy exposed in the San Juan School trenches generally consisted of alluvial fan
deposits of fine-grained sequences of well-stratified and laminated sand and locally cross-bedded
and interfingering sand and gravelly sand and sandy gravel, and clast-supported sandy gravel
layers with nested channel deposits and sand lenses. The three fault studies cited above showed
the absence of faulting at the school within the zone of the exploratory trenches based on the
presence of continuous marker soil horizons that “provide positive evidence” (Fugro, 2012) for
the absence of fault offset.

SUBSURFACE EXPLORATION

OVERVIEW

The area cleared of faulting by the D&M and Fugro trenches when projected southeastward and
parallel to the local mapped trace of the San Andreas fault “shadows” a portion of the Copperleaf
property. The approximately 550-foot wide trench shadow establishes the absence of faulting in
the central portion of the Copperleaf site (Plate 8). Using the fault-trench shadow projected from
the San Juan School, BSA proposed to excavate and log exploratory trenches overlapping and
extending beyond the shadow zone. Trench T-1 was proposed west of the southwest Alquist-
Priolo boundary and extend into the shadow zone. A second trench was proposed to extend from
inside the shadow zone to the property’s northeast corner. The combined trenches and shadow
were intended to cover the entire site property within the Alquist-Priolo zone to evaluate the
possible presence or absence of faulting. This proposal for the trench layout was submitted to
and approved by the City of San Juan Bautista’s geologic peer reviewer.

Borings, Test Pits and Soil Age Evaluation

To investigate the possible presence of active faulting on the property, BSA excavated and
logged four soil borings, three exploratory trenches and seven test pits. The four soil borings
were located as shown on Plate 2 and were placed to establish soil and groundwater conditions at
the site before excavation of the trenches. The three trenches are identified in this report as T-1,
T-4, and T-10 and the seven test pits are identified as T-2, T-3, T-5, T-6, T-7, T-8, and T-9.
Logs of the soil borings aie presented in Appendix C. Graphic logs of Trenches are presented on
Plates 9 and 10. Descriptive logs of the Test Pits are presented in Appendix B.

Prior to excavating the trenches, two test pits were excavated to depths of up to about 15 feet to

examine the soil profile and to investigate the depth of pre-Holocene deposition. Dr. Glenn
Borchardt of Soil Tectonics examined the test pits, collected soil samples for laboratory analysis,
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and prepared a report describing the stratigraphic layers and estimating the age of the soil to the
bottom of the test pits. Soil Tectonics’ Pedochronological Report for 408 Old San Juan
Hollister Road, San Juan Bautista, California is attached (Appendix A). The test pits were later
extended and incorporated into exploratory trenches T-1 and T-4 shown on the Trench Logs

(Plates 9 and 10).

According to Soil Tectonics, the test pits exposed soil profiles that extend from modern time
through the Holocene / Pleistocene boundary and older. The report concludes that the 2Bt soil
horizon below a depth of about 3% feet in Trench T-1 consists of saprolites (chemically
weathered rock or rocks) and has a characteristic color (7.5YR) which are both indicative of
Pleistocene age. The report also concludes that the base of the 3Bt soil horizon at a depth of
about 4% feet in Trench T-4 corresponds with earliest Holocene, starting about 11,000 years ago,
so that deeper soil horizons are interpreted as pre-Holocene.

Using the information provided by Soil Tectonics, we targeted the depths of the exploratory
trenches to intercept and expose the 2Bt and 3Bt soil horizons and deeper layers in Trenches T-1
and T-4. The 2Bt soil horizon of Trench T-1 and 3Bt horizon of T-4 corresponds with our log
unit “B” depicted on the trench logs (Plates 9 and 10).

EXPLORATORY TRENCHES

The three exploratory trenches, totaling about 475 linear feet were excavated, examined and
logged at a scale of 1 inch equals 5 feet to evaluate the shallow subsurface strata and soil
structure. Hydraulic rail shores were placed in the trenches to support the walls. The north wall
of each trench (as well as the south wall where needed to observe notable features) was picked
by hand to remove excavator-bucket smear and to expose soils and structures for geologic
observation and logging. During excavation and logging of these exploratory trenches, Dr. Reid
Fisher, C.E.G., with Pacific Geotechnical Engineering representing the City of San Juan Bautista
as the peer reviewer, was present periodically to review our findings in the trenches as they were
logged. At completion of logging, Trenches T-1, T-4 and T-10 were backfilled and nominally

compacted.

TRENCHLAYOUT

Trench T-1 was excavated beginning about 65 feet east of the adjoining residential fence line and
about 25 feet north of the project site’s south boundary fence at San Juan-Hollister Highway
(Plate 9). The trench was positioned to overlap the southwest Alquist-Priolo boundary and
trended N46°E for a distance of about 215 feet into the San Juan School fault-trench shadow

zone.

Test Pits T-2 and T-3 were excavated in the northeast corner of the property to explore for.a
trench location in that area. Due to the presence of flowing sand to depths of up to 15 feet and
unstable side walls, these two test pits were abandoned as a possible trench location.

The southwest end of Trench T-4 was located as depicted on Plate 9 (about 190 feet south of the
property’s north fence line and 167 feet west of the water line extending south from the pump
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house) in an attempt to log materials from inside the San Juan School fault-trench shadow zone
toward the northeast property corner. The trench trended N60°E for a distance of about 40 feet.
Because Trench T-4 encountered flowing sands to a depth of more than 10 feet near its northeast
end, excavation was terminated and a new location for a trench was undertaken.

Test Pit T-5 was excavated in the fault-trench shadow zone between Trenches T-1 and T-4 to
confirm continuity of stratigraphic layers between the trenches.

To explore for a possible location of an exploratory trench in the east portion of the property,
Test Pits T-6 through T-9 were excavated and logged. To explore for depth of possible pre-
Holocene materials, 14 points were probed by Cone Penetration Test (CPT) in a grid pattern as
shown on Plate 2. The CPT data (Appendix D) indicated that depth to a more resistant layer
(possibly of Pleistocene age) progressively increased from about 14 feet near the water pipeline
on the property to about 40 feet near the property’s east property line. Based on the results of
Test Pits T-6 through T-9 and the CPT grid, Trench T-10 was positioned to overlap the northeast
end of Trench T-4 and to extend along trend of N66°E and N76°E toward the property’s east
property line. The southwest end of Trench T-10 was located about 316 feet west of the
property’s east fence line (adjacent to the water line extending south from the pump house) and
about 153 feet north of the property’s south fence line. Plate 2 depicts the locations of the four
borings, seven test pits, three trenches, CPTs, and other site features (the water line from the
pump house to San Juan-Hollister Highway is depicted on Plate 8).

TRENCH STRATIGRAPHY

Trench T-1

The surface material in Trench T-1 to a depth of up to about one foot is dark gray to black, hard
silty clay that has been reworked by disking. Below the agriculturally disturbed soil to a depth
of about 4% feet is dark gray, very stiff silty clay with slightly weathered quartzite and granitic
gravel. Below about 4% feet (log unit “B” and below, Plate 9) the stratigraphic layers,
interpreted by Soil Tectonics to be pre-Holocene, consist of sandy silty clay, clayey sand and
silty clay that contain caliche stringers and nodules up to about %-inch in diameter and cobbles
of rounded, moderately to completely weathered granite. The stratigraphic layers are primarily
distinguished by grain size and gradational color changes. Unit “B” extends uninterrupted and
undisturbed from the southwest end of the trench to the northeast end. The continuity of layer
“B” and the soil layers below indicate the absence of fault activity along the line of Trench T-1
from Pleistocene time to the present.

Trench T-4

From Station 0+00 to about 0+20, Trench T-4 displays soil layers similar to those identified in
Trench T-1. Unit “B” in Trench T-4 contains slightly more gravel than in Trench T-1. The soil
layer contains abundant caliche stringers and nodules that correlate to Unit “B” in Trench T-1.
Pleistocene age unit “B” extends uninterrupted and undisturbed from the southwest end of the
trench to about Station 0+23 where it is truncated by an angular unconformable contact of a
Holocene age fluvial deposit. Northeast of Station 0+20 the ground surface dips down about 4
feet. The change in ground elevation is attributed to erosion by an abandoned meander loop of
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San Juan Creek and correlates with the tonal change observed in the aerial photographs. The
fluvial deposits encountered northeast of Station 0+20 consist of loose to very loose interbedded
sand and gravelly sand lenses and thin sandy clay lenses (Unit “I”, Plate 9) and mixed sandy clay
and clay (Unit “J”). When exposed in the open trench, the fluvial deposits east of about Station

0+25 collapsed.

The continuity of soil layer “B” and deeper soil layers indicates the absence of fault activity
along the line from Station 0+00 to Station 0+25 of Trench T-4 from Pleistocene time to the
present. Below unit “B” at a depth of about 10 feet is an about one-foot thick marker bed of light
tan to gray/white silty sand with a heavy concentration of calcium carbonate (Log unit “F”).
This soil layer is described in the Soil Tectonics report as a “pseudo-E horizon” that is “nearly
pure white, about 15 cm thick, horizontally bedded, and exists beneath the Pleistocene soil.”

Trench T-10

The 3Bt soil horizon that corresponds to the log unit “B” in Trench T-4 was not readily
distinguished in Trench T-10. However, at a depth of about 8 feet, the continuation of the
“pseudo-E horizon” described in Trench T-4 appears in Trench T-10 and is identified on the trench
log (Plate 10) as unit “B”. The continuity of log unit “E” indicates the absence of fault activity
along the trench from Station 0+00 to about 0+80 from Pleistocene time to the present. Log Unit
“B” is truncated near Station 0+80 by a similar buried erosional bank of a fluvial deposit as
observed in Trench T-4. Soil unit “I” in Trench T-10 pinches out westward at about Station
0+83 and is correlated with unit “I” in Trench T-4 based on similarity of relative position,
lithology, and sedimentary structures. Beneath unit “I” a one- to six-foot thick deposit of peat
was encountered. The peat is inferred to have formed in the organic rich and reducing still
waters of an abandoned meander loop of the San Juan Creek or possibly in a sag pond associated
with tensional movement along the fault.

Soil layers deposited below log unit “E” (and therefore also of pre-Holocene age) and extending
east from about Station 0+70 display increased channellization, cross cutting , laminations,
graded bedding, and soft sediment deformation. Similar depositional features were described in
the Fugro trenches at the San Juan School site. East of Station 0+70, Trench T-10 was deepened
to follow Pleistocene age deposits beneath the fluvial and peat deposits. Although irregular in
thickness, overlapping log units “G”, “M”, “N”, and “P” in Trench T-10 present a continuous,
uninterrupted sequence of un-faulted stratigraphy east to about Station 1+75. Due to the
increased excavation depth and in compliance with Cal-OSHA requirements, the trench walls
-were laid back at about 1:1 horizontal to vertical. Excavation of Trench T-10 was stopped at
about Station 2+15 due to caving and safety concerns east of about Station 1+75. Groundwater

was encountered at a depth of about 28 feet.

CONCLUSIONS AND RECOMMENDATIONS

The San Andreas fault is mapped by the CGS to cross through the northeast corner of the project
site. Based on the presence of the fault at the site, the CGS, in compliance with the Alquist-
Priolo Earthquake Fault Zoning Act, has established a zone on both sides of the mapped fault
trace that requires a fault investigation prior to site development. Our review of aerial
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photographs and LIDAR images and our site reconnaissance provided additional evidence for the
presence of the fault in the property’s northeast corner. Evidence observed includes: area of
topographic depression, soil change across the site, offset fence, and tensional cracks in asphalt

roadways.

A subsurface investigation was conducted at the site to explore for evidence of the presence or
absence of fault offset. The combined length of Trenches T-1, T-4, and T-10 and the trench
shadow projected from the San Juan School cover the project site from southwest of the Alquist-
Priolo boundary to Station 1+75 in Trench T-10. Our investigation concludes that no evidence
of fault offset was found in the exploratory trenches at the site. Fugro concluded in its report for
the San Juan School that there was “positive evidence” for the absence of fault offset within the

area explored by Fugro and D&M.

