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Professional Soil Scientists Association of California 
May 30-31, 2019 

Annual Meeting and Field Tour 
 

“Napa River Watershed” 

Agenda for Thursday, May 30 

 

10:30 ‐ 11:45 am  PSSAC Board of Directors Meeting (all are welcome) 

12:30 – 1:00 pm  Registration Table Open 

1:00 – 1:10 pm  “Welcome & Introduction” 

Joel Butterworth, ICF Jones & Stokes, President, PSSAC 

1:10 – 2:00 pm  “An Overview of Native American Prehistory and Economy in the Napa Valley 

Region” 

Darren Andolina, Archaeologist, ICF Jones & Stokes 

2:00 – 3:10 pm  “Mare Island Naval Shipyard: History of Operations, and Soil Remediation after 

Base Closure in 1996” 

Bill Reed, USDA‐NRCS (retired) 

3:10 – 3:25 pm  Break 

3:25 – 3:45 pm  “Healthy Lands, Healthy Waters” 

Lucas Patzek, Executive Director, Napa County RCD 

3:45 – 4:15 pm  “SFPUC Bioregional Habitat Restoration at Sheep Camp Creek: Stream Channel 

Stability Assessment” 

Jeff Peters, Geomorphologist/Restoration Specialist, ICF Jones & Stokes 

4:15 – 5:00 pm  “Napa County RCD’s Technical Assistance with Soil Health, Erosion Control, and 

Irrigation Management” 

Miguel Garcia, Sustainable Agriculture Program Manager, Napa County RCD 

6:00 – 8:00 pm  Annual Banquet and Brief Business Meeting 
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2019 PSSAC Annual Meeting Speaker Bios 
and Presentation Abstracts 

 

Darren Andolina holds an MA and BA in Anthropology from the University of California, Davis and 

has 22 years of professional experience in archaeology, working primarily in California and the Great 

Basin. His career has focused on the identification and preservation of archaeological sites through 

cultural resource management while working for private industry. He has completed projects and 

authored reports for a variety of national, state, and local agencies as well as private enterprises. His 

research interests focus on hunter‐gatherer foraging and adaptation through a human behavioral 

ecology theoretical framework. His expertise lies in the analysis of flaked stone, ground stone, and 

shellfish assemblages from prehistoric archaeological sites. 

ABSTRACT:  “An Overview of Native American Prehistory and Economy in the Napa Valley Region” 

This presentation will provide an overview of the prehistory of the Napa Valley and a history of 

archaeological research in the region. The presenter will include a summary of the Native American 

ethnographic groups that lived in and around the Napa Valley and describe their economy as 

understood from ethnographic and archaeological research. Special attention will be given to the 

importance of obsidian in the Native economy. Obsidian, as well as serving as a valuable base material 

for fashioning stone tools, has also been used by archaeologists to date prehistoric sites. A review of the 

benefits and limitations of the obsidian hydration dating technique will be presented. 

+ + + 

William Reed earned a B.A. in Geography from Fresno State University and was hired shortly 

afterward by the USDA Soil Conservation Service. A few years later he completed his Masters in Plant 

Science, also from Fresno State University.  Bill helped map Sacramento and Yuba counties, and served 

as party leader for the soil mapping efforts in Colusa County, Northern Humboldt County, and Western 

Santa Clara County.  He then served five years as the California Natural Resources Inventory (NRI) 

Coordinator at the NRCS State Office.  

After retirement from the NRCS in 2015, Bill continues to assist with several ongoing NRCS projects, 

including the annual NRI Crop Data Collection, but has more free time to learn more about his favorite 

subject (history) and help his wife with her animals and the various and sundry never‐ending projects on 

their small Vacaville farm. In 2017 he became a Master Gardener with the UC Master Gardener 

program. 

ABSTRACT:  “Mare Island Naval Shipyard: History of Operations, and Soil Remediation after Base 

Closure in 1996” 

Mare Island Naval Shipyard was established in 1853, and was the first shipyard on the West Coast. It 

became a major shipbuilding facility, with over 500 ships and submarines constructed, and thousands of 
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major repairs completed. Expansion of the island was implemented with a variety of imported fill or 

dredge materials, to about four times its original size.  Mare Island was the site of massive naval 

wartime operations during WWII, and was the command center for naval operations in annex locations 

in multiple states.  After base closure, the Mare Island EIR/EIS indicated a superfund site was warranted 

with at least 24 individual sites requiring remediation of soils, groundwater and buildings. At least seven 

of those sites have required extensive work: clearing toxic metals, chemicals, and radiological debris.  

After the expenditure of $290 million, the Navy still controls about a quarter of the island and 

redevelopment continues more slowly than originally anticipated. 

+ + + 

Lucas Patzek became the Napa RCD’s Executive Director in 2018. He believes deeply in the District’s 

collaborative and non‐regulatory approach to inspiring behavior change, and has experience working 

with similar Districts across California and Washington. For the past 11 years he has worked with diverse 

stakeholders to improve agricultural and natural resource systems by finding common ground and 

working together on long‐term solutions. His experience includes serving as a County Director and 

Agriculture & Natural Resource Faculty with the Cooperative Extension Service in Washington, and as 

the Associate Executive Director of the Sonoma County‐based non‐profit Ag Innovations. He received a 

Ph.D. in Crop Science from Washington State University and a B.S. in Biology from University of 

California at Santa Cruz. 

ABSTRACT:  “Healthy Lands, Healthy Waters: The Work of the Napa RCD” 

Resource Conservation Districts (RCDs) are one of California’s earliest grassroots conservation 

organizations. They identify conservation needs and support land managers in implementing solutions 

on a voluntary basis. The Napa County RCD was formed in 1945, and currently has a range of programs 

which help the local community conserve, protect, and restore natural resources in a landscape that 

supports agriculture, urban areas, and wild spaces. This presentation will explore the strategies used by 

the RCD to achieve success, including monitoring indicator species, advising on erosion control 

measures, enhancing oak woodlands, providing youth education, and conducting cleanups. 

 

+ + + 

Jeff Peters is a geologist and restoration specialist with ICF Jones & Stokes. He conducts restoration 

feasibility studies, which he prepares in support of watershed and stream corridor management plans. 

He also conducts stream bank and channel stability assessments and monitoring; stream classification 

methodologies in support of watershed analyses; channel and floodplain restoration and geomorphic 

assessments in support of channel and floodplain restoration; hydraulic modeling; water availability 

analyses; topographic surveys; upstream limit of anadromy surveys; streamflow surveys; rain gage 

operation; and fish habitat suitability and fish passage analyses. Jeff has a significant amount of 

experience working on water rights projects throughout northern California, working both on the CEQA 

documentation and the associated technical studies. Jeff also conducts bioassessments that involve 
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benthic macroinvertebrate collection, physical habitat surveys, and water quality assessments. Jeff has 

worked on many other river systems, including Big Tujunga Canyon (southern CA) where he conducted a 

geomorphic analysis for a road repair bordering the creek; the Middle Fork American River (northern 

CA) where he has been monitoring the effects of gravel augmentation since 2001; the Napa River 

(northern CA), where he helped identify areas of severe bank erosion; and the Tongue River (MT), where 

he assessed geomorphic conditions relative to fish habitat. Jeff received a BA in Geology (with an 

Environmental Science option) from Colby College in 1996 and a MA in Geography (with a focus on 

geomorphology) from the University of Oregon in 2001. 

ABSTRACT: “SFPUC Bioregional Habitat Restoration at Sheep Camp Creek” 

Avila & Associates and ICF support the San Francisco Public Utilities Commission on restoration of Sheep 

Camp Creek Mitigation Area, a Bioregional Habitat Restoration site in the Alameda watershed. In 2014, 

Avila developed and implemented a strategy to install and irrigate 21,000 plantings of 40 native species 

across the 430‐acre site via direct seeding and rhizome‐division propagation. Vegetation surveys and 

habitat assessments began in 2015, collecting a broad suite of data to monitor germination, survivorship 

and recruitment rates, as well as absolute coverage of native and non‐native species. Despite severe 

drought conditions in 2014 and 2015, the Site is now transforming from heavily degraded non‐native 

grassland into a matrix comprising oak, sycamore and willow riparian and seasonal wetland habitats. 

High rainfall in 2016 and 2017 continue to bolster the preliminary success of these re‐vegetation efforts.  

In 2014, ICF conducted a baseline erosion inventory of all erosion features within the Site. The baseline 

hydrogeomorphic surveys identified such features as eroding banks, headcuts, canyon wall slumps, and 

other “legacy erosional features” from years of sheep and cattle grazing. To protect and support 

extensive habitat restoration efforts, remedial actions have been taken to address bank erosion, 

headcuts, and other erosional features on site. Recent monitoring by ICF has shown significant increase 

in vegetation establishment and reduced bank erosion. This exciting project will continue until Year 10, 

and Avila & Associates and ICF will to continue identify areas of erosion severity for future restoration 

potential. 

+ + + 

Miguel Garcia currently serves as the Sustainable Agriculture Program Manager for the Napa County 

Resource Conservation District, where he provides on‐farm technical assistance and planning related to 

soil health, erosion control, and irrigation management.  He also designs educational programs aiming at 

providing local growers with valuable information on various topics related to sustainable agriculture. 

Before joining the Napa County RCD, Miguel worked for the Coachella Valley and the Inland Empire 

RCDs developing and implementing diverse sustainable agriculture programs. He has a PhD in 

Environmental Sciences and a B.S. in Chemistry from UC Riverside. Miguel believes the future wellbeing 

of our local water resources and the world’s food security lies heavily on the implementation of 

adequate sustainable agriculture practices today. By working one‐on‐one with growers, he believes true 

change can be attained.  
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ABSTRACT:  “Napa County RCD’s Technical Assistance with Soil Health, Erosion Control, and Irrigation 

Management” 

I will be discussing the role that Napa RCD has played in developing the North Coast Soil Health Hub, a 

collaborative effort between Napa RCD, Mendocino RCD, Sonoma RCD, and Gold Ridge RCD focused in 

address regional specific needs, successes and challenges. I will also talk about the different farm 

assistance programs that the Napa RCD offers: Education and training, soil health assessments, erosion 

control and mitigation, carbon farming, and irrigation efficiency assessments. 

+ + + 
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MARE 
ISLAND
NAVAL 
SHIPYARD

William Reed, 
NRCS (Retired)

Mare Island Overview

• Old Maps of Mare Island and Geology

• Navy historical use of Island

• Fill materials, dredging, tides

• Navy cleanups pre‐1996

• Remediation activity post 1996

• Current uses and future plans

GEOLOGIC 
FAULTS

MARE ISLAND 1850 
USN MAP

MARE ISLAND MAP, 1851 USN, LANDFORMS 

NEW USN 
SHIPYARD IN 
OPERATION 
1856
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Note Topo Lines (1876 Map)

1876 Rapidly Developing Naval Shipyard, 
Not Much Landfill Yet

Dry Dock 1, Built After The Civil War Granite Blocks From Rocklin in Dry Dock 1

Dry Dock Number 2 built late 1800’s was 
over 750 feet long, built in wetlands

Mare Island Museum, Bldg. 46, Built in 1855, 
Oldest Building on Mare Island

18
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Stone Foundation of Bldg. 46, Stone was Quarried 
from Angel Island Sandstone 

Development on Mare Island as of 1883, Dry Dock 1 
under construction. Wetlands south of developed area 
are not filled in.

1898 Earthquake Damage at Mare Island
USS California, launched in 1919. First and only battleship  from 
Mare Island.  624 feet long, it had 12‐14 inch guns.  Severely 
damaged in the Pearl Harbor attack, limped back to Bremerton, 
sent out again in 1944, served at the battles of Okinawa & 
Layete Gulf.

1917 Start of WW1. 
Sabotage at Mare 
Island Munitions 
Factory Dock, two 
millions pounds of 
Black Powder 
exploded by German 
sabotage.

Mare Island and the Surrounding Region 1935
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World War II Busy Shipyard,  USS Mingo 1944.
Mare Island WWII Dock Activity

Launch of 
the USS 
Wahoo 
Submarine, 
Feb. 12, 1942

On Mare Island: Women Making Gas Masks for WWII 

WWII Worker Housing, Guadalcanal 
Village, North of Hwy. 37

Post War Mothball Fleet Stationed at Mare Island Launch of the USS Vallejo 1963 
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Mare Island Naval Shipyard (MINS)
Closed April 1, 1996

• MINS Closed as part of 1993 Base Realignment and 
Closure.

• MINS in operation for 142 years, over 500 ships 
launched, thousands repaired or refurbished, some 
from other nations.

• Navy inspections, investigations and studies 1976 to 
1996.

• 1998 Full EIS/EIR completed for MINS.
• MINS designated as EPA Superfund site 

CA7170024775, with 24 sites identified as 
contaminated.

Major Remediation Sites on Mare Island

• Base Dump

• Crane Test Area

• Scrap yard/Oil Disposal area

• Rail Road Corridor

• Munitions Plant, Disposal Area

• Paint Factory

• Sand Blasting Material, New and Used Storage

• Marine Artillery Range

Base Dump General Construction Layout Crane Test Area Map on Dump Road 

Munitions Plant South East 
and South End of MINS

Munitions Plant Today

21
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6

West Side of Island 
Used for Munitions 
Storage, Inert 
Munitions Storage, 
and Disposal by 
Burning and 
Detonation of 
Outdated
Munitions

Paint Factory at Parcel 
XV‐8(1) and the Paint 
Waste area south‐
west of the Paint 
Factory, was a major 
source of toxic 
chemicals.

Sand 
Blasting, 
storage  and 
Paint Area 
North of 
Munitions 
Factory

Marine Rifle Range Remediation

Future of Mare Island

• Complete transfer of the parts of the island to 
the City of Vallejo that can be safely remediated

• Complete Residential Area

• Develop increased commercial businesses on 
the Island

• Navy to retain indefinitely those areas not safe 
for public use

‐QUESTIONS?

Sources
Interviews:
Christensen, Bruce. Consultant, Westin Solutions. April 2019
Giles, Joyce. Mare Island Museum Manager. April 2019
Halloran, Lou. Mare Island Historian. April‐May 2019
Publications:
“Final Record of Decision/Remedial Action Plan. Installation Restoration Site 28 

Defense Reutilization and Marketing Office”. Prepared for the Dept. of the Navy 
Base Realignment and Closure Program Management Office West Naval Facilities 
Engineering Command. 2016.  70 pgs.

Lott, LCDR Arnold S. “A Long Line of Ships. Mare Island’s Century of Naval Activity in 
California”. 1954. 252 pgs.

Mare Island Historical Foundation. 1898 Earthquake on Mare Island.  A compilation of 
newspaper articles.  9 pgs.

Theroux, Deb, and Janet Lear. “Former Mare Island Naval Shipyard”.  Presentation. 
Naval Facilities Engineering Command. 2014. 15 pgs.

Vallejo, City of. “Mare Island Specific Plan.” 2005.  160 pgs.
Websites:
http://www.mareislandpreserve.org
http://www.mareislandmuseum.org
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Healthy Lands
Healthy Waters

Lucas Patzek, Executive Director  
Lucas@NapaRCD.org, 707-690-3119

“One of the best, and certainly the most promising, of the 
devices yet invented by man for dealing democratically 
and effectively with maladjustment in land use, as well 
as for carrying forward positive programs of desirable 
conservation, and for maintaining the work, is the soil 
conservation district.”

Dr. Hugh Hammond Bennett

Leaders from California's conservation 
community at an annual CARCD Conference. 

From left: Carlos Suarez, NRCS State 
Conservationist; Glenn Franklin, former 
CARCD Board President; Dr. David Bunn, 
Director of the Department of Conservation; 
and Karen Buhr, Executive Director of CARCD

 Public agency – Special 
District

 Formed in 1945 

 7-member volunteer 
Board

 Nine staff

 $1.8M annual budget

 85% of revenue from 
grants and contracts

 Partnership with USDA

Investigate: Understand our Watersheds
Monitor Indicator Species  |  Monitor Streamflow & Groundwater  |  Track & 
Communicate Changes

Act: Improve Ecosystems
Reduce Erosion  |  Conserve Water  |  Enhance Habitats

Inspire: Engage Community
Involve Youth  |  Provide Community Opportunity  |  Communicate Regularly

Manage Responsibly: Practice Excellence
Build Partnerships  |  Operate Responsibly

Investigate: Fisheries Monitoring
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Investigate: Streamgaging, Sediment 
Monitoring & Project Effectiveness Monitoring

Investigate: Track & Communicate

napawatersheds.org

Act: Erosion Control

Water Management

Act: Sustainable Farming Practices

Worker Health & 
Well-being

Pest Management

Habitat Restoration

Soil Health

Diversification

Inspire: Youth Environmental Education Inspire: Clean-Up Events, Speaker Forums, 
Garden Tours, Citizen Science Experiences
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Inspire: Agricultural Workshops & Field Days Inspire: Communicate Regularly

Manage Responsibly: Partnerships
(only a few examples)

Thank you!

Lucas Patzek, Executive Director – lucas@naparcd.org, 707-690-3119
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SFPUC Bioregional
Habitat Restoration at  
Sheep Camp Creek,  

Sunol, CA

May 30, 2019

Jeff Peters
Jeff.peters@icf.com

Leanne Feely
lfeely@avilaassociates.com

Scott Chenue
SChenue@sfwater.org

Stream Channel Stability Assessment

Introduction

The SFPUC developed the  
Bioregional Habitat Restoration  
(BHR) program to compensate for  
impacts to habitat and species  
primarily associated with the Water  
System Improvement Program  
(WSIP) projects.

Sheep Camp Creek Site Overview

Sheep Camp Creek Soils

Sheep Camp Creek Soils
Soil Map Units:

• Positas gravelly loam, 2 to 20 percent 
slopes, eroded (PoC2)

• Positas gravelly loam, 20 to 40 percent 
slopes, eroded (PoE2)

• Perkins loam, 45 to 75 percent slopes, 
eroded (PcF2)

Soil Characteristics:

• Deep (80 inches) gravelly loam

• Compacted due to historic sheep 
grazing and present-day cattle grazing

• Very high runoff rates

• Numerous mammal burrows

Bioregional Habitat Restoration Activities at Sheep 
Camp Creek
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Revegetation Efforts: 2014-2017
Established, Re-established and Rehabilitated Habitats:

21,000 plants of 44 species were planted and irrigated throughout 14 acres  
of mitigation habitats.

Current Conditions: Vegetation

Despite some obstacles, the team’s tenacity was rewarded with recent 
wet winters, resulting in an abundance of plant growth.

Benefits of Thriving Vegetation

The success in revegetation efforts aids in ground stabilization  
and reduces erosion along the tributaries, stream banks, and  
other planted areas.

 Erosion Features Inventory

 Channel Stability Monitoring

 Photo Monitoring

 Repeat Topographic Surveys

 Analysis

 Year to year variability

 Cross section overlay

 Remedial Recommendations

Erosion and Geomorphic Monitoring

 Erosion Features Inventory

Types:

 Arroyo

 Burrow

 Cattle path

 Constructed cattle crossing

 Cutbank

 Eroding bank

 Eroding gully

 Headcut

 Pothole

 Ravine

 Roadcut

 Road stabilization

 Rill

 Slump

 Swale

 Trench pool

Erosion and Geomorphic Monitoring

 Erosion Features Inventory

Erosion and Geomorphic Monitoring
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 Channel Stability Monitoring (erosion pins)

Erosion and Geomorphic Monitoring

 Channel Stability Monitoring (erosion pins)

Erosion and Geomorphic Monitoring

 Channel Stability Monitoring (Modified Pfankuch Procedure)

Erosion and Geomorphic Monitoring

 Channel Stability Monitoring (Modified Pfankuch Procedure)

Erosion and Geomorphic Monitoring

 Channel Stability Monitoring (Modified Pfankuch Procedure)

Erosion and Geomorphic Monitoring

Reach 3, Segment 6

 Channel Stability Monitoring (Modified Pfankuch Procedure)

Erosion and Geomorphic Monitoring

F6: deeply entrenched; moderate sinuosity; moderate to high W/D; working to 
create new floodplain at lower elevation; very high levels of bank erosion, bar 
development, and sediment transport

G6: “gully” types, similar to the “F” types, but with lower W/D (less than 12); high 
rates of bank erosion as they try to widen into an “F.” 

E5: slightly entrenched; very low channel W/D; very high channel sinuosities; occur 
on alluvial valleys that exhibit low elevational relief
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 Channel Stability Monitoring (Modified Pfankuch Procedure)

Erosion and Geomorphic Monitoring

THE GOOD, THE BAD, AND THE (TEMPORARILY) UGLY

Erosion and Geomorphic Monitoring

THE GOOD (BANKS ON SCC)

Erosion and Geomorphic Monitoring

FALL 
2014

SPRING
2015

SPRING
2016

SPRING
2017

THE GOOD (BANKS ON SCC)

Erosion and Geomorphic Monitoring

SPRING  2018 SPRING 2019

Erosion and Geomorphic Monitoring

pre-restoration

THE GOOD (Gully Erosion Site 4)

THE GOOD (Gully Erosion Site 4)

Erosion and Geomorphic Monitoring

Fall 
2014

Spring 
2015

Spring 
2016

Spring 
2017
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THE GOOD (Gully Erosion Site 4)

Erosion and Geomorphic Monitoring

Spring 2018 Spring 2019

THE BAD (LOWER SCC HEADCUT)

Erosion and Geomorphic Monitoring

Fall 
2014

Spring 
2015

JAN  
2017

FEB  
2017

THE BAD (LOWER SCC HEADCUT)

Erosion and Geomorphic Monitoring

Spring 2018 Spring 2019

 THE BAD (UPPER SYCAMORE DRAINAGE HEADCUT)

Erosion and Geomorphic Monitoring

headcut in 2015/2016

headcut in 2017

THE UGLY (2016/2017 winter was INTENSE!!)

Erosion and Geomorphic Monitoring

before

after

THE UGLY (2016/2017 winter was INTENSE!!)

Erosion and Geomorphic Monitoring

before

2019
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THE UGLY (Headcut formation at bottom of Reach 1, SCC in 2017)

Erosion and Geomorphic Monitoring

THE UGLY (Headcut formation at bottom of Reach 1, SCC in 2017)

Erosion and Geomorphic Monitoring

2019

2018

Lower Sycamore Drainage / GES 2 Restoration

Erosion and Geomorphic Monitoring

Lower Sycamore Drainage / GES 2 Restoration

Erosion and Geomorphic Monitoring

Lower Sycamore Drainage / GES 2 Restoration

Erosion and Geomorphic Monitoring

2014
2015 2017

Lower Sycamore Drainage / GES 2 Restoration

Erosion and Geomorphic Monitoring

2018 2019

32



7

Lower Sycamore Drainage / GES 2 Restoration

Erosion and Geomorphic Monitoring

2014 2015 2017

Lower Sycamore Drainage / GES 2 Restoration

Erosion and Geomorphic Monitoring

2018 2019

Lower Sycamore Drainage / GES 2 Restoration

Erosion and Geomorphic Monitoring

Revegetation Effort Summary

In summary the planting effort at Sheep Camp Creek has had several setbacks,  
but we have made progress toward obtaining native plant cover throughout the  
planted habitats.

 Overall, channel conditions/stability have significantly improved since
baseline monitoring

 Channel banks improving (riparian cattle fencing)

 Headcuts are result of “legacy erosion” (rapid runoff/erodible soils)

 Precipitation duration and intensity

Erosion and Geomorphic Monitoring Summary

Questions?
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Napa County RCD’s Technical Assistance with Soil 
Health, Erosion Control, and Irrigation Management

Miguel A. Garcia, PhD
Napa Resource Conservation District

The role of the Napa County RCD in the North Coast Soil Health Hub

What is the North Coast Soil Health Hub?

Mendocino, Napa and Sonoma County farmers and partners are working together
as the North Coast Soil Health Hub, and are part of the larger California Farmer‐to
Farmer Soil Health Network. Soil Health Hubs are agriculturally focused networks
that address region specific needs, successes and challenges. Regional hubs are
focused on specific needs for specific crops, soils, climate, land management
practices, and marketing.

Participate,

Soilhub.org is the on‐line home for the new hub. Visit the website for events, news, 
research, and anecdotes related to soil health, farming practices, and soil carbon 
sequestration in Northern California.

How farming practices affect soils

How farming practices affect soils
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How farming practices affect soils
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Work Done by Napa RCD

• Farm education and training
• Soil health assessments
• Erosion control and mitigation
• Carbon farm planning
• Irrigation efficiency assessments

Farm education and Training

• We work closely with farmers to 
help address their concerns.

• Throughout the year, the Napa RCD 
organizes various educational 
workshops where professionals 
present on important topics. 

• Topics: Soil health indicators, impact 
of tillage, alternative weed 
management alternatives, 
integrated pest management, etc.  

• Goal: That every farmer in the Napa 
Valley has all the tools and 
knowledge to make inform decisions 
when managing their soils.  

Soil Health Assessments

Soil Health Assessment Properties to be monitored as part of the Climate‐Beneficial Vineyard 

Management Practices for the North Coast Area Project Soil Property 

Texture‐ % of sand, silt, clay, gravel content 
Aggregate stability‐% of aggregates stable to simulated rain 

pH‐measure of soil reaction (acid, neutral, basic) 
Micro and macronutrients
Cation exchange capacity (CEC) 
Total organic carbon (TOC)‐ the carbon contained in soil organic matter (SOM) 

Active organic carbon‐measured by permanganate oxidation. 

Total nitrogen 
Potentially mineralizable nitrogen‐ the amount of organic N converted to plant available 

mineral forms
Bulk density‐ the weight of dry soil per volume 
Water infiltration‐ rate of water entry into soil at field capacity water content 

Compaction‐ loss of soil porosity or “densification”, measured as resistance using 

penetrometer with conical tip 
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Erosion Control and Mitigation 

• We have been providing assistance 
to farmers in determining erosion 
risks, address erosion concerns, and 
develop erosion management plans.

• This helps farmers address incoming 
discharge regulations. 

Carbon Farm Planning

Irrigation efficiency Assessments

• Napa RCD provides irrigation 
efficiency assessments at no cost to 
farmers. 

• Water conservation is important to 
protect local water resources.

• Appropriate irrigation management 
helps establish strong plants that 
require less pesticides and less 
invasive soil management practices. 

Miguel Garcia, PhD
Napa County Resource Conservation District
Sustainable Agriculture Program Manager
mgarcia@naparcd.org
707‐690‐3122
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maps.google.com 

Stop 1 

Stop 2 

Stop 3  Lunch (Veteran’s Park) 

Stop 4 
Landslides 

Stop 5 

DoubleTree  

2019 PSSAC Field Tour IƟnerary  

7:30‐7:45 am:  Bus arrives at DoubleTree, 3600 Broadway, American Canyon.  

8:00 am:  Leave DoubleTree hotel.   

8:30 am:  Arrive at Mare Island (Stop 1).  G Street and Walnut Ave., Vallejo (on Mare Island). ConƟnue to Dump 

Road. [8:30‐8:50]  

9:15 am:  Arrive at American Canyon wetlands park (near intersecƟon of Eucalyptus Drive and Wetlands Edge 

Road, American Canyon) (Stop 2).  [9:15 to 10:15]  

10:15 am:  Travel to Domaine Chandon (1 California Drive, Yountville) (Stop 3).  [10:45 to 12:00]  

12:00 pm:  Travel to Veterans Memorial Park site #5 (Washington Street & Champagne Drive) for lunch.    

1:00 pm:  Leave Veterans Memorial Park and travel to Landslide Area, near 3153 Mt. Veeder Road, Napa.   

1:30 pm:  Arrive at Landslide area (near 3153 Mt. Veeder Road, Napa) (Stop 4).  [1:30 to 2:15]  

2:15 pm:  Leave Stop 4 and travel to Hess CollecƟon Winery, 411 Redwood Road, Napa) (Stop 5).  [2:30 to 4:30]  

4:30 pm:  Leave Stop 5 and return to DoubleTree hotel.  

5:00 pm:  Arrive DoubleTree, unload passengers and gear from bus. 
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Driving Directions to Tour Stops 

Need directions/help?  Call Joel Butterworth, mobile 707‐299‐8809. 

 

From DoubleTree Hotel & Spa (3600 Broadway, American Canyon) to Stop #1 (Mare Island) 

(Leave hotel at 8:00 am.)  

Turn right (north) out of parking lot onto Hwy. 29 (aka Sonoma Blvd., aka Broadway) and make 

a U‐turn at Poco Wy.  Proceed south on Hwy. 29 into Vallejo.  Turn right onto Tennessee St. and 

continue on Tennessee St. to cross causeway to Mare Island.  (Tennessee St. turns into G St.)  

Park in front of large white building (Building 571) at northeast corner of the intersection of 

Walnut Ave. and G St.  (Address: 571 G St., Vallejo)  (Bus will then proceed west on G St., then 

turn left on Azar Dr., then turn right on Dump Rd./A St. (look for blue sign: San Pablo Bay Trail), 

then continue on gravel road to the parking area.) 

 

From Stop #1 (Mare Island) to Stop #2 (American Canyon Wetlands) 

From corner of Walnut Ave. and G St., follow bus to take in the dry docks, etc. on east side of 

the island along Nimitz Ave.) (route to Nimitz Ave. TBD).  From Nimitz Ave., the bus will then 

turn left on G St., then turn right on Railroad Ave.  (Railroad Ave. turns into Main Gate.)  Then 

take onramp for Hwy. 37/Sears Point Rd. eastbound.  Turn left (north) on Hwy. 29 and proceed 

to American Canyon.  Turn left (west) onto Rio Del Mar then take immediate right turn onto 

Eucalyptus Dr.  Continue to end of Eucaplyptus Dr. and park in (or in vicinity of) the parking lot 

(see “Napa River and Bay Trail” sign) on the left, located just past Wetlands Edge Rd.  (Address: 

“Wetlands Edge Park” near 572 Wetlands Edge Rd., American Canyon) 

 

From Stop #2 (American Canyon Wetlands) to Stop #3 (Domaine Chandon Winery, Yountville) 

Proceed east on Eucalpytus Dr. to Rio Del Mar.  Turn left on Rio Del Mar and turn left (north) 

onto Hwy. 29.  Proceed on Hwy. 29 to Yountville.  Once in Yountville, take the California Dr. 

exit.  Turn left (west) onto California Dr.  Go under Hwy. 29 and take first right after the railroad 

tracks into winery entrance. Look for and meet at “Domaine Chandon” arch.)   (Address:  1 

California Dr., Yountville)  
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From Stop #3 (Domaine Chandon Winery, Yountville) to Lunch Stop (Veterans Memorial Park, 

Yountville)  

Leave the Winery grounds and turn left onto California Dr.  Go under Hwy. 29 and turn right 

(south) on Washington St.  Proceed to near intersection of Washington St. and Champagne Dr.  

Park along street or in gravel area on west side of Washington St., just beyond south end of 

Veterans Memorial Park.  (Address: Intersection of Washington St. and Champagne Dr., 

Yountville)  

 

From Lunch Stop (Yountville Community Park) to Stop #4 (Landslide Area) 

Proceed north on Washington St.  Turn left on California Dr. and go under Hwy. 29.  Take 

onramp for Hwy. 29 – south.  Proceed on Hwy. 29 into Napa and take the Redwood Rd. exit.  

Turn right (west) on Redwood Rd. and continue roughly 9 miles to driveway “split” in the road 

near 3153 Mt. Veeder Rd. (Look for mailbox number.)  (Address: near 3153 Mt. Veeder Road, 

Napa) 

 

From Stop #4 (Landslide Area) to Stop #5 (Hess Collection Winery) 

Proceed east on Mt. Veeder Rd. toward Napa for roughly 5 miles, then turn hard right on 

Redwood Rd.  Continue roughly 1.3 miles to entrance to Hess Collection winery, on left.  Park in 

lower parking lot.  (Address:  4411 Redwood Road, Napa) 

 

From Stop #5 (Hess Collection Winery) to return to DoubleTree Hotel and Spa 

Turn right (east) out of the parking lot onto Redwood Rd. toward Napa.  Turn right (south) at 

“T” intersection with Mt. Veeder Rd. to continue on Redwood Rd. toward Napa.  Continue on 

Redwood Rd. to Hwy. 29.  Turn right (south) on Hwy. 29 and continue to American Canyon.  At 

Donaldson Way, make a U‐turn to get on the northbound lane of Hwy. 29.  Proceed 500 feet to 

turn right into hotel.  (Address:  3600 Broadway, American Canyon)  
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et.

 

Th
e 

ge
om

or
ph

ic 
ev

olu
tio

n 
of 

thi
s 

su
br

eg
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 d
es

cri
be

d 
ab

ov
e 

for
 th

e 
int

er
ior

 V
all

ey
s. 

 It
 is

 a
lso

 is
 d
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 p
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 p
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 o
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the
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re
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 b
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l p
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n C
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R
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ra
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 C
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s p

ro
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 c
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e m
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f C
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e r
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 d
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ro
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 c
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 b
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 re
gio

na
l t

er
ra

in 
of 

the
 

Co
un

ty 
re

ve
als

 th
e p
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e m
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s r
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ra
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 o
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ra
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the
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 c
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 t
his

 r
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 u
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e 
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ea

t V
all

ey
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eq
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nc
e 

an
d 

str
uc
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Co
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t R
an

ge
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, t
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 c
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o 
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s 
is 

ev
er
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he

re
 fa
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al.

 1
96

4)
, a
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Fr

an
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n 
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mp
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 p
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 u
nd

er
lie

s 
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an
 F

ra
nc

isc
o 

Ba
y 

ar
ea

 e
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t o
f t
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an
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nd
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 fa
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Ro
ck

s o
f t

he
 F

ra
nc

isc
an

 C
om

ple
x 

ar
e 
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 va
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 th
eir

 e
ng

ine
er

ing
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ro
pe

rtie
s. 

 T
he

 m
or

e 
hig

hly
 

sh
ea

re
d 

va
rie

tie
s, 

es
pe

cia
lly

 m
éla

ng
es

, c
an

 h
av

e 
ve

ry 
po

or
 e

ng
ine

er
ing

 p
ro

pe
rtie

s 
an

d 
ar

e 
oft

en
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bje

ct 
to 

lan
ds

lid
ing
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A 
thi

rd
 ro

ck
 c

om
ple

x 
is 

ex
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se
d 

we
st 

of 
the

 S
an

 A
nd

re
as

 fa
ult

 z
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e 
an

d 
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ll w
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t o
f t

he
 m

ap
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is 
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lex

 co
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s o

f th
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ic 
ro
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s o
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th 
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 F

ra
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an

 C
om

ple
x 

an
d 
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t R
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ge
 o

ph
iol

ite
 h

av
e 
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en

 fu
rth
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 d
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de

d 
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o 
a 
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 o

f 
fau

lt-b
ou

nd
ed
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cto
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rra
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s 
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lak

e 
et 
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 d
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 th

e 
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p 
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in 
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x m
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f t
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 m

ap
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 F
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lts
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fau
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ou

nd
ed

 t
er
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s 
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e 
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t 
to 

lan
ds
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ing
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 p
ro
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 h
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 e

ng
ine
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ing
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 v
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s 
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ic 
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 d
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d 

in 
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l e
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ee
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lak

e 
et 
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ce
nt 
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f t
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in 
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 C
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st 
Ra
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e 
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 th
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n 
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s w
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f th
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 d
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l d
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ale
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en
e 
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ata
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er
lyi

ng
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re
at 

Va
lle

y S
eq
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ro
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all
ey
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e 
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, a

s 
we

ll 
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se
d 

ea
rly

 E
oc

en
e 

qu
ar

tzo
fel

ds
pa

thi
c 

str
ata

 o
ve

rly
ing

 F
ra

nc
isc

an
 C

om
ple

x 
me

tam
or

ph
ic 

ro
ck

s 
(P

am
pe

ya
n 

19
93

), 
ind

ica
te 

tha
t m

uc
h 

of 
the

 te
cto

nic
 a

cti
vit

y 
tha

t b
ro

ug
ht 

the
 tw

o 
Me

so
zo

ic 
co

mp
lex

es
 to

ge
the

r w
as

 co
mp

let
e b

y e
ar

ly 
Te

rtia
ry 

tim
e. 

