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CHAPTER 2. GEOLOGY, HYDROGEOLOGY, AND GROUNDWATER 
IN YOLO CO. AND VICINITY  

Geology controls the occurrence, quantity, quality, and flow of groundwater.  A meaningful 

discussion on groundwater in a region cannot occur without an understanding of the geology of 

the region.  For example, if groundwater pumping is to be increased in an area to decrease 

reliance on surface water deliveries, it is prudent to know if the aquifers being tapped are 

susceptible to skeletal collapse, potentially leading to irreversible subsidence.  That susceptibility 

is a geologic property of the grains that comprise the aquifers.  Similarly, the ability for an 

aquifer to recharge—to take in groundwater—depends on the geologic characteristics of the 

recharge zone (where water enters the subsurface) and the composition of the aquifer. 

This chapter presents the geology and hydrogeology of the Yolo County area, putting the 

distribution of rock and sediments and the flow of groundwater beneath the county into the 

context of the geologic history of the west margin of the North American continent and the 

Central Valley and Coast Ranges regions of California.  The aquifers beneath Yolo County are 

composed of sediments deposited while these two regions took shape.  The sediments holding 

groundwater of course cannot be seen.  But the subsurface can be visualized with an 

understanding of the geological environments that existed before, during, and after the aquifers 

were formed. 

This chapter defines six groundwater subbasins within the county based on geography, geology, 

and hydrogeology, as well as physical and political boundaries.  The total volume of 

groundwater available for usage in Yolo County is not known, and this value is very difficult to 

discern.  One reason for delineating groundwater subbasins as described is so that data 
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subsequently collected within these subbasins, such as aquifer dimensions, porosity volumes, and 

groundwater levels, are used to determine existing groundwater volumes and available aquifer 

capacity per subbasin.  This would enable at least a subtotaling of groundwater availability in the 

county for water management purposes.  Additionally, groundwater quality varies throughout the 

county.  Groundwater subbasins provide a geographic reference to describe differences in 

groundwater quality.  

Groundwater-withdrawal-related subsidence is discussed at the end of this chapter. 

To help catalogue the geographic and geologic features of the state and to better discern the 

geologic forces over time that have created the state’s landscape, geologists divided the state into 

eleven groups.  The groups are called geomorphic provinces, and they are based primarily on 

differences in the physical geography and geologic history that gave rise to their distinct 

landforms.  Each geomorphic province name, for the most part, provides reference to that part of 

the state represented by the province, i.e., the Sierra Nevada Province.  The names of 

California’s geomorphic provinces and their boundaries are indicated in Figure 2.1. 

Yolo County is draped over two geomorphic provinces.  Most of the county lies within the Great 

Valley geomorphic province (the Central Valley), while the county’s elevated western edge 

extends into the Coast Ranges geomorphic province (Figure 2.1). 

The geology and topography of Yolo County, the rocks and sediments exposed in and underlying 

the highlands and lowlands of the county, reflect the geologic evolution of the state and provide 

witness to the building of the Coast Ranges and Great Valley geomorphic provinces.   
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Geologic time scale designations which refer to blocks of past geologic time, such as the 

Mesozoic era, the Tertiary period, or the Pliocene epoch, are used in this text.  A geologic time 

scale is included at the back of this section for reference (Table 2.1). 

2.1 REGIONAL GEOLOGY AND GEOLOGIC HISTORY 

2.1.1 California Grows West 

At the start of the Mesozoic era, 245 million years ago (mya), California was a  broad, shallow 

sea lapping at the shores of what is now western Nevada.  California both rose from this sea and 

grew westward as uplifted land eroded and sediments aggraded seaward, and as terrain accreted 

onto the western continental margin during various episodes of subduction (Norris and Webb, 

1990).   

Subduction is that part of plate tectonic theory where one lithospheric plate slides beneath 

another plate.  Convecting currents in the magma of the earth’s mantel, beneath the lithosphere, 

set the plates in motion, leading to plate collision and subduction.  The friction and pressure 

created from one plate sliding beneath another plate causes rock to melt into pockets of magma 

called plutons.  A pluton slowly rises by melting and pushing aside overlying rock until the 

molten rock extrudes from the earth’s surface as volcanic rock (basalt, volcanic ash, etc.) and/or 

the pluton reaches a point of equilibrium, stops rising, and slowly cools as crystalline igneous 

rock. 

Near the middle of the Mesozoic era, at the beginning of the Jurassic period, about 208 mya, the 

Nevadan Mountain Range, ancestor to today’s Sierra Nevada range, had risen and was 

continuing to rise in response to subduction west of the continental margin (Norris and Webb, 

1990).  This range was more geographically extensive than the Sierra Nevada, and probably 
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much higher.  Its crest was in what is today western Nevada.  For more than 150 million years, 

its broad west slope captured moisture blown landward from the sea.  The water returned to the 

sea as sediment-laden runoff flowing from a network of channels draining the west slope of the 

range.  Sediment nearly six miles thick deposited in the sea, laying a base for what would 

become the Great Valley geomorphic province—California’s Central Valley (Norris and Webb, 

1990). 

The subduction that initiated the rise of the Nevadan Mountains was no longer adjacent to the 

continent when the range reached its peak and sediments were washing seaward from its slopes.  

By that time, at the start of the Cretaceous period, 144 mya, subduction was further off shore and 

the marine shelf that received the Nevadan sediments became a kind of tectonic basin, a 

“fore-arc basin,” that forms between a subduction zone and rising mountains (see schematic 

below) (Norris and Webb, 1990).   

 
A fore-arc basin and other features in a hypothetical subduction zone setting at a convergent  

tectonic plate margin (from Loubere, 2002) 
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The basin was open to the sea and so the sediments deposited at that time have been classified as 

marine sediments.  Most of these deposits are known collectively as the Great Valley beds or 

Great Valley sequence.   

At the same time, further offshore, a deep trench had formed at the initial zone of subduction, 

where the oceanic plate began its decent beneath the continental plate.  Submarine turbidity 

flows transported vast amounts of the land-derived sediments to the trench.  Here the material 

was slowly pulled downward, into the subduction zone, were it was folded into and mixed with 

descending oceanic rock.  This jumbled mix of oceanic plate material (basalt and other iron- and 

magnesium-rich igneous rock) and trench sediments is known as the Franciscan complex or 

Franciscan mélange (Norris and Webb, 1990).   

The Franciscan mélange churned ever downward as subduction continued and a constant 

sediment source fed the trench.  As evidenced by metamorphic minerals found in Franciscan 

rock that form in a high pressure, relatively low temperature environment, subduction diminished 

or ceased near the end of the Cretaceous period and the beginning of the Tertiary (about 66 mya), 

preventing the Franciscan rocks from descending further and becoming thoroughly heated 

(Norris and Webb, 1990).  The Franciscan rock ascended to the surface, perhaps due to a 

combination of rock density differences and tectonism related to subduction renewed later. 

The Franciscan was pushed landward, colliding with and, in places sliding under the seaward 

extent of the Great Valley beds, causing the beds to contort and tilt upward.  

In Yolo County, Great Valley beds of marine shales, siltstones, and sandstones crop out along 

the ridgeline that defines the county’s west border, and comprise most of the Capay Hills, on the 

west side of Capay Valley (Map 2.1).  The beds dip steeply east toward the Sacramento Valley. 
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Though still beneath the sea, the ascension of the Franciscan mélange and its collision with the 

Great Valley beds mark the ancestral mountain building for at least the northern half of the Coast 

Ranges, establishing the boundary between the Coast Ranges and the west side of the Great 

Valley (Norris and Webb, 1990). 

Through the first two epochs of the Tertiary period, the Paleocene and Eocene, the Great Valley 

experienced intermittent periods of uplift and subsidence—fore-arc basin tectonism related to the 

Pacific plate subduction further offshore (Harwood and Helley, 1987).  This caused changes in 

the level of the inland sea, erosion of some older valley sediments, particularly on the valley 

margins, and provided room for the deposition of younger sediments into the valley. 

A tropical climate persisted during the Eocene epoch, and precipitation through the end of the 

epoch (37 mya), into the Oligocene caused Nevadan mountain drainages to wash huge amounts 

of sediment into the Great Valley inland sea (Norris and Webb, 1990).  (These drainages, still 

remnant on the upper flanks of modern drainages in the Sierra Nevada, cut gold from the rich ore 

rock known as the Mother Lode, and distributed it as placer deposits mixed with river gravels.  

Extensive hydraulic mining operations in the nineteenth century targeted this old drainage 

network of the Nevadan mountains.) 

The Nevadan mountains were a subdued range by the middle of the Oligocene epoch, 

approximately 30 mya, with much of their mass eroded away and deposited into the Great Valley 

inland sea (Norris and Webb, 1990).  By this time, the Great Valley and the Coast Ranges were 

better defined in the north, where the Franciscan mélange had risen to the surface and pushed up 

and against the Great Valley beds.  To the south, the Great Valley remained open to the sea 

where the central and southern Coast Ranges were more modest (Norris and Webb, 1990). 
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A change in the dynamics of the boundary between the Pacific and North American plates was 

underway by the middle of the Oligocene epoch (Atwater, 1970; Dickinson and Snyder, 1979), 

and by the middle of the Miocene, approximately 15 mya, the boundary along much of the 

California coast had changed from one of subduction to a transform boundary where the Pacific 

plate slid past and not under the North American plate.  Meanwhile, through the end of the 

Oligocene (24 mya), volcanic ash, probably from a source in what is today western Nevada, 

deeply blanketed the diminished Nevada mountains (Norris and Webb, 1990).  The ash, known 

as the Valley Springs formation, had only partially eroded from the mountain flank when, about 

20 mya, renewed volcanism in the east brought wave after wave of volcanic mudflows and basalt 

flows down the drainages of the mountain and into the valley.  These basalts and mudflows, 

known as the Mehrten formation, and related volcanic flows, continued through the end of the 

Miocene epoch (5 mya).  The flows filled drainages and covered over ridges, creating a vast 

plane that was inclined west, toward the Great Valley (Norris and Webb, 1990). 