Exploratory trenching to investigate pre-Holocene stratigraphy was terminated east of Station
1475 in Trench T-10 due to excessive excavation depth. Based on the absence of fault offset in
Trench T-1 and T-4 and west of Station 1+75 in Trench T-10, and findings by others described
above (CGS 1974, 2000; D&M 2002; Fugro 2012), we conclude that, although the San Andreas
fault was not found, the fault lies east of Station 1+75 in Trench T-10. Considering the above
fault location evidence and the possibility that a trace of the fault may lie just beyond the area
explored in this investigation, we recommend that a building exclusion zone be established for
the property 50 feet southwest of Station 1+75 in Trench T-10. Because the fault in the vicinity
of the project site is a straight line, the southwest boundary of the exclusion zone should align
with the local straight trend of the fault at N45°W. Buildings intended for human occupancy
should not be constructed on the property east of this exclusion line without further fault

investigation.

LIMITATIONS

The conclusions and recommendations of this report are based upon the information provided to
us regarding the proposed project, subsurface conditions encountered at the exploratory trench
locations, review of readily available published and unpublished consultant’s reports, and
professional judgment. This study has been conducted in accordance with current professional
engineering geologic standards; no other warranty is expressed or implied. The locations of the
trenches and test pits were measured from existing site features and should be considered
approximate only. Site conditions described in the text are those existing at the time of our field
exploration in November 5 through 24, 2014, and are not necessarily representative of such
conditions at other locations and times. In the event that changes in nature, design or location of
the proposed project are planned, or if it is found during construction that subsurface conditions
differ from those described herein, then the conclusions and recommendations in this report shall
be considered invalid, unless the changes are reviewed, and the conclusions and
recommendations are modified or approved in writing.
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We trust this provides the necessary information you need for the project. If you have any
questions, please contact the undersigned at (925) 484-0220. Thank you for the opportunity of

providing our professional services.
Respectfully submitted,
BERLOGAR STEVENS & ASSOCIATES

Michael Clark

Consulting Principal Geologist Principal
CEG 1264 RCE 2038
MC/FB:jmo
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ROAD, SAN JUAN BAUTISTA, CALIFORNIA

Prepared for Berlogar Stevens & Associates, Pleasanton, California

2014-11-18

Glenn Borchardt

INTRODUCTION

An assessment of seismic and landslide risk due to ground movement can be aided
greatly by the techniques of pedochronology (Borchardt, 1992, 1998), soil dating. This is
because the youngest geological unit overlying fault traces is generally a soil horizon. The age
and relative activity of ground movement often can be estimated by evaluating the age and
relative disturbance of overlying soil units, as well as buried soils called paleosols. Terms,
prefixes, and suffixes are defined in the Soils Glossary at the end of this report.

Soil horizons exhibit a wide range of physical, chemical, and mineralogical properties
that evolve at varying rates. Soil scientists use various terms to describe these properties. A
black, highly organic "A" horizon, for example, may form within a few centuries, while a dark
brown, clayey "Bt" horizon may take up to 40,000 years to form. Certain soil properties are
invariably absent in young soils. For instance, soils developed in granitic alluvium of the San
Joaquin Valley do not have Munsell hues redder than 10YR until they are at least 100,000 years
old (Birkeland, 1999; Harden, 1982). Still other properties, such as the movement and deposition
of clay-size particles and the precipitation of calcium carbonate at extraordinary depths, indicate
soil formation during a climate much wetter than at present. In the absence of a radiometric age
date for the material from which a particular soil formed, an estimate of its age must take into
account all the known properties of the soil and the landscape and climate in which it evolved.

METHOD

The first step in studying a soil is the compilation of the data necessary for describing it
(Birkeland, 1999; Borchardt, 2010a). At minimum, this requires a Munsell color chart, hand lens,
acid bottle, and instruments for 1:1 soil:water pH and conductivity measurements. The second
step may involve collecting samples of each horizon of the soil profile column for laboratory
analysis of particle size. This is done to check the textural classifications made in the field and
to evaluate the genetic relationships between horizons and between different soils in the
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landscape. When warranted, the clay mineralogy and chemistry of the soil also is analyzed to
provide additional information on the changes undergone by the initial material from which the
soil weathered. The last step is the comparison of this accumulated soil data with that for soils
having developed under similar conditions, preferably in the same region. Such information is
scattered in soil survey reports (e.g., Welch, 1981), soil science journals, and consulting reports.
In a particular locality, there is seldom enough comparative data available for this purpose. That
is why, at the very least, the study of one soil profile always makes the evaluation of the next that
much easier.

RESULTS OF THIS EVALUATION

In this study, | evaluated two soils on opposite sides of the property at 408 Old San Juan
Hollister Road, in San Juan Bautista, California. The first was a well-drained soil in trench T-1
on the west (Table 1). The second was a moderately well-drained soil in trench T-4 on the east
(Table 2).

Soil Profile No. 1

This profile was described at station 5’ in the northwest wall of trench T-1 (Table 1,
Figure 1). It is part of an upward fining sequence topped off with a 47-cm thick black loam A
horizon with medium strong subangular blocky structure. Beneath this is 33-cm thick very dark
grayish brown loam AB horizon with a few patchy thin clay films on coarse sand grains. Beneath
this is a 28-cm thick dark brown loam Bt horizon with medium strong subangular to angular
blocky structure and a few patchy thin clay films on coarse sand grains.

The underlying 2Bt horizon from 108-145 cm is a dark brown coarse sandy clay loam
with medium strong subangular blocky structure and a few patchy thin clay films on coarse sand
grains. The horizon contains adjoining saprolitic cobbles (23 X 10 cm) consisting of two
varieties of granite (Figure 2).

The underlying Btk horizons have two special characteristics: 1) an increase in the
clay/silt ratio and 2) the precipitation of calcite as fine faint filaments. The 2Btk horizon from
145-184 is a dark brown (10YR4/3md) sandy clay with few very fine faint calcite filaments,
medium strong subangular blocky structure, and a few patchy thin clay films on coarse sand
grains. Beneath this is a 3Btk horizon that extends to the base of the solum (see glossary) at 217
cm. It is a dark brown (7.5YR4/4m) gravelly sandy clay with few very fine faint calcite
filaments, fine to medium weak subangular blocky structure, and few patchy thin to medium
thick clay films on coarse sand grains. In both Btk horizons, the filaments and the matrix are
only slightly effervescent.

Beneath the solum are two horizons that tend to become coarser and less weathered with
depth. The first is a 4BC between 217-252 cm. It is dark brown gravelly coarse sand with single
grain to fine weak subangular blocky structure, very few patchy thin to medium thick clay films
on the bottoms of a few granitic cobbles to 5 cm. Beneath this is a 5CB horizon from 252-277
cm. It is brown coarse sand with single grain structure. The few granitic cobbles are non-
saprolitic.
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Soil Profile No. 2

This profile was described at station 3’ in the northwest wall of trench T-4 (Table 2,
Figure 4). It is a bisequum (see glossary) in which two soils appear stacked upon each other,
each having an upward fining sequence. The surface horizons are unusual in that they contain
disseminated calcite. The ABK horizon is a 47-cm thick black silty clay loam with fine to
medium strong granular to subangular blocky structure and non-visible calcite that produces
violent effervescence. Beneath this is a 2ABK horizon at 47-74 cm. It is a very dark brown
(10YR2/2m) to gray (10YRS5/1d) gravelly sandy clay loam with common fine to coarse
prominent white mottles due to granitic clasts and medium strong subangular blocky structure
(Figure 5). Like the horizons above and below, it has no visible calcite, but yields violent
effervescence to HCI.

Beneath this is the bottom half of the bisequum, with the 3Bk horizon at the 74-99
cm depth. It has a very dark gray gravelly sandy clay with a few brownish yellow mottles due to
iron oxides. Beneath this is a 3Bt horizon at the 99-139 cm depth. It is dark grayish brown fine
gravelly sandy clay also with a few brownish yellow mottles due to iron oxides. Like the horizon
above, it has strong subangular blocky structure. There are a few thin clay films lining pores.

Two relatively unweathered horizons underlie the solum. The firstisa4BC at  139-
165 cm. It is gray fine gravelly clayey sand with common fine to coarse prominent white mottles
due to granitic clasts and a few brownish yellow mottles due to iron oxides. It has single grain to
medium weak subangular blocky structure. The second is a 4CB at 165-214+. It is a light
yellowish brown clayey sand also with single grain to fine weak subangular blocky structure.

Soil pH and Conductivity

Soil pH is provided as part of a proper soil description. Most unweathered bedrock
normally has a pH generally around neutral. Precipitation includes carbon dioxide from the
atmosphere, forming carbonic acid, which tends to dissolve soil minerals. Thus, the analysis of
pH as a function of depth often is a good indication of the degree of aerial exposure undergone
by a geologic material. Unweathered material would show no change in pH with depth. At our
site, both soil profiles show significant increases in pH with depth (Figure 7). Soil Profile No. 1
shows acidification effects to the base of the solum at 217 cm, while Soil Profile No. 2 shows
those effects past the base of the solum to 214 cm.
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As mentioned in the description, Soil Profile No. 2 exhibited violent effervescence
indicative of the presence of calcite even though no pedogenic calcite was visible (Table 2). This
is why the pH in that profile is so much higher than it is in Soil Profile No. 1. Soils of significant
age normally do not have calcareous A horizons unless the carbonate is present in the original
material. In this case, the source appears to be the “prebatholithic metasedimentary rocks Pzls —
carbonate rocks” in the headwaters of San Juan Creek (Wagner and others, 2002). It was present
in the last silty clay loam unit produced by flooding along the creek. Nonetheless, the pH profile
demonstrates considerable acidification with nearness to the surface (Figure 7), indicating that
the deposition was not recent.

Soil conductivity also sometimes displays useful depth functions in soils. As acid rainfall
dissolves soil minerals, it produces salts that leach to greater depths. We see this in both soil
profiles, with the salts being trapped in clayey horizons (Figure 8). In Soil Profile No. 1, salts
were trapped in the 2Btk horizon above the 184-cm depth, while in Soil Profile No. 2, salts were
trapped in the 3Bt horizon. Surface horizons often have increased salts due to recycling of leaf
litter and artificial fertilization. Soil Profile No. 2 shows signs that increased salt concentrations
in the surface might be related to flooding along nearby San Juan Creek.

Soil Age Calibration

As mentioned above, Soil Profile No. 1 has a 217-cm thick solum along pedogenic
characteristics typical of Pleistocene soils that have experienced greater precipitation than at
present (McFadden, 1982). The Bt horizon is 137 cm thick, although the clay films are thin and
patchy. There are saprolites (see glossary and Borchardt, 2010b) in the 2Bt horizon and 7.5YR
colors at depths greater than 184 cm, both of which generally are indicative of a Pleistocene age.
These also were seen by in soils developed in granitic alluvium at San Juan School to the north
(Fugro, 2012, Appendix A). Precipitation of pedogenic calcite filaments occurred between 145
and 217 cm. The Btk designation indicates that the clay translocation was later followed by the
calcite precipitation—another indication that the soil experienced the Pleistocene-Holocene
climatic transition at 11 ka. | estimate this soil to begun forming about 17,000 years ago.

Soil Profile No. 2 appears to be somewhat younger than Soil Profile No. 1. Its solum is
only 139-cm thick, with the fluvial deposition having occurred as two separate upward fining
sequences. The last sequence apparently had calcite originally derived from metasedimentary
bedrock in the headwaters of San Juan Creek. This recent deposition apparently caused the pH in
the soil profile to be especially high, although the decrease with nearness to the surface indicates
that the soil also has experienced acid rainfall during the late Holocene. The 40-cm thick Bt
horizon appears to have formed during the early Holocene, starting about 11,000 years ago.