In 
the

 m
ap

 a
re

a, 
mo

st 
Pa

leo
ge

ne
 s

tra
ta 

wa
s 

pr
ob

ab
ly 

er
od

ed
 p

rio
r t

o 
the

 e
ru

pti
on

 o
f t

he
 S

on
om

a 
Vo

lca
nic

 fi
eld

 in
 M

ioc
en

e 
an

d 
Pl

ioc
en

e 
tim

e, 
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 in
dic

ate
d 

by
 th

e 
litt

le 
ea

rly
 T

er
tia

ry 
str

ata
 th

at 
is 

ex
po

se
d a

t th
e b

as
e o

f th
e v

olc
an

ic 
de

po
sit

s. 

Th
e 

So
no

ma
 V

olc
an

ics
 a

re
 co

nti
nu

ou
sly

 e
xp

os
ed

 a
lon

g 
the

 ru
gg

ed
 ra

ng
e 

of 
hil

ls 
tha

t b
or

de
rs 

the
 e

as
t 

sid
e 

of 
the

 N
ap

a 
Va

lle
y 

(M
ap

 1
-4

). 
 T

o 
the

 n
or

thw
es

t t
he

se
 h

ills
 b

ec
om

e 
the

 P
ali

sa
de

s, 
a 

pa
rtic

ula
rly

 
pr

om
ine

nt 
vo

lca
nic

 m
ou

nta
in 

ra
ng

e 
tha

t t
er

mi
na

tes
 a

t M
t. 

St
. H

ele
na

, t
he

 h
igh

es
t p

ea
k 

in 
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 C
ou

nty
.  

No
rth

 of
 th

e C
ity

 of
 S

t H
ele

na
 th

e S
on

om
a V

olc
an

ics
 al

so
 oc

cu
py

 th
e h

ills
 to

 th
e w
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t o

f th
e v

all
ey

.  
Th

e 
So

no
ma

 V
olc

an
ics
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ate

 P
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ce
ne
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 L

ate
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ioc
en

e 
in 
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y 
co

ns
ist

 p
re

do
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of 
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sa

lt, 
an

de
sit

e, 
an

d 
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ici
c 
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, b
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nd
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e 
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, d
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nd
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ite
s 
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d 
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lts
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ite

 h
ar

d, 
an

d 
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en
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eir
 fl
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s 
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e 

su
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ien
tly
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nd

 fr
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f o

the
r l
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s 

de
sir
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le 

ro
ck

 ty
pe

s, 
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y 
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ve
 th

e 
po

ten
tia

l t
o 
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uc
e 
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h 
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e 
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ry 

ro
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.  
In 
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ce
nt 

pa
st,
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ck
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pe
s 
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ten
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 m

ine
d 

in 
the
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t m
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d 
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 b
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tuf
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n s
ub
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 p
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l b
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en
e 

str
ata

 th
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 b
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r o
f C
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at 
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s b
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t c
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s 
ro
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 m
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de
rlin

, p
er
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l c
om
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 p
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 re
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fau

lt 
off

se
t. 
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thi
ck

 th
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 m
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t d
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e b
as

in.
 

G
EO

LO
G

Y
 O

F 
C

O
U

N
TY

 S
U

B
R

EG
IO

N
S

N
A

PA
V

A
LL

EY

B
ED

R
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C
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R
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l b
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ioc
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d 
the

 u
nd

er
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 m
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 C
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x o
f 

Ju
ra
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ce

ou
s a

ge
, a

nd
 th
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 b
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s 
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d 
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e 
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es
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e d
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e t

he
 ro

ck
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ck
 ty
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a 
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 In
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s 
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eg
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 p
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 o
f 
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lt 
flo
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 f
low
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, 
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te 
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 o
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ft)

, t
uff

 b
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ra
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 m
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lid
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 p
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ce
pti

ble
 to

 ro
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.  

Th
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 d
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 o
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f m
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ro
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 m
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 C
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ar
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r r
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) b
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e 

en
d 

of 
the

 ri
dg

eli
ne

 a
t t

he
 m

ou
th 

of 
the

 N
ap

a 
Ri

ve
r. 

 
Th

e 
Yo

un
tvi

lle
 H

ills
 a

re
 a

lso
 c

om
po

se
d 

of 
an

de
sit

e-
ba

sa
lt 

flo
ws

 a
nd

 rh
yo

liti
c 

int
ru

siv
es

 o
f t

he
 S

on
om

a 
Vo

lca
nic

s. 

G
EO

LO
G

IC
ST

R
U

C
TU

R
E

Th
e 

yo
un

ge
r, 

ma
pp

ed
 (G

ra
ym

er
 e

t a
l. 

20
04

) g
eo

log
ic 

str
uc

tur
es

 w
ith

in 
the

 N
ap

a 
Va

lle
y 

su
br

eg
ion

 a
re

 
no

rth
-n

or
thw

es
t-t

re
nd

ing
 fa

ult
s 

an
d 

as
so

cia
ted

 fo
lds

 g
en

er
ate

d 
by

 th
e 

tra
ns

pr
es

sio
na

l P
ac

ific
-N

or
th 

Am
er

ica
n 

pla
te 

ma
rg

in 
(S

an
 A

nd
re

as
 fa

ult
 s

ys
tem

). 
 T

he
 fa

ult
s h

av
e 

a 
pr

ed
om

ina
nt 

rig
ht-

lat
er

al 
str

ike
-

sli
p 

off
se

t, 
bu

t a
lso

 h
av

e 
a 

co
mp

on
en

t o
f f

au
lt-n

or
ma

l c
om

pr
es

sio
n 

(a
t a

 n
ine

ty-
de

gr
ee

 a
ng

le 
to 

the
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 b
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ra
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y m
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t o
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 C
ou

nty
.  

Th
e 

ea
rly

 C
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 b
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 l
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 b
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t c
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ra
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de
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r t
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nd

 
co

ng
lom

er
ate

s 
ma

y 
be

 s
us

ce
pti

ble
 to

 e
ro

sio
n. 

 Z
on

es
 o

f m
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s d
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 D
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e 

ab
ov

e 
un

it o
n 

the
 w

es
t a

nd
 e

as
t f

or
 o

ve
r o

ne
-h

alf
 o

f it
s l

en
gth

, a
nd

 in
 fa

ult
 co
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ra
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f L
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s l
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f m
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d l
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d c
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d p
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e 

co
llu

via
l a

nd
 la

nd
sli

de
 d

ep
os

its
 a

re
 ty

pic
all

y 
mo

re
 h

ete
ro

ge
ne

ou
s 

in 
co

mp
os

itio
n 

an
d 

co
ns

ist
 o

f 
va

rio
us

 c
om

bin
ati

on
s 

of 
mo

stl
y 

un
co

ns
oli

da
ted

 s
oil

 a
nd

 ro
ck

 fr
ag

me
nts

.  
Th

ey
 a

re
 m

os
tly

 H
olo

ce
ne

 in
 

ag
e, 

bu
t la

rg
er

 la
nd

sli
de

s a
nd

 th
ick

er
, m

or
e 

co
nti

nu
ou

s c
oll

uv
ial

 d
ep

os
its

 a
re

 lik
ely

 L
ate

 P
lei

sto
ce

ne
 o

r 
sli

gh
tly

 ol
de

r in
 ag

e. 

Th
e 

de
ns

ity
 o

f k
no

wn
 la

nd
sli

de
 o

cc
ur

re
nc

e 
in 

the
 r

idg
e 

sy
ste

ms
 o

f t
he

 N
ap

a 
Va

lle
y 

su
br

eg
ion

 is
 

va
ria

ble
 a

nd
 ra

ng
es

 fo
rm

 m
os

tly
 lo

w 
or

 m
od

er
ate

 to
 lo

ca
lly

 h
igh

.  
Mo

st 
co

mm
on

ly 
the

y 
ar

e 
co

mb
ine

d 
slu

mp
-e

ar
thf

low
s a

nd
 le

ss
 co

mm
on

ly 
ve

ry 
ra

pid
 fa

ilu
re

s s
uc

h 
as

 d
eb

ris
 flo

ws
, m

ud
flo

ws
, r

oc
k f

all
s, 

an
d 

top
pli

ng
. 

On
e 

of 
the

 a
re

as
 o

f h
igh

er
 la

nd
sli

de
 d

en
sit

y i
s o

n 
the

 ri
dg

e 
slo

pe
s s

ep
ar

ati
ng

 C
ar

ne
ro

s V
all

ey
 fr

om
 th

e 
Na

pa
 V

all
ey

.  
In 

thi
s 

ar
ea

, s
ev

er
al 

lar
ge

 a
nd

 m
an

y 
sm

all
er

 la
nd

sli
de

s 
ha

ve
 b

ee
n 

ma
pp

ed
 (W

ills
 a

nd
 

Ma
jm

un
da

r 1
99

9; 
Dw

ye
r e

t a
l. 1

97
6)

. 

In 
so

me
 lo

ca
tio

ns
, e

xtr
em

ely
 la

rg
e, 

de
ep

, p
re

su
ma

bly
 d

or
ma

nt 
sli

de
s h

av
e 

be
en

 m
ap

pe
d 

(D
wy

er
 e

t a
l. 

19
78

). 
 T

he
se

 la
rg

e f
ea

tur
es

 ca
n b

e u
p t

o 3
 or

 4 
mi

les
 w

ide
 an

d o
ve

r a
 m

ile
 in

 le
ng

th.
  F

or
 ex

am
ple

, th
e 

so
uth

 c
an

yo
n 

of 
Sa

ge
 C

re
ek

, i
mm

ed
iat

ely
 e

as
t o

f L
ak

e 
He

nn
es

sy
 R

es
er

vo
ir, 

is 
the

 lo
ca

tio
n 

of 
su

ch
 a

 
ma

pp
ed

 s
lid

e. 
 A

 g
ro

up
 o

f t
he

se
 s

lid
es

 h
av

e 
als

o 
be

en
 m

ap
pe

d 
ab

ou
t 3

 m
ile

s 
we

st 
of 

the
 Y

ou
ntv

ille
 

Hi
lls

 al
on

g t
he

 N
ap

a-
So

no
ma

 C
ou

nty
 bo

un
da

ry.
 

W
hil

e 
ob

vio
us

 to
 a

n 
ex

pe
rie

nc
ed

 a
er

ial
 p

ho
to 

ge
olo

gis
t, 

su
ch

 fe
atu

re
s a

re
 so

 la
rg

e, 
as

 w
ell

 a
s p

ar
tia

lly
 

su
bd

ue
d 

by
 e

ro
sio

n, 
tha

t 
the

y 
ca

n 
ea

sil
y 

go
 u

nn
oti

ce
d 

by
 t

he
 la

yp
er

so
n 

at 
the

 g
ro

un
d 

su
rfa

ce
.  

Be
ca

us
e 

the
y p

ro
vid

e 
re

lat
ive

ly 
lar

ge
, f

lat
 a

re
as

 o
n 

oth
er

wi
se

 st
ee

pe
r h

ills
ide

 te
rra

in,
 th

ey
 a

re
 a

ttr
ac

tiv
e 

for
 re

sid
en

ce
s, 

vin
ey

ar
ds

, a
nd

 o
the

r i
mp

ro
ve

me
nts

.  
Fo

r t
his

 re
as

on
, f

lat
ter

 a
re

as
 o

n 
ste

ep
er

 h
ills

ide
s 

sh
ou

ld 
be

 c
ar

efu
lly

 e
va

lua
ted

 p
rio

r 
to 

ap
pr

ov
ing

 s
ign

ific
an

t 
de

ve
lop

me
nt 

on
 th

eir
 s

ur
fac

es
.  

Th
is 

co
mm

en
t a

pp
lie

s t
o s

uc
h s

lid
e f

ea
tur

es
 re

ga
rd

les
s o

f th
e s

ub
re

gio
n i

n w
hic

h t
he

y a
re

 fo
un

d. 

Ot
he

r g
eo

log
ic 

ha
za

rd
s 

loc
all

y 
as

so
cia

ted
 w

ith
 s

ur
fic

ial
 d

ep
os

its
 o

f t
his

 s
ub

re
gio

n 
inc

lud
e 

ac
ce

ler
ate

d 
er

os
ion

, w
ea

k/e
xp

an
siv

e 
pr

op
er

tie
s, 

an
d 

the
 p

ote
nti

al 
for

 e
ar

thq
ua

ke
 s

ha
kin

g 
eff

ec
ts,

 p
ar

tic
ula

rly
 in

 
de

ep
er

 v
all

ey
 a

llu
viu

m 
an

d 
ma

rsh
 a

nd
 in

ter
-tid

al 
de

po
sit

s. 
 T

he
 p

ote
nti

al 
for

 s
ub

sid
en

ce
 is

 s
ign

ific
an

t 
wi

thi
n t

he
 w

ea
k, 

sa
tur

ate
d B

ay
 M

ud
 de

po
sit

s a
ss

oc
iat

ed
 w

ith
 th

e m
ar

sh
 an

d t
ida

l d
ep

os
its

. 

S O
IL

S 
A

N
D

 T
H

EI
R

C
H

A
R

A
C

TE
R

IS
TI

C
S

So
il t

yp
es

 (a
gr

icu
ltu

ra
l) 

an
d 

the
ir 

ch
ar

ac
ter

ist
ics

 in
 th

e 
Na

pa
 V

all
ey

 s
ub

re
gio

n 
ar

e 
co

ntr
oll

ed
 in

 p
ar

t b
y 

loc
ati

on
, i.

e.,
 va

lle
y o

r h
ills

ide
.  

Th
e 

pr
inc

ipa
l s

oil
 se

rie
s i

n 
the

 N
ap

a 
Va

lle
y i

s B
ale

-C
ole

-Y
olo

.  
So

ils
 o

f 
thi

s s
er

ies
 h

av
e 

for
me

d 
on

 th
e 

ne
ar

ly 
lev

el 
to 

ge
ntl

y s
lop

ing
, d

ee
p 

all
uv

ium
 o

f t
he

 V
all

ey
.  

Th
e 

so
ils

 a
re

 
we

ll d
ra

ine
d 

to 
so

me
wh

at 
po

or
ly 

dr
ain

ed
 lo

am
s, 

sil
t lo

am
s, 

an
d 

cla
y l

oa
ms

 o
n 

flo
od

 p
lai

ns
, a

llu
via

l fa
ns

 
an

d t
er

ra
ce

s (
Ma

p 1
-6

). 
 T

he
se

 so
ils

 ar
e a

mo
ng

 th
e m

os
t a

gr
icu

ltu
ra

lly
 pr

od
uc

tiv
e i

n t
he

 C
ou

nty
. 

Th
e 

pr
inc

ipa
l s

oil
 s

er
ies

 o
n 

the
 r

idg
e 

sy
ste

m 
to 

the
 w

es
t o

f t
he

 V
all

ey
 a

re
 M

ay
me

n-
Lo

do
-F

elt
on

, 
Fo

rw
ar

d-
Bo

om
er

-F
elt

on
, B

re
ss

a-
Di

bb
le-

 S
ob

ra
nte

, a
nd

 F
or

wa
rd

-A
ke

n. 
 O

n 
the

 ri
dg

e 
sy

ste
m 

to 
the

 
ea

st,
 th

e 
pr

inc
ipa

l s
oil

 s
er

ies
 a

re
 R

oc
k 

Ou
tcr

op
-K

idd
-H

am
br

igh
t, 

an
d 

Br
es

sa
-D

ibb
le-

So
br

an
te,

 a
nd

 
Fo

rw
ar

d-
Ai

ke
n. 

So
ils

 p
re

se
nt 

on
 th

e 
rid

ge
 sy

ste
ms

 to
 e

ith
er

 si
de

 o
f t

he
 V

all
ey

 h
av

e 
for

me
d 

fro
m 

a 
wi

de
 ra

ng
e 

of 
pa

re
nt 

ma
ter

ial
s 

un
de

r v
ar

yin
g 

co
nd

itio
ns

 o
f s

lop
e 

ste
ep

ne
ss

 a
nd

 s
tab

ilit
y, 

slo
pe

 a
sp

ec
t, 

tim
e, 

an
d 

an
nu

al 
ra

inf
all

.  
Th

er
efo

re
, i

t i
s 

no
t s

ur
pr

isi
ng

 th
at 

the
 p

ro
pe

rtie
s 

of 
the

se
 s

oil
s, 

inc
lud

ing
 th

eir
 h

az
ar

ds
, a

re
 

mo
re

 v
ar

iab
le 

tha
n 

tho
se

 fo
rm

ed
 o

n 
the

 m
or

e 
un

ifo
rm

ly 
fla

t V
all

ey
 fl

oo
r (

sta
ble

 g
eo

mo
rp

hic
 s

ur
fac

e)
, 

wi
th 

its
 m

or
e h

om
og

en
eo

us
 pa

re
nt 

ma
ter

ial
s (

all
uv

ium
). 

Ma
p o

f N
ap

a C
ou

nty
 sh

ow
ing

 su
rfic

ial
 de

po
sit

s 
an

d s
ign

ific
an

t w
ate

r b
od

ies
.  
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G

EO
LO

G
IC

A
L 

R
ES

O
U

R
C

ES
—

V
ER

SI
O

N
 1

, N
O

V
EM

B
ER

 2
00

5

N
A

PA
C

O
U

N
TY

 B
A

SE
LI

N
E

D
A

TA
R

EP
O

R
T

Ge
olo

gic
 ha

za
rd

s a
re

 es
se

nti
all

y t
he

 sa
me

 as
 th

os
e d

isc
us

se
d a

bo
ve

 fo
r s

ur
fic

ial
 ge

olo
gic

 de
po

sit
s. 

IN
TE

R
IO

R
 V

A
LL

EY
S

G
EO

LO
G

IC
SU

R
FI

C
IA

L
D

EP
O

SI
TS

Th
e 

su
rfic

ial
 g

eo
log

ic 
de

po
sit

s o
f t

he
 in

ter
ior

 va
lle

ys
 s

ub
re

gio
n 

co
ns

ist
 o

f a
llu

viu
m 

an
d 

as
so

cia
ted

 fa
n, 

ter
ra

ce
, a

nd
 fl

oo
d 

pla
in 

de
po

sit
s 

tha
t o

cc
up

y 
the

 s
ev

er
al 

va
lle

ys
 o

f t
his

 s
ub

re
gio

n 
(M

ap
 1

-5
). 

 S
inc

e 
the

se
 va

lle
ys

 a
re

 sm
all

, t
he

ir 
de

po
sit

s a
re

 n
ot 

as
 th

ick
 o

r c
on

tin
uo

us
ly 

dis
trib

ute
d 

as
 th

os
e 

of 
the

 N
ap

a 
Va

lle
y 

su
br

eg
ion

.  
Th

in,
 d

isc
on

tin
uo

us
 c

ha
nn

el 
an

d 
pe

rip
he

ra
l t

er
ra

ce
 d

ep
os

its
 o

f p
re

do
mi

na
ntl

y 
sa

nd
 

an
d 

gr
av

el 
ar

e 
pr

es
en

t a
lon

g 
the

 s
tre

am
 c

ha
nn

els
 th

at 
dr

ain
 in

to 
the

 v
all

ey
s 

of 
thi

s 
su

br
eg

ion
.  

Th
e 

ge
olo

gic
 a

ge
 o

f th
es

e v
ar

iou
s d

ep
os

its
 is

 la
tes

t P
lei

sto
ce

ne
 to

 la
tes

t H
olo

ce
ne

.  
Th

e 
su

rfic
ial

 d
ep

os
its

 o
f 

the
 h

ill 
an

d 
rid

ge
 s

ys
tem

s 
co

ns
ist

 o
f c

oll
uv

ium
, s

oil
 c

re
ep

 a
nd

 la
nd

sli
de

s. 
 T

he
 d

ep
os

its
 a

re
 m

os
tly

 
Ho

loc
en

e. 
 S

om
e o

f th
e v

er
y l

ar
ge

 la
nd

sli
de

 de
po

sit
s a

re
 qu

ite
 po

ss
ibl

y o
f la

te 
Pl

eis
toc

en
e a

ge
. 

Th
e 

de
ns

ity
 o

f m
ap

pe
d 

lan
ds

lid
e 

oc
cu

rre
nc

e 
in 

the
 h

ills
 a

nd
 r

idg
e 

sy
ste

ms
 o

f t
he

 in
ter

ior
 v

all
ey

s 
su

br
eg

ion
 (M

ap
 1

-8
) i

s 
va

ria
ble

 a
nd

 ra
ng

es
 fo

rm
 m

os
tly

 lo
w 

or
 m

od
er

ate
 to

 lo
ca

lly
 h

igh
 a

nd
 v

er
y 

hig
h 

(D
wy

er
 e

t a
l. 

19
76

). 
 M

os
t c

om
mo

nly
 th

e 
sli

de
s 

ar
e 

int
er

pr
ete

d 
to 

be
 c

om
bin

ed
 s

lum
p-

ea
rth

flo
ws

 a
nd

 
les

s 
co

mm
on

ly 
ve

ry 
ra

pid
 fa

ilu
re

s 
su

ch
 a

s 
de

br
is 

flo
ws

, m
ud

 fl
ow

s, 
ro

ck
 fa

lls
, a

nd
 to

pp
lin

g. 
 M

ap
pe

d 
sli

de
s t

yp
ica

lly
 ra

ng
e 

in 
len

gth
 fr

om
 le

ss
 th

an
 1

00
 fe

et 
to 

se
ve

ra
l h

un
dr

ed
 fe

et.
  A

cti
vit

y l
ev

els
 a

re
 fr

om
 

re
ce

ntl
y a

cti
ve

 to
 do

rm
an

t. 

W
ith

in 
thi

s 
su

br
eg

ion
 a

re
 s

ev
er

al 
ar

ea
s 

wh
er

e 
ex

tre
me

ly 
lar

ge
 a

nd
 d

ee
p 

sli
de

s 
an

d 
sli

de
 z

on
es

 h
av

e 
be

en
 m

ap
pe

d 
(D

wy
er

 e
t a

l. 
19

78
; S

im
s 

an
d 

Fr
izz

ell
 1

97
6)

.  
Mo

st 
of 

the
se

 s
lid

es
 a

re
 c

las
sif

ied
 a

s 
do

rm
an

t t
hr

ou
gh

 a
er

ial
 p

ho
to 

int
er

pr
eta

tio
n, 

bu
t i

n 
mo

st 
ca

se
s 

wi
tho

ut 
on

sit
e 

inv
es

tig
ati

on
s 

to 
co

nfi
rm

 
ge

olo
gic

 m
ap

pin
g 

an
d 

re
lat

ed
 is

su
es

.  
In 

the
 n

or
the

rn
mo

st 
pa

rt 
of 

the
 su

br
eg

ion
, t

he
se

 fe
atu

re
s a

re
 u

p 
to 

2 
mi

les
 w

ide
 a

nd
 1

.5 
mi

les
 lo

ng
.  

Sl
igh

tly
 fu

rth
er

 s
ou

th,
 th

er
e 

is 
a 

ne
ar

ly 
co

nti
nu

ou
s, 

no
rth

we
st-

tre
nd

ing
 z

on
e 

of 
su

ch
 s

lid
ing

 7
 to

 8
 m

ile
s 

lon
g. 

 T
his

 li
ne

ar
 z

on
e 

ha
s 

de
ve

lop
ed

 o
n 

the
 w

es
t f

ac
ing

 
slo

pe
s a

bo
ve

 H
ar

din
 an

d S
od

a C
re

ek
s, 

jus
t b

elo
w 

the
 rid

ge
 cr

es
t o

f th
e C

ed
ar

s R
ou

gh
. 

A 
sim

ila
r o

r e
ve

n 
lar

ge
r z

on
e 

of 
sli

din
g 

is 
pr

es
en

t in
 th

e 
so

uth
 p

ar
t o

f t
he

 su
br

eg
ion

.  
Th

is 
ar

ea
 is

 so
uth

 
an

d 
we

st 
of 

W
oo

de
n 

Va
lle

y 
an

d 
ex

ten
ds

 d
isc

on
tin

uo
us

ly 
no

rth
we

stw
ar

d 
for

 s
ev

er
al 

mi
les

 a
lon

g 
hig

h, 
ea

st-
fac

ing
 sl

op
es

.  
Si

mi
lar

 bu
t s

om
ew

ha
t s

ma
lle

r z
on

es
 la

rg
e l

an
ds

lid
ing

 is
 a

lso
 p

re
se

nt 
on

 ea
st 

fac
ing

 
slo

pe
s 

of 
So

da
 C

re
ek

, w
es

t o
f G

or
do

n 
Va

lle
y. 

 It
 is

 ro
ug

hly
 e

sti
ma

ted
 th

at 
30

%
 o

f t
his

 s
ou

the
rn

mo
st 

pa
rt 

of 
the

 su
br

eg
ion

 is
 co

mp
os

ed
 of

 la
nd

sli
de

 de
po

sit
s o

f v
ar

iou
s d

im
en

sio
ns

. 

W
hil

e 
ob

vio
us

 to
 a

n 
ex

pe
rie

nc
ed

 a
er

ial
 p

ho
to 

ge
olo

gis
t, 

su
ch

 fe
atu

re
s 

ar
e 

so
 la

rg
e 

as
 w

ell
 a

s 
pa

rtia
lly

 
su

bd
ue

d 
by

 e
ro

sio
n, 

tha
t 

the
y 

ca
n 

ea
sil

y 
go

 u
nn

oti
ce

d 
by

 t
he

 la
yp

er
so

n 
at 

the
 g

ro
un

d 
su

rfa
ce

.  
Be

ca
us

e 
the

y p
ro

vid
e 

re
lat

ive
ly 

lar
ge

, f
lat

 a
re

as
 o

n 
oth

er
wi

se
 st

ee
pe

r h
ills

ide
 te

rra
in,

 th
ey

 a
re

 a
ttr

ac
tiv

e 
for

 re
sid

en
ce

s, 
vin

ey
ar

ds
 a

nd
 o

the
r i

mp
ro

ve
me

nts
.  

Fo
r t

his
 re

as
on

, f
lat

ter
 a

re
as

 o
n 

ste
ep

er
 h

ills
ide

s 
sh

ou
ld 

be
 ca

re
ful

ly 
ev

alu
ate

d p
rio

r t
o a

pp
ro

vin
g s

ign
ific

an
t d

ev
elo

pm
en

t o
n t

he
ir s

ur
fac

es
. 

Ot
he

r g
eo

log
ic 

ha
za

rd
s l

oc
all

y t
o 

ex
ten

siv
ely

 a
ss

oc
iat

ed
 w

ith
 su

rfic
ial

 d
ep

os
its

 o
f t

his
 su

br
eg

ion
 in

clu
de

 
ac

ce
ler

ate
d 

er
os

ion
, e

xte
ns

ive
 a

re
as

 o
f w

ea
k/e

xp
an

siv
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 b
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 d
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r e
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ra
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e c
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 p
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ric

ult
ur

al 
re

so
ur

ce
s, 

ph
ys

ica
l 

pr
op

er
tie

s, 
an

d 
ha

za
rd

 p
ote

nti
al.

  T
his

 is
 d
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, b
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 d
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 b
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s o
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d e
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ra
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 p
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 m
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e C
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 d
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r r
ea

ch
es

 o
f P

uta
h 

an
d 

Et
icu

er
a 

Cr
ee

ks
 a

nd
 L

on
g 

Ca
ny

on
 in

 th
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 C
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e d
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 c
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 d
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ra
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re
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 c
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 d
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e l
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ra
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, b
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e 
int

er
ior

 
va

lle
ys

 su
br

eg
ion
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s o
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 b
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 L
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a m
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 m
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t b
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d 

dip
pin

g, 
les

s 
str

uc
tur

all
y 

dis
tur

be
d 

an
d 

br
ok

en
 s

ed
im

en
tar

y 
ro

ck
s 

of 
the

 G
re

at 
Va

lle
y S

eq
ue

nc
e. 
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 p
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the
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 p
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t o
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 p
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 d
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, d
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 o
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 b
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r l
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 b
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 d
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 d
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 m
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ra
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 o
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ra
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s. 

Th
e 

po
ten

tia
l fo

r d
am

ag
e 

ca
us

ed
 b

y s
eic

he
s a

nd
 ts

un
am

is 
is 

jud
ge

d 
to 

be
 lo

w 
du

e 
to 

lac
k o

f b
ay

 fr
on

t 
ex

po
su

re
 w

ith
in 

the
 C

ou
nty

.  
Th

er
e m

ay
 b

e 
so

me
 po

ten
tia

l fo
r s

eic
he

 w
ith

in 
lar

ge
 b

od
ies

 o
f w

ate
r w

ith
in 

the
 C

ou
nty

, s
uc

h 
as

 re
se

rvo
irs

.  
W

hil
e 

pr
es

um
ab

ly 
low

, t
he

 ri
sk

 h
as

 n
ot 

be
en

 e
va

lua
ted

 a
nd

 is
 b

ey
on

d 
the

 s
co

pe
 o

f t
his

 c
ha

pte
r. 

 T
o 

ev
alu

ate
 s

eic
he

 ri
sk

 to
 la

rg
e 

tan
k s

 re
qu

ire
s 

a 
sit

e-
sp

ec
ific

 in
ve

sti
ga

tio
n. 

 
Th

e 
Fe

de
ra

l E
me

rg
en

cy
 M

an
ag

em
en

t A
ge

nc
y 

(F
EM

A)
-m

ap
pe

d 
flo

od
 z

on
es

 fo
r 

Na
pa

 C
ou

nty
 a

re
 

sh
ow

n i
n M

ap
 1-

9. 

Th
e 

po
ten

tia
l f

or
 g

eo
log

ic 
an

d 
se

ism
ic 

ha
za

rd
s t

o 
oc

cu
r a

t a
 g

ive
n 

loc
ati

on
 o

r w
ith

in 
a 

br
oa

d 
ar

ea
 c

an
 

firs
t b

e 
ind

ica
ted

 b
y 

re
vie

w 
of 

the
 n

um
er

ou
s 

ma
ps

 th
at 

ar
e 

lis
ted

 in
 th

is 
ch

ap
ter

.  
Th

e 
ac

tua
l p

ote
nti

al 
an

d 
the

 c
ha

ra
cte

riz
ati

on
 o

f 
the

 h
az

ar
d 

se
ve

rity
, 

as
 w

ell
 a

s 
de

ve
lop

me
nt 

of 
ad

eq
ua

te 
mi

tig
ati

on
 

me
as

ur
es

 is
 th

en
 de

ter
mi

ne
d b

y g
eo

log
ic 

an
d g

eo
tec

hn
ica

l in
ve

sti
ga

tio
n d

on
e i

n s
uff

ici
en

t d
eta

il. 

It 
is 

be
yo

nd
 th

e 
sc

op
e 

of 
thi

s c
ha

pte
r t

o 
pr

ed
ict

 o
n 

a 
de

tai
led

, c
ou

nty
wi

de
 b

as
is 

the
 ri

sk
 o

f d
am

ag
e 

an
d 

inj
ur

ies
 fr

om
 fu

tur
e 

ge
olo

gic
 a

nd
 s

eis
mi

c 
ev

en
ts.

  
Ov

er
 th

e 
ye

ar
s, 

a 
nu

mb
er

 o
f r

ep
or

ts 
ha

ve
 b

ee
n 

pr
ep

ar
ed

 t
ha

t 
as

se
ss

 t
he

 p
os

sib
ilit

ies
 o

f 
su

ch
 d

am
ag

ing
 e

ve
nts

 o
n 

a 
re

gio
na

l b
as

is 
thr

ou
gh

ou
t 

Ca
lifo

rn
ia 

(H
ar

t e
t a

l. e
dit

or
s 1

98
2, 

Zio
ny

 e
dit

or
 1

98
5,

 B
or

ch
ar

dt 
ed

ito
r, 

19
.X

, R
ow

sh
an

de
l e

t a
l. 2

00
5)

.  
Th

e 
on

ly 
Co

un
ty-

sp
ec

ific
 in

for
ma

tio
n 

ac
qu

ire
d 

tha
t s

ho
ws

 s
pe

cif
ic 

da
ma

ge
 lo

ca
tio

ns
 w

as
 fo

r r
ep

or
ted

 
lan

ds
lid

e 
da

ma
ge

 a
s 

a 
re

su
lt 

of 
the

 1
99

7–
19

98
 E

l N
iño

 ra
ins

tor
ms

 (G
od

t e
t a

l. 
19

99
). 

 A
s 

a 
re

su
lt 

of 
the

se
 s

tor
ms

, 1
6 

da
ma

gin
g 

sli
de

s 
we

re
 re

po
rte

d. 
 T

his
 is

 a
 n

om
ina

l a
mo

un
t o

f s
lid

ing
 a

nd
 th

e 
Co

un
ty 

wa
s 

re
lat

ive
ly 

un
aff

ec
ted

.  
No

 h
om

es
 w

er
e 

co
nd

em
ne

d 
or

 in
 n

ee
d 

of 
sig

nif
ica

nt 
re

pa
ir. 

 T
he

 N
ap

a 
Co

un
ty 

Ro
ad

 D
ep

ar
tm

en
t e

sti
ma

ted
 a

 to
tal

 o
f $

1.1
 m

illi
on

 w
as

 re
qu

ire
d 

for
 re

pa
ir 

of 
ro

ad
 su

rfa
ce

s a
nd

 
for

 d
eb

ris
 r

em
ov

al 
(G

od
t e

t a
l. 

19
99

). 
 H

ad
 a

 la
rg

e 
ea

rth
qu

ak
e 

oc
cu

rre
d 

du
rin

g 
the

se
 w

et 
wi

nte
r 

mo
nth

s, 
the

 la
nd

sli
de

 in
cid

en
ce

 an
d d

am
ag

e c
ou

ld 
ha

ve
 be

en
 m

an
y t

im
es

 gr
ea

ter
. 

Ro
ws

ha
nd

el 
et 

al.
 (2

00
5)

 h
av

e 
de

ve
lop

ed
 e

sti
ma

tes
 o

f f
utu

re
 e

ar
thq

ua
ke

 s
ha

kin
g 

da
ma

ge
 in

 th
e 

ten
 

Ba
y A

re
a 

Co
un

tie
s. 

 T
his

 h
as

 b
ee

n 
do

ne
 fo

r a
 n

um
be

r o
f e

ar
thq

ua
ke

 sc
en

ar
ios

 th
ro

ug
ho

ut 
the

 re
gio

n. 
 

De
pe

nd
ing

 o
n 

the
 s

ce
na

rio
, t

he
 e

sti
ma

ted
 b

uil
din

g 
da

ma
ge

 fo
r t

he
 C

ou
nty

 ra
ng

ed
 fr

om
 a

 fe
w 

ten
s 

of 
mi

llio
ns

 o
f d

oll
ar

s 
to 

20
0 

to 
30

0 
mi

llio
n 

do
lla

rs.
  M

os
t o

f t
his

 d
am

ag
e 

wo
uld

 b
e 

in 
the

 s
ou

the
rn

, m
or

e 
po

pu
lat

ed
 p

ar
t o

f t
he

 C
ou

nty
.  

Sm
all

er
 e

ar
thq

ua
ke

s, 
ev

en
 w

he
n 

on
 m

or
e 

loc
al 

fau
lts

 w
ou

ld 
re

su
lt 

in 
mu

ch
 le

ss
 d

am
ag

e. 
 A

 g
oo

d 
ex

am
ple

 is
 th

e 
Na

pa
 E

ar
th

qu
ak

e o
f 2

00
0, 

wh
ich

 ca
us

ed
 a 

no
mi

na
l a

mo
un

t 
of 

pr
op

er
ty 

da
ma

ge
 in

 th
e C

ity
 of

 N
ap

a, 
bu

t li
ttle

 da
ma

ge
 el

se
wh

er
e. 

Th
e f

oll
ow

ing
 di

sc
us

se
s i

n m
or

e d
eta

il t
he

 ha
za

rd
s t

ha
t h

av
e b

ee
n s

um
ma

riz
ed

 ab
ov

e. 