2.1.2 The Pliocene Epoch: Creating Groundwater’s Reservoir in the Great Valley 

By the beginning of the Pliocene epoch, about 5 mya, the tectonic forces that gave rise to our 

modern landscape were in place. The transform boundary between the North American and 

Pacific plates had lengthened nearly to its present trace—the San Andreas fault.  And the Sierra 

Nevada began to rise in earnest as the high temperature, east-west extensional tectonics of the 

Basin and Range geomorphic province initiated block faulting on the east flank of the Nevadan 

mountain block, lifting up and tilting the block further westward along a fault system that now 

defines the west flank of the Owens Valley and the east flank of the Sierra Nevada.  Basin and 

Range tectonism is not discussed herein, but its onset is considered related to the cessation of 

subduction off the California coast (Dickinson and Snyder, 1979).  



Chapter 2  Geology, Hydrogeology, and Groundwater  
  in Yolo Co. and Vicinity 

Yolo County IRWMP 2-8 May 2005
Background Data and Information Appendix  

 

The more localized side-by-side plate movement along the San Andreas boundary finally pushed 

the entire extent of the Coast Ranges out of the sea by the Pliocene and lifted the floor of the 

Great Valley, expelling the last of the inland sea water through the Carquinez Straight, into the 

San Francisco Bay (Norris and Webb, 1990).  Regional volcanism in the Coast Ranges, remnant 

of the plate boundary transition, also contributed to coastal mountain building and uplift through 

much of the Pliocene (Dickenson and Snyder, 1979; Harwood and Helley, 1987).  

The start of the Pliocene marks an important transition in the deposition of sediments in the 

Great Valley.  Previous to this time, the basin was filled with sea water, and sediments that 

washed to the basin settled to the basin floor with sea water between sediment grains.  Though 

some sea water was squeezed out as the beds were compacted by later deposits, the original, or 

connate, water remains as sediment pore water—groundwater that is too saline to be considered 

worth tapping with wells.  

By the Pliocene, there was no longer sea water in the Great Valley.  There was little or no 

standing water at all.  Sediments washed to the valley as before, but they were quickly buried by 

more sediments coursing from the rising Sierra Nevada and from Coast Ranges, now fully 

emerged and rising.  Broad alluvial fans formed at the mouths of gullies, washes, and creeks, 

coalescing with adjacent fans growing from the same mountain flank.  The fans, fuelled by 

abundant sediment, grew further into the valley, narrowing it.  Ancestral Sacramento and San 

Joaquin rivers draining the valley could only rework the edges of the fans as the sediment load 

washing to the valley floor exceeded the sediment transport capacity of the rivers.  The valley 

was filling with alluvium.  Most of the material, buried within the flanks above the valley floor, 

was buried without connate water.  Whatever connate water was buried with reworked fluvial 
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sediments was relatively fresh water.  Some of the material was eroded by later events, but most 

of it now lies in the subsurface providing reservoir for most of the valley’s groundwater.   

The permeability of the Pliocene sediments varies greatly because course-grain and fine-grain 

deposits interfinger in alluvial fans.  The more productive aquifers within the Pliocene sediments 

are in the large lens-like beds of courser alluvium. 

Locally, the Pliocene alluvium that was derived from the rising Coast Ranges is known as the 

Tehama formation.  It is distributed extensively on the west flank of the Sacramento Valley.  In 

Yolo County, the Tehama formation crops out prominently on the lower flanks of the east-facing 

foothills, on the lower flanks of Capay Valley, in the Dunnigan Hills, and, to a lesser extent, 

along the low hills of the Plainfield Ridge, south-southeast of the Dunnigan Hills (Map 2.1).  

Tehama formation sediments extend eastward in the subsurface, thickening to more than 2,500 

feet beneath the Sacramento Valley axis (Olmsted and Davis, 1961).  

2.1.3 The Finishing Touch of the San Andreas 

The Pliocene epoch and the Tertiary period ended 1.6 mya, and the current geologic period, the 

Quaternary, began.  Uplift of the Coast Ranges increased in the Quaternary, as evidenced by 

marine terraces seen on its west flank, hundreds of feet above the present shoreline, and 

culminated about 1 mya (Norris and Webb, 1990).  On the east flank of the Coast Ranges, 

Pliocene sediments were uplifted and partially eroded.  Less downcutting of Pliocene deposits 

occurred further east where the uplift diminished into the valley.   

The mountain building was fueled by the lengthening side-by-side scraping of tectonic plates 

along the San Andreas transform boundary. With the mountain building, the north-northwest 

grain of the San Andreas boundary was imposed on the entire Coast Ranges province, and 
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extended into the western margins of the Great Valley.  The north-northwest alignment of 

numerous Quaternary fault and fold structures, such as Capay Valley and the Dunnigan Hills in 

Yolo County and the Kettleman Hills in Kings and Fresno counties, show the eastern extent of 

the band of the structural influence exerted by the San Andreas boundary. 

In Yolo County, the early Quaternary uplift of the Coast Ranges also caused the Tehama 

formation on the east-facing foothills to be tilted up and eroded.  Course alluvial sediments, 

known collectively as the Red Bluff formation, deposited on the eroded Tehama surfaces when 

the uplift temporarily subsided.  Much of the Red Bluff formation was later eroded as regional 

strain from San Andreas influences continued to raise the Coast Ranges and folded both the 

Tehama sediments and overlying Red Bluff sediments upward to create the Dunnigan Hills 

(Dickenson and Snyder, 1979; Harwood and Helley, 1987).  Presently in Yolo County, the 

distinctive red gravels of the Red Bluff formation lie in patches covering Tehama formation 

sediments in the Dunnigan Hills and Plainfield Ridge, and on portions of Yolo County’s east-

facing foothills (Helley and Harwood, 1985) (Map 2.1). 

Cache and Putah Creeks were carving their modern drainage paths by the time the Red Bluff 

formation was deposited (Harwood and Helley, 1987).  From further up their respective 

watersheds, these creeks were cutting exposed older rocks and sediment, such as the shales and 

sandstones of the Great Valley beds and Tehama formation sediments, and distributing them in 

two broad fans that have spread into the eastern half of the county (Map 2.2).  

The ephemeral, east-flowing foothill creeks and washes have distributed younger Quaternary 

alluvium to the low-lying areas of Yolo County.  Cache and Putah Creeks have also redistributed 

much of this material toward the Sacramento River.  A broad band of recent Quaternary river 
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and flood basin deposits from the Sacramento River lie along the eastern border of Yolo County 

(Map 2.1 and Map 2.2).  Combined, the Quaternary sediments on the west flank of the 

Sacramento Valley are typically 150 feet thick or less (Olmsted and Davis, 1961).   

2.2 HYDROGEOLOGY OF YOLO COUNTY 

An aquifer is defined as, “rock or sediment in a formation, group of formations, or part of a 

formation that is saturated and sufficiently permeable to transmit economic quantities of water to 

wells and springs” (Fetter, 1994).  It is worth noting that for most purposes, “economic” 

groundwater implies relatively fresh, and not saline groundwater, as saline groundwater would 

likely require treatment. 

The aquifers beneath Yolo County are recharged by runoff and groundwater from the east-facing 

foothills, by percolation of precipitation, and by infiltration of surface water.  Surface water 

infiltration is provided by the creeks and streams that flow from the Coast Ranges into the 

county; from delivered and applied irrigation water; from Sacramento and Feather River flood 

waters diverted to the Yolo Bypass; from the Sacramento River; and from the Sacramento River 

Deep Water Ship Channel that extends south from West Sacramento.   

Aquifers in Yolo County are unconfined near the surface and become increasingly confined with 

depth (DWR, 2003; Williamson, et al., 1989).  There are no regionally continuous barriers to 

vertical flow; however, interbedded clays and silts create a cumulative impediment to vertical 

groundwater flow with increasing depth (DWR, 2003; Williamson et al., 1989).  Additionally, 

older deeper sediments tend to be more compact and therefore less permeable than younger, 

shallower sediments (Bryan, 1923). 
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The natural hydraulic gradient of groundwater (its slope and flow direction) within the 

southwestern Sacramento Valley is toward the east and south, roughly following the topographic 

incline (Bryan 1923; DWR 1978; Hull 1984; Williamson et al., 1989). 

Groundwater pumping has impacted this gradient (Hull, 1984; Bertoldi et al., 1991) by creating 

localized depressions in the water table and land subsidence beneath areas of more intensive 

groundwater pumping (D’Onofrio and Frame, 2003).   

