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CHAPTER 1. 
INTRODUCTION

From the village Maw Bawtatimaa to this boulder many women would come to sit and work. They sat 
and pounded, winnowed, gossiped, scolded children, pounded acorns until they had deep holes sculptured, 
now abandoned and filled with leaf mold, [and] left their mark in this hard black bedrock outcrop.

Richard Simpson (1977:65) 
Ooti: A Maidu Legacy

Bedrock milling fixtures (slicks and mortars) are common archaeological features in many parts of 
California. These features are found on exposed bedrock, in clusters sometimes numbering in the tens or 
hundreds, but also as individual cups or slicks. Traditional archaeological evaluations focus on associated 
archaeological material, with so-called “isolated” milling features typically found not eligible for listing on 
the National Register of Historic Places (National Register). This approach has even been incorporated into 
programmatic treatments of these features such as the Framework for Archaeological Resource Management 
(FARM; Jackson et al. 1994). Native American consultants, however, often point out that bedrock milling 
locations are part of a larger cultural landscape and are unhappy that the significance of such features is 
dismissed. New archaeometric techniques can extract data directly from the features, providing an avenue 
for National Register Criterion D significance even when deposits are lacking. More importantly, Native 
American consultation can identify significance under other National Register criteria either by directly 
linking specific sites to people or events in the past or by identifying “isolated” (single) bedrock milling 
features as part of a broader cultural landscape.

Bedrock milling features are found in many parts of the world—the earliest examples in southern 
African Paleolithic contexts (Beaumont and Bednarik 2015). In the Old World, cupmarks and mortars delib-
erately hewn into bedrock are found in Levantine environments ranging from deserts to the Mediterranean, 
first appearing in the Natufian (ca. 15,500–11,500 years before present [BP]) and Pre-Pottery Neolithic A (ca. 
11,500–10,500 BP; Nadel and Lengyel 2009; Rosenberg and Nadel 2011, 2017a, 2017b). Bedrock milling feature 
function is typically attributed to material processing (especially food plants) through repeated percussive 
action such as pounding, crushing, pulverizing, and/or grinding. Because bedrock milling features are often 
found within or near settlement localities, sometimes in association with rock art and petroglyphs, they are 
inextricably linked to changes in mobility, subsistence economics, and social dynamics either as individual 
or clustered features. 

This context and research design expands on traditional archaeological approaches to explore potential 
eligibility of features with and without associated deposits. The plan is part of an ongoing series of thematic 
archaeological research designs developed by the California Department of Transportation (Caltrans) to aid 
in the treatment of specific types of cultural resources throughout the state. Our goal is to provide a research 
context and practical guide for the recordation, evaluation, and mitigation of adverse effects to bedrock milling 
features. This is not the first attempt to synthesize the distribution of bedrock milling features in California. 
Francisco (1976), for instance, succinctly summarized ethnographic and archaeological distributions of features 
based on data available at the University of California, Berkeley (Figure 1), and Jackson et al. (1994) generated 
research issues and treatment for features in the Sierra Nevada. Other studies have addressed the issue in 
southern California (Schroth 1996) and the Great Basin (Kolvet and Rucks 2012). This study is the first, however, 
to synthesize research on features throughout the state.
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Figure 1. Early Attempt to Synthesize Locations of Bedrock Milling Features
in California (Francisco 1976).
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The vast state of California was home to hundreds of autonomous indigenous groups at the time of 
contact with Euro-Americans and they lived in diverse ecosystems ranging from the temperate rainforests of 
the northwest to the deserts of the southeast and from the lowest points to the highest elevation in the con-
tiguous United States. Distribution and use of any cultural feature, therefore, are highly regionally variables. 
This document focuses on two types of resource-processing features—bedrock mortars and bedrock slicks. 
Both are common in contexts where bedrock is exposed on the surface, in habitats as diverse as the Mojave 
Desert, Sierra Nevada Range, North and Central Coast Ranges, and along the coastline and islands of central 
and southern California. These features are found within the traditional territories of nearly all 100+ Native 
California linguistic groups. As might be predicted given cultural and environmental differences across the 
state, bedrock milling features were used to process a diverse array of resources, were adopted at different 
times in different places, and figured more or less prominently in regional settlement-subsistence systems. 

Following this Introduction, the report consists of four sections. Section I—Background provides 
theoretical considerations that frame the research issues and methods advocated for analysis of bedrock 
features (Chapter 2) and provides overview distributional data of feature locations as it pertains to various 
cultural and environmental factors (Chapter 3). Section II presents five interrelated research topics which 
can be used to evaluate features under National Register criterion D (Chapters 4-8). Section III summarizes 
the distribution of bedrock milling features by Caltrans district as well as the history and status of bedrock 
mortar research under each of the five research topics. Finally, Section IV provides a treatment plan for the 
identification, evaluation, and treatment of bedrock milling features (Chapters 10-12), three examples of 
studies that follow some or all of these guidelines (Chapter 13), and a concluding discussion that identifies 
potential issues with implementation of the treatment plan and provides future directions for bedrock 
milling feature research.

DEFINITIONS

There are a number of ways that bedrock milling features and ground stone tools can be defined. 
While it is difficult to agree on a single definition, the following are working definitions used throughout 
the remainder of this document:

Bedrock Milling Feature: “A non-portable bedrock outcrop or boulder with surfaces and/or 
depressions ground into it for purposes of milling” (California Department of Parks and 
Recreation 1995:21). A milling feature must have intentionally manufactured indentations or 
depressions as evidence of grinding, indicated by polish, smoothing, pecking or striations.

Bedrock Mortar: An intentionally manufactured, bowl-shaped indentation or depression in 
bedrock, generally with evidence of pounding, pecking, and/or polish.

Bedrock Slick: Also called millingslicks and bedrock metates, these are surface areas with 
evidence of grinding (e.g., polish) in bedrock.

Cupule: Similar in form to bedrock mortars but too small to have been used for grinding plant 
foods. Some examples have been considered as acorn anvils or for grinding pigment/medi-
cine, but cupules are most frequently considered non-subsistence-related features. Whether 
they are called rock art (Gilreath 2007; Whitley 1996), petroglyphs (Parkman 1986) or cultural 
markings (Gillette 2011), cupules, grooves, and pecked-nucleated-curvilinear (PCN) features 
are also widely distributed world-wide and in California and may co-occur with mortars and 
millingslicks (Bednarik 2008; Gillette 2011; Gilreath 2007). 
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 Here we define cupules as modified bedrock elements that are too small, and/or have 
shapes and surface configurations inconsistent with food-processing goals. For example, 
cupules are generally smaller than 5 cm in diameter and are often clustered tightly together. 
They may also be placed on vertical or steeply inclined surfaces (Bednarik 2008; Buonasera 
2016; Parkman 1986). Cupules and PCN features in coastal northern California are described 
in several ethnographies as having fertility or weather-control purposes (Barrett 1952; Loeb 
1926). Given the regional specificity and entirely distinct motivations for cupule production, 
these features are mentioned where applicable but are not addressed as part of the feature 
class that is the topic of this report.

Handstone/Mano: Typically used in conjunction with millingslabs/metates, these hand-held 
implements are used primarily to process resources by grinding. Grinding creates wear 
facets that are usually visible in the form of polish and/or striations. The artifact type is 
typically called “mano” in the southern part of the state and “handstone” in central and 
northern California.

Pestle: Pestles, used in conjunction with mortars, are oblong or elongate cobbles with an 
area of hemispherical battering and grinding at one or both ends.

Millingslab/Metate: A stone platform on which material was ground or pounded with a 
hand-held implement. These artifacts are distinguished by the presence of polish or residue. 
They are generally referred to as “metates” in southern California and as “millinslabs” or 
“millingstones” in central and northern California. They may range in size from small, 
shaped lapstones to large, unshaped blocks that could be characterized as “site furniture” 
(Binford 1979).

Portable Mortar: Similar to the bedrock variety, portable mortars are circular depressions 
pecked into a boulder or slab of stone and subsequently ground and polished through use. 
The typology recognizes two types of mortars—bowl and hopper (shallow depressions with 
open-bottomed baskets). Bowl mortars are well-shaped, cylindrical, flat- or round-bottomed 
specimens with deep u-shaped bowls. Hopper mortars are generally moderately shaped 
boulders/cobbles with areas of pecking/polish in a small area.

THE PROBLEM WITH PROGRAMMATIC APPROACHES TO SIGNIFICANCE

At the outset, one of the goals of this study was to design a comprehensive plan to guide cultural 
resource specialists in evaluating and designing treatments for milling features that lacked archaeological 
deposits. This was driven by a common discord in perceived significance between archaeologists and Na-
tive Americans. Unfortunately, despite the background and methods outlined here, a simple solution is not 
forthcoming. There are two major issues that must be addressed to allow effective management of these 
cultural resources. 

The first issue relates to landscape approaches. As we outline in the sections that follow, even single 
(often referred to as “isolated”) milling features were part of a broader pattern of landscape use that included 
settlement sites, other archaeological and natural features, and plant resources. In theory, any archaeological 
feature could be incorporated into a broader landscape with enough time and resources for research. If all 
features can be associated with a culturally significant landscape, then all features, regardless of associated 
data, could be determined eligible for listing in the National Register.



Bedrock Milling Features in California:
Archaeological Context and Research Design

5

The second issue relates to the nature of eligibility under Section 106. In discussions during the 
development of this document, Caltrans archaeologists’ experience was that Native American consultants 
generally believe that bedrock milling features are significant and should be protected (and many of the 
archaeologists agree). Under prevailing Section 106 methodology and definitions, however, the significance 
attributed to these features by Native Americans is hard to fit within the four National Register criteria. Fea-
tures are only significant under section 106 if they can be linked to specific individuals or events or qualify 
as Traditional Cultural Properties. These properties must also be associated with a memory of use either in 
the past or by modern people. Since bedrock milling features fell out of regular use nearly 100 years agotra-
ditional ethnohistoric approaches are unlikely to yield sufficient data to support National Register eligibility 
under these criteria. More often, consultants cite general patterns of use or ceremonial/sacred functions of 
mortars or placement in association to important landscape features (often prominent mountains with large 
viewsheds). Since these statements are based on traditional knowledge, it is difficult to support them with 
independent information and therefore a programmatic approach to assessing Native American concerns is 
not possible. This is in no way meant to diminish the importance of Native American perspectives, but simply 
to identify the difficulty with evaluating bedrock milling features under existing Section 106 frameworks. 

Taken together, these issues have the potential to lead to a polar switch from a regulatory environ-
ment where features lacking other archaeological deposits are never determined eligible to one in which they 
always are, but without gaining the relevant information necessary to meaningfully determine project effects 
or appropriate treatments. Unfortunately, finding a middle-ground cannot be done programmatically. In the 
end, this document provides a solid foundation for evaluation under Criterion D and outlines approaches 
that can be taken to evaluate bedrock features under other criteria, but it does not provide a comprehensive 
programmatic approach. 

Each project will present a unique combination of archaeological features, Native American concerns, 
and potential project impacts to those features. The effort exerted in identification and evaluation efforts 
should be scaled to the size of the project, and standard approaches should be used whenever feasible.

ROADMAP TO COMPLIANCE

Section IV of this document offers a detailed discussion of the identification, evaluation, and treat-
ment of bedrock milling features. To frame the discussion, however, we briefly summarize this approach 
here. The Section 106 compliance process for bedrock milling features follows standard steps for addressing 
any potential historic property but starts with the assumption that a bedrock milling feature’s cultural context 
may extend into the broader landscape. We follow the Section 106 sequence that Caltrans has designed and 
is outlined in the Standard Environmental Reference, Volume 2 (available online). The Standard Environ-
mental Reference designates three phases of the Section 106 process for archaeological sites—Identification 
(Phase I), Evaluation (Phase II), and Treatment/Resolution of Effects (Phase III). For most Caltrans projects, 
compliance with Section 106 is carried out with Caltrans’ regulatory responsibilities as assigned by the Fed-
eral Highway Administration, in accordance with the January 1, 2014, First Amended Programmatic Agreement 
among the Federal Highway Administration, the Advisory Council on Historic Preservation, the California State His-
toric Preservation Officer, and the California Department of Transportation Regarding Compliance with Section 106 
of the National Historic Preservation Act, as it Pertains to the Administration of the Federal-Aid Highway Program 
in California. Phases I, II, and III are Caltrans-specific descriptors and are not mentioned in Section 106 of 
the National Historic Preservation Act or its implementing regulations (36CFR800).

Phase I—Identification

Identification efforts generally begin when bedrock outcrops are identified in or near a project Area 
of Potential Effects (APE). From here, archival efforts should be scaled to size of the project, but may include 
a review of historic aerial photography and geology/soils maps to identify potentially obscured or buried 
outcrops. All outcrops in a project APE should be examined carefully to determine if features are present. 
Sketch maps of feature outcrops should be hand drawn to scale and features measured using standard 
metrics, which can later be synthesized (Appendix A). Contextual information should be included with 
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site records to include surrounding vegetation, water sources, and other archaeological features. An effort 
should be made to locate associated archaeological sites, features, and artifacts.

Identified features should be specifically discussed with Native American tribes and individuals 
during consultation; a field meeting may be necessary to show them the features and to ask about historical 
and modern significance.

Resource as Part of an Ethnographic Landscape

One of the approaches advocated in this research design is to view bedrock milling sites as part 
of a broader landscape that reflects archaeological and natural features. This follows from the notion that 
bedrock milling sites may exist in isolation today, but were part of a broader pattern of land use and set-
tlement when they were being used. As such, the identification phase should include a consideration of 
nearby archaeological sites and features, topography, and vegetation. Native American consultants may be 
able to provide valuable information that will assist cultural resource specialists in defining a landscape. 
The extent to which a landscape approach is explored should be commensurate in scope and scale with 
the undertaking. Furthermore, identification efforts might simply explore the idea that a feature is part of 
a broader landscape without fully defining all landscape aspects.

Phase II—Evaluation

Evaluation should begin with standard archaeological techniques and a tiered approach if archaeo-
logical deposits are lacking. Under Criterion D—potential to contribute to regional research—features with 
associated deposits will be eligible if they address regional research issues (see Section II). Similarly, direct 
evidence from the features, extracted through archaeometric methods (e.g., starch grain and X-ray fluorescence 
analysis) may address research issues. On a parallel evaluation path, sites are eligible under Criteria A or B if 
they can be linked to people or events of ethnographic importance through archival research or consultation, 
or under Criterion C if they are an element of an ethnographic landscape (see Chapter 11).

Often, direct research approaches cannot identify data potential or link specific sites to individuals 
or events important to the past. Despite this, Native American consultants may feel that the sites are sig-
nificant and require protection, or that impacts to them should be mitigated. In these instances, we suggest 
that sites can be determined eligible as part of a potential ethnographic landscape consisting of surrounding 
sites, features, natural and cultural landmarks, and vegetation communities. The full extent of the landscape 
might not need to be defined during the evaluation process.

Phase III—Mitigation and Project Conditions

Avoidance of features is the preferred outcome, where possible, but if impacts to an eligible feature 
cannot be avoided, mitigation may be required. Mitigation can entail standard treatments such as data 
recovery (both from features themselves and surrounding deposits) but may also include definition and 
documentation of the historic landscape, data synthesis, replicative studies, or public outreach. Mitigation 
should be designed to reflect archaeological and Native American views on why the features are significant. 
Even where mitigation, as defined in the Caltrans Section 106 Programmatic Agreement and under Section 
106, is not needed, Caltrans may include conditions (e.g., environmentally sensitive area designations) on 
construction plans designed to alleviate Native American concerns regarding destruction of milling features.

WHAT THIS DOCUMENT IS AND ISN’T

This study is a synthesis of current archaeological research on bedrock milling feature use throughout 
California, exploring several broad research themes. Major sources of data include the Caltrans Cultural Re-
sources Database (CCRD); the database of the Stanislaus National Forest in the central Sierra Nevada; records 
of the California Historical Resource Information System for the nine counties of the San Francisco Bay Area 
and for San Diego and Imperial Counties; and data from selected gray literature and other sources.
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It was beyond the scope of the current study to generate an exhaustive account of every single bedrock 
milling site in California or to provide an all-encompassing research design that addresses every conceivable 
research question or method of evaluation or mitigation. Previously unrecorded bedrock milling sites are con-
stantly being identified and recorded, and site databases are housed at myriad state and federal agency offices 
with varying levels of digitization and database management, so data syntheses quickly become obsolete.

As will become evident in reading the research issues in Section II, the emphasis of past studies and, 
partially as a result, research presented here, is on bedrock mortars rather than slicks. This is despite the fact 
that slicks are found at nearly as many sites as mortars across the state as a whole, and are more common than 
mortars in some parts of the state. Additional research on milling slicks is merited and we include slicks in our 
analysis where applicable. The reader will notice, however, a disproportionate emphasis on bedrock mortars.

This document recognizes the importance of Native American viewpoints in how bedrock milling 
sites are interpreted and how broader landscapes are defined, but it largely lacks specific details on such 
uses both from the historic ethnographic record and from modern studies. This is because we recognize that 
Native American viewpoints are not fixed and cannot be generalized to the entire state. Furthermore, we, as 
archaeologists, lack the necessary expertise to judge non-archaeological cultural significance. Instead, we urge 
project-specific information gathering by cultural resource specialists in collaboration with Native American 
consultants to help interpret both the past uses and modern significance of bedrock milling features.

What is presented is a representative dataset of milling sites from various regions which documents 
a great deal of variation in timing and function of bedrock milling features. Finally, this study presents 
state-of-the-art research as of 2020; if it had been written five years ago, use of aerial drones or starch grain 
analysis would not have been included. Further methodological developments will certainly appear and 
will open new avenues of research. It is our hope that the current study lays the foundation (or perhaps the 
bedrock) on which new methods and theories can build.
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SECTION I 
BACKGROUND

	 Chapter 2. Theoretical Considerations.

	 Chapter 3. Distribution of Milling Features Relative to Cultural and Environmental 
Variables.
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CHAPTER 2. 
THEORETICAL CONSIDERATIONS

	 Chapter 2 explores the theories used to frame the archaeological record in the research 
design.

	 Evolutionary ecology forms the basis for much of the analysis but serves as just a starting 
point from which to interpret human behavior.

	 Niche Construction is an offshoot of optimality approaches and considers the effects of 
past human occupation to local ecology.

	 Phenomenological approaches focus on the experience and stories of cultures to inter-
pret the ways in which people interacted with the environment.

	 Traditional Ecological Knowledge incorporates scientific and non-scientific value sys-
tems into the interpretation of the past and management of modern ecosystems.

The archaeological record consists of material residues of past behavior. The record will never be 
complete and therefore the behaviors that produced those residues must be inferred and interpreted. The 
first step of any archaeological study is to document the basic facts of the archaeological record—the what, 
where, when questions. The answer to these questions does no more than provide the basic structure from 
which to build stories of the past. Instead, we learn about past people through answering the “why” and 
“how” questions. The link between the what/where/when and the how/why requires an interpretive lens 
that is provided by a body of theory. Sitting at the intersection of science and culture, archaeology draws 
from both approaches more or less heavily and various theoretical approaches may provide competing 
interpretations of the record. In this Chapter, we explore anthropological theories that have been used his-
torically in the study of bedrock mortars and then pivot to more recent ideas that increasingly account for 
Native American perspectives. These Phenomenological approaches address modern concerns and notions 
rather than simply documenting and accounting for the material remains of past behaviors.

In the California-Great Basin area, one of the heartlands of hunter-gatherers, a human behavioral 
ecology approach has been favored over the last 30 years. More recently, there has been an increasing trend, 
particularly in central California, to emphasize historical contingency in explaining the past (e.g., Jones et 
al. 2008). This approach stresses the importance of sequential events in a local area, and in some contexts 
has the potential to reinforce a long-held emphasis on culture history and particularism. Traditional ap-
plications of this approach are largely devoid of theoretical orientation and lack the goals of middle-range 
theory with its emphasis on identifying broader patterns of the human condition. However, when respons-
es to historical events are considered within a larger theoretical framework, like behavioral ecology (e.g., 
Bettinger 2015; Bettinger and Baumhoff 1982), a much more complete understanding of long-term trends in 
human behavior can be achieved.

Research presented here is heavily informed by human behavioral ecology, but treatment options 
rely on other theoretical constructs and analytical techniques. Regardless of theoretical approach, California 
archaeologists agree that pre-contact peoples employed combinations of settlement, subsistence, organiza-
tional, and demographic tactics to successfully inhabit and use a wide range of environmental settings. While 
these behaviors, or adaptive strategies (Bettinger 2001:145), are products of an evolutionary history shaped 
by natural selection with all the characteristics of adaptive design (Williams 1966), the details and historical 
contingencies of local records are informed by myriad other cultural and social constructs. Assumptions about 
adaptation can effectively guide investigations of behavioral variability in differing spatiotemporal contexts 
(Ydenberg et al. 2007). Behavioral ecology, as a subset of evolutionary ecology, studies the fitness-related 
trade-offs organisms face in specific ecological settings. Optimal foraging theory (OFT) is the set of foraging-re-
lated models developed in this research tradition that focuses on the economics of nutrient acquisition and 
the decisions foragers make on the food quest (Stephens 2008; Stephens and Krebs 1986). Optimal foraging 
models assume a goal or fitness-related outcome, trade-offs, currency, and an opportunity set for foragers. 
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The paragraphs that follow outline the basic constructs of models that guide human behavioral ecology 
research and then move on to discuss other constructs that build on these topics.

THE PREY (OR OPTIMAL DIET) MODEL

The prey (or optimal diet) model applied to any species is the most widely used foraging model from 
behavioral ecology (Charnov 1976; Emlen 1966; MacArthur and Pianka 1966). It simplifies foraging activities 
into two, mutually exclusive components—searching and handling. The model assumes that foragers attempt 
to maximize their net rate of nutrient gain and poses the foraging decision as a single, repetitive, yes-no choice 
each time a possible food resource is encountered. Foragers will forgo harvesting a resource if they can expect 
to do better by continuing to search. The currency used to measure the value of the choices is typically the 
expected rate of energy acquisition (kilocalories per hour [kcal/hr]) it represents. Resources are ranked by 
their expected net profit of energy per unit of time spent in handling (their return rate once found, exclusive 
of search time). Highest ranked resources are always taken on encounter, with lower-ranked resources taken 
or not depending on whether their profitability is higher than the expected rate for continuing to search, 
which depends on the expected encounter rates with higher ranked resources. Because of its generalized 
nature, objective approach to decision-making, and economic orientation, the applicability of the prey model 
to humans became quickly apparent (see Smith 1983 for initial review).

Studies and concepts of “intensification” have been central to the understanding of shifts in subsis-
tence pattern (see an excellent summary by Morgan 2015) that include a greater reliance on storable plant 
foods (e.g., Basgall 1987; Beaton 1991, Eerkens and Rosenthal 2002; Wohlgemuth 1996, 2004; Zeanah 2004), 
intensive focus on shellfish and fish (e.g., Braje 2007; Braje et al. 2007; Erlandson et al. 2008; Kennett 2005; 
Joslin 2010; Rick 2007; Whitaker 2008; Whitaker and Byrd 2012, 2014), and shifts in terrestrial and marine 
faunal assemblages (e.g., Broughton 1994, 1997; Broughton et al. 2007; Simms 1987). These studies all have a 
common explanation for shifts in settlement and subsistence patterns—reduced relative availability of more 
highly ranked taxa led pre-contact foragers to harvest lower ranked food items. The focus on these prey 
items often led to shifts in settlement patterns as seasonal and permanent occupation sites shifted to focus 
on these new resources. 

THE PATCH CHOICE MODEL

The patch choice model (MacArthur and Pianka 1966) identifies the tradeoff between earned returns 
within a patch and travel time between patches in an environment where resources are clumped instead 
of randomly distributed. A forager’s goal is to maximize the net rate of return per unit foraging time by 
exploiting the optimal array of patches. The two decision variables in the patch model are to enter a patch 
or bypass it to travel to (search for) another with a higher rate of return. The patch choice model essentially 
treats patches as the optimal diet model treats individual prey items. In California, Morgan (2006, 2009, 
Morgan et al. 2012) has applied this model most directly with his study of settlement patterns among the 
Western Mono along the elevational gradient of the western Sierra Nevada. 
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IMPROVEMENTS IN FORAGING EFFICIENCY/FORAGING INNOVATIONS

Predictions generated from optimal foraging models continue to help researchers explain foraging 
variability within and across taxa (Krebs and Davies 2009; Pyke et al. 1977; Stephens 2008). The elegant link 
between diet breadth and time allocated to either search or handling has important implications for under-
standing changes in subsistence-related behavior (Hawkes and O’Connell 1992). When diets are narrow, 
more time is devoted to search. Consequently, improvements in search efficiency should be generally favored 
to increase encounter rates with profitable food types. Conversely, broader diets include less profitable 
resources and so require more time devoted to handling. Under these conditions, innovations that improve 
handling efficiency will have the greatest effect. A model forager maximizing their overall rate of nutrient 
gain per unit time should adopt such innovations where diets are already broad because that is the only 
way to achieve higher energetic acquisition rates in such situations.

DEMOGRAPHY, MOBILITY, AND ADAPTIVE STRATEGIES: 
TIME MINIMIZERS AND ENERGY MAXIMIZERS

Bettinger (1999, 2001; Bettinger and Baumhoff 1982) constructed the traveler-processor model to better 
elucidate the relationship between population growth, resource depletion, and ways hunter-gatherers allocate 
time, acquire energy, and use space. Combining elements of the prey and patch choice models (Charnov 1976; 
Emlen 1966; MacArthur and Pianka 1966), the traveler-processor model simultaneously tracks changes in diet 
breadth and patch choice as resource abundance changes in response to increasing population densities (see 
also Zeanah and Simms 1994).

The traveler strategy is predicted in circumstances where population density is low and high-quality 
resources are abundant. Under these conditions, foragers allocate more time traveling between rich patches and 
searching for high-quality resources within them than they do to capture and process those resources. Groups 
adjust to local resource depression by moving to more productive patches by means of residential mobility. For 
travelers, time rather than energy is at a premium; therefore, “travelers will initially maintain existing patterns of 
resource and patch use and intensify through time-minimizing tactics—trying to do more in the same amount of 
time, for example, by dividing labor in more specialized ways, by logistical procurement, by making and using 
more specialized tools in ways that sacrifice raw materials but save time (i.e., higher discard rates)” (Bettinger 
2001:166, emphasis added). Foragers employing a traveler/time-minimizer adaptive strategy are characterized 
by comparatively high residential mobility, relatively simple technology, and minimal storage (Bettinger 1991), 
akin to what Woodburn (1980, 1982) described as immediate-return economies.

Conversely, a processor strategy is expected to be employed in situations where increased popula-
tion density significantly curtails or eliminates the advantages (or option) of residential mobility, making 
within-patch foraging an increasingly profitable economic option. Hunter-gatherers operating under such 
constraints should begin to include lower-quality patches wherein less time is spent searching for high qual-
ity resources and more time allocated to resource procurement and processing. When population densities 
rise and logistical procurement becomes uneconomical or infeasible, it becomes more profitable to reside, 
process, and consume resources where they are acquired (Barlow and Metcalf 1996; Bettinger et al. 1997). 
Under such conditions, the limiting factor for processors is not time but rather the overall amount of energy 
that can be extracted from a limited area. Therefore, processors should adopt energy-maximizing strategies 
that extract the highest returns over longer periods from fixed amounts of space. As a result, economic 
emphasis is placed on delayed rather than immediate returns, with greater investment in storage and tech-
nology, more complex social organization, and increased territoriality (Bettinger 1991, 2001; Rosenthal and 
Hildebrandt 2019; Woodburn 1980, 1982).

Bettinger (2001) suggests that both time-minimizing and energy-maximizing are evolutionarily 
stable strategies; they increase in a population when rare and cannot be displaced when prevalent. “[T]ime 
minimizing as practiced by early- and middle-Holocene hunter-gatherers in many parts of the New and Old 
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World was an evolutionarily stable strategy, inherently resistant to the energy-maximizing tactics entailed 
in sedentism, territoriality, and storage. To move from time minimizing to energy maximizing required 
an almost impossible restructuring of social relationships and use rights” (Bettinger 2001:173). However, 
implementation of these adaptive strategies and associated immediate- or delayed-return economies has 
important implications for understanding variability observed in the material consequences of past human 
activity, especially for milling technologies.

A NOTE ABOUT OPTIMALITY MODELS

Optimal foraging models are often caricatured and critiqued as reducing humans to calculating 
drones moving around the landscape making minute decisions based on cost-benefit ratios. In a reductionist 
sense this is true, and the way that optimality models are discussed, they reduce a complex series of behaviors 
into simple contingency decisions. While the models assume rationality and optimality, they do not assume 
that humans always act rationally or optimally, but instead that over time the aggregate of many trial and 
error processes, human cultures tend to find the solutions that work best in a particular environment given 
a certain toolkit and cultural orientation (Steward 1936). Far from believing that simple decisions form the 
basis for changes in complex human cultures, these models serve as a starting point for examining cultural 
change. The answer to interesting questions about our past is almost always found when the archaeological 
record does not match expectations. The models, therefore, serve as a null-hypothesis, providing an all-
things-being-equal hypothesis against which the archaeological record of two time periods, two regions, or 
a broader dataset, can be compared.

ESTABLISHMENT OF TERRITORIES AND NICHE CONSTRUCTION THEORY

Complementary to human behavioral ecology approaches are recent elaborations known as niche 
construction theory (Odling-Smee et al. 1996, 2003; Scott-Phillips et al. 2014). Essentially an elaboration on 
Steward’s cultural ecology (Steward 1936, 1938, 1955), it posits that human investment alters the environment 
in significant ways, with a feedback between investment and success providing an additional selective force 
to encourage and facilitate continued use of that same landscape hundreds if not thousands of years later. 
In the evolutionary literature, this phenomenon is considered a specific type of niche construction known as 
ecological inheritance (Odling-Smee et al. 2003). Just as people inherit genes and culture from their forebears, 
they also inherit the environment, including any long-term alterations made to that environment. Often these 
alterations affect later generations by influencing where on the landscape they are active and when they take 
advantage of various resources.

Niche construction theory offers a complementary approach to human behavioral ecology as the 
ecological inheritance approach provides rationale for how human-shaped environments change the pay-
off structure for various optimal foraging decisions. In the Sierra Nevada for instance, bedrock milling 
features are the most archaeologically visible sign of local investment and their presence formed part of 
a positive feedback loop wherein previously constructed facilities were preferentially selected as loci for 
future habitation, leading to additional investment in these locations and greater future draw as hubs of 
economic activity (e.g., Price 2016). In addition to built environmental features, ethnobotanical studies 
identify a complex program of landscape modification, particularly surrounding the use of oak groves 
(Anderson 2005; Blackburn and Anderson 1993). The consistent burning, pruning, and knocking of trees in 
these groves would have improved acorn production, further cementing the incentive to return year after 
year. Such processes have recently been incorporated as part of niche construction theory (e.g., Bliege Bird 
et al. 2013; Broughton et al. 2011).