Both soil profiles contrast with the very young soil near San Juan Creek (Figure 9). That
soil has a black A horizon overlying relatively unweathered gravel and sand. Such AC soils are
not suitable for assessing surface-fault rupture (SFR) hazard because they are not over 11,000
years old.
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PSEUDO-E HORIZONS

Among the unique features discovered at this site were the “pseudo-E horizons” found in
trench T-4 (Figure 10) and trench T-10 (Figure 11) (see log in main report). Both are nearly pure
white, about 15-cm thick, horizontally bedded, and exist beneath the Pleistocene soil at depths
greater than 2 m at an elevation of about 200°. Similar light-colored layers sometimes are found
between A and B horizons and are designated “E horizons.” Such a horizon was seen at San Juan
Mission to the northwest of our site (Borchardt, 2010b). Their genesis is a matter of some debate.
Traditionally, they have been considered a result of eluviation, in which clay and iron is
translocated to, and forms a clayey B horizon below. Although that process may be at work in
some E horizons, Assmus (1993) showed that “fresh deposition over a pre-existent clay pan
provided the material essential for the formation of an E horizon” around the margin of a lagoon
in Nebraska. This is clearly the case at our site, in view of the fact that the white layer in trench
T-4 is very fine granitic sand, while the correlative white layer in trench T-10 is extremely
effervescent calcareous silt. Had this white layer been found between an A horizon and a clay
aquiclude, it might have been mistakenly identified as a real E horizon.

The calcareous “pseudo-E horizon” discovered in trench T-10, confirms the earlier
suggestion that the non-visible calcite in the surface horizons of Soil Profile No. 2 was not
pedogenic. Instead, it appears to have been deposited as a unique overbank material along with
the silty clay now existing in the Ak horizon there (Table 2).

CONCLUSIONS

1. Soils in trenches T-1 on the west and T-4 on the east have sufficient characteristics
indicating that they are at least 11,000 years old.
2. Intervening soils are sufficient for evaluating surface-fault rupture hazard (SFR).
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Table 1. Description of Soil Profile No. 1 excavated on the western side of the property at 408
Old San Juan Hollister Road, San Juan Bautista, California. Abbreviations and definitions are
given in Schoeneberger and others (2012) and Soil Survey Staff (1993, 1999, 2010).

Description of soil developed in granitic alluvium by Glenn Borchardt, who measured and
sampled the soils on November 11, 2014 at latitude N36.83934° and longitude W121.53070° at
station 5’ in the northwest wall of trench T-1 at an elevation of xxx” Google Earth (219’ GPS).
Mediterranean climate with mean annual precipitation of 13.92”/yr (354 mm/yr) at Hollister
from 1948-2007. Slope 0.5°. Aspect east. Excellent drainage. Water table deep. The parent
material is granitic alluvium. Soil pH is strongly acid in the surface, becoming neutral in the
subsurface. Soil in the area is mapped as: Salinas clay loam, Pachic Haploxerolls, 0-2% slopes.

Horizon Depth, cm Description

Soil Profile No. 1

A 0-47 Black (10YR2/1m, 3/2d) loam; medium strong subangular blocky
structure; sticky and plastic when wet, very friable when moist, and extremely hard when dry;
many fine roots; common medium continuous random tubular pores; gradual smooth boundary;
pH 5.4; conductivity 100 uS; Sample No. 14B141.

AB 47-80 Very dark grayish brown (10YR3/3m, 3/2d) loam; fine to medium
strong subangular blocky structure; sticky and plastic when wet, very friable when moist, and
very hard when dry; few very fine roots; common medium continuous random tubular pores; few
patchy thin clay films on coarse sand grains; gradual smooth boundary; pH 5.1; conductivity 80
uS; Sample No. 14B142.

Bt 80-108 Dark brown (10YR4/3m, 5/2d) loam; medium strong subangular to
angular blocky structure; sticky and plastic when wet, very friable when moist, and extremely
hard when dry; few medium continuous random tubular pores; few patchy thin clay films on
coarse sand grains; clear smooth boundary; pH 5.4; conductivity 100 uS; Sample No. 14B143.

2Bt 108-145 Dark brown (10YR4/3m, 5/2d) coarse sandy clay loam; medium
strong subangular blocky structure; very sticky and plastic when wet, very friable when moist,
and extremely hard when dry; few medium continuous random tubular pores; few patchy thin
clay films on coarse sand grains; granitic saprolitic cobble 23 X 10 cm; clear wavy boundary; pH
5.6; conductivity 170 uS; Sample No. 14B144.
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2Btk 145-184 Dark brown (10YR4/3md) sandy clay with few very fine faint
calcite filaments; medium strong subangular blocky structure; very sticky and very plastic when
wet, very friable when moist, and very hard when dry; few medium to coarse continuous random
tubular pores; few patchy thin clay films on coarse sand grains; filaments and matrix slightly
effervescent; gradual smooth boundary; pH 6.2; conductivity 220 uS; Sample No. 14B145.

3Btk 184-217 Dark brown (7.5YR4/4m, 5/4d) gravelly sandy clay with few very
fine faint calcite filaments; fine to medium weak subangular blocky structure; very sticky and
plastic when wet, very friable when moist, and very hard when dry; few fine to medium
continuous random tubular pores; few patchy thin to medium thick clay films on coarse sand
grains; filaments and matrix slightly effervescent; few non-saprolitic granitic cobbles; gradual
wavy boundary; pH 6.5; conductivity 150 uS; Sample No. 14B146. [Level line at 185 cm.]

4BC 217-252 Dark brown (7.5YR4/4m, 5/4d) gravelly coarse sand; single grain
to fine weak subangular blocky structure; slightly sticky and nonplastic when wet, very friable
when moist, and hard when dry; many very fine interstitial pores; very few patchy thin to
medium thick clay films on the bottoms of cobbles to 5 cm; few non-saprolitic granitic cobbles;
clear smooth boundary; pH 6.8; conductivity 130 uS; Sample No. 14B147.

5CB 252-277+ Brown (7.5YR5/4m, 6/4d) coarse sand; single grain structure;
slightly sticky and nonplastic when wet, very friable when moist, and soft when dry; many very
fine interstitial pores; few non-saprolitic granitic cobbles; pH 6.8; conductivity 80 uS; Sample
No. 14B148.

*ESTIMATED AGE: |t, |=| 17 |ka
th | = 0 ka
tg | = 17 ky

“Pedochronological estimates based on available information. All ages should be considered
subject to +50% variation unless otherwise indicated (Borchardt, 1992). Bold dates are absolute.

t, = date when soil formation or aggradation began, ka
t, = date when soil or strata was buried, ka
tq = duration of soil development or aggradation, ky
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Table 2. Description of Soil Profile No. 2 excavated on the eastern side of the property at 408
Old San Juan Hollister Road, San Juan Bautista, California. Abbreviations and definitions are
given in Schoeneberger and others (2012) and Soil Survey Staff (1993, 1999, 2010).

Description of soil developed in granitic alluvium by Glenn Borchardt, who measured and
sampled the soils on November 11, 2014 at latitude N36.84005° and longitude W121.52920° at
station 3’ in the northwest wall of trench T-4 at an elevation of 205” Google Earth (219’ GPS).
Mediterranean climate with mean annual precipitation of 13.92”/yr (354 mm/yr) at Hollister
from 1948-2007. Slope 0.5°. Aspect east. Moderately well to somewhat poorly drained. Water
table deep. The parent material is granitic alluvium. Soil pH is neutral in the surface, becoming
mildly alkaline beneath the solum. Soil in the area is mapped as: Salinas clay loam, Pachic
Haploxerolls, 0-2% slopes.

Horizon Depth, cm Description

Soil Profile No. 2

ABK 0-47 Black (10YR2/1m, 3/1d) silty clay loam; fine to medium strong
granular to subangular blocky structure; sticky and plastic when wet, very friable when moist,
and very hard when dry; many fine roots; common fine to coarse continuous random tubular
pores; violent effervescence; clear smooth boundary; pH 6.8; conductivity 300 uS; Sample No.
14B151.

2ABK 47-74 Very dark brown (10YR2/2m, 5/1d) gravelly sandy clay loam with
common fine to coarse prominent white mottles due to granitic clasts; medium strong subangular
blocky structure; very sticky and plastic when wet, very friable when moist, and extremely hard
when dry; common fine roots; common fine to coarse continuous random tubular pores; violent
effervescence; clear smooth boundary; pH 7.1; conductivity 220 uS; Sample No. 14B152. [Note
that the dry color of this horizon is gray (10YRS5/1d) as seen in the photos.]

3Bk 74-99 Very dark gray (10YR3/1m, 6/2d) gravelly sandy clay with
common fine to coarse prominent white and red mottles due to granitic clasts and few brownish
yellow mottles due to iron oxides; fine to coarse strong subangular blocky structure; very sticky
and very plastic when wet, very friable when moist, and extremely hard when dry; few fine
roots; common fine to coarse continuous random tubular pores; violent effervescence; diffuse
smooth boundary; pH 7.2; conductivity 180 uS; Sample No. 14B153.
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3Bt 99-139 Dark grayish brown (10YR4/2m, 6/2d) fine gravelly sandy clay
with common fine to coarse prominent white and red mottles due to granitic clasts and few
brownish yellow mottles due to iron oxides; fine to coarse strong subangular blocky structure;
very sticky and very plastic when wet, very friable when moist, and extremely hard when dry;
common fine to medium continuous random tubular pores; few thin clay films lining pores;
diffuse smooth boundary; pH 7.3; conductivity 300 uS; Sample No. 14B154.

4BC 139-165 Gray (10YR5/1m, 6/3d) fine gravelly clayey sand with common
fine to coarse prominent white mottles due to granitic clasts and few brownish yellow mottles
due to iron oxides; single grain to medium weak subangular blocky structure; slightly sticky and
slightly plastic when wet, loose when moist, and very hard when dry; many fine interstitial
pores; diffuse smooth boundary; pH 7.5; conductivity 140 uS; Sample No. 14B155.

4CB 165-214+ Light yellowish brown (10YR6/4m, 7/4d) clayey sand; single grain
to fine weak subangular blocky structure; slightly sticky and slightly plastic when wet, loose
when moist, and very hard when dry; many fine interstitial pores; pH 7.3; conductivity 130 uS;
Sample No. 14B156.

*ESTIMATED AGE: |t, |=| 11 |ka
th | = 0 ka
tg | = 11 ky

“Pedochronological estimates based on available information. All ages should be considered
subject to +50% variation unless otherwise indicated (Borchardt, 1992). Bold dates are absolute.

t, = date when soil formation or aggradation began, ka
t, = date when soil or strata was buried, ka
tq = duration of soil development or aggradation, ky
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Figure 1. Soil Profile No. 1 in trench T-1 at station 5°. Note the two saprolitic cobbles in the 2Bt
horizon. View northwest.
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Figure 2. Close up of Soil Profile No. 1 showing the saprolites in the 2Bt horizon, which lies
above the calcareous 2Btk horizon at 145 cm (nail between the two horizon labels). View
northwest.

2014 A-13 SOIL TECTONICS



Figure 3. Btk horizons in the non-saprolitic lower portion of Soil Profile No. 1. Level line is at
185 cm. View northwest.
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Figure 4. Soil Profile No. 2 in trench T-4. Slightly poorer drainage at this site resulted in dark
colors except for the numerous granitic clasts in the 2ABk horizon. The “k” designates a
calcareous horizon (see glossary). This soil is particularly unusual in that the calcite is not visible
and exists in the A horizon, which normally would be subject to acid rainfall. View northwest.
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Figure 5. Close up of Soil Profile No. 2 showing the granitic clasts in the 2ABk horizon and the
angular blocky structure in the 3Bk horizon. View northwest.
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Figure 6. Close up of Soil Profile No. 2 showing the diffuse contact between the solum and the
less weathered underlying 4BC horizon beneath the 139-cm depth (nail). The yellowish colors in
the 4BC are due to iron oxides, which become especially visible only because of the lack of dark
organic matter. View northwest.
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Figure 7. The pH in Soil Profile No. 1 on the west is much lower than it is in Soil Profile No. 2
on the east side of the property, although it tends to increase with depth in both soils.
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Figure 8. Soil conductivity (related to salt content) in Soil Profile No. 1 on the west reaches a
maximum at a greater depth than it does in Soil Profile No. 2 on the east side of the property.
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Figure 9. Relatively unweathered AC soil profile at the east end of the property near San Juan
Creek. This soil profile is probably less than a thousand years old and therefore of insufficient
age for assessing SFR.
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November 16, 2014

SOILS GLOSSARY

AGE. Elapsed time in calendar years. Because the cosmic production of C-14 has varied during
the Quaternary, radiocarbon years (expressed as ky B.P.) must be corrected by using tree-ring
and other data. Abbreviations used for corrected ages are: ka (kilo anno or years in thousands) or
Ma (millions of years). Abbreviations used for intervals are: yr (years), ky (thousands of years).
radiocarbon ages = yr B.P. Calibrated ages are calculated from process assumptions, relative
ages fit in a sequence, and correlated ages refer to a matching unit. (See also yr B.P.,
HOLOCENE, PLEISTOCENE, QUATERNARY, PEDOCHRONOLOGY).