Ea
rth

qu
ak

e d
am

ag
e i

n N
ap

a C
ou

nty
 w

ine
ry 

73
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O
U

R
C

ES
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V
ER

SI
O

N
 1

, N
O

V
EM

B
ER

 2
00

5

N
A

PA
C

O
U

N
TY

 B
A

SE
LI

N
E

D
A

TA
R

EP
O

R
T

SU
R

FA
C

E
FA

U
LT

R
U

PT
U

R
E

Su
rfa

ce
 fa

ult
 r

up
tu

re
 o

cc
ur

s 
wh

en
 a

 fa
ult

 b
re

ak
s 

thr
ou

gh
 to

 th
e 

gr
ou

nd
 s

ur
fac

e 
as

 a
 re

su
lt 

of 
an

 
ea

rth
qu

ak
e. 

 T
he

 m
ov

em
en

t is
 e

ss
en

tia
lly

 in
sta

nta
ne

ou
s (

se
ve

ra
l k

ilo
me

ter
s p

er
 se

co
nd

) a
nd

 o
ne

 si
de

 
of 

the
 fa

ult
 is

 d
isp

lac
ed

 re
lat

ive
 to

 th
e 

oth
er

.  
Th

e 
se

ns
e 

of 
mo

ve
me

nt 
ca

n 
be

 h
or

izo
nta

l, 
ve

rtic
al,

 o
r a

 
co

mb
ina

tio
n 

of 
the

se
.  

Th
e 

am
ou

nt 
of 

the
 d

isp
lac

em
en

t c
an

 v
ar

y 
fro

m 
a 

few
 in

ch
es

 o
r l

es
s 

to 
se

ve
ra

l 
fee

t, 
de

pe
nd

ing
 o

n 
the

 c
ha

ra
cte

ris
tic

s 
of 

the
 fa

ult
 a

nd
 th

e 
sp

ec
ific

 e
ve

nt.
  

Th
e 

len
gth

 o
f t

he
 ru

ptu
re

 
va

rie
s 

wi
de

ly,
 a

ga
in 

de
pe

nd
ing

 o
n 

fau
lt 

ch
ar

ac
ter

ist
ics

. 
 F

or
 e

xa
mp

le,
 t

he
 G

re
at 

Sa
n 

Fr
an

cis
co

 
Ea

rth
qu

ak
e 

of 
19

06
 h

ad
 a

 m
ag

nit
ud

e 
of 

ab
ou

t 8
.0 

an
d 

br
ok

e 
for

 a
 le

ng
th 

alo
ng

 th
e 

fau
lt 

of 
ab

ou
t 4

30
 

kil
om

ete
rs 

(2
87

 m
ile

s).
  T

yp
ica

lly
, s

ho
rte

r f
au

lts
 co

rre
sp

on
din

gly
 e

xp
er

ien
ce

 lo
we

r m
ax

im
um

 m
ag

nit
ud

e 
ea

rth
qu

ak
es

 a
nd

 u
nd

er
go

 le
ss

 ru
ptu

re
 le

ng
th.

  T
he

 w
idt

h 
of 

the
 g

ro
un

d 
br

ea
ka

ge
 a

ss
oc

iat
ed

 w
ith

 fa
ult

 
ru

ptu
re

 de
pe

nd
s o

n a
 nu

mb
er

 of
 fa

cto
rs,

 in
clu

din
g t

he
 m

ov
em

en
t a

nd
 ty

pe
 an

d t
hic

kn
es

s o
f m

ate
ria

l th
e 

fau
lt b

re
ak

s t
hr

ou
gh

 a
s i

t n
ea

rs 
the

 g
ro

un
d 

su
rfa

ce
.  

Th
e 

su
rfa

ce
 p

att
er

n 
of 

ma
pp

ed
 fa

ult
s i

n 
the

 C
oa

st 
Ra

ng
es

 is
 ty

pif
ied

 by
 th

os
e e

nc
ou

nte
re

d i
n t

he
 C

ou
nty

 an
d c

on
sis

ts 
of 

a s
er

ies
 of

 pa
ra

lle
l to

 su
b-

pa
ra

lle
l 

tra
ce

s 
of 

va
ryi

ng
 le

ng
th 

co
mp

ris
ing

 a
 z

on
e 

tha
t m

ay
 b

e 
up

 to
 s

ev
er

al 
hu

nd
re

d 
or

, i
n 

so
me

 c
as

es
, 

tho
us

an
ds

 o
f f

ee
t w

ide
.  

Th
e 

tra
ce

s p
ar

tia
lly

 o
ve

rla
p 

the
ir 

ne
igh

bo
rin

g 
tra

ce
 o

r t
ra

ce
s a

nd
 th

is 
pa

tte
rn

 is
 

re
fer

re
d t

o a
s e

n 
ec

he
lon

.

St
ru

ctu
re

s b
uil

t a
str

ide
 a 

fau
lt t

ha
t e

xp
er

ien
ce

 th
e e

ffe
cts

 su
rfa

ce
 fa

ult
 ru

ptu
re

 ca
n b

e s
ev

er
ely

 da
ma

ge
d 

or
 u

nd
er

go
 c

oll
ap

se
 fr

om
 th

e 
ne

ar
ly 

ins
tan

tan
eo

us
 s

tre
ss

 im
po

se
d 

by
 th

e 
fau

lt 
dis

pla
ce

me
nt.

  
Su

ch
 

da
ma

ge
 p

re
se

nts
 h

igh
 ri

sk
 fo

r i
nju

ry 
an

d 
de

ath
.  

Al
tho

ug
h 

the
re

 is
 a

 b
od

y 
of 

de
ve

lop
ing

 re
se

ar
ch

 a
nd

 
ap

pli
ca

tio
n 

for
 m

ini
mi

zin
g 

the
 s

ur
fac

e 
ru

ptu
re

 e
ffe

cts
 o

n 
str

uc
tur

es
 b

uil
t a

cro
ss

 a
cti

ve
 fa

ult
s, 

it 
is 

sti
ll 

ev
olv

ing
, i

s 
re

lat
ive

ly 
ex

pe
ns

ive
 c

om
pa

re
d 

to 
sta

nd
ar

d 
fou

nd
ati

on
 d

es
ign

, a
nd

 d
oe

s 
no

t n
ec

es
sa

rily
 

mi
tig

ate
 a

ll 
ris

k 
of 

da
ma

ge
 (B

ra
y 

20
01

). 
 In

 th
e 

ma
jor

ity
 o

f c
as

es
 a

t t
his

 ti
me

, t
he

 s
im

ple
st,

 le
as

t 
ex

pe
ns

ive
, a

nd
 s

afe
st 

ap
pr

oa
ch

 is
 to

 a
vo

id 
the

 a
cti

ve
 fa

ult
 tr

ac
e. 

 T
his

 is
 d

on
e 

by
 e

xp
os

ing
 th

e 
fau

lt 
tra

ce
(s)

 at
 th

e 
pr

oje
ct 

loc
ati

on
 th

ro
ug

h t
re

nc
hin

g a
nd

 d
eta

ile
d l

og
gin

g. 
 A

s n
ec

es
sa

ry,
 th

is 
is 

fol
low

ed
 b

y 
the

 de
ve

lop
me

nt 
of 

se
tba

ck
 re

co
mm

en
da

tio
ns

 of
 hu

ma
n-

ha
bit

ati
on

 st
ru

ctu
re

s t
o a

vo
id 

the
 tr

ac
e(

s).
 

Th
e 

Ca
lifo

rn
ia 

Ge
olo

gic
al 

Su
rve

y 
ha

s 
de

sig
na

ted
 th

re
e 

fau
lts

 w
ith

in 
the

 C
ou

nty
 a

s 
ac

tiv
e 

an
d 

ca
pa

ble
 

of 
un

de
rg

oin
g 

su
rfa

ce
 fa

ult
 ru

ptu
re

.  
Th

ey
 a

re
 th

e 
W

es
t N

ap
a, 

Gr
ee

n 
Va

lle
y a

nd
 H

un
tin

g 
Cr

ee
k f

au
lts

.  
Th

e 
ch

ar
ac

ter
ist

ics
 o

f t
he

se
 fa

ult
s 

ha
ve

 b
ee

n 
de

sc
rib

ed
 in

 d
eta

il 
in 

the
 S

eis
m

ici
ty 

se
cti

on
 o

f t
his

 
ch

ap
ter

, a
bo

ve
.  

Si
nc

e 
de

sig
na

ted
 a

s 
ac

tiv
e, 

the
se

 fa
ult

s 
ar

e 
zo

ne
d 

ac
co

rd
ing

 th
e 

pr
ov

isi
on

s 
of 

the
 

St
ate

 m
an

da
ted

 A
lqu

ist
-P

rio
lo 

Ea
rth

qu
ak

e 
Zo

nin
g 

Ac
t. 

 W
ith

 v
er

y 
few

 e
xc

ep
tio

ns
, t

his
 a

ct 
re

qu
ire

s 
de

tai
led

 in
ve

sti
ga

tio
n 

of 
pr

oje
cts

 in
ten

de
d 

for
 h

um
an

 h
ab

ita
tio

n. 
 T

he
 in

ten
t o

f t
he

 a
ct 

is 
to 

mi
tig

ate
 th

e 
ris

k 
of 

da
ma

gin
g 

su
rfa

ce
 ru

ptu
re

 b
y 

av
oid

an
ce

.  
Th

is 
inc

lud
es

 id
en

tify
ing

 th
e 

fau
lt 

tra
ce

s(s
) a

t t
he

 
pr

oje
ct 

sit
e 

thr
ou

gh
 d

eta
ile

d 
su

bs
ur

fac
e 

inv
es

tig
ati

on
 a

nd
 “s

ett
ing

 b
ac

k” 
the

 p
ro

po
se

d 
str

uc
tur

e(
s) 

fro
m 

the
 tr

ac
e(

s) 
a 

sp
ec

ifie
d 

dis
tan

ce
.  

Pr
ov

isi
on

s 
for

 id
en

tify
ing

 a
nd

 m
itig

ati
ng

 th
e 

ha
za

rd
 o

f s
ur

fac
e 

fau
lt 

ru
ptu

re
 fo

r d
am

s 
ab

ov
e 

ce
rta

in 
dim

en
sio

ns
 a

nd
 s

tor
ag

e 
ca

pa
cit

ies
 is

 s
up

er
vis

ed
 b

y 
the

 C
ali

for
nia

 
De

pa
rtm

en
t 

of 
W

ate
r 

Re
so

ur
ce

s, 
Di

vis
ion

 o
f 

Sa
fet

y 
of 

Da
ms

 (
Ca

lifo
rn

ia 
De

pa
rtm

en
t 

of 
W

ate
r 

Re
so

ur
ce

s 
20

04
). 

 T
he

 C
ali

for
nia

 D
ivi

sio
n 

of 
St

ate
 A

rch
ite

cts
 (D

SA
) r

eq
uir

es
 th

e 
Ca

lifo
rn

ia 
Ge

olo
gic

al 
Su

rve
y 

to 
re

vie
w 

for
 a

cc
ur

ac
y 

an
d 

co
mp

let
en

es
s 

ge
olo

gic
/ge

ote
ch

nic
al 

re
po

rts
 p

re
pa

re
d 

for
 p

ro
po

se
d 

sc
ho

ols
 an

d h
os

pit
als

. 

In 
ad

dit
ion

 to
 su

dd
en

 fa
ult

 ru
ptu

re
, a

s d
es

cri
be

d 
ab

ov
e, 

a 
mu

ch
 sl

ow
er

 fo
rm

 o
f r

up
tur

e 
ex

ist
s, 

kn
ow

n 
as

 
fau

lt 
cre

ep
.  

In 
ad

dit
ion

 to
 it

s 
slo

w 
ra

te 
of 

mo
ve

me
nt 

(a
s 

slo
w 

as
 a

 fe
w 

mi
llim

ete
rs 

pe
r y

ea
r),

 c
re

ep
 

mo
ve

me
nts

 a
re

 n
ot 

as
so

cia
ted

 w
ith

 th
e 

su
dd

en
 g

en
er

ati
on

 o
f g

ro
un

d 
sh

ak
ing

 th
at 

re
su

lts
 fr

om
 ra

pid
 

ru
ptu

re
 e

ve
nts

. 
 A

lth
ou

gh
 l

ac
kin

g 
gr

ea
t 

ru
ptu

re
 s

pe
ed

 a
nd

 a
ss

oc
iat

ed
 g

ro
un

d 
sh

ak
ing

, 
cre

ep
 

mo
ve

me
nts

 c
an

 n
on

eth
ele

ss
 c

au
se

 s
ub

sta
nti

al 
da

ma
ge

 to
 im

pr
ov

em
en

ts 
ov

er
 ti

me
.  

Se
ve

ra
l f

au
lts

 in
 

the
 B

ay
 A

re
a 

ar
e 

kn
ow

n 
to 

be
 a

ss
oc

iat
ed

 w
ith

 c
re

ep
 m

ov
em

en
ts 

of 
va

rio
us

 ty
pe

s 
(Y

ea
ts 

et 
al.

19
97
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n o
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e b
y t

he
 so

il g
ra

ins
.  A

s a
 

re
su

lt, 
su

ffic
ien

tly
 liq

ue
fie

d s
oil

s c
an

 no
 lo

ng
er

 
su

pp
or

t s
tru

ctu
re

s b
uil

t o
n t

he
m 

or
 m

ain
tai

n 
bu

oy
an

t s
tru

ctu
re

s p
lac

ed
 be

ne
ath

 th
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 C
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 c
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d b
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 D
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re

a 
in 
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 lo
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r p

ar
ts 

of 
the

 N
ap

a 
Va

lle
y s

ou
th 

of 
the

 C
ity

 o
f N

ap
a. 

 W
he

n 
fill

 o
r s

tru
ctu

re
 lo

ad
s a

re
 p

lac
ed

 o
n 

the
se

 m
ud

s f
or

 
de

ve
lop

me
nt,

 flo
od

 co
ntr

ol,
 o

r o
the

r p
ur

po
se

s, 
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nif
ica

nt 
se

ttle
me

nt 
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n 
re

su
lt. 

 It
 is

 e
xp

ec
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 th
at 

fill
s 

pr
ev

iou
sly

 p
lac

ed
 o

n 
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se
 d

ep
os

its
 a

re
 lik

ely
 u

nd
er

go
ing

 c
on

so
lid

ati
on

 a
nd

 s
ett

lem
en

t o
f t

he
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ro
un

d 
su

rfa
ce

. 
 A

ny
 n

ew
 f

ill 
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 s
tru

ctu
re

 lo
ad

s 
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ll 
ind

uc
e 

ne
w 

se
ttle

me
nt 

in 
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o 

an
y 
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-g
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g 

se
ttle

me
nt.

  D
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ile
d 

ge
ote

ch
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al 
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es
tig

ati
on

 is
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qu
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d 
in 
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de

r t
o 

re
du

ce
 th

e 
am

ou
nt 

of 
se

ttle
me

nt 
to 
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ce
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ble

 le
ve

ls.
  

Th
e 

tim
e 

re
qu

ire
d 

to 
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let

e 
co

ns
oli
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tio

n 
of 

the
 b

ay
 m

ud
 d

ep
en
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 o

n 
the
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ne
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 o

f t
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ay

 m
ud
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nd
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an
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 d
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ina
ge
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un
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rly

ing
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nd
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). 
 T

he
 tim

e 
re

qu
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d 
to 

co
mp

let
e s

ett
lem

en
t c

an
 ra

ng
e f

ro
m 

a f
ew

 m
on

ths
 to
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an

y d
ec

ad
es

. 

Su
bs

ide
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e 
ma
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es

ult
 in
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ing
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s g
ro

un
d 

lev
els

 a
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 lo
we

re
d, 
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lud

ing
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e 
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oa

rd
 o

f f
loo

d 
co

ntr
ol 

lev
ee

s. 
 S

ub
sid

en
ce

 c
an
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lso

 c
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se
 d
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e 
to 
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es
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tili

tie
s, 

an
d 

ro
ad
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om

 d
iffe
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nti

al 
se

ttle
me

nt.
  F

ou
nd

ati
on

 a
nd

 w
all

s 
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n 
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ck
 a

nd
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e 
str

uc
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e 
tilt

 o
ut 

of 
lev

el.
  G

ra
vit

y-b
as

ed
 u

tili
tie

s 
an

d 
sto

rm
 d

ra
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 c
an

 b
ec

om
e 

ino
pe

ra
ble

 d
ue

 to
 d

iffe
re

nti
al 

se
ttle

me
nt 
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t c
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se

s 
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g 
in 
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 lin

es
 o

r 
slo

pe
 re

ve
rsa

l.  
Th

is 
po

ten
tia

l h
igh

lig
hts

 th
e n

ee
d f

or
 re

co
gn

itio
n o

f th
e p

re
se

nc
e o

f b
ay

 m
ud

 an
d s

im
ila

r 
de

po
sit

s, 
an

d t
he

ir c
ar

efu
l in

ve
sti

ga
tio

n. 

Di
ffe

re
nt

ial
 se

ttle
m

en
t is

 th
e n

on
-u

nif
or

m 
de

ns
ific

ati
on

 of
 lo

os
e s

oil
s t

ha
t o

cc
ur

s d
ur

ing
 

str
on

g g
ro

un
d s

ha
kin

g a
nd

 ca
us

es
 un

ev
en

 
se

ttle
me

nt 
of 

the
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ou
nd
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ce
. 

Se
ttle

me
nt 

is 
us

ua
lly

 co
ns

ide
re

d t
o o

cc
ur

 w
ith

in 
a 

re
lat

ive
ly 

sh
or

t ti
me

 fr
am

e a
nd

 w
ith

in 
a s

ma
ll a

re
a,

for
 in

sta
nc

e o
n t

he
 pr

oje
ct 

sc
ale

.  S
ub

sid
en

ce
 

tak
es

 pl
ac

e o
ve

r a
 lo

ng
er

 tim
e f

ra
me

 an
d a

 
br

oa
de

r r
eg

ion
al 

ar
ea

. 

Gu
lly

 E
ro

sio
n 
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Th
e 

pu
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os
e 

of 
thi

s s
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n 
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to 
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ov

ide
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tro
du

cto
ry-

lev
el 

dis
cu

ss
ion

 a
nd

 d
es

cri
pti

on
 o

f la
nd

sli
din

g 
an

d 
re

lat
ed

 ty
pe

s o
f s

lop
e 

fai
lur

es
 in

 th
e 

Co
un

ty.
  T

his
, a

lon
g 

wi
th 

ap
pr

op
ria

te 
re

vie
w 

of 
the

 a
cc

om
pa

ny
ing

 
GI

S-
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se
d 

lan
ds

lid
e 

ma
ps

 a
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d 
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s 

of 
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en

ce
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no
n-

GI
S 

lan
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lid
e 

ma
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s 
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 fi

rst
 s

tep
 in

 
ide

nti
fyi

ng
 p

ote
nti

al 
lan

ds
lid

e 
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rd

s 
at 

giv
en
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ca
lity
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 d

ev
elo

pin
g 

ap
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op
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te 
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as
ur
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r 
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rd

 m
itig
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M
A

P
TY

PE
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SE
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A

N
D

LI
M

IT
A

TI
O

N
S

Th
e 

GI
S-

ba
se

d 
lan
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lid

e 
ma
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nd
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of 
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fer

en
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no

n-
GI

S 
lan

ds
lid

e 
ma

ps
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at 
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mp

an
y 

thi
s 

ch
ap

ter
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re
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 c
ou

nty
wi

de
 c

om
pil

ati
on

 s
ele

cte
d 

fro
m 

so
ur

ce
s 

pu
bli

sh
ed

 o
ve

r s
ev

er
al 

de
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de
s 

(1
97
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19
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 V
ar

iou
s 

ge
olo

gic
 p

ro
fes

sio
na

ls,
 u

sin
g 

sim
ila

r 
bu

t 
no

t 
ide

nti
ca

l m
ap

pin
g 

an
d 

cla
ss

ific
ati

on
 

tec
hn

iqu
es

, p
re

pa
re

d 
the

 m
ap

s. 
 T

he
 p

rin
cip

al 
ma

pp
ing

 m
eth

od
 u

se
d 

in 
the

ir 
pr

ep
ar

ati
on

 w
as

 a
er

ial
 

ph
oto

gr
ap

h 
int

er
pr

eta
tio

n, 
su

pp
lem

en
ted

 in
 so

me
 ca

se
s b

y v
ar

yin
g 

am
ou

nts
 o

f f
iel

d 
ma

pp
ing

.  
Ea

ch
 o

f 
the

 s
ele

cte
d 

lan
ds

lid
e 

pu
bli

ca
tio

ns
 c

ov
er

s 
on

ly 
pa

rt 
of 

the
 C

ou
nty

, a
nd

 n
ot 

all
 o

f t
he

 m
ap

s 
we

re
 

pr
ep

ar
ed

 at
 th

e s
am

e 
sc

ale
; s

om
e a

t o
ne

 in
ch

 e
qu

als
 2

,00
0 f

ee
t (

1:2
4,0

00
 sc

ale
) a

nd
 ot

he
rs 

at 
1 i

nc
h 

= 
1 m

ile
 (1

:64
,50

0 s
ca

le)
. 

As
 a

 re
su

lt 
pu

bli
sh

ed
 m

ap
s 

va
ry 

in 
se

ve
ra

l r
es

pe
cts

, i
nc

lud
ing

 th
e 

lan
ds

lid
e 

cla
ss

ific
ati

on
s 

se
lec

ted
 to

 
de

pic
t t

he
 s

lid
es

 s
ho

wn
 in

 th
e 

ma
ps

, t
he

 le
ve

l o
f g

ra
ph

ica
l d

eta
il 

em
plo

ye
d 

to 
sh

ow
 th

e 
va

rio
us

 
lan

ds
lid

e 
fea

tur
es

, t
he

 d
eg

re
e 

of 
ind

ica
ted

 la
nd

sli
de

 a
cti

vit
y, 

an
d 

the
 ty

pe
 o

f i
nd

ica
ted

 m
ov

em
en

t. 
 

So
me

 la
nd

sli
de

 m
ap

s 
ar

e 
ac

co
mp

an
ied

 b
y 

ge
olo

gic
 m

ap
s 

of 
the

 s
am

e 
sc

ale
 a

nd
 a

re
a, 

sh
ow

ing
 

be
dr

oc
k a

nd
 su

rfic
ial

 de
po

sit
s; 

oth
er

s a
re

 no
t s

o a
cc

om
pa

nie
d. 

 T
he

se
 fo

rm
er

 m
ap

s c
an

 be
 qu

ite
 us

efu
l 

be
ca

us
e 

the
y 

pr
ov

ide
 a

n 
ind

ica
tio

n 
of 

wh
ich

 b
ed

ro
ck

 a
nd

 s
ur

fic
ial

 u
nit

s 
ar

e 
mo

st 
su

sc
ep

tib
le 

to 
lan

ds
lid

ing
.  U

sin
g G

IS
, la

nd
sli

de
 m

ap
s c

an
 be

 co
mp

ar
ed

 an
d e

ve
n s

tat
ist

ica
lly

 co
rre

lat
ed

. 

In 
so

me
 ca

se
s, 

re
lat

ive
 la

nd
sli

de
 su

sc
ep

tib
ilit

y m
ap

s a
cc

om
pa

ny
 la

nd
sli

de
 m

ap
s. 

 T
he

se
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re
 d

er
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tiv
e 

ma
ps

; t
he

ir 
int

en
t i

s 
to 

sh
ow

 th
e 

re
lat

ive
 p

ote
nti

al 
for

 fu
tur

e 
lan

ds
lid

ing
 th

ro
ug

ho
ut 

the
 e

nti
re

 a
re

a 
co

ve
re

d 
by

 la
nd

sli
de

 m
ap

s a
nd

 a
t t

he
 sa

me
 sc

ale
.  

Th
ey

 a
re

 in
ter

pr
eti

ve
 in

 n
atu

re
 a

nd
 a

re
 b
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ed

 o
n 

a 
nu

mb
er

 o
f f
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tor

s, 
inc

lud
ing

 v
ar

iat
ion

s 
in 

be
dr

oc
k 

typ
e, 

de
gr

ee
 o

f s
lop

e, 
slo

pe
 a

sp
ec

t, 
an

d 
so

 fo
rth

.  
Ty

pic
all

y, 
a f

ou
r-v

alu
e s

ca
le,

 ra
ng

ing
 fr

om
 le
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t to

 m
os

t s
us

ce
pti

ble
, is
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ed

. 

Al
tho

ug
h 

int
er

pr
eti

ve
, a

nd
 v

ar
yin

g 
in 

sc
ale

 a
nd

 d
eta

il, 
lan

ds
lid

e 
su

sc
ep

tib
ilit

y 
ma

ps
 p

ro
vid

e 
a 

go
od

 
pla

nn
ing

-le
ve

l d
ep
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 o
f e

xis
tin

g a
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ote

nti
al 
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lid
e 
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nd
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ut 
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ou
nty
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hic
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e b
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Es
se

nti
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y, 
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lid

e 
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 fo
r p

lan
nin

g, 
pr

eli
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na
ry 

en
vir
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me

nta
l a

ss
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en

ts,
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en
tify

ing
 

the
 n

ee
d 

for
 m

or
e 

de
tai

led
 in

ve
sti

ga
tio

n, 
an

d 
pr

ov
idi

ng
 a

n 
ini

tia
l in

dic
ati

on
 o

f t
he

 le
ve

l o
f d

eta
il r

eq
uir

ed
 

in 
pe

rfo
rm

ing
 o

n-
sit

e 
ge

olo
gic

 e
va

lua
tio

ns
.  

Pr
op

er
 a

pp
lic

ati
on

 in
clu

de
s 

us
ing

 th
e 

ma
ps

 e
ar

ly 
in 

the
 

pla
nn

ing
 p

ro
ce

ss
 to

 d
ev

elo
p 

an
 in

itia
l in

dic
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on
 o

f t
he

 p
os

sib
le 

de
gr

ee
 o

f l
an

ds
lid

e 
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za
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s 
an

d 
the

ir 
im

pa
ct 

on
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 p
ro

jec
t a

nd
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rro

un
din

g 
en

vir
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me
nt.

  I
t is

 im
po

rta
nt 

to 
re

co
gn

ize
 th

at 
the

 m
ap

s a
re

 n
ot 

a 
su

bs
titu

te 
for

 d
eta

ile
d 

sit
e-

sp
ec

ific
 la

nd
sli

de
 in

ve
sti

ga
tio

ns
.  

Th
ey

 a
re

 u
se

ful
, h

ow
ev

er
, t

o 
ind

ica
te 

wh
en

 su
ch

 in
ve

sti
ga

tio
n 

is 
re

qu
ire

d 
or

 d
es

ira
ble

 fo
r a

 p
ar

tic
ula

r p
ro

jec
t; 

alo
ng

 w
ith

 th
e 

typ
e 

of 
pr

op
os

ed
 

pr
oje

ct,
 la

nd
sli

de
 m

ap
s c

an
 b

e 
us

ed
 to

 su
gg

es
t t

he
 e

xte
nt 

an
d 

de
tai

l o
f t

he
 in

ve
sti

ga
tio

n. 
 A

lth
ou

gh
 n

ot 
ge

ne
ra

lly
 a

nti
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d, 

the
se

 m
ap

s 
ma

y 
als

o 
in 

so
me

 in
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es

 in
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rre
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y 
pr

ed
ict

 h
az
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. 
 F

or
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tan

ce
, a

 p
ar

tic
ula

r l
an
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 in
ter

pr
ete

d 
to 

be
 a

 h
az

ar
d 

(su
ch

 a
s 

a 
lan

ds
lid

e)
 a

nd
 in

dic
ate

d 
as

 s
uc

h 
on

 a
 la

nd
sli

de
 m

ap
 m

ay
, i

n 
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t, 
no

t b
e 

of 
lan

ds
lid

e 
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igi
n. 

 T
his

 c
an

 o
nly

 b
e 

re
ve

ale
d 

by
 s

ite
-sp
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ific

 
inv

es
tig

ati
on

. 

So
me

 o
f t

he
 m
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s 
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 p
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d 
at 
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f 1
:24
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d 
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.  

El
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y 
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gin
g 

a 
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p 
be
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nd
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s 
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igi

na
l s

ca
le 

of 
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ati
on

 w
ill 

no
t p

ro
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e 
ad
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al 
de
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r b
ett

er
 

inf
or

ma
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n, 
an

d m
ay

 be
 m
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g. 

Th
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firs
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 G

IS
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s 

in 
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 la
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 m
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 B

y 
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 re
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ce
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r 
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ll 
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 g
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ing
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e 
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d 
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lid
e 
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e 
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r s
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e 
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ly 
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 d
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 w
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foc
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n p

ro
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f m
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f m
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f m
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re
fer

re
d 

to 
by

 s
uc

h 
ter

ms
 a

s 
slu

m
p,

ea
rth

 fl
ow

,
tra
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 p
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l o
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n o

n l
an

ds
lid

e v
ar

iat
ion

 
wi

thi
n 

the
 C

ou
nty

 c
an

 b
e 

ob
tai

ne
d 

by
 re

vie
w 

of 
re

fer
en

ce
d 

lan
ds

lid
e 

ma
ps

 a
nd

 th
eir

 a
cc

om
pa

ny
ing

 
ex

pla
na

tor
y 

tex
t. 

 A
dd

itio
na

l i
nfo

rm
ati

on
 is

 a
va

ila
ble

 o
nli

ne
 a

nd
 in

 h
ar

d 
co

py
 fr

om
 s

tat
e 

an
d 

fed
er

al 
ag

en
cie

s s
uc

h a
s t

he
 C

ali
for

nia
 G

eo
log

ica
l S

ur
ve

y a
nd

 th
e U

SG
S.

 

Mo
st 

lan
ds

lid
e 

typ
es

 u
su

all
y 

pr
es

en
t a

 g
re

ate
r r

isk
 o

f p
ro

pe
rty

 d
am

ag
e 

tha
n 

ris
k 

of 
ph

ys
ica

l in
jur

y 
or

 
de

ath
, b

ec
au

se
 m

os
t l

an
ds

lid
es

 p
ro

ce
ed

 a
t a

 s
low

 ra
te 

of 
mo

ve
me

nt.
  H

ow
ev

er
, s

om
e 

typ
es

 h
av

e 
a 

hig
he

r p
ro

ba
bil

ity
 o

f c
au

sin
g 

ph
ys

ica
l i

nju
ry 

or
 d

ea
th.

  
Th

es
e 

lat
ter

 s
lid

es
 a

re
 c

ha
ra

cte
riz

ed
 b

y 
the

ir 
ra

pid
 m

ov
em

en
t (

up
 to

 s
ev

er
al 

ten
s 

of 
fee

t p
er

 s
ec

on
d)

 a
nd

 lo
ng

 tr
av

el 
dis

tan
ce

 (r
un

ou
t) 

fro
m 

po
int

 o
f 

or
igi

n. 
 T

he
y 

ar
e 

mo
st 

co
mm

on
ly 

cla
ss

ifie
d 

as
 d

eb
ris

 fl
ow

s 
an

d 
de

br
is 

av
ala

nc
he

s 
on

 th
e 

lan
ds

lid
e 

ma
ps

.  
W

he
n 

the
ir 

mo
ve

me
nt 

is 
re

po
rte

d 
to 

the
 p

ub
lic

 b
y t

he
 m

ed
ia,

 su
ch

 fa
ilu

re
s a

re
 o

fte
n 

re
fer

re
d 

to 
as

m
ud

 s
lid

es
 o

r m
ud

 fl
ow

s. 
 S

ev
er

al 
bu

t n
ot 

all
 o

f t
he

 C
ou

nty
 la

nd
sli

de
 m

ap
s 

sh
ow

 th
e 

po
ten

tia
l f

or
 

slo
pe

 fa
ilu

re
s 

of 
thi

s 
typ

e. 
 B

ec
au

se
 o

f t
he

 ty
pe

 o
f r

isk
 th

ey
 p

re
se

nt,
 s

uc
h 

sli
de

s 
an

d 
the

 a
re

as
 w

ith
in 

wh
ich

 th
ey

 a
re

 sh
ow

n 
to 

oc
cu

r s
ho

uld
 b

e 
ca

re
ful

ly 
inv

es
tig

ate
d 

an
d, 

as
 fo

un
d 

ne
ce

ss
ar

y, 
ap

pr
op

ria
tel

y 
mi

tig
ate

d. 
 T

his
 is

 e
sp

ec
ial

ly 
the

 c
as

e 
for

 p
ro

po
se

d 
im

pr
ov

em
en

ts 
de

sig
na

ted
 fo

r h
um

an
 h

ab
ita

tio
n, 

inc
lud

ing
 cr

itic
al 

fac
ilit

ies
 (h

os
pit

als
, p

oli
ce

/fir
e s

tat
ion

s, 
sc

ho
ols

, p
ris

on
s, 

ma
in 

ac
ce

ss
 ro

ute
s, 

etc
.).

 

Gr
ou

nd
 lu

rc
hin

g i
s a

 sh
or

t-t
er

m 
gr

ou
nd

 fa
ilu

re
 

ca
us

ed
 by

 se
ism

ic 
for

ce
s a

nd
 ca

n o
cc

ur
 in

 ar
ea

s 
un

de
rla

in 
wi

th 
so

ft, 
we

ak
 so

ils
 an

d o
fte

n r
es

ult
s i

n 
gr

ou
nd

 cr
ac

kin
g a

nd
 pe

rm
an

en
t d

isp
lac

em
en

ts.
 

Es
se

nti
all

y, 
lan

ds
lid

e m
ap

s a
re

 us
efu

l fo
r 

pla
nn

ing
, p

re
lim

ina
ry 

en
vir

on
me

nta
l 

as
se

ss
me

nts
, id

en
tify

ing
 th

e n
ee

d f
or

 m
or

e 
de

tai
led

 in
ve

sti
ga

tio
n, 

an
d p

ro
vid

ing
 an

 in
itia

l 
ind

ica
tio

n o
f th

e l
ev

el 
of 

de
tai

l re
qu

ire
d i

n 
pe

rfo
rm

ing
 on

-si
te 

ge
olo

gic
 ev

alu
ati

on
s. 

 P
ro

pe
r

ap
pli

ca
tio

n i
nc

lud
es

 us
ing

 th
e m

ap
s e

ar
ly 

in 
the

 
pla

nn
ing

 pr
oc

es
s t

o d
ev

elo
p a

n i
nit

ial
 in

dic
ati

on
 

of 
the

 po
ss

ibl
e d

eg
re

e o
f la

nd
sli

de
 ha

za
rd

s a
nd

 
the

ir i
mp

ac
t o

n a
 pr

oje
ct 

an
d i

ts 
su

rro
un

din
g 

en
vir

on
me

nt.
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6-
G

EO
LO

G
IC

A
L 

R
ES

O
U

R
C

ES
—

V
ER

SI
O

N
 1

, N
O

V
EM

B
ER

 2
00

5

N
A

PA
C

O
U

N
TY

 B
A

SE
LI

N
E

D
A

TA
R

EP
O

R
T

ER
O

SI
O

N

Er
os

ion
 is

 th
e 

ge
ne

ra
l p

ro
ce

ss
 o

r 
gr

ou
p 

of 
pr

oc
es

se
s 

in 
wh

ich
 m

ate
ria

ls 
of 

the
 E

ar
th’

s 
cru

st 
ar

e 
loo

se
ne

d, 
dis

so
lve

d, 
or

 w
or

n 
aw

ay
 a

nd
 s

im
ult

an
eo

us
ly 

mo
ve

d 
fro

m 
on

e 
pla

ce
 to

 a
no

the
r b

y 
na

tur
al 

ag
en

cie
s. 

 T
he

se
 a

ge
nc

ies
 in

clu
de

 w
ea

the
rin

g, 
so

lut
ion

, c
or

ro
sio

n, 
an

d 
tra

ns
po

rta
tio

n, 
bu

t u
su

all
y 

ex
clu

de
 m

as
s 

wa
sti

ng
 p

ro
ce

ss
es

 s
uc

h 
as

 la
nd

sli
din

g 
an

d 
so

il c
re

ep
.  

Mo
re

 s
pe

cif
ica

lly
, e

ro
sio

n 
is 

the
 

me
ch

an
ica

l b
re

ak
do

wn
 o

f r
oc

k 
ma

ter
ial

 a
nd

 th
e 

re
mo

va
l o

f t
he

 re
su

lta
nt 

ma
ter

ial
s, 

su
ch

 a
s 

so
il 

an
d 

ro
ck

 p
ar

tic
les

, b
y r

un
nin

g 
wa

ter
, w

ind
, e

tc.
  E

ro
sio

n 
ca

n 
be

 n
atu

ra
l o

r i
t c

an
 b

e 
ca

us
ed

 o
r e

xa
ce

rb
ate

d 
by

 th
e 

ac
tiv

itie
s 

of 
hu

ma
nk

ind
.  