Related to these theories of adaptation and settlement are those that examine the establishment 
and maintenance of tribal territorial boundaries. Most such arguments rely on Dyson-Hudson and Smith’s 
(1978) seminal economic defensibility model (EDM) of human territoriality. Formulated in response to earlier 
anthropological debates regarding the universality of territorial behavior (Radcliffe-Brown 1930; Lee and 
DeVore 1968), the EDM examines territoriality in terms of the economics (i.e., costs and benefits) of territorial 
behavior relative to resource distribution and predictability. Defining a territory as “an area occupied more 



Bedrock Milling Features in California:
Archaeological Context and Research Design

15

or less exclusively by an individual or group by means of repulsion through overt defense or some form 
of communication” (Dyson-Hudson and Smith 1978:22), the EDM predicts that stable territorial systems 
should exist in ecological contexts where resources predictably occur in high density patches. Territoriality 
is expected in such contexts because the net benefits of the resources outweigh the costs of territorial de-
fense. The spatial and temporal characteristics of the resource base in such situations allow for the use of 
a geographically restricted area wherein subsistence requirements can be successfully met, and access can 
be successfully restricted. The EDM further predicts a mobile system of shifting territories where resource 
density is high but unpredictable, home-range systems where resources are sparse but highly predictable, 
and no territoriality where resources are sparse and occur unpredictably. Throughout California, there 
are myriad examples of social boundaries between tribes throughout prehistory (e.g., Bayham et al. 2019; 
McGuire and Hildebrandt 2019; Rosenthal 1996, 2011; Whitaker and Byrd 2014; Whitaker et al. 2019; White 
et al. 2002). Social circumscription and population growth provided the circumstances under which niche 
construction is expected to operate.

While it is fairly well established that Native Americans modified the landscape in a number of 
ways throughout the Holocene, less well documented is when this transition occurred and its relationship 
to other socioecological practices. Because niche construction requires continued investment, and the na-
ture of bedrock milling features entails an upfront cost financed through continued future use, it follows 
that modified (or “constructed”) patches and milling features would be worth defending from interlopers 
seeking to benefit from another’s manufacturing labor.

PHENOMENOLOGICAL APPROACHES TO CULTURAL LANDSCAPE

In stark contrast to behavioral ecological models are theories that focus on the experience and stories 
of cultures to interpret the way in which people interacted with the environment. These include phenome-
nological approaches, which seek to understand broader landscapes through the eyes of those that lived in 
them, and theories regarding Traditional Ecological Knowledge, which posit that native peoples hold special 
knowledge germane to modern management of the natural environment. Two divergent approaches to the 
evaluation of bedrock milling features are advocated here. The first, outlined above, is based on the archaeo-
logical record and scientific approaches, which are traditionally employed methods to examine the production 
and use of such features. More recently, a cultural anthropological perspective has been increasingly applied 
to understanding the interpretive, symbolic, and experiential approaches to examining the record (Allen 2011; 
Armstrong 2011; Cleland et al. 2007; Eddy et al. 2014; Perry and Delany-Rivera 2011; Robinson 2011; Robinson 
et al. 2011). As succinctly stated by Eddy et al. (2014:12–1):

The focus of [phenomenological approaches] trends away from scientifically driven empir-
ical data observations and toward circumstantial, but equally important, interpretations of 
the cultural use of space and the relationships between the inhabited and uninhabited, the 
ceremonial/sacred and utilitarian, the communal and private, and the heavens and earth.

The phenomenological approach is meant to examine cultural landscapes as not just physical archae-
ological or ethnographic sites but also the space between them. Data germane to these types of landscapes 
include Native American traditional stories, songs, and beliefs about how past people interacted with the 
environment and important locations where they lived.

Under a cultural landscape approach, there are three dimensions—formal, historical, and relational 
(Darvill 2008:67; Zedeño et al. 1997). As outlined by Eddy et al. (2014), the formal landscape dimension has 
tangible characteristics—e.g., topography, water, and vegetation. The historical dimension includes oral 
history, song, and traditions held by local people connected to the land (Eddy et al. 2014). The relational 
dimension relies on connections between elements of the formal and historical dimensions and the tangible 
and intangible aspects of the landscape.

A cultural landscape approach may use many of the same tools as scientific approaches to construct 
the formal dimensions of the landscape, but then relies on cultural anthropological methods to move beyond 
tangible aspects and focuses on the historical and cultural aspects of landscape use through the lens of Na-
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tive Americans who live there. This is important to the study of bedrock milling features because there is a 
well-acknowledged gap between the scientific significance of milling features and their importance to Native 
American consultants. This is particularly true in the case of individual bedrock milling features that lack 
associated archaeological deposits but may retain significance along broader phenomenological themes. It 
is important to approach bedrock milling features, therefore, with a dual scientific and phenomenological 
lens to account for a full suite of viewpoints.

Traditional Ecological Knowledge

Melding both modern scientific and phenomenological theoretical foundations, Traditional Ecologi-
cal Knowledge (TEK) approaches acknowledge the role and expertise of Native peoples as ecological experts 
in their local environment. As described by Bruchac (2014), traditional knowledge is “defined as a network 
of knowledges, beliefs, and traditions intended to preserve, communicate, and contextualize Indigenous 
relationships with culture and landscape over time.” Unlike modern scientific approaches, which tend to 
separate functional cultural activities (settlement, subsistence, tool making) from more difficult to identify 
ritual and sacred activities, TEK acknowledges that the sacred and mundane activities are inextricably 
linked in many Native American cultures. As Augustine (1997:1) summarizes it (quoted in Bruchac 2014):

[Traditional ecological] knowledge is exercised within the context of the social values and 
philosophies of the tribe… The fact that Native science is not fragmented into specialized 
compartments does not mean that it is not based on rational thinking, but that it is based 
on the belief that all things are connected and must be considered within the context of that 
interrelationship(Augustine 1997:1) [Bruchac 2014:2].

The acknowledgement that ritual and everyday activities are inextricably linked is important in 
interpreting past behaviors, but also in applying historical and modern ethnographic information into 
archaeological studies and informing modern ecological practices (e.g., Anderson 2005; Blackburn and 
Anderson 1993; Cuthrell et al. 2013; Lightfoot and Parrish 2009; Lightfoot and Lopez 2013; Lightfoot et al. 
2013a, 2013b). Furthermore, understanding these practices in a modern context may inform interpretation 
of the archaeological record as it relates to ecological relationships of anthropogenic landscapes.
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CHAPTER 3. 
DISTRIBUTION OF MILLING FEATURES RELATIVE TO CULTURAL 

AND ENVIRONMENTAL VARIABLES

Along many streams and rivers in the western Sierra Nevada, you can find evidence of the region’s 
prehistoric past carved into low boulders and exposed slabs of granite bedrock. If you pay careful 
attention, you will see small, circular dish- or cone-shaped depressions in the dense stone—often in 
groups of three or more, occasionally reaching many dozens…Bedrock mortars, used in combination 
with a hand-held pestle, are an exemplary cultural reminder of the fundamental role that plant foods 
played in traditional Me-Wuk society and the innumerable generations of Me-Wuk women who fed 
their families daily by grinding acorns and other plant foods with this rock equipment.

Kelly McGuire, Jeffrey Rosenthal, and Sharon Waechter (2012:1) 
Field Guide to Plants Important to the 

Central Sierra Me-Wuk Indians with Traditional Uses

	 Chapter 3 presents summary data of bedrock milling feature distribution and patterns.

	 Data include 3,509 site locations from the Caltrans Cultural Resource Database and 
2,269 sites from the Stanislaus National Forest Database.

	 A subset of sites have keyword data that identify sites with mortars, slicks, and both.

	 Sampling issues bias the sample to areas with full Information Center data  
(Districts 4 and 11) and areas where Caltrans highways intersect bedrock.

	 Nearly half of sites with milling features are in the Sierra Nevada and southern Cali-
fornia mountains.

	 Most bedrock milling features are found in hardwood woodlands, shrub, and her-
baceous vegetation communities.

	 Half of the features are within 150 feet from water and two-thirds within 300 feet.

	 Half of features are found at elevations below 1,500 feet amsl and 3/4 below 3,000 feet amsl.

California is marked by extreme variations in topography, geology, ecology, temperature, and pre-
cipitation. The large state, measuring about 163,700 square miles and spanning almost 10 degrees latitude 
(32.8–42.0 degrees north), has both the lowest point (Death Valley at -282 feet above mean sea level [amsl]) 
and the highest point (Mt. Whitney at 14,505 feet amsl) in the contiguous 48 states. Most of the state has a 
Mediterranean climate, but rainfall ranges widely from some of the driest deserts in the southeast to tem-
perate rainforests in the northwest.

There are likely tens of thousands of bedrock milling sites recorded throughout the state, and possibly 
tens of thousands more not yet recorded. As it was beyond the scope of the current endeavor to catalogue each 
bedrock milling site in the state, a sample from readily available datasets is used to capture the geographic 
and cultural variability of bedrock milling feature use. Unfortunately, experts on local archaeological records 
will no doubt identify glaring gaps in the aggregated data. As such, the broad patterns should be taken with a 
grain of salt (or acorn flour) and future work should endeavor to fill in the gaps in available datasets. Chapter 
9 includes reviews of individual Caltrans districts that provide a list of places that more data may be available. 
It is our hope that this initial effort inspires more detailed regional analyses.

This chapter describes methods for data compilation and then offers a general overview of the dis-
tribution of bedrock milling sites across the state by examining a variety of overarching geographic trends. 
These data provide a very general view of bedrock milling feature distribution, which is explored further 
in the research issue chapters in Section II and the Caltrans District summaries in Section III.
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DATA COMPILATION METHODS AND RESOURCES

Bedrock milling feature locations were obtained from two sources: the CCRD and the Stanislaus 
National Forest cultural resources database.

Caltrans Cultural Resources Database

The CCRD was designed as a clearinghouse for all resources encountered during Caltrans projects 
and known to exist in or near the Caltrans right-of-way. It contains site record data as well as associated 
Geographic Information System (GIS) shapefiles. A recent effort throughout the Caltrans system digitized 
the records previously held at individual district offices and made them available to all Caltrans cultural 
resource specialists. This digitization included generating optical character recognition-enabled files that 
are searchable for word strings.

A series of text searches created a list of all sites with bedrock milling features. An initial search 
included the following terms—bedrock, mortar, milling, millingslick, slick, AP04-bedrock milling feature 
(from California Department of Parks and Recreation [DPR] Form 523), cupule, pestle, BRM, millingstone, 
milling stone. These search terms provided several erroneous hits; for instance, “mortar” was often associ-
ated with bridges or other historic-era features as binding material. These false positives were easily filtered 
out by examining fields in the database record that included age of the resource or description. The CCRD 
search resulted in 3,509 sites with bedrock milling features (Figure 2; Table 1). Most frequently, sites were 
identified using the attribute code (AP04) on the site record, as these are coded in the CCRD database.

Table 1. Sources for Resource Data Used in This Study.

Source Resource Count

Caltrans Cultural Resources Database 3,509

Stanislaus National Forest 2,269

Total 5,778

Data from the CCRD are mainly in or adjacent to the Caltrans right-of-way and the distribution of 
highways across the state provides an excellent sampling of changes in geography across various regions. 
The most striking example is in the Sierra Nevada foothills and mountain range where transects along the 
major east-west highways (US Highway [US] 50; State Routes [SR] 88, 4, 108, 120, 140, 41, and 168) provide 
slices of the record at various portions of the northern, central, and southern Sierra Nevada Range. Other 
examples include a north-south transect almost the full interior length of the state along US 395 and another 
along coastal SR 1 from southern California up through Mendocino County.

Full Coverage for Caltrans District 4 and District 11

The CCRD includes a wider coverage of bedrock milling sites within the entirety of the nine-county 
San Francisco Bay Area encompassed by Caltrans District 4 and for San Diego and Imperial Counties (District 
11). Both of these districts have a subscription with the California Historical Resources Information System. 
These data are not coded separately, but include a full accounting of sites in Alameda, Contra Costa, Imperial, 
Marin, Napa, Santa Clara, San Diego, San Francisco, San Mateo, Solano, and Sonoma counties.
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Figure 2. Bedrock Milling Sites in This Study, by Data Source.

Bedrock Milling Features in California:
A Research Design and Treatment Plan

  19



Bedrock Milling Features in California:
Archaeological Context and Research Design

20

Stanislaus National Forest (Portions of Alpine, Calaveras, Mariposa, and Tuolumne Counties)

The Stanislaus National Forest (stretching from the Merced River in the south to the Mokelumne 
River in the north and covering four Sierra Nevada Counties—Alpine, Calaveras, Mariposa, and Tuolumne) 
had a fully digitized and georeferenced site database. While the CCRD had transects of site data through the 
central Sierra Nevada on SRs 4, 108, 120, and 140 (all within portions of the Stanislaus National Forest), it 
was unclear if this sample was biased due to the placement of highways relative to geographically important 
features. Furthermore, as the research issues presented in Section II will make clear, the Sierra Nevada has 
figured prominently in the development of theories on bedrock mortar use. A critical examination of these 
theories, therefore, benefits from a full dataset, not limited by the Caltrans right-of-way. The data from the 
Stanislaus National Forest filled in these gaps nicely and provided an avenue to examine how the right-
of-way focused sample in the CCRD may provide a biased view of milling features in other regions (see 
Figure 2). These data are presented in the appropriate Caltrans District summaries in Chapter 9 but are not 
included in the overview discussions that follow in this chapter.

Other Datasets

Additional data are drawn selectively from compilations of published literature, where available, 
but were not collected in a systematic way. It is likely that larger synthetic datasets could be derived from 
agency and information center databases, but such a compilation was not possible for the entire state within 
this overview. In the review of current research in each Caltrans District which follows the research issues 
section, we provide suggestions of regional repositories of bedrock milling feature data.

GEOGRAPHICAL DATASETS USED

There are many ways that we could explore these data with varying levels of detail. We have chosen 
to use datasets that meet the following criteria:

1. Were available as GIS data layers for use in GIS analysis and ease of assignment of 
sites to class;

2. Had statewide coverage;

3. Were general enough to capture all variability without an overwhelming 
number of categories; and

4. Were specific enough to identify differences between and within regions/ 
Caltrans districts.

Our general exploration of the data relies on several geographic and cultural units.

Environmental Datasets

Environmental datasets include broad ecoregions, varying levels of vegetation coverage, distance 
to discrete food-bearing plant taxa, distance to water, elevation, and geological substrate.

Ecoregions

Descriptions of ecological province-sections are derived from Miles and Goudey (1997) and include 
basic geography, geomorphology, lithology, and vegetation. These divisions were identified as part of a broader 
classification effort by the US Forest Service Ecological Classification and Mapping (ECOMAP) Task Team. As 
described by the working group (McNab and Avers 1993), “Ecological types are classified and ecological units 
are mapped based on associations of those biotic and environmental factors that directly affect or indirectly 
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express energy, moisture, and nutrient gradients which regulate the structure and function of ecosystems. 
These factors include climate, physiography, water, soils, air, hydrology, and potential natural communities.” 
GIS data are based on the 2007 ECOMAP group designations. The study area includes all or part of seven 
provinces, including four that are distinct to California, one inclusive of the Mojave and Colorado Desert, and 
two that are part of the Great Basin. These sections could be further subdivided into hundreds of subsections, 
but this level of analysis would be too detailed for the current undertaking.

Vegetation Coverage

The vegetation coverage layers are derived from—the California Department of Fish and Wildlife’s 
“Wildlife Habitat Relationship” (WHR) coverage based on Küchler’s (1977) vegetation mapping. The WHR 
data are broken down into 13 broad classifications with more than 50 detailed communities included in the 
Küchler distributions. The general landcover types (WHR 13) are described in this chapter, with the more 
detailed land cover types explored in the detailed district summaries found in Chapter 9.

Distance to Water

Distance to water was explored as an important component of site location since it is critical to the 
processing of some plant resources (notably acorns) and is an essential requirement for settlement locations. 
A model of water location is based on the National Hydrography Dataset (NHD), downloaded from the US 
Geological Survey (USGS), which is a comprehensive set of digital spatial data that encodes information about 
naturally occurring and constructed bodies of surface water (lakes, ponds, and reservoirs), paths through 
which water flows (canals, ditches, streams, and rivers), and related entities such as point features (springs, 
wells, stream gages, and dams). The information encoded about these features includes classification and 
other characteristics; delineation; geographic name; position and related measures; a “reach code” through 
which other information can be related to the NHD; and the direction of water flow. The network of reach 
codes delineating water and transported material flow allows users to trace movement in upstream and 
downstream directions. Constructed watercourses (e.g., wells, canals, pipes, reservoirs) were removed from 
the mapping layer. For additional information on NHD, go to https://nhd.usgs.gov/.

Given the statewide nature of the data, some portions of the dataset (i.e., central California) have a 
more detailed correction of constructed water features. Elsewhere, constructed features may obscure the 
actual distance to water, though we do not believe this is a major issue with the aggregated data.

Geologic Substrate and Hardness

The geological context of bedrock features is important since the quality of the material on which 
bedrock milling features are made affects the durability and functionality of features. Harder materials will 
have a longer use-life and are less likely to produce grit that may be incorporated into ground foods, while 
softer materials require less effort to create a mortar but also have a shorter use-life and produce more grit. 
Furthermore, rock hardness may dictate the preservation of bedrock milling features since harder materials 
are less prone to weathering.

Geologic substrate was drawn from USGS geologic unit mapping (Jennings et al. 1977; Saucedo et al. 
2000). The rock hardness was then classified based on the Mohs hardness scale by Far Western Anthropological 
Research Group, Inc., (Far Western) Geoarchaeologist Jack Meyer. Where specific Mohs hardness classifications 
were not available for a given type, Meyer estimated hardness based on his knowledge of lithology of similar 
types. More local examination of bedrock morphology may be possible, but requires detailed geologic mapping 
would be impossible to parse in a statewide, or even Caltrans district-wide study.

Ethnographic Dataset

Ethnographic data are drawn from the Community Distribution Model developed by Milliken and 
Johnson (2010). The model associated data associated are publicly available at the Bancroft Library, Uni-
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versity of California, Berkeley. These data include language family—a broad classification—and specific 
language groups. The data can be further broken down to the community level, but we did not use these 
detailed data as part of the current study.

Keyword Searches

All site records from the CCRD are digital and have been scanned for optical character recognition 
(OCR), though hand-written records often cannot be read and therefore would not yield results in this search. 
Since each of over 3,500 records that were categorized as containing bedrock milling features could not be 
examined, several keyword searches of the records were conducted. Sites were identified as bedrock milling 
sites using the DPR 523 Primary Record attribute code (AP04). The text search for specific terms was then run 
on the site records identified through this first sorting of records. Search terms for both portable and perma-
nent milling features or artifacts (mortar, BRM, millingstone, milling stone, millingslab) and for associated 
archaeological deposits (occupation, midden) were recorded. The hits on these keywords were then filtered 
based on other available information. For instance, sites with “mortar” as a keyword but with historic-age 
designations were removed from the dataset since these were mainly built environment features with brick 
and mortar construction. A series of queries were run to ensure that two similar keyword hits from the same 
site were not double-counted (i.e., sites with both mortar and BRM as keywords were only counted once when 
tallies of sites with bedrock mortars were made). A large percentage of sites did not have any keyword hits 
beyond the coding in the CCRD and therefore could not be applied to the keyword analyses—this is why the 
tallies of sites with slicks and sites with mortars do not sum to match the total number of sites in a given classification.

Two calculations are made in many of the analyses that follow. The first is the percentage of sites 
with keyword hits that have both slicks and mortars. This is calculated as the number of sites with both 
divided by the total number of sites with keyword hits. A second calculation is the number of sites with 
mortars as opposed to slicks. This is calculated as the sum of sites with both slicks and mortars and those 
with just mortars divided by the total number of sites with keyword hits.

SUMMARY EXPLORATION OF DATA DISTRIBUTION

The remainder of this section offers a broad exploration of trends in the dataset and examines pattern-
ing of bedrock milling feature distributions by political, ecological, and geological divisions. The section begins 
by examining where in the state bedrock milling features are most commonly found using three distinct geo-
graphical units—Caltrans district, California county, and geographic province-section. Then site distribution 
is discussed by vegetation community, elevation, distance to water, rock hardness, and ethnographic group. 
Because the Stanislaus National Forest dataset includes nearly as many resources for Alpine, Calaveras, Mar-
iposa, and Tuolumne Counties as the CCRD does for the entire state, it is left out of these broad generalized 
analyses but will be included in the discussion of District 10 in Chapter 9. The Stanislaus National Forest Data 
also lack keyword information, as only GIS and summary data were available, not the site records on which 
they were based. Where included, the data are separated out from the broader dataset to distinguish between 
the specific and general samples. It is also important to note that the CCRD data include complete coverage of 
sites in district 4 and 11 based on existing records in the California Historical Records Information System for 
these counties as of 2020.

Regional Distribution by County and Caltrans District

California can be geographically separated along any number of political and geographic bound-
aries. Caltrans uses county and district boundaries as the initial basic unit of analysis for all their regional 
studies. These political boundaries, while arbitrary, often follow geographic dividing lines. Table 2 shows 
the distribution of sites by Caltrans district and, within these districts, by county. Detailed analysis of dis-
tributions and research themes within Caltrans districts is provided in Chapter 9. Figure 3 shows the same 
data as a “heat map,” with counties containing a greater percentage of bedrock milling sites shown in redder 
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colors, while those with lower percentages in gray or green. Only three counties—Del Norte, Sutter, and 
Kings—lack recorded bedrock milling sites.

County and Caltrans district boundaries are random and dissimilar in size, therefore comparative 
counts of bedrock milling sites are not valid. Notable statewide patterning is evident, however, in the small 
number of bedrock milling sites in northern California, with Districts 1 (northwest) and 2 (northeast) con-
taining by far the lowest densities. In fact, these districts show a distinct south-north trend in the density 
of sites, with 90 percent of District 1’s bedrock milling sites found in the southern two counties (Lake and 
Mendocino), just over 10 percent in Humboldt County, and none in Del Norte County. A similar trend is 
found along a west-east transect in District 2, with less than 10 percent of all District 2 bedrock milling sites 
found in the three western counties (Siskiyou, Tehama, and Trinity).

Patterning in central California (Districts 4, 5, 6, and 10) is predictable and fairly unremarkable—
counties with greater areas in the Coast Ranges and Sierra Nevada have more bedrock milling sites. Such 
sites are rare or absent in Central Valley counties (Kings, Merced, San Joaquin, Stanislaus) because exposed 
bedrock is likewise rare or absent. Bedrock milling sites are rare in counties in southern California that are 
predominantly east of the transverse and peninsular ranges (Imperial, San Bernardino) but are found along 
the east side of the Sierra Nevada in three District 9 counties (Mono, western Inyo, eastern Kern). The large 
number of sites in District 8 counties (Riverside and San Bernardino) is derived from a dense cluster in 
western Riverside County, whereas sites are rare in San Bernardino and eastern Riverside counties. Simi-
larly, in District 11 counties (San Diego and Imperial), the coastal foothills of San Diego have many bedrock 
milling sites, while eastern San Diego County and Imperial County have very few—these areas do not lack 
bedrock as a whole, though travel corridors included in the CCRD might (Caltrans highways through the 
District 8 and 11 deserts follow the flatter ancient alluvial fans), and therefore, could be biasing the sample. 
While these summary data do not provide much in terms of anthropological analytical value, they are useful 
for identifying where bedrock milling sites are likely to be found and may structure how further study is 
developed within specific Caltrans districts.
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Figure 3. Density of Bedrock Milling Sites in Dataset by County.
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Table 2. Distribution of Bedrock Milling Sites by Caltrans District and County 
Based on the Caltrans Cultural Resources Database.

District 1 District 4 District 8

Humboldt 5 Alameda 106 Riverside 380
Lake 25 Contra Costa 127 San Bernardino 24
Mendocino 17 Marin 65 Total 404
Total 47 Napa 187 District 9

District 2 San Francisco 1 Inyo 156
Lassen 54 Santa Clara 185 Kern 38
Modoc 19 San Mateo 15 Mono 71
Plumas 16 Solano 57 Total 265
Shasta 32 Sonoma 156
Siskiyou 7 Total 899 District 10

Tehama 5 Alpine 43
Trinity 2 District 5 Amador 39
Total 135 Monterey 31 Calaveras 74

San Benito 5 Mariposa 45
District 3 San Luis Obispo 21 Merced 2
Butte 25 Santa Barbara 23 San Joaquin 1
Colusa 8 Santa Cruz 11 Stanislaus 4
El Dorado 88 Total 91 Tuolumne 95
Glenn 2 District 6 Total 303
Nevada 41 Fresno 185 District 11

Placer 63 Kern 56 Imperial 5
Sacramento 10 Madera 107 San Diego 448
Sierra 14 Tulare 168 Total 453
Yolo 5 Total 516 District 12

Yuba 21 District 7 Orange 10
Total 277 Los Angeles 62 Total 10

Ventura 47
Total 109

Ethnographic Linguistic Groups

Examining statewide distributions of bedrock milling features by ethnographic group is fraught with 
the issue of where to draw ethnographic boundaries. This is because boundaries were fluid at any given time 
with varying degrees—some territory boundaries were strongly defended but large shared use areas between 
tribal core areas also existed. Further complicating the matter are the multiple linguistic replacements that 
are apparent in the historical linguistic and archaeological records (Golla 2007; Kroeber 1959; Moratto 1984). 
We therefore have chosen to use Milliken and Johnson’s (2010) Community Distribution Model as a basis for 
ethnographic territories (Figure 4). Notably, this model does not capture large swaths of the eastern portion of 
the state and more than 400 sites with milling features in the CCRD are within areas that lack tribal affiliation 
in the community distribution model. Of the remaining 2,361 sites, nearly 80 percent are found within terri-
tories of just seven of the 22 linguistic families (Table 3). Sites in the traditional homelands of Takic-speaking 
peoples make up 17 percent of the total sample. While there are eight distinct languages within this family, 
nearly all documented milling sites (465/513; 91%) are in Luiseno (n=395) or Cahuilla (n=70) traditional 
homelands. Next most common are sites in Ohlone territory (13%), those these numbers are slightly skewed 
by the 100 percent sampling of Information Center data from Ohlone lands in 
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Figure 4. Distribution of Bedrock Milling Sites by Language Family.
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Table 3. Summary of Caltrans Cultural Resource Database Milling Sites by Language Family.

Language Family Milling 
Sites

Both Slick/ 
Mortar

Only 
Slick

Only 
Mortar

Both 
%

Mortar 
% 

Athabascan 11 - 4 3 - 43
Modoc 1 - 1 - - -
Pit River 25 2 7 3 17 42
North Hokan 5 - 2 - - -
Yana 7 - 2 2 - 50
Maiduan 171 14 8 14 39 78
Wintuan 135 1 10 13 4 58
Washoe 15 1 5 2 13 38
Miwokan 437 32 5 40 42 94
Miwokan/Wappo 43 - 1 1 - 50
Yokuts 335 26 12 9 55 74
Tübatulabal 35 4 3 - 57 57
Numic 242 32 35 11 41 55
Wappo 86 - - 2 - 100
Pomo 122 1 4 3 13 50
Ohlone 407 7 8 18 21 76
Salinan 20 1 4 5 10 60
Esselen 3 1 2 - 33 33
Chumash 121 7 12 9 25 57
Takic 513 28 47 11 33 45
Yuman 349 16 14 1 52 55
No Ethnographic Affiliation 426 22 44 35 22 56
Total 3,509 195 230 182 32 62
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only 
“mortar” (mortar or BRM – bedrock mortar), or both.

District 4. Yuman family traditional homelands are next most common (11%) with sites found 
mainly in territories of those that speak Ipai (n=206) or Tipai (n=135). That the two southernmost linguistic 
families account for over nearly 30 percent of the sample is a compelling finding, since the archaeological and 
ethnographic literature of bedrock milling feature use is dominated by studies of groups that make up only 
a slightly higher proportion of the database (39%)—Yokuts (11%), Miwokan (14%), Numic (8%), Maiduan 
(6%). Groups reside in the foothills and uplands of the Sierra Nevada and form the basis for much of the 
scholarly study of bedrock milling features. The bias toward central California ethnographic groups is likely 
shaped by a lack of knowledge about bedrock milling slicks as a feature class by early ethnographers. Takic 
and Yuman territories have abundant bedrock outcrops with milling slicks, but have many fewer mortars 
and therefore the importance of bedrock milling in the ethnographic record is under-emphasized. 

There are few obvious trends in the keyword data. Those groups in the Central Valley and portions 
of the Sierra Nevada have the highest proportion of mortars, but the Chumash and Salinan of the central 
coast have similarly high proportions. Overall, one-third of site records with keywords have both mortars 
and slicks, while nearly two-thirds of all sites have mortars (either with slicks or without them).

Geographic Ecoregion Province-Sections

Geographic Ecoregion Province-Sections provide overview ecological classifications that are based 
on ecology, geology, and hydrology. Given the historical predominance of the Sierra Nevada bedrock mill-
ing studies, it is not surprising that over one-third of all milling sites in the CCRD are in the Sierra Nevada 
foothills (24.3%) or higher elevations in that mountain range (13.5%). More surprising, given a lack of atten-
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tion in the literature, 28.1 percent of sites fall within the southern California mountains and valleys of the 
Transverse and Peninsular Ranges. No other geographical section makes up more six percent of the total 
sample, though the Central and Southern California Coast sections account for more than five percent. As 
noted in the district/county data, geographic sections in the northern portion of the state (the first seven 
sections in Table 4) make up just nine percent of the total bedrock milling sites. Similarly, the vast deserts 
in the southeast account for just 4.2 percent of the total. The paucity of sites in the desert likely reflects the 
extremely low population densities in these regions compared to central and northern California.

Table 4. Summary of Bedrock Milling Sites by Geographic Province-Section  
Based on the Caltrans Cultural Resources Database.

Geographic  
Province-Section

Sites Average 
Elevation

(feet)

Average 
Distance to 
Water (feet)

Both Slick/ 
Mortar

Only 
Slick

Only 
Mortar

Both 
%

Mortar 
% n %

Northern California Coast 111 3 246 582 - 1 2 - 67
Klamath Mountains 14 <1 1,420 208 1 5 4 10 50
Northern CA Coast Ranges 210 6 856 277 1 10 7 6 44
Northern CA Interior Coast Ranges 86 3 776 188 - 3 5 - 63
Northwest Basin and Range 15 <1 4,348 933 - 6 2 - 25
Southern Cascades 28 <1 4,165 472 2 4 2 25 50
Modoc Plateau 45 1 4,720 2,257 1 23 5 3 21
Great Valley 157 5 401 420 12 15 17 27 66
Central California Coast Ranges 185 5 1,110 308 7 8 9 29 67
Central California Coast 393 11 703 390 5 11 23 13 72
Sierra Nevada Foothills 675 19 1,617 263 63 15 44 52 88
Sierra Nevada 381 11 4,941 210 20 15 32 30 78
Mono 95 3 5,399 553 16 22 8 35 52
Southern California Coast 160 5 343 395 5 6 5 31 63
Southern California Mountains  
and Valleys 

807 23 2,280 494 42 56 12 38 49

Desert a 134 4 2,937 1,001 20 29 5 37 46
No section in GIS 13 <1 16 1,721 - 1 - - -
Total 3,509 100 609 420 195 230 182 32 62
Note: a Combines Mojave, Sonoran Colorado, and Sonoran Mojave Desert Sections. Dataset includes keyword search results for sites 
with only “slick” (slick or millingslick), only “mortar” (mortar or BRM – bedrock mortar), or both.