AGGRADATION. Deposition on the earth's surface in the direction of uniformity of grade.

ALKALLI (SODIC) SOIL. A soil having so high a degree of alkalinity (pH 8.5 or higher) or so
high a percentage of exchangeable sodium (15 % or more of the total exchangeable bases) that
plant growth is restricted.

ALKALINE SOIL. Any soil that has a pH greater than 7.3. (See Reaction, Soil.)

ANGULAR ORPHANS. Angular fragments separated from weathered, well-rounded cobbles in
colluvium derived from conglomerate.

ARGILLAN. (See Clay Film.)

ARGILLIC horizon. A horizon containing clay either translocated from above or formed in place
through pedogenesis.

ALLUVIATION. The process of building up of sediments by a stream at places where stream
velocity is decreased. The coarsest particles settle first and the finest particles settle last.

ANOXIC. (See also GLEYED SOIL). A soil having a low redox potential.

AQUICLUDE. A saturated body of sediment or rock that is incapable of transmitting significant
quantities of water under ordinary hydraulic gradients.

AQUITARD. A body of rock or sediment that retards but does not prevent the flow of water to
or from an adjacent aquifer. It does not readily yield water to wells or springs but may serve as a
storage unit for groundwater.

ATTERBERG LIMITS. The moisture content at which a soil passes from a semi-solid to a
plastic state (plastic limit, PL) and from a plastic to a liquid state (liquid limit, LL). The plasticity
index (P1) is the numerical difference between the LL and the PL.
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BEDROCK. The solid rock that underlies the soil and other unconsolidated material or that is
exposed at the surface.

BISEQUUM. Two soils in vertical sequence, each soil containing an eluvial horizon and its
underlying B horizon.

BOUDIN, BOUDINAGE. From a French word for sausage, describes the way that layers of rock
break up under extension. Imagine the hand, fingers together, flat on the table, encased in soft
clay and being squeezed from above, as being like a layer of rock. As the spreading clay moves
the fingers (sausages) apart, the most mobile rock fractions are drawn or squeezed into the
developing gaps.

BURIED SOIL. A developed soil that was once exposed but is now overlain by a more recently
formed soil.

CALCAREOQOUS SOIL. A soil containing enough calcium carbonate (commonly with
magnesium carbonate) to effervesce (fizz) visibly when treated with cold, dilute hydrochloric
acid. A soil having measurable amounts of calcium carbonate or magnesium carbonate.

CARBONATE MORPHOLOGY STAGES. Descriptive classes of calcite precipitation
indicating increasing pedogenesis over time:

Stage | Description Percent
Carbonate
I Bk horizon with few filaments and coatings <10
I+ Bk with common filaments and continuous clast coatings <10
] Bk with continuous clast coatings, white masses, few nodules >10
I+ Bk as above, but matrix is completely whitened, common nodules >15
>l K horizon that is 90% white, many nodules >20
i+ K that is completely plugged >40
v K as above, but upper part cemented and has weak platy structure >50
\/ K same as above, but laminar layer is strong with incipient brecciation >50
Vi K brecciation and recementation, as well as pisoliths, are common >50
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CATENA. A sequence of soils of about the same age, derived from similar parent material and
forming under similar climatic conditions, but having different characteristics due to variation in
relief and drainage. (See also TOPOSEQUENCE.)

CEC. Cation exchange capacity. The amount of negative charge balanced by positively charged
ions (cations) that are exchangeable by other cations in solution (meg/100 g soil = cmol(+)/kg
soil).

CLAY. As a soil separate, the mineral soil particles are less than 0.002 mm in diameter. As a soil
textural class, soil material that is 40 percent or more clay, less than 45 percent sand, and less
than 40 percent silt.

CLAY FILM. A coating of oriented clay on the surface of a sand grain, pebble, soil aggregate, or
ped. Clay films also line pores or root channels and bridge sand grains. Frequency classification
is based on the percent of the ped faces and/or pores that contain films: very few--<5%; few--5-
25%; common--25-50%; many--50-90%; and continuous--90-100%. Thickness classification is
based on visibility of sand grains: thin--very fine sand grains standout; moderately thick--very
fine sand grains impart microrelief to film; thick--fine sand grains enveloped by clay and films
visible without magnification. Synonyms: clay skin, clay coat, argillan, illuviation cutan.

CLAY LAMELLAE. Thin, generally wavy subhorizontal bands that appear as multiple micro-
Bt horizons at the base of the solum generally in sandy Holocene deposits. Each lamella
generally is 1-3 cm in thickness. There may be two to six or more clay lamellae between 5 and
30 cm apart.

COBBLE. Rounded or partially rounded fragments of rock ranging from 7.5 to 25 cm in
diameter.

COLLUVIUM. Any loose mass of soil or rock fragments that moves downslope largely by the
force of gravity. Usually it is thicker at the base of the slope.

COLLUVIUM-FILLED SWALE. The prefailure topography of the source area of a debris flow.

COMPARATIVE PEDOLOGY. The comparison of soils, particularly through examination of
features known to evolve through time.

CONCRETIONS. Grains, pellets, or nodules of various sizes, shapes, and colors consisting of
concentrated compounds or cemented soil grains. The composition of most concretions is unlike
that of the surrounding soil. Calcium carbonate and iron oxide are common compounds in
concretions.

CONDUCTIVITY. The ability of a soil solution to conduct electricity, generally expressed as
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the reciprocal of the electrical resistivity. Electrical conductance is the reciprocal of the
resistance (1/R = 1/ohm = ohm™ = mho [reverse of ohm] = siemens = S), while electrical
conductivity is the reciprocal of the electrical resistivity (EC = 1/r = 1/ohm-cm = mho/cm = S/cm
or mmho/cm = dS/m). EC, expressed as uS/cm, is equivalent to the ppm of salt in solution when
multiplied by 0.640. Pure rain water has an EC of 0, standard 0.01 N KClI is 1411.8 uS at 25C,
and the growth of salt-sensitive crops is restricted in soils having saturation extracts with an EC
greater than 2,000 uS/cm. Measurements in soils are usually performed on 1:1 suspensions
containing one part by weight of soil and one part by weight of distilled water.

CONSISTENCE, SOIL. The feel of the soil and the ease with which a lump can be crushed by
the fingers. Terms commonly used to describe consistence are --

Loose.--Noncoherent when dry or moist; does not hold together in a mass.

Friable.--When moist, crushes easily under gentle pressure between thumb and forefinger
and can be pressed together into a lump.

Firm.--When moist, crushes under moderate pressure between thumb and forefinger, but
resistance is distinctly noticeable.

Plastic.--When wet, readily deformed by moderate pressure but can be pressed into a
lump; will form a "wire" when rolled between thumb and forefinger.

Sticky.--When wet, adheres to other material, and tends to stretch somewhat and pull
apart, rather than to pull free from other material.

Hard.--When dry, moderately resistant to pressure; can be broken with difficulty between
thumb and forefinger.

Soft.--When dry, breaks into powder or individual grains under very slight pressure.
Cemented.--Hard and brittle; little affected by moistening.

CTPOT. Easily remembered acronym for climate, topography, parent material, organisms, and
time; the five factors of soil formation.

CUMULIC. A soil horizon that has undergone aggradation coincident with its active
development.

CUTAN. (See Clay Film.)

DEBRIS FLOW. Incoherent or broken masses of rock, soil, and other debris that move
downslope in a manner similar to a viscous fluid.

DEBRIS SLOPE. A constant slope with debris on it from the free face above.
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DEGRADATION. A modification of the earth's surface by erosion.

DURIPAN. A subsurface soil horizon that is cemented by illuvial silica, generally deposited as
opal or microcrystalline silica, to the degree that less than 50 percent of the volume of air-dry
fragments will slake in water or HCI.

ELUVIATION. The removal of soluble material and solid particles, mostly clay and humus,
from a soil horizon by percolating water.

EOLIAN. Deposits laid down by the wind, landforms eroded by the wind, or structures such as
ripple marks made by the wind.

FAULT-LINE SCARP. A scarp that has been produced by differential erosion along an old fault
line.

FAULTSLIDE. A landslide that shows physical evidence of its interaction with a fault.

FIRST-ORDER DRAINAGE. The most upstream, field-discernible concavity that conducts
water and sediments to lower parts of a watershed.

FLOOD PLAIN. A nearly level alluvial plain that borders a stream and is subject to flooding
unless protected artificially.

FOSSIL FISSURE. A buried rectilinear chamber associated with extension due to ground
movement. The chamber must be oriented along the strike of the shear and must have vertical
and horizontal dimensions greater than its width. It must show no evidence of faunal activity and
its walls may have silt or clay coatings indicative of frequent temporary saturation with ground
water. May be mistaken for an animal burrow. Also known as a paleofissure.

FRIABILITY. Term for the ease with which soil crumbles. A friable soil is one that crumbles
easily.

GENESIS, SOIL. The mode of origin of the soil. Refers especially to the processes or soil-
forming factors responsible for the formation of the solum (A and B horizons) from the
unconsolidated parent material.

GEOMORPHIC. Pertaining to the form of the surface features of the earth. Specifically,
geomorphology is the analysis of landforms and their mode of origin.

GLEYED SOIL. A soil having one or more neutral gray horizons as a result of water logging and
lack of oxygen. The term "gleyed" also designates gray horizons and horizons having yellow and
gray mottles as a result of intermittent water logging.

GRAVEL. Rounded or angular fragments of rock 2 to 75 mm in diameter. Soil textures with
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>15% gravel have the prefix "gravelly" and those with >90% gravel have the suffix "gravel."
HIGHSTAND. The highest elevation reached by the ocean during an interglacial period.
HOLOCENE. The most recent epoch of geologic time, extending from 10 ka to the present.

HORIZON, SOIL. A layer of soil, approximately parallel to the surface, that has distinct
characteristics produced by soil-forming processes. These are the major soil horizons:

O horizon.--The layer of organic matter on the surface of a mineral soil. This layer
consists of decaying plant residues.

A horizon.--The mineral horizon at the surface or just below an O horizon. This horizon
is the one in which living organisms are most active and therefore is marked by the
accumulation of humus. The horizon may have lost one or more of soluble salts, clay, and
sesquioxides (iron and aluminum oxides).

E horizon -- This eluvial horizon is light in color, lying beneath the A horizon and above
the B horizon. It is made up mostly of sand and silt, having lost most of its clay and iron
oxides through reduction, chelation, and translocation.

B horizon.--The mineral horizon below an A horizon. The B horizon is in part a layer of
change from the overlying A to the underlying C horizon. The B horizon also has
distinctive characteristics caused (1) by accumulation of clay, sesquioxides, humus, or
some combination of these; (2) by prismatic or blocky structure; (3) by redder or stronger
colors than the A horizon; or (4) by some combination of these.

C horizon.--The relatively unweathered material immediately beneath the solum.
Included are sediment, saprolite, organic matter, and bedrock excavatable with a spade.
In most soils this material is presumed to be like that from which the overlying horizons
were formed. If the material is known to be different from that in the solum, a number
precedes the letter C.

R horizon.--Consolidated rock not excavatable with a spade. It may contain a few cracks
filled with roots or clay or oxides. The rock usually underlies a C horizon but may be
immediately beneath an A or B horizon.

Major horizons may be further distinguished by applying prefix Arabic numbers to designate
differences in parent materials as they are encountered (e.g., 2B, 2BC, 3C) or by applying suffix
numerals to designate minor changes (e.g., B1, B2).