Map 2.3 illustrates groundwater levels during the drought of 1977, showing the effects of both 

increased groundwater withdrawal and lack of recharge.  Increased reliance on surface water 

from irrigation canals and water impoundments have relieved much of the stress on aquifers 

beneath Yolo County.  Additionally, the City of West Sacramento’s water supply was switched 

from groundwater to surface water from the Sacramento River in 1988, further reducing reliance 

on groundwater in Yolo County  (Yolo County General Plan, 2002; Water Master Plan, City of 

West Sacramento, 1994). 

Map 2.4 shows groundwater levels measured in the year 2000, illustrating the effects of a water-

rich year as well as positive influences from the introduction of additional surface water supplies 

in Yolo County.  Localized groundwater effects are still evident beneath areas dependant on 

groundwater as a primary water supply, such as beneath the City of Woodland, beneath the City 

of Davis and University of California, Davis (UCD) area, and beneath the Yolo-Zamora Water 

District, though the observable impacts are less than those illustrated in Map 2.3. 

Beneath Yolo County, aquifers are essentially contained within two stratigraphic units: 1) the 

thick alluvial and river sediments of the Tehama formation, deposited during the Pliocene epoch, 

and 2) the younger sediments that overlie the Tehama formation, deposited entirely during the 
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Quaternary period and predominately by the modern drainages that flow into and through the 

Sacramento Valley.  These two units, their distribution, lithology and thickness, and their 

distinctive hydrogeologic characteristics, are discussed below.  

2.2.1 The Tehama Formation 

When changing tectonic plate dynamics gave rise to the modern Coast Ranges at the beginning 

of the Pliocene (see Section 2.1), the uplifted older rocks eroded, and great sheets of gravels and 

other course sediment washed eastward (Norris and Webb, 1990).  Alluvial fans formed at the 

mouths of creeks and washes, and the fans broadened as they extended eastward, coalescing with 

adjacent fans.  Predominately north of the Carquinez Straight, on the west flank of the 

Sacramento Valley, these deposits are known as the Tehama formation.  

The Tehama formation is exposed prominently on Yolo County’s east facing foothills and the 

Dunnigan Hills (Map 2.1).  It extends eastward beneath the Quaternary alluvial cover where its 

thickness exceeds 2,500 feet (Olmsted and Davis, 1960).   

2.2.1.1 LITHOLOGY AND DISTRIBUTION OF THE TEHAMA FORMATION IN YOLO COUNTY 

The Tehama formation consists of pale green, gray, and tan sandstone and siltstone with lenses 

of crossbedded pebble and cobble conglomerates derived from the Coast Ranges and, to a lesser 

extent, from the Klamath Mountains to the north (Helley and Harwood, 1985).  The sediments 

were distributed by ancestral east-flowing Coast Range drainages, and deposited into the 

Sacramento Valley, which, at that time, was similar but considerably wider than it is today 

(Olmsted and Davis, 1961).  The overall south-flowing drainage of the Sacramento Valley also 

distributed and reworked these deposits, as evidenced by the crossbedding seen in the courser 

layers of the formation and sourcing of some sediments from the north (Olmsted and Davis, 
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1961).  Beneath Yolo County, the formation sediments are finer to the east and the formation 

thickens, also indicating eastward transport of sediments to the valley basin (Olmsted and Davis, 

1961).   

A distinctive sequence of volcanic ash beds, or tuffs, marks the base of the Tehama formation.  

The ash beds are known collectively as the Putah Tuff, and can be observed where the formation 

is exposed along the east-facing foothills (Map 2.1).  The Putah Tuff is Late Pliocene (3.3 mya) 

in age (Helley and Harwood, 1985), and represents renewed Pliocene tectonism in the Coast 

Ranges, likely marking several closely-spaced eruptive events from a source that was near 

Mount St. Helena in Sonoma County (Helley and Harwood, 1985). The Putah Tuff consists of 

grayish-white to pink volcanic ash mixed with pieces of white pumice (a very light, airy volcanic 

rock).  It has been reworked by stream action, and is interlayered to some extent with non-

volcanic fluvial sediments (Helley and Harwood, 1985).  The Putah Tuff member of the Tehama 

formation is 40 to 50 feet thick and loosely consolidated.  

Where the Tehama formation crops out on the west flank of the Sacramento Valley, it rests 

unconformably on the previously eroded surface of the much older and tilted marine rocks of the 

Great Valley sequence (Map 2.1).  Further east beneath the western Sacramento Valley, the 

Tehama formation lies over more recent marine sediments (Olmsted and Davis, 1961).  

Approximately beneath the trace of the Sacramento River, the Tehama formation interfingers 

with sediments derived from the Sierra Nevada (Norris and Webb, 1990; Olmsted and Davis, 

1961). 

The Tehama formation thickens to the east.  Where it is exposed along the east-facing foothills 

(Map 2.1), the formation is estimated to be 1,200 feet thick.  Beneath the Plainfield Ridge its 
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thickness exceeds 2,000 feet (Olmsted and Davis, 1961).  Further east, correlation with gas well 

logs indicate the formation to be greater than 2,500 feet thick (Olmsted and Davis, 1961).  Where 

the Tehama formation is in the subsurface, it generally lies beneath 150 feet or less of younger 

alluvial and fluvial sediments, though locally it may be deeper (Olmstead and Davis, 1961).   

2.2.1.2 STRUCTURAL DEFORMATION OF THE TEHAMA FORMATION 

Tectonism related to changing dynamics of the San Andreas fault plate boundary along the 

California coast continued to uplift the Coast Ranges after the deposition of the Tehama 

formation (Dickenson and Snyder, 1979; Harwood and Helley, 1987).  The formation was 

uplifted and regionally tilted to the east.  The western extent of the formation was partially 

eroded, leaving it exposed on the lower east flank of the Coast Ranges.   

The San Andreas transform boundary continued to lengthen into the Quaternary, and the Coast 

Ranges continued to rise.  Strain and stress influences from lengthening and movement on the 

San Andreas were expressed inland, creating a geography of ridges and valleys that roughly 

parallel the fault trace.   San Andreas-imposed stresses extended to the western margin of the 

Sacramento Valley after the deposition of the Tehama formation, and after the initial uplift that 

tilted the formation eastward, creating a set of broad folds expressed geographically as Hungry 

Hollow and the Dunnigan Hills (Harwood and Helley, 1987). 

Hungry Hollow is within a broad trough, or fold, that is inclined (plunges) to the south-southeast.  

This fold is known as the Madison syncline (Harwood and Helly, 1987).  The Dunnigan Hills is 

the companion up-turned fold, or anticline.  The folding that created the Dunnigan Hills anticline 

locally elevated the Tehama formation and overlying younger sediments.  The younger 

sediments were eroded, exposing the Tehama formation over most of the Dunnigan Hills. 
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North-northwest of the Dunnigan Hills, the up-folded Tehama formation plunges below the 

topographic surface.  The fold dissipates northward in the subsurface, and the formation assumes 

its more regional eastward dip on the lower flank of the Coast Ranges north of Yolo County 

(Olmsted and Davis, 1961). 

South-southeast of the Dunnigan Hills, the upturned fold projects along and just below the land 

surface.  The anticline is subtly expressed as the Plainfield Ridge, the alignment of very low hills 

that project into the south central portion of Yolo County, along the western margins of 

Woodland and Davis (Harwood and Helley, 1987).  Large patches of the folded Tehama 

Formation crop out along the Plainfield Ridge, but most of it lies at depth (Olmsted and Davis, 

1961; Harwood and Helly, 1987; Wagner, et. al, 1987). 

2.2.1.3 GENERALIZED GROUNDWATER FLOW IN THE TEHAMA FORMATION 

Sediments that are transported and deposited by alluvial and river processes vary greatly in grain 

size.  Great lenses of pebbles and cobbles form when sediment-laden water, flowing swiftly from 

the hills, slows upon reaching and dispersing on more gently inclined alluvial fans and plains.  

On an alluvial fan, an abundant supply of course sediment will overwhelm a channel, filling it.  

The buried channel is abandoned, and the water is then diverted elsewhere on the fan, repeatedly 

carving and abandoning new channels, moving the sediment downslope and increasing the size 

of the fan.  Elsewhere on the fan, sands and silts deposit where flows spill over channels, and 

accumulate in channels when flows are lower and not as swift.  Silts and clays accumulate 

further from the channels, at the outlying reaches of the fan, and in more distant river flood 

plains.   
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At depth, where Tehama formation sediments are saturated with groundwater.  Groundwater 

flows most easily in the direction of fan growth, in a rough plain of deposition, moving 

preferentially along the slightly inclined, intertwined paths of abandoned channels.  Groundwater 

flowing vertically downward, or infiltrating, flows at a relatively slow rate because the 

groundwater must travel through layers of fine- and very fine-grained sediments that interfinger 

with the channel lenses of the courser sands and gravels.   

On the west flank of the Sacramento Valley, the plain of deposition of the Tehama formation 

was inclined eastward.  As discussed above, the plain of deposition was inclined further eastward 

by early Quaternary uplift of the Coast Ranges, and later it was canted southward and warped by 

the folding that created Madison syncline and the Dunnigan Hills/Plainfield Ridge anticline.  

Consequently, beneath Yolo County, groundwater flow in the Tehama formation is partially 

deflected to the southeast.   