Keyword searches for mortar or slick returned hits for 607 sites. One-third (195) of these have both 
mortars and slicks while 182 (30%) had just mortars and 230 (38%) had just slicks (Figures 5 and 6). The 
percentage of sites with mortars, relative to all other categories, ranges from 88 percent in the Sierra Nevada 
Foothills to 21 percent on the Modoc Plateau. In fact, the relative aridity of a province correlates strongly 
with the percentage of mortars—sites in more arid sections having lower proportions of mortars to slicks. 
Geographical sections with 50 percent or fewer sites with mortars—Deserts, Modoc Plateau, Southern Moun-
tains and Valleys, and Northwestern Basin and Range—are mainly desert habitats, and certainly all have 
less rainfall than the other sections in the sample.

The general aridity of areas with more slicks than mortars is also demonstrated by plotting the dis-
tance to water compared to the percentage of mortars. All sections with an average distance to fresh water 
greater than 400 feet also have 55 percent or fewer keyword hits on “mortar.” The relationship between 
slicks and distance to water is explored further (see Distance to Water, page 21).
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Vegetation Community Class

This section examines the relationship between bedrock milling features and vegetation communities 
from the California Department of Fish and Wildlife Habitat Relationship database (see Chapter 5 for detailed 
discussion). This classification system breaks landcover into 13 basic modern types—11 can be associated 
with bedrock milling sites; agricultural and urban areas were reclassified using historical ecological data 
or nearest neighbor analyses to project pre-contact vegetation. While it would be ideal to reconstruct past 
landscape, it is not possible to do so over the entire state with any sort of accuracy. This would also require 
identifying vegetation communities at the time that sites were occupied—something that would be difficult 
even if the pre-contact community were known.

Based on modern vegetation community distributions, a plurality of sites are within hardwood 
woodlands (30%), followed closely by shrub communities (25%), and herbaceous associations (19%;Table 5). 
Of the remaining communities, only conifer forests (12%) account for more than 10 percent of the sample. 
This is not surprising since these four classes of landcover that contain the plants with subsistence items most 
often processed in bedrock milling features—small grass seeds and nuts. The overall profile of sites with 
BRM/mortar and slick/millingslick as keywords are similar, with some notable exceptions. The patterning 
of keyword hits is similar to the province-section patterning. Sites in woodland and forest habitats have the 
highest percentage of mortars and sites with both feature types. Desert Shrub, Shrub, and Barren habitats 
have relatively more slicks and fewer sites with both mortars and slicks.

Table 5. Summary of Bedrock Milling Site Dataset  
by Wildlife Habitat Relationship Landcover Type.

Landcover
All Both Slick/ 

Mortar
Only 
Slick

Only 
Mortar

Both 
%

Mortar 
% n %

Barren/Other 31 1 2 3 2 29 57
Conifer Forest 407 12 16 14 31 26 77
Conifer Woodland 29 1 - 2 3 - 60
Desert Shrub 213 6 26 46 8 33 43
Desert Woodland 4 <1 - - - - -
Hardwood Forest 172 5 9 4 13 35 85
Hardwood Woodland 1,035 30 52 22 37 47 80
Herbaceous 669 19 41 48 44 31 64
Shrub 860 25 48 85 37 28 50
Water 45 1 - 3 2 - 40
Wetland 28 1 1 1 4 17 83
Unclassified 16 - - 2 1 - 33
Total 3,509 100 195 230 182 32 62
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” 
(mortar or BRM – bedrock mortar), or both.

Elevation

More than half of all bedrock milling sites are found below 1,500 feet amsl and nearly three-quar-
ters are found below 3,500 feet amsl. There is an overall decline in the frequency of bedrock milling features 
with each subsequent interval of 500 feet with the exception of an increase between 4000 and 5000 feet 
amsl (Figure 7). Given the variety of vegetation communities across the state, these transitions are hard to 
correlate with specific changes in vegetation communities, particularly at lower elevations and may have 
more to do with the overall percentages of land at various elevations, with much greater land area below  
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1,500 feet amsl. Upper elevation decreases in the abundance of sites, however, may be attributable to shifts 
from mid-elevation woodlands to montane forest communities with fewer oaks and more conifers, including 
several communities dominated by pine and fir trees, which have fewer edible products.

Sites with mortars/BRMs have a similar pattern, with nearly 60 percent found below 2,000 feet amsl 
(see Figure 8). After a decrease in frequency from 2,000 to 3,500 feet amsl, there is a modest spike in frequency 
at 4,000 feet amsl, with a gradual reduction and renewed spike at 7,000 feet amsl. Sites with slicks/milling-
slicks are slightly less common at lower elevations but show a dramatic increase in frequency at 3,500–4,000 
feet amsl. The same modest rise in relative percentage is seen at 7,000 feet amsl.

Distance to Water

Distance to water factors into several previous notions about what was being processed in bedrock 
milling sites. Importantly, acorn processing requires a great deal of water and therefore if bedrock milling 
sites were being used for acorn processing, it stands to reason they would be found near water (Figure 9). 
There are, however, several other reasons that bedrock milling sites might be located close to water. In some 
areas, bedrock may only be exposed within and immediately adjacent to stream channels. In all areas, fresh 
water is the single most important predictor of site locations as settlements require fresh water. It is not 
surprising then that half of all milling sites, regardless of habitat, are found within 150 feet of fresh water 
and two-thirds within 300 feet. There is no difference between sites with bedrock mortars/BRMs or slicks/
millingslicks (Figure 10).

Rock Hardness

California is a geologically complex state with nearly all types of geologic processes represented 
across its volcanic, sedimentary, and tectonic landscapes. As an overview approach, Far Western Geoar-
chaeologist Jack Meyer examined the lithology and classification of geologic units within the dataset and 
then identified each on a hardness scale from 1 (very hard) to 4 (firm to soft; Table 6; Figure 11). Continental 
sedimentary series were the lone type categorized as firm to soft, while some sedimentary, metamorphic, 
and igneous series were classified as 3 (slightly hard). A variety of glacial, igneous, and metamorphic series 
fall within the 2 (hard) classification; plutonic and metamorphic series fall within the 1 (very hard) classifi-
cation, including the granitic series.

Almost one-third of sites in the CCRD are within geologic contexts identified as very hard, with 
relative numbers of sites divided between the other three firmness categories (Table 7). The only marked 
difference between slick and BRM categories is the higher percentage of slicks (37%) associated with firm 
to soft rocks compared to mortars (23%).
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Figure 11. Location of Bedrock Milling Features by Rock Hardness.



Bedrock Milling Features in California:
Archaeological Context and Research Design

36

Table 6. Summary of Geologic Classification and Assigned “Hardness” Categories  
for the Caltrans Cultural Resources Database.

Geologic 
Classification

Hardness
Total

Unclassified
1 – Very 

Hard
2 – Hard

3 – Slightly 
Hard

4 – Firm 
to Soft

Continental - - 42 - - 42
Igneous
Plutonic - 1,031 43 - - 1,074
Volcanic - - 125 67 - 192
Metamorphic
Marine - - 235 - - 235
Mixed - 91 - - - 91
Volcanic - - 249 - - 249
Mixed
Metamorphic - - 40 - - 40
Sedimentary
Continental - - - 153 803 956
Marine - - - 562 - 562
Unclassified 68 - - - - 68
Total 68 1,122 734 782 803 3,509

Table 7. Hardness Category for Slicks and BRMs in the Caltrans Cultural Resources Database.

Hardness
Bedrock Slick Bedrock Mortar All

n % n % n %
1 – Very Hard 117 28 111 29 1,122 32
2 – Hard 77 18 90 24 734 21
3 – Slightly hard 72 17 75 20 782 22
4 – Firm to soft 158 37 101 27 803 23
Unclassified 1 - - - 68 -
Total 377 100 425 100 3,509 100

SUMMARY

The dataset for this study consists of 3,509 sites with bedrock milling features from the CCRD, and 
another 2,269 from the Stanislaus National Forest. It shows a high variance in the distribution of sites with 
milling features within the complex geography of the state. Milling sites are found in nearly every geologic, 
climatic, and vegetation community. Some patterning is evident, however:

	 Half of all sites with bedrock features are in the Sierra Nevada Range and the southern 
California mountains (Transverse Ranges and south); just four percent are found in 
the vast deserts of southeastern California and just nine percent in northern California 
(north of the Sierra Nevada).

	 Most features are found in hardwood woodlands, shrub, herbaceous associations, and 
conifer forests. The association with these communities is expected, as nuts and small 
grass seeds are dominant habitat components.

	 Ninety percent of features are found within the traditional homelands of Takic, Yuman, 
Yokuts, Miwokan, Numic, Maiduan, and Ohlone. Sites within the traditional territories 
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of members of the remaining 14 linguistic families in California account for just 20 
percent of the statewide sample.

	 Most milling sites are found below 1,500 feet elevation and three-quarters are below 
3,500 feet elevation.

	 Half of all milling sites, regardless of habitat, are found within 150 feet of fresh water 
and two-thirds within 300 feet.
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SECTION II 
RESEARCH ISSUES

This section explores five interrelated topics of bedrock milling feature research to varying 
degrees. Each provides concrete data requirements for addressing the topic:

	 Chapter 4. Determining the Age of Bedrock Milling Features.

	 Chapter 5. How Milling Features Relate to Past Settlement-Subsistence Systems.

	 Chapter 6. Bedrock Mortar Morphology and Function.

	 Chapter 7. Investing in the Landscape: Bedrock Mortars, Habitat Modification,  
 and Territoriality.

	 Chapter 8. Bedrock Milling Features Role in Food Processing—What was Processed.
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CHAPTER 4. 
DETERMINING THE AGE OF BEDROCK MILLING FEATURES

The necessary physical and human ingredients for the establishment of California’s acorn economy 
have been around for at least 13,000 years. Suitable granite bedrock outcrops are common and oaks 
of various species have been available in appreciable, though fluctuating abundances, throughout the 
Holocene. The behavioral incentives to exploit acorns en masse and to process them in more efficient 
bedrock milling stations have always been present as well. Why then, did prehistoric populations 
wait so long (i.e., the last 2000 years) to construct this way of life?

Nathan Stevens, Adrian Whitaker, and Jeffrey Rosenthal (2019:57) 
Bedrock Mortars and Indicators of Territorial Behavior in the Sierra Nevada, 

Quaternary International 518

	 Chapter 4 explores the age of widespread bedrock milling in California.

	 Understanding when bedrock milling began in California has wide-ranging archaeo-
logical implications.

	 Bedrock milling features can very rarely be directly dated.

	 Technological proficiency was not a limiting factor in the adoption of bedrock milling.

	 Bedrock milling occurred at different times in different areas of California.

	 Investment in bedrock milling features reflects changes in mobility 
and investment in an area.

When bedrock milling was introduced in different parts of California has important implications 
for understanding nearly all research topics presented here. Whether these facilities were first adopted due 
to the economic importance of specific plant foods, or to balance the costs of technological investment with 
processing efficiency, the adoption of bedrock milling features has often been linked to specific demographic, 
social, or environmental changes.

The manufacture and use of bedrock milling features in California in many ways represent a marked 
change in behaviors associated with food acquisition and processing. The use of portable ground stone 
tools to process plant foods and other materials has significant time depth. Handstones and millingslabs 
have been found in early Holocene coastal deposits dating between 10,200 and 6150 calibrated years before 
present (cal BP), with the stratigraphic distribution of bowl mortars and pestles becoming more widespread 
after ca. 6900 cal BP (see Rosenthal and Hildebrandt 2019 for review). The earliest mortars and pestles in the 
San Diego region (Warren 1964, 1968), Santa Barbara Channel (Glassow 1996), and northwestern California 
(Fredrickson 1984), have long been assigned dates of ca. 5,000 years ago.

However, because bedrock milling features cannot be directly dated, it is difficult to definitively 
identify the timing of their initial adoption and subsequent widespread use relative to portable milling 
implements. As a result, the temporal context of milling features is typically estimated via their association 
with time-diagnostic artifacts or dateable materials from adjacent sites (e.g., Haney 1992; Stevens 2002). 
Despite the presence of the requisite technology by the Middle Holocene, the consensus on bedrock milling 
feature antiquity throughout the state is that most features were used mainly during the Late Prehistoric 
Period, though evidence of earlier use is present. The extent to which questions about intra- and interregional 
temporal variability in bedrock milling have been explored varies widely. Here we outline some basic facts 
about bedrock milling feature use, discuss the difficulties in obtaining dates on bedrock milling features 
themselves, and then outline the current state of knowledge on the age of bedrock milling features in each 
of six identified regions.
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PREREQUISITES FOR BEDROCK MILLING FEATURE USE

The technology associated with bedrock milling features is not new—the “portable” versions of 
millingslicks (millingstones, slabs, or metates) are associated with some of the oldest sites in interior Cali-
fornia, and bowl mortars are directly associated with 5,000-year-old sites throughout the state and, in some 
places, may have been manufactured more than 7,000 years ago (Fredrickson 1984; Glassow 1996; Rosenthal 
and Hildebrandt 2019; Warren 1964, 1968). Rosenthal and Hildebrandt (2019) recently summarized asso-
ciations of well-dated archaeological contexts with early ground stone use in central California and found 
that millingslabs and handstones were used throughout the Holocene beginning during the Millingstone 
Horizon and continuing through contact. Portable mortars, however, appear in the record after 6150 cal 
BP at sites along the central coast from Santa Barbara County to the San Francisco Bay Area, including the 
Aero Physics site (SBA-53), Corona del Mar (SBA-54), Diablo Canyon (SLO-2), Nursery (MRN-67); and West 
Berkeley Shell Mound (ALA-307; Rosenthal and Hildebrandt 2019). In interior central California, sites with 
bowl mortars at Los Vaqueros in the Diablo Range and throughout the interior of the greater San Francisco 
Bay Area and Central Valley are associated with sites dating between 7300 and 2600 cal BP. In the Sierra 
Nevada, bowl mortars are present at the Skyrocket site in a stratum dating to between 7500 and 4500 cal BP 
but are not found at many other Middle Holocene sites.

The antiquity of portable bowl mortar use in central California implies that technological knowledge 
or proficiency was not the limiting factor in the adoption of bedrock milling features—the techniques and 
uses that apply to portable milling equipment are easily translatable to bedrock. Therefore, bedrock milling 
features could have been manufactured on exposed bedrock at any point from the Early to Late Holocene. 
Instead, adoption of bedrock milling features in general, but mortars in particular, requires socioeconomic 
conditions and land-use practices that ensure the investment in manufacturing a mortar will be repaid by 
long-term use (Schneider and Osborne 1996; Stevens et al. 2019).

IDENTIFYING THE TIMING OF BEDROCK MILLING FEATURE ADOPTION

As with any technology, the age of individual bedrock milling features within a region can vary 
widely and identifying the “oldest” or “first” adoption is not a straightforward task. Add to this the inability 
to directly date such features, and the task of placing a single date on the adoption of milling feature use 
in a region is even more difficult. Instead, data from a large regional dataset of associated known-age diag-
nostic artifacts, radiocarbon dates, and obsidian hydration measurements is required to provide confident 
estimates of the timing of adoption.

THE SIERRA NEVADA AS AN EXAMPLE

Recent work in the Sierra Nevada shows current best-practices for identifying the age of bedrock 
milling features. Bedrock milling sites occur most frequently in the Sierra Nevada and represent one of the 
most common site types there. While many researchers have speculated that they date to the Late Period 
based on ethnographic associations and generalized views of archaeological associations with mortar features 
(e.g., Bennyhoff 1956; Hull and Moratto 1999; Moratto et al. 1988), recent comprehensive studies attempted 
to refine their age (Rosenthal 2011; Stevens 2003; Stevens et al. 2016, 2019). The record in the Sierra Nevada 
is complicated by the fact that many Archaic (11,500–1100 cal BP) sites were reoccupied during the Recent 
Prehistoric Period (1100–150 cal BP) as land use intensified and populations grew (Rosenthal 2011; Whitaker 
and Rosenthal 2020). This overprinting of Recent Prehistoric deposits on Archaic ones makes it difficult to 
tease out which attributes were associated with which period of occupation. Rosenthal (2011), in revising 
regional chronology, noted that:

	 bedrock mortars are often found at sites with Late Archaic (3000–1100 cal BP) and Recent 
Prehistoric (post-1100 cal BP) deposits but;

	 bedrock mortars are rarely, if ever, found at sites with just Late Archaic deposits and;

	 bedrock mortars are frequently found at sites with only Recent Prehistoric deposits.
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Importantly, the hallmark of the Recent Prehistoric is a technological shift from the atlatl (i.e., dart 
points) to the bow and arrow. Stevens et al. (2019) used a large regional dataset to evaluate the pattern 
identified by Rosenthal (2011) and their study serves as an excellent example of how best to estimate the 
age of bedrock milling features. In this case, the study focused exclusively on bedrock mortars.

Datasets

Stevens et al. (2019) compiled a dataset that included 6,423 obsidian hydration rim measurements 
from Bodie Hills and Casa Diablo obsidian, temporally discrete site components, and 1,493 classified pro-
jectile points from 168 sites in the central and southern Sierra Nevada.

Projectile points were placed into one of three groups:

1. Dart points representative of the Archaic Period (11,500–1100 cal BP);

2. Early arrow points (“Rosegate” series or Contracting-stem arrows), thought to date 
to 1100–610 cal BP; or

3. Desert Series points dating to the Recent Prehistoric II Period (610–150 cal BP).

Sites were then divided into three types based on previous divisions (Jackson 1984, 1991; Morgan 
2008, 2009):

1. Sites without bedrock mortars;

2. “Small” bedrock mortar sites with fewer than 20 bedrock mortars; and

3. “Large” bedrock mortar sites with 20 or more bedrock mortars.

Obsidian hydration measurements in the dataset were calibrated using the most recent hydration 
rates for Bodie Hills and Casa Diablo obsidian (Rogers 2008; Stevens 2005; summarized in Stevens et al. 
2019:Equations 1 and 2) and were used to examine the distributions of estimated ages for two groups of data:

1. Early arrow points from east and west of the Sierra Nevada crest (n=215); and

2. Data from sites with and without bedrock mortars in the Sierra Nevada  
(6,198 measurements from 136 sites).

Results

Stevens et al. (2019) found that hydration data from arrow points indicate that the bow and arrow 
arrived on the west slope of the Sierra Nevada around 1300 cal BP from the east side of the Sierra Nevada. 
While 200 years older than Rosenthal’s (2011) chronology, the hydration data are consistent with his findings. 
With this baseline for the transition from atlatl to bow and arrow set, they then examined the distribution of 
darts and arrows at the three site types. They found a significant difference between the proportion of darts to 
arrows at sites without bedrock mortars (73% darts) and the proportion of those at “small” bedrock mortar sites 
(40% darts) and especially “large” bedrock mortar sites (21% darts; Figure 12a). This supports the assertion that 
bedrock mortars are more often associated with arrows than darts. Furthermore, there are significantly more 
Desert Series arrows than early arrows at all three site types, but the pattern is least pronounced at “small” 
bedrock mortar sites (Figure 12b).
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Obsidian hydration density at the three site types is fairly similar, with the lone spike in Recent Pre-
historic hydration measurements found at “small” bedrock mortar sites (Figure 13). The obsidian hydration 
and projectile point age estimates substantiate Rosenthal’s (2011) observation regarding associations between 
bedrock mortars and Recent Prehistoric assemblages. Based on these findings, Stevens et al. (2019) conclude 
that widespread bedrock mortar use in the Sierra Nevada is likely correlated with the introduction of the bow 
and arrow and changing settlement and subsistence patterns (see also Basgall 1987; Whitaker and Rosenthal 
2020) at around 1300–1100 cal BP.

Summary and Discussion

Stevens et al. (2019) did not challenge the consensus view of the age of bedrock milling sites in the 
Sierra Nevada, but instead tested the assumption of Recent Prehistoric association with discrete data. This 
type of study can serve as a benchmark for future studies in other regions. It relied on a synthesis of gener-
ally available data from a large regional sample. Importantly, however, Stevens et al. (2019) note that while 
individual bedrock milling features in the region are certainly older than 1300 cal BP, the regular production 
and use of the features did not begin until after that date. In fact, in an earlier report, Stevens et al. (2016) 
examine the finding by Jackson (2015) of a possible Late Archaic mortar feature associated with pestles 
found in contexts dated to 3000 cal BP. They argue that the regular use of Yosemite Valley as a jumping-off 
point for high-elevation summer foraging may have provided the necessary incentive to invest in the fea-
tures. The conditions under which bedrock mortars would be expected to be manufactured (see Chapter 5) 
can be met at different times in different places. For this reason, it is important to differentiate between the 
“oldest” bedrock mortar and the earliest widespread manufacture in a region. As noted at the beginning 
of this chapter, the technology and methodology used in the manufacture of bedrock milling features was 
common knowledge in California by at least the Middle Holocene (and almost certainly earlier). It was not 
a technological constraint on manufacture, but instead a requirement that the manufacturer could be certain 
of returning to the location again and again to make the effort of making a bedrock mortar worth their while.

Portable milling technology assemblages from the central Sierra provide further evidence that the 
use of mortars instead of millingstones resulted not from a shift in subsistence regime or adoption of a new 
technology, but instead differing choices regarding investment. Portable mortars are found in Early and 
Middle Holocene contexts at several sites in the Sierra Nevada (e.g., Skyrocket and Black Creek, see summary 
in Rosenthal and Hildebrandt 2019) but are less common in Late Archaic Assemblages. Only one portable 
mortar was identified within the Sonora Bypass assemblages (Rosenthal 2011), and only three bowl mortars 
have been identified in Yosemite National Park, despite extensive excavations (Rosenthal 2012). Based on 
the interpretation of Archaic settlement as relatively more transhumant than Recent Prehistoric patterns, 
the lack of bowl mortars is likely a reflection that there was less certainty of reuse of a location and therefore 
tool makers did not have the necessary incentive to produce mortars. Once this incentive was present in the 
form of standardized settlement patterns, bedrock was the preferred medium for mortar manufacture. In 
fact, since bowl mortars require shaping both inside and (sometimes) out, a bedrock mortar would likely 
require no more (and in some cases less) investment than a bowl mortar.
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CURRENT CONSENSUS ON THE AGE OF BEDROCK MILLING FEATURES 
IN OTHER AREAS OF CALIFORNIA

The antiquity of bedrock milling feature use in the Sierra Nevada has received the most atten-
tion, while in the rest of California it has been estimated based on broad syntheses of the record but not 
robustly examined. Here we briefly outline the estimated age of bedrock milling by region to serve as a 
baseline for future studies.

Based on the density map provided in Figure 13, there are six other regions with substantial bed-
rock milling feature use—Northeastern California, the North Coast Ranges, the San Francisco Bay Area, the 
Central Coast/Central Coast Ranges, the south coast and interior, and the Mono/Mojave Desert Regions. The 
purported ages of these features are summarized in Table 8. The confidence of the estimate of antiquity is a 
subjective estimate based on the thoroughness of prior studies and volume of data available.

Table 8. Summary of Age Estimates on the Antiquity of Bedrock Milling Features  
in Various Regions of California.

Region Estimated Age of Adoption Confidence  
in Estimate Key References

Northwestern Cali-
fornia

Features rare or absent High None

Northeastern California Middle Archaic (3700 cal BP) Low McGuire, ed. (2000) for oldest instance,  
no comprehensive study

Central Valley Features rare or absent High None

North Coast Ranges Upper Archaic/Berkeley Pattern  
(~2650 cal BP)

Moderate Hildebrandt et al. (2018);  
White et al. (2002, 2009)

San Francisco Bay Area Middle Period (1600–1300 cal BP) Moderate Meyer and Rosenthal (1997); Parkman 
(1994)

Central Coast Monterey/Santa Cruz Counties:  
Late Period (~1000 cal BP)
San Luis Obispo and Santa Barbara Counties: 
Early Period (3700 cal BP)

Moder-
ate-High

Jones and Lebow (2015); Jones et al. (2007);  
D. Jones (2009)

Sierra Nevada Recent Prehistoric (1100 cal BP) High Stevens et al. (2019)

South Coast Late Prehistoric (1400 cal BP) Moderate Hale (2009); Hector et al. (2009); 
Laylander (2015) 

Eastern California/ 
Mojave Desert

Ephemeral use during Haiwee (3100 cal BP), 
Intensive use during Marana (610 cal BP)

Moder-
ate-Low

Byrd and Hale (2003); Eerkens and Rosen-
thal (2002); McGuire et al. (2015)

Northeastern California

There has never been a comprehensive examination of bedrock milling feature use in Northeastern 
California but anecdotal evidence from a handful of single-site assessments with bedrock milling features 
points to use during the Middle and Late Archaic Periods (3700–150 cal BP). Middle Archaic associations 
included a BRM and millingslick at MOD-628/H (Nilsson et al. 2000) and a BRM at a single-component 
Middle Archaic site in Lassen County (LAS-2242; Mikkelsen et al. 2000). Use during the Late Archaic has 
been identified in Modoc and Shasta Counties. McGuire (2000:91) identified two BRM cups in a house 
structure at MOD-3153/H that dates to the Terminal Prehistoric/Historic Period. Mikkelsen and Jones (2010) 
identified BRMs at SHA-3643/H associated with Late Archaic components. No synthetic studies of bedrock 
milling feature age have been undertaken, and any effort to identify regional patterns in adoption of milling 
features would be beneficial.
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North Coast Ranges

Most information on the age of bedrock mortars in the North Coast Range area (north of San Francisco 
Bay and west of the Central Valley) is from in and around Lake County. Bedrock milling features are rare in 
this part of California, with few identified in Humboldt, Trinity, and Mendocino Counties, and none in Del 
Norte. Like northeastern California there is some indication that bedrock mortars in the North Coast Ranges 
are associated with earlier occupations than in the Sierra Nevada. White et al. (2002; see also Hildebrandt 
et al. 2018) associate the origin of bedrock mortars with Berkeley Pattern expansion out of Clear Lake after 
2600 cal BP. White et al. (2009) identify a number of bedrock milling sites in Colusa County associated with 
Upper Archaic and Emergent Period shell beads and projectile points, post-dating about 2500 cal BP. White 
et al. (2002) identify the age of Berkeley Pattern expansion from Clear Lake using similar culture historical 
methods as those described for the Sierra Nevada, but bedrock milling feature age has not been directly 
addressed; instead the feature type is included as part of a suite of Berkeley Pattern traits.

San Francisco Bay Area

Studies of the age of bedrock features in the San Francisco Bay Area have been uncommon. Byrd et 
al. (2017) identify 242 sites with bedrock features in the 20-kilometer (12-mile) area surrounding San Fran-
cisco Bay, but do not explore their age. Consensus opinion about bedrock feature age is derived from two 
studies in the 1990s. Parkman (1994) proposed a Late Holocene settlement pattern based on the distribution 
of occupation sites and bedrock milling features. He argued that a pattern of seasonal mobility that included 
the use of such features likely began around 1600 cal BP and continued to contact. He also, however, posited 
a potentially older date based on the initial timing of acorn intensification. His study did not include any 
chronological data other than citations of previously supported age estimates.

Meyer and Rosenthal (1997) provide concrete archaeological evidence for the use of bedrock mor-
tars in interior Contra Costa County between 1600 and 1300 cal BP. The most compelling evidence is from 
a buried bedrock mortar found at CCO-459. Using radiocarbon dates from the capping soil unit and soils 
within the feature itself, they concluded that bedrock mortars at the site were established after 1620 cal BP 
but no later than 1265 cal BP. Depending on which chronology is used, this places bedrock milling feature 
use within the Middle Period/Upper Archaic and continuing into the Emergent Pattern/Late Period.

Other studies in the region generally assume a Middle or Late Period age for bedrock milling fea-
tures, associated with broader patterns of sedentism and establishment of task-specific processing areas, but 
no synthetic studies of bedrock mortar age has been undertaken (Milliken et al. 2007).

Central Coast/Central Coast Ranges

Jones and Lebow (2015) recently explored the age of bedrock mortars on the Central Coast and find 
a greater antiquity there than in most other regions. Their study specifically references mortars rather than 
the broader milling feature class that includes slicks. They rely on specific archaeological contexts identified 
through radiocarbon dating and association with temporally diagnostic artifacts (projectile points and beads) 
but do not aggregate data to examine the regional patterning. While they found that most bedrock mortar use 
occurred during the Ethnographic/Late Prehistoric Periods, over the past 1,200 years, they also found evidence 
for older mortars in Monterey and San Luis Obispo Counties. For instance, they reinterpreted chronological 
and stratigraphic data associated with bedrock milling features at MNT-521 on the Big Sur Coast to purport 
a Middle Period age of use. They also report age estimates at SLO-5, a small shell midden with associated 
bedrock mortars, dating to the Late Middle Period. Their most compelling data come from a single mortar 
hole within Swordfish Cave (SBA-503) found buried nearly 90 centimeters below surface (cmbs) on the cave 
floor. Radiocarbon dates indicate that the cave was initially occupied between 3,700 and 3,400 years ago, 
linking the bedrock mortar to the end of the Early Period occupation.
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There is further evidence for Early and Middle Period use of bedrock mortars, particularly in the 
southern Central Coast, Deborah Jones (2009) cites an Early Period uncorrected date of 5190 ± 370 BP obtained 
by Zahniser (1982) associated with a small bedrock mortar complex, debitage, and faunal and shell debris in 
Pismo Beach. Adjacent to this site is a large sandstone rock outcrop known as the Serpent Rock, with numer-
ous bedrock mortars and petroglyphs adjacent to a Middle Period occupation dating to around 2000 cal BP 
(Gibson 1991). Jones and Waugh (1995) also identify two sites with Early and Middle Period deposits at Little 
Pico Creek. These major long-term settlements include a huge midden deposit at SLO-175, characterized by 
dense pockets of shellfish, numerous bedrock mortar cups, and human interments.

Beyond the compelling evidence of early use, and similar to other regions, most studies link the 
origins of bedrock milling feature use on the Central Coast with Late Holocene sedentism (e.g., Breschini 
and Haversat 2014; Jones and Ferneau 2002; Jones et al. 2007; Joslin 2010). Jones and Ferneau (2002:224), for 
instance, note that “an apparent proliferation of bedrock mortar sites suggests increased reliance on nut 
crops and seeds during the Late Period.” They do not provide concrete chronological data to support this 
claim. Similarly, working farther south in southern San Luis Obispo County, Joslin (2010) found that archae-
ological deposits associated with bedrock mortar sites at San Simeon dated to the Late Period (post-1100 cal 
BP). Breschini and Haversat (2014) found that a complex of sites that included large bedrock mortars in the 
interior of Monterey County, north of Big Sur, dated to between 1250 and 150 cal BP based on a large sample 
of 54 radiocarbon dates.