The following is from the Natural Resources Conservation Service, except for the proposed
addition of mn:
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“Suffix Symbols

Lowercase letters are used as suffixes to designate specific kinds of master horizons and layers.
The term “accumulation” is used in many of the definitions of such horizons to indicate that
these horizons must contain more of the material in question than is presumed to have been
present in the parent material. The suffix symbols and their meanings are as follows:

2014

a Highly decomposed organic material

This symbol is used with O to indicate the most highly decomposed organic materials,
which have a fiber content of less than 17 percent (by volume) after rubbing.

b Buried genetic horizon

This symbol is used in mineral soils to indicate identifiable buried horizons with major
genetic features that were developed before burial. Genetic horizons may or may not have
formed in the overlying material, which may be either like or unlike the assumed parent
material of the buried soil. This symbol is not used in organic soils, nor is it used to
separate an organic layer from a mineral layer.

¢ Concretions or nodules

This symbol indicates a significant accumulation of concretions or nodules. Cementation
is required. The cementing agent commonly is iron, aluminum, manganese, or titanium. It
cannot be silica, dolomite, calcite, or more soluble salts.

co Coprogenous earth

This symbol, used only with L, indicates a limnic layer of coprogenous earth (or
sedimentary peat).

d Physical root restriction

This symbol indicates noncemented, root-restricting layers in natural or human-made
sediments or materials. Examples are dense basal till, plowpans, and other mechanically
compacted zones.

di Diatomaceous earth
This symbol, used only with L, indicates a limnic layer of diatomaceous earth.
e Organic material of intermediate decomposition

This symbol is used with O to indicate organic materials of intermediate decomposition.
The fiber content of these materials is 17 to 40 percent (by volume) after rubbing.
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f Frozen soil or water

This symbol indicates that a horizon or layer contains permanent ice. The symbol is not
used for seasonally frozen layers or for dry permafrost.

ff Dry permafrost

This symbol indicates a horizon or layer that is continually colder than 0° C and does not
contain enough ice to be cemented by ice. This suffix is not used for horizons or layers
that have a temperature warmer than 0° C at some time of the year.

g Strong gleying

This symbol indicates either that iron has been reduced and removed during soil
formation or that saturation with stagnant water has preserved it in a reduced state. Most
of the affected layers have chroma of 2 or less, and many have redox concentrations. The
low chroma can represent either the color of reduced iron or the color of uncoated sand
and silt particles from which iron has been removed. The symbol g is not used for
materials of low chroma that have no history of wetness, such as some slates or E
horizons. If g is used with B, pedogenic change in addition to gleying is implied. If no
other pedogenic change besides gleying has taken place, the horizon is designated Cg.

h Hluvial accumulation of organic matter

This symbol is used with B to indicate the accumulation of illuvial, amorphous,
dispersible complexes of organic matter and sesquioxides if the sesquioxide component is
dominated by aluminum but is present only in very small quantities. The organo-
sesquioxide material coats sand and silt particles. In some horizons these coatings have
coalesced, filled pores, and cemented the horizon. The symbol h is also used in
combination with s as “Bhs” if the amount of the sesquioxide component is significant
but the color value and chroma, moist, of the horizon are 3 or less.

i Slightly decomposed organic material

This symbol is used with O to indicate the least decomposed of the organic materials. The
fiber content of these materials is 40 percent or more (by volume) after rubbing.

j Accumulation of jarosite

Jarosite is a potassium or iron sulfate mineral that is commonly an alteration product of
pyrite that has been exposed to an oxidizing environment. Jarosite has hue of 2.5Y or
yellower and normally has chroma of 6 or more, although chromas as low as 3 or 4 have
been reported. [Note: No longer used to indicate “juvenile.”]
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jj Evidence of cryoturbation

Evidence of cryoturbation includes irregular and broken horizon boundaries, sorted rock
fragments, and organic soil materials existing as bodies and broken layers within and/or
between mineral soil layers. The organic bodies and layers are most commonly at the
contact between the active layer and the permafrost.

k Accumulation of secondary carbonates

This symbol indicates an accumulation of visible pedogenic calcium carbonate (less than
50 percent, by volume). Carbonate accumulations exist as carbonate filaments, coatings,
masses, nodules, disseminated carbonate, or other forms.

kk Engulfment of horizon by secondary carbonates

This symbol indicates major accumulations of pedogenic calcium carbonate. The suffix
kk is used when the soil fabric is plugged with fine grained pedogenic carbonate (50
percent or more, by volume) that exists as an essentially continuous medium. The suffix
corresponds to the stage 111 plugged horizon or higher of the carbonate morphogenetic
stages (Gile et al., 1966).

m Cementation or induration

This symbol indicates continuous or nearly continuous cementation. It is used only for
horizons that are more than 90 percent cemented, although they may be fractured. The
cemented layer is physically root-restrictive. The dominant cementing agent (or the two
dominant ones) may be indicated by adding defined letter suffixes, singly or in pairs. The
horizon suffix km or kkm indicates cementation by carbonates; gm, cementation by
silica; sm, cementation by iron; yym, cementation by gypsum; kgm, cementation by lime
and silica; and zm, cementation by salts more soluble than gypsum.

ma Marl
This symbol, used only with L, indicates a limnic layer of marl.
mn Mangans

This symbol indicates an accumulation of manganese oxide, generally as ped coatings
called mangans (First used by Borchardt on 20130418.)

n Accumulation of sodium
This symbol indicates an accumulation of exchangeable sodium.

0 Residual accumulation of sesquioxides
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This symbol indicates a residual accumulation of sesquioxides.
p Tillage or other disturbance

This symbol indicates a disturbance of the surface layer by mechanical means, pasturing,
or similar uses. A disturbed organic horizon is designated Op. A disturbed mineral
horizon is designated Ap even though it is clearly a former E, B, or C horizon.

g Accumulation of silica
This symbol indicates an accumulation of secondary silica.
r Weathered or soft bedrock

This symbol is used with C to indicate cemented layers (moderately cemented or less
cemented). Examples are weathered igneous rock and partly consolidated sandstone,
siltstone, or slate. The excavation difficulty is low to high.

s Illuvial accumulation of sesquioxides and organic matter

This symbol is used with B to indicate an accumulation of illuvial, amorphous,
dispersible complexes of organic matter and sesquioxides if both the organic-matter and
sesquioxide components are significant and if either the color value or chroma, moist, of
the horizon is 4 or more. The symbol is also used in combination with h as “Bhs” if both
the organic-matter and sesquioxide components are significant and if the color value and
chroma, moist, are 3 or less.

se Presence of sulfides
Typically dark colors (e.g., value <4, chroma <2); may have a sulphurous odor.
ss Presence of slickensides

This symbol indicates the presence of slickensides. Slickensides result directly from the
swelling of clay minerals and shear failure, commonly at angles of 20 to 60 degrees
above horizontal. They are indicators that other vertic characteristics, such as wedge-
shaped peds and surface cracks, may be present.

t Accumulation of silicate clay

This symbol indicates an accumulation of silicate clay that either has formed in situ
within a horizon or has been moved into the horizon by illuviation, or both. At least some
part of the horizon should show evidence of clay accumulation either as coatings on
surfaces of peds or in pores, as lamellae, or as bridges between mineral grains.
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u Presence of human-manufactured materials (artifacts)

This symbol indicates the presence of manufactured artifacts that have been created or
modified by humans, usually for a practical purpose in habitation, manufacturing,
excavation, or construction activities. Examples of artifacts are processed wood products,
liquid petroleum products, coal, combustion by-products, asphalt, fibers and fabrics,
bricks, cinder blocks, concrete, plastic, glass, rubber, paper, cardboard, iron and steel,
altered metals and minerals, sanitary and medical waste, garbage, and landfill waste.

v Plinthite

This symbol indicates the presence of iron-rich, humus-poor, reddish material that is firm
or very firm when moist and hardens irreversibly when exposed to the atmosphere and to
repeated wetting and drying.

w Development of color or structure

This symbol is used with B to indicate the development of color or structure, or both,
with little or no apparent illuvial accumulation of material. It should not be used to
indicate a transitional horizon.

x Fragipan character

This symbol indicates a genetically developed layer that has a combination of firmness
and brittleness and commonly a higher bulk density than the adjacent layers. Some part
of the layer is physically root-restrictive.

y Accumulation of gypsum
This symbol indicates an accumulation of gypsum (<50% by volume).
yy Dominance of gypsum

This symbol indicates an accumulation of gypsum (>50% by volume); light colored (e.g.,
value >7, chroma <4); may be pedogenically derived or inherited transformation of
primary gypsum from parent material.

z Accumulation of salts more soluble than gypsum

This symbol indicates an accumulation of salts that are more soluble than gypsum; e.g.,
NaCl.

HUMUS. The well-decomposed, more or less stable part of the organic matter in mineral soils.

ILLUVIATION. The deposition by percolating water of solid particles, mostly clay or humus,
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within a soil horizon.
INTERFLUVE. The land lying between streams.

ISOCHRONOUS BOUNDARY. A gradational boundary between two sedimentary units
indicating that they are approximately the same age. Opposed to a nonisochronous boundary,
which by its abruptness indicates that it delineates units having significant age differences.

KROTOVINA. An animal burrow filled with soil.
LEACHING. The removal of soluble material from soil or other material by percolating water.
LOWSTAND. The lowest elevation reached by the ocean during a glacial period.

MANGAN. A thin coating of manganese oxide (cutan) on the surface of a sand grain, pebble,
soil aggregate, or ped. Mangans also line pores or root channels and bridge sand grains.

MODERN SOIL. The portion of a soil section that is under the influence of current pedogenetic
conditions. It generally refers to the uppermost soil regardless of age.

MODERN SOLUM. The combination of the A and B horizons in the modern soil.

MORPHOLOGY, SOIL. The physical make-up of the soil, including the texture, structure,
porosity, consistence, color, and other physical, mineral, and biological properties of the various
horizons, and the thickness and arrangement of those horizons in the soil profile.

MOTTLING, SOIL. Irregularly marked with spots of different colors that vary in number and
size. Mottling in soils usually indicates poor aeration and lack of drainage. Descriptive terms are
as follows: abundance--few, common, and many; size--fine, medium, and coarse; and contrast--
faint, distinct and prominent. The size measurements are these: fine, less than 5 mm in diameter
along the greatest dimension; medium, from 5 to 15 mm, and coarse, more than 15 mm.

MRT (MEAN RESIDENCE TIME.) The average age of the carbon atoms within a soil horizon.
Under ideal reducing conditions, the humus in a soil will have a C-14 age that is half the true age
of the soil. In oxic soils humus is typically destroyed as fast as it is produced, generally yielding
MRT ages no older than 300-1000 years, regardless of the true age of the soil.

MUNSELL COLOR NOTATION. Scientific description of color determined by comparing soil
to a Munsell Soil Color Chart (Available from Macbeth Division of Kollmorgen Corp., 2441 N.
Calvert St., Baltimore, MD 21218). For example, dark yellowish brown is denoted as 10YR3/4m
in which the 10YR refers to the hue or proportions of yellow and red, 3 refers to value or
lightness (0 is black and 10 is white), 4 refers to chroma (0 is pure black and white and 20 is the
pure color), and m refers to the moist condition rather than the dry (d) condition.

OVERBANK DEPOSIT. Fine-grained alluvial sediments deposited from floodwaters outside of

2014 A-31 SOIL TECTONICS



the fluvial channel.

OXIC. A soil having a high redox potential. Such soils typically are well drained, seldom being
waterlogged or lacking in oxygen. Rubification in such soils tends to increase with age.

PALEO SOIL TONGUE. A soil tongue that formed during a previous soil-forming interval.

PALEOSEISMOLOGY. The study of prehistoric earthquakes through the examination of soils,
sediments, and rocks.

PALEOSOL. A soil that formed on a landscape in the past with distinctive morphological
features resulting from a soil-forming environment that no longer exists at the site. The former
pedogenic process was either altered because of external environmental change or interrupted by
burial.

PALINSPASTIC RECONSTRUCTION. Diagrammatic reconstruction used to obtain a picture
of what geologic and/or soil units looked like before their tectonic deformation.