Ex
ac

er
ba

ted
 e

ro
sio

n 
is 

re
fer

re
d 

to 
as

 a
cc

ele
ra

te
d 

er
os

ion
.  

Er
os

ion
 

K 
fac

tor
 is

 sh
ow

n i
n t

he
 m

ap
 of

 M
ap

 1-
11

. 

Sa
nd

y 
so

ils
 o

n 
mo

de
ra

te 
slo

pe
s 

or
 c

lay
ey

 s
oil

s 
on

 s
tee

p 
slo

pe
s 

ar
e 

su
sc

ep
tib

le 
to 

er
os

ion
, e

sp
ec

ial
ly 

wh
en

 s
ub

jec
ted

 to
 c

on
ce

ntr
ate

d 
su

rfa
ce

 w
ate

r 
flo

w.
  

W
ea

the
re

d 
ro

ck
 c

an
 a

lso
 b

e 
er

od
ed

 if
 th

e 
co

nc
en

tra
ted

 fl
ow

s 
ar

e 
su

ffic
ien

tly
 h

igh
.  

Th
e 

po
ten

tia
l f

or
 e

ro
sio

n 
is 

ac
ce

ler
ate

d 
wh

en
 e

sta
bli

sh
ed

 
ve

ge
tat

ion
 is

 d
ist

ur
be

d 
or

 re
mo

ve
d, 

pa
rtic

ula
rly

 o
n 

hil
lsi

de
 a

re
as

.  
On

 h
ills

ide
 a

re
as

 th
e 

re
su

lt 
ca

n 
be

 
rill

ing
, r

utt
ing

, a
nd

, w
ith

ou
t c

or
re

cti
on

, t
he

 e
ve

ntu
al 

de
ve

lop
me

nt 
of 

da
ma

gin
g 

gu
lly

 s
ys

tem
s. 

 T
he

 
er

od
ed

 m
ate

ria
l 

ma
y 

be
 t

ra
ns

po
rte

d 
to 

str
ea

m 
co

ur
se

s 
an

d 
ca

us
e 

wa
ter

 q
ua

lity
 a

nd
 o

the
r 

en
vir

on
me

nta
l p

ro
ble

ms
. 

Al
on

g 
ma

ny
 n

atu
ra

l d
ra

ina
ge

 c
ou

rse
s 

on
 b

oth
 h

ills
ide

s 
an

d 
wi

thi
n 

the
 v

all
ey

 a
re

as
, s

tre
am

 a
nd

 ri
ve

r 
flo

w 
er

od
es

 b
an

ks
.  

Th
is 

re
su

lts
 in

 w
ate

r s
ilta

tio
n 

an
d 

als
o 

ca
us

es
 th

e 
loc

ati
on

 o
f t

he
 st

re
am

 o
r r

ive
r t

o 
me

an
de

r (
lat

er
al 

mi
gr

ati
on

 o
f t

he
 ch

an
ne

l). 
 If

 th
e 

mi
gr

ati
on

 is
 su

ffic
ien

t, 
it c

an
 u

nd
er

mi
ne

 st
ru

ctu
re

s o
r 

ro
ad

wa
ys

 a
nd

 ca
us

e 
da

ma
ge

 o
r c

oll
ap

se
.  

Th
es

e 
na

tur
al 

pr
oc

es
se

s c
an

 b
e 

ac
ce

ler
ate

d 
or

 in
itia

ted
 b

y 
ina

pp
ro

pr
iat

e o
r p

oo
rly

 de
sig

ne
d/c

on
str

uc
ted

 im
pr

ov
em

en
ts.

 

Th
e 

po
ten

tia
l f

or
 n

atu
ra

l a
nd

 a
cc

ele
ra

ted
 e

ro
sio

n 
da

ma
ge

 e
xis

ts 
at 

ma
ny

 lo
ca

tio
ns

 th
ro

ug
ho

ut 
the

 
Co

un
ty.

  T
his

 p
ote

nti
al 

is 
als

o 
co

mm
on

 to
 m

os
t o

f t
he

 B
ay

 A
re

a. 
 T

his
 p

ote
nti

al 
is 

du
e 

to 
the

 la
rg

e 
tot

al 
ar

ea
 o

cc
up

ied
 b

y 
hil

l a
nd

 ri
dg

e 
sy

ste
ms

 in
 th

e 
Co

un
ty 

re
lat

ive
 to

 g
en

tly
 s

lop
ing

 v
all

ey
 a

re
as

.  
Th

e 
po

ten
tia

l f
or

 in
cre

as
ing

 a
mo

un
ts 

of 
ac

ce
ler

ate
d 

er
os

ion
 e

xis
ts 

du
e 

to 
su

ch
 a

cti
vit

ies
 a

s 
co

nti
nu

ed
 

hil
lsi

de
 de

ve
lop

me
nt,

 in
clu

din
g v

ine
ya

rd
s a

nd
 ot

he
r t

yp
es

 of
 la

nd
 m

od
ific

ati
on

. 

If 
the

 p
ote

nti
al 

for
 a

cc
ele

ra
ted

 e
ro

sio
n 

is 
re

co
gn

ize
d 

in 
the

 p
ro

jec
t p

lan
nin

g 
pr

oc
es

s, 
it 

ca
n 

be
 g

re
atl

y 
re

du
ce

d 
by

 th
e 

de
sig

n 
an

d 
ins

tal
lat

ion
 o

f a
de

qu
ate

 e
ro

sio
n 

co
ntr

ol 
fac

ilit
ies

.  
Al

ter
na

tiv
ely

, a
re

as
 

ide
nti

fie
d 

as
 e

nv
iro

nm
en

tal
ly 

se
ns

itiv
e 

or
 e

xc
es

siv
ely

 p
ro

ne
 t

o 
er

os
ion

 c
an

 b
e 

pr
ec

lud
ed

 f
ro

m 
de

ve
lop

me
nt 

or
 g

re
atl

y 
sc

ale
d 

ba
ck

 in
 te

rm
s 

of 
the

 a
mo

un
t o

r t
yp

e 
of 

de
ve

lop
me

nt.
  W

he
re

 e
ro

siv
e 

so
ils

 sh
ou

ld 
be

 a
nti

cip
ate

d 
ca

n 
be

 fo
un

d 
by

 re
fer

rin
g 

to 
the

 e
ar

lie
r d

es
cri

be
d 

SS
UR

GO
 d

ata
ba

se
 o

r t
he

 
eq

uiv
ale

nt 
ha

rd
 c

op
y 

U.
S.

 S
oil

 C
on

se
rva

tio
n 

re
po

rt 
by

 L
am

be
r 

an
d 

Ka
sh

iw
ag

i (
19

78
). 

 T
he

 s
oil

 
da

tab
as

e c
on

tai
ns

 a 
lis

t o
f th

e s
oil

 un
its

 th
at 

ha
ve

 th
e 

po
ten

tia
l fo

r a
cc

ele
ra

ted
 er

os
ion

.  
Re

fer
ra

l to
 G

IS
-

ba
se

d 
an

d 
ha

rd
 c

op
y 

ma
ps

 o
f l

an
ds

lid
es

 a
nd

 s
ur

fic
ial

 d
ep

os
its

 c
an

 a
lso

 a
ss

ist
 in

 id
en

tify
ing

 e
ro

sio
n 

pr
on

e 
ar

ea
s. 

 T
he

 a
ctu

al 
po

ten
tia

l f
or

 s
uc

h 
er

os
ion

 s
ho

uld
 b

e 
co

nfi
rm

ed
 b

y 
sit

e-
sp

ec
ific

, f
oll

ow
-u

p 
inv

es
tig

ati
on

. 

EX
PA

N
SI

V
E 

SO
IL

S

Ce
rta

in 
cla

y-r
ich

 so
ils

 c
an

 c
au

se
 c

on
sid

er
ab

le 
da

ma
ge

 to
 st

ru
ctu

re
s, 

str
ee

ts,
 a

nd
 ro

ad
s a

s t
he

y s
hr

ink
 

an
d 

sw
ell

 in
 re

sp
on

se
 to

 s
ea

so
na

l c
ha

ng
es

 in
 th

eir
 m

ois
tur

e 
co

nte
nt.

  
Su

ch
 s

oil
s 

ar
e 

re
fer

re
d 

to 
as

 
ex

pa
ns

ive
.  

In 
lat

e 
su

mm
er

, e
xp

an
siv

e 
so

il s
hr

ink
s 

an
d 

cra
ck

s 
(u

p 
to 

1 
to 

4 
inc

he
s 

wi
de

) a
s 

the
 s

oil
 

dr
ies

 a
nd

 ha
rd

en
s. 

 In
 th

e 
we

t s
ea

so
n, 

sw
ell

ing
 of

 th
e 

cla
y c

los
es

 th
e 

cra
ck

s, 
an

d t
he

 so
il t

he
n i

s p
las

tic
 

an
d 

we
ak

.  
Th

e 
for

ce
s 

ex
er

ted
 d

ur
ing

 e
xp

an
sio

n 
an

d 
co

ntr
ac

tio
n 

ar
e 

su
ffic

ien
t t

o 
he

av
e 

an
d 

dis
tor

t 
bu

ild
ing

s a
nd

 to
 cr

ac
k s

ha
llo

w 
fou

nd
ati

on
s a

nd
 pa

ve
me

nts
. 

Ex
pa

ns
ive

 so
ils

 ex
ist

 at
 a 

nu
mb

er
 of

 lo
ca

tio
ns

 in
 th

e C
ou

nty
.  

Su
ch

 co
nd

itio
ns

 ar
e t

yp
ica

l o
f m

uc
h o

f th
e 

Ba
y 

Ar
ea

.  
Th

e 
SS

UR
GO

 d
ata

ba
se

 o
r t

he
 e

qu
iva

len
t h

ar
d 

co
py

 re
po

rt 
by

 th
e 

U.
S.

 S
oil

 C
on

se
rva

tio
n 

La
mb

er
 an

d K
as

hiw
ag

i (1
97

8)
 ar

e g
oo

d s
ou

rce
s t

ha
t in

dic
ate

 w
he

re
 su

ch
 so

ils
 sh

ou
ld 

be
 an

tic
ipa

ted
. 

If 
ex

pa
ns

ive
 so

ils
 a

re
 in

itia
lly

 a
nti

cip
ate

d 
thr

ou
gh

 m
ap

 re
vie

w,
 th

eir
 a

ctu
al 

pr
es

en
ce

 o
r a

bs
en

ce
 sh

ou
ld 

be
 d

ete
rm

ine
d 

pr
ior

 to
 c

on
str

uc
tio

n 
by

 s
ite

-sp
ec

ific
 g

eo
tec

hn
ica

l i
nv

es
tig

ati
on

.  
W

he
n 

thi
s 

is 
do

ne
, 

sp
ec

ial
 e

ng
ine

er
ing

 m
eth

od
s 

ca
n 

be
 u

se
d 

to 
re

du
ce

 th
e 

str
es

se
s 

on
 b

uil
din

gs
 a

nd
 u

tili
ty 

lin
es

.  
W

he
n 

ex
pa

ns
ive

 so
ils

 o
cc

ur
 o

n 
a 

hil
l s

lop
e, 

the
y u

nd
er

go
 th

e 
slo

w 
se

as
on

al 
do

wn
 sl

op
e 

mo
ve

me
nt 

kn
ow

n 
as

 
so

il c
re

ep
.  T

his
 do

wn
 sl

op
e p

ro
ce

ss
 ad

ds
 to

 th
e p

ote
nti

al 
for

 th
es

e s
oil

s t
o d

am
ag

e i
mp

ro
ve

me
nts

. 

In 
the

 e
ve

nt 
of 

a 
lar

ge
 e

ar
thq

ua
ke

, t
he

 p
lan

nin
g 

ar
ea

 co
uld

 lo
ca

lly
 e

xp
er

ien
ce

 so
me

 o
r a

ll o
f t

he
 a

bo
ve

-
lis

ted
 g

ro
un

d 
fai

lur
es

.  
Su

ch
 fa

ilu
re

s c
an

 ca
us

e 
da

ma
ge

 to
 st

ru
ctu

re
s, 

br
ea

kin
g 

of 
un

de
rg

ro
un

d 
uti

liti
es

, 
em

ba
nk

me
nt 

fai
lur

es
, 

dif
fer

en
tia

l s
ett

lem
en

t 
of 

str
uc

tur
es

, 
cra

ck
ing

 in
 p

av
ed

 a
re

as
, 

an
d 

ris
ing

 o
f 

bu
oy

an
t b

ur
ied

 fa
cil

itie
s 

re
lat

ive
 to

 g
ro

un
d 

lev
el,

 s
uc

h 
as

 e
mp

ty 
or

 p
ar

tia
lly

 e
mp

ty 
sto

ra
ge

 ta
nk

s. 
 T

he
 

po
ten

tia
l fo

r h
igh

ly 
da

ma
gin
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fro
nt,

 v
all

ey
, a

nd
 n

ea
r-

ba
y 

fro
nt 

ar
ea

s, 
re

sp
ec

tiv
ely

) t
o 

re
mo

te 
in 

ar
ea

s 
un

de
rla

in 
by

 b
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e N
ap

a V
all

ey
 su

br
eg

ion
.  

Er
os

ion
 an

d e
xp

an
siv

e s
oil

s a
re

 si
gn

ific
an

t o
n 

a 
mo

re
 lo

ca
liz

ed
 b

as
is.

  
La

nd
sli

de
s 

ar
e 

no
n-

un
ifo

rm
ly 

pr
es

en
t o

n 
slo

pe
s 

to 
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s o
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s b
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e l
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 p

ro
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 p

ote
nti

al 
for

 e
xp

an
siv

e 
so

ils
/be

dr
oc

k. 
 T

he
 p
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, b
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 m
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su
lte

d 
in 

a 
Co

un
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 b

en
efi

ts 
the

y 
off

er
, 

inc
lud

ing
 th
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 p
ro

ce
ss

es
 a

re
 b

es
t i

de
nti
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 p
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 p
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 d
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 d
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n c
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e c
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Old Adobe House, Soscol Ave., Napa.

S U M M E R  2 0 0 8

Over the past several years, a team 

of researchers has assembled 

thousands of pieces of evidence 

about how the Napa Valley 

functioned under more natural 

conditions. Previewed for the 

first time here, this information 

can help us understand how the 

local landscape has changed 

through time and help us develop 

strategies to improve its health in 

the future.

t h e  h i s t o r i c a l  e c o l o g y 
o f  n a pa  va l l e y :  A n  I n t r o d u c t i o n

2006

1895

Photograph courtesy of The Bancroft Library, UC Berkeley.
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data compilation • Sources 

are drawn together for synthesis 

and analysis along the themes of 

historical vegetation types, channel geometry, 

seasonality, and land use. We georeference early 

maps and aerial photography in a geographic 

information system (GIS), which allows historical 

evidence to be compared to modern conditions. 

We also extract and organize pertinent quotes 

from early land surveys and narrative sources and, where possible, place them on maps of the past and present. This process 

of comparing multiple, independent sources of historical and modern information facilitates a detailed and accurate 

depiction of environmental change.

reports, graphics, and presentations •  The analysis is brought together into broadly accessible 

tools, including illustrated reports, websites (such as wetlandtracker.org), and maps. These present trends 

in habitat types and extent, discuss conceptual models and areas of interest for future environmental 

improvements, and provide direct access to many of the most significant historical data sources.

synthesis and analysis • We rely heavily on GIS to synthesize the data into layers that represent historical 

landscape characteristics. Mapped features may include channels, perennial and seasonal wetlands, coastal 

features, woodlands and savanna, and other habitats — each coded independently with their supporting sources 

and relative certainty level. A variety of methods are used to compare past and present landscapes, describing changes in 

habitat form and distribution. These depictions of habitat change are used by ecologists and other environmental scientists 

to describe changes in ecological functions, such as wildlife support. As a reliable map of the pre-modification landscape is 

developed, it begins to reveal the relationships between native habitats and physical gradients such as topography, salinity, and 

hydrology, providing a basis for identifying adaptive restoration and management strategies for the contemporary landscape.

applications •  Understanding the historical landscape and how it has changed over time can help address 

many of the challenges associated with managing and planning for the future of local watersheds. Historical 

ecology can help set priorities for restoring natural functions to local creeks, identify natural ways to reduce flood 

hazards, and reveal previously unrecognized conservation opportunities. The historical analysis often reveals ways to restore 

native habitats within our developed landscape for recreational benefits as well as wildlife conservation. Historical ecology  

can also reveal management constraints resulting from historical landscape changes, providing a more realistic basis for 

planning the future.
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LOWER PENITENCIA CREEK

US Deputy Surveyor Edward Twitchell (1859: 160-161) 

explicitly describes the transition from fl uvial to tidal 

feature as he surveys north along the Penitencia Creek 

boundary of the Rancho los Tularcitos, encounter-

ing “the mouth of the Creek and head of the main 

slough.” [U]pstream of this point, Penitencia Creek 

fl owed in a highly sinuous, thickly wooded channel, 

presumably perennial because of the interception of 

the high groundwater table. Thompson’s 1857 sum-

(Westdahl and Morse 1896-97), during which time even 

greater mass wasting of hillsides is documented due to 

agriculture (Gardner et al. 1958), also seems to make 

a rapid change from tidal marsh to arable land during 

the previous two or three decades less likely. Farmers 

described having to plow these fresh deposits into the 

“natural soils” (Parker 1863: 212-213) to improve fertil-

ity, a scenario more likely to have been successful in the 

transitional salitroso lands rather than Bay-mud based 

tidal marsh.

THE TIDAL MARSH-ALKALI  MEADOW 

ECOTONE

Saltgrass (Distichlis spp.) dominated alkali meadows at 

the landward edge of the tidal marsh and extended 

well beyond regular tidal infl uence, creating a broad 

ecotone. Defi ning the boundary between tidal marsh 

and terrestrial habitats here is challenging because of 

the gradual transition along this very fl at topographic 

gradient and the absence of 1850s-era US Coast Survey 

data. However, a number of indicators are available, 

including remnant sloughs visible in Westdahl and 

Morse (1896-97)and aerial photography (1939). Other 

historical map information is available as well; for exam-

ple, Herrmann (1874c) notes “SWAMP LAND” beginning 

along Coyote Creek at the boundary we show.

Day (1854:490-491) describes alkali meadows several 

times in his survey in the vicinity of Milpitas, reporting 

clay soils “rather wet in winter with some alkali” and 

“strongly tinctured with alkali.” The alkali meadows 

were characterized by native grasses, wetland plants, 

and an array of presently rare plants associated with 

vernal pools and alkali fl ats (see description in PART II). 

Soil conditions precluded agriculture quite dramatically, 

forming distinct land use boundaries (FIGURE III-7).

PENITENCIA POND

The mysterious Penitencia Pond was also located in 

this vicinity, two miles downstream from Milpitas and 

near where “the Penitencia and Coyote join” (Fer-

nandez 1860: 150, Gallagher 1860). Both witnesses 

locate the “lake (laguna)” (Fernandez 1860: 150) near 

the downstream sausal. The feature appears to have 

been a muted tidal lagoon. A landmark in the Rincon 

de los Esteros grant testimony, it also happened to be 

intersected by the Mt. Diablo Meridian and a Township 

boundary between Five and Six South.

Day (1854: 490) notes that the “tide slough [is] now dry, 

but often wet.” This feature was surprisingly wide: Day 

(1854: 490-491) requires fi ve chains (330 feet) to cross 

the “dry bed of salt slough” near the present-day Calera 

confl uence. He and other surveyors are able to cross the 

slough except when it is fl ooded, indicating relatively 

solid substrate and less frequent tidal inundation. In 

1866, Thompson approaches the Penitencia Laguna 

along the Township line from the West and describes 

entering and leaving the willows and the “Tuley [sic] 

swamp.” The sausal is fi ve chains wide (330 feet) and 

the presence of willows and tule suggests brackish tidal 

infl uence.

FIGURE III-7.  BOTTOMLAND BOUNDARY IN MILPITAS. The 1800 view (lower left) shows dry grassland occupying Coyote Creek’s broad 
natural levee on the left and alkali meadow, with a perennial freshwater marsh, in the bottomlands to the right. These boundaries are based upon 
the 1940-41 soil survey (Gardner et al. 1958; lower right), which also generally indicates the small marsh with two wetland symbols. Farmers have 
developed the well-drained, coarse alluvial deposits in 1939 (upper left; AAA 1939), but poor drainage and salt effects in the bottomland soils have 
precluded agriculture, forming a distinct land use boundary. The shape of the freshwater marsh is indicated by darker, saturated soils. Highway 880 
and the Montague Expressway offramp can be seen presently (2002; upper right; Imagery Copyright 2005 AirPhotoUSA, LLC, All Rights Reserved).

1939 2002

1800 1941

1896

1943

2005

1861

Building a h i s t o r i c a l  e c o l o g y  Project

data collection • Research begins with the acquisition of historical materials from a broad range of 

institutions, including local museums and historical societies, city and county archives, and regional libraries. 

Journals, diaries, and newspaper articles about the landscape and notable environmental features document 

historical conditions. Early maps, surveys, and 

aerial photography provide the locations of 

historical features, such as streams, wetlands, and 

plant communities, as well as remaining property 

boundaries and roads that are valuable links to 

the contemporary landscape. Other important 

sources include landscape photography, sketches, 

and paintings. 
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historical records paint a picture of a moist Napa Valley that 

naturally stored water for the long summer drought. In the lowlands, there 

were thousands of acres of seasonally wet meadows surrounding pockets of 

tall tule marsh. The river bed was not much lower than the valley floor, and 

flood water spread into sloughs and wetlands. The river divided and reunited, 

creating natural islands hundreds of acres in size. Many of the tributaries did 

not connect directly to the Napa River, but dissipated into valley wetlands,  

recharging groundwater. As the rest of the valley dried in the summer months, 

the wetlands released water to the river, which helped maintain its flow.

On the well-drained tributary fans, sloping gently between the valley 

bottom and the adjacent hills, grand valley oaks flourished. Able to reach the 

seasonally receding groundwater table, these majestic trees dominated the 

drier parts of the valley. Further downstream where the river met the Bay, it spread into a vast area of tidal marshland.

During the last two centuries, the river and its valley have been extensively modified. Memories of the native landscape and 

the history of modification have faded. Yet many of the most basic physical and ecological characteristics persist. The historical 

landscape provides a template for strategically recovering selected ecological functions. Historical ecology can help us decide the 

next steps toward better ecological health. 

Above, this series of timelines encapsulates the history of Napa Valley land use, from indigenous land management to 

Mission/Rancho-era ranching to American farming, viticulture, and residential expansion.

April Showers, Napa Valley by Jules Tavernier, ca. 1880. Courtesy of California Historical Society.

Napa Valley in the r e c e n t  pa st

3
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many of napa valley’s creeks 
dissipated on the valley bottom or lower 

alluvial fans. High flows temporarily 

linked valley floor wetlands, intermittent 

streams, and the Napa River.  In the 

dry season, these features were mostly 

disconnected from each other.

Napa 
Valley 

circa 

1830

in earlier times there 

were various river reaches (see 

figure below) with differing functions 

for fish and wildlife habitat, sediment 

transport or storage, and flood conveyance.  

The river spread into floodplain wetlands where the 

valley was wide, narrowed and steepened at confining 

topographic and geologic barriers, and picked up sediment 

and water at major tributary confluences. In contrast, today’s 

Napa River is relatively homogenous, generally occupying a 

single thread channel with a narrow adjacent riparian corridor. 

The topography that controlled the river has not much 

changed, suggesting that a variety of river reaches and 

functions can be restored.

Photo courtesy of Sharon Cisco Graham

±

The broad gravel bars formerly common along Napa River are now relatively 

rare. As the channel has cut down, these areas have received less frequent 

scour and are now often invaded by dense riparian vegetation. 

Tidal marsh reach

Tidal channel reach

Broad gravel bar reach

Broad riparian forest reach

Floodplain wetland reach

Island/slough 

reach

Floodplain 

wetland 

reach

Broad 

gravel 

bar 

reach

Confined 

reach

Broad 

riparian  

forest reach

Floodplain  

wetland 

reach

Distinct Napa River reaches, based on historical evidence.
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Shallow Bay/Channel

Tidal Marsh

Perennial Pond

Valley Freshwater Marsh

Alkali Meadow/Vernal Pool Area

Wet Meadow

Willow Grove

Riparian Forest

Braided Channel

River/Creek/Slough

Dry Grassland

Live Oak Savanna

Valley Oak Savanna/Woodland

variation in stream and riparian habitat 
along the mainstem of the Napa River. In this example, the 

river flows from left to right, south of Yountville. On the far 

left (A), the river maintains a single thread channel with nar-

row riparian corridor. In the middle of the graphic, the river 

spreads into multiple, shallow floodplain sloughs surround-

ing wetlands and islands (B). Downstream, these floodplain 

channels coalesce into more well-defined channels with a 

broad riparian forest (C).

±

Napa River Valley: 
natural variations in form and function
The Napa Valley of the 19th-century supported varied habitats within a relatively small area. 
Dryland habitats such as oak savanna and grasslands were found not far from perennially wet 
marshes. Seasonally flooded wet meadows covered large areas of the valley floor, especially in the 
flatter, broader southern half of the valley. There were alkali meadows at the Calistoga hot springs, 
near the head of the valley, and adjacent to tidal marshland at the edge of the Bay. 

a

B

C
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freshwater wetlands in napa valley occurred in several distinct patterns. 
Large wet meadows were common at the base of alluvial fans and behind the natural levees of the Napa 

River. Perennial freshwater “tule marshes” were associated with distinct topographic basins on the valley 

floor. There were also vernal pool areas, alkali meadows, and willow groves. These habitats generally oc-

curred in association with each other, forming larger mosaics of wetlands along gradients in topography 

and hydrology.

Some of the areas of historical wetlands remain flood-prone and difficult to farm. These areas may provide 

some of the best opportunities for restoring wildlife habitats and, at the same time, reducing downstream 

flood hazards.

w e t l a n d  m o s a i c s :  Wildlife Habitat,  
Surface Water Storage, and Groundwater Recharge

Steam spouts show the wetlands associated with 

Calistoga Hot Springs (note  standing water to 

the right of the row of white houses). The thermal 

springs and surrounding area were described by 

Bartlett in the mid-1850s: “[the springs] are in a 

plane near the base of a small hill of conglomerate 

rock; but owing to the wet and boggy condition 

of the valley, we were unable to approach within 

thirty feet of them. Columns of steam were rising 

from them on all sides” (Bartlett 1854). 

Calistoga
hot spriNgs 

circa 

1880

Turrill and Miller, n.d [circa 1880].   

Courtesy of California Historical Society.

  
         

This County survey shows “Marsh Land” and 

“Sloughs” north of Yount’s Mill in the 1870s. 

Wetlands like these occupied natural flood basins 

receiving overflow from the Napa River and 

tributaries, providing foraging habitat and high 

flow refuge for native fish, including salmon.

Courtesy of Napa County.
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Stately valley oak trees are emblematic of the Napa Valley, perhaps its most 
celebrated attribute in early accounts.

“The magnificent oaks are one great secret of Napa’s beauty. Their rustling leaves  

and finely formed tops are the glory of the landscape scenery…” 

– Smith and Elliott 1878

The photographs on the right 

provide complementary views of 

a typical historic oak savanna — 

this one occupying the Mill Creek 

alluvial fan between Calistoga 

and St. Helena. The trees formed a 

relatively dispersed, open pattern 

of light and shade that dominated 

large areas of the valley landscape. 

Traveler John Bartlett noted that 

the valley was “studded with 

gigantic oaks...though not so close 

together as to render it necessary 

to cut away to prepare the land for 

cultivation” (Bartlett 1854).

While the old oak savannas are 

nearly gone, naturalistic patterns 

of valley oaks could be created, 

even in urban areas. Trees could 

be strategically reintroduced 

along roads, fence lines, and 

public spaces. These efforts would 

build on a surprising number 

of surviving trees that have 

been maintained as landscape 

elements in vineyards and private 

residences, and reverse the long-

term decline in valley oaks.

grasslands

hill and 
vantage 
point

Creek

orchards

oak groves

Top: Lyman Ranch/Mill Creek, ca. 1905. Courtesy of the Lyman family. 

Bottom:  1942 aerial photograph of the same area. Courtesy of the Napa RCD.

This “Roblar” (white oak grove) may have been the prominent grove on Sulphur Creek’s alluvial 

fan, in whose shade early American settlers built the town of St. Helena. A few of the trees still 

remain, preserved by local residents.

Diseño of the Carne Humana land grant courtesy of The Bancroft Library, UC Berkeley.

The Future 
of the va lle y ’s  g r e at  oa ks

7
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The Napa River Watershed Historical Ecology Project 
has been developed by the San Francisco Estuary Institute, Friends of the Napa River, 

and the Napa County Resource Conservation District. 

  

for more information:   Please contact Friends of the Napa River at info@friendsofthenapariver.org

To learn more about historical ecology methods and resources, contact the San Francisco Estuary Institute at www.sfei.org/HEP

Printed on recycled paper

authors:  Robin Grossinger, Erin Beller, Josh Collins, and Shari Gardner

design and layout:  Linda Wanczyk and Ruth Askevold

funders:   Napa Valley Vintners Association  •  Friends of the Napa River  •  California State Coastal Conservancy 

CALFED Watershed Science Program  •  Giles W. and Elise G. Mead Foundation  •  Mennen Environmental Foundation     

Watershed Information Center and Conservancy of Napa County 

Proposition 40 Grant through the State Water Resources Control Board

thanks to:  Josh Collins, Laurel Collins, Andy Collison, David Graves, Rainer Hoenicke, Bernhard Krevet, Ken Lajoie, Chris 
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Graham, Napa County, The Bancroft Library, California Historical Society, St. Mary’s College of California,  

and the Lyman family for images.

references:
Bartlett, J.R. 1854. Personal narrative of explorations and incidents… Rio Grande Press, Chicago. 1965.

Smith and Elliot. 1878. Illustrations of Napa County California with historical sketch. Valley Publishers, Fresno. 1974.

Stevenson, R. L. 1883. The Silverado Squatters. Silverado Museum, St. Helena, CA.1974.

Vines, B. 1861. Testimony in the Caymus Land Grant Case.

2-color EPS

Black
Cyan - C100

See OPTIONAL WHITE INSET layer

Napa River and Valley, 1885, by Manuel Valencia. 

Collection of the Hearst Art Gallery,  
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ATLAS PEAK
Climate: Cool, mountain influenced with temperatures about 10–15° cooler 
than the valley floor in summer; above the fog line, there is low day-to-night 
temperature range, with summer temperatures rarely rising above 90° (32°C).
Elevation: 760–2600 feet (232–792 m)
Principal varieties: Cabernet Sauvignon and Chardonnay

OAKVILLE
Climate: Moderately warm, with temperatures commonly in the mid-90s° 
(35°C) in summer, but a�ected by night and early morning fog creating a 
day-to-night temperature fluctuation. The east side hills receive warm 
afternoon sun while the west side cools as the sun sets behind the
Mayacamas range.
Elevation: 130–1000 feet (40-305 m)
Principal varieties: Cabernet Sauvignon, Merlot, Cabernet Franc and 
Sauvignon Blanc

RUTHERFORD
Climate: Moderately warm, marginally influenced by early morning fog; usual 
summer peak temperatures are in the mid-90° range (34 - 36°C), averaging a 
bit warmer and higher base elevation than Oakville and Stags Leap District.    
Elevation: 155–500 feet (47–152 m)
Principal varieties: Cabernet Sauvignon, Sauvignon Blanc, Merlot and 
Cabernet Franc

ST. HELENA
Climate: Warm, due to greater protection from western hills, with less fog and 
wind; the narrowing of the valley floor provides more heat reflection o� the 
hillsides; summer temperatures often peak in the mid-to-high 90s° range 
(34–37°C).
Elevation: 200–475 feet (61-145 m) 
Principal varieties: Cabernet Sauvignon, Cabernet Franc, Merlot,
Sauvignon Blanc, Syrah, Zinfandel and Viognier

SPRING MOUNTAIN DISTRICT
Climate: Cool to moderate depending on elevation and aspect. Most 
vineyards sit above the fog-line, providing warmer nights and cooler days 
than the valley floor. Typical mid-summer high temperatures reach 85° 
(29°C). 
Elevation: 600–2600 feet (183–792 m)
Principal varieties: Cabernet Sauvignon, Merlot, Cabernet Franc,
Chardonnay and Zinfandel

CHILES VALLEY DISTRICT
Climate: Summer temperatures peak in the mid-80s° (29°C), but due to 
higher elevation and evening fog, drop to below 50° (10°C). 
Elevation: 600–1200 feet (182–366 m)
Principal varieties: Cabernet Sauvignon, Merlot, Cabernet Franc and 
Zinfandel 

HOWELL MOUNTAIN
Climate: Located above the fog line on the eastern side of the valley, the AVA 
is warmer and drier than other AVAs with more hours of sunshine and 
little-to-no marine influence.
Elevation: 1400–2600 feet (427–792 m)
Principal varieties: Cabernet Sauvignon, Merlot, Zinfandel and Viognier

DIAMOND MOUNTAIN DISTRICT
Climate: Moderately warm temperatures with less fluctuation than the north 
Napa Valley floor; temperatures in the summer range from 50–90° (10–32°C).
Elevation: 400–2200 feet (122–671 m)
Principal varieties: Cabernet Sauvignon and Cabernet Franc

CALISTOGA
Climate: Daytime summer temperatures may peak above 100° (38°C) and fall 
to low 40s° (6°C) at night, due to cool afternoon and evening breezes drawn 
in through the Chalk Hill Gap from the Pacific.
Elevation: 300–1200 feet (91–366 m)
Principal varieties: Cabernet Sauvignon, Zinfandel, Syrah and Petite Sirah

 Napa Valley stands for wines of the highest quality, cultivated 
with excellence in one of the world’s most extraordinary places. The 
Napa Valley was California's first AVA, or American Viticultural Area, 
recognized by the U.S. government in 1981. An AVA is a legally desig-
nated grape growing area possessing distinguishable characteristics 
such as climate, terrain, soils and cultural and historic significance. In 
order for a wine to be labeled with a specific AVA, at least 85% of the 
grapes must be sourced from that AVA.
 The Napa Valley produces just 4% of California's and .04% of the 
world's winegrape harvest. It has a dry Mediterranean climate 
shared with only 2% of the world's surface, which is ideal for produc-
ing consistent wines from vintage to vintage. Napa Valley has 16 
nested AVAs, each possessing distinct attributes. The sheer number 
of AVAs within Napa Valley speaks to the region's diversity, allowing 
winemakers to produce a wide range of wines in an array of styles. 