Southern Coast and Interior

Although there has been no synthesis of bedrock milling features along the Orange and San Diego 
County coasts and adjacent interior, bedrock milling sites are generally associated with arrow points and 
pottery and assumed to date to the San Luis Rey I and II complexes (550–200 cal BP; Laylander 2015). Hale 
(2009) provides specific chronological data to support this generalization and finds that bedrock milling 
sites throughout San Diego County postdate about 1400 cal BP.

Distinct from milling features in general, Cuyamaca oval basins are a smaller regional phenome-
non, that also date to the Late Prehistoric (Gross and Sampson 1990:143; Hector 2004:173; Hector et al. 2009; 
Manchen 2015). These are associated with arrow points and pottery as part of the Late Prehistoric Cuyamaca 
complex of interior San Diego County.

Southern Deserts and Tablelands

Bedrock milling features in the deserts of Kern, Riverside, San Bernardino, and Imperial Counties 
are thought to date to the last 1,200 years or later (Eerkens and Rosenthal 2002; McGuire et al. 2015), but 
few direct attempts to date deposits directly associated with such features have been undertaken. Summa-
rizing a large assemblage of bedrock milling features in the Owens Valley, Byrd and Hale (2003; see also 
Hildebrandt et al. 2016) conclude that there was sporadic use of bedrock for milling (i.e., slicks) during the 
Newberry and early Newberry Periods (3150–1000 cal BP) with intensive use during the Haiwee (1000–610 
cal BP) and Marana Periods (610–150 cal BP). In more marginal areas such as the Pinyon zone of the Coso 
Mountains, Hildebrandt and Ruby (2003) found that milling features dated exclusively to the Protohistoric 
Period in a sample of 26 associated and dated archaeological components.
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SUMMARY AND DATA REQUIREMENTS

Data on the timing of initial bedrock mortar use is equivocal throughout most of the state. It is 
universally recognized that mortars were in use in all regions at contact and back into the latest prehistoric 
period (~500 years). Beyond this simple assertion, few regions have conclusive evidence of the broad adoption 
of the technology. The Sierra Nevada has received the most in-depth analyses and, therefore, the estimate 
of a 1,300- to 1,100-year-old adoption comes with a high level of confidence. The only other regional study 
of note is for the Central Coast where adoption around 3000 cal BP, and perhaps earlier, is evidenced. Most 
other regions follow some form of culture historical conventions that generally associate bedrock milling 
use with the Late Prehistoric Period.

As in the Sierra Nevada and Central Coast regions, contexts with temporally discrete archaeological 
deposits clearly associated with milling features have potential to place the adoption or use of this technol-
ogy in time. Addressing this research question can be undertaken at a number of scales. At individual sites, 
determining the age of deposits associated with bedrock milling features provides a requisite first step toward 
addressing several research issues. Determining the age of a single bedrock mortar does not, in and of itself, 
adequately address regional chronology. Given the difficulty with dating bedrock milling features, however, 
the ability to date associated deposits (either through radiocarbon dating, obsidian hydration, or marker 
artifacts) provides valuable information and, if unique (i.e., older than previously thought or associated with 
unusual chronological periods), may render the site eligible under Criterion D. Scaling this issue up, however, 
aggregation of data from several associated deposits on a larger project would render many features eligible for 
listing. Establishing the regional age of bedrock features in all areas except the Sierra Nevada is an important 
topic and would allow for more convincing reconstructions of settlement and subsistence patterns, as well as 
more convincing arguments regarding the topics that follow.

On a single site basis, however, the ability to adequately date the associated deposits, and, by as-
sociation, the likely age of the milling features, provides the first step in establishing the contemporaneity 
of features on a landscape.

In reviewing regional chronologies, it is glaringly apparent that the age of bedrock milling slicks has 
rarely been addressed as a separate topic. They are either ignored completely or conflated with the age of 
associated bedrock mortars. If the argument against early bedrock mortar use is related to the high invest-
ment in manufacture, then bedrock milling slicks are expected to have been used much earlier. Identifying 
the potential age of slicks, particularly in regions (such as the deserts of southern California) where mortars 
are rare and slicks are common, is an important topic that requires study. 
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CHAPTER 5. 
HOW MILLING FEATURES RELATE TO PAST SETTLEMENT-SUBSISTENCE SYSTEMS 

(by Jeffrey Rosenthal)

People moved around as the seed crops needed harvesting. They left their houses, light as they were, 
at home and made temporary shelters whenever necessary for camping. There were bedrock mortars 
wherever they went, all around; most of these are filled in through disuse, now. When a family per-
manently left a house, for no objectionable reason, another family might move into it. People moved 
by families; whole villages did not move en masse. 

Anna H. Gayton (1948:176) 
Yokuts and Western Mono Ethnography I: Tulare Lake, 

Southern Valley, and Central Foothill Yokuts.

	 Chapter 5 explores the relationships between bedrock milling and settlement patterns.

	 Bedrock mortars represent locations of gendered processing activities.

	 Bedrock mortars should occur at locations visited repeatedly over long periods.

	 Bedrock milling features were likely used where food was consumed  
(not as field processing stations where processed food was transported elsewhere).

	 There should be a direct relationship between the location of bedrock milling features, 
season of use, types of plant foods, and organization of land use.

As durable evidence of a common food preparation activity, bedrock milling features have long 
been viewed as valuable data for reconstructing past settlement-subsistence systems. This chapter 
begins with a summary of important studies of settlement-subsistence that rely on bedrock mortar data. It 
then poses and attempts to answer a number of questions regarding how we interpret bedrock milling 
features within broader settlement pattern reconstructions.

James Bennyhoff (1956) developed the first settlement typology based on observed variation in 
milling features during the initial University of California Archaeological Survey of Yosemite National 
Park conducted between 1952 and 1954. Bennyhoff primarily differentiated sites based on the presence or 
absence of bedrock mortars, with those lacking them divided into either large or small “camps.” Sites with 
bedrock mortars were further categorized based on the number of mortar cups: house sites (1–7 mortars), 
small villages (8–19 mortars), and/or large villages (20 or more mortars; Bennyhoff 1956:12–13). Bennyhoff 
distinguished the different kinds of sites in his typology based on two assumptions: (1) that the number of 
mortar cups observed at a given site reflected demographic characteristics of the population occupying a 
site; and (2), that the duration of site occupation could be determined by the depth of mortar holes. Although 
he did not explicitly include it in his analysis, a third assumption must be that all bedrock milling features 
at a site were used at the same time.

The first of Bennyhoff’s assumptions is based on the reasonable expectation that greater numbers of 
people would likely create and use greater numbers of milling surfaces. His second assumption is derived 
from information provided by Sierra Miwok consultants that “a mortar hole was usually abandoned when 
it reached a depth of about five inches” (Bennyhoff 1956:12), and from descriptions of bedrock mortar use 
from Barrett and Gifford’s (1993) ethnography.

Bennyhoff’s focus on settlement patterns and site typology based on bedrock mortar abundance 
influenced subsequent archaeological inquiry and interpretation in the Sierra Nevada, especially with respect 
to linking inferences about prehistoric population densities and site use intensity to the number of bedrock 
milling features per site (e.g., Elsasser 1960; Hindes 1962; Hull and Mundy 1985; T. Jackson 1984, 1988; see 
also Morgan 2006; Leftwich 2010).
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The K-Site Model

The K-site model of site distribution is the most widely used reformulation of Bennyhoff’s hypothesis 
for the Sierra Nevada (T. Jackson 1984; Jackson and Dietz 1984).”Key” or K-sites are defined as having 14 or 
more bedrock milling features (mortars or millingslicks), associated lithic scatters, middens, or anthrosols, 
and are assumed to represent loci of population aggregation, processing localities, and the hub of foraging 
radii akin to Binford’s (1980:10) residential bases. T. Jackson (1984:198–199) examined aggregated data from 
the Stanislaus and Eldorado National Forests and, rather than finding sites with bedrock milling features 
randomly dispersed, determined that K-sites were distributed on the landscape according to five rules: (1) 
they are no more than 3,000 meters from their nearest neighboring K-site; (2) their geographical spacing is 
regular, they are located below the snow line, and the intervals between sites are generally between 1,000 and 
2,000 meters; (3) they are located no more than 200 meters from a reliable water source and are generally on 
slopes less than 30 percent grade; (4) they are arranged in a linear fashion from the upper montane through 
the subalpine and alpine biotic zones; and (5) each K-site will have on average four associated sites within 
1,000 meters containing either lithic scatters or bedrock mortar sites containing no more than six mortars, and 
the number of associated sites will double in high yield resource areas, such as for deer or acorn.

Jackson refined the K-site model to incorporate what he saw as a correlation between site location 
and specific geologic features conducive to groundwater sequestration (e.g., porous Pliocene volcanics sit-
uated atop Mesozoic granitic rocks of the Sierra Nevada batholith), suggesting that this reflected settlement 
choices driven by the need to predictably access water during the late summer-early autumn acorn harvest 
when seasonal precipitation in the region was at a minimum (T. Jackson 1988).

Aspects of the K-site model were incorporated in an analysis of women’s acorn processing activities 
and their influence on settlement location and distribution on the landscape (T. Jackson 1991). Emphasizing 
that bedrock mortar sites represented spatiotemporally stabilized food processing locations, or “fixed produc-
tion facilities related directly to the organization of women’s labor and production,” Jackson suggested that 
decisions about settlement choice, particularly the location of K-sites, were likely the purview of women and 
were driven by their, rather than men’s, economic interests (T. Jackson 2004:177). Jackson cited ethnographic 
accounts of Western Mono women claiming property rights over bedrock mortars and transferring them 
intergenerationally as evidence to support his hypothesis.

Critique of the K-Site Model

The K-site model has been characterized as “a pioneering attempt at defining foraging radii and 
settlement patterns using behavioral and environmental variables” (Morgan 2006:79), and its application in 
considering how differences in men’s and women’s foraging goals can affect settlement patterns is widely 
recognized as an important contribution to Californian archaeology. However, the model has been criticized 
on several points, including its sole reliance on survey data that potentially fails to account for diachronic 
changes in site use and the questionable association of isolated lithic scatters with bedrock mortars (Gold-
berg and Moratto 1984; Leftwich 2010). More pointed criticism has focused on the equivocation of K-sites 
with two different site types characterized by Binford (1980) without delineating the mobility pattern (i.e., 
logistical or residential) expected in the area (Morgan 2006:206).

Perhaps the ultimate weakness of the K-site model is its inductive nature. In his initial description 
of the model, T. Jackson (1984) acknowledged that “[t]here is no statistical or other “scientific” basis for 
our selection of this number of bedrock (not portable) milling implements as a definitive element for our 
K-site. The results of site location mapping surveys of the North Fork of the Mokelumne River appeared to 
support the K-site model generally but were based entirely on visual estimation and lacked any supporting 
statistical analysis (R. Jackson et al. 1994). The selection of the criterion is based upon an inductive/intuitive 
conclusion arrived at after many attempts to make sense of the geographical distribution of the 672 sites in 
our database” (T. Jackson 1984:190, original emphasis). While there is nothing inherently flawed in models 
based on inductive reasoning, their power to explain variability in observed phenomena is often limited. In 
many ways, the K-site model is less a tool for analyzing bedrock mortar distribution on the landscape and 
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how this reflects settlement patterns as much as it is an accurate description of bedrock mortar distribution 
with some heuristic value.

Subsequent Settlement Pattern Studies

Despite its predictive shortcomings, the K-site model’s focus on the spatial association of bedrock 
milling features with domestic activity and habitation areas influenced subsequent researchers’ use of bedrock 
mortars as a proxy measure of site occupation duration, intensity, and patterns of mobility and settlement. 
Specifically, because mortars are clearly associated with processing, the geographic distribution and attributes 
of milling stations directly convey information about residential choice; fewer milling stations are associated 
with logistical localities and temporary camps (Goldberg and Moratto 1984; Hindes 1962; Jackson 1984) whereas 
larger, repeatedly occupied sites are associated with greater numbers of bedrock mortars (Gifford 1932; Jackson 
1984; McCarthy et al. 1985). Recognition of this predictable, roughly dichotomous pattern of variance in bedrock 
mortar distribution has prompted reconstructions and analysis of prehistoric residential moves, particularly 
in the Sierra Nevada, within the context of ecozone and elevation.

Leftwich (2010), for example, notes a significant correlation between mortar depth and elevation 
wherein mortar depth tends to decrease as elevation increases. Using variance to mean ratios derived from 
quadrat analysis and nearest neighbor statistics, Morgan (2006) concludes that bedrock mortar spatial dis-
tribution data indicate more intensive use of lower montane settings and population aggregation below 
snow line, as well as greater residential dispersal in highland ecozones implying a high-altitude focus on 
trans-Sierran travel rather than subsistence. Furthermore, these data suggest seasonal changes in land use 
and mobility, with population aggregations occurring below snow line in winter followed by dispersal in 
spring, summer, and fall reflecting logistical mapping on to seasonally available montane resources. Sim-
ilarly, Rosenthal (2012) concludes that plant food processing in the Yosemite area was least important in 
the Subalpine and Alpine zones, with a greater focus on collecting and associated processing in the Lower 
Montane forest, with the most intensively used seasonal camps placed near major ecotones. Such settlement 
placement may have spatially optimized access to higher elevation hunting areas as well as food collection 
locales in both the Lower and Upper Montane Forests. Situations where a higher proportion of sites at 
other elevations include milling stations composed of fewer mortar cups may exemplify short-lived camps 
indicating a more dispersed pattern of land use, such as daily foraging and processing from nearby larger 
settlements or seasonal dispersal of communities into smaller groups.

Rubenstein (2019) found a different pattern using some of the same data. She examined the density of 
milling sites and proportion of different types of features (slicks vs. mortars) above and below the snowline. 
She found that while data from Western Mono territory supported a pattern of concentrated settlement below 
the snowline with seasonal forays by small groups, the Miwok sample (from Crane flat and surrounding ar-
eas of Yosemite) supported a pattern of similar use of the lower montane, upper montane, and alpine zones, 
suggesting that whole family groups moved together into the upper elevations as the snow melted. 

The history of settlement studies such as these provides a rich background for identifying and pursu-
ing answers to questions that remain about the relationship between population density, mobility, settlement 
patterns, and the adoption of bedrock milling. Although often characterized in binary terms (e.g., forager/
collector, traveler/processor), land-use practices among indigenous people of California spanned a continuum 
from highly mobile to sedentary and were, in most cases, organized to take advantage of aggregate economic 
opportunities for the entire foraging group (e.g., Zeanah 2004). Along this settlement continuum, the number, 
distribution, and context of milling fixtures should differ according to the level of residential mobility and 
composition of the foraging group that made and used them.

In combination with ecological context, previous research on bedrock milling fixtures and foraging 
economies in general, provides a basis for considering several questions related to the role of these features 
in past settlement systems throughout California.



Bedrock Milling Features in California:
Archaeological Context and Research Design

54

WHEN SHOULD BEDROCK MILLING FEATURES BE MADE?

As argued elsewhere (Rosenthal and Hildebrandt 2019), milling tool design should balance func-
tional efficiency with the energetic costs of manufacture and the planned period of use (Buonasera 2015, 
2019; Horsfall 1987; Nelson 1991; Nelson and Lippmeier 1993; Ugan et al. 2003). And while different types of 
milling fixtures could relate to processing of different resource types, mortars and slicks require substantially 
different levels of manufacturing commitment. Viable millingslicks incur few production costs, requiring little 
more than a flat rock surface with minimal preparation (Buonasera 2015). As a result, bedrock slicks could 
simply be the product of limited use during one or more occupation events with little intention or necessity to 
return. In contrast, construction of a functional mortar requires hours of labor commitment (Buonasera 2015; 
Leventhal and Seitz 1989:156–165; Schneider and Osborne 1996). Therefore, investment in bedrock mortar 
facilities should only occur where there is a reasonable expectation of re-use (Rosenthal 2011:233–234; Stevens 
et al. 2019), and where up-front labor investments can be realized over multiple return visits spanning years, 
decades, or even generations (Bettinger et al. 2006; Ugan et al. 2003). Bedrock mortars are therefore most effi-
cient in situations where movements are restricted to predictable territories (Stevens et al. 2019; see Chapter 
8 for further discussion). Initially, these features should occur in locations used year after year (e.g., optimal 
landscape positions), and subsequently in those places used more infrequently, but with enough repetition to 
realize a return on invested labor. Notably, these same parameters dictate the manufacture of bowl mortars. 
With both technologies having similar costs and constraints, it is unlikely that one would proceed from the 
other from an investment or settlement pattern perspective.

HOW WERE MILLING FEATURES USED?

Irrespective of the resource(s) processed or whether mortar or slick, bedrock milling features in most 
circumstances relate directly to the preparation of food for consumption, with the caveat that at least some 
may have been used for processing non-subsistence resources such as medicine. It makes little difference 
whether plant or animal foods were rendered; the ethnographic record is clear that these features were most 
typically used for food preparation (Barrett and Gifford 1933; McCarthy 1993; see also Chapter 8). More-
over, there is little ethnographic evidence that mortars or slicks were used to process foods for long-term 
storage or were a critical component of food collection. In fact, ethnographic and ethnohistoric evidence 
indicates that most important plant foods were simply dried (in the case of acorns) or dried, threshed, and 
winnowed (in the case of small seeds), prior to storage (e.g., Barrett and Gifford 1933:139, 148–164; Bettinger 
and Wohlgemuth 2006; Goldschmidt 1974; McCarthy 1993). It also makes little sense that plant foods would 
have been processed logistically. That is, people did not go to remote places simply to render foods edible 
(e.g., Bettinger et al. 1997). It seems quite reasonable to conclude that bedrock milling features are evidence 
of not only food processing but food consumption (i.e., provisioning people).

WHO USED BEDROCK MILLING FEATURES?

Ethnographic and ethnohistoric records of gendered work organization among Native Californians 
and foraging groups world-wide (Bettinger and Wohlgemuth 2006; Binford 2009; Brown 1970; Kelly 2013) 
indicate that these tools were made and used primarily by women (e.g., Barrett and Gifford 1933; Jackson 
1991; McCarthy 1993; McGuire and Hildebrandt 1994). And in foraging societies, where women are present, 
children are typically not far away (e.g., Barrett and Gifford 1933: Greenwald 2018; Hurtado et al. 1992). Whel-
an et al. (2013) argue that where women and children are, so too are men (see also Bettinger 2015; Stevens et 
al. 2019). Bedrock milling features thus indicate the presence of family groups, even if men hunted radially 
or logistically, coming and going from short-term camps and villages.

WHERE WERE BEDROCK MILLING FEATURES USED?

Bedrock milling features might have been used wherever food was consumed. If plant-food-collection 
occurred beyond the daily foraging radius of a primary camp or village, it would make little sense to pulverize 
these foods before moving them back to camp (e.g., Bettinger et al. 1997). For this reason, bedrock milling 
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fixtures likely evince extended and probably over-night occupation, if not at the actual locus of processing, 
near that location. It can be assumed that even milling features in remote places relate to food preparation for 
near-term consumption unless they occur in a context that might otherwise suggest ceremonial or medicinal 
use. Furthermore, since bedrock milling features are dependent on the distribution and configuration of 
bedrock (e.g., flat, horizontal surface), they could not have been used in deep alluvial valley settings. Where 
suitable bedrock is present—primarily upland locations—these fixtures may have also been removed from 
the foci of settlements if optimal village or camp locations are not in the immediate vicinity of outcrops. How-
ever, wherever milling features used for plant processing are present, a residential camp or more permanent 
settlement should be situated nearby – even if that camp was used for just one day.

WHEN DURING THE YEAR WERE BEDROCK MILLING FEATURES USED?

Except for a few types of wetland roots (e.g., cattail and tule) and greens, virtually no plant foods 
are available in California during winter months (Bettinger and Wohlgemuth 2006). Use of plant foods in 
winter therefore relied either on stored resources or on patchy and geographically restricted wetland species. 
Acorn and nut crops (e.g., pine nuts, bay, buckeye) ripen at an entirely different time of year than small seeds 
and roots/bulbs, so these foods were complimentary—use of one type of plant food did not preclude use of 
the other. Fundamental plant phenology also means that similar types of plant foods burgeon and decline 
in unison within the same environmental zone due to equivalent growing-degree days. To accommodate 
shifts in productivity, it would have been necessary to switch the types of harvested plant foods or move 
to a higher elevation where the same suite of species ripen later in the season. Furthermore, if plant foods 
were used throughout the year, it would have been necessary to generate surplus crops for winter storage, 
apart from those collected for daily provisioning. Consequently, to take full advantage of native plant foods, 
past land-use systems must have accommodated spatial and temporal variability in productivity through 
seasonal shifts in the types of foods exploited and other structural means, such as residential mobility, cach-
ing, and/or radial foraging, including transport of harvested foods to central settlements for winter storage.

Regardless of land-use strategy, the primary season of plant food harvest would have been from 
about April through October and this should coincide with the period of highest residential and radial 
mobility, particularly among women. This also suggests that foraging activities would have been most 
dispersed during the season of ripening when plant foods would have been harvested broadly across the 
landscape, wherever productive seed, geophyte, or nut/acorn crops occurred. Plant phenology also indicates 
that plant foods requiring processing in bedrock fixtures are not available during winter months, except 
when intentionally stored. Consequently, from spring through fall, newly ripened plant foods could have 
been processed in bedrock facilities, whereas, in late fall through early spring, stored foods would have 
been rendered in these fixtures.

In most environmental settings, bedrock milling features could have been used year-round. The pri-
mary exception is features situated above the average snow line (typically 4,000–5,000 feet amsl), abandoned 
during winter when settlements and economic activities shifted to lower elevations (e.g., Barrett and Gifford 
1933:129; Morgan 2006:159, 297). It can be inferred, therefore, that sites with milling features above the average 
snow line relate to use during the warm season. It follows that, in these high elevation settings, the distribution 
of milling facilities across the landscape, number of individual milling elements, and ecological context of these 
features, are a direct reflection of warm-season land use and the size and configuration of work groups. Since 
winter settlements must have been positioned below the elevation of the snow line, reconstructed settlement 
systems must accommodate seasonal transhumance and posit either residential or logistical movements to 
higher elevations during the warm season. A seasonally transhumant settlement system also means that plant 
food processing at winter villages below the snow line featured stored foods that were transported from higher 
elevations, or downslope movements began early in the fall to harvest and store newly ripened acorns and 
other nut crops from habitats in close proximity to winter villages. As a result, in mountainous regions, like 
the Sierra Nevada, plant phenology and snow cover provide significant limitations to the range of possible 
settlement systems, which can be used to develop specific hypotheses about the organization of seasonal land 
use, resource transport, and storage behaviors (e.g., Morgan 2006; Rosenthal 2012).
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Regardless of environmental setting, bedrock milling fixtures could have only been used to process 
foods available for harvest during the season of site use, or foods collected during a different period of the 
seasonal cycle that were stored for subsequent processing and consumption. This too has implications for 
the organization of settlement systems and the types of resources processed in these fixtures. For example, 
high-elevation bedrock milling features above the oak zone could have only been used from spring through 
summer to process fresh seeds, geophytes, or other plant foods that ripen during warm seasons. If acorns and 
other fall-ripening nuts were processed, they represent the previous seasons’ stores, cached above the snow 
line or carried to these locations from winter villages, or they were processed in the same season they were 
collected. In the latter case, a scheduling conflict would occur precluding collection of acorn and pine nuts 
at lower elevations during the short window when these foods ripen. In this case, either surplus foods were 
transported from seasonal high elevation camps to winter villages, or people relocated to lower elevations 
early enough in the fall to create winter stores of acorn and nut crops from patches close to winter villages.

The point here is simply that there should be a direct relationship between the geographic position of 
bedrock milling facilities, season of use, types of plant foods processed, and the organization of land use. Re-
constructed settlement systems must accommodate characteristics of plant phenology and other environmental 
constraints. The same relationship holds in those parts of California where snowfall does not limit seasonal 
use of montane habitats, such as the coast ranges or southern and eastern deserts. Even in these more equable 
climates, only stored plant foods or wetland plants could be rendered in winter. Thus, the ecological context of 
bedrock milling fixtures can be used to infer something about season of harvest, settlement organization, and 
the extent to which resources were transported to different ecological settings for storage.

For example, in places like Long Valley or the Tablelands above Owens Valley, east of the Sierra 
Nevada, millingslicks and bedrock mortars co-occur at numerous sites (Haney 1992) but the nearest oak 
groves are situated below about 6,000 feet elevation on the opposite side of the Sierra Nevada. If bedrock 
mortars in this region were used for acorns, these features represent processing off-season foods. And if 
acorns were transported from the western Sierra, as Haney (1992) has suggested, bedrock mortar sites in 
Long Valley could not have been occupied in the fall when acorns ripen in western California, unless the 
previous seasons acorns were obtained through exchange with west-side people during summer months. 
It seems more likely that mortars along the eastern Sierra front were also regularly used to process other 
foods like pinyon pine nuts, small seeds, or geophytes but could have also been used to process stored 
acorns. The presence of bedrock mortars probably related as much to the regularity and duration of use as 
the resources processed. The much more abundant millingslicks in Long Valley and adjacent Tablelands, 
appear to reflect site use from spring through summer, assuming fresh seeds from the desert scrub com-
munity were harvested and consumed. These foods, of course, could have also been stored and consumed 
in winter. Consequently, sites with bedrock milling features in Long Valley and the Tablelands were either 
occupied in spring-summer when plant foods common to the desert scrub community ripened (i.e., small 
seeds and geophytes), or some or all of these sites represent winter settlements where stored foods were 
processed and consumed. At the most often used sites, the duration of stay was long enough or regular 
enough to subsidize investment in more efficient mortars, since acorns can easily be processed on milling 
slicks, just as they were for much of the early and middle Holocene in western California. Whether freshly 
harvested or stored crops were consumed could be directly addressed through the collection and analysis 
of archaeobotanical remains associated with bedrock milling features in these settings. Reconstructed set-
tlement systems in these regions must consider these variables.

WHAT CAN WE LEARN ABOUT PAST SETTLEMENT SYSTEMS FROM THE 
DISTRIBUTION AND COMPOSITION OF BEDROCK MILLING FEATURES?

Hunter-gatherer land-use strategies often involve a combination of residential and radial/logistical 
foraging, typically differing according to season. Given the above conclusions, we can begin to draw inferences, 
and presumably testable hypotheses, about how bedrock milling features functioned within different kinds of 
settlement systems in California and under what circumstances these fixtures might be established. Because 
mortars require a substantial investment in manufacture, their use likely signals a geographically stable pattern 
of land use. And since bedrock milling features are primarily about food processing for consumption, the envi-
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ronmental context of these facilities and the number of individual milling elements at each site should convey 
something about the season of occupation and the maximum size of the foraging group using these facilities 
(Bennyhoff 1956; Jackson 1991; Leftwich 2010; Morgan 2006:159). It may also be the case that the number of 
mortar cups is not a function of group size but is related to the length of time a site was used, from centuries 
to millennia, assuming some mortars were abandoned through time.

When bedrock mortars and/or slicks are present at a site, these fixtures relate to the direct provisioning 
of people, not plant food collection, per se. It has been further argued, the greater number of people at a site, the 
greater the number of individual milling facilities/cups should be present (e.g., Bennyhoff 1956; Gifford 1932; 
Jackson 1984; Leftwich 2010; Morgan 2006:184–185). Since plant food milling is almost universally associated 
with the production efforts of women in foraging societies, we can also assume that when bedrock milling 
features are present, so too are women (Jackson 1991) and almost certainly children. The presence of bedrock 
milling facilities, regardless of environmental context, also indicates that some sort of residential settlement 
was positioned close by, if only a sporadically used overnight camp (Barrett and Gifford 1933:208, 272; Gifford 
1932; McCarthy et al. 1985:307; Morgan 2006:293–195).

Depending on environmental context, it should also be possible to infer the most likely types of 
resources processed and in which season(s) the facility was used. For example, bedrock milling features 
above the average winter snow line could have only been profitably used from late spring through fall to 
process seeds, geophytes, and acorns or other nuts. Those facilities at elevations above the oak zone were 
almost certainly used in late summer or early fall to process small seeds or geophytes, unless acorns or 
other nuts from that season’s crop, or caches from the previous year, were carried to higher elevations. A 
similar conclusion can be drawn from milling fixtures found in the Mojave Desert or other arid regions 
in the eastern part of the state. Given that fall-ripening tree crops are not present in most desert habitats, 
bedrock milling facilities in these settings must have been used when small seeds, mesquite, yucca, and/or 
geophytes were available during spring through summer, or processed foods represent previous season’s 
stores. In the desert, like elsewhere, mortars would only be expected in the most frequently used places 
due to high manufacturing costs, probably near reliable water. In the opposite way, millingslicks might be 
found anywhere temporary camps were used, regardless of the periodicity of occupation, due to the low 
manufacturing investment (Buonasera 2015; Rosenthal and Hildebrandt 2019). They may also occur in great 
abundance for the same reason.

Villages Versus Camps

Winter settlements in California typically included the greatest number of people that resided togeth-
er during the annual cycle (e.g., Barrett and Gifford 1933:129; Kroeber 1925:443; Merriam 1976:47; Schenck 
1926:143), and occupation likely occurred for longer periods in these settlements than locations used during 
other times of year. Likewise, permanently occupied villages would typically include multiple family groups, 
concentrating work and social activities in one location. Both kinds of settlements are expected to include 
more individual milling elements in proportion to the number of people living in the village, and a higher 
frequency of better developed features (e.g., deeper cups, in the case of bedrock mortars), since the same 
fixtures would be used day in and day out. The latter is also expected since more time might be available 
during winter to purposefully manufacture or deepen existing milling fixtures. Permanent and winter villages 
should also occur in situations close to reliable water and other landscape positions that took advantage of 
shelter, sunlight, and other environmental characteristics beneficial for cold-season occupation, for example, 
below the snow line or in proximity to abundant firewood.

At winter settlements and permanent villages, land use was most likely radial or logistical with all 
or most activities organized within a single-day’s foraging radius (~10 kilometers/six miles) around this 
central location. Where permanently occupied villages exist, few milling facilities should occur dispersed 
across the landscape, since processing for consumption would most likely occur in or near the central village 
and would not be done logistically; it makes little sense to process plant foods for consumption remotely, 
before returning them to the settlement (e.g., Bettinger et al. 1997). In situations where entire family/politi-
cal groups aggregate in winter villages but disperse during other times of year to hunt and harvest plants, 
numerous locations across the landscape are expected to have milling features, as daily food preparation 
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would inevitably leave a signature in and around each camp. The same would be true where year-round 
residential mobility was common and family groups moved from location to location throughout the annual 
cycle. The position of these features and related camps likely had more to do with the location of abundant 
plant foods, and not necessarily other variables such as permanent water. Consequently, when bedrock 
mortars and/or millingslicks are found in low numbers and out of the way places, it can be assumed these 
features relate to provisioning family groups or small work parties and are characteristic of some level of 
residential mobility, if only seasonal. In the same way, only a few individual milling elements are expected 
at these seasonal camps, in proportion to the size of the work group.