PARENT MATERIAL. The great variety of unconsolidated organic and mineral material in
which soil forms. Consolidated bedrock is not yet parent material by this concept.

PED. An individual natural soil aggregate, such as a granule, a prism, or a block.

PEDOCHRONOLOGY. The study of pedogenesis with regard to the determination of when soil
formation began, how long it occurred, and when it stopped. Also known as soil dating. Two
ages and the calculated duration are important:

t, = age when soil formation or aggradation began, ka
t, = age when the soil or stratum was buried, ka
tq = duration of soil development or aggradation, ky

Pedochronological estimates are based on available information. All ages should be considered
subject to +50% variation unless otherwise indicated.

PEDOCHRONOPALEOSEISMOLOGY. The study of prehistoric earthquakes by using
pedochronology.

PEDOLOGY. The study of the process through which rocks, sediments, and their constituent
minerals are transformed into soils and their constituent minerals at or near the surface of the
earth.

PEDOGENESIS. The process through which rocks, sediments, and their constituent minerals are
transformed into soils and their constituent minerals at or near the surface of the earth.
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PERCOLATION. The downward movement of water through the soil.

pH VALUE. The negative log of the hydrogen ion concentration. Measurements in soils are
usually performed on 1:1 suspensions containing one part by weight of soil and one part by
weight of distilled water. A soil with a pH of 7.0 is precisely neutral in reaction because it is
neither acid nor alkaline. An acid or "sour" soil is one that gives an acid reaction; an alkaline soil
is one that gives an alkaline reaction. In words, the degrees of acidity or alkalinity are expressed
as:

Extremely acid <45

Very strongly acid 451t05.0

Strongly acid 51t05.5
Medium acid 5.61t06.0
Slightly acid 6.11t06.5
Neutral 6.6t07.3
Mildly alkaline 741t07.8
Moderately alkaline 79t08.4
Strongly alkaline 8.5t09.0

Very strongly alkaline >9.0

Used if significant:
Very slightly acid 6.6 t0 6.9
Very mildly alkaline | 7.1t07.3

PHREATIC SURFACE. (See Water Table.)

PLANATION. The process of erosion whereby a portion of the surface of the Earth is reduced to
a fundamentally even, flat, or level surface by a meandering stream, waves, currents, glaciers, or
wind.

PLEISTOCENE. An epoch of geologic time extending from 10 ka to 1.8 Ma; it includes the last
Ice Age.

PROFILE, SOIL. A vertical section of the soil through all its horizons and extending into the
parent material.

QUATERNARY. A period of geologic time that includes the past 1.8 Ma. It consists of two
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epochs--the Pleistocene and Holocene.

PROGRADATION. The building outward toward the sea of a shoreline or coastline by
nearshore deposition.

REFUGIUM. A place of refuge. Plants, animals, and soil minerals tend to accumulate only in the
most ideal areas when surrounded by a hostile environment.

RELICT SOIL. A surface soil that was partly formed under climatic conditions significantly
different from the present.

RUBIFICATION. The reddening of soils through the release and precipitation of iron as an
oxide during weathering. Munsell hues and chromas of well-drained soils generally increase with
soil age.

SALINE SOIL. A soil that contains soluble salts in amounts that impair the growth of crop
plants but that does not contain excess exchangeable sodium.

SAND. Individual rock or mineral fragments in a soil that range in diameter from 0.05 to 2.0
mm. Most sand grains consist of quartz, but they may be of any mineral composition. The
textural class name of any soil that contains 85 percent or more sand and not more than 10
percent clay.

SECONDARY FAULT. A minor fault that bifurcates from or is associated with a primary fault.
Movement on a secondary fault never occurs independently of movement on the primary,
seismogenic fault.

SHORELINE ANGLE. The line formed by the intersection of the wave-cut platform and the sea
cliff. 1t approximates the position of sea level at the time the platform was formed.

SILT. Individual mineral particles in a soil that range in diameter from the upper limit of clay
(0.002 mm) to the lower limit of very find sand (0.05 mm.) Soil of the silt textural class is 80
percent or more silt and less than 12 percent clay.

SLICKENSIDES. Polished and grooved surfaces produced by one mass sliding past another. In
soils, slickensides may form along a fault plane; at the bases of slip surfaces on steep slopes; on
faces of blocks, prisms, and columns undergoing shrink-swell. In tectonic slickensides the
striations are strictly parallel.

SLIP RATE. The rate at which the geologic materials on the two sides of a fault move past each
other over geologic time. The slip rate is expressed in mm/yr, and the applicable duration is
stated. Faults having slip rates less than 0.01 mm/yr are generally considered inactive, while
faults with Holocene slip rates greater than 0.1 mm/yr generally display tectonic geomorphology.
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SMECTITE. A fine, platy, aluminosilicate clay mineral that expands and contracts with the
absorption and loss of water. It has a high cation-exchange capacity and is plastic and sticky
when moist.

SOIL. A natural, three-dimensional body at the earth's surface that is capable of supporting
plants and has properties resulting from the integrated effect of climate and living matter acting
on earthy parent material, as conditioned by relief over periods of time.

SOIL SEISMOLOGIST. Soil scientist who studies the effects of earthquakes on soils.

SOIL SLICKS. Curvilinear striations that form in swelling clayey soils, where there is marked
change in moisture content. Clayey slopes buttressed by rigid materials may allow minor
amounts of gravitationally driven plastic flow, forming soil slicks sometimes mistaken for
evidence of tectonism. Soil slicks disappear with depth and the striations are seldom strictly
parallel as they are when movement is major. (See also SLICKENSIDES.)

SOIL TECTONICS. The study of the interactions between soil formation and tectonism.
SOIL TONGUE. That portion of a soil horizon extending into a lower horizon.

SOLUM. Combined A and B horizons. Also called the true soil. If a soil lacks a B horizon, the A
horizon alone is the solum.

STONELINE. A thin, buried, planar layer of stones, cobbles, or bedrock fragments. Stonelines
of geological origin may have been deposited upon a former land surface. The fragments are
more often pebbles or cobbles than stones. A stoneline generally overlies material that was
subject to weathering, soil formation, and erosion before deposition of the overlying material.
Many stonelines seem to be buried erosion pavements, originally formed by running water on the
land surface and concurrently covered by surficial sediment.

STRATH TERRACE. A gently sloping terrace surface bearing little evidence of aggradation.

STRUCTURE, SOIL. The arrangement of primary soil particles into compound particles or
aggregates that are separated from adjoining aggregates. The principal forms of soil structure
are--platy (laminated), prismatic (vertical axis of aggregates longer than horizontal), columnar
(prisms with rounded tops), blocky (angular or subangular), and granular. Structureless soils are
either single grained (each grain by itself, as in dune sand) or massive (the particles adhering
without any regular cleavage, as in many hardpans).

SUBSIDIARY FAULT. A branch fault that extends a substantial distance from the main fault
zone.

SURFACE-FAULT RUPTURE (SFR). Fault rupture that extends to the surface of the soil, as
evidenced by lateral or vertical offset or fissuring or warping of soil horizons due to tectonic
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movement.
TECTOTURBATION. Soil disturbance resulting from tectonic movement.

TEXTURE, SOIL. Particle size classification of a soil, generally given in terms of the USDA
system which uses the term "loam™ for a soil having equal properties of sand, silt, and clay. The
basic textural classes, in order of their increasing proportions of fine particles are sand, loamy
sand, sandy loam, loam, silt loam, silt, sandy clay loam, clay loam, silty clay loam, sand clay,
silty clay, and clay. The sand, loamy sand, and sandy loam classes may be further divided by
specifying "coarse," "fine," or "very fine."

TOPOSEQUENCE. A sequence of kinds of soil in relation to position on a slope. (See also
CATENA))

TRANSLOCATION. The physical movement of soil particles, particularly fine clay, from one
soil horizon to another under the influence of gravity.

UNIFIED SOIL CLASSIFICATION SYSTEM. The particle size classification system used by
the U.S. Army Corps of Engineers and the Bureau of Reclamation. Like the ASTM and AASHO
systems, the sand/silt boundary is at 80 um instead of 50 um used by the USDA. Unlike all other
systems, the gravel/sand boundary is at 4 mm instead of 2 mm and the silt/clay boundary is
determined by using Atterberg limits.

VERTISOL. A soil with at least 30% clay, usually smectite, that fosters pronounced changes in
volume with change in moisture. Cracks greater than 1 cm wide appear at a depth of 50 cm
during the dry season each year. One of the ten USDA soil orders.

WATER TABLE. The upper limit of the soil or underlying rock material that is wholly saturated
with water. Also called the phreatic surface.

WAVE-CUT PLATFORM. The relatively smooth, slightly seaward-dipping surface formed
along the coast by the action of waves generally accompanied by abrasive materials.

WEATHERING. All physical and chemical changes produced in rocks or other deposits at or
near the earth's surface by atmospheric agents. These changes result in disintegration and
decomposition of the material.

WETTING FRONT. The greatest depth affected by moisture due to precipitation.

yr B.P. Uncorrected radiocarbon age expressed in years before present, calculated from 1950.
Calendar-corrected ages are expressed in ka, or, if warranted, as A.D. or B.C.
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APPENDIX B

Test Pit Logs
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Test Pit
Number

T-2

T-3

T-6

Depth
feet

0-1%

1% -15

5-6%

6%2-8

8 - 10%

0-1%

1% - 2%

12-15

Job No. 3602.100

Proposed First Blush Project
San Juan-Hollister Highway
San Juan Bautista, California

TEST PIT LOGS, 1/14/2015

Description

Clayey Sand, medium brown, dry to slightly moist, loose, abundant grass
roots.

Interbedded Lenses of Sand, Gravelly Sand, Clayey Sand, medium
orange brown to medium tan, fine to coarse gravel, quartz and granite,
loose, caved, flowing sands.

Total Depth 15 feet
No free groundwater encountered

Clayey Sand, medium brown, dry to slightly moist, loose, abundant grass
roots.

Interbedded Lenses of Sand, Gravelly Sand, Clayey Sand, medium
orange brown to medium tan, fine to coarse gravel, quartz and granite,
loose, caved below 13 feet, flowing sands.

Total Depth 17 feet
No free groundwater encountered

Sandy Clay, very dark gray to black, stiff to hard, disturbed by disking.
Sandy Clay, very dark gray to black, dry, hard.

Sandy Gravelly Clay, black mottled with caliche stringers, slightly moist,
very stiff to hard, gravel is angular granitic rock, coarse grained sand.

Sand, dark gray to brown, fine-grained, slightly moist to moist, hard.
Sand, light tan to light orange-brown, moist, fine-grained, loose.

Total Depth 10% Feet
No free groundwater encountered

Sandy Clay, light brown, slightly moist, very stiff to hard.

Gravelly Sand, light yellow brown with thin layers of light gray, dry to
slightly moist, dense.

Silty Sandy Clay, medium brown/tan, dry to slightly moist, still to very stiff.

Sand, medium red/brown, fine-grained with %-inch thick lenses of
medium-grained sand, slightly moist, loose to very loose.

Sandy Clay and Peat, brown/black, moist.

Total Depth 15 Feet
Groundwater at 15 feet.

BerLocAR STEVENS & ASSOCIATES



Test Pit Depth
Number feet

T-7 0-2

2-7%

72 -11

11-15

T-8 0-2

T-9 0-1%

1% - 3%

3Y2 - 5%

5% - 10

10-12

Job No. 3602.100

Proposed First Blush Project
San Juan-Hollister Highway
San Juan Bautista, California

TEST PIT LOGS, 1/14/2015

Description

Sandy Clay, dark gray-black, dry, very stiff to hard.

Interbedded Lenses of Sand, Gravelly Sand, Clayey Sand, medium
orange brown, to medium tan, fine to coarse gravel, quartz and granite,
loose.

Peat, black with brown organic filaments, black, moist, very soft.

Sandy Clay to bottom.

Total Depth 15 feet
No free groundwater encountered

Sandy Clay, dark gray-black, dry, very stiff to hard
Interbedded Lenses of Sand, Gravelly Sand, Clayey Sand, medium
orange brown, to medium tan, fine to coarse gravel, quartz and granite,

loose.