LOS CARNEROS
Climate: Cool, with marine winds from the San Pablo Bay as well as the 
Petaluma Gap to the west; high temperatures rarely exceed 80° (27°C).
Elevation: Sea level–700 feet (213 m)
Principal varieties: Chardonnay, Pinot Noir and Merlot

COOMBSVILLE
Climate: Weather is moderated by its proximity to the San Pablo Bay. Daily 
average high temperatures can be as much as 10 degrees cooler during the 
hot months than most other AVAs, and heat spikes tend to be less severe. 
Elevation: 100–1000 feet (30-305 m)
Principal varieties: Cabernet Sauvignon, Merlot, Chardonnay, Syrah and 
Pinot Noir

WILD HORSE VALLEY
Climate: Due to elevation and proximity to San Pablo Bay, it is the coolest of 
all the Napa AVAs. The air mass that passes over Carneros cools another 10 
degrees by the time it rises to the AVA. 
Elevation: 850–2130 feet (259-650 m)
Principal varieties: Pinot Noir and Chardonnay

MOUNT VEEDER
Climate: Cool to moderate, with most vineyards above the fog line, meaning 
warmer nights and cooler days than on the valley floor; typical summer highs 
are 85° (29°C).
Elevation: 500–2600 feet (152–792 m)
Principal varieties: Cabernet Sauvignon, Merlot, Zinfandel and Chardonnay

OAK KNOLL DISTRICT OF NAPA VALLEY
Climate: Moderate to cool, with marine air and fog often remaining until late 
morning; afternoon breezes maintain slightly cooler temperatures than in the 
upper valley; summer temperatures may reach low 90s° (33°C) and drop to 
around 50° (10°C) at night.
Elevation: Sea level–800 feet (244 m)
Principal varieties: Cabernet Sauvignon, Chardonnay, Merlot,
Sauvignon Blanc and Riesling

YOUNTVILLE
Climate: Moderate, with marine influence and fog contributing to cool 
summer mornings; the marine breeze keeps afternoons more comfortable 
than farther up valley; summer temperatures may reach the low 90s° (33°C), 
with nighttime temperatures dropping into the mid-50s° (13°C).
Elevation: 20–200 feet (6–61 m)
Principal varieties: Cabernet Sauvignon and Merlot

STAGS LEAP DISTRICT
Climate: Moderately warm with afternoon marine winds cooling the warmer 
air radiating o� the bare rocks of the surrounding hillsides; summer 
temperatures can reach 100°, but more regularly are in mid-90s° (34–36°C).
Elevation: Sea level–400 feet (122 m)
Principal varieties: Cabernet Sauvignon and Merlot

The Diversity of  the Napa Valley AVA
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s p
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s p
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 d
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r p
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 p
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 c
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ra
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ra
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 d
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f p
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 b
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 b
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 p
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 p
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 d
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al 
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t f
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pa

 re
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r p
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en
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y o

f C
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for
nia

 (U
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ke
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. 

Ea
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 a
rch

ae
olo

gic
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inv
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pa
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ou
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19

40
s 
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en
tra
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n 
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ca
va

tio
n 
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lar

ge
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ati
on

 s
ite

s. 
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t 
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s 
tim

e, 
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 a
rch

ae
olo

gis
ts 

co
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uc
ted

 e
xte

ns
ive
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ur

ve
y 

an
d 

lar
ge
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ale

 
ex

ca
va

tio
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r’s

 1
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Ar

ch
ae

olo
gy

 o
f t

he
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ap
a 
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n 
pr
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en

ts 
a 
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mp

re
he
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ry 

of 
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e d
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nt 
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 ea
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ou
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.  
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 o
f t

he
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st 
an

d 
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st 
pr

om
ine

nt 
sit
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 e

xc
av

ate
d 

in 
the

 N
ap

a 
Co

un
ty 
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e 
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-N
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-1

 (t
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Go
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ar

d s
ite
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CA

-N
AP

-1
6 (
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co

l C
re

ek
 si

te)
, C

A-
NA

P-
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 (t
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 La
s T

ra
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te)
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A-
NA

P-
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 (t
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Tu

luk
ai 

sit
e)

, C
A-

NA
P-

13
1 (
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 H

ult
ma

n s
ite

), 
an

d C
A-

NA
P-

12
9 (
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 M

er
ria

m 
sit

e)
.  

CA
-N

AP
-1
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e 
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of 

ma
ny

 d
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es
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l a
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gic
al 
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s 
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d 
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 b
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en
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er
 p
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 o

f 
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er
e 
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en
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tio
ns

 of
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ft a
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y m
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en
 an

d s
ev

er
al 
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 as
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e g
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De
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e 

sit
e, 
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er

e 
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 s
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e 
sla
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, s

ev
er

al 
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 m
an

y 
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ian
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rtif

ac
ts.

  A
rtif

ac
t a

na
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is 
by

 
Co

ok
 a

nd
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eiz
er

 (1
96

5)
 a

nd
 B

en
ny

ho
ff 

(1
95

0)
 su

gg
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t t
ha

t t
his

 si
te 

wa
s o

cc
up
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 fo

r m
an

y t
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an

ds
 

of 
ye

ar
s, 

sp
an

nin
g 

fro
m 
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 M

idd
le 

Pe
rio

d 
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0 

Be
for

e 
Pr

es
en

t [
B.

P.
]–A

.D
 7

00
) u

nti
l t

he
 L

ate
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er
iod
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.D
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00
–C

on
tac

t) 
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tew
ar
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.

Zin
fan

de
l B

rid
ge

, N
ap

a C
ou

nty
. 

Na
pa

 C
ou

nty
 is

 ab
un

da
nt 
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th 

his
tor

ic 
re

so
ur

ce
s, 

ma
ny

 of
 w

hic
h h

av
e r

eta
ine

d t
he

ir 
int

eg
rity

 an
d t

he
re

for
e a

re
 po

ten
tia

lly
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nif

ica
nt 

re
so

ur
ce

s t
ha

t s
ho

uld
 be

 
co

ns
ide

re
d f

or
 th

eir
 im

po
rta

nc
e t

o N
ap

a 
Co

un
ty 

an
d t

hr
ou
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ou

t th
e p

lan
nin

g p
ro

ce
ss

 
for

 ne
w 

de
ve

lop
me

nt 
an

d p
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U
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U
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N
A

PA
C

O
U

N
TY
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A

SE
LI

N
E

D
A

TA
R

EP
O

R
T

He
ize

r e
xc

av
ate

d 
CA

-N
AP

-1
6 

in 
19

45
.  

Th
e 

sit
e 

co
nta

ine
d 

hu
ma

n 
re

ma
ins

 th
ro

ug
ho

ut,
 a

n 
ab

un
da

nc
e 

of 
sh

ell
fis

h 
re

ma
ins

, o
bs

idi
an

 p
oin

ts,
 O

liv
ell

a 
be

ad
s, 

ch
ar

ms
ton

es
, n

um
er

ou
s 

bo
ne

 to
ols

 a
nd

 s
ton

e 
mo

rta
rs,

 a
nd

 b
oth

 cr
em

ati
on

s a
nd

 b
ur

ial
s, 

all
 o

f w
hic

h 
da

te 
the

 o
cc

up
ati

on
 o

f t
he

 si
te 

to 
the

 L
ate

 P
er

iod
 

(S
tew

ar
t 1

98
2)

.  

UC
 s

tud
en

ts 
co

nd
uc

ted
 e

xc
av

ati
on

s 
at 

CA
-N

AP
-1

4 
in 

19
47

 u
nd

er
 th

e 
su

pe
rvi

sio
n 

of 
He

ize
r. 

 T
he

 s
ite

 
wa

s c
om

po
se

d 
of 

da
rk 
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hy

 m
idd

en
 w

ith
 n

um
er

ou
s o

bs
idi

an
 fla

ke
s a

nd
 m

am
ma

l b
on

e, 
bu

t t
he

 a
rtif

ac
t 

co
nc

en
tra

tio
n 

wa
s 

low
. T

he
re

 w
as

 a
lso

 a
 fi

xe
d 

bo
wl

 m
or

tar
 (t

he
 fi

rst
 o

f i
ts 

kin
d 

in 
the

 a
rch

ae
olo

gic
al 

re
co

rd
), 

tw
o 

bu
ria

ls,
 o

ne
 c

re
ma

tio
n, 

an
d 

as
so

cia
ted

 g
ra

ve
 g

oo
ds

.  
Fr

ed
ric

ks
on

 (1
97

3)
 la

ter
 n

ote
d 

tha
t 

the
 m

eth
od

s 
the

 s
tud

en
ts 

em
plo

ye
d 

ma
y 

ha
ve

 re
su

lte
d 

in 
the

 lo
ss

 o
f s

ign
ific

an
t d

ata
 fr

om
 d

iffe
re

nt 
tem

po
ra

l p
er

iod
s (

St
ew

ar
t 1

98
2)

.  

Fr
om

 th
e 

lat
e 

19
40

s 
to 

the
 m

id-
 a

nd
 la

te 
19

60
s, 

Am
er

ica
n 

ar
ch

ae
olo

gis
ts 

we
re

 m
ov

ing
 a

wa
y 

fro
m 

the
 

pr
es

en
tat

ion
 o

f s
im

ple
 c

ult
ur

e 
his

tor
ies

 b
as

ed
 o

n 
se

qu
en

ce
s 

of 
dia

gn
os

tic
 a

rtif
ac

ts.
  T

he
 c

ha
ng

e 
to 

a 
cu

ltu
ra

l/th
eo

re
tic

al 
ap

pr
oa

ch
 ca

me
 to

 b
e 

kn
ow

n 
as

 “N
ew

 A
rch

ae
olo

gy
.” 

 T
he

 “n
ew

” a
rch

ae
olo

gis
ts 

no
w 

wa
nte

d 
to 

kn
ow

 m
or

e 
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n 
“w

he
n 

pe
op

le 
we

re
 d

oin
g 

wh
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 in
 p

re
his

tor
ic 
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Re

se
ar

ch
er

s 
als

o 
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nte
d 

to 
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ow
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ow
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nd
 w
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 p

eo
ple

 c
ho

se
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 o
rg

an
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, d
ev

elo
p, 

mo
dif

y, 
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 d
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ar
d 

ce
rta

in 
mo

de
s 

of 
ad

ap
tat

ion
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Re
se

ar
ch

 th
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es
 s

hif
ted
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 fo

cu
s 
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 a

re
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 in
clu

din
g 
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d 

pr
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ur
em

en
t (

e.g
., 
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nti

ng
 v
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co
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cti

ng
); 

ex
ch

an
ge

/tr
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e 
of 

ide
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, s
tyl

ist
ic 

ite
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, r
aw

 m
ate

ria
ls,

 a
nd

 o
the

r i
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(e

.g.
, p

ro
du

cti
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sp

ec
ial

iza
tio

n, 
sh
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er
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tio
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ac
ro
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 c
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ian
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e 
pu
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); 

an
d 

en
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nta
l 

kn
ow

led
ge
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e.g
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uti
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 o

f 
pa
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r 
ga
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rin

g 
loc
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(H

ay
es

 20
04

). 

In 
re

sp
on

se
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e 

de
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e 
to 
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s 

co
nfu

sin
g 

an
d 

so
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tim
es

 c
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g 
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ss
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ry 
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 a
nd

 th
e 

bu
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eo
nin

g 
ne

w 
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r r
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ea
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, F
re

dr
ick

so
n 

too
k 

on
 th

e 
ob

vio
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to 

re
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e 
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 C
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l 

Ca
lifo
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ia 
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ific
ati
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tem

 a
nd

 to
 s

yn
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e 

th
e 
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te 

of 
cu
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nt 

kn
ow
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ge
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 c

en
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He

 p
ro
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a 
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se

rta
tio

n 
pr

op
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ing
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o 
se

ts 
of 

re
lat

ed
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s 

an
d 
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t 
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ng
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to 

a 
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ip 
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 c
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an
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o 
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y 

(H
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es
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Ar
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d 
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sit
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 a
nd
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pa
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(e
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s 
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d 
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d 
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e p
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ic 
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e m
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rn
.” 

 A
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e d
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 be
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fin
e s
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e p
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er
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ty 
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ive
n p

att
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n 
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e. 
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n’s
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me
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 to
 th
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 c
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tro
l o
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al 
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s 
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s 

ev
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 d
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en
ts 

an
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ge

s o
r d

ete
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ine
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s o

r f
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s t
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 B
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ion

 
in 
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s 
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s 
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 p
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e 
ob

jec
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co
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ra
tio
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 o

f t
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or
al 
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wo
rk 
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pt 
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 cl
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r p
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ly 
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.C
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 su
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ra
teg

ies
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e t

ho
ug
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to 
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 fo
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 b
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g 
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d 
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 p
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d 
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ge
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e 
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mb
er
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of 
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le 
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s 
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d 
the

 p
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e 
of 
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g 
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 in
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up
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ly 
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ted
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the
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d b
e c
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cte
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  O
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r r
es
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er
s t
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le 
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ed
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bs
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en
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W

ick
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 d
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ue
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d 
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el 
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 p
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d 
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 m
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n c
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ua
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e 
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su
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le 
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.C
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is 
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ly 
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c 
in 

re
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rd
 to
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e 
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e 
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ic 
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an
ge
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.g.
, fr
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se

 p
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po
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s) 
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o 
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ur
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nt 
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me

nt 
sh

ift 
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s b
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n 
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nte
d. 

 T
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ra
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e 
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 m
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d 

pe
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e 
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 p
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ed
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ina

lly
 p

ro
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se
d 

a s
hif

t t
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ed
en
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m 
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le 
Ar
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 P
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iod
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n o
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or
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d 

pe
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e 
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d t
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va
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en

uti
an
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ke
rs 
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o c

en
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l C
ali
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.  
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e B
er

ke
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 P
att

er
n 
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to 
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en

t t
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n, 
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ax
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e 
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rn
 b

ein
g 

a 
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tat
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 o
f t
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r, 

mo
re
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bil
e 
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y. 
 B
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 p

att
er
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ay
 h
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e 
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ted
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 th

e 
so
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er

n 
no
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oa
st 
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es
 in
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e 
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Ar

ch
aic

 P
er

iod
 (H
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es

 20
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). 

Be
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ee
n 
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0 
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 a
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ajo

r c
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ac
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en
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nd
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an
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s s
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nta
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nti
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 c
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g 
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se
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ro
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sh

ift 
tha

t 
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n d
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ra
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 b
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W
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 p
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ed
ric
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 L
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 d
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pe
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e 
be

lie
ve

d 
to 

ha
ve

 
re

ac
he

d t
he

 C
ar

qu
ine

z/S
uis

un
 ar

ea
 by

 ab
ou

t 1
,50

0 B
.P

. (
Mc

Ca
rth

y 1
98

5)
.   

Th
e 

on
sla

ug
ht 

of 
Eu

ro
-A

me
ric

an
 c

ult
ur

e 
br

ou
gh

t t
he

 e
nd

 o
f P

atw
in 

cu
ltu

re
.  

By
 1

87
1–

18
72

, w
he

n 
Po

we
rs 

su
rve

ye
d 

the
 s

tat
e 

ga
the

rin
g 

eth
no

gr
ap

hic
 in

for
ma

tio
n, 

the
 P

atw
in 

cu
ltu

re
 a

pp
ea

re
d 

vir
tua

lly
 

ex
tin

ct.

W
A

PP
O

 A
N

D
 P

A
TW

IN
 C

U
LT

U
R

E

 H
ay

es
 a

nd
 S

isk
in 

co
mp

ile
d 

the
 f

oll
ow

ing
 in

for
ma

tio
n 

re
ga

rd
ing

 t
he

 g
en

er
al 

se
ttle

me
nt 

pa
tte

rn
s, 

su
bs

ist
en

ce
, a

nd
 te

ch
no

log
y 

of 
the

 W
ap

po
 a

nd
 P

atw
in 

for
 th

e 
Kn

igh
t’s

 V
all

ey
 S

ec
tio

n 
10

6 
re

po
rt 

(H
ay

es
 20

04
). 

G
R

O
U

P 
O

R
G

A
N

IZ
A

TI
O

N

 A
s w

ith
 m

os
t o

f t
he

 h
un

tin
g-

ga
the

rin
g 

gr
ou

ps
 o

f C
ali

fo
rn

ia,
 th

e 
50

- t
o 

15
0-

pe
rso

n 
“tr

ibe
let

” r
ep

re
se

nte
d 

the
 b

as
ic 

so
cia

l a
nd

 p
oli

tic
al 

un
it o

f b
oth

 th
e 

W
ap

po
 a

nd
 P

atw
in.

  T
yp

ica
lly

, a
 tr

ibe
let

 ch
ief

 w
ou

ld 
re

sid
e 

in 
a 

ma
jor

 v
illa

ge
 in

 w
hic

h 
ce

re
mo

nia
l e

ve
nts

 w
er

e 
us

ua
lly

 h
eld

.  
Th

e 
sta

tus
 o

f s
uc

h 
ind

ivi
du

als
 w

as
 

inh
er

ite
d 

pa
tril

ine
all

y a
mo

ng
 th

e 
Pa

tw
in,

 a
lth

ou
gh

 vi
lla

ge
 e

lde
rs 

ha
d 

co
ns

ide
ra

ble
 p

ow
er

 in
 d

ete
rm

ini
ng

 
wh

o 
ac

tua
lly

 su
cc

ee
de

d 
to 

pa
rtic

ula
r p

os
itio

ns
.  

Ap
pa

re
ntl

y, 
a 

Pa
tw

in 
ch

ief
 h

ad
 m

or
e 

au
tho

rity
 th

an
 h

is 
co

un
ter

pa
rts

 in
 m

an
y o

f t
he

 o
the

r c
en

tra
l C

ali
for

nia
 g

ro
up

s (
Mc

Ke
rn

 1
92

2; 
Kr

oe
be

r 1
92

5)
.  

Th
e 

W
ap

po
 

vil
lag

e 
ch

ief
 w

as
 e

ith
er

 e
lec

ted
 o

r a
pp

oin
ted

, a
nd

 g
en

er
all

y 
re

jec
ted

 th
e 

ten
de

nc
y 

to 
im

po
se

 a
uth

or
ity

 
ov

er
 o

the
r m

em
be

rs 
of 

the
 g

ro
up

.  
W

he
the

r t
he

 ch
ief

 w
as

 m
an

 o
r w

om
an

, t
he

 ch
ief

’s 
ma

in 
fun

cti
on

s i
n 

bo
th 

gr
ou

ps
 in

clu
de

d 
ma

int
ain

ing
 re

lat
ion

sh
ips

 w
ith

 o
the

r v
illa

ge
s 

an
d 

ne
igh

bo
rin

g 
gr

ou
ps

; o
ve

rse
ein

g 
int

er
na

l o
pe

ra
tio

ns
 o

f t
he

 v
illa

ge
; d

ire
cti

ng
 c

er
em

on
ies

, m
ed

ici
ne

, a
nd

 d
an

ce
s; 

an
d 

dis
se

mi
na

tin
g 

an
d 

re
ce

ivi
ng

 in
for

ma
tio

n 
(S

aw
ye

r 1
97

8)
.  

Su
ch

 in
div

idu
als

 o
fte

n 
de

cid
ed

 w
he

n 
an

d 
wh

er
e 

va
rio

us
 fi

sh
ing

, 
hu

nti
ng

, o
r g

ath
er

ing
 e

xp
ed

itio
ns

 w
ou

ld 
oc

cu
r a

nd
 s

im
ila

rly
 m

ad
e 

cri
tic

al 
de

cis
ion

s 
co

nc
er

nin
g 

mo
re

 
ela

bo
ra

te 
ce

re
mo

nia
l a

cti
vit

ies
.  

Th
e 

ch
ief

 a
lso

 p
lay

ed
 a

 c
en

tra
l r

ole
 in

 re
so

lvi
ng

 c
on

flic
ts 

wi
thi

n 
the

 
co

mm
un

ity
 or

 du
rin

g w
ar

s, 
wh

ich
 oc

ca
sio

na
lly

 br
ok

e o
ut 

wi
th 

ne
igh

bo
rin

g g
ro

up
s. 

SU
B

SI
ST

EN
C

E

Th
e 

ac
or

n 
wa

s 
the

 p
rim

ar
y 

pla
nt 

foo
d, 

alo
ng

 w
ith

 a
 v

ar
iet

y 
of 

ro
ots

, b
ulb

s, 
gr

as
se

s, 
an

d 
oth

er
 e

dib
le 

gr
ee

ns
.  

De
er

, e
lk,

 a
nd

 a
nte

lop
e 

we
re

 th
e 

pr
im

ar
y b

ig 
ga

me
.  

Sm
all

er
 g

am
e, 

su
ch

 a
s r

ab
bit

s, 
sq

uir
re

ls,
 

an
d 

bir
ds

, w
as

 a
lso

 im
po

rta
nt.

  F
ish

 w
er

e 
ca

ug
ht 

bu
t m

ay
 n

ot 
ha

ve
 b

ee
n 

as
 im

po
rta

nt 
as

 te
rre

str
ial

 
an

im
als

, w
hic

h w
er

e a
bu

nd
an

t in
 th

e g
ra

ss
y v

all
ey

s (
Be

an
 an

d T
he

od
or

atu
s 1

97
8)

. 

A 
va

rie
ty 

of 
ra

w 
ma

ter
ial

s 
we

re
 a

va
ila

ble
 fo

r t
he

 m
an

ufa
ctu

re
 o

f h
un

tin
g, 

ga
the

rin
g, 

an
d 

pr
oc

es
sin

g 
im

ple
me

nts
.  

St
on

e 
ma

y h
av

e 
be

en
 th

e 
mo

st 
im

po
rta

nt.
  T

he
 W

ap
po

 a
nd

 P
atw

in,
 si

mi
lar

 to
 e

ve
ry 

oth
er

 
Ind

ian
 g

ro
up

 in
 C

ali
for

nia
, u

se
d 

sto
ne

 in
 a

lm
os

t e
ve

ry 
as

pe
ct 

of 
the

ir 
liv

es
.  

Na
pa

 G
las

s 
Mo

un
tai

n, 
a 

re
gio

na
lly

 im
po

rta
nt 

ob
sid

ian
 s

ite
 a

nd
 q

ua
rry

, a
nd

 o
the

r 
loc

al 
ob

sid
ian

 s
ou

rce
s 

ar
e 

sit
ua

ted
 w

ith
in 

W
ap

po
 te

rri
tor

y p
ro

pe
r. 

 O
the

r m
ajo

r o
bs

idi
an

 so
ur

ce
s l

ay
 n

ea
r t

he
 e

as
ter

n 
an

d 
so

uth
er

n 
ed

ge
s o

f t
he

 
Ru

ss
ian

 R
ive

r S
ub

re
gio

n 
in 

the
 C

lea
r L

ak
e 

Di
str

ict
 (i

.e.
, B

or
ax

 L
ak

e 
an

d 
Mo

un
t K

on
oc

ti 
so

ur
ce

s) 
an

d 
the

 S
an

ta 
Ro

sa
 Lo

ca
lity

 (i.
e.,

 A
nn

ad
el 

so
ur

ce
). 

 

TE
C

H
N

O
LO

G
Y

Ob
sid

ian
 w

as
 u

se
d 

for
 p

ro
jec

tile
 p

oin
ts,

 k
niv

es
, s

cra
pe

rs,
 d

rill
s, 

an
d 

ma
ny

 o
the

r t
oo

l t
yp

es
.  

Ch
er

t, 
fou

nd
 n

atu
ra

lly
 th

ro
ug

ho
ut 

the
 n

or
th 

Co
as

t R
an

ge
s, 

wa
s 

als
o 

us
ed

 fo
r a

 w
ide

 ra
ng

e 
of 

too
ls,

 in
clu

din
g 

pr
oje

cti
le 

po
int

s, 
kn

ive
s, 

sc
ra

pe
rs,

 c
ob

ble
 t

oo
ls,

 a
nd

 o
the

r 
too

ls.
  

Th
is 

se
dim

en
tar

y 
sto

ne
 w

as
 

so
me

tim
es

 fo
un

d 
in 

co
nc

en
tra

tio
ns

 o
r o

utc
ro

ps
 th

at 
be

ca
me

 q
ua

rry
 lo

ca
tio

ns
.  

Mo
re

 co
mm

on
ly,

 th
ou

gh
, 

it w
as

 fo
un

d 
in 

dr
ain

ag
es

 a
nd

 a
llu

via
l fa

ns
 th

ro
ug

ho
ut 

the
 re

gio
n 

as
 u

se
ab

le 
co

bb
les

.  
Ba

sa
lt w

as
 a

lso
 

A 
va

rie
ty 

of 
ra

w 
ma

ter
ial

s w
er

e a
va

ila
ble

 fo
r 

the
 m

an
ufa

ctu
re

 of
 hu

nti
ng

, g
ath

er
ing

, a
nd

 
pr

oc
es

sin
g i

mp
lem

en
ts.

  S
ton

e m
ay

 ha
ve

 
be

en
 th

e m
os

t im
po

rta
nt.

 

On
e e

xp
lan

ati
on

 of
 th

e o
rig

in 
of 

the
 na

me
 

Na
pa

 is
 th

at 
it w

as
 de

riv
ed

 fr
om

 th
e P

atw
in 

wo
rd

 na
po

, m
ea

nin
g h

ou
se

. 
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C
U

LT
U

R
A

L 
R

ES
O

U
R

C
ES

—
V

ER
SI

O
N

 1
, N

O
V

EM
B

ER
 2

00
5

-1
4-

11
-

N
A

PA
C

O
U

N
TY

 B
A

SE
LI

N
E

D
A

TA
R

EP
O

R
T

us
ed

 fo
r t

oo
l m

an
ufa

ctu
re

, q
uit

e 
oft

en
 a

s h
ea

vy
 ite

ms
 th

at 
did

 n
ot 

re
qu

ire
 d

eta
ile

d 
fla

kin
g, 

bu
t it

 w
as

 n
ot 

the
 p

re
fer

re
d 

ma
ter

ial
.  

Me
n 

ge
ne

ra
lly

 c
re

ate
d 

the
 to

ols
 th

at 
we

re
 u

se
d 

in 
hu

nti
ng

 la
rg

e 
an

d 
sm

all
 

ma
mm

als
.  

W
om

en
 w

er
e 

ge
ne

ra
lly

 th
ou

gh
t t

o 
ha

ve
 a

 le
ss

er
 ro

le 
in 

sto
ne

 to
ol 

ma
nu

fac
tur

ing
.  

Bo
ne

 
too

ls 
we

re
 g

en
er

all
y m

ad
e 

fro
m 

bir
d 

an
d 

de
er

 b
on

e 
an

d 
an

tle
r. 

 T
he

 W
ap

po
 u

se
d 

bo
ne

 a
wl

s, 
ne

ed
les

, 
wh

ist
les

 (b
ird

 bo
ne

), 
pe

rfo
ra

tor
s, 

an
d m

an
y o

the
r b

on
e t

oo
ls.

 

TR
A

D
E 

A
N

D
 T

R
A

V
EL

Tr
ad

e 
or

 v
isi

ts 
wi

th 
pe

op
le 

ou
tsi

de
 a

 g
ive

n 
lin

gu
ist

ic 
gr

ou
p’s

 t
er

rito
ry 

wa
s 

als
o 

co
mm

on
 d

ur
ing

 
eth

no
his

tor
ica

l t
im

es
.  

Th
e 

Pa
cif

ic 
co

as
t o

r S
an

 F
ra

nc
isc

o 
Ba

y 
wo

uld
 h

av
e 

be
en

 im
po

rta
nt 

for
 m

ar
ine

 
re

so
ur

ce
s (

e.g
., 

su
rf 

fis
h, 

sh
ell

, s
alt

). 
 In

lan
d 

loc
ati

on
s o

r l
oc

ati
on

s o
uts

ide
 a

 g
ro

up
’s 

ter
rito

ry 
als

o 
wo

uld
 

ha
ve

 b
ee

n 
im

po
rta

nt 
for

 fo
od

 re
so

ur
ce

s 
(e

.g.
, a

co
rn

s, 
gr

as
s 

se
ed

s, 
wa

ter
fow

l) 
or

 o
the

r r
aw

 m
ate

ria
ls 

(e
.g.

, o
bs

idi
an

). 
 B

ec
au

se
 N

ap
a 

Gl
as

s 
Mo

un
tai

n 
ob

sid
ian

 w
as

 k
no

wn
 fo

r i
ts 

hig
h 

qu
ali

ty,
 it

 w
as

 a
 

va
lua

ble
 tr

ad
e 

co
mm

od
ity

 a
nd

 sp
re

ad
 to

 a
re

as
 a

cro
ss

 th
e 

we
ste

rn
 st

ate
s. 

 T
his

 g
av

e 
the

 W
ap

po
 st

ro
ng

 
tra

din
g p

ow
er

. 

C
O

A
ST

M
IW

O
K

 T
he

 C
oa

st 
Mi

wo
k w

er
e 

als
o 

inv
olv

ed
 in

 fr
eq

ue
nt 

tra
de

 w
ith

 th
e 

inh
ab

ita
nts

 o
f N

ap
a 

Co
un

ty.
  T

he
 C

oa
st 

Mi
wo

k 
lan

gu
ag

e, 
a 

me
mb

er
 o

f t
he

 M
iw

ok
an

 s
ub

fam
ily

 o
f t

he
 U

tia
n 

fam
ily

, i
s 

div
ide

d 
int

o 
tw

o 
dia

lec
t 

gr
ou

ps
:  

W
es

ter
n (

Bo
de

ga
) a

nd
 S

ou
the

rn
 (K

ell
y 1

97
8:4

14
; S

hip
ley

 19
78

:84
). 

 T
he

 C
oa

st 
Mi

wo
k t

er
rito

ry 
ex

ten
de

d 
fro

m 
Du

nc
an

’s 
Po

int
 o

n 
the

 S
on

om
a 

Co
un

ty 
co

as
t t

o 
the

 e
nd

 o
f t

he
 M

ar
in 

Co
un

ty 
pe

nin
su

la 
(K

ro
eb

er
 1

92
5)

.  
To

 th
e 

ea
st,

 C
oa

st 
Mi

wo
k 

ter
rito

ry 
ex

ten
de

d 
as

 fa
r a

s 
mi

dw
ay

 b
etw

ee
n 

the
 S

on
om

a 
an

d N
ap

a R
ive

rs 
(K

ell
y 1

97
8)

.   

So
me

 o
f t

he
 m

ain
 tr

ibe
let

s i
n 

Co
as

t M
iw

ok
 te

rri
tor

y i
nc

lud
ed

 th
e 

Om
iom

i, A
lag

ua
li, 

Ol
om

pa
li, 

Pe
tal

um
a, 

Ta
ma

l, a
nd

 se
ve

ra
l o

the
rs.

  T
he

 A
lag

ua
li t

rib
ele

t w
as

 lo
ca

ted
 o

n 
the

 m
ar

sh
lan

d 
bo

rd
er

s o
f t

he
 n

or
the

rn
 

sh
or

es
 o

f S
an

 P
ab

lo 
Ba

y, 
no

rth
ea

st 
of 

the
 O

mi
om

i tr
ibe

let
 in

 N
ov

ato
 (M

illi
ke

n 
19

95
:25

0)
.  

Th
e 

Ol
om

pa
li 

trib
ele

t w
as

 lo
ca

ted
 no

rth
we

st 
of 

the
 O

mi
om

i tr
ibe

let
 in

 an
 in

lan
d v

all
ey

.  
Th

e d
ist

inc
tio

n b
etw

ee
n t

rib
ele

t 
ter

rito
rie

s i
s s

om
eti

me
s d

iffi
cu

lt t
o a

sc
er

tai
n. 

Co
as

t M
iw

ok
 so

cio
po

liti
ca

l o
rg

an
iza

tio
n 

did
 n

ot 
ex

ten
d 

be
yo

nd
 th

e 
vil

lag
e. 

 L
ar

ge
r v

illa
ge

s h
ad

 a
 ch

ief
, 

wh
os

e 
po

sit
ion

 w
as

 n
on

he
re

dit
ar

y. 
 O

the
r i

mp
or

tan
t l

ea
de

rs 
inc

lud
ed

 th
e 

wo
ma

n 
ch

ief
 a

nd
 th

e 
má

ien
.

Th
e 

wo
ma

n c
hie

f a
pp

ea
rs 

to 
ha

ve
 b

ee
n p

rim
ar

ily
 a

 ce
re

mo
nia

l le
ad

er
 w

ho
 w

as
 in

vo
lve

d i
n t

he
 B

ird
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ult
 

an
d 

co
or

din
ate

d 
the

 A
co

rn
 D

an
ce

 a
nd

 S
ün

we
le 

Da
nc

e. 
 T

he
 m

áie
n 

wa
s 

the
 h

ea
d 

of 
the

 fe
ma

le 
ce

re
mo

nia
l h

ou
se

 a
nd

 d
ire

cte
d 

the
 c

on
str

uc
tio

n 
of 

ne
w 

da
nc

e 
ho

us
es

, h
ad

 w
oo

d 
ha

ule
d 

for
 fe

sti
va

ls,
 

su
pe

rvi
se

d 
the

 p
re

pa
ra

tio
n 

of 
foo

ds
 fo

r s
pe

cia
l e

ve
nts

, s
en

t i
nv

ita
tio

ns
 to

 d
an

ce
s, 

an
d 

so
me

tim
es

 
se

lec
ted

 da
nc

e p
er

for
me

rs 
(K

ell
y 1

97
8:1

9)
.

Co
as

t M
iw

ok
 v

illa
ge

s 
we

re
 u

su
all

y 
loc

ate
d 

ne
ar

 m
ajo

r i
nla

nd
 w

ate
rco

ur
se

s 
an

d 
so

me
tim

es
 a

lon
g 

the
 

co
as

t. 
 T

he
 v

illa
ge

s 
we

re
 c

om
po

se
d 

of 
se

ve
ra

l 
typ

es
 o

f 
str

uc
tur

es
, 

inc
lud

ing
 d

we
llin

g 
ho

us
es

, 
sw

ea
tho

us
es

 (in
 la

rg
er

 vi
lla

ge
s),

 an
d d

an
ce

 ho
us

es
 (in

 la
rg

er
 vi

lla
ge

s).
   

Th
e 

Co
as

t 
Mi

wo
k 

su
bs

ist
en

ce
 s

tra
teg

y 
foc

us
ed

 o
n 

the
 c

oa
st 

an
d 

ad
jac

en
t 

inl
an

d 
ar

ea
s 

(e
.g.

, 
thr

ou
gh

ou
t N

ap
a 

Co
un

ty)
 fo

r m
uc

h 
of 

the
 y

ea
r, 

wh
er

e 
sa

lm
on

 a
nd

 o
the

r f
ish

, d
ee

r, 
cra

b, 
ke

lp,
 s

ee
ds

, 
mu

dh
en

s, 
ge

es
e, 

mu
ss

els
, a

nd
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am
s w

er
e 

av
ail

ab
le.

  D
ur
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 d
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 p
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 c
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 C
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ra
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d m
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y o
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 D
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e d
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an

d M
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 c
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l m
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s d
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 C
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l c
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 C
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s c
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 C
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 re
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 C
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 o
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e 

ev
en

tua
lly

 s
ett

lin
g 

on
 

So
no

ma
 as

 th
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 C
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 C
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T

R
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 C
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 C
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 re
gio

n, 
inc
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s r
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 c
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 re
ce

ive
d 

the
 R

an
ch

o 
Ca

ym
us

 la
nd

 g
ra

nt 
in 

the
 N

ap
a 

Va
lle

y, 
wh

ich
 in

clu
de

d 
mo

re
 th
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t b
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e b
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s p

ro
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, m
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 o
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r c
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r c
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t b
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 m
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 p

ro
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s d
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 p
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 m
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 c
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ay
es

 20
04

). 

R
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ra
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, c
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e 

bu
ild

ing
 o

f a
 g

ris
tm

ill 
jus

t n
or

th 
of 

Mi
ll C

re
ek
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Th
e 

fol
low

ing
 s

ec
tio

n 
is 

ba
se

d 
on

 in
for

ma
tio

n 
fro

m 
a 

we
bs

ite
 d

ed
ica

ted
 to

 th
e 

his
tor

y 
of 

the
 N

ap
a 

Re
gio

n (
ww

w.
ca

ge
nw

eb
.co

m/
na

pa
/2n

ap
a_

his
t.h

tm
). 

 

Na
pa

 C
ou

nty
 w

as
 c

re
ate

d 
in 

18
50

.  
It 

wa
s 

na
me

d 
aft

er
 N

ap
a 

Va
lle

y. 
 T

he
 w

or
d 

na
pa

 is
 o

f I
nd

ian
 

de
riv

ati
on

 a
nd

 h
as

 b
ee

n 
va

rio
us

ly 
tra

ns
lat

ed
 a

s 
“g

riz
zly

 b
ea

r,”
 “h

ou
se

,” 
“m

oth
er

lan
d,”

 o
r “

fis
h.”

  O
f t

he
 

ma
ny

 e
xp

lan
ati

on
s 

of 
the

 n
am

e’s
 o

rig
in,

 th
e 

mo
st 

pla
us

ibl
e 

se
em

s 
to 

be
 th

at 
it 

is 
de

riv
ed

 fr
om

 th
e 

Pa
tw

in 
wo

rd
 na

po
, m

ea
nin

g h
ou

se
. 