It is possible that the Madison syncline and the Dunnigan Hills/Plainfield Ridge anticline impact 

groundwater and groundwater flow in the Tehama formation in other ways.  Perhaps confining 

conditions have been increased along the anticlinal fold-line that plunges beneath south-central 

Yolo County, or recharge capability has been reduced beneath the Dunnigan Hills because it is a 

structural high.  But impacts such as these have not been discerned and remain conjecture. 

2.2.2 Quaternary Sediments Overlying the Tehama Formation 

2.2.2.1 THE RED BLUFF FORMATION 

About one million years ago, alluvial gravels and cobbles from Coast Range drainages deposited 

on the eroded surface of the Tehama formation (Olmsted and Davis, 1961).  These sediments, 

distinctive for their reddish silty or sandy matrix, are known collectively as the Red Bluff 
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formation (Map 2.1).  After the Red Bluff formation was laid down, it too was subjected to 

erosion, from regional uplift (including the folding that created the Dunnigan Hills) and from the 

eventual lowering of the Sacramento Valley outflow base level (Olmsted and Davis, 1961).   

Where it can be observed in Yolo County, the Red Bluff formation lies over the Tehama 

formation, but is typically less than 50 feet thick.  Because it is relatively thin and, in Yolo 

County, discontinuous, the Red Bluff formation is not considered a significant groundwater 

reservoir, though it is a porous deposit.  Its hydraulic properties are more similar to the younger, 

coarser alluvium overlying it than the Tehama formation.   

The subsurface occurrence of the Red Bluff formation can be helpful when drilling, where it’s 

red color can assist in determining the upper boundary of the Tehama formation. 

2.2.2.2 SURFACE QUATERNARY DEPOSITS 

The majority of the Yolo County lowlands are blanketed with alluvial, flood plain, and stream 

channel deposits dating from less than one mya to the present.  These sediments overlie both the 

Red Bluff formation and the Tehama formation (Map 2.1).  They consist of varying mixes of 

sands, silts, clays, gravels and cobbles found on the active alluvial fans, flood plains, and stream 

and river channels of the Sacramento Valley.  Along the west flank of the Sacramento Valley, 

these alluvial and fluvial deposits are typically less than 150 feet thick (Olmsted and Davis, 

1961).   

2.2.2.3 RELATIVE WATER INFILTRATION PROPERTIES OF THE QUATERNARY SEDIMENTS 

Map 2.2 illustrates the Quaternary deposits, including the Red Bluff formation, based on relative 

water infiltration characteristics.  Moderate and high infiltration rates clearly trace the active 
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stream channels of Cache Creek, Putah Creek, and Buckeye Creek (near the north border of Yolo 

County), and show broad alluvial fans at the eastern extents of Cache and Putah Creeks.  Lesser 

infiltration rates define the Quaternary overbank and flood plain deposits, primarily adjacent to 

the Sacramento River and between Cache and Putah Creeks. 

2.2.3 Groundwater in Yolo County 

2.2.3.1 GROUNDWATER SUBBASINS 

Aquifers beneath Yolo County are either entirely within the Tehama formation or within a 

combination of the Quaternary alluvial sediments and the uppermost Tehama formation.  Wells 

that tap the aquifers beneath the county extend as little as 50 feet below ground surface (bgs) to 

more than 1,500 feet bgs.  The desired quantity and quality of groundwater determines the depth 

and design of a well.  Beneath Yolo County, groundwater quantity and quality varies depending 

on location within county.  For this reason, it is helpful to segment the county into groups, or 

groundwater subbasins, to better catalog groundwater production and quality in specific regions 

of the county, and to better understand where groundwater data in the county are lacking.    

Ideally, groundwater basins and subbasins are determined by watershed geography.  A Yolo 

County, Capay Valley subbasin is easily defined this way.  But east of Capay Valley, the 

appropriate subbasin segmentation of Yolo County is a matter of opinion.  Variables such as 

geology, soils distribution, aquifer properties, groundwater production, and political boundaries 

must be considered.  Consequently, various groundwater subbasins of the county have been 

proposed in previous documents (Scott and Scalmanini, 1975; DWR, 2003; Luhdorff and 

Scalmanini, 2004).  
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Inconsistencies and short-comings of previous subbasin delineations prompted a revision of 

subbasin boundaries for this document.  There are six Yolo County groundwater subbasins 

presented herein (Map 2.5); they are: 1) Capay Valley, 2) Buckeye Creek, 3) Dunnigan Hills, 4) 

West Yolo, 5) East Yolo, and 6) Sacramento River.   

Geography, geology, relative soil infiltration properties, and the Yolo County border were used 

predominately to delineate these subbasins.  Relative soil infiltration properties (Map 2.6) were 

considered mostly in the eastern half of the county, where geographic expression is minimal.  

Here, the eastern extent of alluvial fans from the Buckeye Creek watershed, Cache Creek, and 

Putah Creek are well illustrated by the transitions in soil properties.   

The east margins of the alluvial fans were used to provide an initial delineation between the 

Buckeye Creek, East Yolo, and Sacramento River subbasins.  The boundaries between these 

three subbasins were then modified with the hope of easing future groundwater 

management: Where the fan margins were relatively close to the service area boundary of a 

water district, such as the Dunnigan Water District or the Yolo County Flood Control and Water 

Conservation District, the subbasin boundary was extended to coincide with the district’s 

boundary.  Similarly, if a fan margin was relatively close to a canal or levee, the subbasin 

boundary was extended to coincide with that structure. 

These six divisions are not expected to end the debate on how to appropriately define 

groundwater subbasins in Yolo County, but additional rationale for the delineation of each 

subbasin is discussed below.   The management of groundwater in Yolo County would be 

enhanced by county-wide acceptance of groundwater subbasin delineations. 
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2.2.3.1.1 Capay Valley Subbasin 

Geography, geology, and county boundary define the Capay Valley groundwater subbasin (Map 

2.5).  Its eastern and western margins are defined by the lower east and west flanks of the valley, 

along the geologic contact between the older, less permeable marine rocks and the overlying 

Tehama formation sediments (Map 2.5).  The north boundary of the subbasin is the north 

boundary of Yolo County.  The south-southeastern extent of the subbasin is the geographic 

extent of the valley, where Cache Creek turns east to exit the valley (Map 2.5). 

The geologic structure of the Capay Valley subbasin is complex, representing several stages in 

the development of the valley.  The basement of the valley can be considered the relatively 

impermeable marine rocks of the Cretaceous period Great Valley beds, as well as some later 

Eocene marine sandstones (Map 2.1).  As discussed in Section 2.1.1, compressional tectonics 

and the ascension of Franciscan rocks to the west caused the Great Valley beds to be pushed up 

and westward, tilting the Great Valley beds eastward.  Folding as well as tilting of the beds 

occurred at this time, and probably occurred locally, creating a synclinal trough, roughly 

corresponding to axis of the Capay Valley, and an anticlinal ridge that aligns with the Capay 

Hills, the valley’s east flank.  Much later, before and after the Pliocene deposition of the Tehama 

formation, faulting enhanced the geographic expression of the Capay Valley and the Capay Hills 

ridge (Harwood and Helley, 1987).   

Freshwater-bearing sediments in the Capay Valley subbasin are more than 1,000 feet thick 

(Luhdorff and Scalmanini, 2004).  They are comprised mostly of Tehama formation sediments 

(Harwood and Helley, 1987) but include a significant thickness of Quaternary deposits. 
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2.2.3.1.2 Buckeye Creek Subbasin 

The Buckeye Creek groundwater subbasin is defined by geologic, political, geographic, and 

physical boundaries (Map 2.5).  Its west boundary, on the east flank of the Capay Hills, is 

marked by the geologic contact between the basement rocks of the Great Valley beds and the 

overlying Tehama formation sediments.  The north boundary coincides with the northern border 

of Yolo County.  The east boundary of the subbasin is defined by a portion of the Colusa Basin 

Drain canal.  The south boundary is defined by the southern watershed boundary of South Fork 

Buckeye Creek, the northern perimeter of the Dunnigan Hills, and the southern boundary of the 

Dunnigan Water District. 

Relatively little drilling and installation of wells have occurred in the Buckeye Creek subbasin, 

and consequently, groundwater flow has not been adequately characterized here.  But based on 

the delineation of the foothill creeks, such as Buckeye Creek, Mushoak Creek and South Fork 

Buckeye Creek, there is the potential that the western portion of subbasin provides significant 

recharge to groundwater in the eastern portion of the subbasin.  

2.2.3.1.3 Dunnigan Hills Subbasin 

The Dunnigan Hills groundwater subbasin is defined by the geologic structure that created the 

hills.  As discussed in Section 2.2.1.3, the Dunnigan Hills are the geographic expression of a 

doubly-plunging anticline, a fold imposed on the sediments by influences from the San Andreas 

fault (Harwood and Helley, 1987).  The fold kinked overlying Quaternary sediments upward, 

causing them to erode and exposing the underlying Tehama formation throughout the hills (Map 

2.5).   
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Irrigation wells drilled in the Tehama formation in the Dunnigan Hills typically produce less than 

wells tapping the Tehama formation elsewhere in the county (Olmsted and Davis, 1961).  This 

may be because wells drilled in the Dunnigan Hills are at or near the apex of the Dunnigan 

Hills/Plainfield Ridge anticline.  Aquifers in the Tehama formation are recharged, at least in part, 

by water that infiltrates the Tehama formation in the east-facing foothills.  Groundwater, like 

surface water, flows from high to low, and groundwater flows more readily along a formation’s 

plain of deposition (see Sections 2.2.1.3 and 2.2.1.4).  As previously discussed, the Tehama 

formation’s plain of deposition has been warped, creating a structural low adjacent to the 

foothills—the Madison syncline—and the structural high of the Dunnigan Hills/Plainfield Ridge 

anticline further east.  Recharge groundwater may flow preferentially to the structural low while 

relatively little recharge flows to the highest point along the structural high—the Tehama 

formation sediments underlying the Dunnigan Hills. 