Total Depth 16 feet
No free groundwater encountered

Sandy Clay, dark gray, dry, slightly moist, very stiff to hard, basal contact
is gravel/cobble line up to 4-in. diameter.

Sandy Clay, medium tan brown, dry, hard, abundant caliche stringers
near base.

Silty Sandy Clay, medium tan, dry, hard, abundant caliche stringers and
scattered nodules.

Sandy Clay, medium brown, dry to slightly moist, hard, scattered <1%-in.
granite gravel, common caliche nodules.

Gravelly Sand, medium orange brown, slightly moist, loose.

Total Depth 12 feet
No free groundwater encountered

U\@@@Public\11-Edenbridge\3602.100 First Blush San Juan Bautista\Test Pit Logs 27263tp.docx
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APPENDIX C

Boring Logs and Unified Classification System
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BORING LOG B-1_

Job No.: 3602.100 Client: Edenbridge Elevation: xxx feet

Job Name: First Blush Drill Method: Hollow-stem Auger Date Drilled: 4-14-14
SAMPLER TYPE: DRIVE WEIGHT (LBS.) HEIGHT OF FALL (IN.)

I 2.5-inch I.D. Split Barrel 140 30

=1 5 |..=l=13 s 3
o\o O [ ™ 2 cs
S| 2 [252| &5 4% S’
2 g 29 |g28| 5 || 0E DESCRIPTION AND REMARKS g8
25| 37 (582|818 "% w i
(¢] > axl| g s o c
a n =
0 CL |[SANDY CLAY, dark gray-brown to black, dry to moist, medium stiff, fine- XX
_ grained sand, trace organic matter, trace silt _
8 I
CL [SILTY CLAY, gray-brown, moist, stiff, trace to some fine-to medium-grained
- sand -
22
5 XX
CL [SANDY CLAY, light to medium gray-brown, moist, stiff, fine-to medium-
T grained sand, trace fine gravel, trace silt )
22 | I .
10 XX
" [| SP |GRAVELLY SAND, gray-brown, moist, medium dense, fine-to coarse- -
N grained sand, fine-to coarse gravel, trace silt, trace clay, limonite stains )
35 _ I -
- Boring terminated at 15 feet -
S No groundwater encountered -
20 XX

C-1



BORING LOG

B-2

Job No.: 3602.100 Client: Edenbridge Elevation: xxx feet
Job Name: First Blush Drill Method: Hollow-stem Auger Date Drilled: 4-14-14
SAMPLER TYPE: DRIVE WEIGHT (LBS.) HEIGHT OF FALL (IN.)
I 2.5-inch I.D. Split Barrel 140 30
=1 5 |..=l=13 s 3
o - O w2 — o
82| 2g |£28|2|Y oF $
53 20 (28| 5 || 9E DESCRIPTION AND REMARKS ]
25| 5~ |582| &2 °& m:
(¢] > axl| g s o c
[=] (2] =
0 CL |[SANDY CLAY, dark gray-brown to black, dry to moist, medium stiff, fine- XX
L] grained sand, trace organic matter, trace silt _
22 | i
CL |SANDY CLAY, gray-brown, moist, stiff, fine-to medium grained sand, trace
B fine-to coarse gravel, some silt )
5 CL [SILTY GLAY, gray-brown, moist, stiff, trace fine-to medium-grained sand X
21
L] below 7-1/2 feet, fine-to coarse-grained sand, trace fine-to coarse gravel | _
41 | I i
10 XX
- | cL [SANDY GLAY, light gray-brown, moist, stiff, fine-to medium-grained sand | ~
21 | I i
- Boring terminated at 15 feet -
S No groundwater encountered -
20 | XX

C-2



BORING LOG

B-3

Job No.: 3602.100 Client: Edenbridge Elevation: xxx feet
Job Name: First Blush Drill Method: Hollow-stem Auger Date Drilled: 4-14-14
SAMPLER TYPE: DRIVE WEIGHT (LBS.) HEIGHT OF FALL (IN.)
I 2.5-inch I.D. Split Barrel 140 30
ﬂ Standard Penetration Test 140 30
= 5 = =18 s =
o2 | g |21 F (5 % 52
S e T G = =] 2
85 | =6 |S3¢| = (9| 8= DESCRIPTION AND REMARKS 52
25| o~ |5382| 8|2 °8 3
o - eE=10|g o £
[=] (2] =
0 SM [SILTY SAND, light gray-brown, dry to moist, very loose, fine-to medium- XX
_ grained sand, trace fine gravel )
6
3 | . -
3 - -
5 XX
6 S -
) CL |SILTY CLAY, black, moist, medium stiff, trace fine-grained sand, trace silt, | _
slightly peaty
10 XX
CL |SANDY CLAY, light brown-gray, wet, stiff, fine-to coarse-grained sand,
- trace fine gravel, trace silt -
21 ) )
v at 15 feet, saturated
= Boring terminated at 15 feet -
S Groundwater encountered at 15 feet -
20 XX

C-3



BORING LOG B-4_

Job No.:  3602.100

Client: Edenbridge

Elevation: xxx feet

Job Name: First Blush

Drill Method: Hollow-stem Auger

Date Drilled: 4-14-14

SAMPLER TYPE: DRIVE WEIGHT (LBS.) HEIGHT OF FALL (IN.)
I 2.5-inch I.D. Split Barrel 140 30
ﬂ Standard Penetration Test 140 30
= 5 = =8 s =
o2 | g |21 F (5 % 52
S e T G = =] 2
85 | =6 |S3¢| = (9| 8= DESCRIPTION AND REMARKS 52
25| 37 (582|818 "% w i
o > axe| o & 5 £
=) n <
0 SP |GRAVELLY SAND, light gray-brown, dry to moist, medium dense, fine-to XX
L coarse-grained sand, fine gravel )
17 ) -
. SM [SILTY CLAY, Tight gray-brown, moist, medium dense, fine-to coarse- i
grained sand, trace fine gravel
26 5 XX
SP |GRAVELLY SAND; light gray-brown, moist, medium dense, fine-io coarse-
B grained sand, fine gravel B
16 | _ ] .
10 XX
C 1| PT TIPEAT rustbrown, wet, medium stiff, 1 00% organic i
9 | . I i
15 XX
10 | _ I i
EV e 0
Boring terminated at 20 feet, groundwater encountered at 20 feet

C-4



BY: CC

DATE: 4-16-14

JOB NUMBER: 3602.100

UNIFIED SOIL CLASSIFICATION SYSTEM

CLASSIFICATION
MAJOR DIVISIONS SYMBOL TYPICAL NAMES
CLEAN GRAVELS GW WELL GRADED GRAVELS, GRAVEL/SAND MIXTURES
GRAVELS | wiTH LITTLE TO
MORE THAN NO FINES GP POORLY GRADED GRAVELS, GRAVEL/SAND MIXTURES
COARSE | HALF COARSE
FRACTION IS
SILTY GRAVELS, POORLY GRADED GRAVEL/SAND/SILT MIXTURES
GRAINED | | A\RGERTHAN | GRAVEL WITH GM ’
0,
SOILS NO.4SIEVE | OVER 12% FINES GC CLAYEY GRAVELS, POORLY GRADED GRAVEL/SAND/CLAY MIXTURES
MORE THAN CLEAN SANDS SW WELL GRADED SANDS, GRAVELLY SANDS
W%FEg::A[TSE SANDS | wiTHLITTLE TO
MORE THAN NO FINES POORLY GRADED SANDS, GRAVELLY SANDS
LARGER THAN | HALF COARSE SP
NO. 200 SIEVE | FRACTION IS
SILTY SANDS, POORLY GRADED SAND/SILT MIXTURES
SMALLER THAN | SANDS WITH SM ’
0,
NO.4SIEVE | OVER 12% FINES SC CLAYEY SANDS, POORLY GRADED SAND/CLAY MIXTURES
ML INORGANIC SILTS AND VERY FINE SANDS, ROCK FLOUR, SILTY OR
FINE CLAYEY FINE SANDS, OR CLAYEY SILTS WITH SLIGHT PLASTICITY
SILTS AND CLAYS INORGANIC CLAYS OF LOW TO MEDIUM PLASTICITY,
CL '
GRAINED GRAVELLY CLAYS, SANDY CLAYS, SILTY CLAYS, LEAN CLAYS
SOILS LIQUID LIMIT LESS THAN 50
oL ORGANIC CLAYS AND ORGANIC SILTY CLAYS OF LOW PLASTICITY
MORE THAN MH O INE SANDY OR SILTY SOILS, ELASTIC SILTS
',"\'AP/;'\'TFE%H'TSE SILTS AND CLAYS '
SMALLER THAN CH INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS
NO. 200 SIEVE | LIQUID LIMIT GREATER THAN 50
: OH ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY, ORGANIC SILTS
HIGHLY ORGANIC SOILS Pt PEAT AND OTHER HIGHLY ORGANIC SILTS

KEY TO BORING LOG SYMBOLS

Depth | Moisture | Dry Unit
in Content | Weight
Feet (%) (pcf)

Blows | Unified Soil
per Classification
foot System

Note: Soils described as dry, moist,
and wet are estimated to be dry of
optimum, near optimum, and more
wet than optimum moisture
content, respectively.
soils are estimated to be within

areas of free groundwater.

Saturated

Bulk Sample

2.5-inch 1.D. Split Barrel Sample

2.8-inch 1.D. Shelby Tube Sample

No Sample recovered

Standard Penetration Test interval

Well-defined stratum change

|| Gradual stratum change

—————— Interpreted stratum change

Water level encountered while drilling boring

Stabilized water level in boring after drilling

C-5




APPENDIX D

CPT Logs

Brrrocar STEVENS & ASSOCIATES



Berlogar Stevens & Associates

CPT Date/Time: 11/13/2014 10:55:58 AM

Location: San Juan Bautista

Job Number: BSA-494

Brittsan
Sounding: CPT 1

Operator:

Cone Used: DSG1150

SPT N*

Soil Behavior Type*
Zone: UBC-1983

Pore Pressure

Pw PSI

Friction Ratio

Tip Resistance

60% Hammer

Fs/Qc (%)

Qc TSk

400

20

Depth Increment = 0.164 feet

19.69 feet

Maximum Depth

M 10 gravelly sand to sand
I 11 very stiff fine grained (*)

M 7 silty sand to sandy silt

silty clay to clay

|

1 sensitive fine grained

[ W)

sand to silty sand

8
9

M 5 clayey silt to silty clay

organic material

sand Bl 12 sand to clayey sand (*)

M 6 sandy silt to clayey silt

clay

| K]

*Soil behavior type and SPT based on data from UBC-1983



Berlogar Stevens & Associates

CPT Date/Time: 11/13/2014 8:38:07 AM
Location: San Juan Bautista

Job Number: BSA-494

Brittsan
Sounding: CPT 2

Operator:

Cone Used: DSG1150

SPT N*

Soil Behavior Type*
Zone: UBC-1983

Friction Ratio
Fs/Qc (%)

Tip Resistance

60% Hammer

Qc TSk

400

0

5
10
15
20
25
30
35

Depth
(ft)

Depth Increment = 0.164 feet

32.48 feet

Maximum Depth

M 10 gravelly sand to sand
I 11 very stiff fine grained (*)

=
B
>2
T g
S n
©
o 2
2%
T O
j=ie!
© T
0w c
28
B
N~ o
>
]
o
>
8=
S G
22
T =
° 2
=
£ 2
o
< w0
e]
Q
| p—
© .8
s
S g
ma
EE
g £
£s
Svl
c
60
(7]
—

[ W)

B 12 sand to clayey sand (¥)

sand

9

M 6 sandy silt to clayey silt

clay

| K]

*Soil behavior type and SPT based on data from UBC-1983



Berlogar Stevens & Associates

CPT Date/Time: 11/13/2014 9:09:20 AM
Location: San Juan Bautista

Job Number: BSA-494

Brittsan
Sounding: CPT 3

Operator:

Cone Used: DSG1150

SPT N*

Soil Behavior Type*
Zone: UBC-1983

Pore Pressure
Pw PSI

Friction Ratio

Tip Resistance
Qc TSk

60% Hammer

Fs/Qc (%)