On
 J

an
ua

ry 
4, 

18
50

, a
 c

om
mi

tte
e 

of 
Ca

lifo
rn

ia’
s 

firs
t c

on
sti

tut
ion

al 
co

nv
en

tio
n, 

ch
air

ed
 b

y 
Ge

ne
ra

l 
Va

lle
jo,

 re
co

mm
en

de
d 

the
 c

re
ati

on
 o

f 1
8 

co
un

tie
s: 

 B
en

ici
a, 

Bu
tte

, F
re

mo
nt,

 L
os

 A
ng

ele
s, 

Ma
rip

os
a, 

Mo
nte

re
y, 

Mo
un

t D
iab

lo,
 O

ro
, R

ed
din

g, 
Sa

cra
me

nto
, S

an
 D

ieg
o, 

Sa
n 

Fr
an

cis
co

, S
an

 J
oa

qu
in,

 S
an

 
Jo

se
, S

an
 Lu

is 
Ob

isp
o, 

Sa
nta

 B
ar

ba
ra

, S
on

om
a, 

an
d S

utt
er

.  

In 
the

 1
83

0s
, t

he
 N

ap
a 

Va
lle

y b
ec

am
e 

on
e 

of 
the

 fi
rst

 in
 C

ali
for

nia
 to

 b
e 

se
ttle

d 
by

 A
me

ric
an

 fa
rm

er
s. 

 
W

he
n 

Ca
lifo

rn
ia 

wa
s 

gr
an

ted
 s

tat
eh

oo
d 

in 
18

50
, t

he
 N

ap
a 

Va
lle

y 
wa

s 
in 

the
 te

rri
tor

y 
of 

Ca
lifo

rn
ia,

 
dis

tric
t o

f S
on

om
a. 

 In
 18

50
, w

he
n c

ou
nti

es
 w

er
e f

irs
t b

ein
g o

rg
an

ize
d, 

Na
pa

 be
ca

me
 on

e o
f th

e o
rig

ina
l 

27
 co

un
tie

s o
f C

ali
for

nia
 w

ith
 N

ap
a C

ity
 (la

ter
 sh

or
ten

ed
 to

 N
ap

a)
 as

 th
e C

ou
nty

 se
at.

  

Th
e G

old
 R

us
h o

f th
e e

ar
ly 

18
50

s 
ca

us
ed

 N
ap

a C
ity

 to
 gr

ow
.  A

fte
r t

he
 fir

st 
se

ve
re

 w
int

er
 in

 th
e g

old
 fie

lds
, m

ine
rs 

so
ug

ht 
wa

rm
er

 re
fug

e i
n t

he
 yo

un
g c

ity
. 

Th
er

e w
as

 pl
en

ty 
of 

wo
rk 

on
 th

e c
att

le 
ra

nc
he

s a
nd

 in
 th

e l
um

be
r in

du
str

y. 

110



C
U

LT
U

R
A

L 
R

ES
O

U
R

C
ES

—
V

ER
SI

O
N

 1
, N

O
V

EM
B

ER
 2

00
5

-1
4-

13
-

N
A

PA
C

O
U

N
TY

 B
A

SE
LI

N
E

D
A

TA
R

EP
O

R
T

By
 1

87
0, 

Eu
ro

-A
me

ric
an

s h
ad

 in
ha

bit
ed

 th
e 

Na
pa

 V
all

ey
 a

nd
 th

e 
Na

tiv
e 

Am
er

ica
ns

 w
ho

 o
nc

e 
ro

am
ed

 
fre

ely
 w

er
e 

wi
pe

d 
ou

t b
y 

sm
all

po
x 

an
d 

oth
er

 in
tro

du
ce

d 
dis

ea
se

s. 
 In

 1
84

8, 
Na

tha
n 

Co
om

bs
 la

id 
ou

t 
Na

pa
 C

ity
 o

n 
pr

op
er

ty 
he

 a
cq

uir
ed

 fr
om

 N
ich

ola
s H

igu
er

a’s
 R

an
ch

o 
En

tre
-N

ap
a, 

an
 1

83
6 

Me
xic

an
 la

nd
 

gr
an

t.

Th
e 

Go
ld 

Ru
sh

 o
f t

he
 e

ar
ly 

18
50

s 
ca

us
ed

 N
ap

a 
Ci

ty 
to 

gr
ow

.  
Af

ter
 th

e 
firs

t s
ev

er
e 

wi
nte

r i
n 

the
 g

old
 

fie
lds

, m
ine

rs 
so

ug
ht 

wa
rm

er
 re

fug
e 

in 
the

 y
ou

ng
 c

ity
. T

he
re

 w
as

 p
len

ty 
of 

wo
rk 

on
 th

e 
ca

ttle
 ra

nc
he

s 
an

d 
in 

the
 lu

mb
er

 in
du

str
y. 

Sa
wm

ills
 in

 th
e 

va
lle

y w
er

e 
cu

ttin
g 

tim
be

r t
ha

t w
as

 h
au

led
 b

y h
or

se
 te

am
 to

 
Na

pa
 C

ity
, w

he
re

 it 
wa

s t
he

n s
hip

pe
d o

ut 
via

 th
e N

ap
a R

ive
r t

o B
en

ici
a a

nd
 S

an
 F

ra
nc

isc
o. 

 

Th
e 

Na
pa

 V
all

ey
 is

 n
ow

 kn
ow

n 
mo

stl
y f

or
 its

 p
re

mi
er

 w
ine

s. 
 A

t t
he

 st
ar

t o
f t

he
 in

du
str

y, 
Eu

ro
-A

me
ric

an
 

se
ttle

rs 
pla

nte
d 

vin
ey

ar
ds

 w
ith

 c
utt

ing
s 

su
pp

lie
d 

by
 C

ath
oli

c 
pr

ies
ts 

fro
m 

So
no

ma
 a

nd
 S

an
 R

afa
el.

  I
n 

18
61

, R
ies

lin
g 

cu
ttin

gs
 w

er
e 

int
ro

du
ce

d 
to 

the
 v

all
ey

.  
Fr

om
 th

es
e 

sm
all

 b
eg

inn
ing

s, 
the

 N
ap

a 
Va

lle
y 

ha
s b

ec
om

e n
ote

d a
s o

ne
 of

 th
e p

re
mi

er
 w

ine
ma

kin
g r

eg
ion

s o
f th

e w
or

ld.
 

V
IT

IC
U

LT
U

R
E

IN
D

U
ST

R
Y

In 
Ca

lifo
rn

ia,
 th

e 
Sp

an
ish

 a
nd

 th
en

 M
ex

ica
n 

mi
ss

ion
s a

re
 cr

ed
ite

d 
wi

th 
pla

nti
ng

 th
e 

firs
t g

ra
pe

vin
es

 a
nd

 
ma

kin
g 

the
 fi

rst
 w

ine
s, 

ini
tia

lly
 fo

r s
ac

ra
me

nta
l a

nd
 th

en
 g

en
er

al 
us

e. 
 A

lth
ou

gh
 th

es
e 

vin
es

 p
ro

du
ce

d 
ab

un
da

nt 
fru

it, 
the

 re
su

ltin
g 

wi
ne

 w
as

 d
es

cri
be

d 
as

 b
lan

d 
an

d 
he

av
y, 

wi
th 

a 
hig

h 
su

ga
r a

nd
 a

lco
ho

l 
co

nte
nt.

  T
he

 fi
rst

 g
ra

pe
 v

ine
s 

gr
ow

n 
in 

the
 N

ap
a 

Va
lle

y 
ar

e 
cre

dit
ed

 to
 G

eo
rg

e 
Yo

un
t, 

wh
o 

in 
18

38
 

pla
nte

d 
tab

le 
gr

ap
es

.  
Pr

od
uc

tio
n 

inc
re

as
ed

 b
etw

ee
n 

18
45

 a
nd

 1
84

7, 
wh

en
 W

illi
am

 N
as

h 
an

d 
F.

 E
. 

Ke
llo

gg
 p

lan
ted

 o
rch

ar
ds

 a
nd

 vi
ne

s n
ea

r B
ale

 M
ill 

an
d 

so
ld 

the
ir 

pr
od

uc
ts 

in 
Sa

n 
Fr

an
cis

co
.  

Lit
tle

 e
ffo

rt 
wa

s 
ma

de
 to

 im
pr

ov
e 

the
 v

ar
iet

y 
of 

mi
ss

ion
 g

ra
pe

s, 
gr

ow
ing

 te
ch

niq
ue

s, 
or

 w
ine

ma
kin

g 
pr

oc
es

s 
un

til 
the

 m
id-

18
50

s, 
wh

en
 A

go
sto

n 
Ha

ra
sz

thy
 c

on
ce

ntr
ate

d 
his

 e
ffo

rts
 o

n 
the

se
 g

oa
ls.

  H
e 

is 
cre

dit
ed

 w
ith

 
int

ro
du

cin
g 

zin
fan

de
l in

to 
Ca

lifo
rn

ia 
in 

18
52

.  
He

 a
lso

 p
lan

ted
 a

dd
itio

na
l E

ur
op

ea
n 

va
rie

tal
s i

n 
the

 N
ap

a 
Va

lle
y 

in 
the

 1
86

0s
.  

Du
rin

g 
thi

s 
tim

e, 
the

 U
nit

ed
 S

tat
es

 m
ar

ke
t f

or
 C

ali
for

nia
 w

ine
s 

wa
s 

ge
ne

ra
lly

 
ba

se
d o

n i
ne

xp
en

siv
e p

ric
e, 

ra
the

r t
ha

n a
 so

ph
ist

ica
ted

 pa
lat

e (
Fe

rn
ea

u e
t a

l. 2
00

0)
. 

In 
18

65
, F

ra
nc

e 
an

d 
Sp

ain
 e

xp
er

ien
ce

d 
an

 o
utb

re
ak

 o
f p

hy
llo

xe
ra

, w
ith

 w
ine

 p
ro

du
cti

on
 re

du
ce

d 
by

 
ha

lf. 
 V

ine
ya

rd
s i

n 
the

 U
nit

ed
 S

tat
es

 w
er

e 
ini

tia
lly

 u
na

ffe
cte

d 
an

d 
for

 a
 b

rie
f t

im
e 

pr
ofi

ted
 fr

om
 E

ur
op

e’s
 

mi
sfo

rtu
ne

.  
Th

e 
Ca

lifo
rn

ia 
leg

isl
atu

re
 re

mo
ve

d 
the

 ta
x 

fro
m 

wi
ne

s 
in 

18
66

 to
 e

nc
ou

ra
ge

 th
e 

ind
us

try
 

an
d 

pr
ov

ide
 o

pp
or

tun
itie

s 
for

 th
os

e 
ab

an
do

nin
g 

un
pr

ofi
tab

le 
go

ld 
mi

nin
g 

ve
ntu

re
s. 

 In
 a

dd
itio

n, 
the

 
co

ns
tru

cti
on

 o
f t

he
 N

ap
a 

Va
lle

y R
ail

ro
ad

 in
 1

86
8 

inc
re

as
ed

 th
e 

ma
rke

tin
g 

po
ten

tia
l fo

r g
ra

in 
an

d 
gr

ap
e 

gr
ow

er
s, 

all
ow

ing
 e

as
y 

sh
ipm

en
t o

f t
he

ir 
cro

ps
 to

 N
ap

a 
an

d 
the

n 
via

 s
tea

me
r t

o 
Sa

n 
Fr

an
cis

co
 a

nd
 

be
yo

nd
.  

Th
es

e 
ch

an
ge

s 
cre

ate
d 

a 
lar

ge
 im

pa
ct 

on
 th

e 
bu

rg
eo

nin
g 

Na
pa

 V
all

ey
 w

ine
 in

du
str

y 
an

d 
se

ttle
me

nt 
in 

the
 re

gio
n (

Fe
rn

ea
u e

t a
l. 2

00
0)

. 

Th
e 

18
70

s m
ar

ke
d 

a 
pe

rio
d 

of 
tre

me
nd

ou
s g

ro
wt

h 
in 

the
 N

ap
a 

Va
lle

y w
ine

 in
du

str
y, 

wi
th 

the
 n

um
be

r o
f 

wi
ne

rie
s 

be
tw

ee
n 

Ca
lis

tog
a 

an
d 

Oa
kv

ille
 d

ou
bli

ng
 fr

om
 1

5 
to 

30
.  

W
ine

 p
ro

du
cti

on
 e

mp
loy

ed
 m

or
e 

wo
rke

rs 
tha

n 
an

y 
oth

er
 fo

rm
 o

f C
ali

for
nia

 a
gr

icu
ltu

re
, l

ea
din

g 
to 

an
 in

cre
as

e 
in 

the
 u

se
 o

f C
hin

es
e 

lab
or

er
s. 

 D
oz

en
s 

of 
Ch

ine
se

 la
bo

re
rs 

ar
riv

ed
 in

 th
e 

va
lle

y 
to 

bu
ild

 th
e 

Na
pa

 V
all

ey
 R

ail
ro

ad
 a

nd
 

re
ma

ine
d t

o w
or

k i
n v

itic
ult

ur
e (

Fe
rn

ea
u e

t a
l. 2

00
0)

.   

Na
pa

 V
all

ey
 g

ro
we

rs 
sta

rte
d 

foc
us

ing
 o

n 
im

pr
ov

ing
 th

e 
tas

te 
of 

the
ir 

pr
od

uc
t, 

wh
ich

 w
as

 e
nh

an
ce

d 
by

 
the

 u
se

 o
f u

nd
er

gr
ou

nd
 w

ine
 c

ell
ar

s 
tha

t p
ro

vid
ed

 c
on

sta
nt 

tem
pe

ra
tur

e. 
 A

n 
ec

on
om

ic 
de

pr
es

sio
n 

in 
the

 m
id-

18
70

s 
an

d 
a 

ph
yll

ox
er

a 
ou

tbr
ea

k 
in 

the
 N

ap
a 

Va
lle

y 
aff

ec
ted

 th
e 

dir
ec

tio
n 

of 
wi

ne
ma

kin
g 

by
 

eli
mi

na
tin

g 
ma

ny
 st

ru
gg

lin
g 

wi
ne

 b
us

ine
ss

es
.  

By
 th

e 
mi

d-
18

70
s, 

gr
ap

es
 h

ad
 b

ec
om

e 
a 

ma
jor

 cr
op

 a
s 

wh
ea

t d
ec

lin
ed

 a
nd

 a
gr

icu
ltu

ra
l d

ive
rsi

ty 
wa

s 
on

 th
e 

inc
re

as
e. 

 S
t. 

He
len

a 
be

ca
me

 th
e 

foc
al 

po
int

 o
f 

wi
ne

 gr
ow

ing
 in

 th
e N

ap
a V

all
ey

 (F
er

ne
au

 et
 al

. 2
00

0)
. 

By
 th

e l
ate

 1
87

0s
 a

nd
 e

ar
ly 

18
80

s, 
ov

er
pr

od
uc

tio
n 

of 
wi

ne
, t

he
 p

oo
r q

ua
lity

 of
 th

e 
pr

od
uc

t, a
nd

 a 
tax

 o
n 

br
an

dy
 p

os
ed

 s
er

iou
s 

ch
all

en
ge

s 
for

 w
ine

ma
ke

rs 
in 

the
 N

ap
a 

Va
lle

y. 
 T

o 
fac

e 
the

se
 c

ha
lle

ng
es

, w
ine

 
gr

ow
er

s 
gr

ad
ua

lly
 re

pla
ce

 o
ld 

or
 d

ise
as

ed
 v

ine
s 

wi
th 

a 
va

rie
ty 

of 
the

 b
es

t E
ur

op
ea

n 
va

rie
tal

s. 
 W

ith
 

ex
pe

rie
nc

e, 
gr

ow
er

s e
xte

nd
ed

 th
eir

 vi
ne

ya
rd

s i
nto

 h
illi

er
 te

rra
in,

 w
he

re
 vi

ne
s w

er
e 

les
s a

ffe
cte

d 
by

 h
ar

d 
va

lle
y f

ro
st,

 an
d p

lan
ted

 ot
he

r v
ar

iet
ies

, s
uc

h 
as

 ca
be

rn
et 

sa
uv

ign
on

, c
ab

er
ne

t fr
an

c, 
an

d 
me

rlo
t.  

W
hil

e 
tot

al 
ou

tpu
t v

ar
ied

 ov
er

 th
e y

ea
rs,

 C
ali

for
nia

 sa
w 

a r
ela

tiv
ely

 st
ea

dy
 in

cre
as

e i
n w

ine
 p

ro
du

cti
on

.  
W

ith
 4

 
mi

llio
n 

ga
llo

ns
 o

f n
ew

 w
ine

 in
 1

87
7 

inc
re

as
ing

 to
 1

7 
mi

llio
n 

in 
18

88
, N

ap
a 

Co
un

ty 
wa

s 
pr

od
uc

ing
 a

s 
mu

ch
 w

ine
 as

 th
e U

nit
ed

 S
tat

es
 w

as
 im

po
rtin

g f
ro

m 
oth

er
 co

un
trie

s (
Fe

rn
ea

u e
t a

l. 2
00

0)
. 

In 
the

 e
ar

ly 
18

90
s, 

a 
ph

yll
ox

er
a 

inf
es

tat
ion

 s
er

iou
sly

 a
ffe

cte
d 

ha
lf 

of 
the

 v
ine

ya
rd

s 
in 

Na
pa

 C
ou

nty
.  

W
ine

 pr
od

uc
tio

n f
ell

 fr
om

 ro
ug

hly
 5 

mi
llio

n 
ga

llo
ns

 in
 1

89
0 t

o 2
 m

illi
on

 ga
llo

ns
 in

 18
92

.  
A 

na
tiv

e e
as

ter
n 

Un
ite

d S
tat

es
 g

ra
pe

vin
e r

es
ist

an
t to

 p
hy

llo
xe

ra
 w

as
 us

ed
 a

s r
oo

tst
oc

k f
or

 g
ra

ftin
g t

he
 E

ur
op

ea
n v

ar
iet

al 
vin

es
; 

by
 t

he
 m

id-
18

90
s, 

the
 w

ine
 in

du
str

y 
wa

s 
be

gin
nin

g 
to 

re
-e

sta
bli

sh
 it

se
lf 

as
 a

n 
im

po
rta

nt 
ag

ric
ult

ur
al 

ind
us

try
 (F

er
ne

au
 et

 al
. 2

00
0)

. 

W
hil

e 
vit

icu
ltu

re
 re

ma
ine

d 
the

 d
om

ina
nt 

ag
ric

ult
ur

al 
ac

tiv
ity

 in
 th

e 
va

lle
y 

in 
the

 la
te 

18
00

s, 
ag

ric
ult

ur
al 

div
er

sit
y b

eg
an

 to
 in

cre
as

e 
in 

re
sp

on
se

 to
 th

e 
pr

ob
lem

s t
ha

t f
ac

ed
 th

e 
wi

ne
 a

nd
 w

he
at 

ind
us

tr ie
s. 

 F
ru

it 
gr

ow
ing

 (m
os

tly
 a

pp
les

 a
nd

 p
ea

ch
es

) w
as

 a
 m

ajo
r e

nte
rp

ris
e 

in 
the

 la
te 

nin
ete

en
th 

ce
ntu

ry.
  B

y 
the

 
18

80
s, 

oli
ve

s 
an

d 
pr

un
es

 a
lso

 b
ec

am
e 

im
po

rta
nt 

tre
e 

cro
ps

; b
y 

the
 tu

rn
 o

f t
he

 c
en

tur
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LOCATION REYES              CA 

Established Series
 Rev. GML/SBJ/TDC/ET

 03/2003
 

REYES SERIES
 
The Reyes series consists of deep, somewhat poorly drained soils that formed in alluvium from mixed sources.
Reyes soils are in reclaimed and protected marsh areas and have slopes of 0 to 2 percent. The mean annual
precipitation is about 25 inches. The mean annual temperature is about 59 degrees F.

TAXONOMIC CLASS: Fine, mixed, active, acid, thermic Sulfic Fluvaquents

TYPICAL PEDON: Reyes silty clay, on a gently undulating slope of 1 percent in a cultivated oat hay field at 1
foot elevation. (Colors are for dry soil unless otherwise stated. When described (6/28/61) the soil was dry to 14
inches, moist to 31 inches, and wet below 31 inches. A water table at about 5 feet.)

Ap1--0 to 7 inches; light brownish gray (10YR 6/2) silty clay, dark brown (10YR 3/3) moist; strong fine
granular structure; slightly hard, friable, sticky and plastic; many very fine and fine roots; many very fine and
fine interstitial pores; extremely acid (pH 4.2); gradual smooth boundary. (5 to 8 inches thick)

Ap2--7 to 14 inches; grayish brown (10YR 5/2) silty clay, very dark grayish brown (10YR 3/2) moist; strong
fine granular structure; hard, friable, sticky and plastic; many very fine and fine roots; many very fine and fine
interstitial pores; extremely acid (pH 4.1); abrupt wavy boundary. (5 to 10 inches thick)

B21--14 to 22 inches; light brownish gray (10YR 6/2) silty clay, dark gray (10YR 4/1) moist; common fine
distinct brownish yellow (10YR 6/6) mottles, strong brown (7.5YR 5/6) moist; root stains are very dark brown
(10YR 2/2) and strong brown (7.5YR 5/6); weak coarse subangular blocky structure; extremely hard, firm,
sticky and plastic; many very fine and fine roots; many very fine and fine tubular pores; stains along root
channels are light gray (2.5Y 7/2) dry; extremely acid (pH 3.7); gradual smooth boundary. (6 to 20 inches thick)

B22--22 to 31 inches; light gray (5Y 6/1) silty clay, dark gray (5Y 4/1) moist; common fine prominent yellowish
red (5Y 5/6) mottles dry; few streaks of very dark grayish brown, black moist; weak coarse prismatic structure;
extremely hard, firm, sticky and very plastic; many very fine and fine roots; common very fine and fine tubular
pores; root stains are strong brown (7.5YR 5/6) and very dark brown (10YR 2/2); stains along root channels are
light gray (2.5Y 7/2) dry; extremely acid (pH 3.7); gradual smooth boundary. (8 to 18 inches thick)

C1g--31 to 51 inches; gray (N 6/) silty clay, dark gray (5Y 4/1) moist; common fine prominent yellow (2.5Y
7/6) jarosite mottles; brown stains on parting planes; moderate very coarse prismatic structure; extremely hard,
firm, sticky and plastic; many very fine and fine exped roots; many very fine and fine tubular pores; extremely
acid (pH 3.6); gradual smooth boundary. (10 to 24 inches thick)

IIC2g--51 to 63 inches; gray (N 5/) and black (N 2/) silty clay, dark gray (5Y 4/1) and gray (N 5/) moist; few
fine distinct yellowish brown (10YR 5/6) mottles, dark greenish gray (5GY 4/1) and black blotches moist;
massive; extremely hard, firm, sticky and plastic; common very fine and fine tubular pores, some of which are
filled with organic matter; hydrogen sulfide odor; extremely acid (pH 3.6) to moderately acid (pH 6.0) over the
space of a few inches.

TYPE LOCATION: Sonoma County, California; 100 feet east of Leveroni Road, 57 degrees and 3,800 feet
from Railroad Bridge at Wingo. The projected section is SW1/4, SW1/4 sec. 4, T.4N., R.5W., MDB&M.
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RANGE IN CHARACTERISTICS: Solum thickness is 31 to 50 inches to the bottom of the B horizon. The
mean annual soil temperature is 59 degrees to 61 degrees F. The soils have mottles within depths of 10 to 18
inches. The profile contains major strata of mineral soil low in organic matter and thin strata of soil with 5 to 30
percent organic matter. Organic matter averaged less than 15 percent in the control section. The soil is silty clay
loam, silty clay, or clay. The weighted average of the 10- to 40-inch control section commonly is 35 to 60
percent clay. The n value is 0.3 to 0.7. These soils are drained and protected by levees and large drainage
ditches. With cultivation the soil becomes oxidized and is slightly to extremely acid. The lower horizons (C
horizons) are commonly extremely acid but range from moderately acid to extremely acid within a space of a
few inches. Usually the more the soil is drained and oxidized, the more acid it becomes. The soils are slightly to
strongly saline. Sulfidic materials occur at depths of 20 to 40 inches.

The A horizon has dry color of 10YR 5/1, 5/2, 5/3, 6/1, 6/2, 6/3, 6/4, 6/6, 7/1, 7/2; 2.5Y 5/2, 6/2, 6/4 or 7/2 and
moist color of 10YR 3/2, 3/3, 4/1, 4/2, 5/1, 5/2; 2.5Y 3/2, 4/2 or 5/2. Some or all of the upper 10 inches has dry
value of 6 or has moist value of 4 or 5. There are few to common, fine to medium, faint to prominent 10YR 4/6;
7.5YR 3/4, 4/4, 4/6, 5/6; 5YR 3/4, 4/3, 4/4 or 4/6 mottles.

The B horizon has dry color of 10YR or 5Y 5/1, 5/2, 6/1, 6/2; N 5/0, or N 6/0 and moist color of 10YR or 5Y
4/1, 5/1; N 4/0, or N 5/0. Distinct or prominent mottles are present in hue of 5Y, 2.5Y, 10YR, 7.5YR, or 5YR.
The moist value is 4, or if 5 the hue is 5Y or 2.5Y. In the lower part of the B horizon, jarosite mottles are many
or common and are 2.5Y 7/6, 8/6, 8/8; 5Y 7/6, 7/8, 8/6, 8/8.

The C horizon commonly has moist hue of 5Y or is neutral. It has mottles with hue of 10YR to 5GY, 5G, 5BG,
or 5B. Jarosite mottles are many or common and are 2.5Y 7/6, 7/8, 8/6, 8/8; 5Y 7/6, 7/8, 8/6, or 8/8.

COMPETING SERIES: These are the Alviso, Novato, and Ryde series in other families. Alviso soils are
neutral to moderately alkaline and do not become extremely acid following drainage. Novato soils have n values
of 1.0 to 1.5 and have nonacid reaction control sections. Ryde soils have a mollic epipedon and a fine-loamy
particle-size control section.

GEOGRAPHIC SETTING: The Reyes soils are in salt water marches which ar adjacent to bodies of sea water
and are now drained by large ditches and protected by levees and dikes. Slopes are 0 to 2 percent. Elevations are
between 2 feet below sea level to about 10 feet above. The soils formed in mixed bay and stream alluvium under
march type plants such as pickleweed, bulrush, and saltgrass. The climate is Mediterranean with hot, dry
summers and cool moist winters. Mean annual precipitation is 12 to 35 inches. The mean annual temperature is
57 degrees to 61 degrees F.; average January temperature is about 46 degrees F.; average July temperature is
about 72 degrees F. Frost-free season is 250 to 330 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Clear Lake, Joice, and Suisun soils and the
competing Alviso and Novato soils. Clear Lake soils are not affected by sea water and lack high levels of
polysulfides. Joice and Suisun soils have more than 30 percent organic matter in the series control section.

DRAINAGE AND PERMEABILITY: Somewhat poorly drained; very slow runoff or ponded; slow
permeability. Water table fluctuates from 3 to 5 feet. The soils are protected by levees and are flooded only
during periods of severe storms and very high tides.

USE AND VEGETATION: Where they have been reclaimed, the Reyes soils are used for production of oat
hay, grain, and livestock pasture. Other areas are used as game refuges or by duck clubs. Vegetation in
uncultivated areas is annual grasses, saltgrasses, coyotebush, and lambsquarter.

DISTRIBUTION AND EXTENT: Mainly around the edges of Suisun and San Pablo Bays and scattered in the
Sacramento Delta in California. The series is of moderate extent.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California

SERIES ESTABLISHED: Sonoma County, California, 1971.
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REMARKS: The Reyes soils formerly were a part of the Alviso and Ryde series. The part of the Reyes soils
mapped in other survey areas that are not protected by levees and are flooded daily by tides would now be
recognized as the Novato series.

ADDITIONAL DATA: Sampled by the Riverside Laboratory 6/28/61. Sample No. S61 Calif-49-13, SSIR No.
24, June, 1973.

National Cooperative Soil Survey
 U.S.A.
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Installation 
Former MINS, Vallejo, CA  
Est.: 1854, Closed: 1996 
Nominee 
BRAC PMO, Naval Facilities 
Engineering Command 
Headquarters 
Site Description 
IA H1; 230-acre Waste 
Disposal Area (Landfill) 
Technology/Method 
Containment Area, 
Soil/Bentonite Slurry Wall, 
Groundwater Extraction, 
Geosynthetics-Soil Cover 
System, Wetland Mitigation  
Contaminants 
Metals, PCBs, VOCs, PAHs, 
TPH, asbestos, discarded 
military munitions 
Action Levels 
Human Health: (< 1E-5) 
Eco Risk: HQ = 3 (uplands) 
HQ = 1 (wetlands) 
Planned Community Reuse 
Open space/Recreation  
Restoration Team 
Navy BRAC PMO Team 
Ms. Janet Lear 
Ms. Heather Wochnick 
Ms. Brooks Pauly 
Ms. Patricia McFadden 
Mr. Izzat Amadea 
 
Regulatory Lead 
Ms. Janet Naito,  
Department of Toxic 
Substances Control,  
Berkeley, CA 
 
Regulatory Partner 
Ms. Elizabeth Wells,  
San Francisco Regional 
Water Quality Control Board, 
Oakland, CA 
 
RAB Co-Chair 
Ms. Myrna Hayes 
 

The environmental restoration team for the former Mare Island 
Naval Shipyard (MINS) achieved remedy-in-place (RIP) for a 
complex, 230-acre disposal area (landfill) known as 
Investigation Area H1 (IA-H1).  Achieving RIP was 
complicated by IA-H1’s geology as well as its location in an 
environmentally sensitive and politically active community. The 
IA-H1 Restoration Team employed transformational thinking to 
execute the landfill cap placement with ongoing time-critical 
removal actions occurring at five other installation restoration 
(IR) sites at MINS which ultimately resulted in substantial cost 
savings and avoidance of green house gas emissions. The 
transformation of a landfill into a recreation area, wildlife refuge 
and wildlife viewing platform was ultimately the pride of not 
only the IA-H1 Restoration team, but the contributing 
community members, regulators and contractors. Specific 
accomplishments include: 

• Successful resolution of numerous remedy and geotechnical 
challenges encountered during remedy design 

• Cost savings of $42M and avoidance of green house gas 
(GHG) emissions (>9,000 tons of CO2) by consolidation of 
contaminated soil and debris from onsite and adjacent 
restoration sites to create the cap.  

• Incorporation of green remediation techniques in the design 
and implementation of the landfill cap (such as wetlands 
surface water replenishment from landfill cap runoff and 
onsite fuel storage, carpooling and use of local vendors) 

• Successful partnering for the protection of the salt marsh 
harvest mouse, a State and Federally-listed Endangered 
Species, along with the improvement of 120 acres of existing 
wetlands and the successful creation of 8.7 acres additional 
wetlands 

• Resolution of stakeholder issues and concerns for eco-
receptors including creation of 4 miles of public access trails 
for wildlife and bay viewing with interpretative panels for 
public education of the environmental restoration process, 
local wildlife, and MINS history 

• Successful outreach to nearby residences during 
development and implementation of cap 

• Economic generation in the amount of $20M for small and 
disadvantaged businesses in a local community which was 
severely impacted by base closure 

 
https://www.denix.osd.mil/awards/previous-
years/fy11secdef/erit/former-mare-island-naval-shipyard-investigation-area-h1-restoration-team/  
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BRAC PMO NAVFAC and the Former Mare Island Naval Shipyard 

The mission of the Department of the Navy (DON) 
Naval Facilities Engineering Command Base 
Realignment and Closure Program Management 
Office (BRAC PMO) is to expeditiously and cost 
effectively provide the services necessary to realign, 
close and dispose of DON BRAC properties. Such 
closures provide cost savings which can be 
reapplied to support DON and Department of 
Defense programs.  The BRAC PMO prides itself 
on providing comprehensive environmental 
restoration and expedited property transfer actions 
to stimulate economic redevelopment at those 
installations where for many decades the 
community hosted the military mission. 

Mare Island Naval Shipyard (MINS) is located in Vallejo, California within Solano County in 
the northeastern portion of the San Francisco Bay area.  It is bordered by San Pablo Bay to the 
west, the Carquinez Strait to the south, and Mare Island Strait (Napa River) to the east.  Although 
originally a natural island, years of land reclamation by the DON through deposition of 
sediments from maintenance dredging of the Napa River created a peninsula and expanded the 
size of MINS from approximately 700 acres to over 5,000 acres, of which approximately 1,400 
acres are developed. 

The population of Vallejo is approximately 116,000 with a median household income of 
$61,000. MINS played a major role in the economic development of Vallejo and surrounding 

communities, and was the largest employer in Vallejo and 
Solano County. At the height of its operations in 1989, MINS 
employed 15,000 persons on base, with an additional 12,000 
ancillary jobs indirectly supporting the shipyard. 1993 data 
shows that approximately 83% of MINS employees lived within 
Solano or Napa counties.  In 2008, the City of Vallejo was the 
first municipality in California history to declare bankruptcy. 

MINS was the first United States Naval installation on the West 
Coast, operating for 142 years from 1854 until its closure in 
1996.  Its primary mission was to build, maintain, and repair 
Navy ships and submarines. Over 500 ships were built at MINS, 
with an additional 1,200 repaired or overhauled.  MINS was also 
home to an ordnance facility located at the southern end of the 
island that produced and stored munitions from 1857 to 1972.  A 
large portion of MINS is subject to reversionary land interest 
that must revert to the State of California once the military 
mission has ceased.   

 

Aerial view of the Mare Island Naval Shipyard 

IA-H1 Location and Land Subject to 
State Reversion 
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Investigation Area H1 Background 
Investigation Area H1 (IA-H1), identified in 1983 during the Initial Assessment Study, 
comprises 230-acres.  The Navy managed solid wastes at IA-H1 generated from the base during 
the early 1940s until 1989.  Waste oil was discharged into unlined oil sumps constructed within 
IA-H1 from the early 1940s until the late 1960s. IA-H1 also contained an industrial wastewater 

treatment plant, sanitary sewage treatment plant, 
demolition debris disposal areas, lead battery 
disposal areas, and other miscellaneous disposal 
areas. Approximately 120 acres of the site contains 
non-tidal wetlands adjacent to or within disposal 
areas, which includes critical habitat for the Federal- 
and State-listed endangered salt marsh harvest 
mouse (SMHM). 

The Remedial Action Plan/Record of 
Decision/RCRA Closure Plan for IA-H1 was signed 
in 2006 and remedy-in-place was achieved in late 
2010. A subarea of the site, which was most 

impacted by historic waste disposal, is called the Containment Area. It is approximately 73 acres 
and located in the southwest corner of the site. The remedy included hot spot removals, 
construction of a Resource Conservation and Recovery Act (RCRA) and a non-RCRA multi-
layer cap (requiring two different cap designs) over the Containment Area, a slurry wall and 
groundwater extraction trench around the Containment Area, wetland mitigation and 2-ft soil 
cover on surrounding areas, long-term monitoring and land use controls.  The remedy reduces 
the risks to humans and the environment from the contaminants of concern (COCs) at the site. 
Remaining site closure documentation is nearly complete.  

Resolution of IA-H1 Design Challenges 

The Team encountered and overcame numerous challenges during investigation and 
implementation of the IA-H1 environmental restoration. The IA-H1 landfill area is located on 
former mudflats of San Pablo Bay and required careful evaluation of geotechnical design 
parameters. The landfill waste materials are underlain by Young Bay Mud, Merritt Sand, and 
Old Bay Mud. The Young Bay Mud is soft and poses potential issues with settlement and 
stability of the cover system. Shear strength parameters for the site subsurface soils and import 
fill materials to be used for the cover system were determined via a combination of in-situ 
measurements (cone penetrometer testing) and laboratory testing (unconfined and tri-axial shear 
strength tests). To determine requirements for the landfill cover slope inclinations, drainage 
channel slopes, and material interfaces, the following evaluations were completed as part of the 
final design: 

 

 
IA-H1 and Surrounding Wetlands 
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• Static global slope stability (circular 
and block failure surfaces) 

• Assessment of seismic parameters  
• Seismic slope stability 
• Dynamic deformation  
• Veneer slope stability  
• Settlement (primary and secondary 

consolidation) 
• Bearing capacity analysis 
• Surface water infiltration Surface 

water control system using 24-hr 
storm event software 

• Erosion loss using Universal Soil 
Loss Equation (USLE) 

 

Rather than follow the typical CERCLA process, where remedial design occurs after the Record 
of Decision, the IA-H1 Restoration Team engaged the regulators early in the design process to 
establish the key geotechnical design parameters prior to preparing the remedial design 
document. This effort streamlined the preparation and approval of the final design. 