Discerning whether residential mobility was season-specific or year-round will likely require other 
types of archaeological information (e.g., plant macrofossils, dietary bone, tool assemblages), but might also 
be revealed by the environmental setting of the feature (e.g., above the snow line or removed from a water 
source). Warm-season camps should be situated in places where women’s work efforts would be most produc-
tive during spring through fall, assuming plant food collection was the primary focus of these work groups. 
Therefore, season-specific archaeobotanical assemblages should be common in situations of high residential 
mobility where plant foods were not stored. In the opposite way, seasonally diverse plant foods should be 
most apparent in residentially stable situations where storage was an important strategy and plant foods from 
multiple seasons were used in winter and throughout the annual cycle. Because bedrock mortars represent 
investments in the landscape that might only develop once fixed foraging territories were established, other 
types of archaeological information should support regularized land use. For example, in parts of the Sierra 
Nevada, different toolstone distributions and contrasting projectile point styles reflect distinct east-west-
trending foraging territories within watersheds (e.g., Rosenthal 2011; Stevens et al. 2019), organized to take 
advantage of seasonal and elevational shifts in plant and animal food productivity (Rosenthal 2012; Young 
and Rosenthal 2014). In further support of these assumptions, Leftwich (2010) found a significant correlation 
demonstrating more and deeper individual mortar cups at sites interpreted as winter villages at or below the 
average snow line. This is supported to some degree by evidence from more than 12,000 mortar cups analyzed 
in the next chapter (see Bedrock Mortar Morphology and Function, page 61).

CONCLUSIONS AND DATA REQUIREMENTS

The type and distribution of milling features in California relate more to the exigencies of land 
use and the extent to which different foraging groups were residentially mobile or lived in fixed set-
tlements. Consequently, the decision to invest in different sorts of milling features was a compromise 
between processing efficiency and manufacturing costs but was not necessarily based on the types of 
plant foods processed. In this respect, bedrock mortars could be efficiently used in both residentially 
stable and residentially mobile situations where patterns of land use were predictable. The same is true 
of millingslicks, but these fixtures should be more common in situations where land use was not reg-
ularized, and residential mobility was high. Furthermore, since bedrock milling fixtures were almost 
certainly made and used by women for daily provisioning, we can infer that diverse social groups resided 
nearby, within a single day’s foraging radius (about 10 kilometers/six miles), if not substantially closer. 
In this respect, there should be no such thing as an “isolated” milling feature. They all should be linked 
to a nearby camp or village, even if other archaeological deposits are not visible in the immediate area. 
Furthermore, due to the manufacturing costs of bedrock mortars, these types of fixtures should have been 
used in situations where land use was regularized and foraging territories well established. It follows 
that the type of milling feature (mortar or slick), environmental setting, and number of individual milling 
elements should provide important clues to the organization of land use and the extent to which these 
fixtures are characteristic of residentially stable, seasonally mobile, or highly mobile settlement systems.

During seasons of plant food harvest, from spring through autumn, ethnographic evidence sug-
gests, and logic dictates, foraging activities were most dispersed, and movement between productive 
patches would have been most frequent, shifting work locations as local seed, root, and nut tracts became 
depleted. How changing resource abundances were accommodated by different groups, and in different 
habitats, is directly related to the nature of land use and whether work was organized logistically, moving 
resources to people, or through residential mobility, moving people to resources. In residentially stable 



Bedrock Milling Features in California:
Archaeological Context and Research Design

59

situations, where all foraging was carried out logistically from permanent villages, the configuration of 
bedrock milling features should be the same as winter settlements, with high concentrations of individual 
elements and a higher proportion of deeper mortars. Year-round and winter village sites should also be 
situated near water in productive settings where a variety of resource types are available, indicated by 
archaeological sites with well-developed middens or other evidence of extended, multi-season occupation.

In highly mobile settlement-systems, large constellations of milling elements should only occur 
in the best places on the landscape where the largest numbers of people would aggregate year after 
year, including winter villages. Conversely, milling features used seasonally by small family groups or 
by demographically diverse work parties, might be positioned anywhere on the landscape, particularly 
near gathered resources, including all types of plant foods falling under the economic purview of women 
(Zeanah 2004). Few individual milling elements should occur at or near seasonal camps, representing just 
the minimum number of facilities necessary for daily provisioning, and a lower proportion of well-used 
milling elements (e.g., shallower). These sites should have more seasonally restricted or biased plant food 
assemblages, assuming primarily fresh resources were processed. In residentially mobile systems, well-de-
veloped middens might occur in proximity to winter settlements or regularly used seasonal camps, but 
sparse archaeological deposits are expected at short-term camps where few milling elements are present.

Archaeological data associated with bedrock milling features should address the duration and 
seasonality of site use. Such complementary data would include plant remains that identify season of use 
and artifact assemblages that speak to the diversity and intensity of activities carried out at a given location. 
Sites with more robust and varied assemblages are indicative of longer duration use. Information developed 
for individual sites and projects, and for entire regions should provide answers to the basic questions out-
lined in this section—how bedrock milling features were used, who used them, and when during the year 
they were used. Answers to these questions, both for individual sites and regional samples, can address the 
broader issue of reconstructing past settlement patterns.
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CHAPTER 6. 
BEDROCK MORTAR MORPHOLOGY AND FUNCTION 

(by Andrew Ugan)

The elders know specifically what kind of a mortar they needed to accomplish each task. Acorns are 
started in shallow mortars which measure from 0.1 to 5.5 cm deep. There the meats are initially 
reduced to bits and pieces and then transferred to finishing mortars which measure from 5.51 to 9.5 
cm deep, and in which the acorn can be pounded harder.

Helen McCarthy (1993:281) 
A Political Economy of Western Mono Acorn Production

	 Chapter 6 explores whether bedrock mortar morphology and function are linked.

	 McCarthy (1993) identified a functional link between size and resources processed.

	 Subsequent studies have identified similar patterns.

	 A synthesis of depth measurements on 12,625 mortars from central California 
shows a lack of modal patterning either in the sample as a whole or intraregionally.

	 Some patterning may occur locally, but assumptions about mortar depth and func-
tion should be examined on a region-by-region basis.

Since they are fixed on the landscape, bedrock milling features are easy to identify, count, and 
measure. As a consequence, variation in the number of milling features, their dimensions (length, width, 
depth, volume), and their distribution on the landscape have offered archaeologists an easily compiled 
dataset of landscape-level site data and have been used to develop inferences about prehistoric population 
densities, settlement patterns, site-use intensity, and mobility (Bennyhoff 1956; Elsasser 1960; Hindes 1962; 
Hull and Mundy 1985; T. Jackson 1984, 1988; Jackson and Dietz 1984), to examine subsistence practices and 
the kinds of resources processed (McCarthy 1993; McCarthy et al. 1985; Ortiz 1991), and to examine how 
labor was divided (T. Jackson 1991). Price (2016) has explored the degree to which BRMs may be seen as 
investments in the landscape, and Stevens et al. (2019) argue for BRMs as indicators of evolving territorial 
behavior during the Late Holocene as people were increasingly tethered to specific areas (see Investing in 
the Landscape, page 85). This effort has been focused specifically on bedrock mortars, and therefore these are 
the features that are examined here.

Identifying what was processed in bedrock milling features is obviously critical to addressing their 
role in prehistoric subsistence, but also underlies much of the reasoning and interpretation that goes into issues 
of settlement patterns (i.e., where, when, and why particular areas were used). This automatically engages 
questions about what people were doing and what resources they were exploiting. The same can also be said 
about questions of territoriality, investment, and adaptive shifts. Yet as Morgan (2006:179) notes, “determining 
what was processed in bedrock milling features has a long, relatively unsuccessful history in California.”

Ethnographic descriptions typically emphasize the use of mortars rather than slicks, most often in 
the context of acorn flour production. For many years this led archaeologists working with bedrock milling 
features to rely on a vague ethnographic generalization that mortars were used for acorn processing while 
millingslicks were used for processing small seeds. Basgall (2004:90), for example, states: “acorns were pro-
cessed using mortars and pestles virtually throughout California during the Ethnographic Period (Baumhoff 
1963; Driver and Massey 1957; Gifford 1936) whereas millingslabs and handstones were characteristically 
used in grinding other resources, especially small seeds.” Yet there is very little ethnographic information on 
the resources processed in either portable or bedrock milling implements and the information that does exist 
provides little evidence for a one-to-one correspondence between gross morphology and resource processed. 
Instead, slicks and mortars both appear to have been used to process an array of resources (e.g., Barrett and 
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Gifford 1933:151–153, 159, 2081; Francisco 1976:61; McCarthy et al. 1985:310; Schroth 1996; Schulz 1981:65–66; 
Voegelin 1938:18–19, 34; see also Elsasser 1960:21–22; Chapter 8).

More recent analyses of BRMs have stepped away from a strict mortar/slick, acorn/other dichotomy 
and focus instead on differences among mortars, relying almost exclusively on Helen McCarthy’s ‘Western 
Mono’ model of mortar construction and use (McCarthy 1993; McCarthy et al. 1985). This model identified:

Starter mortars =<5.5 centimeters deep; used to reduce acorn meats into smaller pieces during 
the first stage of processing.

Finishing mortars =5.51–9.5 centimeters deep; used in the final stage of processing to further 
reduce acorn meal into flour.

Seed mortars =>9.5 centimeters deep; used for grinding seeds

Slicks =broad, shallow grinding surfaces used for crushing berries and other foods

Hull (1990:180–182; Mundy 1992:60) laid out a similar, though simpler model for the Yosemite area 
based on ethnographic data for the Miwok (Ortiz 1988, 1991; Holmes 1902:172–173; Barrett and Gifford 
1933:143, 208–209). In her case, the divisions for mortars became simply acorn (<4.5 centimeters), other re-
sources (4.5–13 centimeters), and abandoned/unused mortars (>13 centimeters deep).

McCarthy and colleagues’ model, based on ethnographic studies with Western Mono consultants, 
revolutionized BRM research by arguing that mortars were made to specific depths for specific purposes. 
McCarthy and colleagues’ consultants preferred mortars of certain depths for certain tasks. This undercut 
the proposition that mortar depth reflected length of use, wear, and, by extension, age, and replaced it with 
the proposition that variability in depth reflected variability in function. On the basis of these ethnograph-
ically reported relationships, archaeologists have inferred resource use (acorn versus seeds versus other) 
and processing (start/finish) based on the depth of mortars at sites (e.g., Haney 1992; Hull and Kelly 1995; 
Leftwich 2010; Morgan 2006; Mundy 1992), as well as inferring the number of individuals represented by 
a given number of milling features (Morgan 2006). This has then allowed for an evaluation of variability 
in resource exploitation and logistical organization using variation in the frequencies of the categories of 
milling features as a proxy.

McCarthy and colleagues’ characterization of milling features was never meant to encapsulate all 
of bedrock mortar use in the Sierra Nevada (or broader California contexts), but has been extrapolated by 
archaeologists to provide a simple generalization about the relationship between milling feature morphol-
ogy and resource use. 

McCarthy et al. (1985) explicitly caution that the analytical applicability of the Western Mono model 
might be limited to the Western Mono and to prehistoric contexts where the primary economic focus was on 
black oak acorn processing. Their description does not mesh well with milling feature use among all groups 
(e.g., Barrett and Gifford 1933; Hull 1991:180–184; Hull and Moratto 1999:218; Jackson et al. 1994:2.8–44; 
Mundy 1992:59–61; Ortiz 1988, 1991), nor can it readily explain the presence of BRMs in areas where acorns 
are not present (Elsasser 1960:21–22; Francisco 1976; Hull 1991:181; McGuire 2000:92). There is also the more 
general risk of arguing from ethnographic analogy, extending an observation made with three individuals 
in the present to all prehistoric activity regardless of region.

With these observations in mind, it is worth taking a broad look at BRM morphology and how 
variation in those data may speak to some of these issues and whether the extrapolation of McCarthy et al’s 
Western Mono model is appropriate. Though not expressly predicted by McCarthy et al. (1985), archaeol-
ogists have used the Western Mono model to approach the archaeological record with assumptions about 
1 While there are a number of references to what was processed in bedrock features, there are only a few primary eth-
nographies that mention bedrock mortars. With the exception of Barrett and Gifford (1933) none go into much detail. In 
almost 900 pages, Kroeber (1925) makes only 27 references to grinding implements of any kind (mortar, pestle, mano, 
metate, hopper, grinding slab), and most make no reference to what was processed in them. Many of the more recent 
references repeat or elaborate on earlier observations; they are not independent documentation of ethnohistoric behav-
ior. Thus, the number of citations is no indicator of how much information or detail is really documented.
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bedrock mortar morphology. Based on these assumptions, the following questions may be asked or served 
as null hypotheses for archaeological studies (e.g., Leftwich 2010, Price 2016):

1. Do mortar depths show a trimodal distribution? If mortars are used for specific pro-
cessing activities (starting acorn meal, finishing acorn meal, and grinding seeds and 
other materials), mortar depths might be expected to be trimodal. That is, measure-
ments should concentrate around some optimal depth for each of the three activities 
(McCarthy et al. 1985:318). 

2. Do starter and finishing mortars occur at equal frequencies? If acorn processing were 
undertaken from start to finish at a given milling station, an expectation based on the 
Mono model is that there should be roughly equal numbers of small (starting) and 
medium-depth (finishing) mortars. This is based on two propositions. The first is that 
while hunter-gatherer women regularly work together in small groups, they typically 
collect and process plant foods individually and for household consumption. While 
foods are sometimes shared, we are unaware of any ethnographic description of women 
cooperating in an assembly-line fashion, with different women taking on different stages 
of the collection and processing sequence and then sharing the finished product at the 
end. The second proposition is that one finishes what one starts. While foods may be 
collected and stored in different stages of processing, all of it is eventually processed 
fully for consumption. Moreover, we are also unaware of any description of acorns or 
other seed resources being stored partially ground prior to contact, though they cer-
tainly would have had acorns in various other states of processing (i.e., drying, hulled, 
and processed). As a hypothesis, however we assume that each woman would need 
one starting and one finishing mortar under normal circumstances. This same line of 
reasoning underlies the use of numbers of milling features to estimate the size of the 
group using a given site (e.g., Morgan 2006).

3. Does the distribution of the number of bedrock milling features at a site reveal some 
underlying residential structure (i.e., provide a natural site typology)? Bennyhoff 
(1956:12–13) divides sites into houses, small villages, and large villages based on the 
presence of 0 to 7, 8 to 18, and 19+ bedrock milling features, respectively. Elsasser (1960) 
follows Bennyhoff (1956). Jackson et al. (1994:190) identify key (K-) sites as having 19+ 
bedrock milling features. Harvey (2019:167) distinguishes stations, small residential 
sites, and large residential sites as those with 1 to 4, 5 to 19, and 20+ bedrock milling 
features. All of these determinations are arbitrary, with no justification for their choice. 
They are also perhaps not independent, with later criteria broadly reflecting earlier 
choices. In contrast, Morgan (2006:187, Fig. 5–16) provides an empirical basis for cate-
gorizing site size and duration of occupation using observed breaks in the distribution 
of bedrock milling features in his study area (1 to 4, 5 to 14, 15 to 24, and 25+). Leftwich 
(2010) follows Morgan. The question is whether a similar series of breaks is identifiable 
across the larger dataset.

4. Are there regional, perhaps ethnic, differences in BRM morphology, or is the Western 
Mono model of mortar functionality universally applicable throughout the Sierra Ne-
vada as suggested by Leftwich (2010:6)? If Western Mono model is applicable across a 
broad range of linguistic and ethnic groups (i.e., Mono, Tübatalabal, Miwok, Maidu) 
then patterning similar to that suggested for the Mono should be found throughout a 
sample of the Sierra Nevada. A correlated question would be whether this patterning 
applies outside of the Sierra Nevada as well.

DATA

To begin addressing these questions, we collected measurement data for 12,625 mortars from 1,023 
different archaeological sites. Some, but not all of these sites are included in the broader sample used in the 
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summary analysis in other chapters of this document since this database includes many sites that lack specific 
location data or are outside the CCRD database coverage. All but 72 measurements came from BRMs, most from 
sites in the Sierra Nevada (Table 9). The Sequoia National Forest data included 268 unpublished samples from 
the foothills near Porterville, while a smaller amount of BRM data come from the Central Coast Ranges. Bowl 
mortar measurements from recent excavations near Sunol, in Alameda County, are included for comparative 
purposes. Graphs summarizing mortar measurements by region organize the Sierra Nevada data from north 
to south (Eldorado National Forest, Stanislaus National Forest, Yosemite National Park, Sierra National Forest, 
Sequoia National Forest) and append the Sunol and Central Coast Ranges data at the end.

Table 9. Mortar Samples by Region and Their Principal Sources.

Region Sites 
n

Mortars 
n Reference

Eldorado National Forest 266 2,668 Leftwich (2010)
Stanislaus National Forest 54 664 Caltrans Cultural Resources Database
Yosemite National Park 156 2,338 Burton et al. (2004); Hull (1989, 1991); Hull and Kelly (1995); 

Hull and Mundy (1985); Mundy (1992)
Sierra National Forest 249 4,031 McCarthy et al. (1985); Morgan (2006)
Sequoia National Forest 265 2,795 Harvey (2019); Wickstrom (1988);  

Far Western (unpublished data, Porterville, California)
Sunol (bowl mortars) 9 72 Far Western, unpublished data
Central Coast Ranges 24 57 Dills (1975); Mikkelsen et al. (2014)

Sites range from smaller locations with a single BRM to larger localities with as many as 202 (Table 
10)2. While sites contain an average of 12 mortar cups, that value is misleading. The distribution is heavily 
right-skewed, and the mean inflated by a small number of sites with a large number of mortars. This shows 
up clearly in the histogram of site size (number of mortars per site; Figure 14a), and is reflected in the large 
difference in mean and median mortar counts (Table 10). Half of all sites contain six mortars or less.

Table 10. Descriptive Summary of Average Mortar Measurement from 1,023 Archaeological Sites.

 Minimum Mean s.d. Median Maximum
Average Mortars per site (count) 1 12 19 6 202
Average Mortar Depth (cm) 0.25 4.95 3.21 4.14 22.08
Average Mortar Width (cm) 3.38 12.65 2.75 12.50 25.40
Note: s.d. – standard deviation.

2 Throughout this section, any reference to small and large sites refers to those with fewer or more bedrock mortars 
rather than physical area or the size of the total assemblage.
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Sites with >100 BRMs not shown (n=11) Sites with >100 BRMs not shown (n=11) 
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The average depth of mortars at any site is just under five centimeters but also skewed (Figure 14b). 
The mean mortar depth of sites with fewer than six mortars is just 4.25 centimeters (very close to the overall 
median). Thus, most sites contain only a few mortars, and those mortars are mostly shallow. In contrast, av-
erage mortar widths tend to be more normally distributed, with mortars at most sites averaging just under 13 
centimeters in diameter. These differences likely mark fundamental design aspects of BRMs, at least in part. 
Because mortars are excavated, construction is constrained to start at zero depth. Values are skewed because 
depths are typically shallow, cannot be negative, but can be and sometimes are fairly deep. In fact, the inter-
esting question in many ways is why mortar depths trail off as they do rather than clustering tightly around 
their mean. Widths, while also constrained to have positive values, have fewer limits on their starting point. 
That is, all depths must start at zero, but one could create a mortar with a starting width of 5 centimeters, 10 
centimeters, etc., and with room to vary around those values.

The data just presented are averages by site with sites pooled across regions, but mirror trends for 
mortars considered individually (Table 11). Individual BRMs range from 0.1 to 36 centimeters deep and 1 
to 34 centimeters wide, with average depths and widths of 5.8 and 13.2 centimeters, respectively. Following 
McCarthy et al. (1985), 63 percent of the mortars would qualify as “starter mortars” (0–5.5 centimeters deep; 
n=8,012), 16 percent as “finishing mortars” (5.5–9.5 centimeters deep, n=2,019), and 21 percent as “seed mor-
tars” (9.5+ centimeters deep; n=2,595). Depths remain heavily skewed and widths more normally distribut-
ed (Figure 15). The distribution of BRM depths shown here closely mirrors patterns in the data presented 
in earlier regional analyses (e.g., Harvey 2019:162, Figure 5.8; Leftwich 2010:147, Figure 7.2; and Morgan 
2006:180, Figure 5.10). In fact, the distribution of mortar depths and widths for six of the seven regional 
datasets are remarkably similar, including the sample of bowl mortars from Sunol in the San Francisco Bay 
Area (Figure 16).

Table 11. Mortar Depths and Widths.

Region
Number of 
Mortars Measurement

Minimum
cm

Mean
cm

s.d.
cm

Median
cm

Maximum
cm

Eldorado 2,668 Depth 0.20 4.98 4.44 3.00 33.00
Width 1.00 12.51 3.79 12.00 29.00

Stanislaus 664 Depth 0.10 7.78 6.19 6.00 36.00
Width 1.00 13.88 4.47 13.50 28.00

Yosemite 2,338 Depth 0.20 4.37 4.00 3.00 22.00
Width 1.00 12.90 3.59 12.00 28.00

Sierra 4,031 Depth 0.30 6.71 5.27 5.00 33.50
Width 1.00 13.50 3.99 13.00 27.90

Sequoia 2,795 Depth 0.10 6.00 5.52 4.00 30.50
Width 1.30 13.26 4.62 13.00 34.00

Central Coast 
Ranges

57 Depth 1.50 13.39 7.70 14.50 28.00

 Width 5.00 16.07 4.24 16.00 26.00

All Bedrock 12,553 Depth 0.10 5.80 5.84 4.00 36.00
Width 1.00 13.20 13.12 12.70 34.00

Sunol (Bowl) 72 Depth 0.60 5.50 4.75 3.80 18.50
Width 1.10 12.50 5.55 11.10 28.00

Note: s.d. – standard deviation.
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As shown in Figure 16, minor differences include slightly narrower widths for bowl mortars and 
slightly larger average depths for mortars found on the Stanislaus National Forest. The narrower bowl mortar 
cups likely represent a design constraint stemming from the use of cobbles and very small boulders in their 
construction. The Stanislaus data could represent a real difference or reflect the smaller sample of sites and 
mortars. The most notable regional standouts come from the small sample of mortars from the Central Coast 
Ranges which tends to be deeper and wider than those in the Sierra. Although the distribution of mortar 
widths in Central Coast Ranges sites appears approximately normal, depths are uniformly distributed with 
no obvious peaks (Figure 16).

Figure 17 plots mortar widths against depths for the entire dataset. Points are semi-transparent, 
with darker areas of the graph representing multiple mortars. A smoothed, loess regression line (R “loess,” 
degree=2, span=2/3) has been added to highlight trends in the data, with the standard error of the estimated 
line shaded in light blue. As can be seen, the overall shape of the cloud is somewhat triangular and spread 
out across the upper, left portion of the graph. However, most points fall along a broad, curved swath of 
increasing width with depth, corresponding to the blue loess line. Average mortar widths tend to increase 
sharply until depths reach roughly 20 centimeters. Mortar widths also increase smoothly with depth when 
the data are divided by region (Figure 18). The same arced distribution characterizes all Sierran datasets. 
The Sunol and Central Coast Ranges differ slightly, but their small sample sizes provide little basis for in-
terpreting the differences.

The data and trends shown in Figure 17 are unfiltered and merit several observations. First, almost 
all mortars are wider than they are deep (97%). The exceptions include a number of very deep mortars, some 
of which seem anomalously narrow. Second, although it is difficult to evaluate the measurements without 
the original site records, one can question whether any of the feature elements less than 5 centimeters in 
width reasonably constitute a mortar regardless of depth. Narrow features a few centimeters deep seem 
more likely to represent petroglyph cupules or perhaps small anvils for nut cracking rather than mortars 
per se. Deeper features, which would be too narrow to fit a pestle or even a hand into, are very unlikely to 
be mortars and may instead be solution cavities or other natural features that were recorded as cultural. 
Third, and finally, the cloud of points at the upper left part of the graph represent some exceptionally wide 
features relative to their depths. While we removed all data explicitly identified as “millingslicks” or listed 
as having no depth, some of the very wide, shallow points might also be more accurately excluded as slicks 
(>20 centimeters width, <2.5 centimeters deep). The remainder of the datapoints in this region constitute 
broader basins and oblong mortars. These considerations aside, the most important observation is that, 
while noisy, mortar widths increase smoothly with depth.

DISCUSSION OF ORIGINAL HYPOTHESES

We begin our discussion by addressing whether variation in BRM morphology reflects processing 
activities as outlined earlier.

1. Do Mortar Depths show a Trimodal Distribution?

A look at Figures 14 through 16 shows that BRMs throughout the Sierra Nevada exhibit a smooth, 
consistent pattern of depths that peak around the four to five centimeters mark, drop sharply, and taper off 
along a long tail. Most mortars are shallow and increasingly deeper mortars are increasingly rare. Nothing 
suggests that there are discrete divisions centered around shallow, medium, and deep mortars. 
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McCarthy’s ethnographic observations that three types of mortar were recognized were supported 
by some initial archaeological data (McCarthy et al. 1985: Figure 1). That histogram, which summarizes 
depth measurements for 291 BRMs, is redrawn here along with an associated density plot (Figure 19a). As 
the original authors note, the observed pattern is bi- rather than tri-modal (McCarthy et al. 1985:318). The 
measurements also come from just five sites (MAD-286, -397, -821, -1214H, and -1222), and two-thirds of 
the measurements come from just two (MAD-397 and MAD-1214H; 182 of 291 measurements3). This makes 
sample bias a concern. Additional data presented in the same published analysis (and provided in McCarthy 
et al.’s Tables F-a and F-b) include 144 mortar measurements from sites MAD-381, -386, -1214H, and -1258. 
These data do not exhibit the same distribution as those in Figure 19a (Χ2=39.05, p=.002 ), are not obviously 
bimodal (Figure 19b), and combining the two datasets mutes the bimodal trend seen in Panel A (Figure 19c).

While one can see how the data shown in Figure 19a support the proposition that the Mono built 
and used two types of mortars (shallow acorn and deep seed), they do not provide evidence for a tripartite 
division as the original authors note themselves. Importantly, evidence for a clear, two-class division be-
comes muted when considering a fuller data set from the same analysis. With the possible exception of the 
Stanislaus, it disappears when looking at larger, regional datasets and is completely absent in the overall 
sample (Figures 15 and 16). Archaeological support for adherence to particular classes or depths of mortars 
thus appears muted and potentially tied to the sample from which it was taken.

This observation suggests that the bimodal pattern originally identified by McCarthy et al. in their 
Figure F-1 is a product of site bias and undercuts the proposition that the bimodal appearance hints at a 
broader, tripartite division of mortar morphology and depth (McCarthy et al. 1985:318). None of the data 
from the larger dataset presented here—the Sierra region subset (which includes McCarthy and colleague’s 
data) or even just large sites from the Sierra (>20 mortars)—show any hint of multi-modality. Instead, all 
exhibit the same smooth, right-skewed distribution previously noted. Taking a step back, the expectation 
of modality is perhaps misguided since it presupposes that there is an optimal working depth associated 
with each of the three mortar functions, that the optimum is the same for each person making and using 
a mortar, and that variances in depth around the optima are low enough to keep them discrete. There are 
clearly reasons to question all these assumptions.

2. Do Starter and Finishing Mortars Occur at Equal Frequencies?

A prediction of the Western Mono model is that there should be a near-even distribution of starter 
and finishing mortars. This assumes that the two types were always produced in concert and that they were 
abandoned in near equal proportions. If women generally process acorns in phases using two different depth 
mortars, we should see similar numbers of both types. Again, this expectation is not met. Sixty-three percent of 
all mortars qualify as “starter mortars” (n=8,012) and only 16 percent as “finishing mortars” (n=2,019). Starter 
mortars outnumber finishing mortars almost 4:1. The original data presented by McCarthy et al. exhibit a 
similar pattern, with the ethnographic sample containing 43 percent starter and 23 percent finishing mortars, 
and the measured sample 52 percent and 19 percent (1.8–2.7:1). In fact, no regional sample for which we have 
data exhibits a ratio of less than 2:1, and in Yosemite the ratio rises to 6.4:1 (Table 12).

3 McCarthy et al. (1985) state that 291 mortars from five sites were used to generate their Figure F-1, but do not provide 
individual measurements. Counts of mortar depths were extracted by digitizing their Figure F-1 graph using WebDigi-
tizer™, but only 289 mortars were identified in the process. These counts were used to generate panel (a). McCarthy et 
al. also provide 144 independent mortar measurements in Tables F-a, and F-b that were used to generate panel (b). The 
combined panel (c) merges the two datasets but excludes 54 of the 144 datapoints from panel (b), site MAD-1214/H, 
since measurements from this same site were used by McCarthy et al. to make Figure F-1.
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Bedrock Milling Features in California:
A Research Design and Treatment Plan

  70



Bedrock Milling Features in California:
Archaeological Context and Research Design

74

Table 12. Frequencies of Mortar Types by Region

 Eldorado Stanislaus Yosemite Sierra Sequoia Sunol Central 
Coast Ranges

Starter 0.69 0.47 0.76 0.55 0.64 0.65 0.25
Finishing 0.15 0.23 0.12 0.18 0.15 0.14 0.11
Seed 0.15 0.30 0.12 0.27 0.21 0.21 0.65

Start/Seed 4.6 2.0 6.4 3.0 4.2 4.7 2.3

Haney (1992) recognized the interpretive problem posed by a lack of finishing mortars early on. 
In confronting this issue, he highlighted two points that developed from personal communications with 
Helen McCarthy:

1. Western Mono consultants also indicated that the high frequency of starter mortars 
across the landscape reflects the ease of manufacturing shallow mortars (H. McCarthy, 
personal communication 1991). Acorns could be processed without finishing mortars, 
although starter and finishing mortars were used at locations where acorns were pro-
cessed in large quantities over a longer period of time [Haney 1992:96].

5. The Western Mono frequently made the shallow starter mortars at various locations, 
but starter and finishing mortars were used at locations where large amounts of acorns 
were processed over a longer period of time (H. McCarthy, personal communication 
1991) [Haney 1992:104].

The suggestion here is that finishing mortars are most often a feature of larger residential sites, 
which saw greater amounts of acorn processing. Haney argued that the relative overabundance of starter 
mortars observed in the eastern Sierra (Mono and Inyo Counties, in this case) resulted from high frequencies 
of small campsites and a dearth of major residential locations in the sample. People were processing acorns, 
but mostly at smaller campsites using shallow, easier to construct (starter) mortars.

Leftwich (2010) later identifies the same bias in starter to finishing mortar ratios in his analysis of 
BRMs on the Eldorado National Forest but offers a different explanation. He suggests that shallow mortars 
in the Eldorado area represent multi-functional tools or workstations used to process resources other than 
acorns. Noting the inefficiency and high costs of transporting and processing acorns at logistical sites, he 
suggests native people brought acorn meal on logistical trips and used small mortars to process other things. 
As acorns were not processed at small campsites, there was no need for finishing mortars. Since smaller 
campsites dominate the dataset, there are few finishing mortars in the overall sample.