2.2.3.1.4 West Yolo Subbasin 

Like the west boundary of the Buckeye Creek subbasin, the west boundary of the West Yolo 

groundwater subbasin is the geologic contact between the Cretaceous Great Valley beds and the 

overlying Tehama formation sediments (Map 2.5).  The southern watershed line of South Fork 

Buckeye Creek defines the northern border of the West Yolo subbasin.  The east boundary, north 

of Cache Creek, is delineated by the west flank of the Dunnigan Hills subbasin.  South of Cache 

Creek, the east boundary is defined by the fold-line trace of the southward-plunging Dunnigan 

Hills/Plainfield Ridge anticline (Map 2.5).  The south boundary of the West-Yolo subbasin is the 

trace of Putah Creek, part of the south boundary of Yolo County. 
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For purposes of geographic reference, the West Yolo groundwater subbasin is divided into two 

areas.  North of Cache Creek is the Hungry Hollow area, and south of the creek is the Upper 

Cache-Putah area (Map 2.5).   

Though the Dunnigan Hills flank the east edge of the Hungry Hollow area, the entire West Yolo 

subbasin is dominated throughout by the foothills that flank its west edge.  Groundwater 

recharge to the subbasin is provided directly by foothill runoff, by flows from Cache and Putah 

Creeks and smaller foothill drainages, and by water diverted north and south from Cache Creek 

to the unlined canals in the subbasin. 

The geologic structure known as the Madison syncline underlies the West Yolo subbasin.  Here 

the Tehama formation sediments and at least the older overlying Quaternary sediments have 

been folded, creating a broad trough that is slightly inclined southward (Harwood and Helley, 

1987).  Because the trough inclines southward, younger Quaternary alluvium is thinnest at the 

north end of the West Yolo subbasin and thicker at the south end of the subbasin.   

2.2.3.1.5 East Yolo Subbasin 

The East-Yolo groundwater subbasin is bounded on the west by the Dunnigan Hills and the trace 

of the Dunnigan Hills/Plainfield Ridge anticline (Map 2.5).  Most of the subbasin’s southern 

border is defined by the trace of Putah Creek.  As stated earlier, the northern, eastern and 

southernmost borders were initially dictated by the extent of alluvial fan margins from the 

Buckeye Creek watershed, from Cache Creek and from Putah Creek.  The borders were extended 

to water district boundaries (mostly the boundaries of the Dunnigan Water District and the Yolo 

County Flood Control and Water Conservation District), and to canals or prominent levees, if the 
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alluvial fan margins were relatively close to these management and physical boundaries (Map 

2.6). 

Like the West Yolo subbasin, the East Yolo subbasin has been divided into two areas for 

purposes of geographic reference.  North of Cache Creek is the Zamora area, and south of the 

creek is the Lower Cache Putah area (Map 2.6). 

Most of the population of Yolo County resides within the boundaries of the East Yolo subbasin, 

primarily in the Lower Cache Putah area, where there are the cities of Woodland and Davis and 

the campus of UCD.  Woodland, Davis, and UCD rely entirely on groundwater to meet domestic 

and some irrigation needs.  In the Zamora area, the Yolo-Zamora Water District depends entirely 

on groundwater to meet its needs.  Survey studies have shown that significant land subsidence 

(more than one foot) has occurred within a roughly linear zone which extends from Zamora to 

Davis and incorporates Woodland (Blodgett et al., 1990) (Figure 2.3).  The most significant 

subsidence has been recorded in the Zamora area (D’Onofrio and Frame, 2003).  Land 

subsidence in Yolo County is discussed in greater detail at the end of this chapter. 

Water for the city of Davis and UCD, both at the southern end of the East Yolo subbasin, is 

provided by wells that tap the Tehama formation.  The city of Davis and UCD have generically 

referred to the Tehama formation, where it is penetrated by wells between 600 and 1,500 feet 

bgs, as “the deep aquifer,” and above 600 feet bgs, as “the intermediate aquifer.”  The distinction 

has been made because, where the formation underlies the Davis and UCD region, confining 

conditions increase below 600 feet bgs.  Consequently, the general quality of the groundwater 

from the Tehama formation improves below 600 feet bgs, though wells produce relatively little 

water when screened between 700 and 1,000 feet bgs (West Yost, 1999).   
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It is important to note that these conditions have only been quantified to a significant extent 

beneath the Davis/UCD region, at the southern end of the East Yolo subbasin.  Characterizing 

aquifers beneath the region as “the deep aquifer” and “intermediate aquifer” does not allude to 

underlying geology or geologic structure, and falsely implies a county-wide extent to the 

aquifers.   

2.2.3.1.6 Sacramento River Subbasin 

The Sacramento River groundwater subbasin is defined by the Sacramento River on the east, 

which is the east border of Yolo County, the north and southern borders of Yolo County, and the 

eastern borders of the Buckeye Creek and East Yolo subbasins (Map 2.5).  The subbasin has 

been divided into two areas, Sacramento River North and Sacramento River South, for purposes 

of geographic reference.  The dividing line is the path of Interstate Highway 5, where it traverses 

the Yolo Bypass. 

The Sacramento River subbasin is within the flood plain of the Sacramento River. Quaternary 

sediments consist predominately fine-grained sands, silts, and clays.  Tehama formation 

sediments are at depth, extending from approximately 150 feet bgs to more than 2,500 feet bgs, 

and are finer-grained than Tehama formation sediments to the west (Olmsted and Davis, 1961).  

At depth, the Tehama sediments interfinger with sediments derived from the Sierra Nevada 

approximately beneath the trace of the Sacramento River (Olmsted and Davis, 1961; Norris and 

Webb, 1990). 

The Sacramento River Yolo Bypass flood control channel extends southward from the Freemont 

Weir on the Sacramento River through the length of the subbasin, and flood waters diverted to 

the bypass provide significant recharge to subbasin, particularly the Sacramento River South 
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area.  The Sacramento River and the Sacramento River Deep Water Ship Channel, which extends 

southward from the City of West Sacramento along the Yolo Bypass and through the 

southernmost extent of Yolo County, also provide significant groundwater recharge to the 

subbasin. 

2.2.3.2 GROUNDWATER QUALITY 

This groundwater quality section to presents some of the information gathered in the Yolo 

County Flood Control and Water Conservation District Report, “Groundwater Monitoring 

Program, Data Management System, and Update of Groundwater Conditions in the Yolo County 

Area.”  The report, issued in July 2004, was prepared by consulting firms Wood Rodgers and  

Luhdorff and Scalmanini and funded by a California State Assembly Bill 303 grant.  The grant 

and funding from the Yolo County Flood Control and Water Conservation District allowed for 

the initiation of a county-wide groundwater monitoring program.   More detail on Yolo County 

groundwater quality is provided in the groundwater monitoring program report (Luhdorff and 

Scalmanini, 2004).  It is the intent of the groundwater monitoring program that groundwater 

quality trends will become evident as the program develops.  

 

2.2.3.2.1 Constituents of Concern in Yolo County 

Constituents of concern are discussed typically in terms concentrations of milligrams per liter 

(mg/l) and the equivalent, parts per million (ppm).  Constituents that are of concern in smaller 

concentrations are reported in micrograms per liter (µg/l) and the equivalent, parts per billion 

(ppb).  Constituents of concern will usually have a maximum contaminant level (MCL) 

associated with them.  Regulatory bodies, such as the United States Environmental Protection 
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Agency (USEPA) or the California EPA (CalEPA), will assign an MCL to a constituent of 

concern because there is a heath-based and/or aesthetic-based risk if the particular constituent 

exceeds its MCL in water.  An MCL for a constituent of concern in drinking water can be a 

primary or secondary MCL.  A constituent is assigned a primary MCL if it has been determined 

that there is a health-based risk to consuming water that has that particular constituent in a 

concentration that exceeds a particular concentration—the primary MCL.  A secondary MCL is 

assigned to a constituent if that constituent, when it is above a certain concentration in water, 

affects the look, taste, or smell of the water but otherwise poses no other risk.   

The assignation of primary and secondary MCLs for constituents of concern is by no means 

settled.  There is still much debate over the appropriate MCL for the radioactive constituent 

radon, for example.   And regulatory bodies may differ in what an appropriate MCL is for a 

particular constituent based on available evidence.   

This section is meant to provide an overview of constituents found in the groundwater in Yolo 

County that are a potential threat to the quality of the groundwater as a resource.  The 

constituents discussed below do not represent all constituents of concern. 

2.2.3.2.1.1 Total Dissolved Solids   

Total dissolved solids (TDS) is a measure of the total dissolved mineral content in water.   