Depth Increment = 0.164 feet

33.14 feet

Maximum Depth

M 10 gravelly sand to sand

M 7 silty sand to sandy silt

silty clay to clay

|

1 sensitive fine grained

[ W)

I 11 very stiff fine grained (*)

sand to silty sand

8
9

M 5 clayey silt to silty clay

organic material

sand Bl 12 sand to clayey sand (*)

M 6 sandy silt to clayey silt

clay

| K]

*Soil behavior type and SPT based on data from UBC-1983



Berlogar Stevens & Associates

CPT Date/Time: 11/13/2014 9:31:01 AM
Location: San Juan Bautista

Job Number: BSA-494

Brittsan
Sounding: CPT 4

Operator:

Cone Used: DSG1150

SPT N*

Soil Behavior Type*
Zone: UBC-1983

Pore Pressure

Pw PSI

Friction Ratio

Tip Resistance

60% Hammer

Fs/Qc (%)

Qc TSk

10

400

] [
e S JL_ L)
e Y Vst
HHHHHHHHHH\,HHHHHHHHHHUHHHNHQHHHHH\
Y S B [ A |
i T ! 4 il ,,
= — - m e mm === — e e
Ny e s S
vtﬂw?)%ﬁw\\/ﬁh\.\‘/w%\)\/m\\\ \\\\\\\\\\
I I I I
| | | |
L 4 o e e
| | | |
| | | |
=== T —— |——— e mm mm e — - e
| | | |
| | | I
[~~~ T [ - - - -9 """"""""¥ " """ "&"">"""i"~"“~">"=”"w-~""“>"=>""=>"-
| | | |
L Qo __ o ____ o Lo
| | | |
| | | |
— = B e [ I
| | | |
| | | |
=== T T ST AT T T P
| \//>|7 | | VA
L ___/_D 4/ __ N o __ L
\/L\s( ,/ | | / \/
/ J
] S SV

Depth
(ft)

25

45

Depth Increment = 0.164 feet

43.14 feet

Maximum Depth

M 10 gravelly sand to sand

M 7 silty sand to sandy silt

silty clay to clay

|

1 sensitive fine grained

[ W)

I 11 very stiff fine grained (*)

sand to silty sand

8
9

M 5 clayey silt to silty clay

organic material

sand Bl 12 sand to clayey sand (*)

M 6 sandy silt to clayey silt

clay

| K]

*Soil behavior type and SPT based on data from UBC-1983



SPT N*
60% Hammer

CPT Date/Time: 11/13/2014 9:54:36 AM
Location: San Juan Bautista

Soil Behavior Type*

Zone: UBC-1983

Job Number: BSA-494

Pore Pressure
Pw PSI

Brittsan

Sounding: CPT5
Fs/Qc (%)

Cone Used: DSG1150
Friction Ratio

Operator:

Berlogar Stevens & Associates

Tip Resistance
Qc TSk

B 12 sand to clayey sand (¥)

M 10 gravelly sand to sand
I 11 very stiff fine grained (*)

Depth Increment = 0.164 feet
sand

25

sand to silty sand

8

M 7 silty sand to sandy silt
9

10

| /_ ] "
- __ W\\M/\\\/\\\”\\,\L, \\\\\\\ A = — = — =
\ A

33.14 feet

silty clay to clay

M 5 clayey silt to silty clay
M 6 sandy silt to clayey silt

|

Maximum Depth

400

organic material
clay

1 sensitive fine grained

[ W)

| K]

0

5
10
15
20
25
30
35

*Soil behavior type and SPT based on data from UBC-1983



SPT N*

Soil Behavior Type*

CPT Date/Time: 11/13/2014 10:16:40 AM
Zone: UBC-1983

Location: San Juan Bautista

Job Number: BSA-494

Pore Pressure
Pw PSI

Brittsan

Sounding: CPT 6
Friction Ratio

Cone Used: DSG1150

Operator:

Berlogar Stevens & Associates

Tip Resistance

60% Hammer

B 12 sand to clayey sand (¥)

M 10 gravelly sand to sand
I 11 very stiff fine grained (*)

Depth Increment = 0.164 feet
sand

sand to silty sand

8

M 7 silty sand to sandy silt
9

Fs/Qc (%)

26.90 feet

silty clay to clay

M 5 clayey silt to silty clay
M 6 sandy silt to clayey silt

|

Maximum Depth

400

N/

,,,,/,\ I \

organic material
clay

1 sensitive fine grained

[ W)

| K]

r\\¢\\\iwww+\\\# \\\\\\\\\\\\
1 | \
\\\\\ | S
5 |
- T\ L L N _____ o N_o____ #\\\#\\\\/ \\\\\\\\\\\
[3) L g
© 7
o
o o) o Te) o T} o
= = Y R\ 15}

*Soil behavior type and SPT based on data from UBC-1983



Berlogar Stevens & Associates

CPT Date/Time: 11/13/2014 10:36:10 AM

Location: San Juan Bautista

Job Number: BSA-494

Brittsan
Sounding: CPT 7

Operator:

Cone Used: DSG1150

SPT N*

Soil Behavior Type*
Zone: UBC-1983

Pore Pressure

Pw PSI

Friction Ratio

Tip Resistance

60% Hammer

Fs/Qc (%)

Qc TSk

10

400

30

Depth Increment = 0.164 feet

27.07 feet

Maximum Depth

M 10 gravelly sand to sand

M 7 silty sand to sandy silt

silty clay to clay

|

1 sensitive fine grained

[ W)

I 11 very stiff fine grained (*)

sand to silty sand

8
9

M 5 clayey silt to silty clay

organic material

sand Bl 12 sand to clayey sand (*)

M 6 sandy silt to clayey silt

clay

| K]

*Soil behavior type and SPT based on data from UBC-1983



CPT Date/Time: 11/13/2014 11:12:32 AM
Location: San Juan Bautista

Job Number: BSA-494

SPT N*

Soil Behavior Type*
Zone: UBC-1983

60% Hammer

Depth Increment = 0.164 feet

M 10 gravelly sand to sand

I 11 very stiff fine grained (*)

sand to silty sand

B 12 sand to clayey sand (¥)

sand

8

M 7 silty sand to sandy silt
9

Berlogar Stevens & Associates

Brittsan
Sounding: CPT 8

Operator:

Cone Used: DSG1150

Pore Pressure
Pw PSI

Friction Ratio

Tip Resistance

Fs/Qc (%)

Qc TSk

n
N
— e A e - — S e e —— = N S
| | | | |
—-—-—-—=--=-- T === T === - === - - === == j——— === m-——— === === - [
| | | | | | | | |
——-—————— T--—~-—~-——- T T T T T T T T T T T T aT T T T H\\\J\\\ \\\\\\\\ [ - w/ﬂj\\\\\\/\\\\ﬂ \\\\\\\\\ F-——--=-=-=--
S N I N [ A e o S
N | | \/N/// \ = e T | i
£ > ==/ _|_ _ o =——=Jd_ - - _ ____l__________ o ____ oo ______ Lo _____ L ____
[Te)
5
(@)
—

400

14

16

18

20

16.08 feet

Maximum Depth

silty clay to clay

|

1 sensitive fine grained

[ W)

M 5 clayey silt to silty clay

organic material

M 6 sandy silt to clayey silt

clay

| K]

*Soil behavior type and SPT based on data from UBC-1983



Berlogar Stevens & Associates

CPT Date/Time: 11/13/2014 11:28:59 AM
Location: San Juan Bautista

Job Number: BSA-494

Brittsan
Sounding: CPT 9

Operator:

Cone Used: DSG1150

SPT N*

Soil Behavior Type*
Zone: UBC-1983

Pore Pressure
Pw PSI

Friction Ratio

Tip Resistance
Qc TSk

60% Hammer

Fs/Qc (%)

400

Depth Increment = 0.164 feet

20.67 feet

Maximum Depth

M 10 gravelly sand to sand

M 7 silty sand to sandy silt

silty clay to clay

|

1 sensitive fine grained

[ W)

I 11 very stiff fine grained (*)

sand to silty sand

8
9

M 5 clayey silt to silty clay

organic material

sand Bl 12 sand to clayey sand (*)

M 6 sandy silt to clayey silt

clay

| K]

*Soil behavior type and SPT based on data from UBC-1983



Berlogar Stevens & Associates

CPT Date/Time: 11/13/2014 11:47:45 AM
Location: San Juan Bautista

Job Number: BSA-494

Brittsan
Sounding: CPT 10

Operator:

Cone Used: DSG1150

SPT N*

Soil Behavior Type*
Zone: UBC-1983

Pore Pressure
Pw PSI

Friction Ratio

Tip Resistance
Qc TSk

60% Hammer

Fs/Qc (%)

400

Depth

()

18

20

Depth Increment = 0.164 feet

19.03 feet

Maximum Depth

M 10 gravelly sand to sand

M 7 silty sand to sandy silt

silty clay to clay

|

1 sensitive fine grained

[ W)

I 11 very stiff fine grained (*)

sand to silty sand

8
9

M 5 clayey silt to silty clay

organic material

sand Bl 12 sand to clayey sand (*)

M 6 sandy silt to clayey silt

clay

| K]

*Soil behavior type and SPT based on data from UBC-1983



SPT N*
60% Hammer

CPT Date/Time: 11/13/2014 12:04:.03 PM
Location: San Juan Bautista

Soil Behavior Type*

Zone: UBC-1983

Job Number: BSA-494

Pore Pressure
Pw PSI

Brittsan

Sounding: CPT 11
Fs/Qc (%)

Cone Used: DSG1150
Friction Ratio

Operator:

Berlogar Stevens & Associates

Tip Resistance
Qc TSk

l‘ﬁJWVHW/M*T

8
< I I I I I
| | | | |
- b= 4o i N iy [
| | | | |
| | | | |
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| | | | |
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L _ /F\\\\\\\\\\w%\\\\\\\, \\\\\\\\ \\\ \\\\\\\\\ I __ =
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\/\ ///{“‘ ‘\ T
| | o — | |
o
o N < © [ee) o N < © [ee] o
— — — — — N

Depth
(ft)

B 12 sand to clayey sand (¥)

M 10 gravelly sand to sand
I 11 very stiff fine grained (*)

Depth Increment = 0.164 feet

sand to silty sand
sand

8

M 7 silty sand to sandy silt
9

18.70 feet

silty clay to clay
M 5 clayey silt to silty clay
M 6 sandy silt to clayey silt

|

Maximum Depth

organic material
clay

1 sensitive fine grained

[ W)
| K]

*Soil behavior type and SPT based on data from UBC-1983



Berlogar Stevens & Associates

CPT Date/Time: 11/13/2014 12:30:35 PM
Location: San Juan Bautista

Job Number: BSA-494

Brittsan
Sounding: CPT 12

Operator:

Cone Used: DSG1150

SPT N*

Soil Behavior Type*
Zone: UBC-1983

Pore Pressure
Pw PSI

Friction Ratio

60% Hammer

Fs/Qc (%)

400

Depth Increment = 0.164 feet

23.79 feet

Maximum Depth

M 10 gravelly sand to sand

M 7 silty sand to sandy silt

silty clay to clay

|

I 11 very stiff fine grained (*)

sand to silty sand

8
9

M 5 clayey silt to silty clay

sand Bl 12 sand to clayey sand (*)

M 6 sandy silt to clayey silt

Tip Resistance
Qc TSk

organic material
clay
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SPT N*
60% Hammer

Soil Behavior Type*
Zone: UBC-1983

CPT Date/Time: 11/13/2014 12:53:26 PM
Location: San Juan Bautista

Job Number: BSA-494

Pore Pressure
Pw PSI
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Sounding: CPT 13
Cone Used: DSG1150

Operator:
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Berlogar Stevens & Associates

Tip Resistance
Qc TSk

B 12 sand to clayey sand (¥)

M 10 gravelly sand to sand
I 11 very stiff fine grained (*)
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Berlogar Stevens & Associates

CPT Date/Time: 11/13/2014 1:17:45 PM
Location: San Juan Bautista

Job Number: BSA-494

Brittsan
Sounding: CPT 14

Operator:

Cone Used: DSG1150
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