While offering different justifications, both authors attempt to explain away the discrepancy in the 
model rather than confronting the possibility that the ethnographic processing behavior described by McCarthy 
et al. was far more malleable than typically characterized. The quote from McCarthy’s consultants (#1 above) is 
particularly telling because it clearly identifies that: (1) there is no one-to-one correspondence between mortar 
depth and processing activity; and (2) mortar depths reflect construction costs—deeper mortars are sometimes 
forgone because they require more effort to build. Both of these observations fundamentally undercut the 
proposition that mortars of specific depths are used for specific purposes. Efforts to interpret the archaeological 
record by forcing mortars into simple categories becomes fraught with difficulty and the lack of any apparent 
patterning in seed:starter mortar ratios is unsurprising. An interesting potential avenue for future research is 
the distribution of paired dyads of starter-finishing mortars that might demonstrate.

The suggestion that mortar depths do not reflect function carries other implications, notably for popu-
lation estimates. Because depth is assumed to reflect function, individuals are expected to need multiple mor-
tars, which in turn affects the estimate of group size based on the number of mortars at each site (cf. Morgan 
2006:184–189). If each woman is expected to use three mortars (start/finish/seed, for example), then one might 
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reasonably expect a site with 30 mortars to reflect use by 10 females and their families. If one mortar can be used 
for any activity or a range of them, the inferred number of people present would obviously be much higher.

3. Does the Number of BRM Features at a Site Reveal Some Underlying Residential Structure  
(i.e., provide a natural site typology such as station, camp, residence)?

A cursory look at the distribution of bedrock milling features per site (see Figure 14a) shows a rela-
tively smooth continuum of site size from smaller locations with a single mortar to larger sites containing tens 
or hundreds. There are no breaks in the data of the sort used by Morgan (2006) to distinguish site types and 
nothing suggestive of a residential hierarchy. Like mortar depths, the average number of milling features per 
site is heavily right-skewed. Most sites have only a few mortars, fully a quarter have just one or two (267 of 
1,023 sites, or 26.1%), with progressively fewer sites containing larger numbers of features (Figure 20).

Whether and how to distinguish among sites with different numbers of mortars may depend in large 
measure on other aspects of the site (presence and extent of lithics, midden, and other artifacts or features, 
for example). Alternatively, dividing the data might be based on the cumulative frequencies of mortars 
observed at a given site. Values for sites with <30 mortars (90% of the data) are provided in Table 13, with 
commonly used break points shaded in gray. These break points are the same site-type criteria laid out in 
Question 3 in the discussion of original hypotheses. If a “small” site category was defined as containing 
one to four mortars, for example, that category would capture 43.6 percent of sites in the sample. Table 13 
provides an idea of what fraction of sites are accounted for in the various schemes used so far, as well as 
providing a basis for other divisions.

Table 13. Cumulative Frequencies of Sites by Size (Number of Mortars).

Mortars Mortars Mortars Mortars Mortars 
n c.f. n c.f. n c.f. n c.f. n c.f.
1 0.134 7 0.574 13 0.746 19 0.822 25 0.872
2 0.261 8 0.604 14 0.763 20 0.832 26 0.879
3 0.348 9 0.642 15 0.776 21 0.833 27 0.885
4 0.436 10 0.666 16 0.787 22 0.841 28 0.891
5 0.477 11 0.703 17 0.800 23 0.855 29 0.896

Note: Highlighted values are thresholds for site typologies. c.f. – cumulative frequency.

4. Are There Regional, Perhaps Ethnic, Differences in Bedrock Mortar Morphology, or is the Western 
Mono Model of Mortar Functionality Universally Applicable throughout the Sierra Nevada?  
(as suggested by Leftwich 2010:6)? 

Looking at the data, (see especially Figures 15 and 16), one is struck by the broad similarity in mortar 
morphology across a wide swath of the Sierra Nevada. Mortar depths in all regions tend to be shallow and 
right skewed, with median values differing by no more than three centimeters (median depth 3–6 cm, Table 
11). Widths tend to be more normally distributed but exhibit even less variation across regions, with median 
values differing by less than 1.5 centimeters (median width 12–13.5 cm, Table 11). Not only are mortar depths 
and widths similar across regions, but so is the relationship between the two (Figure 18). This perception 
is reinforced by a linear regression analysis of the relationship between mortar width, depth, and region, 
which shows that region is a poor predictor.
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Because mortar depths are positively skewed, a cube-root transform is used to produce a rela-
tionship between width and depth suitable for simple regression analysis (Figure 21a). A linear model of 
mortar width as a function of depth fits these data well, with depth both a statistically significant predictor 
of width and one that also accounts for a large portion of model variance (r²=.57; Table 14; all regression 
analysis performed using R version 3.6.2). As one might expect, deeper mortars are also usually wider. The 
associated regression line is shown in red in Figure 21.

While the relationship is strong, the presence of numerous outliers reduces the overall quality of 
model fit. Regression residuals exhibit strong kurtosis (sharpness of the peak), with a small fraction of the 
standardized residuals extending well out into the tails (see Figure 21b). These show up clearly in the as-
sociated quantile-quantile plots (matching observed with theoretical distributions), with large deviations 
from the expected line at either extreme (see Figure 21c, red).

Table 14. Linear Regression Models and Analysis of Variance (ANOVA)  
for the Full Dataset (Width~Depth).

Regression Summary Estimate SE T-Value P-Value
Intercept 2.664 0.082 32.57 <2e-16
Depth 6.325 0.047 133.84 <2e-16
R2 0.5866
F = 17,914 on 12,623 degrees of freedom (p ~ 0)

Analysis of Variance DF Sum Sq Mean Sq F-Value P
Depth 1 123,905 123,905 17,914 2.20E-16
Residuals 12,623 87,307 7
Note: DF – degrees of freedom; MeanSQ – mean square; SE – standard error; SumSQ – sum of squares.

The data causing the poor fit are those shown in red in Figure 21a and are the same as those seen 
in the upper, left and lower, right portions of the scatterplots of the untransformed data. These points rep-
resent mortars that seem abnormally deep and narrow or shallow and wide. As mentioned, some of them 
are questionably anthropogenic and others perhaps better classified as millingslicks or basins rather than 
mortars per se. The width versus depth regression model was rerun after excluding these points which are 
associated with the more extreme residuals. The associated regression line and 95 percent prediction interval4 

are shown in blue in Figure 21a. The new model produces a regression with better diagnostics (see Figure 
21c) and greater explanatory power (r²=.74, Table 15), but which differs only slightly from the original in 
form (see Figure 21a, red and blue line). The data suggest that a mortar’s depth is a very good predictor of 
its width and that on average width can be estimated as roughly:

However, individual mortar widths are likely to measure anywhere within ±4 centimeters of that 
average (the 95% prediction interval).5

4 This is the 95% confidence interval for a predicted value of mortar width at a given mortar depth, which is roughly ±4 
cm on the interval shown. The error associated with the estimated regression line is so small it is not plotted because 
the error bars are smaller than the thickness of the regression lines as drawn. 
5 The prediction interval for the full (untrimmed) dataset is ~5 cm.
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Table 15. Linear Regression Models and Analysis of Variance (ANOVA)  
for the Trimmed Dataset (Width~Depth).

Regression Summary Estimate SE T-Value P-Value

Intercept 1.921 0.064 30.11 <2E-16
Depth 6.742 0.037 182.35 <2E-16
R2 = 0.7329 0.7425
F = 33,250 on 1 and 12,117 degrees of freedom (p <2.20E-16)

Analysis of Variance DF Sum Sq Mean Sq F-Value P
Depth 1 132,231 132,231 33,250 2.20E-16
Residuals 12,117 48,188 7

With this established, we examine whether geographic region provides information about mortar 
morphology by including region as an explanatory variable (model= width ~ cuberoot (depth) + region). 
Does knowing something about region help account for the remaining error? This model uses the same, 
trimmed dataset and produces similar results, but region becomes a statistically significant predictor (Ta-
ble 16). However, the explanatory power of region is almost nil and its effect on other parameter estimates 
minimal. The slope and intercept change only slightly (slope 6.7 versus 6.8, intercept 1.9 versus 1.6), there is 
almost no increase in explanatory power (R² 0.7329 versus 0.7425), and the prediction interval for the model 
tightens just .06 centimeters. Nowhere is the lack of improvement clearer than in the analysis of variance 
(ANOVA) summary. Model mean squares for region are 287, or just two-tenths of a percent of the model total 
(MSregion plus MSdepth, Table 16). Parameter estimates by region are also telling, with expected mortar width 
shifting less than half a centimeter in five areas, and just 1.12 centimeters in the case of the Central Coast 
Ranges.6 While statistically significant, region effectively tells us almost nothing about mortar morphology. 

The relationship between depth and width appears consistent across the Sierra Nevada and poten-
tially into the Coast Ranges, despite clear differences in ethnicity and tribal affiliation. It appears that there 
are consistent functional constraints that limit the range of widths relative to depths, and these constraints 
cross-cut ethnic boundaries. The most likely reason may simply be that as mortars become deeper, they 
need to be widened to access the bottom and accommodate suitable pestles, especially where the latter are 
minimally shaped or not shaped at all (for example, triangular cobble pestles).

Table 16. Linear Regression Models and Analysis of Variance (ANOVA) for the  
Trimmed Dataset with Region as a Predictor (Width~Depth+Region).

Regression Summary Estimate SE T-Value P-Value

Region
Intercept 1.6328 0.0701 23.304 <2E-16
Depth 6.888 0.0373 184.826 <2E-16

Stanislaus -0.3064 0.0875 -3.5020 0.0005
Yosemite 0.8045 0.0564 14.2620 <2E-16
Sierra -0.2251 0.0502 -4.4840 0.0000
Sequoia -0.0404 0.0544 -0.7420 0.4581
Sunol -0.4938 0.2460 -2.0070 0.0447
Central Coast Ranges -1.1219 0.2781 -4.0340 0.0001
R2 = 0.7425
F = 4988 on 7 and 12111 degrees of freedom (P<2.2E-16)

6 Recasting the model to consider width and depth on region produces essentially the same results. The effect of region 
on estimated mortar depths are all less than 3 mm. 



Bedrock Milling Features in California:
Archaeological Context and Research Design

80

Table 16 Linear Regression Models and Analysis of Variance (ANOVA) for the  
Trimmed Dataset with Region as a Predictor (Width~Depth+Region) continued.

Analysis of Variance DF Sum Sq Mean Sq F-Value P
Depth 1 132,231 132,231 34,465 2.20E-16
Region 6 1,722 287 75 2.20E-16
Residuals 12,111 46,466 4

OTHER OBSERVATIONS

Mortar Depth and Site Size

Various authors have suggested that larger sites with more BRMs are associated with greater av-
erage mortar depths (e.g., Bennyhoff 1956:12–13; Leftwich 2010:160–161; Mundy 1992:55–58). For example, 
large residential sites near Tioga Road, Yosemite National Park, tend to have more deep mortars (Mundy 
1992:55). This point holds broadly true across our larger dataset.

Figure 22 presents boxplots showing the distribution of mortar depths for sites of a given size. 
Variance in mortar depths across site sizes is quite high, as indicated by the width of the whiskers. The 
range of mortar depths are also broadly similar, with sites of all sizes routinely containing mortars over 20 
centimeters deep. However, we do see a tendency toward deeper mortars at larger sites as shown by the 
smooth regression line.7 While larger sites tend to have deeper mortars, the total increase is only about 1 to 
2 centimeters and plateaus beginning at sites with 20 mortars or more. At that point median mortar depth 
measures around 5 centimeters (Figure 22, blue line). While they do not shift median mortar depths up 
substantially, the frequency of deeper mortars increases sharply with site size. Mortars more than 5.5 centi-
meters deep are extremely rare at sites containing one or few mortars, but make up 35–40 percent mortars 
at sites containing 20 mortars or more (Figure 23, blue line). These plateaus broadly correspond to the sites 
typically characterized as larger villages or hamlets and provide an empirical basis for distinguishing them, 
though why the reason for levelling off in deeper mortars is left unexplained.

Why Are There Deeper Mortars?

It is important to note that Bennyhoff’s classification assumed that mortars became deeper through 
wear (Hull and Moratto 1999:260); this concept is now generally accepted as outdated as mortar 
depth is now seen as an indicator of its function (McCarthy et al. 1985) [Leftwich 2010:149].

If mortars of a specific depth are not used for a specific purpose (starter/finishing/seed and other), 
what accounts for variance in depth? There are 396 bedrock milling sites in our sample with just one or two 
mortar cups. Most cups are less than five centimeters deep, suggesting sporadic use. However almost 12 
percent of these single cups or dyads (sites with two cups) are more than 10 centimeters deep. Why? More 
broadly, why do mortars get deeper? If construction is deliberate, one should build them to the needed 
depth and quit. The implication of the data here is that some part of depth must relate to use, as originally 
posited by Bennyhoff (1956), or there is an advantage to deeper mortars that encourages users to expand 
them periodically. Investigations by Buonasera (2015; 2019) into the relationship between mortar size,  pro-
cessing efficiency, and energetic costs for different resources are particularly relevant here. These studies 
demonstrate a near universal increase in efficiency for processing all resources as mortars get deeper (to a 
certain point that is dictated by the potential size of pestles needed for processing).

7  The smooth line was generated in ggplot2 using the default “gam” model and the scaled-t distribution family. 
The latter accounts for the skewed nature of the mortar depths and more closely follows the median. Using the gauss-
ian distribution would produce a similar line, but shifted upwards 1-2 cm on the y-axis.
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What to Make of the Mono Model?

Archaeological data do not provide evidence of discrete functional mortar sizes across the Sierra 
Nevada. Mortar sizes, the number of mortars found at various sites, and their shapes (width:depth) are similar 
throughout the Sierra Nevada, but there is no evidence that these features reflect the deliberate construction 
of bedrock milling features for processing specific resources in a particular way. Given this, one might ask 
whether McCarthy’s consultants were somehow incorrect in their characterization of mortar use? The answer 
is, of course, “no.” The consultants’ categorization reflect a very real preference for what kinds of activities get 
done in what kinds of mortars, provided that an option to choose is available. Just because constraints force 
compromises in design or use does not obviate the typology of seed/starter, which may well reflect Native 
Americans’ preferred use of a mortar given the choice. The cost of mortar construction may simply pose a 
constraint that trumps those preferences in almost all circumstances. Lacking any mortar, people may have 
simply built less expensive, shallower mortars to use, as McCarthy’s consultants suggested. Where deeper 
mortars were preferred, women may have gravitated toward those when available, deepened an existing 
one if not, or simply forgone using a deeper mortar for a shallower one. Also of concern is the availability 
of a suitable pestle, which must be long enough to reach the bottom of the mortar and narrow enough to 
fit into the conical mortar depressions. If suitable raw material is not available, deeper mortars become a 
non-option. If material is available but requires additional shaping, this only adds to the costs of using the 
deeper mortar, reinforcing the aforementioned constraints. Finally, there is also some evidence that seed 
processing is inefficient in shallow mortars, acceptable in deeper mortars, and best when done with milling 
slabs (Tammy Buonasera, personal communication). While seeds and acorns can both be processed in deeper 
mortars, the fact that seed processing may only be viable in deeper ones could also help shape preferences. 
Furthermore, the Western Mono model was based on processing within a very limited locale with a limited 
set of resources. The starter/finisher dichotomy was based on Black oak acorns. Other resources may have 
been more efficiently processed in shallower, or deeper mortars. Some shallower mortars in the regional 
sample may reflect processing of other resources.

The interesting question becomes: “What would have conditioned such decisions?” The answer to 
this question opens a whole line of inquiry regarding how mortar morphology (depth and width) affects 
processing efficiency and how those relate to costs of mortar construction and the anticipated use-life of 
the milling features. These questions in turn tie into the role of smaller sites and mortars within the broad-
er settlement system, what to make of small sites with deep mortars, continued questions about what the 
number and depths of mortars say about group size and sedentism, etc. A lack of a relationship between 
morphology and processing efficiency might indicate that the seed/starter dichotomy is idiosyncratic to 
the Western Mono. These same questions extend to the construction and use of bedrock mortars in areas 
outside the Sierra Nevada, such as the Coast Ranges, and also to the question of portable mortar construc-
tion. These latter two cases are likely to be particularly interesting given expected differences in the kinds 
of material (rock) available for mortar construction and, in the case of portable milling gear, the potential 
costs of transporting raw materials or finished tools.

SUMMARY AND DATA REQUIREMENTS

There has been a long-standing belief in California archaeology that the shape of bedrock milling features 
says something about what they were used for. At the same time, both the ethnographic literature and various 
archaeological studies have shown that such associations are not always straight-forward. Ethnographic accounts 
describe processing a variety of resources in mortars, for example, and archaeological finds often occur in areas 
where affiliated resources are absent (e.g., mortars in subalpine contexts lacking acorns).

The current analysis in this research topic expands on these issues. Bedrock mortar construction, in 
particular, looks quite regular across the Sierra Nevada. While there is substantial variability, mortars tend 
to get deeper and wider in a very predictable fashion, as shown in the various scatterplots and regression 
analyses. The majority of mortars are relatively shallow, narrow affairs, with deeper mortars becoming 
both wider and scarcer in regular fashion. Most sites consist of just a few mortars, and these tend to be 
smaller. Sites with more mortars tend to have deeper mortars as well, with a fairly pronounced increase 
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in the frequency of deeper mortars until sites reach a size of 20–25 mortars or more (typically classified as 
village or hamlet sites).

Almost all these trends cross-cut geographic and ethnic boundaries, particularly within the central 
and southern Sierra Nevada. There are, however, three areas for which measurement data are minimal or 
lacking—the northern Sierra Nevada and Cascade Range (north of US Interstate 80 [I-80]), the eastern Sierra 
Nevada (Inyo and Mono Counties), and the Central Coast Ranges. The first is an area which we would expect 
to fall in line with trends observed so far, particularly given strong similarities in geological and ecologi-
cal context. The eastern Sierra Nevada and Coast Ranges represent interesting potential counterpoints. In 
Inyo and Mono Counties, the geology is similar, but pinyon pines play a greater role than acorns in local 
economies. Finding similar patterns in mortar morphology there would emphasize the role of settlement 
organization and persistence over resource base in structuring mortar form. The Coast Ranges, in contrast, 
differ both in geology, seasonal access, and settlement pattern. The presence of sedimentary versus igneous 
rock formations is likely to affect the costs of mortar construction, facilitating deeper mortars should they 
be preferred. There is also no snow line, a reduction in short-term seasonal plant exploitation, and more 
stable and persistent settlements, particularly late in time (Mikkelsen et al. 2005:189–196). These differenc-
es provide reasons to expect differences in mortar frequencies (more) and size (deeper). Evaluating these 
expectations requires continued attention to collecting mortar measurements from differing sites, different 
size sites, and different environmental and geologic contexts.

Implicit in all of these arguments is also the suggestion that mortars and millingslicks are not re-
source-specific, even though certain resources may dominate in certain areas. While there is good reason 
to believe this to be true, this statement remains a hypothesis and one in need of greater validation. In that 
regard, there is also a widespread need for data more clearly tying milling features to their associated re-
source base. Two approaches to resolving the question of what was processed in bedrock mortars involve 
the collection of direct and indirect evidence for resource use at milling localities. The former entails the 
analysis of plant macrofossil samples from temporally associated milling sites and comparing the range of 
materials recovered with the kinds of milling features present. This separate, but related topic is addressed 
in Chapter 8.
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CHAPTER 7. 
INVESTING IN THE LANDSCAPE:  

BEDROCK MORTARS, HABITAT MODIFICATION, AND TERRITORIALITY

This long-term process of dwelling enculturates the environment and in so doing the environment 
is humanized and becomes something more than ‘the environment,’ what we term a landscape. I 
suggest that BRM sites are exemplars of Ingold’s concept of the taskscape, and that they lay at the 
very heart of many California terrestrial landscapes.

David Robinson (2011:32–33) 
Placing Ideology: Rock Art Landscapes of Inland and Interior South-Central California 

California Archaeology 3(1)

	 Bedrock mortars represent not just a technological innovation but an investment in 
the landscape.

	 Ethnographic literature indicates individual ownership of mortars by women in some 
settings.

	 The adoption of bedrock milling features reflects a shift from foraging focused on im-
mediate returns to stored crops, namely acorns.

	 The association of bedrock milling features with oak groves and other nut-bearing trees 
is connected with landscape modification practices such as seasonal anthropogenic 
burning.

	 Bedrock mortars are an indication of territoriality in California

Experimental studies show that mortars, whether “portable” or in immovable bedrock, are more 
efficient for processing all types of plant food compared to handstones and millingslabs (Buonasera 2019). 
Given this, recent studies have argued that the adoption of bedrock mortars represents not just a technological 
innovation but, more importantly an investment in the landscape (Rosenthal 2012; Stevens et al. 2016, 2019). 
Even though bedrock mortars certainly provide increased efficiency over expedient milling slabs, this marginal 
efficiency increase is only beneficial if the tool can be used for a sufficient length of time to recoup the costs of 
manufacture. As such, bedrock mortars are only worth the investment if a woman can be assured (or at least 
reasonably assured) that she will return again and again to reuse the feature. The importance of this investment 
is perhaps reflected in the individual ownership of mortars cited in the ethnographic literature (Barrett and 
Gifford 1933; McCarthy 1993). In the context of investment in the landscape, and more transhumant versus 
logistically organized settlement patterns, the late adoption of the bedrock mortar in this ecological context 
makes sense. Nearly all studies of Sierra Nevada settlement patterns identify a shift in the last 1,300–1,100 years 
to “collector-like,” logistically organized, settlement (Hull 2007; Hull and Moratto 1999; Rosenthal 2011, 2012; 
Stevens 2005; Whitaker and Rosenthal 2011a). Prior to this, more regional variation in settlement patterns is 
represented in the record, but none of these patterns appear to have been as logistically well organized as in 
later periods. This organization appears to have routinized the occupation of particular sites over a wide area. 
Montague (2010), for instance, notes that Desert-Series points are clustered at certain alpine sites in Yosemite 
National Park and argues that these are all along commonly travelled trade routes. Furthermore, the accretion 
of significant middens during the short time span of the Mariposa Period (610–150 cal BP) speaks to intensive 
occupation and repeated return to sites. Given the strong patterning of repeated site occupation year after year, 
permanent bedrock facilities would have been well-worth the time and energy to produce.

A second corollary to the adoption of the bedrock mortar appears to have been a shift in emphasis 
from pine nuts to acorns as the primary stored food (e.g., Basgall 1987; Jackson 1991; Jackson and Dietz 
1984; Moratto 1972, 1984). Whelan et al. (2013) address this shift and argue that, similar to bedrock mortar 
technology, the shift to acorns represents a shift in emphasis from organizing subsistence activities around 
high immediate returns to maximizing the returns on stored crops. Acorns are “backloaded”—the majority 
of the cost in processing them can be delayed until immediately before consumption—and therefore they 
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are ideal for storage, particularly compared to “front-loaded” pine nuts that need to be removed from the 
cone. Whelan et al. (2013) argue that once storage became the norm, it required people to settle down into 
villages where acorns and other crops could be stored and protected. This centralization of settlement may 
have had the effect of limiting the options for groups of women in terms of seasonal foraging. At the same 
time, population growth appears to have continued throughout the Holocene (cf. Hull 2002 and 2009) and 
may have reduced overall territory size, limiting foraging groups’ seasonal rounds to narrow bands that 
spanned the elevational gradient of the Montane Forest along the west slope of the Sierra Nevada. Within 
these circumscribed territories, reuse of bedrock mortars would have been all but assured.

Stevens et al. (2019) argue that ethnographic and archaeological evidence point to bedrock milling 
features as evidence for evolving territorial behavior during the Late Holocene. They argue that the repeated 
use of locations on the landscape served as visible and durable signals of land-use ownership and therefore 
represent the establishment of persistent places on the landscape.

As noted in Chapter 2, both niche construction and optimal foraging theories would predict that the 
routinized use of specific places on the landscape would have fostered investment in and modification of the 
natural habitat in and around sites with bedrock milling features. The most commonly cited and acknowledged 
method of grassland and oak woodland habitat modification in California was anthropogenic burning.

An interest in burning as a plant management tool was first brought to the attention of California 
anthropologists by Lewis (1973) but did not capture their interest until Blackburn and Anderson (1993) 
detailed the ecological benefits of various tillage, pruning, weeding, and prescribed burning, particularly 
around oak groves. More recently, Anderson (2005) describes a myriad of management practices designed 
to encourage the growth of basketry materials and food crops. Studies up to and including Anderson (2005) 
relied heavily on post-hoc ecological explanations for how the practices identified by modern tribal consul-
tants benefited the plants.

The association of bedrock milling features with oak groves and other nut-bearing trees provides an 
obvious connection with the landscape modification argument made by Lewis, Blackburn, Anderson and 
others. If bedrock milling features are viewed as persistent places, then the practices outlined by Blackburn 
and Anderson (1993) place humans at the center of the surrounding ecosystems, continually modifying the 
environments in which they live. Stevens et al. (2019) argue that as Late Holocene populations grew and 
foraging became increasingly circumscribed, the most obvious step toward economic intensification was to 
invest more heavily in landscape modification, including the construction of permanent milling facilities and 
increasing plant productivity through burning and other processes outlined by ethnobotanists (Anderson 
1991, 2005; Blackburn and Anderson 1993). Stevens et al. (2019) argue, however, that the benefits from such 
landscape modification tie people to these locations since, if not protected, they were vulnerable to poaching 
and theft of stored resources. Stevens et al. (2019:66) conclude that:

If poaching and theft were feared, then it stands to reason that people vigorously defended 
their territories, but that this territoriality was tied to the intensive landscape modification 
engendered in bedrock mortar manufacture. So, while it is unlikely that we can identify bed-
rock mortars as the cause of territoriality specifically, it appears that their presence is a good 
indication that territorial defense was important. Furthermore, once bedrock mortars and other 
landscape improvements were in place, they likely further encouraged staying close to home.

These links between bedrock milling features, landscape investment, and territoriality have not been 
examined outside of the Sierra Nevada, but similar processes might be fruitfully examined in other areas.

ANTHROPOLOGICAL ANALYSES OF TERRITORIALITY 
AMONG HUNTER-GATHERERS

Most contemporary analyses of human territorial behavior focus on explaining variation in different 
ecological contexts through time and generally build on Dyson-Hudson and Smith’s (1978) seminal economic 
defensibility model (EDM) of human territoriality. Formulated in response to earlier anthropological debates 
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regarding the universality of territorial behavior (Radcliffe-Brown 1930; Lee and DeVore 1968), the EDM 
examines territoriality in terms of the economics (i.e., costs and benefits) of territorial behavior relative to 
resource distribution and predictability. Defining a territory as “an area occupied more or less exclusively 
by an individual or group by means of repulsion through overt defense or some form of communication” 
(Dyson-Hudson and Smith 1978:22), the EDM predicts that stable territorial systems should exist in ecological 
contexts where resources predictably occur in high density patches. Territoriality is expected in such contexts 
because the net benefits of the resources outweigh the costs of territorial defense. The spatial and temporal 
characteristics of the resource base in such situations allow for the use of a geographically restricted area 
wherein subsistence requirements can be successfully met, and access can be successfully restricted. The 
EDM further predicts a mobile system of shifting territories where resource density is high but unpredict-
able, home-range systems where resources are sparse but highly predictable, and no territoriality where 
resources are sparse and occur unpredictably.

In response to Dyson-Hudson and Smith’s (1978) EDM, Cashdan (1983) proposed a model of territo-
rial “social boundary defense” using specific ethnographic examples to argue that access to large territories 
containing low-density resources can still be controlled via social processes such as permission asking/
granting rituals in lieu of true perimeter defense. She further asserts that the performance of these rituals 
has the added benefit of building and maintaining social and economic ties with neighboring groups as a 
means of reciprocal risk reduction that negates the need for costly perimeter defense when territories are 
large. However, recent reanalysis of the social boundary defense model suggests that it lacks predictive 
power as permission is rarely denied when asked (Parker et al. 2019). Therefore, the performance of these 
rituals likely has little to do with regulating access to resources, particularly in contexts where territories 
are so large that the social customs surrounding access to territories are always followed and permission is 
never denied. Thus, the social aspect of perimeter defense serves a purpose other than regulating access to 
a territory and the resources within it, particularly where territories are so large that excluding outsiders 
and enforcing consequences for unpermitted use may not be realistic or effective.

While not a direct analysis of variability in human territorial systems, the social and ecological aspects 
of competition and territoriality are also key elements of Bettinger and Baumhoff’s (1982) model of the Numic 
expansion. They identify two distinct foraging strategies—traveler or processor—each having its own requisite 
search and handling costs. By situating these mutually exclusive foraging strategies as distinct adaptive peaks 
within broader demographic, subsistence, settlement, and socioecological contexts, Bettinger and Baumhoff 
hypothesize how and why Numic-speaking foragers were able to expand, establish, and maintain territories 
throughout the Great Basin and elsewhere. They argue that foragers living in high population densities em-
ploying the high-cost processor strategy will be able to outcompete and ultimately displace populations living 
in lower population densities and use a lower-cost traveler strategy. Bettinger and Baumhoff’s model implicitly 
underscores why territorial behaviors are more likely among processors given the competitive advantage of 
the foraging strategy when compared to the higher mobility traveler strategy.

Tushingham and Bettinger (2019) further incorporate social and ecological variables in their framing 
of intensive versus expansive territorial behaviors as divergent adaptive peaks conditioned by the storage and 
defense of either front- or back-loaded resources (see also Whelan et al. 2013). Expansive territorial systems 
are typically observed among groups with high population densities having higher degrees of sociopolitical 
integration and private property rights based on kinship. In such socioecological contexts, the territory under 
control of a centralized leadership expands by subsuming and incorporating the land base of other sociopo-
litical groups and bringing them under control of established leadership. This system is generally associated 
with high-return, front-loaded resources. Conversely, intensive territorialism is much more common and is 
particularly relevant to the current discussion. Intensive territorial systems are contingent upon back-loaded 
resources such as acorns because less effort is required for their storage, but significant effort must be allocated 
to processing to produce an edible product. Such resources are less subject to theft or external appropriation 
and control because processing and production are primarily individual or family-level investments; as a 
consequence, sociopolitical organization and privatization tend to be established at the local or family level. 
In these socioecological contexts, intensive territoriality occurs when groups focus on intensifying resource 
production through an expansion of diet breadth within a smaller territorial range than previously exploited 
rather than expanding that range. This effectively allows for improved efficiency in territorial maintenance.
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BEDROCK MORTARS AS INDICATORS OF TERRITORIALITY

Bedrock milling features are ubiquitous archaeological reflections of the widespread occurrence of 
intensive territoriality in California as described by Tushingham and Bettinger (2019). Stevens et al. (2019) 
present a compelling argument for BRMs as indicators of evolving territorial behavior during the Late Ho-
locene in ecological contexts where people were increasingly tethered to specific areas. They highlight that, 
“BRMs are only worth the investment if a woman can be assured (or at least reasonably assured) that she 
will return again and again to reuse the feature, or alternately, if she is living most of the year at a single 
habitation area” (Stevens et al. (2019:61). Furthermore, the “importance of this investment is reflected in the 
ownership of mortars by groups, and even of specific mortars by individual women, cited in the ethnographic 
literature (Aginsky 1943; McCarthy 1993)” (Stevens et al. 2019:61).