TDS is not generally considered a health hazard.  However, an elevated TDS concentration may 

cause an undesirable odor and a salty taste in drinking water.  Irrigation water having a high TDS 

can reduce soil permeability (U.S. Salinity Laboratory, 1954).  Plants irrigated with high TDS 

water can become dehydrated.  In turn, this may cause stunted plant growth, reduced crop yields, 

leaf burn, bleaching, and/or defoliation (Mullen, 2004).   
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The CalEPA and USEPA secondary MCL for TDS in drinking water is 500 parts per million 

(ppm) (CalEPA, 2003).  For irrigation water there is a recommended TDS MCL of 450 ppm 

(CalEPA, 2003). 

Groundwater TDS concentrations within Yolo County vary widely, ranging from less than 300 

ppm to over 1,000 ppm in all but two of the groundwater subbasins delineated here (Luhdorff 

and Scalmanini, 2004).  Groundwater TDS concentrations exceeding 500 ppm were detected in 

the Capay Valley, East Yolo, and southern Sacramento River groundwater subbasins (Luhdorff 

and Scalmanini, 2004; Evenson, 1985).  Additionally, it appears that TDS concentrations 

decrease with depth in at least the Lower Cache Putah area of the East Yolo groundwater 

subbasin (Luhdorff and Scalmanini, 2004). 

TDS concentrations within Yolo County groundwater are influenced by the chemistry of earth 

materials that comprise the aquifers, and by the quality of water recharging the aquifers.  Much 

of the sediment comprising Yolo County aquifers originated from Coast Range sedimentary rock 

which was originally deposited in a marine setting.  Dissolved minerals from these rocks 

concentrate in recharge water, leading to elevated TDS concentrations in groundwater subbasins.    

Irrigation water with an elevated TDS concentration will also increase the TDS level in an 

aquifer’s groundwater if it is allowed to enter the aquifer. 

A steady increase in the average TDS concentrations in Yolo County groundwater appears to 

have occurred over the past several decades (Hull, 1984; Luhdorff and Scalmanini, 2004).  

Evaluation of historic trends in TDS concentrations indicate that the average TDS content in 

Yolo County groundwater has increased at an approximate rate of 5 ppm per year (Hull, 1984; 

Luhdorff and Scalmanini, 2004).  This increase is most likely attributed to increasing 

development and more intensive agriculture (Hull, 1984). 

2.2.3.2.1.2 Nitrate  

Nitrate (NO3) combines with various organic and inorganic compounds as part of the nitrogen 

cycle.  Common sources of nitrate in groundwater include septic systems, animal manure, 

decaying organic matter, and commercial nitrogen fertilizers (World Health Organization, 2004).   
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Nitrate in groundwater is considered a potential health hazard, especially for infants under 6 

months old (USEPA, April 2004).  When ingested by adults nitrate is absorbed and past through 

the body (Zublena, Cook, and St.Clair, 1993).  When ingested by infants nitrate poses an 

especially high risk since their young digestive tracts contain a bacteria which converts nitrate to 

nitrite, which are toxic (Zublena, Cook, and St.Clair, 1993).  Nitrite in blood inhibits the oxygen 

carrying capacity of the blood, leading to a condition called methemoglobinetnia, or “blue baby 

syndrome” (World Health Organization, 2004).   

Nitrate in irrigation water contributes to the total nitrogen available to crops.  In plants elevated 

levels of nitrogen generally stimulates growth, however excessive amounts of nitrogen can cause 

problems similar to over fertilization (Ayers and Westcot, 1985).   

The CalEPA primary MCL for nitrate is 45 ppm (as NO3); the USEPA primary MCL is 10 ppm 

(as N); and the California Public Health Goal in Drinking Water is set at 10 ppm (CalEPA, 

2003). 

In general, nitrate concentrations in Yolo County groundwater are less than the CalEPA MCL of 

45 ppm (Luhdorff and Scalmanini, 2004).  The shallower aquifers in eastern Yolo County have 

relatively higher nitrate concentrations.  The highest nitrate concentrations, averaging over 40 

ppm, are found in shallower wells located in the southern area of the Sacramento River 

groundwater subbasin; the Lower Cache-Putah area of the Eastern Yolo Subbasin; and in deeper 

wells in the Dunnigan Hills Subbasin (Lurdorff and Scalmanini, 2004).  Additionally, nitrate 

concentrations in shallower wells in the Western Yolo Subbasin averaged 33 ppm and averaged 

34 ppm in intermediate wells in the Lower Cache-Putah area of the Eastern Yolo Subbasin 

(Lurdorff and Scalmanini, 2004).   

Nitrate is naturally occurring in the environment and can arise at low concentrations from natural 

processes.  Based on water quality data from 1913, it appears that the maximum nitrate 

concentration attributable to natural processes in Yolo County is approximately 13 mg/l as NO3 

(Hull, 1984).  Elevated nitrate concentrations in groundwater are typically the result of human 

activity.  Leaching of fertilizers, percolation from septic systems and wastewater treatment 

plants, and seepage from confined animal operations contribute elevated nitrate concentrations in 
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Yolo County.  Nitrate tends to remain in water until consumed by plants or other organisms 

(USEPA, April 2004). 

2.2.3.2.1.3 Boron  

Boron is a naturally occurring element in groundwater.  Concentrations of boron are found in 

sediments and sedimentary rock, particularly rock derived from clay-rich marine sediments 

(Butterwick et al., 1989; World Health Organization, 1998).  Boron is slowly released from 

rocks and sediments through weathering and tends to concentrate in poorly draining, fine-grained 

sediments.  In Yolo County, much of the boron in groundwater appears to be sourced from  

streams and springs emanating from the Coast Ranges, and possibly from connate groundwater 

which underlies the freshwater aquifers (Hull, 1984).  

Boron has no human health effects or aesthetic disadvantages, and is essential to plants at low 

concentrations (USEPA, 1986).  At higher concentrations boron is toxic to many plants.  Boron 

toxicity in plants is characterized by stunted growth, leaf malformation, browning and yellowing, 

chlorosis, necrosis, increased sensitivity to mildew, and inhibited pollination (Butterwick et al., 

1989; Eisler, 1990).   

There is no mandated primary or secondary MCL for boron; there is a recommended MCL of 

700 parts per billion (ppb) (CalEPA, 2003).   

Elevated boron concentrations have been detected in groundwater along the length of Cache 

Creek through the Capay Valley to the Cache Creek settling basin east of Woodland (Luhdorff 

and Scalmanini 2004).  Boron concentrations average over 1,000 ppb and have been detected at 

concentrations exceeding 2,000 ppb (Luhdorff and Scalmanini 2004). 

2.2.3.2.1.4 Arsenic  

Arsenic is a naturally occurring element that forms both organic and inorganic compounds.  

Organic forms of arsenic are usually less harmful than the inorganic forms (ATSDR, 2000).  

Inorganic arsenic compounds typically contain oxygen, chlorine, or sulfur and occur naturally in 

soil and many types of rocks, especially those containing lead or copper (ATSDR, 2000).  

Organic arsenic compounds, which typically contain carbon and hydrogen, are naturally 



Chapter 2  Geology, Hydrogeology, and Groundwater  
  in Yolo Co. and Vicinity 

Yolo County IRWMP 2-32 May 2005
Background Data and Information Appendix  

 

produced in plants and animals.  Historically arsenic was used primarily as a pesticide on cotton 

fields and in orchards; however inorganic arsenic compounds are no longer used in agriculture.  

Presently about 90% of all arsenic produced is used to manufacture the inorganic compound 

chromated copper arsenate, which is the preservative in “pressure-treated” wood products 

(ATSDR, 2000). 

Ingestion of high levels of inorganic arsenic can cause death.  Ingesting low levels of arsenic can 

cause nausea, decreased production of red and white blood cells, abnormal heart rhythm, damage 

to blood vessels, and a sensation of “pins and needles” in the hands and feet (ATSDR, 2000).  

Long term ingestion of low levels of arsenic can lead to a darkening of the skin and the 

appearance of small “corns” or “warts” on the palms, soles, and torso.  Inorganic arsenic is a 

known human carcinogen, as classified by the USEPA and National Toxicology Program, and 

can increase the risk of lung cancer, skin cancer, bladder cancer, liver cancer, kidney cancer and 

prostate cancer (ATSDR, 2000).  

Arsenic is regulated by CalEPA and the USEPA as a primary constituent.  The USEPA MCL for 

arsenic in drinking water is 10 ppb (CalEPA, 2003).  The CalEPA California Public Health Goal 

is also 10 ppb (CalEPA, 2003).  All public water systems must comply with the 10 ppb MCL by 

January 2006, until then the MCL is 50 ppb (see www.epa.gov/safewater/arsenic.html for more 

information).  Arsenic can also be toxic to plants, however the toxicity varies widely depending 

on the plant species.  In general, it is suggested that arsenic concentrations in irrigation water not 

exceed 100 ppb (Ayers and Westcot, 1985). 

Based on limited data, most areas within Yolo County typically contain groundwater with 

arsenic concentrations that fall well below 10 ppb (Luhdorff and Scalmanini, 2004). Arsenic 

concentrations to 10 ppb, are found in portions of the Buckeye Creek, Dunnigan Hills, East 

Yolo, and Sacramento River groundwater subbasins (Everson, 1984; Luhdorff and Scalmanini, 

2004).  Within the Lower Cache-Putah area of the East Yolo subbasin, typical arsenic 

concentrations range from <2.5 ppb to 5 ppb near Woodland and from 5 ppb to 10 ppb near 

Davis (Luhdorff and Scalmanini, 2004).  Studies of deeper aquifers beneath the Davis area show 

that there may be a tendency for arsenic concentrations to increase with depth (West Yost, 1999). 
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The apparent increase in arsenic concentrations in groundwater with depth may be the result of 

reducing conditions within the aquifer (West Yost, 1999). 