 
Environmental Sustainability and Cost Savings to the Taxpayer 

Construction of the Containment Area (within the original landfill footprint) allowed similar 
contaminated materials to be consolidated from H1 (during hot spot removals) and five other 
Mare Island removal actions under the IA-H1 engineered cap.  By using a localized containment 
area, the DON avoided an estimated 9,000 tons of carbon dioxide (CO2) emissions by 
eliminating trucking contaminated materials to off-site landfills. This practice also saved off-site 
landfill capacity and reduced risk by limiting the truck miles driven on public roads. In total, 
over 150,000 cubic yards of contaminated materials within IA-H1 and an additional 265,000 
cubic yards from other MINS sites were consolidated within the Containment Area resulting in 
savings of over $40M compared with offsite land disposal alternatives. The additional material 
consolidated from the removal actions outside IA-H1 required a revision to the cap design.  All 
previous calculations for slope stability, settlement and materials analysis were modified and 
verified by the team and approved by the California Environmental Protection Agency 
Department of Toxic Substance Control (DTSC).  The re-design and approval process was 
conducted with cooperation from DTSC as a parallel process with cap construction to accelerate 
the implementation schedule and save taxpayer dollars by not having to re-mobilize the 
contractor.  Additional CO2 emission savings of approximately 245 tons were realized by testing 
and using on-island dredge pond soil for the required clean, top two-foot cover instead of 
importing 250,000 tons of clean fill from off-site locations. The results of the chemical and 
geophysical testing were reviewed and approved by the DTSC prior to using the dredge pond 
soil as the engineered cap.  This resulted in an additional savings of approximately $2M. 
 

 

Geologic Cross-Section IA-H1 Landfill Before Cap 
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The IA-H1 Containment Area includes a 7,300 linear foot soil-bentonite slurry wall surrounding 
it and a groundwater/leachate collection system to eliminate any lateral migration of 
contamination into the shallow groundwater zone.   The cap design provided for gentle slopes of 
less than 10% to minimize the potential for soil erosion and future maintenance. Native grasses 
were utilized for re-vegetation of cover soil to eliminate the need for irrigation and to enhance 
habitat value.  

The groundwater collection system was designed to utilize electrical line power rather than a 
fossil fuel-powered generator. The groundwater collection pumps are operated with compressed 
air and designed to automatically shut off at 120 psig and restart when the line pressure drops to 
60 psig.  This significantly reduces electricity usage, cost and CO2 emissions to operate the 
compressor. An auto-dialer is used to notify personnel if a shutdown of the groundwater 
collection system occurs.  Due to the limits of degraded waste within the landfill, it was 
determined not to be economically feasible to capture landfill gas and reuse it to power site 
operations or for commercial resale value.  Instead wind turbines were utilized onsite as a safe 
and effective means to passively vent landfill gas. 

Other green remediation techniques 
implemented during field activities include 
crushing and re-using 100 tons of concrete 
as rip-rap to create surface water drainage 
features and enhance erosion control, in 
addition to, recycling of construction 
materials and debris including paper, 
plastics, and aluminum.  On-site fuel storage 
was utilized to minimize vehicle fueling 
trips and workers carpooled to the site when 
practical. A “no- idling” policy was 
instituted for vehicles and heavy equipment, 
and local vendors were utilized to the 
maximum extent feasible to minimize 
delivery mileage. 

Endangered Species Protection and Partnering with the Regulators  
Since the landfill closure in 1989, low-lying areas 
within the planned footprint of the IA-H1 
Containment Area had developed into approximately 
7-acres of low-grade wetlands containing 
pickleweed, which is the preferred habitat of the 
endangered SMHM (Reithrodontomys raviventris). 
These wetlands jeopardized acceptance of the 
preferred remedy of containment and capping, which 
required that the isolated wetlands be backfilled. The 
IA H1 Restoration Team successfully negotiated 
with the resource agencies to trap and relocate any 
recovered SMHM within the isolated wetlands prior to their removal. In addition, the Team 

 
 Concrete Rip-Rap Surface Water Drainage to Wetlands 

 Salt Marsh Harvest Mouse in Pickleweed 
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negotiated an overall wetland compensatory mitigation ratio of only 1.15:1 (as opposed to 1.5:1) 
to replace the backfilled wetland area. After four years the 8.7 acres of created wetlands are 
exceeding the incremental goals for vegetation type and density. 

The existing 120 acres of wetlands outside the cap were also preserved during the remedy 
implementation using stormwater best management 
practices and designated routes for heavy equipment to 
avoid the wetlands.  The habitat value of the existing 
wetlands has been improved through a combination of 
contaminant removal, re-grading and the redirection of 
clean surface water runoff from the landfill soil cap to 
the existing and created non-tidal wetland areas. The 
runoff helps provide adequate hydrology to maintain the 
target plant species with minimal or no maintenance. In 
addition to supporting the SMHM, these wetlands are 
important because they lie along the Pacific Flyway, a 
major migratory bird pathway, which runs from Alaska 
to Patagonia.  

 
Partnering with Stakeholders in a Redeveloping Community 

After base closure the DON created two groups to facilitate the base transfer process: the BRAC 
Clean-up Team (BCT) and the Restoration Advisory Board (RAB). The BCT consists of 
members of the DON and regulatory agencies such as the DTSC, the Regional Water Quality 
Control Board (Water Board) and the United States Environmental Protection Agency (EPA). 
The purpose of the BCT is to streamline communications of technical issues during site 
remediation and closure. The BCT members are supported by other agencies such as the 
California Department of Fish and Game (Cal DFG), the United States Fish and Wildlife Service 
(USFWS) and the California Department of Public Health. The RAB consists of the BCT, the 
City of Vallejo, and members of the local community with the purpose of facilitating 
communication on the DON’s remediation progress and to be a forum for community concerns 
and suggestions. The IA-H1 Restoration Team leads both of these forums and routinely 
presented IA-H1 status updates to the RAB and BCT. A key aspect of the IA-H1 Restoration 
Team success included engagement with regulatory and community stakeholders to facilitate 
early and frequent communication and gain acceptance of the DON’s preferred remedial 
alternative to achieve protection of human health and the environment in a cost-effective and 
timely manner.  

The concept of leaving waste in place is a controversial one. While the City and the BCT agreed 
with the remedy approach, the community was concerned and vocalized their issues through the 
RAB. After base closure, MINS was made accessible to the general public and ultimately 
became a popular destination for bird-watchers and others who enjoy the views of San Pablo 
Bay. Community members were concerned not only that the remedy construction might disturb 
the natural resources, but also that the final cap configuration would be unsightly and restrict the 
views of the Bay. The IA H1 Restoration Team used its risk communication strategy, and 
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education of the RAB to turn the community from an adversary of the project into an ally.  The 
San Pablo Bay hiking trail was installed as a requirement of the Final Remedial Action Plan. 

IA-H1 now provides the trail head for the hiking trail.  The 4-mile public access trail provides 
views of San Pablo Bay and the wildlife located in the non-tidal wetlands on the western side of 
MINS.  The walking trail allows public viewing access from a protected and maintained area 
while reducing the public desire to go off trail. This has the dual benefit of increasing safety for 
human health and reducing risk of disturbance to the natural resources located with the non-tidal 
wetlands and former dredge ponds.  The IA-H1 Restoration Team collaborated on interpretive 
panels that have been placed along the trail to educate the public on sensitive natural resources, 
potential munitions explosive hazards and MINS military history.  Hikes on the trail are now a 
feature of annual MINS events like the Flyway Festival and the Mare Faire. The trail has been 
highlighted at these events as a new community jewel.  

Additionally, the clean-up action was performed within half a mile of nearby residential 
redevelopment. This close proximity required careful execution of construction activities to 
minimize noise, dust emissions, or off-site migration of contaminants. Through consistent 
outreach to local residents using the RAB and close monitoring of field execution, no complaints 
were registered by the local residents.   

Small and local businesses benefitted from the remedy implementation 

To maximize small business (SB) and small 
disadvantaged business (SDB) subcontracting 
opportunities several sources were used over the 
course of executing the remedial program at IA-
H1. The DON acquired small business services 
through the DoD’s Central Contractor Registration 
(CCR) website, Dynamic Small Business Search, 
Vallejo Chamber of Commerce, and the prime 
contractor’s internal database of prequalified SB 
and SDBs. SBs and SDBs performed analytical 
services; surveying; drilling/soil boring; equipment 
rentals, material suppliers; electrical and mechanical 
services; import fill hauling; transportation and 
disposal services over the course of the project.  Approximately two-thirds of subcontracted 
dollars were spent within a 50-mile radius of the site (a total of almost $20 million), with the 
largest share of procured goods and services spent within Vallejo and the immediate vicinity. 
 
Additional IA-H1 Restoration Team Accomplishments 

• Team Lead Remedial Project Manager received the BRAC/NAVFAC SW DRUM-E award 
for 2010 for work conducted on Mare Island  

• Contractor has worked more than 280,000 hours on MINS with no recordable safety 
incidents. Contractor has received multiple safety STAR awards for their fieldwork 

$20M  Spent in Vallejo Community 
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

116 Clear Lake clay, drained, 0 to 2 
percent slopes, MLRA 14

6.2 0.8%

131 Fagan clay loam, 5 to 15 
percent slopes

2.7 0.3%

134 Fagan clay loam, 30 to 50 
percent slopes, slipped

5.5 0.7%

145 Haire loam, 0 to 2 percent 
slopes

10.5 1.4%

146 Haire loam, 2 to 9 percent 
slopes

11.7 1.5%

148 Haire clay loam, 2 to 9 percent 
slopes

191.0 24.6%

172 Reyes silty clay loam 345.0 44.4%

173 Reyes silty clay loam, salt 
ponds

78.1 10.1%

183 Water 126.2 16.2%

Totals for Area of Interest 776.9 100.0%

Soil Map—Napa County, California American Canyon Wetlands

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

4/1/2019
Page 3 of 3
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4/2/2019 Official Series Description - HAIRE Series

https://soilseries.sc.egov.usda.gov/OSD_Docs/H/HAIRE.html 1/2

LOCATION HAIRE              CA  

Established Series
 Rev. SBJ/GMX/ET
 02/2003

 

HAIRE SERIES
 
The Haire series is a member of the clayey, mixed, thermic family of Typic Haploxerults. Typically, Haire soils
have gray and grayish brown, neutral or slightly acid, light clay loam A horizons, pale brown, strongly acid, clay
B2t horizons, and pale yellow, strongly acid, gravelly clay loam C horizons.

TAXONOMIC CLASS: Fine, mixed, superactive, thermic Typic Haploxerults

TYPICAL PEDON: Haire clay loam - pasture (Colors are for dry soil unless otherwise noted.)

Ap--0 to 7 inches; gray (10YR 5/1) light clay loam, very dark grayish brown (10YR 3/2) moist; distinct brown
mottles; hard, friable, nonsticky, plastic; many very fine roots; many very fine tubular pores; neutral; clear
smooth boundary. (4 to 8 inches thick)

A12--7 to 12 inches; grayish brown (10YR 5/2) light clay loam, very dark grayish brown (10YR 3/2) moist;
massive; hard, friable, slightly sticky, plastic; common fine roots; many very fine and common fine tubular
pores; few thin clay films lining pores; slightly acid; clear smooth boundary. (3 to 7 inches thick)

A3--12 to 24 inches; grayish brown (10YR 5/2) clay loam, very dark grayish brown (10YR 3/2) moist; common
fine distinct dark reddish brown mottles; massive; hard, friable, sticky, plastic; few very fine roots; many very
fine and fine, few medium tubular pores; few thin clay films lining pores; common worm casts; slightly acid;
abrupt wavy boundary. (9 to 14 inches thick)

B2t--24 to 36 inches; pale brown (10YR 6/3) clay, dark grayish brown (2.5Y 4/2) moist; upper part weak
medium columnar structure with thin discontinuous bleached capping on columns, lower part is massive;
extremely hard, very firm, sticky, very plastic; few very fine roots; common very fine tubular pores; continuous
thick clay films; upper two to three inches of peds have black colloidal stains on faces; strongly acid; gradual
wavy boundary. (8 to 15 inches thick)

IIC--36 to 60 inches; pale yellow (5Y 7/3) and pale brown (10YR 6/3) very gravelly clay loam, variegated dark
brown (10YR 3/3) and olive brown (2.5Y 4/4) moist; massive; sticky, plastic; few fine roots; strongly acid (pH
5.2).

TYPE LOCATION: Sonoma County, California; in the NW1/4 NE1/4 sec. 2, T.4N., R.SW.

RANGE IN CHARACTERISTICS: The mean annual soil temperature is 59 degrees to 63 degrees F. Soil
between depths of about 4 and 12 inches usually is dry from May until November and usually is moist the rest of
the year.

The A horizon is gray to dark grayish brown (10YR 5/1, 5/2, 4/1, 4/2). It is loam or light clay loam and in some
pedons it is gravelly. It is neutral to moderately acid. Fine mottles are present in some pedons.

The B2t horizon is pale brown to dark grayish brown (10YR 6/3, 5/3, 7/3, 7/4, 6/4, 6/2, 5/3, 5/2, 4/2; 2.5Y 6/2)
or olive gray (5Y 5/2). It is light clay, sandy clay or clay. This horizon has blocky, prismatic or columnar
structure. It is moderately to strongly acid and has 20 to 35 percent base saturation.
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4/2/2019 Official Series Description - HAIRE Series

https://soilseries.sc.egov.usda.gov/OSD_Docs/H/HAIRE.html 2/2

The C horizon has dry value of 6 or 7 and is loam or clay loam with 2 to 75 percent rock fragments of various
sizes. It is strongly or very strongly acid.

COMPETING SERIES: These are the Cotati, Huichica, Rilarc, Santa Ynez, San Ysidro, Sebastopol, Tierra,
and Wright series. Cotati soils have an albic horizon and a mean soil temperature of 57 degrees to 58 degrees F.
Huichica soils have a duripan. Rilarc and Sebastopol soils have a mean soil temperature of less than 59 degrees
F. Santa Ynez soils have an argillic horizon that has more than 35 percent base saturation and more than 35
percent rock fragments. San Ysidro and Tierra soils have base saturation of more than 35 percent in the argillic
horizon. Wright soils are wet, have mottles, and have more than 35 percent base saturation in the argillic
horizon.

GEOGRAPHIC SETTING: Haire soils are on nearly level to moderately steep hills at elevations of 20 to
2,400 feet. They formed in terrace deposits and in part in residuum weathered from arkosic sandstone and
granodiorite. The climate is subhumid mesothermal with warm dry summers and cool moist winters. The mean
annual precipitation is 20 to 45 inches. Average July temperature is about 70 degrees F., average January
temperature is about 46 degrees F., and the mean annual temperature is about 54 degrees to 60 degrees F. The
freeze-free season is 200 to 300 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Competing Cotati soils and the Arbuckle, Clear
Lake, Santa Lucia, and Sheridan soils. Arbuckle soils have less than 35 percent clay and more than 75 percent
base saturation in the argillic horizon. Clear Lake soils have clay texture to the surface; the soil cracks and has
slickensides. Santa Lucia and Sheridan soils have mollic epipedons more than 20 inches thick and lack an
argillic horizon.

DRAINAGE AND PERMEABILITY: Moderately well drained; slow to rapid runoff; very slow permeability.

USE AND VEGETATION: Principal use is pasture, dry and irrigated. Uncultivated vegetation is mostly annual
grasses and forbs.

DISTRIBUTION AND EXTENT: Sonoma and Monterey Counties, California The soils are of moderate
extent.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California

SERIES ESTABLISHED: Monterey County, California, 1972.

REMARKS: The Haire soils formerly were classified Noncalcic Brown soils

The activity class was added to the classification in February of 2003. Competing series were not checked at that
time. - ET

OSED scanned by SSQA. Last revised by state 10/74.
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LOCATION REYES              CA 

Established Series
 Rev. GML/SBJ/TDC/ET

 03/2003
 

REYES SERIES
 
The Reyes series consists of deep, somewhat poorly drained soils that formed in alluvium from mixed sources.
Reyes soils are in reclaimed and protected marsh areas and have slopes of 0 to 2 percent. The mean annual
precipitation is about 25 inches. The mean annual temperature is about 59 degrees F.

TAXONOMIC CLASS: Fine, mixed, active, acid, thermic Sulfic Fluvaquents

TYPICAL PEDON: Reyes silty clay, on a gently undulating slope of 1 percent in a cultivated oat hay field at 1
foot elevation. (Colors are for dry soil unless otherwise stated. When described (6/28/61) the soil was dry to 14
inches, moist to 31 inches, and wet below 31 inches. A water table at about 5 feet.)

Ap1--0 to 7 inches; light brownish gray (10YR 6/2) silty clay, dark brown (10YR 3/3) moist; strong fine
granular structure; slightly hard, friable, sticky and plastic; many very fine and fine roots; many very fine and
fine interstitial pores; extremely acid (pH 4.2); gradual smooth boundary. (5 to 8 inches thick)

Ap2--7 to 14 inches; grayish brown (10YR 5/2) silty clay, very dark grayish brown (10YR 3/2) moist; strong
fine granular structure; hard, friable, sticky and plastic; many very fine and fine roots; many very fine and fine
interstitial pores; extremely acid (pH 4.1); abrupt wavy boundary. (5 to 10 inches thick)

B21--14 to 22 inches; light brownish gray (10YR 6/2) silty clay, dark gray (10YR 4/1) moist; common fine
distinct brownish yellow (10YR 6/6) mottles, strong brown (7.5YR 5/6) moist; root stains are very dark brown
(10YR 2/2) and strong brown (7.5YR 5/6); weak coarse subangular blocky structure; extremely hard, firm,
sticky and plastic; many very fine and fine roots; many very fine and fine tubular pores; stains along root
channels are light gray (2.5Y 7/2) dry; extremely acid (pH 3.7); gradual smooth boundary. (6 to 20 inches thick)

B22--22 to 31 inches; light gray (5Y 6/1) silty clay, dark gray (5Y 4/1) moist; common fine prominent yellowish
red (5Y 5/6) mottles dry; few streaks of very dark grayish brown, black moist; weak coarse prismatic structure;
extremely hard, firm, sticky and very plastic; many very fine and fine roots; common very fine and fine tubular
pores; root stains are strong brown (7.5YR 5/6) and very dark brown (10YR 2/2); stains along root channels are
light gray (2.5Y 7/2) dry; extremely acid (pH 3.7); gradual smooth boundary. (8 to 18 inches thick)

C1g--31 to 51 inches; gray (N 6/) silty clay, dark gray (5Y 4/1) moist; common fine prominent yellow (2.5Y
7/6) jarosite mottles; brown stains on parting planes; moderate very coarse prismatic structure; extremely hard,
firm, sticky and plastic; many very fine and fine exped roots; many very fine and fine tubular pores; extremely
acid (pH 3.6); gradual smooth boundary. (10 to 24 inches thick)

IIC2g--51 to 63 inches; gray (N 5/) and black (N 2/) silty clay, dark gray (5Y 4/1) and gray (N 5/) moist; few
fine distinct yellowish brown (10YR 5/6) mottles, dark greenish gray (5GY 4/1) and black blotches moist;
massive; extremely hard, firm, sticky and plastic; common very fine and fine tubular pores, some of which are
filled with organic matter; hydrogen sulfide odor; extremely acid (pH 3.6) to moderately acid (pH 6.0) over the
space of a few inches.

TYPE LOCATION: Sonoma County, California; 100 feet east of Leveroni Road, 57 degrees and 3,800 feet
from Railroad Bridge at Wingo. The projected section is SW1/4, SW1/4 sec. 4, T.4N., R.5W., MDB&M.
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RANGE IN CHARACTERISTICS: Solum thickness is 31 to 50 inches to the bottom of the B horizon. The
mean annual soil temperature is 59 degrees to 61 degrees F. The soils have mottles within depths of 10 to 18
inches. The profile contains major strata of mineral soil low in organic matter and thin strata of soil with 5 to 30
percent organic matter. Organic matter averaged less than 15 percent in the control section. The soil is silty clay
loam, silty clay, or clay. The weighted average of the 10- to 40-inch control section commonly is 35 to 60
percent clay. The n value is 0.3 to 0.7. These soils are drained and protected by levees and large drainage
ditches. With cultivation the soil becomes oxidized and is slightly to extremely acid. The lower horizons (C
horizons) are commonly extremely acid but range from moderately acid to extremely acid within a space of a
few inches. Usually the more the soil is drained and oxidized, the more acid it becomes. The soils are slightly to
strongly saline. Sulfidic materials occur at depths of 20 to 40 inches.

The A horizon has dry color of 10YR 5/1, 5/2, 5/3, 6/1, 6/2, 6/3, 6/4, 6/6, 7/1, 7/2; 2.5Y 5/2, 6/2, 6/4 or 7/2 and
moist color of 10YR 3/2, 3/3, 4/1, 4/2, 5/1, 5/2; 2.5Y 3/2, 4/2 or 5/2. Some or all of the upper 10 inches has dry
value of 6 or has moist value of 4 or 5. There are few to common, fine to medium, faint to prominent 10YR 4/6;
7.5YR 3/4, 4/4, 4/6, 5/6; 5YR 3/4, 4/3, 4/4 or 4/6 mottles.

The B horizon has dry color of 10YR or 5Y 5/1, 5/2, 6/1, 6/2; N 5/0, or N 6/0 and moist color of 10YR or 5Y
4/1, 5/1; N 4/0, or N 5/0. Distinct or prominent mottles are present in hue of 5Y, 2.5Y, 10YR, 7.5YR, or 5YR.
The moist value is 4, or if 5 the hue is 5Y or 2.5Y. In the lower part of the B horizon, jarosite mottles are many
or common and are 2.5Y 7/6, 8/6, 8/8; 5Y 7/6, 7/8, 8/6, 8/8.

The C horizon commonly has moist hue of 5Y or is neutral. It has mottles with hue of 10YR to 5GY, 5G, 5BG,
or 5B. Jarosite mottles are many or common and are 2.5Y 7/6, 7/8, 8/6, 8/8; 5Y 7/6, 7/8, 8/6, or 8/8.

COMPETING SERIES: These are the Alviso, Novato, and Ryde series in other families. Alviso soils are
neutral to moderately alkaline and do not become extremely acid following drainage. Novato soils have n values
of 1.0 to 1.5 and have nonacid reaction control sections. Ryde soils have a mollic epipedon and a fine-loamy
particle-size control section.

GEOGRAPHIC SETTING: The Reyes soils are in salt water marches which ar adjacent to bodies of sea water
and are now drained by large ditches and protected by levees and dikes. Slopes are 0 to 2 percent. Elevations are
between 2 feet below sea level to about 10 feet above. The soils formed in mixed bay and stream alluvium under
march type plants such as pickleweed, bulrush, and saltgrass. The climate is Mediterranean with hot, dry
summers and cool moist winters. Mean annual precipitation is 12 to 35 inches. The mean annual temperature is
57 degrees to 61 degrees F.; average January temperature is about 46 degrees F.; average July temperature is
about 72 degrees F. Frost-free season is 250 to 330 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Clear Lake, Joice, and Suisun soils and the
competing Alviso and Novato soils. Clear Lake soils are not affected by sea water and lack high levels of
polysulfides. Joice and Suisun soils have more than 30 percent organic matter in the series control section.

DRAINAGE AND PERMEABILITY: Somewhat poorly drained; very slow runoff or ponded; slow
permeability. Water table fluctuates from 3 to 5 feet. The soils are protected by levees and are flooded only
during periods of severe storms and very high tides.

USE AND VEGETATION: Where they have been reclaimed, the Reyes soils are used for production of oat
hay, grain, and livestock pasture. Other areas are used as game refuges or by duck clubs. Vegetation in
uncultivated areas is annual grasses, saltgrasses, coyotebush, and lambsquarter.

DISTRIBUTION AND EXTENT: Mainly around the edges of Suisun and San Pablo Bays and scattered in the
Sacramento Delta in California. The series is of moderate extent.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California

SERIES ESTABLISHED: Sonoma County, California, 1971.
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REMARKS: The Reyes soils formerly were a part of the Alviso and Ryde series. The part of the Reyes soils
mapped in other survey areas that are not protected by levees and are flooded daily by tides would now be
recognized as the Novato series.

ADDITIONAL DATA: Sampled by the Riverside Laboratory 6/28/61. Sample No. S61 Calif-49-13, SSIR No.
24, June, 1973.

National Cooperative Soil Survey
 U.S.A.
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LOCATION NOVATO             CA 

Established Series
 Rev. ET

 04/2009
 

NOVATO SERIES
 
The Novato series consists of deep, very poorly drained soils that formed in alluvium deposited along the margin
of bays. Novato soils are in tidal marshes and have slopes of 0 to 2 percent. The mean annual precipitation is
about 25 inches and the mean annual temperature is about 59 degrees F.

TAXONOMIC CLASS: Fine, mixed, superactive, nonacid, mesic Typic Sulfaquents

TYPICAL PEDON: Novato clay, on a nearly level slope with a cover of cordgrass, pickleweed, and saltgrass at
2 feet elevation. (colors and pH are for dry soil unless otherwise stated. When described (9/3/78) the soil was
wet throughout. A water table was at 18 inches. The soil was described during low tide.)

A11g--0 to 2 inches; light gray (5Y 7/1) clay, very dark gray (2.5Y 3/2) moist; common medium distinct dark
brown (7.5YR 4/4) mottles moist; massive; extremely hard, firm, sticky and plastic; many very fine and coarse
rots; many fine tubular pores; moderately alkaline (pH 8.0); abrupt smooth boundary. (1 to 4 inches thick)

A12g--2 to 6 inches; light gray (5Y 7/1) clay, dark olive gray (5Y 3/2) moist; common medium distinct dark
reddish brown (5YR 3/4) mottles moist; massive; extremely hard, firm, sticky and plastic, common very fine and
fine roots; common fine tubular pores; moderately alkaline (pH 8.0); clear smooth boundary. (3 to 6 inches
thick)

A13g--6 to 15 inches; gray (5Y 6/1) clay, dark gray (5Y 4/1) moist; common medium distinct reddish brown
(5YR 4/4) mottles moist; massive; extremely hard, firm, sticky and plastic; common very fine and fine roots;
few fine and medium tubular pores; moderately alkaline (pH 8.0); gradual smooth boundary. (6 to 9 inches
thick)

C1g--15 to 27 inches; gray (5Y 6/1) clay, dark gray (5Y 4/1) moist; common medium distinct reddish brown
(5YR 4/4) mottles and common medium distinct pale brown (2.5Y 7/4) jarosite mottles moist in the lower part;
massive; extremely hard, firm, sticky and plastic; few very fine roots; few fine tubular pores; moderately
alkaline (pH 8.0); gradual smooth boundary. (10 to 15 inches thick)

C2g--27 to 40 inches; gray and light gray (5Y 6/1, 7/1) clay, dark gray (5Y 4/1) moist; common medium distinct
pale yellow (2.5Y 8/4) jarosite mottles moist; massive, extremely hard, firm, sticky and plastic; few very fine
roots; few very fine and common coarse tubular pores; moderately alkaline (pH 8.0); gradual smooth boundary.
(10 to 14 inches thick)

C3g--40 to 60 inches; light gray (N 6/) clay, very dark gray (N 3/) moist; massive; extremely hard, firm, sticky
and plastic; few very fine roots; few very fine and common coarse tubular pores; moderately alkaline (pH 8.0).

TYPE LOCATION: Marin County, California; about 1 mile east from southern edge of Marin County Airport
(Gnoss Field) runway, 1,250 feet west of DCBS radio station, thence 1,000 feet north of corral, 50 feet north of
levee.

RANGE IN CHARACTERISTICS: Organic matter decreases irregularly with increasing depth. The soils are
saturated with water at all times of the year and have at some depth within 50 cm of the surface dominant
chromas on the matrix of 2 or less. The n value is 1.0 to 1.5. The average clay content in the control section is 35
to 60 percent. Textures are silty clay loam, silty clay, or clay. Mean annual soil temperature is 55 degrees to 59
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degrees F. The difference between mean summer and mean winter soil temperatures is 5 degrees to 9 degrees F.
Sulfidic material occurs at a depth of 20 to 40 inches. The soil is mildly alkaline through strongly alkaline
throughout and is noncalcareous.

The A horizon has dry color of 2.5Y 5/2, 6/2, 7/2; 10YR or 5Y 4/2, 5/2, 5/3, 6/2, 6/3, 7/1 or 7/2 and moist color
of 2.5Y 3/2, 4/2; 10YR or 5Y 3/2, 3/3, 4/1, 4/2, or 4/3. There are few to common, fine to medium, distinct 10YR
4/6; 7.5YR 3/4, 4/4, 4/6, 5/6; 5YR 3/4, 4/3, 4/4, or 4/6 moist mottles.

The C horizon has dry color of N 5/, 6/; 5Y 6/1, 6/2; 2.5Y 6/2, 7.1; 10YR 6/1, or 6/2 and moist color of N 2/0, N
3/0, N 4/0; 5Y 4/1, 4/2; 2.5Y 4/1, 4/2; 10YR 4/1, or 4/2. There are few to common, fine to medium, distinct or
prominent 10YR 4/4, 4/6; 7.5YR 3/4, 4/4, 4/6, or 5YR 3/4, 4/4 moist mottles. Some mottles have moist hue of
5Y, 5GY, 5G, 5BG or 5B, or are neutral.

COMPETING SERIES: These are the Alviso, Joice, Reyes, Rindge, and Ryde series in other families. Alviso
soils lack sulfidic materials within 40 inches of the surface. Joice soils have histic epipedons and consist of
sapric materials. Reyes soils have n values of less than 0.7. Rindge soils have sapric material to a depth of 60
inches. Ryde soils have a fine-loamy particle-size control section and has a mollic epipedon.

GEOGRAPHIC SETTING: Novato soils are in tidal marshes. They are nearly level, and were deposited as
bay mud. Elevation is 2 to 10 feet. The climate is subhumid with warm and partially foggy summer and cool
moist winters. Mean annual precipitation is 12 to 35 inches. Mean annual temperature is 59 degrees to 61
degrees F. The mean January temperature is about 46 degrees F.; and the mean July temperature is about 68
degrees F. The frost-free season is about 270 to 320 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the competing Reyes soils and the Blucher and Cole
soils. Blucher soils are fine-loamy and have a mollic epipedon. Cole soils have an argillic horizon and a mollic
epipedon.

DRAINAGE AND PERMEABILITY: Very poorly drained; very slow runoff; slow permeability. Water table
fluctuates with the tides from 2 feet above the surface during very high tides to a depth of 2 feet during low
tides.

USE AND VEGETATION: It is used for wildlife habitat. The principal native plants are pickleweed, saltgrass,
and cordgrass.

DISTRIBUTION AND EXTENT: Along the margins of San Francisco, San Pablo, and Tomales Bays in
California. The soils are of small extent.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California

SERIES ESTABLISHED: Marin County, California, 1979.

REMARKS: A proposal has been prepared defining the Typic and other subgroups of Hydraquents. Novato
soils would be Sulfic Hydraquents. The part of the Reyes soils mapped in other survey areas not protected by
levees and flooded daily by tides would now be recognized as the Novato series. Reyes soils have now been
redefined to include only those soils that have been reclaimed and are protected by levees.

The activity class was added to the classification in February of 2003. Competing series were not checked at that
time. - ET

National Cooperative Soil Survey
 U.S.A.
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TOUR STOP #2 – AMERICAN CANYON WETLANDS AREA 

 

Sequence of Baylands Marsh Formation, Reclamation, Salt Pond Use, and Habitat Restoration 

The baylands consist of the shallow water habitats around the San Francisco Bay between the maximum 

and minimum elevations of the tides.  They are the lands that are touched by the tides, plus the lands 

that would be tidal in the absence of any levees, sea walls, or other man‐made structures that block the 

tides. 

Beginning 15,000 to 18,000 years ago, sea levels began their most recent rise, at the end of the last 

glacial period. 

About 10,000 years ago, ocean waters began to flood the valleys now occupied by the San Francisco Bay 

Estuary. 

Beginning about 6,000 years ago, the rate of sea level rise slowed.   

Between about 2,000 and 3,000 years ago, mudflats and tidal marshes began to form around the edges 

of western Suisun Bay, North Bay, Central Bay, and South Bay.  

Beginning in the mid‐1800s, large areas of the Estuary’s tidal marshes and mudflats were filled, diked, 

or drained. The early levees were built by immigrant Chinese laborers using shovels and wheelbarrows.  

Much of the initial impetus for this activity stemmed from the federal Arkansas Act of 1850, which gave 

to the states all of the unsold federal land within their borders that was “swamp and overflowed”. 

Subsequent state legislation, particularly the Green Act of 1868, also spurred the conversion of wetlands 

into agricultural uses. By the 1870s, commercial dipper dredges and then larger clamshell dredges 

enabled the construction of taller and wider levees.  

As a result of Gold Rush hydraulic mining (1853‐1884), the increased supply of sediment into the Bay 

helped to fill remnant tidal channels that remained between the diked baylands, and caused shallow 

bays to aggrade into mudflats, while deep bays became shallower. Some of the mudflats formed by 

hydraulic mining debris evolved into tidal marshes, and some of this new marshland was again 

reclaimed for agriculture and urban development by a second generation of levees.  A large proportion 

of the present extent of baylands originated since 1850 as a result of hydraulic mining debris deposition. 

About 1870, initial diking of tidal marshes in the North Bay was undertaken to establish grazing lands for 

livestock. Some of the early reclamation efforts converted large tracts of tidal marsh to diked baylands. 

For example, during the summer of 1870, 12,000 acres west of the Napa River were being leveed.  

By the 1930s, diking for farming purposes was essentially complete. Livestock grazing was the sole 

agricultural practice in North Bay diked baylands for many decades, as the high water table and soil 

salinities discouraged the production of truck crops. However, in the past several decades, the 

remaining farmed areas have been managed for the production of dairy cattle silage and oat hay. In 

total, there are about 28,000 acres of diked baylands in North Bay that are now, or recently were, in 

some form of agriculture. 

On a 1916 USGS topographic map, levees are mapped along the Napa River. 
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On a 1938 Bureau of Chemistry and Soils soil survey map, levees are mapped along the river and 

encircling many of the islands along the river. 

From 1942 until the 1990s, a 300‐acre site west of American Canyon was operated as a municipal 

landfill, receiving trash from Napa and Solano counties. Trash was placed first in pits dug on the drained 

marshland and covered, then later buried in layers interspersed with soil. 

In the 1950s, commercial salt ponds were established by Leslie Salt Company (later purchased by Cargill 

Inc.) along the Napa River north to Green Island Road. 

In the early 1990s, an intentional levee breach south of landfill re‐introduced tidal action to the 

American Canyon wetlands.  Based on aerial photos, this now‐subsided area appears to have never been 

a salt pond.   

Beginning in the mid‐1990s, thousands of acres of subsided, diked baylands (including the former Cargill 

salt ponds), part of the Napa‐Sonoma Marshes Wildlife Area (located northwest of the American Canyon 

Wetlands) began to be restored to tidal marsh habitat. 

 

Marsh Plain Elevation and Subsidence 

Prior to diking and draining beginning in about 1850 to 1870 (depending on location in the Bay Area), 

the tidal marsh plains (dominated by pickleweed [Salicornia pacifica] in many areas but including other 

halophytes depending salinity levels, elevation, etc.) occurred at approximately mean higher high water 

(MHHW).  Due to the oxidation of soil organic matter and consolidation of the formerly saturated 

sediments, between 4 and 6 feet of land surface subsidence has occurred at many diked bayland sites. 

For reference, MHHW at the nearby former Cargill Napa Plant site is 6.21 feet NGVD 88.  Average 

elevations in the Napa Plant site before restoration efforts were implemented ranged from 2.3 to 3.6 

feet NGVD, indicating that those salt ponds had subsided approximately 2.61 to 3.91 feet.  