In many ways, Stevens and colleagues’ treatment of the relationship between BRMs and territorial 
behavior is fundamentally consistent with the expectations of the EDM where a territory is defined as “an 
area occupied more or less exclusively by an individual or group by means of repulsion through overt 
defense or some form of communication” (Dyson-Hudson and Smith 1978:22). Stevens et al. (2019:57) posit 
that: “bedrock mortars clearly and boldly declare significant information about the nature and intensity 
of plant food processing that occurred at a particular location in prehistory.” Because BRMs are clearly 
observable landscape features, they signify a pattern of continual land use and thus meet the criterion es-
tablished by Dyson-Hudson and Smith regarding a form of communication indicating a defined territory. 
In sum, they are indisputable, indelible evidence of repetitive, exclusive use of an area. This, in turn, has 
implications for land use and resource intensification. In addition, the fact that bedrock milling features 
may have served as territorial markers may make features relevant to modern Native Americans even if 
they are no longer used as food processing stations.

BEDROCK MORTARS, CHANGES IN MOBILITY, AND LANDSCAPE INVESTMENT

Bedrock milling features are the material consequence of a land-use strategy involving repeat-
ed, sustained landscape modification related, in part, to food collection and processing in the past. These 
changes in land-use strategies are likely an adaptive response to the confluence of increased population 
density, reduced mobility, and intensified resource use. Much like prescribed burning or other forms of 
habitat modification, BRMs exemplify purposeful investments of time and energy in the landscape that, 
all things being equal, should only occur when long-term benefits can accrue. Stevens et al. (2019) suggest 
that the landscape investment practice embodied by the creation of bedrock milling features is a result of 
economic intensification when territories are constrained. Such investments, they argue, are beneficial in 
the long term but come at a cost as they increasingly tie people to particular locales or landscapes. This in 
turn requires and incentivizes increased investment and persistence of place to protect the benefits of this 
investment from appropriation by outsiders.

Beyond the basic notion that a positive feedback loop exists between territoriality and investment in 
the landscape, intentional and unintended consequences of intensive landscape use meant that the habitats of 
pre-contact California were shaped by anthropogenic modification. The ethnographic literature and modern 
practices indicate that this was accomplished in numerous ways, but chiefly via controlled, low-intensity, 
temporally focused, landscape burning. That proto-historic Native Californian burning was a common land-
scape management tool is now widely accepted (Blackburn and Anderson 1993; Lewis 1973; Lightfoot and 
Parrish 2009; Stewart 1993). Lightfoot and Parrish (2009) have offered a novel model of Native California 
adaptive strategies that has applicability to subsistence trends in central California (see also Lightfoot and 
Lopez 2013; Lightfoot et al. 2011). They argue that hunter-gatherers throughout the western portion of the 
state developed a “rotational system of prescribed burns” every 10 years or so to “stimulate the growth of a 
broad spectrum of resources” (Lightfoot and Parrish 2009:99). Such fire-management strategies are believed 
to have greatly improved the availability of food resources for deer and other animals resulting in higher 
animal population densities, enhanced habitat for plant resources such as bunchgrass, and greater quantities 
of suitable firewood. Whether intentional or a beneficial ancillary consequence, the burning of areas below 
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oak trees kills parasites, adds nutrients to the soil, and encourages fresh growth of forbs in the following year 
(Anderson 2005; Blackburn and Anderson 1993).

Given the archaeological focus of the current study, it is important to determine ways that such 
practices can be identified using standard archaeological methods. The Quiroste Valley project in San Mateo 
County serves as an excellent example of a multi-disciplinary approach to identify past landscape modifica-
tion. Cuthrell (2013; Cuthrell et al. 2013) examined geomorphological and archaeobotanical data from SMA-
113, occupied between 950 and 175 cal BP. He found that site inhabitants relied heavily on grassland seeds 
that included fire-associated plants. Furthermore, analysis of charcoal at the site revealed that the firewood 
burned was more compatible with plant communities associated with low-intensity fire regimes than the 
highly fire-susceptible trees that dominate the modern communities in the study area. Similar ethnographic 
studies of pyrogenic landscape management have been carried out in northwestern California and the Sierra 
Nevada (e.g., Blackburn and Anderson 1993). Key to these studies are robust archaeobotanical datasets (e.g., 
macrofossil, starch grain, pollen) and charcoal records that allow for the reconstruction of local environments.

The same basic trade-offs that dictate whether a woman should construct a BRM also applies to 
whether a group of individuals will invest in landscape management techniques despite the potential con-
flicts of interest and collective action problems that may arise. The two practices likely act as incentive for 
one another. Constructing a BRM requires assurance of repeated use, and such landscape management is 
only beneficial if you in turn have assurance that you will reap a future reward. The BRM is a visible sign 
of landscape management, but proxy measures of modification to plant and animal communities may also 
be available in associated archaeological deposits.

Investing in the landscape, then, effectively establishes a self-reinforcing dynamic process of further 
investment and increased territoriality, a process also analyzed by Price (2016) using Niche Construction 
Theory (Laland and O’Brien 2010; Odling-Smee et al. 2003). Ultimately, the ubiquitous presence of bedrock 
milling features in California is a material representation of human impacts in variable environmental settings 
through time. The quote from David Robinson introducing this topic encapsulates this phenomenon—BRMs 
represent an anthropogenic, humanized landscape, or ‘taskscape’ that is fundamentally different from an 
environment not impacted by human involvement.

Conclusions and Data Requirements

Identifying if and how the landscape associated with a bedrock milling site, or suite of sites, has been 
intentionally modified requires sufficient samples of charcoal, plant macrofossils, and plant microfossils. 
Charcoal and plant macrofossils can be sampled through the collection of flotation samples from discrete 
component assemblages, whereas pollen sampling generally requires specific contexts where pollen accu-
mulate (e.g., pond or lake sediments). Charcoal and pollen can both be sampled from continuous core or 
auger samples as well. Starch grains can be sampled directly from bedrock features (Wisely 2016) as well 
as other milling equipment.

Observable changes in charcoal and plant macro- and micro-fossil frequencies can reflect changes in 
local plant community composition over time, which can potentially indicate the presence of anthropogenic 
landscape management practices. Environmental modifications such as controlled anthropogenic landscape 
burning that increase the availability of economically important plant communities may be directly and 
indirectly observable in archaeobotanical records. Similarly, changes in faunal communities resulting from 
a process of anthropogenic habitat modification should also be observable in zooarchaeological data col-
lected in different ecological contexts. These lines of evidence, and their potential correlative relationship, 
can further elucidate the relationship between population density, mobility, settlement patterns, purposeful 
landscape modification, and the use of bedrock milling features in varying spatiotemporal contexts.
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CHAPTER 8. 
BEDROCK MILLING FEATURES’ ROLE IN FOOD PROCESSING—WHAT WAS PROCESSED?

The bedrock mortar was at first a slight natural depression in a granite boulder. With the wear of 
the pestle a cup was formed. When a cup became too deep, a new one was started a few inches or 
feet away. Such a boulder served as the communal milling place for all the women of a hamlet. Deep 
mortar holes were used for the preparation of manzanita berries, oats, and other seeds, especially 
when it was desired merely to crack the shells and not crush the meats, previous to winnowing. In 
such a case the pestle was used lightly and also worked sidewise in the hole. 

Samuel A. Barrett and Edward W. Gifford (1933:208) 
Miwok Material Culture: Indian Life of the Yosemite Region 

Bulletin of the Public Museum of the City of Milwaukee 2(4)

	 California archaeologists have typically associated bedrock mortars with acorn pro-
cessing and millingslicks with seed grinding.

	 Ethnographic accounts indicate bedrock mortars were used to process a wide variety 
of foods.

	 Bedrock milling features were also used to process materials other than plant foods, 
such as pigments, animal skins, clay, and plant fibers.

	 Archaeobotanical data demonstrate a diversity of plant foods processed in both slicks 
and mortars including fruits, nuts, and seeds.

	 Traditional associations between the type of milling feature and the resources processed 
need to be reconsidered.

	 Starch grain analysis and X-ray fluorescence may provide new insights into the materials 
processed in bedrock milling features.

Throughout the last 75 years, California archaeologists have associated the distribution and mor-
phological variation of milling features with specific resources—mortars with acorn flour production and 
millingslicks with seed grinding. Basgall (2004:90), for example, asserts that “acorns were processed using 
mortars and pestles virtually throughout California during the Ethnographic Period (Baumhoff 1963; Driver 
and Massey 1957; Gifford 1936) whereas millingslabs and handstones were characteristically used in grinding 
other resources, especially small seeds.” Kroeber (1925:411) also attributed the relationship between mortars 
and acorns to oiliness “which makes milling difficult.”

The near-universal correlation of bedrock mortars with acorn flour production based on ethno-
graphic descriptions is somewhat paradoxical given concurrent contemporary accounts indicating the wide 
variety of resources processed using mortars, both fixed and portable. As Basgall (2004:90) notes, “obvi-
ously, there is no strict one-to-one correspondence between milling tool morphology and function (Basgall 
1982; McCarthy et al. 1985; Schulz 1981); indeed, there is good reason to believe that mortar and pestle use 
was associated with other foodstuffs and that acorns were processed in their absence.” Rucks (1995:26) un-
derscores this discrepancy, remarking that “[e]thnographic records indicate a broad spectrum of uses for 
ground stone milling tools that lend credence to the opinion that the metate/seed, acorn/mortar dichotomy 
is simplistic, obscuring the variety of food—including roots, tubers, herbs, meat, bone, dried fish, rodents 
and insects processed, as well as the medicines, pigments, and hides.” This is exemplified in observations 
of the Tübatulabal processing plant foods in bedrock mortars including pinyon nuts, mesquite, chia, wild 
oats, grass seeds, wheat, corn, juniper berries, box thorn berries, and rush roots, as well as clay (Schroth 
1996; Voegelin 1938:18–19, 34).

A comparable inventory of the array of resources prepared for consumption using BRMs is found 
in Barrett and Gifford’s (1933) seminal ethnography of the Sierra Miwok. In addition to acorns, they report 
numerous species of seeds (pp.151–153, 208), sugar pine nuts (p. 151), greens (p.159), manzanita berries, wild 
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oats (p.208), and various bulbs and roots (pp. 155–158) being processed in bedrock mortars. This is especially 
notable given the influence Barrett and Gifford’s ethnography had on subsequent Sierran studies, particularly 
James Bennyhoff’s work in Yosemite National Park during the initial University of California Archaeological 
Survey (Bennyhoff 1956). Despite descriptions of the wide variety of foods and other materials processed in 
them, the predominant association of bedrock mortars with balanophagy and acorn processing continued.

Ethnographic research conducted in the latter half of the twentieth century (e.g., McCarthy et al. 
1985; McCarthy 1993) generated a frame shift in bedrock mortar function research that continues to be wide-
ly used in investigations of Sierran prehistory (see Chapter 6). Based on recollections of traditional acorn 
processing by elderly Mono consultants, McCarthy et al. (1985) established that bedrock milling features 
were intentionally manufactured, identifying four operational uses of grinding surfaces based on mortar 
depth associated with processing of disparate resources:

	 Starter mortars = ≤5.5 centimeters deep; used to reduce acorn meats into smaller pieces 
during the first stage of processing.

	 Finishing mortars = 5.51–9.5 centimeters deep; used in the final stage of processing to 
further reduce acorn meal into flour.

	 Seed mortars = >9.5 centimeters deep; used for grinding seeds

	 Slicks: used for crushing berries and other foods

The Western Mono or Monache model is notable for its inclusion of ‘slicks’ as a functional class 
of grinding surface used for food processing. This again differs significantly from Barrett and Gifford’s 
ethnographic accounts which mention neither portable millingslabs nor bedrock millingslicks. Regarding 
millingslicks and portable ‘metates’ they state that, “[o]ur informants did not mention their use in the acorn 
industry, and moreover said that any use of them was a modern innovation from east of the Sierra Nevada. 
If this is so, then the Miwok have adapted it to the preparation of acorn meal for which it is not used in the 
Great Basin as oaks are absent from that region.” (Barrett and Gifford 1933:206).

The discrepancies between Barrett and Gifford’s (1933) and McCarthy et al.’s (1985) ethnographic 
descriptions of milling feature manufacture and use prompted the development of hypotheses suggesting that 
variation in depression depth and dimension at different locales imply differences in subsistence strategies 
and/or markers of ethnic variation (e.g., Hull and Kelly 1995; Montague and Mundy 1995; Hull and Moratto 
1999; Hull 2007:186). These hypotheses, however, did little to dispel the notion that mortars were for acorns 
and slabs/slicks were for small seeds. Johnson (1985), for example, suggests that higher occurrences of mill-
ingslicks in archaeological sites at the western Great Basin/Sierra interface is indicative of a greater reliance 
on grass seed processing and therefore Numic incursions, whereas high numbers of BRMs indicate intensive 
acorn processing and Penutian occupation. Similarly, Haney (1992) suggests that sites on the east side of the 
Sierra Nevada with large numbers of mortars of varying depths imply the importation of acorn subsistence 
from the western Sierras after 1000 BP as a means of augmenting winter stores of pinyon nuts.

While the analyses of milling variability enumerated above are unambiguous in their recognition of 
the variety of resources that were processed in bedrock mortars, the common perceived wisdom that mortars 
are associated with acorn processing persists today. However, given that bedrock mortars are present in 
ecological contexts where oaks are rare or entirely absent, questions about what foods and materials other 
than acorns were processed in BRMs remain (e.g., McGuire 2000:92). That said, “determining what was 
processed in bedrock milling features has a long, relatively unsuccessful history in California” (Morgan 
2006:179). Here we discuss three separate lines of evidence—ethnography, associated archaeobotanical 
remains, and starch grain remains.

ETHNOGRAPHIC USE OF BEDROCK MILLING FEATURES

The ethnographic record of bedrock mortar use, similar to the archaeological literature, emphasizes 
the Sierra Nevada. The best overview of use comes from the Cultural Element Distributions (CED) lists, 
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ethnographic summaries that were part of the “salvage ethnography” effort of the early-twentieth century. 
The CEDs are annotated lists of cultural traits based on ethnographic interviews. These lists are an excellent 
way to get a snapshot into ethnographic cultures, but are limited by the memories and traditions of the 
individuals with whom the ethnographers spoke.

The use of bedrock mortars was included under the “tools and implements” category with little other 
information provided about the resources processed or specifics of manufacture and use. The only additional 
piece of information garnered was the consultant’s beliefs about mortar origins—“created by puma/coyote” 
or “created by humans.” The simple presence/absence of mortars in the ethnographic record is summarized in 
Table 17. Also included in this table are presence/absence data of sites with bedrock milling features based on 
our own database (see Chapter 3). Ethnographic group territories for this latter column are based on the broad 
linguistic boundaries drawn by Milliken as part of the California Ethnographic Community Distribution Model.

Table 17. Summary of Presence/Absence of Use of Bedrock Mortars in Cultural Element Distributions List 
and Sites with Bedrock Milling Features in the Caltrans Cultural Resources Database Dataset.

Ethnographic 
Group

Listed in

CED a
Site in
CCRD

Ethnographic 
Group

Listed in 
CED a

Site in
CCRD

Achumawi X X Mojave X X
Atsugewi - - Nisenan X X
Cahuilla X X Nongatl - -
Chemehuevi X - Northern Paiute X X
Chilula - - Owens Valley Paiute X X
Chimariko - - Panamint X -
Chumash X X
Costanoan X X Pomo - X
Cupeño X X Salinan X -
Ipai X X Serrano X X
Esselen - X Shasta - X
Fernandeño X - Sinkyone - -
Gabrielino X - Southern Paiute X -
Hupa - X Tolowa - -
Karuk - X Tübatulabal X X
Kato - -
Kawaiisu X X Washoe X X
Kitanemuk X - Western Mono X X
Klamath - - Wiyot - -
Lassik  - - Yana - X
Luiseño X X Yavapai X -
Maidu X X Yokuts X X
Mattole - - Yuki - -
Miwok X X Yuma - -
Modoc - X Yurok - -

Note: a Aginsky (1943); Driver (1937); Drucker (1937, 1941); Harrington (1942); Kroeber (1925); Stewart (1941); 
Voegelin (1942). CED – Cultural Element Distribution. CCRD – Caltrans Cultural Resources Database.

As Table 17 demonstrates, there are several groups that did not acknowledge use of bedrock milling 
features but had sites with such features in their traditional territories. These include the Esselen, Pomo, 
Shasta, Hupa, Karuk, Modoc, and Yana. All these groups have “bedrock mortar use” listed as “Elements 
Lacking” in the CED. It is likely that these oversights in the ethnography reflect either abandonment of 
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feature use following contact with Euro-Americans or simply a lack of traditional use by consultants and 
their families.

Subsistence Resources Processed

There are almost no direct mentions of the manufacture of bedrock features in the ethnographic 
literature and very little information generally on the resources that were processed (in either “portable” or 
bedrock milling implements). Voegelin (1942) notes that “among several [Northeastern California] groups, 
bedrock mortars [were] used chiefly for substances which require hard pounding such as acorns.” Kroeber 
(1925) notes that many groups processed acorns in mortars (though his emphasis is on the central Sierra 
Nevada region).

Perhaps the most detailed accounting of bedrock milling feature use is found in Barrett and Gifford’s 
(1933) Miwok Material Culture: Indian Life of the Yosemite Region. They provide a detailed summary of acorn 
processing in milling features:

A peck or two of shelled acorn meats were placed on the mortar and the woman sat with 
her legs spread out straight on either side of the grinding area. The cobblestone pestle was 
grasped in both hands and raised to about eye level. The body, hinging at the waist, swung 
backward as the pestle was raised and forward as it descended. As the grinding progressed 
and the acorns were reduced to coarse meal, it was kept in a ring, a foot or two in diame-
ter and four or five inches high, with a crater in its center directly over the cupping in the 
mortar. The jar of the pounding shook down, both inside and outside the crater, the coarser 
particles of meal. Those in the crater fell automatically under the next blow of the pestle. At 
intervals of fifteen or twenty strokes of the pestle those coarse particles on the outside were 
scraped up with the hands and over into the crater. This process continued, with occasion-
ally a general sweeping up with the soaproot brush, until the whole mass was reduced to a 
relatively fine meal. This was sifted repeatedly and the coarser meal (wassa’yû, C) returned 
for further grinding [Barrett and Gifford 1933:142].

Pine nuts—mainly gray pine and sugar pine—were also processed in mortars:

In addition to shelling the [pine] nuts, which are soft shelled, and eating the meat whole, 
the Central Miwok pulverized the nuts, shell as well as meat, in a mortar until they had 
the consistency of peanut butter, but a darker color. This sugar pine nut butter was called 
lopa (C), a generic term for all such preparations. Sugar pine nuts were prepared as lopa 
especially for feasts (kote, C). [Gray] pine nuts could not be prepared as lopa, because their 
shells are too hard and thick. Sugar pine lopa was eaten with the fingers along with acorn 
soup (nüppa, C), or with manzanita cider (sakema, C) [Barrett and Gifford 1933:149].

Importantly, Barrett and Gifford (1933) also list the following resources as processed in bedrock 
milling features: dried meat and fish; shredded and dried mushrooms; small seeds including primrose, red 
maids, and “wild oats”; bulbs and corms, greens, and gooseberry.

Voegelin (1938:18–19, 34) identifies a similar variety of resources processed by the Tübatulabal in-
cluding chia, wild oats, juniper berries, box thorn berries, rush roots, and clay (Schroth 1996). The Cahuilla 
and other groups living in the deserts of southeastern California processed yucca (Bean and Saubel 1972:15) 
and many southern California groups processed mescal (Drucker 1941:96). Most groups also processed both 
fresh and dried meat including large and small mammals, lizards and snakes, shellfish such as abalone, and 
insects (Banks 1970; Barrett and Gifford 1933; Driver 1937; Schroth 1996; Stewart 1942).

In fact, it seems that most every resource available to California Indians was prepared using mill-
ing equipment in certain circumstances. Schroth (1996), for instance, provides a list of 42 discrete plants 
processed by groups in southern California and her list does not include any of the nuts associated with 
bedrock milling feature use in the northern portion of the state.
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Non-Subsistence Resources Processed

Schroth (1996) also provides an excellent summary of non-resource processing using milling imple-
ments. She does not differentiate between portable and fixed milling processes, but those resources that were 
pounded or pulverized would likely have been processed in bedrock or portable mortars, while those that 
were ground were likely processed on metates, millingslabs, or on bedrock slicks. Schroth’s (1996) Table 4 
has been replicated here with some additions from the northern California literature (Table 18).

Mortars and slicks were important in the manufacture of both pottery and basketry. Clay and various 
temper materials for pottery were ground by those that made pottery in southern and southeastern California 
(Driver 1937; Drucker 1937, 1941; Stewart 1942). Yucca, agave, and various other fibrous plants were pounded 
as part of the process of extracting fibers for basketry and myriad other uses (Bean and Saubel 1972; Drucker 
1937, 1941). Bean and Saubel (1972) document the pounding of various plants as soaps, shampoos, and de-
odorants among the Cahuilla, but it is likely that similar practices were present throughout the state.

Table 18. Non-Subsistence Resources Potentially Processed in Bedrock Milling Features 
(after Schroth 1996:Table 4).

Material Use Group References
Clay Ground fine for ceramics Owens Valley Paiute; Tübatulabal, Luiseño, 

Cahuilla, Ute, Southern Paiute, Serrano, Cupeño, 
Ipai, Tipai, Yuma, Chemehuevi, Tongva

Driver (1937);  
Drucker (1937, 1941); Stew-
art (1942)

Temper Ground fine for ceramics Owens Valley Paiute, Tübatulabal, Luiseño,  
Ipai, Tipai, Cahuilla, Panamint, Yuma, Cheme-
huevi, Mohave

Driver (1937);  
Drucker (1937, 1941); Stew-
art (1942)

Paint Ground fine Ute, Southern Paiute, Luiseño, Gabrielino, DuBois (1908)
Jimsonweed Hallucinogen Luiseño Strong (1929)
Saltbush/Milkweed/Yucca Soap Cahuilla Bean and Saubel (1972)
White Sage Deodorant/Shampoo Cahuilla Bean and Saubel (1972)
Terba Santa, Croton, Juniper Topical medicines Cahuilla Bean and Saubel (1972)
Yucca/Agave Fibers for netting, clothing, 

snares, brushes, cordage
Cupeno, Ipai, Tipai, Pima, Chemehuevi, Cahuilla Bean and Saubel (1972); 

Drucker (1937, 1941)
Buckskin Tanning Various Drucker (1937)
Wild Sunflower Root Cleansing Miwok Barrett and Gifford (1933)
Various “Poisons” for  

shamanistic purposes
Achomawi Voegelin (1938)

References in the original ethnographic literature are somewhat lacking, but modern Native Ameri-
can consultants often refer to ritual uses of mortars to grind pigment and medicinal plants. Bean and Saubel 
(1972) reference the use of various plants including Yerba Santa, and juniper, which were crushed and then 
used as topical medicines. Voegelin (1938) refers to use of mortars “by [a] shaman to pound his poison” 
among the Achomawi. Most medicinal plants require some pounding and pulverization and therefore could 
have been processed using milling features.
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ARCHAEOLOGICAL EVIDENCE OF WHAT WAS PROCESSED

Existing evidence of what was processed in bedrock milling features comes from two sources—as-
sociated archaeobotanical remains and starch grains. Future studies may have success in identifying lipids 
and/or pigments associated with mortars and these methods and their potential for identifying additional 
processed items are discussed at the end of this section.

Archaeobotanical Remains

The best archaeological data for what was processed in bedrock milling features is the plant macro-
fossil assemblages that have been recovered from archaeological deposits. These data have been gathered 
over the past 30 years from archaeological middens throughout California (e.g., Reddy 1996, 1997a, 1997b, 
2003, 2004; Wohlgemuth 1996, 2004) and consist of charred nutshell, berry pits, and small seeds. Unfortu-
nately, archaeobotanical remains cannot be directly collected from within features themselves and therefore 
can only be assumed to have been processed in features themselves.

Data from 29 sites with associated bedrock milling features were available for this study, though 
others are likely available elsewhere (Table 19; Figure 24). Available data are mainly from northern and 
central California: nearly one-third are from District 10 and another seven are from District 4, and samples 
from Districts 2, 3, 5, 6, and 9 are also included.

When data from all 28 sites are combined, 68 taxa are represented including eight nuts, six fruits, 53 
small seed species, and Brodiaea corms (Table 20). Acorn and/or gray pine are found in nearly all samples, 
but so are small seeds. Notable among the small seeds are the presence of tobacco at one site (SHA-4964/H) 
and the psychotropic jimsonweed (Datura sp.) at one site (TUO-2194). Other plants identified in samples 
and with medicinal purposes as noted in the ethnography include sage (Salvia sp.), juniper (Juniperus sp.), 
and wild sunflower (Helianthus sp.).

Table 19 provides a summary of the presence/absence of four classes of plant foods across the sam-
ple sites. “Ubiquity” is calculated as the percentage of samples from a site that contain that class of plant. 
Much of the variation in the presence/absence of plant types is likely explained by the variety of vegetation 
communities in which sites are found. For instance, no fruit remains are found in the three sites in Desert 
Scrub community (CA-INYO-5968/H, -5969/H, and -5990/H), but fruit are generally absent in these settings.

CCRD keyword data were available for 13 of 29 sites (Table 21). Of these, six have both bedrock mor-
tars and slicks, two have only slicks, and five have only mortars. Matching the ethnographic evidence of the 
processing of diverse plants, nuts, fruit and small seeds are all found at sites with both types of features. In 
fact, with a few exceptions, pine nuts, acorns, fruits and small seeds are found in 80 percent of all aggregated 
samples from different site types. Exceptions include a lower percentage (61%) of samples including pine at 
sites with both mortars and slicks, and only 67 percent of samples at sites with only mortars containing fruit. 
The sites with only slicks are AMA-56 and CAL-1983—both within the Valley Oak Woodland and well away 
from regular sources of either fruit or pine.

The archaeobotanical data support the wholesale processing of plant foods identified in the ethno-
graphic record—nearly all plants that were available in and around bedrock milling sites were processed. 
These included both dietary and non-dietary plants (sage, tobacco, jimsonweed).
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Site with BRM/Mortar
Site with Slick/Millingslick
Site with BRM and Slick
Site with no Keyword
Caltrans District Boundary
County Line
Highway
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Figure 24. Location of Bedrock Milling Sites with Analyzed Archaeobotanical Samples.
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Table 20. List of Plant Taxa Identified in Archaeobotanical Samples from Sites 
with Bedrock Milling Features.

Taxa Common Name Taxa Common Name
Nuts Fruits
Aesculus californica Buckeye Arceuthobium spp. Mistletoe
Corylus cornuta var. californica Hazel Arctostaphylos spp. Manzanita
Marah sp. Wild cucumber Fragaria spp. Wild strawberry
Pinus monophylla Pinyon Juniperus californica Juniper
Pinus sabiniana Gray pine Rubus parviflorus Thimbleberry
Pinus spp. Thin pine Rubus spp. Blackberry
Quercus spp. Oak/Acorn Corms
Umbellularia californica Bay nutshell Brodiaea spp. corm Blue dicks
Small Seeds
Achyrchaena mollis Blow wives Lasthenia spp. Goldfields
Adenostoma fasciculatum Chamise Lepidium spp. Peppergrass
Amsinckia spp. Fiddleneck Lupinus spp. Lupine
Artemisia tridentata Sagebrush Madia spp. Tarweed
Atriplex spp. Saltbush Malva spp. Cheeseweed
Bromus spp. Brome grass Medicago spp. Burclover
Calandrinia spp. Red maids Mentzelia spp. Blazing star
Ceanothus spp. fruit Ceanothus Nemopila spp. Baby blue eyes
Centaurea spp. Star thistle Nicotiana spp. Tobacco
Chenopodium berlandieri Pitseed goosefoot Phacelia spp. Phacelia
Chenopodium cf. desiccatum Aridland goosefoot Phalaris spp. Maygrass
Chenopodium rubrum Red goosefoot Plantago spp. Plantain
Chenopodium spp. Goosefoot Poa spp. Bluegrass
Clarkia spp. Farewell to spring Potamogeton spp. Pondweed
Claytonia spp. Miners lettuce Purshia tridentata Antelope bush
Corylus cornuta var. californica Hazel Ranunculus spp. Buttercup
Datura spp. Jimsonweed Rumex spp. Dock
Deschampsia spp. Hairgrass Salvia spp. Sage
Eriogonum spp. Wild buckwheat Sambucus spp. Elderberry
Erodium spp. Filaree Schoenoplectus spp. Tule
Galium spp. Bedstraw Scirpus spp. Tule
Helianthus spp. Sunflower Suaeda spp. Seepweed
Hemizonia spp. Tarweed Trifolium spp. Clover
Hordeum spp. Native barley Vaccinium spp. Huckleberry
Hordeum spp. Wild barely Verbena spp. Vervain
Juncus spp. Rush Vulpia spp. Fescue
Lagophylla spp. Hareleaf
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Table 21. Summary of Plant Class Ubiquity for Sites with Bedrock Milling Feature Keywords.

Milling Feature  
Keywords Sites Samples Pine/ 

Pinyon (%) Acorn (%) Fruit (%) Small  
Seeds (%)

Both n 6 46 28 44 41 41
% 61 96 89 89

Slicks Only n 2 4 50 100 50 75
% 13 88 13 94

Mortars Only n 5 21 17 20 14 13
% 81 95 67 87a

Note: a Methods at CA-SHA-1169 did not allow for the recovery of small seeds, and therefore 
this ubiquity excludes six samples (13/15).

Starch Grains

Wisely (2016) has recently experimented with extracting starch grains directly from bedrock milling 
features—a technique that provides direct evidence of what was processed rather than relying on the asso-
ciation of midden soil with the features. Since archaeobotanical analysis relies on identification of burned 
nutshell, berry pits, and seeds, it has potential to miss taxa that were not burned during processing or do not 
have durable structures that survive such burning (e.g., starchy root structures of some bulbs and corms). 
Wisely (2016) extracted starch grains from bedrock mortars at five sites in the Sierra Nevada (Table 22).

Wisely identified a much more limited range of taxa—ricegrass, black oak, cattail, brome grass, and 
hollyleaf cherry—but interestingly this included two taxa (cherry and cattail) that were not identified in the 
archaeobotanical samples. Wisely’s study was more of a proof of concept than a wide-ranging subsistence 
analysis and therefore future results have potential to complement archaeobotanical techniques.

Table 22. Summary of Starch Grain Identifications by Wisely (2016).