2.2.3.2.1.5 Chromium  

Chromium is present in the environment in several different forms.  Chromium III (trivalent 

chromium) is predominantly naturally occurring (ATSDR, 2000).  Chromium VI (hexavalent 

chromium) is also produced by industrial processes (ATSDR, 2000), but recent studies have 

shown that chromium VI can occur naturally in groundwater from the chemical alteration of 

chromium III sediments (Chung, et. al., 2001).  

The different forms of chromium have different health related risks.  Chromium III is an 

essential nutrient, and an intake of 50-200 micrograms per day is recommended for adults 

(ATSDR, 2000).  Breathing air contaminated with chromium VI can cause nose irritation, 

sneezing, nosebleeds, ulcers, and holes in the nasal septum.  Oral exposure to high levels of 

chromium VI can cause stomach upset and ulcers, convulsions, kidney and liver damage, and 

death (ATSDR, 2000).   

The current MCL for “total” chromium in drinking water, which includes all forms of chromium, 

is set at 50 ppb by the CalEPA and 100 ppb by the US EPA (CalEPA, 2003).   

Within Yolo County, data describing the groundwater concentration of chromium and chromium 

VI are limited.  Total chromium and chromium VI data from wells within Yolo County were 

summarized and collected in a recent report by Lurdorff and Scalmanini (2004).  The majority of 

the wells sampled for this report are located within the Capay Valley Subbasin and the Upper 

Cache-Putah and Lower Cache-Putah areas of the Western and Eastern Yolo Subbasins, 

respectively, while very little data exists for the northern half of the county.  Results from 

samples taken between January 2000 and March 2004 show that total chromium concentrations 

in groundwater vary from non-detected to 190 ppb, and are generally less than 50 ppb (Luhdorff 

and Scalmanini, 2004).  The highest chromium VI concentrations were found in the Lower 

Cache-Putah area of the Eastern Yolo Subbasin, and ranged from non-detected to 54 ppb 

(Luhdorff and Scalmanini, 2004).  Total chromium and chromium VI concentrations seem to 

decrease with depth, as shown with samples taken in the Davis area (Luhdorff and Scalmanini, 

2004).  This relationship between chromium concentrations in groundwater and well depth is 
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controlled by the chemical environment within the groundwater aquifer, and requires further 

study. 

The occurrence of chromium in Yolo County groundwater is likely related to the weathering of 

rock and soil materials and subsequent chemical alteration of chromium within the aquifer 

(Chung, et. al., 2001).  Chromium is one of the constituents of serpentine rocks found within the 

Coast Ranges. 

 2.2.3.2.1.6 Manganese 

Manganese is an elemental metal that typically occurs with oxygen, sulfur and chlorine in a 

variety of naturally occurring compounds (ATSDR, 2000).    Manganese is combined with other 

metals to make alloys, and manganese compounds are used in the manufacture of products such 

as batteries, fireworks, dietary supplements, ceramics, pesticides, fungicides, fertilizers, varnish, 

and gasoline additives (CDHS, 2003; ATSDR, 2000). 

At high concentrations in water, manganese can cause an undesirable taste, and can stain 

plumbing fixtures and clothing (ATSDR, 2000; CDHS, 2003).  Manganese bacteria metabolize 

dissolved manganese and deposit a thick gelatinous material which can clog groundwater well 

screens and accumulate in distribution systems (Ayers and Westcot, 1985; Edstrom Industries, 

2003).   

The CalEPA and USEPA secondary MCL for manganese in drinking water is 50 ppb (CalEPA, 

2003).  The agricultural water quality limit for manganese is 200 ppb (Ayers and Westcot, 1985). 

Within most of Yolo County, manganese concentrations in groundwater are generally below 50 

ppb.  Manganese concentrations above 100 ppb have been detected in groundwater on the 

eastern edge of the county, in the Sacramento River groundwater subbasin (Evenson, 1985; 

Luhdorff and Scalmanini, 2003).  Groundwater samples taken from deeper municipal wells in 

the Lower Cache-Putah area of the Eastern Yolo subbasin indicate that manganese 

concentrations appear to increase with depth (West Yost, 1999; Luhdorff and Scalmanini, 2003). 
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2.2.3.2.1.7 Selenium 

Selenium is a mineral element found in rocks and soil.  In small concentrations, selenium is an 

essential nutrient to plants and is an anti-oxidant for humans and animals.  Short term oral 

exposure to very high levels of selenium can cause nausea, vomiting, and diarrhea, while long 

term exposure to elevated concentrations can lead to brittle hair, deformed nails, damage to 

kidney and liver tissue, and to the nervous and circulatory systems in humans (ATSDR, 2003).   

Selenium can bioaccumulate in tissues of animals, causing birth defects (USEPA, 2002). 

Selenium is regulated by CalEPA and the USEPA as a primary constituent, and both agencies 

have set the MCL at 50 ppb (CalEPA, 2003).  The recommended agricultural limit for selenium 

in irrigation water is 20 ppb (Ayers and Westcot, 1985).  The maximum selenium concentration 

based on the chronic criterion for the protection of freshwater aquatic life, established by the 

USEPA (USGS, 1997) is 5 ppb, ten times less than the drinking water standard.   

Selenium data for Yolo County groundwater are limited, and mostly located around city areas.  

Water samples taken since 1990 from municipal supply wells in Yolo County contain selenium 

concentrations ranging from non-detectible to 64 ppb, and averaged 9 ppb (DHS, 2001; Luhdorff 

and Scalmanini, 2004).  Studies of groundwater quality in the Lower Cache-Putah area of the 

East Yolo Subbasin show that selenium concentrations in aquifers below 600 feet are 

significantly less than concentrations found in shallower aquifers (Luhdorff and Scalmanini, 

2004; West Yost, 1999).   

The occurrence of selenium in Yolo County groundwater is the result of a combination of several 

factors, including the local geology, climate, and hydrology.  Upper Cretaceous and Tertiary 

marine sediments, like those found in the Coast Ranges, are rich in selenium and contribute to 

the selenium compounds in soils (USDOI, 1998).  Selenium concentrations in soil are elevated 

by evaporation of irrigation water, especially in areas that receive irrigation drain water (USGS, 

1997).  
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2.2.3.2.1.8 Hardness 

Total hardness is an indication of the amount of calcium and magnesium in water.  Calcium and 

magnesium are naturally occurring elements in groundwater. 

There are no adverse health effects related to water hardness (CalEPA, 2003).  Hard water is 

undesirable for domestic and industrial uses because it can form scale deposits, and reduces the 

effectiveness of soap.  In agriculture hard water is acceptable since it inhibits the formation of 

less permeable alkali soils (National Academy of Sciences and National Academy of 

Engineering, 1973). 

There is no mandated primary or secondary MCL for water hardness (CalEPA, 2003). 

Hardness of water is divided into carbonate hardness and noncarbonated hardness.  Carbonate 

hardness includes the portions of calcium and magnesium ions that combine with bicarbonate 

and carbonate.  Hardness is expressed in terms of carbonate hardness and calcium carbonate 

(CaCO3) concentrations.  “Soft” water has a hardness ranging from 0 to 50 ppm CaCO3.  “Soft” 

water will not cause excessive scaling and does not require excessive use of soap to create suds.  

Water with a hardness ranging from 50 to 150 ppm CaCO3 is considered hard, and will cause 

scaling (Driscoll, 1986). 

Most groundwater in Yolo County is classified as hard to very hard (Luhdorff and Scalmanini, 

2003).  Hardness values exceeding 180 ppm CaCO3 have been detected in Yolo County 

groundwater, except east of the deep water ship channel in the southern portion of the  

Sacramento River groundwater subbasin (Everson, 1985), and within the Dunnigan Hills 

groundwater subbasin (Luhdorff and Scalmanini, 2003).  Hardness appears to decrease with 

depth within the Lower Cache-Putah groundwater subbasin (Luhdorff and Scalmanini, 2003; 

West Yost & Associates, 1999). 

2.2.3.2.1.8 Iron 

Iron is the fourth most abundant element by weight in the earth’s crust and is an important 

component in soils (USEPA, 1986).  In water, iron may be present as ferrous (Fe++) and/or ferric 

(Fe+++) ions.   
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Iron is not considered a health hazard although it is an essential trace element required by both 

plants and animals and is a vital oxygen transport mechanism in the blood of all vertebrate and 

some invertebrate animals (USEPA, 1986).  Elevated levels of iron can affect the taste of 

drinking water, stain clothing and plumbing fixtures.  Iron bacteria can proliferate in water with 

iron concentrations of 300 ppb or more (Edstrom Industries, 2003).  Iron bacteria produce a 

slimy gelatinous material which can clog groundwater well screens and water distribution 

systems.  Additionally, iron bacteria can produce an undesirable smell and taste in drinking water 

(Edstrom Industries, 2003).  

The CalEPA and USEPA secondary MCL for Iron is 300 ppb (CalEPA, 2003).  The agricultural 

water quality limit for iron is 5000 ppb (Ayers and Westcot, 1985).   