The remaining marshlands of the North Bay have unique characteristics that distinguish them from older 

marsh fragments in other subregions of the Bay, in that they are higher in elevation, they have a lesser 

degree of subsidence relative to mean tide level, they receive a higher inflow of fresh water, and are 

larger than the marshes of the southern reaches of San Francisco Bay. 

For the diked historic baylands, the age of the marsh when it was diked is a major factor in the 

determination of its eventual (i.e., subsided) elevation. Additionally, there is evidence to suggest that 

the northern shoreline of San Pablo Bay continues to subside, probably as a result of a combination of 

compaction of sediments with a high organic matter content and ongoing tectonic subsidence. 

  

Common Soil Series Associated with North Bay Tidal Marshes 

The Reyes and Novato series are extensive in the undrained and drained “high marsh” areas in the 

North Bay. 
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Table 1.  Summary of Reyes and Novato Series Descriptions 

 

Attribute  Reyes  Novato 

Summary  Deep, somewhat poorly drained soils that  Deep, poorly drained soils that formed in alluvium

  formed in alluvial settings from mixed sources. deposited along bay margins. 

Location  Reclaimed and protected marsh areas. Tidal marsh areas.

Slopes  0 to 2 percent.  0 to 2 percent.

Taxonomic class  Fine, mixed, acid, thermic Sulfic Fluvaquents*. Fine, mixed, nonacid, isomesic Typic Hydraquents.**

Distribution  Around edges of Suisun and San Pablo Bays 

and scattered throughout the Sacramento 

Delta. 

Along the margins of San Francisco, San Pablo, and Tomales 

Bays. 

     

Drainage  Somewhat poorly drained; very low runoff; Very poorly drained; very slow runoff; slow permeability.

and permeability  slow permeability   

Geographic setting  In current and former tidal marshes. Former  In current and former tidal marshes. They are nearly level

  marsh areas are drained by ditches and  and were deposited as bay mud. Former marsh areas are

  protected by levees and dikes. drained by ditches and protected by levees and dikes.

Characteristics  Major strata of mineral soil low in organic  Organic matter decreases irregularly with increasing depth.

  content and thin strata of soil with 5 to 30%  Soils are saturated with water at all times. Average clay

  organic content and 35 to 60% day. When 

cultivated, soils become increasingly acidic as 

they are drained. 

content is 35 to 60 percent. Textures are silty clay, silty 

loam, or clay. The soil is mildly to strongly alkaline 

and noncalcereous. 

     

Source: Siegel and Bachand (2002).  

*Now classified as fine, mixed, superactive, acid, thermic Typic Sulfaquents (SSURGO). 
**Now classified as fine, mixed, superactive, nonacid, mesic Typic Sulfaquents (SSURGO). 
 

 

Table 2.  Comparison of Selected Properties of Reyes and Novato Series 

  Reyes Series  

Depth Range (cm) 
Horizon 

Designation 
Percent Organic 

Matter 
EC (dS/m) pH by Water 

Extraction 

0 - 3 Oi 75.0 0 5.5 

3 - 38 Ag 6.0 
3 

4.5 

38 - 140 2Bjg 1.35 
3 

4.5 

140 - 200 3Cg 0.71 6 5.0 
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Novato Series 

Depth Range (cm) 
Horizon 

Designation 
Percent Organic 

Matter 
EC (dS/m) pH by Water 

Extraction 

0 - 28 Azg 9.0 
24 

8.0 

28 - 200 Czg 7.0 
42 

8.0 

Source: California Soil Resource Laboratory (2019).  
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Editor’s Note

Issues of this newsletter are
available on the World Wide Web
(www.statlab.iastate.edu/soils/soildiv).
Click on NCSS and then on the desired
issue number of the NCSS Newsletter.

You are invited to submit stories for
future issues of this newsletter  to
Stanley Anderson, National Soil Survey
Center, Lincoln, Nebraska. Phone—402-
437-5357; FAX—402-437-5336; email—
sanderson@nssc.nrcs.usda.gov.

Soil Survey Field
Methods in the Late
1890’s and Early 1900’s

By David W. Smith, Soil Scientist, USDA,
Natural Resources Conservation Service, West
Regional Office, Sacramento, California.

Macy H. Lapham, a soil
surveyor who worked in the

soil survey program in the United
States from 1899 to 1945, mapping soils
in many of the Western States and then
serving as Inspector for the Western
Division of the Bureau of Soils,
published a book entitled Crisscross
Trails: Narrative of a Soil Surveyor in
1949. In his words: “[I offer this book]
as an unpretentious historical record of
the organization and development of
the soil survey in which the recital of
associated personal observations and
incidents has been included.”

I recommend the book to anyone
who is interested in the story of the
early soil survey and who can get hold
of a copy. The book is out of print and
hard to obtain.

Early Field Methods

Lapham’s first season of fieldwork
began in the spring of 1900, in the
Sevier Valley of southern Utah. After a
cross-country train ride to Richfield,
Utah, he met up with Frank D. Gardner
(who had mapped in the Utah Valley the
first season of 1899) and was “ushered
into the technique of soil survey.”
About his first field day, he wrote:

After a hearty breakfast, attired in
old clothes, stout shoes, and
canvas leggings, I was ready for
the field. With two frisky western

horses and a light ambulance-like
canvas covered wagon, we
stopped in a vividly green alfalfa
field on a red alluvial soil. Here I
was shown how to handle a six-
foot auger and to note the
character of the fine sandy loam
soil, the boundaries of which
were sketched on the pages of a
notebook.

Lapham summarizes the field
methods used in 1900 as follows:

The usual western field
equipment consisted mainly of a
cumbersome electrolytic bridge
and field kit for determining the
character and amount of soluble
salts, popularly but inaccurately
known as “alkali.” Included were
a six-foot soil auger with
extensions; a compass; protractor
and scale; a shovel or spade; and
a copy of the usually inadequate
county or other available base
map. Technique of determining
and mapping soil boundaries was
acquired by experience. At that
time there were no soil surveyors
with previous training and no
place in this country or elsewhere
at which training in soil
classification and mapping might
be learned. Soil boundaries,
determined by noting differences
in texture, color, structure, and in
mineral character—by means of
frequent borings—were, in the
absence of a suitable base map,
sketched into the pages of a
blank township plat book ruled
off into sections. These were also

Field Methods continued on page 5
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feet through this “hard pan” material,
which behaves like concrete. Much
credit goes to Pete Whitcomb, Kathy
Swain, Marie Danforth, and Laura
Morton and to Marc Southerland, the
human backhoe,

As the volumes of data start coming
in, they will need to be compiled and
interpreted. Additional studies are
planned at this site to help complete the
picture of what is going on in terms of
soil-water behavior. All of this
information will enable the soil science
community to better predict the
behavior of these kinds of soil under
specific kinds of land use.

Preliminary observations completed
during the week of data collection
indicate that surface water may not
necessarily perch on top of the “hard
pan” in certain locations. Some
preliminary evidence indicates that the
“hard pan” is made up of many
discontinuous bands that act as
hydrologic barriers. Instead of perching
on the “hard pan,” however, water may
cascade through discontinuous “hard
pan” layers, flowing laterally through
sandy layers and spilling over one
barrier to the next—like a giant,
elaborate underground fountain.

This kind of information and
documentation is critically important in
our attempt to provide knowledgeable
and meaningful interpretations to
developers, consultants, farmers, home
buyers, and other property owners. It is
very valuable information for the proper
siting and installation of septic
systems. Having scientifically based
documentation of this nature provides
credibility to the National Cooperative
Soil Survey and adds to our reservoir of
knowledge about soil behavior. The
information that comes out of projects
of this nature ensures that NRCS soils
information and interpretations and the
data extracted out of the NASIS data
base are technically sound and legally
defensible.

usually without provision for
correcting errors in the original U.
S. Land Office Surveys. Bearings
were determined by compass, and
courses were plotted by
protractor and scale. Topographic
quadrangles of the U.S.
Geological Survey, where
available, were made use of as
base maps; but these were
frequently on small scale or of
earlier publication, and required a
great deal of revision in bringing
roads and other cultural features
up to date.

Transportation in the field was
usually afforded by hired horse
and buggy; at times this was
supplemented by a saddle horse.
Distances were measured by an
odometer attached by a metal clip
to the front axle of the buggy.
This consisted of a dial traversed
by yellow, red, and blue hands
actuated by a spur or sprocket
wheel turned by a metal pin
driven into the wooden hub of
the vehicle. This projecting pin
engaged the spur wheel with each
revolution of the buggy wheel.
The dial was calibrated in units of
number of revolutions of the
wheel. With a standard-size wheel
of 42 inches diameter, 100
revolutions were equivalent to a
mile; the number of revolutions in
multiples of 100 up to 40,000 were
recorded. Careful determination of
the wheel diameter was
necessary. It was usually
necessary to dismount from the
vehicle and read the instrument
from the ground for accuracy,
though much of the time this
could be checked from the seat
for approximate distance traveled.
A bell mounted on the back of the

Field Methods continued from page 1 instrument was struck by a small
hammer on completion of each
100 revolutions of the wheel. It
often became necessary, even in
those horse and buggy days to
“get out and get under” (to fix the
equipment). In extremity we could
resort to the simple expedient of
tying a bit of cloth to one of the
buggy spokes and recording the
revolutions with a tally register.

Field parties were expected to
obtain accommodations with
farmers or in local towns and
villages near enough the scene of
operations to avoid undue
expense and interruption in
fieldwork necessitated by long
drives. In the thickly settled
Mormon communities of Utah
this was usually not difficult; but
the problem presented grave
difficulties in other areas.

Lapham talks about using a plane
table and alidade while mapping in the
Salinas Valley during 1901:

At the time of this early soil
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survey, some simple equipment
had been acquired by the Bureau
with which we undertook our first
experience in plane-table
surveying in the construction of a
base map upon which soils were
delineated. This consisted of a
tripod upon which was mounted a
detachable board, in one side of
which was fixed a small brass box
containing a compass needle.
With a piece of heavy drawing
paper attached to the board, and
when set up in the field and
oriented with the compass needle,
sights were taken by means of a
simple alidade; this permitted the
sketching of roads . . . windmills,
courses of streams, [etc.]. At the
end of the day these were inked
in, and soil types indicated by
colored pencils. With latitude in
recognition and mapping of soil
types at the time, a half dozen
colored pencils in the vest pocket
might take the place of a hundred
or more mapping units in the
complicated soil map legend of
today.

These early plane-table surveys
were crude; but with experience in
technique, they have served well
for many years, and are still
serving a useful purpose in the
absence of suitable topographic
or aerial base maps.

Lapham chronicles the first attempt
to use an automobile in mapping:

[Sacramento Valley, California,
1904] . . . the auto was making its
bid as a practical means of
transport. I foolishly became
infected with ambition to
substitute one for the old slow
moving horse drawn vehicle [and]
engaged in an abortive attempt to
introduce auto to soil survey. . . .
This consisted of a narrow-gauge
vehicle powered by a single

cylinder air-cooled motor
mounted on rear. Chain and
sprocket connected it to the rear
axle. When started with crank . . .
usually at expense of blisters, it
made a terrible clatter, and would
maintain speed of 15-20 mph on
smooth oiled road [of which there
were few]. It was without
speedometer, but with ingenuity
. . . I installed odometer . . . and
finally succeeded in mapping a
few miles of highway with its
bordering soils. I believe this to
be the first instance in which any
form of auto transportation was
used in the soil survey. Invention
is, however, at times the mother of
necessity and we soon returned
to the slower and more
dependable horse and buggy.

The history of soil survey during
its infancy is truly rich, and as we
approach the centennial celebration
of the soil survey, it is good to reflect.
I hope that this abbreviated look back
has captured your interest and has
provided knowledge that can be used
as we carry the work forward. Certainly,
the excerpts from Macy Lapham’s
Crisscross Trails: Narrative of a Soil
Surveyor have enhanced the
storytelling. It is only fitting to close
with this end quote from Macy’s
book:

When the old horse and buggy
stepped out of the picture and
was replaced by the automobile,
and when Dr. Marbut brought to
us the principles of modern soil
science, a new era was ushered
into the Soil Survey. Modern field
equipment and modern methods
of observation and record have
relegated the soil surveys of
yesterday to a background of
historical interest and of
outmoded pedological and
agricultural significance.
Nevertheless, to one who has
served through a pioneering
period of slower tempo,
recollection of the old horse and
buggy jogging along a dusty
country road with plane-table by
side of the driver and a feed of
oats and hay in the rear, brings
nostalgic memories of many
peaceful, pleasant country
scenes.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

104 Bale clay loam, 0 to 2 percent 
slopes

23.9 5.0%

105 Bale clay loam, 2 to 5 percent 
slopes

138.1 29.1%

110 Boomer-Forward-Felta 
complex, 30 to 50 percent 
slopes

37.4 7.9%

116 Clear Lake clay, drained, 0 to 2 
percent slopes, MLRA 14

1.4 0.3%

122 Coombs gravelly loam, 0 to 2 
percent slopes

12.7 2.7%

123 Coombs gravelly loam, 2 to 5 
percent slopes

24.3 5.1%

136 Felton gravelly loam, 30 to 50 
percent slopes

60.8 12.8%

139 Forward silt loam, 5 to 39 
percent slopes, MLRA 15

5.2 1.1%

146 Haire loam, 2 to 9 percent 
slopes

10.9 2.3%

151 Hambright-Rock outcrop 
complex, 2 to 30 percent 
slopes

2.1 0.4%

156 Kidd loam, 30 to 75 percent 
slopes

17.1 3.6%

169 Perkins gravelly loam, 5 to 9 
percent slopes

18.4 3.9%

178 Sobrante loam, 5 to 30 percent 
slopes

17.4 3.7%

179 Sobrante loam, 30 to 50 
percent slopes

105.0 22.1%

Totals for Area of Interest 474.8 100.0%

Soil Map—Napa County, California Stop 3

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

5/15/2019
Page 3 of 3
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LOCATION BALE               CA 

Established Series
 Rev. GL-TDC-GMK

 3/97
 

BALE SERIES
 
The Bale series consists of very deep, somewhat poorly drained soils formed in stratified, gravelly and sandy
alluvium from mixed sources. Bale soils are on nearly level to gently sloping alluvial fans and terraces and have
slopes range from 0 to 3 percent. The mean annual precipitation is about 32 to 40inches and the mean annual
temperature is 59 to 60 degrees F.

TAXONOMIC CLASS: Fine-loamy, mixed, superactive, thermic Cumulic Ultic Haploxerolls

TYPICAL PEDON: Bale loam - cultivated. (Colors are for dry soil unless otherwise noted).

Ap--0 to 6 inches; dark gray (10YR 4/1) loam, black (10YR 2/1) moist; weak fine crumb structure; hard, very
friable, slightly sticky, slightly plastic; common very fine roots; many very fine interstitial and tubular pores;
slightly acid (pH 6.3); clear smooth boundary. (6 to 8 inches thick)

B21--6 to 17 inches; grayish brown (10YR 5/2) loam, very dark grayish brown (10YR 3/2) moist; weak fine
subangular blocky structure; hard, friable, slightly sticky, slightly plastic; few coarse and common fine roots;
common medium and fine tubular and interstitial pores; common thin clay films on peds; slightly acid (pH 6.3);
clear smooth boundary. (6 to 12 inches thick)

B22--17 to 24 inches; brown (10YR 5/3) loam, very dark grayish brown (10YR 3/2) moist; weak fine
subangular blocky structure very hard, friable, slightly sticky, slightly plastic; few very fine roots; common very
fine tubular and interstitial pores; slightly acid (pH 6.3); gradual smooth boundary. (8 to 12 inches thick)

A11b--24 to 33 inches; gray (10YR 5/1) loam, black (10YR 2/1) moist; medium fine subangular blocky
structure; extremely hard, friable, slightly sticky, slightly plastic; few fine and coarse roots; few fine and very
fine tubular and interstitial pores; common thin clay films on peds and in pores; slightly acid (pH 6.3); gradual
smooth boundary. (8 to 10 inches thick)

A12b--33 to 44 inches; gray (10YR 5/1) loam, very dark grayish brown (10YR 3/2) moist, weak fine subangular
blocky structure; extremely hard, friable, slightly sticky, slightly plastic; few fine roots; common very fine
tubular and interstitial pores; slightly acid (pH 6.3); gradual smooth boundary. (6 to 15 inches thick)

IIC1--44 to 50 inches; pale brown (10YR 6/3) gravelly sandy loam, dark brown (10YR 3/3) moist; moderate
medium granular structure; hard, friable, nonsticky, nonplastic; many fine interstitial pores; about 20 percent fine
gravel; slightly acid (pH 6.30; clear smooth boundary. (5 to 10 inches thick)

IIIC2--50 to 58 inches; pale brown 910YR6/3) sandy loam, dark brown (10YR 3/3) moist; moderate medium
granular structure; hard, friable, nonsticky, nonplastic; many fine interstitial pores; slightly acid (pH 6.3).

TYPE LOCATION: Napa County, California; about 1 mile southeast of Calistoga; 950 feet, southwest from
Silverado Trail Road on Pickett Road and 100 feet northwest along a lane between vineyards; NE 1/4 section 6
(projected), T. 8 N., R. 6 W.

RANGE IN CHARACTERISTICS: The mean annual soil temperature is about 60 to 63 degrees F and the soil
temperature usually is not below 47 degrees F at any time. The soil between depths of 5 to 25 inches is usually
dry from June until November 15 and is moist in some or all parts the rest of the year.
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Rock fragments make up about 10 to 25 percent of the 10 to 40 inch control section. The fragments consist of
rounded pebbles ranging in diameter from 2 mm to 1 inch and very few up to 3 inches. Thin very gravelly
horizons occur at depths of 26 to 40 inches. The 10 to 40 inch control section averages 18 to 28 percent clay.
Some pedons have a few mottles below a depth of 2 feet. Reaction is slightly acid or medium acid with some
pedons strongly acid.

The Ap horizon is dark gray to very dark grayish brown in 10YR or 7.5YR hue and has value of 3, 5 or 5 dry
and 2 or 3 moist and chroma of 1 or 2 dry or moist. Texture is loam, or clay loam. Structure is weak or moderate
crumb, subangular blocky or is massive. This horizon is slightly hard or hard but is not massive and hard when
dry.

The B2 horizon is dark gray and dark grayish brown to brown in 10YR or 7.5YR hue with value of 3, 4 or 5 dry
and chroma of 1, 2 or 3 dry or moist. It is loam, heavy loam, sandy clay loam or clay loam. There is a slight clay
increase with some thin clay films but not enough to qualify for an argillic horizon. This horizon has weak or
moderate subangular blocky structure.

The horizons below the B2 horizon are buried A horizons or highly stratified C horizons. They are light gray to
dark grayish brown in 10YR hue with value of 4 to 7 and chroma of 1 to 3. Texture is sand, loamy sand, sandy
loam, loam, sandy clay loam or clay loam. Rock fragments, as described above, make up less than 50 percent of
the C horizon.

COMPETING SERIES: These are the Cole, Pacheco, Pajaro, and Soquel series. Cole soils have a fine particle-
size class, an argillic horizon, and have more than 75 percent base saturation. Pacheco soils have a mollic
epipedon less than 20 inches thick and have mottles with chroma of 2 or less within depth of 30 inches. Pajaro
soils have an aquic moisture regime, have mesic temperature, and have a coarse-loamy control section. Soquel
soils have a regular decrease in organic matter, more than 75 percent base saturation throughout and have mesic
temperature.

GEOGRAPHIC SETTING: Bale soils are on nearly level to gently sloping alluvial fans and terraces at
elevations of 100 to 300 feet. They formed in stratified, gravelly and sandy alluvium from mixed sources. The
climate is subhumid mesothermal with hot dry summers and cool moist winters. Mean annual precipitation is 32
to 40 inches. Average January temperature is 46 degrees F; average July temperature is 70 degrees F; mean
annual temperature is 59 to 60 degrees F. The frost-free season is 220 to 270 days.

GRAPHICALLY ASSOCIATED SOILS: These are the competing Cole soils and the Cortina and Yolo soils.
Cortina soils have an ochric epipedon and a loamy-skeletal control section. Yolo soils have an ochric epipedon,
lack stratification, and have a fine-silty control section.

DRAINAGE AND PERMEABILITY: Somewhat poorly drained; slow runoff; moderate permeability. Some
areas have a water table within 4 feet of the surface, and are ponded for short periods in the winter. Most areas
are artificially drained.

USE AND VEGETATION: Used mostly for wine grape production with small acreages of orchards and
irrigated pasture. Native vegetation was oak-grass and willows, blackberry and poison oak.

DISTRIBUTION AND EXTENT: Napa County, California. The soils are moderately extensive. MLRA 14.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California

SERIES ESTABLISHED: Napa Area, California, 1933.

REMARKS: Bale soils formerly were classified as Brunizems. The classification is changed from Typic
Umbraqualfs to Cumulic Ultic Haploxerolls. No other soils are presently placed in the fine-loamy, mixed,
thermic family.
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ADDITIONAL DATA: NSSL pedon S72CA-055-007 (type location; not in Ultic subgroup) and pedon S91CA-
055-001 (which would be a better type location)

Last revised by the state on 10/74.

National Cooperative Soil Survey
 U.S.A.
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https://soilseries.sc.egov.usda.gov/OSD_Docs/F/FELTA.html 1/2

LOCATION FELTA              CA 

Established Series
 Rev. SBJ/TDC/GMK/ET

 02/2003
 

FELTA SERIES
 
The Felta series is a member of the loamy-skeletal, mixed, thermic family of Pachic Argixerolls. Typically, Felta
soils have grayish brown, slightly acid, very gravelly heavy loam A horizons and grayish brown, slightly acid,
very gravelly clay loam B2t horizons underlain by gravelly old alluvium at a depth of about 24 inches.

TAXONOMIC CLASS: Loamy-skeletal, mixed, superactive, thermic Pachic Argixerolls

TYPICAL PEDON: Felta very gravelly loam - rangeland (Colors are for dry soil unless otherwise noted.)

Al--O to 5 inches; grayish brown (10YR 5/2) very gravelly heavy loam, very dark brown (10YR 2/2) moist;
moderate very fine subangular blocky structure; slightly hard, friable, slightly sticky, slightly plastic; many very
fine roots; many very fine and fine interstitial, and common fine tubular pores; slightly acid (pH 6.5); clear wavy
boundary. (4 to 19 inches thick)

B21t--5 to 14 inches; grayish brown (10YR 5/2) very gravelly clay loam, very dark grayish brown (l0YR 3/2)
moist; moderate medium subangular blocky structure; slightly hard, friable, slightly sticky, slightly plastic; very
fine and fine grass and tree roots; many fine interstitial pores; many thin clay films in pores; slightly acid (pH
6.3); clear wavy boundary. (6 to 12 inches thick)

B22t--14 to 24 inches; grayish brown (l0YR 5/2) very gravelly heavy clay loam, very dark grayish brown
(10YR 3/2) moist; moderate medium subangular blocky structure; slightly hard, friable, sticky, slightly plastic;
common medium and many very fine and fine roots; many very fine and fine interstitial and common fine
tubular pores; many thin clay films in pores and as bridges; slightly acid (pH 6.3); abrupt irregular boundary (6
to 14 inches thick)ll

C--24 to 60 inches; grayish brown (10YR 5/2) and brown (10YR 5/3) very gravelly sandy clay loam, dark
yellowish brown (10YR 4/4) moist; massive; hard, firm, slightly sticky, slighty plastic; few fine and medium
roots; few fine tubular and common medium interstitial pores; many moderately thick clay films in pores and as
bridges; about 80 percent mixed gravel of volcanic, basic, and rhyolitic rocks; strongly acid (pH 5.5)

TYPE LOCATION: Sonoma County, California one mile east of the junction of Chalk Hill Road and Pleasant
Avenue; in the SE1/4 of the NW1/4 sec. 16, T.8N., R.8W.

RANGE IN CHARACTERISTICS: The mean annual soil temperature is about 59 degrees to 65 degrees F.
and the soil temperature usually is not below 47degrees F. at any time. The soil between depths of 8 to 20 inches
is usually dry from June 15 until October 15 and is moist in some or all parts the rest of the year. Rock fragments
of rounded pebbles and cobbles make up about 50 to 90 percent of the volume of the soil.

The A horizon is grayish brown or brown in 10YR or 7.5YR hue and has value of 5 dry, 2 or 3 moist and
chroma is 2 or 3 both dry and moist. It is loam or heavy loam, and has moderate or weak subangular blocky
structure. This horizon is neutral or slightly acid.

The Bt horizon has colors similar to the A horizon. It has weak or moderate subangular blocky structure. This
horizon is slightly hard or hard and is slightly acid or moderately acid. The C horizon is pale brown to light
brownish gray in 10YR hue and has value of 5 or 6 and chroma of 2 or 3. It is moderately acid or strongly acid.
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https://soilseries.sc.egov.usda.gov/OSD_Docs/F/FELTA.html 2/2

COMPETING SERIES: These are the Botella, Elkhorn, Lockwood, and McCoy series. All these soils have
less than 35 percent rock fragments.

GEOGRAPHIC SETTING: Felta soils are on dissected terraces at elevations of 100 to 2,000 feet. Slopes are 5
to 75 percent. The soils formed in mixed gravelly alluvium from mixed igneous rocks. The climate is subhumid
mesothermal with hot dry summers and cool moist winters. Mean annual precipitation is 25 to 40 inches.
Average January temperature is 47 degrees F.; average July temperature is 67 degrees F.; mean annual
temperature is 59 degrees to 62 degrees F. The freeze-free season is 220 to 280 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Boomer, Forward, Guenoc, Hambright, Kidd,
and Laniger soils. Boomer soils have ochric epipedons, have less than 75 percent base saturation and have less
than 35 percent coarse fragments. Forward soils have ochric epipedons and have medial control sections.
Guenoc soils have ochric epipedons and have fine kaolinitic control sections with hue of 2.5YR or redder.
Hambright and Kidd soils have a lithic contact at depths of less than 20 inches. Laniger soils have ochric
epipedons and have medial control sections.

DRAINAGE AND PERMEABILITY: Well-drained; medium to rapid runoff; moderate permeability.

USE AND VEGETATION: The soils are used for grazing. Native vegetation is white oak, manzanita, annual
grasses and shrubs. Some areas have a few black oak trees.

DISTRIBUTION AND EXTENT: Sonoma and Napa Counties, California. The soils ate moderately extensive.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California

SERIES ESTABLISHED: NAPA County, California, 1974

REMARKS: The activity class was added to the classification in February of 2003. Competing series were not
checked at that time. - ET

OSED scanned by SSQA. Last revised by state on 10/74

National Cooperative Soil Survey
 U.S.A.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

110 Boomer-Forward-Felta 
complex, 30 to 50 percent 
slopes

17.2 2.9%

133 Fagan clay loam, 30 to 50 
percent slopes

21.8 3.7%

135 Felton gravelly loam, 15 to 30 
percent slopes

17.7 3.0%

136 Felton gravelly loam, 30 to 50 
percent slopes

132.1 22.5%

139 Forward silt loam, 5 to 39 
percent slopes, MLRA 15

189.7 32.3%

140 Forward silt loam, 12 to 57 
percent slopes, MLRA 15

2.5 0.4%

141 Forward-Kidd complex, 11 to 60 
percent slopes, MLRA 15

206.5 35.2%

Totals for Area of Interest 587.4 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 

Custom Soil Resource Report

11
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LOCATION FELTON             CA 

Established Series
 Rev. WCL/GMK/RWK/ET/WRR

 11/2009
 

FELTON SERIES
 
The Felton series consist of deep, well drained soils that formed in material weathered from shale, sandstone or
mica schist. Felton soils are on uplands and have slopes of 5 to 75 percent, The mean annual precipitation is
about 40 inches and the mean annual air temperature is about 55 degrees F.

TAXONOMIC CLASS: Fine-loamy, mixed, superactive, mesic Ultic Argixerolls

TYPICAL PEDON: Felton silt loam, forested. (Colors are for dry soil unless otherwise noted.)

0i--1 inch to 0; leaves, needles, and twigs, some partially decomposed; abrupt smooth boundary.

A1--0 to 2 inches; brown (7.5YR 5/2) silt loam, dark brown (7.5YR 3/2) moist; moderate medium subangular
blocky structure parting to fine granular; slightly hard, friable, nonsticky and nonplastic; common very fine
roots; many very fine interstitial and tubular pores; moderately acid (pH 6.0); clear smooth boundary. (2 to 10
inches thick)

A2--2 to 10 inches; brown (7.5YR 5/2) light clay loam, dark brown (7.5YR 3/2) moist; moderate medium
subangular blocky structure; hard, friable, sticky and plastic; common fine and few medium roots; many very
fine interstitial and tubular pores; few thin clay films on peds and lining pores; moderately acid (pH 6.0); clear
wavy boundary. (8 to 10 inches thick)

Bt1--10 to 23 inches; light brown (7.5YR 6/4) clay loam, brown (7.5YR 5/4) moist; moderate medium
subangular blocky structure; hard, firm, sticky and plastic; few fine and many medium and coarse roots; many
very fine interstitial and tubular pores, few fine, medium and coarse tubular pores; many thin clay films on faces
of peds and lining pores; moderately acid (pH 6.0); clear wavy boundary. (12 to 16 inches thick)

Bt2--23 to 39 inches; light yellowish brown (10YR 6/4) clay loam, yellowish brown (10YR 5/6) moist;
moderate medium subangular blocky structure; hard, firm, sticky and plastic; few medium and coarse roots;
many very fine interstitial and tubular pores, few medium and coarse tubular pores; common thin clay films
lining pores and on faces of peds; strongly acid (pH 5.5); gradual wavy boundary. (8 to 18 inches thick)

C1--39 to 48 inches; light yellowish brown (10YR 6/4) shaly clay loam, yellowish brown (10YR 5/6) moist;
weak medium subangular blocky structure; hard, firm, sticky and plastic; few medium and coarse roots; many
very fine and fine tubular pores, few medium and coarse tubular pores; few thin clay films lining pores and on
faces of peds; about 25 percent shale fragments 1 to 1/2 inch in diameter; strongly acid (pH 5.5); gradual wavy
boundary. (0 to 12 inches thick)

C2--48 to 60 inches; yellowish brown (10YR 5/6) very shaly clay loam, dark yellowish brown (10YR 4/4)
moist; massive; hard, firm, sticky and plastic; about 50 percent shale fragments 1 to 2 inches in diameter;
strongly acid (pH 5.5); gradual irregular boundary.

Cr--60 to 65 inches; shale.

TYPE LOCATION: Santa Clara County, California; 1.9 miles above Spring Lake on Watsonville Road; 200
yards uphill on old skid trail; SW1/4 NW1/4 section 6, T.11S., R.3E.
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RANGE IN CHARACTERISTICS: Depth to paralithic contact is 40 to 80 inches. The mean annual soil
temperature is about 56 degrees F.; the mean winter soil temperature is about 47 degrees F.; and the mean
summer soil temperature is about 60 degrees F. Soil between depths of about 5 and 15 inches usually is dry in all
parts all the time from mid-May to mid-June until about late October or early November and usually is moist the
rest of the year.

Organic matter is 3 to 8 percent in the uppermost 10 inches of the profile and decreases gradually to 1.5 to 0.5
percent 20 inches below the surface and in most pedons is less than 1 percent within 16 to 25 inches of the
surface. Base saturation is 60 to 75 percent in some part of the upper 30 inches of the profile and in most pedons
is less than 75 percent in all parts. Base saturation in the lower part of the profile, below a depth of 30 inches, is
40 to 80 percent but in many pedons it is similar to that in the upper 30 inches of the profile. The soil is slightly
or strongly acid in the A and B horizons and slightly to very strongly acid in the C horizon.

Shale fragments or other rock fragments usually are less than 15 percent in the A and B horizons and average
less than 35 percent in all pedons. In pedons with C horizons, rock fragments make up 15 to 65 percent.

The A horizon is brown or dark brown in 7.5YR hue, dark reddish gray and dark reddish brown in 5YR hue and
dark grayish brown or brown in 10YR hue, and has moist chroma of 2 or 3. Texture is sandy loam, loam, silt
loam or light clay loam and has moderate or strong granular, subangular blocky or angular blocky structure. The
upper boundary of the Bt horizon is gradual or diffuse or there is a transitional AB or B horizon.

The Bt horizon is brown or light brown in 7.5YR hue, light yellowish brown, light brown, brown, pale brown or
yellowish brown in 10YR hue and reddish brown, light reddish brown or yellowish red in 5YR hue and has
moist chroma of 4 or 6. Texture is clay loam, silty clay loam, or sandy clay loam and has 6 to 15 percent more
clay (absolute) than the A horizon. This horizon has moderate or strong subangular blocky or angular blocky
structure. In some pedons a loam, sandy loam or clay loam C horizon modified by shale fragments is between
the B horizon and the shale.

COMPETING SERIES: These are the Annum, Brownlee, Chirpchatter, Ebadlow, Fisherhill, Goldendale,
Hellake, Lompico, Lorena, Meland, Mendian, Meystre, Quiden, Rehfield, Robbscreek, Schumacher, Stacker,
Stardust, Updegraff and Van Horn series.Annum, Brownlee,Chirpchatter, Ebadlow, Fisherhill, Goldendale,
Hellake, Mendian, Meystre, Quiden, Rehfield, Robbscreek, Stardust and Van Horn soils all have MAAT of less
than 52 degrees F. Loeren, Meland and Stacker soils have lithic contacts at 20 to 40 inches. Schumacher soils
have MAAT of less than 52 degrees F. and have a lithic contact at 40 to 60 inches. Updegraff soils have lithic
contacts at 40 to 60 inches. Lompico soils are 20 to 40 inches deep to a lithic contact. Schumacher soil have a
lithic contact at 40 to 60 inches and MAAT of less than 52 degrees F.

GEOGRAPHIC SETTING: Felton soils formed in material weathered from shale and sandstone or mica
schist. They are on uplands and have gradients of 5 to 75 percent. Elevations are 400 to 3,000 feet . The climate
is humid mesothermal with warm to cool dry summers and cool, moist winters. The mean annual precipitation is
25 to 70 inches. Snow is rare and remains for only a few hours. The average January temperature is about 47
degrees F.; the average July temperature is about 61 degrees F.; and the mean annual temperature is 54 to 57
degrees F. The frost free season is about 220 to 330 days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Ben Lomond, Gilroy, Hugo, Lompico, Los
Osos, Madonna and Maymen soils. Ben Lomond soils lack an argillic horizon and have coarse loamy textural
control sections. Gilroy and Los Osos soils have a mean soil temperature above 59 degrees F. and a lithic and
paralithic contact respectively at a depth of 20 to 40 inches. Hugo, Madonna and Maymen soils lack argillic
horizons and lack mollic epipedons.

DRAINAGE AND PERMEABILITY: Well drained; rapid to very rapid runoff; moderately slow permeability.

USE AND VEGETATION: Used for timber production, recreation, watershed, growing Christmas trees and
homesites. Most areas have been cut over. Vegetation is redwood, Douglas fir, madrone, and oak.
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https://soilseries.sc.egov.usda.gov/OSD_Docs/A/ANNUM.html
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https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CHIRPCHATTER.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/E/EBADLOW.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/F/FISHERHILL.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/G/GOLDENDALE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/H/HELLAKE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/L/LOMPICO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/L/LORENA.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MELAND.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MENDIAN.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MEYSTRE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/Q/QUIDEN.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/R/REHFIELD.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/R/ROBBSCREEK.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SCHUMACHER.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/STACKER.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/STARDUST.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/U/UPDEGRAFF.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/V/VAN_HORN.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/B/BEN_LOMOND.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/G/GILROY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/H/HUGO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/L/LOMPICO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/L/LOS_OSOS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MADONNA.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MAYMEN.html


4/2/2019 Official Series Description - FELTON Series

https://soilseries.sc.egov.usda.gov/OSD_Docs/F/FELTON.html 3/3

DISTRIBUTION AND EXTENT: Mountainous areas near the coast in central California. The soil is
moderately extensive. MLRA 4.

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California

SERIES ESTABLISHED: Santa Cruz County, California, 1936.

REMARKS: The activity class was added to the classification in February of 2003. Competing series checked
11/2009.

ADDITIONAL DATA: NSSL Lab Data 40A3038

National Cooperative Soil Survey
 U.S.A.
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Map from Soil Survey of the Napa Area, California (1938) 
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