Relative to elsewhere in Yolo County, elevated iron concentrations in groundwater have been 

observed in wells along Cache Creek west of Woodland (Evenson, 1985).  Iron concentrations 

have exceeded the secondary MCL of 300 ppm in some of the groundwater samples taken from 

wells in the Capay Valley, Eastern Yolo, Sacramento River groundwater subbasins (Luhdorff 

and Scalmanini, 2004).  The highest iron concentrations are found in the Lower Cache-Putah 

area of the Eastern Yolo groundwater subbasin (Luhdorff and Scalmanini, 2004).  In this area 

iron concentrations, like manganese concentrations, tend to increase with depth (West Yost, 

1999; Luhdorff and Scalmanini, 2004). 

2.2.3.2.1 Groundwater Quality Findings from Yolo County Groundwater Monitoring 

Program 

This section of the IRWMP is intended to provide a place-holder for discussion of observed 

trends as the Yolo County Groundwater Management Program, initiated by the Yolo County 

Flood Control and Water Conservation District in 2004, progresses. 

2.2.3.2.2 Tehama Formation Groundwater Quality Beneath Davis and UCD 

Groundwater quality information for groundwater specifically from aquifers comprised of 

Tehama formation sediments is generally limited to the region of Yolo County that has 
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specifically tapped the formation for its domestic water needs, namely, the Davis and UCD 

region in the southern portion of the East Yolo groundwater subbasin.  

As stated previously, beneath the Davis and UCD region, groundwater in the Tehama formation 

above 600 feet bgs is generally of poorer quality than groundwater from the deeper portions of 

the formation.  Table 2.2 illustrates that that is clearly true for constituents TDS, nitrate, 

hardness, and selenium.  But arsenic concentrations in Tehama formation groundwater below 

600 feet bgs increase by two orders of magnitude, approaching the existing maximum 

contaminant level (MCL) established by the United States Environmental Protection Agency 

(USEPA) and exceeding the arsenic MCL to be adopted by the USEPA by 2006.  Manganese 

concentrations nearly double below 600 feet bgs, and boron concentrations in Tehama formation 

groundwater only improve slightly with depth below the Davis/UCD region. 

2.2.3.3 WELLS AND AQUIFER PROPERTIES PER GROUNDWATER SUBBASIN 

As stated earlier, the total volume of groundwater available for usage in Yolo County is not 

known, and this value is very difficult to discern.  One reason for delineating groundwater 

subbasins as described in Section 2.2.3.1 of this chapter is so that data subsequently collected 

within these subbasins, such as aquifer dimensions, porosity volumes, and groundwater levels, 

are used to determine existing groundwater volumes and available aquifer capacity per subbasin.  

This would enable at least a subtotaling of groundwater availability in the county for water 

management purposes.  

Studies are ongoing in Yolo County, analyzing basic aquifer properties, such as transmissivity 

and storativity, and looking at the connectedness between shallow and deeper aquifers.  One such 

study is being conducted by the Cities of Davis and Woodland, and the University of California 
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Davis.  The study, funded in part by a California State Assembly Bill 303 grant, is analyzing 

aquifer properties beneath the City of Davis at depths between 600 and 1500 feet, trying to 

discern the depositional environments that created the aquifers.  It is hoped that, as the 

underlying sediments become better understood, the Cities of Davis and Woodland and the 

University will be better able to quantify the amount of groundwater available to them for 

consumption—an amount for use that will not impact the groundwater resource regionally.   

This section of the IRWMP provides a means to present data from reports like the 

Davis/University/Woodland study.  Also, future groundwater well installation and well 

production data, provided by WRA member agencies, can be presented here per groundwater 

subbasin.  This will enable a better cataloguing of aquifer properties, well production data, 

groundwater levels, etc.  Pieces of the Yolo County groundwater puzzle will be filled in as the 

data is gathered, making the groundwater component of the water balance equation in the county 

more valid. 

2.2.4 Other Considerations Regarding Groundwater and Geology in Yolo County 

2.2.4.1 LAND SUBSIDENCE 

Land subsidence is the lowering of the land-surface elevation.  Subsidence may result from 

extracting a natural resource from its native reservoir, such as pumping groundwater from an 

aquifer.   

The internal structure of an aquifer, the arrangement of sediment grains, may compress when 

hydrostatic pressure within the aquifer is reduced by groundwater withdrawal.  Subsidence from 

groundwater withdrawal may reverse when the aquifer is recharged and pore-fluid pressures are 
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restored.  But excessive loss in fluid pore pressure may lead to permanent inelastic compression 

of the aquifer, resulting in unrecoverable ground subsidence (Galloway et al., 1999).   

In Yolo County, as much as 4 feet of groundwater withdrawal-related subsidence has occurred 

since the 1950’s (Blodgett et al., 1990). Groundwater withdrawal-related subsidence has 

damaged or reduced the integrity of highways, levees, irrigation canals, and wells in Yolo 

County, particularly in the vicinities of Zamora, Knights Landing, and Woodland (Blodgett et al., 

1990).  

Significant subsidence has been recorded within the East Yolo groundwater subbasin, in an 

elongated zone extending from Zamora to Davis and UCD (Map 2.7) (D’Onofrio and Frame, 

2003). 

Blodgett et al. (1990) compared surveys conducted between 1959 and 1988 along a leveling line 

between Zamora and Knights Landing.  The comparison revealed that there has been more than 3 

feet of subsidence has occurred along much of the profile, with as much as 4 feet of subsidence 

in an area approximately 3 miles east of Zamora (Blodgett et al., 1990).  It is worth noting that 

the boundaries of the Yolo Zamora Water District incorporates this area, and that the district 

depends entirely on groundwater to meet its water needs. 

2.2.4.1.1 Subsidence Mechanisms Beneath Yolo County  

In Yolo County, ground subsidence results from groundwater extraction and subsequent 

compaction of clay and silt strata within the aquifer-system.  Geotechnical studies have shown 

that sediments to 1,000 feet bgs in the East Yolo and Sacramento River groundwater subbasins 

are comprised of 40 to 60 percent fine-grained, compressible material (Page, 1986; Page and 

Bertoldi, 1983).  
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Hydrocompaction of arid soils, peat oxidation, and withdrawal of natural gas do not appear to 

contribute significantly to subsidence in Yolo County (Blodgett et al., 1990). 

2.2.4.1.2 Current Subsidence Monitoring in Yolo County 

In response to subsidence concerns, the Yolo County Subsidence Monitoring Network was 

established in 1999 as a multi-agency effort lead by the City of Davis (D’Onofrio and Frame, 

2003).  The network consists of 58 survey benchmarks and two extensometers (Map 2.7).  The 

benchmarks are surveyed and resurveyed using global positioning satellites (GPS) and GPS 

receivers.  Extensometers are subsidence monitoring wells designed to measure sediment 

compaction between the ground surface and a fixed point at depth.  The benchmarks are 

surveyed every three years.  The two extensometers, near Zamora and Woodland, measure 

subsidence continuously.  The most recent surveying of this network indicated the greatest 

amount of subsidence was occurring west of Zamora and in the Davis/UCD area (Map 2.7) 

(D’Onofrio and Frame, 2003). 
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TABLE 2-2   
 

Differences in Quality of Groundwater from the Tehama Formation Based on Depth 
Below Davis/UCD Region of the East Yolo Groundwater Sub-Basin 

 

LESS THAN 
600 FEET DEEP 

GREATER THAN 
600 FEET DEEP 

Parameter 

Average 
concentration in 

Tehama formation 
groundwater from 
less than 600 feet 

beneath 
Davis/UCD region 

(mg/L) 

Average 
concentration in 

Tehama formation 
groundwater from 
greater than 600 

feet beneath 
Davis/UCD region 

(mg/L) 

Regulated 
maximum 

contaminant level 
(MCL) or other 

concentration level 
of concern (mg/L) 

Associated Risks when 
detected above MCL or other 
concentration level of concern 

Arsenic 0.0009 0.044 0.05(a)(f) 

Skin damage, potential 
circulatory problems, cancer 
risk increased 

Boron 0.908 0.778 1.0(c) 
Damaging to certain plants, 
crops 

Hardness 447.0 106.0 >150(d) 
Scaling; increase in soap 
consumption 

Iron 0.062 0.04 0.3(b) 
Taste impaired, red staining 
from precipitant 

Manganese 0.0090 0.016 0.05(b) Black staining 

Nitrate 19.7 1.4 45(e) 
Impairs oxygen capacity in 
blood 

0.05 (drinking 
water)(a) 

Drinking water MCL: Hair or 
fingernail loss; circulatory 
problems 

Selenium 0.0099 0.00008 
0.005 (discharge 

water)(a) 
Discharge water MCL: Toxic to 
waterfowl 

Total 
Dissolved 
Solids (TDS) 663.0 337.0 500(b) Salty taste 
(a)  US EPA Primary MCL--health risk concern  
(b)  US EPA Secondary MCL--aesthetic concern 
(c)  Boron at concentrations greater than 1.0 mg/L is toxic to certain crops  
(d)  150 mg/L as calcium carbonate is the upper concentration value of water defined as not objectionably hard 
for most purposes (Driscoll, 1989) 
(e)  California Dept. of Health Services Primary MCL for Nitrate as NO3 
(f)  US EPA MCL for Arsenic to be 0.010 mg/L by Jan. 2006 
Table modified from Table 4-2 in West Yost (1999) using City of Davis and UCD well data. 
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