Trinomial 
(CA-)

Features 
Sampled Taxa Identified

CAL-277/H 3 Quercus kelloggii (black oak), Prunus ilicifolia (hollyleaf cherry), Bromus spp. (brome grass), 
Aesculus californica (buckeye), Stipa hymenoides (ricegrass), Typha spp. (cattail)

AMA-114/H 3 Stipa hymenoides (ricegrass), Typha spp. (cattail)
AMA-345 4 Quercus sp. (oak), Bromus spp. (brome grass), Stipa hymenoides (ricegrass), Typha spp. (cattail)
ALP-156 1 Quercus kelloggii (black oak)
ALP-171 4 Quercus kelloggii (black oak), Stipa hymenoides (ricegrass)

SUMMARY AND DATA REQUIREMENTS

Ethnographic and archaeological evidence demonstrate that a broad spectrum of resources were pro-
cessed in bedrock milling features. In fact, it appears likely that any plant processed by Native Californians 
was processed in bedrock milling features. This includes subsistence remains, but also non-subsistence plants 
such as sage and juniper (medicinal) and tobacco and jimsonweed (ceremonial/recreational).

Ethnographic evidence also points to the potential processing of pigment, temper, and other non-or-
ganic materials. There have been few studies aimed at identifying these materials, but X-ray fluorescence 
has potential to identify elemental residues on bedrock (see Parker and Whitaker 2020 for an unsuccessful 
attempt at identifying ochre and cinnabar).

Future research could focus on the non-dietary remains that might be identified through XRF. 
Additional data from sites in southern California would supplement the larger datasets from central and 
Southern California. In particular, data from sites in the traditional territories of desert tribes (Cahuilla, 
Cupeño, Ipai, Tipai, Pima, Chemehuevi) would substantiate ethnographic data (see Table 3).
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SECTION III 
CALTRANS DISTRICT SUMMARIES

This section includes summaries for 12 Caltrans Districts of the geography, distribution, and 
nature of bedrock milling sites as documented in the CCRD database; data requirements 
and prospects of research under each of the five research topics identified in Section II (Table 
23); and potential sources of additional data beyond the CCRD and CHRIS systems. These 
summaries provide initial context for archaeological evaluations at sites with bedrock mill-
ing features and should be updated as new data become available. Both the archaeological 
data and discussions of Geographic Province Sections (shortened to “Geographic Sections” 
throughout this chapter) are drawn from Chapter 3 which offers details regarding how 
these data are distributed.

Table 23. Data Requirements for Research Issues Presented in Section II.

Research Issue Data requirements Eligibility Thresholds
Timing of Bedrock Mill-
ing Feature Use

Radiocarbon dates, obsidian hydration, diagnostic 
artifacts in association with feature.

Individual sites can be determined eligible if they provide 
unique age information or if they provide evidence that can 
be combined with regional datasets to examine this issue.

Discerning Settlement 
and Subsistence Models

Associated archaeobotanical data; other seasonal 
indicators (e.g., shellfish isotope data); toolkits 
indicative of intensity of use.

Evidence of a specific season of use (and specific activities) 
at a site, or evidence of year-round occupation as evidence 
of sedentism. Requires correlation with seasonal use of 
other nearby sites and activities. Seasonality studies may  
be necessary.

Morphology and Func-
tion of Bedrock Mortars

Metrics on bedrock milling features and asso-
ciated artifacts from sites or regional samples; 
archaeobotanical remains.

All sites with bedrock mortars will have available metric 
data. This does not automatically qualify them for eligibil-
ity. These data must be combined regionally and correlat-
ed with what was processed (see “What Was Processed 
in Bedrock Mortars”). Eligible sites will likely also have 
associated dietary remains that can be correlated with 
functional categories or depths.

Landscape Management 
and Investment 

Seasonality data; paleoenvironmental data  
(plant macrofossils, charcoal IDs, pollen cores 
from accumulated sediments); presence of  
non-local plants

Sites must have available paleoenvironmental information 
from within or surrounding sediments. These data must 
show local changes in vegetation communities, firewood 
(through charcoal), or plant resources.

What Was Processed  
in Bedrock Milling 
Features

Archaeobotanical remains, starch grains, or pig-
ment residues

Sites with intact and identifiable starch grains, robust asso-
ciated archaeobotanical remains, or evidence of non-local 
elemental signatures consistent with pigments  
(i.e., iron or cinnabar) will be eligible.

Note: The data requirements summarized in Table 23 above apply to eligibility determinations for individual BRM sites with archaeolog-
ical deposits under Criterion D. Chapter 11 provides information on determining eligibility for BRM sites without associated deposits; 
eligibility under Criteria A, B, and C; and eligibility as a contributor to larger landscapes.
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CHAPTER 9. 
CALTRANS DISTRICT SUMMARIES AND RESEARCH STATUS

The bedrock mortars were merely large flat out-croppings of the bedrock of the region. Such a surface 
might contain from one to perhaps a couple of dozen of the cuppings or mortar holes, depending upon 
the population and age of a village. These cuppings were abandoned after they had worn to a depth 
of perhaps five inches. Such a bedrock mortar was a community “mill” and here at times the women 
congregated in numbers to do their grinding and to chat.

Samuel A. Barrett and Edward W. Gifford (1933:143) 
Miwok Material Culture: Indian Life of the Yosemite Region 

Bulletin of the Public Museum of the City of Milwaukee 2(4)

Chapter 9 provides a summary of milling feature use in each of 12 Caltrans Districts including:

	 Geography.

	 Distribution of milling features in the database.

	 Culture history as it pertains to milling features.

	 Research potential under each of the issues outlined in Section II.

	 Unique feature types (if applicable).

	 Potential sources of additional data.

DISTRICT 1

Caltrans District 1, along the north coast of California, encompasses Lake, Mendocino, Humboldt and 
Del Norte Counties. Despite the presence of suitable bedrock, milling features are less common in District 
1 than elsewhere in the state, particularly in areas outside the Clear Lake basin.

Geography

District 1 is perhaps the least populated Caltrans District, with large areas of rugged coastline and 
the dense forests and dramatic topography of the Northern Coast Ranges and Klamath Mountains. Over-
land travel was difficult for pre-contact Native Americans, so rivers flowing toward the ocean were the most 
efficient routes of transportation (Smith, Klamath, Trinity, Eel River and its tributaries, Russian River, and 
the shorter Mattole, Gualala, and Navarro Rivers). Northwestern California is far and away the wettest and 
coolest area in the state, with a yearly average of up to 125 inches of rain in the far northwest. The District 
includes parts of four Geographic Sections—Northern California Coast, Northern California Coast Ranges, 
Northern California Interior Coast Ranges, and Klamath Mountains.

Vegetation

Coastal vegetation is dominated by redwood forests within the fog belt and Douglas-fir-tan oak 
communities on elevated slopes. Willow-dominated riparian communities are found along the numerous 
large rivers that wind through the conifer forests. Coastal flats and open valleys are home to grassland 
communities which may have been more extensive as a result of pre-contact controlled burning. Few plant 
foods are available within the redwood forests but are more abundant in the surrounding hardwood forests, 
particularly tan oak and Oregon white oak acorns.

Within the Northern Coast Ranges, vegetation includes grassland- and chamise-dominated chaparral 
communities, oak woodlands (blue and Oregon white oak), and Douglas fir-tan oak communities. Nut-bearing 
trees include stands of valley and blue oak and gray pine.
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In the more rugged Klamath Mountains, a complex array of hardwood forests, consisting mainly 
of fir and conifer communities, is relatively devoid of edible plant foods. Interspersed, however, are canyon 
live oak and Oregon white oak acorns and mixed chaparral shrublands containing blue oak acorns, grass 
seeds, and various berries.

Availability and Quality of Bedrock

Bedrock material and quality are as varied as the diverse origins of mountain ranges in District 1. 
Along the coast, bedrock consists of Late Mesozoic Franciscan formation strata with some shelf and slope 
sedimentary strata intermixed (Jennings et al. 1977; Saucedo et al. 2000). The Northern Coast Ranges consist 
of parallel ridges with folded and metamorphosed strata made up of Franciscan formation bedrock, Meso-
zoic ultramafic rock, and Cenozoic volcanic rocks (Jennings et al. 1977; Saucedo et al. 2000). Klamath range 
geology is a complex array of Paleozoic sedimentary and volcanic rock mixed with Mesozoic ultra-mafic, 
granitic, sedimentary, and volcanic rocks (Jennings et al. 1977; Saucedo et al. 2000). These materials range 
from slightly hard to hard. Throughout District 1, bedrock is found within mountain ranges and in nearly 
all rivers that were the focus of human occupation throughout prehistory. Exposed bedrock is available in 
many settings and should not have been a barrier to the manufacture of bedrock mortars or slicks. In addi-
tion to available bedrock, high water flows and exposed bedrock are excellent conditions for the presence 
of abundant rounded cobbles suitable for handstones and pestles.

Distribution of Bedrock Milling Features

Despite raw material distributions, bedrock milling features are rare in District 1, mainly restricted 
to Lake and Mendocino Counties (Table 24; Figure 25). The only five bedrock milling features recorded in 
Humboldt County are along Highway 36 in Larrabee Valley (n=4) and in the extreme northwest of the state 
in Trinity County, while none are recorded in Del Norte County. In Mendocino County, only six bedrock 
milling sites are found within 20 miles of the coast—three on US 101 and three on SR 20—with the remain-
der in the interior along US 101 and the Eel River. Bedrock milling sites in Lake County are mainly found 
south of Clear Lake.

Table 24. Number of Bedrock Milling Sites by County in District 1.

County  Sites

Del Norte -

Humboldt 5

Lake 25

Mendocino 17

Total 47

One third of the milling sites are found within Annual Grassland communities, with another 15 per-
cent each in the Chamise-Redshank Chaparral and the Blue Oak-Foothill Pine communities (Table 25). Given 
these habitat patterns, it is not surprising that milling sites are found at lower elevations (<2,000 feet amsl).

CCRD keyword data for bedrock milling sites were found for 21 of the total 47 sites. Of these, 11 had 
only millingslicks, nine had only mortars, and one had both. Six sites had pestles and all but one were des-
ignated as occupation sites (Table 25). This latter finding may point to a higher threshold for bedrock mortar 
use—i.e., semi-permanent or permanent occupation rather than logistical foraging or provisioning. Of note in 
District 1 is the co-occurrence of cupules with bedrock milling features. These non-subsistence related features 
are often found on vertical faces of bedrock that also has milling features on the horizontal face.
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Figure 25. Distribution of Bedrock Milling Features in District 1.
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Table 25. Summary of Bedrock Milling Sites and CCRD Keyword Hits 
by Vegetation Community in District 1.

Vegetation Community Sites
Average 

Elevation 
(feet)

Average 
Distance to 
Water (feet)

Only 
Slick

Only Mor-
tar

Both Slick/ 
Mortar Pestles Occupation

Annual Grassland  17 1,425 356 7 3 - - 8
Blue Oak-Foothill Pine  7 1,077 152 2 4 - 2 -
Chamise-Redshank Chaparral  7 1,744 418 - - - - 2
Montane Hardwood  4 1,194 474 1 - 1 2 6
Barren  2 512 20 - 1 - - -
Douglas-Fir  2 1,895 276 - - - - 2
Mixed Chaparral  2 1,509 344 - - - 1 -
Blue Oak Woodland  1 1,998 145 - - - - 1
Coastal Oak Woodland  1 1,240 155 - - - - -
Montane Riparian  1 568 46 - 1 - 1 1
Unclassified  3 1,342 412 1 - - -
All Sites  47 1,371 315 11 9 1 6 20
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” (mortar or BRM – bedrock 
mortar), or both.

Culture History as it Relates to Milling Technology

District 1’s culture history has several local nuances but can be broadly divided between the north 
coast of Humboldt and Del Norte Counties and the North Coast Ranges territories of the Yuki, Cahto, Wap-
po, and Pomo in Mendocino and Lake Counties where most of the bedrock milling features are found. The 
focus here is on settlement patterns and milling tool use, mainly from Hildebrandt (2007).

The earliest evidence of milling tools is within the Borax Lake Pattern, starting as early as 10,000 cal 
BP and extending to between 6300 cal BP (south) and 5000 cal BP (north). The Borax Lake Pattern includes 
handstones and millingslabs associated with the first evidence of permanent occupation of the District. Lit-
tle is known about settlement/subsistence patterns during this time, but it appears that people in the north 
were highly mobile and milling gear was expedient. In the south, pestles were recovered from the Mostin 
site (LAK-380/381) in the Clear Lake basin dating to 8500–7000 cal BP. This coincides with evidence of the 
earliest acorn use and of longer-term settlement.

The Mendocino Pattern is an archaic adaptation found throughout the north and up to the north 
edge of Clear Lake between 5000 and 1500 cal BP. Handstones and millingslabs continue to be common in 
ground stone assemblages, but cobble mortars and pestles are also identified at some interior sites along 
with acorn macrobotanical remains as early as 3500 cal BP (Hildebrandt and Hayes 1993; Tushingham 2009). 
North of Clear Lake, Mendocino Pattern sites assigned to the Mendocino Aspect, rarely have midden deposits 
or burials and appear to represent a continuation of the Borax Lake lifestyle. In contrast, sites attributed to 
the Hultman Aspect of the Mendocino Pattern show higher levels of residential stability and include both 
midden deposits and human interments.

Beginning about 3200 cal BP, sites assigned to the Houx Aspect of the Berkeley Pattern are found 
around Clear Lake, sometimes occupied contemporaneously with Mendocino Pattern sites just miles away. 
Berkeley Pattern assemblages include a large number of bowl mortars and pestles and are found from Clear 
Lake out to the Sonoma and Mendocino coasts; millingslabs and handstones also appear in lower numbers 
in Berkeley Pattern assemblages. Houx Aspect sites reflect near year-round sedentary village occupation 
centered on abundant resources within and adjacent to Clear Lake. According to White et al. (2002), the more 
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sedentary Berkeley Pattern people controlled access to the fishery but allowed the more mobile Mendocino 
Patter people to participate in the harvest, probably in exchange for some other valuable commodity.

The last 1,500 years witnessed dramatic changes. In the north, the Late Period (formerly called the 
Gunther Pattern) begins around 1500 cal BP and is marked by shifts in adaptation to littoral- and riverine-fo-
cused fishing strategies and technologies. Plant foods remained important, and elaborate flanged pestles 
were part of the toolkit. Milling equipment associated with the Late Period in the north are almost exclusively 
(portable) hopper mortars—shallow depressions used with baskets to form a “bowl” for grinding. Bedrock 
milling features are absent from sites associated with the Late Period adaptations though it is possible that 
shallow depressions or slicks may be present on bedrock but have not been recognized.

To the south, the Augustine Pattern (1500–150 cal BP) extends from the Bay Area to Mendocino 
and Lake Counties, associated with both mortar/pestle and millingslab/handstone technologies (Basgall 
and Bouey 1991).

Interesting Regional Patterns in Bedrock Milling Technology—Hopper Mortars

The most distinctive aspect of milling technology in District 1 is the dominant use of hopper mortars. 
This is particularly true in the north where they are the most common form of Late Period milling technology. 
It appears that the trajectory that led to use of bedrock mortars in other regions diverged here and instead 
led to the use of hopper mortars. This may, in part, have been based on the availability of large cobbles in 
river channels of the north coast that provided raw material for these expedient tools. Large bedrock out-
crops were not necessary when a hopper basket could be attached to a convenient, large, flat cobble and 
used with just minimal preparation. It is also possible that bedrock outcrops were used as hopper mortars, 
but the evidence is more difficult to detect, and these features have been under-reported.

Portable hopper and bowl mortars were used in Lake and Mendocino Counties and the greater 
prevalence of the latter corresponds with the presence of bedrock mortars. This topic bears further explo-
ration in District 1.

Research Potential in District 1

Minimal research has focused on the role of bedrock milling technology within the pre-contact 
record of District 1. As a result, when bedrock milling features are identified, there is tremendous potential 
to contribute to our broader understanding of how bedrock milling features were used through time, par-
ticularly in the southern counties.

 ▪ Chronology—High Potential

Pestles and portable mortars are found as early as the 8500–6300 cal BP and throughout the 
remainder of the sequence. Greater sedentism is associated with later phases of the Berkeley 
Pattern, and site/settlement pattern permanence was likely sufficient to merit the production 
and use of bedrock milling facilities. There has been no explicit study of when bedrock 
milling features were first manufactured and used and therefore there is high potential for 
sites to contribute to this topic.

 ▪ Settlement-Subsistence—Moderate Potential

There are well-developed settlement-subsistence models for both the northern and southern 
portions of District 1 (Hildebrandt 2007; Hildebrandt and Hayes 1993; Tushingham 2009; 
White et al. 2002). Unlike in other Districts, bedrock milling features have rarely been includ-
ed in analyses of site and settlement patterns. To date, it remains an open question whether 
bedrock milling sites in District 1 are mainly associated with short- or long-term occupation 
sites or whether they form part of a broader logistical or seasonal pattern.
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 ▪ Morphology and Function—High Potential

To our knowledge, there have been no synthetic studies of the morphology of bedrock 
milling features in the North Coast Ranges or Clear Lake basin. Such studies would have 
potential to address local and regional patterning in bedrock milling feature use and could 
focus particularly on the differences between bedrock mortars and portable hopper and 
bowl mortars.

 ▪ Investing in the Landscape—High Potential

There is keen interest among some Tribes in District 1 to use traditional ecological knowledge 
to manage modern landscapes. As a result, there are abundant tribal sources (particularly 
in the northern counties) who can speak to landscape management practices. Paleoenvi-
ronmental studies from areas with bedrock milling sites could supplement this traditional 
knowledge to advance understanding about how plant processing was affected by landscape 
management practices.

 ▪ What was Processed in Milling Features—High Potential

Although the association of bedrock milling with acorn use has dominated the literature of 
the Sierra Nevada, Basgall (1987) based his arguments regarding balanophagy on the record 
of the North Coast Ranges. Others have continued to focus almost exclusively on the role 
of acorns as a primary plant food associated with mortar and pestle. Direct paleobotanical 
data associated with bedrock milling features can address this issue. Archaeobotanical data 
are available from just one bedrock milling site in District 1 (LAK-510) and no starch grain 
analysis on bedrock milling features has been carried out.

Potential Sources of Additional Data

Most of the land in District 1 is managed by federal and state agencies that do not always file records 
with the Northwest Information Center. Bedrock milling sites are limited mainly to Lake and Mendocino 
Counties and therefore agencies managing land in these areas are more likely to have information regarding 
additional milling sites. In addition to records on file at the Northwest Information Center, data may be 
available at the Mendocino National Forest, Six Rivers National Forest, California Department of Parks and 
Recreation, and Bureau of Land Management Ukiah Field Office.

DISTRICT 2

Caltrans District 2, in the northeastern portion of the state, encompasses Lassen, Modoc, Plumas, 
Shasta, Siskiyou, Tehama, and Trinity Counties. It extends from the eastern Klamath Mountains to the ac-
tive volcanic regions of the lower Cascade Range and Great Basin environments of the Modoc Plateau. The 
district includes a number of culture areas of California, from the sparsely populated and riverine-focused 
Trinity County groups to the highly populated Sacramento River tribes and to groups of the Cascades and 
Modoc Plateau.

Geography

District 2 has perhaps the greatest diversity of geographic settings and vegetation communities in 
the state, shaped by a steep west-east gradient in rainfall throughout and unique active volcanic areas in 
Modoc and Lassen Counties. Major waterways include the Sacramento and Klamath Rivers. From west to 
east, six Geographic Sections are: North Coast Interior Ranges, Klamath Mountains, Great Valley, Modoc 
Plateau, Northwest Basin and Range, and Southern Cascades.
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Vegetation

Twenty-three vegetation communities vary from the forests of the Klamath Mountains to the desert of 
the Modoc Plateau and Northwest Basin and Range. Blue Oak-Gray Pine Woodlands, chamise communities, 
and purple needlegrasses are found in the western counties. Willows and cottonwood line the narrow ripar-
ian zones where canyons are wide enough. Valley oaks are also present in large stands in the lower foothills 
that flank the Sacramento Valley and there are vast grasslands to the north in Shasta and Siskiyou Counties.

Fir and conifer communities, relatively devoid of edible plant foods, are found throughout the 
Klamath Mountains of Trinity and Siskiyou Counties but are interspersed with canyon live oak, Oregon 
white oak, and mixed chaparral shrublands. The portion of the Sacramento Valley within District 2 is marked 
by Annual Grassland communities with valley oak broken by riparian gallery communities that include 
sycamore, cottonwood, and willow.

The Modoc Plateau is covered by a mixture of sagebrush and conifer forests (mainly lodgepole, Jeffrey, 
and ponderosa pine). Saltbush, greasewood, and shadscale communities are found in the Basin and Range 
communities of Plumas County, and at higher elevations there are sedge meadows and aspen groves. No 
nut-bearing trees grow on the Modoc Plateau, but juniper is present and small stands of gray pine are found 
along Hat Creek and Pit River outside Burney in eastern Shasta County. Small seeds, including shadscale, 
likely made up the majority of processed plant foods, though geophytes were also important.

Availability and Quality of Bedrock

There is a great deal of variability in bedrock materials in the region, with bedrock outcrops found 
throughout the district. In the Klamath Mountains in Trinity and Siskiyou Counties, the geology is a complex 
array of Paleozoic sedimentary and volcanic rock mixed with Mesozoic ultra-mafic, granitic, sedimentary, 
and volcanic rocks (Jennings et al. 1977; Saucedo et al. 2000). These materials range from slightly hard to 
hard. Deeply incised canyons with bedrock-controlled channels are present throughout the Klamath Moun-
tains and, as such, bedrock suitable for milling in stream-channel settings should have been available to 
pre-contact inhabitants.

Along the Modoc Plateau, Cascades, and Basin and Range sections the lithology is dominated by 
volcanic and nonmarine sedimentary rocks with interspersed alluvial deposits (Jennings et al. 1977; Saucedo 
et al. 2000). These materials range from soft to hard with local variability in bedrock quality. Waterworn 
cobbles are found in streams throughout the district and many of the volcanic materials lend themselves 
well to shaping though are less durable than harder materials.

Distribution of Bedrock Milling Features

Features are mainly confined to the eastern portion of the district, with just two milling sites iden-
tified in Trinity County and seven in Siskiyou (Table 26; Figure 26). Over half of the sites are on the Modoc 
Plateau in Modoc and Lassen Counties, with another 15 in the Northwest Basin and Range communities 
of Lassen and Plumas Counties. Sites with milling features are mainly clustered on the Modoc Plateau 
(4,000–6,000 feet amsl) and in the Sierra Nevada and Cascade Mountain ranges, so it is not surprising that 
the average elevation of milling sites is around 3,800 feet amsl. Furthermore, it is not surprising that sites 
are within the predominant vegetation communities of these Geographic Sections (Table 27)—54 within the 
sagebrush and bitterbrush communities of the Modoc Plateau and Northwest Basin and Range. Ten addi-
tional sites are in Annual Grassland communities. Sites are also found in nearly all hardwood and conifer 
communities.
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Table 26. Number of Bedrock Milling Sites by County in District 2.

County  Sites
Lassen 54
Modoc 19
Plumas 16
Shasta 32
Siskiyou 7
Tehama 5
Trinity 2
Total 135

CCRD keyword data were available for 70 sites (52%) and provide some interesting insights. For-
ty-seven (67%) had millingslicks but no mortars, while 30 percent had just mortars. Nearly all those with 
just millingslicks are in bitterbrush and sagebrush habitats, either representing a favored processing method 
or the bedrock geology lent itself better to manufacture of slicks over cups. Only six sites with keyword 
searchability had pestles, while just under half are described as occupation sites. There is no noticeable 
patterning in the distribution of habitation sites by vegetation community.

Table 27. Summary of Bedrock Milling Sites and CCRD Keyword Hits by 
Vegetation Community in District 2.

Vegetation Community Sites
Average 

Elevation 
(feet)

Average 
Distance to 
Water (feet)

Only  
Slick

Only  
Mortar

Both Slick/ 
Mortar Pestles Occupation

Sagebrush 34 4,735 1,987 20 2 1 1 4
Bitterbrush 20 4,413 1,417 8 3 1 1 4
Annual Grassland 10 2,659 671 2 2 - - 3
Ponderosa Pine 9 2,642 191 1 2 - - 2
Sierran Mixed Conifer 9 4,548 406 1 1 - 2 2
Eastside Pine 8 4,640 681 3 1 - - 2
Juniper 6 5,042 1,582 1 1 - - 1
Mixed Chaparral 6 1,970 671 3 - - - 1
Montane Hardwood 6 2,071 206 - 2 1 1 4
Lodgepole Pine 4 5,026 319 1 - - - -
Water 4 4,031 1,097 - - - - -
Douglas-Fir 3 1,577 139 1 - - - 2
Blue Oak Woodland 2 1,137 615 - 1 - - -
Closed-Cone Pine-Cypress 2 1,365 15 1 - 1 - 2
Perennial Grassland 2 231 210 1 1 - 1 1
Valley Foothill Riparian 2 320 63 1 1 - - 2
Wet Meadow 2 3,929 222 - 1 - - 1
Alkali Desert Scrub 1 4,511 422 - - - - -
Barren 1 2,070 99 1 - - - 1
Freshwater Emergent Wetland 1 4,098 614 1 - - - 1
Low Sage 1 4,905 175 1 - - - -
 Montane Chaparral 1 3,051 82  - - - - -
Montane Hardwood-Conifer 1 1,759 57 - 1 - - 1
All Sites 135 3,759 1,022 47 19 4 6 34
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” (mortar or BRM – bedrock 
mortar), or both.
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Culture History as it Relates to Milling Technology

Caltrans District 2 encompasses several culture areas with distinct trajectories roughly divided in 
thirds from west to east, but with local variation as well. Trinity and western Siskiyou Counties are within 
the northwestern California cultural sphere, and the culture chronology closely follows the northern District 
1 sequence. The eastern side of the Klamath Mountains includes the Central Valley and foothills in Shasta 
and Tehama Counties with the culture history matching the Sacramento Valley; the remainder of the district 
falls into the Modoc Plateau/Northeastern California culture chronology.

In this discussion of milling tools and settlement patterns, we rely on sequences developed by Mack 
(1991) for the Upper Klamath River Canyon, Sundahl (1992) for Shasta and Tehama Counties, and McGuire 
(2007) for Northeastern California (Plumas, Modoc, and Lassen Counties).

Throughout the region, the earliest occupations are marked by the presence of millingslabs and 
handstones. In the upper Klamath River Canyon and Yreka Valley, this is during the Secret Springs Period 
(8300–7400 cal BP; Hildebrandt and Clay 2017). In Shasta County this is the Borax Lake Pattern (8000–5000 
cal BP) and in Northeastern California, this is called simply the Early Holocene (pre-7000 cal BP). Little is 
known about settlement patterns or other lifeways of these people, but it seems likely they were seasonally 
transhumant. Mortars first appear in Surprise Valley and on the Modoc Plateau by 7000 cal BP and include 
portable mortars with v-shaped bowls and pointed pestles. In the Upper Klamath River Canyon, Basin Period 
(7400–5200 cal BP) assemblages include portable mortars, mullers, and stone bowls and more evidence of 
prolonged occupation (Mack 1991).

There is an increase in the number of sites on the landscape in the Upper Klamath Canyon between 
5200 and 2250 cal BP and these sites have greater amounts of milling equipment, including both mortars and 
millingslabs. On the Modoc Plateau and western Great Basin, a wide array of milling gear is found in Early 
Archaic sites (~5000–35,000 cal BP) with an emphasis on the use of millingslabs but with some u-shaped 
bowls that replace the v-shaped bowls found at earlier sites.

In contrast, the Squaw Creek Pattern (5000–3000 cal BP) in the Sacramento Valley and surrounding 
foothills of Shasta and Tehama Counties lacks mortars and also lacks the sedentism noted for surrounding 
areas. While the Squaw Creek Pattern persists in some locations, it is replaced by the Whiskeytown Pattern 
beginning at 4000 cal BP (this same period is also called the Deadman and Kingsley Complexes in Tehama 
County; Greenway 1982; Johnson 1984). Whiskeytown Pattern assemblages include mortars and pestles and 
Basgall and Hildebrandt (1989) propose a fusion-fission settlement model during this period, with sedentary 
populations in villages during the fall and winter. These conditions also may have been optimal for the requi-
site regularity of settlement to make the manufacture and use of bedrock mortars beneficial, though no clear 
link between the features and Whiskeytown Pattern occupations has been identified. The Middle Archaic on 
the Modoc Plateau reflects similar cultural elaboration and includes evidence of increased site permanence.

Although mortars and pestles were used throughout the Late Period in the Klamath Basin, down-
river areas including the Klamath River Canyon, and larger Shasta Valley lack mortars and pestles during 
the subsequent Canyon Period (post-2250 cal BP; Hildebrandt and Clay 2017; Nilsson 1991). In the Sacra-
mento Valley, the Shasta Complex and Tehama Pattern replace the Whiskeytown Pattern at around 1700 
cal BP. These two adaptations are dramatically different from one another. The Shasta Complex reflects 
intensive occupation of the Sacramento River by the Wintu. Shasta Complex sites have deposits reflective 
of large-scale storage of acorns and salmon and near year-round occupation of villages, with bowl mortars 
and pestles common site constituents. In contrast, the Tehama Pattern is represented by smaller sites in the 
surrounding foothills. Hopper mortars and pestles are more common than bowl mortars, and millingslabs 
and handstones are also found.

On the Modoc Plateau, the Late Archaic (1300–700 cal BP) and Terminal Prehistoric (post-700 cal 
BP) are marked by settlement in very large villages—perhaps due to the threat of warfare—and both mill-
ingslabs/handstones and mortars/pestles are found in site assemblages.

There has never been a comprehensive examination of bedrock milling feature use in Northeastern 
California but anecdotal evidence from a handful of single-site assessments points to use during the Middle 
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and Late Archaic Periods (3700–150 cal BP). Middle Archaic associations included a bedrock feature with 
both mortar and slick at MOD-628/H (Nilsson et al. 2000) and a bedrock mortar at a single-component 
Middle Archaic site in Lassen County (LAS-2242; Mikkelsen 2000). Use during the Late Archaic has been 
identified in Modoc and Shasta Counties. McGuire (2000:91) identified two mortar cups associated with a 
house structure at MOD-3153/H that dates to the Terminal Prehistoric/Historic Period. Mikkelsen and Jones 
(2010) identified bedrock mortars at SHA-3643/H associated with Late Archaic components.

Research Potential in District 2

Minimal research has focused on the role of bedrock milling technology within the pre-contact 
record though an implicit link between elaboration of milling technology, sedentism, and intensification 
is common in the literature. Since targeted research on bedrock milling features is lacking, however, there 
is tremendous potential to contribute to our broader understanding of how bedrock milling features were 
used through time.

 ▪ Chronology—High Potential

No synthetic studies of bedrock milling feature age have been undertaken, and any effort 
to identify regional patterns in adoption of milling features would be beneficial. Anecdotal 
evidence indicates that bedrock milling feature use may be earlier in District 2 (3700 cal 
BP) than elsewhere in the state. Direct dates from features and associated deposits would 
address this chronological research topic.

 ▪ Settlement-Subsistence—Moderate Potential

There are well-developed models of shifts in settlement and subsistence patterns in District 
2 (Basgall and Hildebrandt 1989; McGuire 2000, 2007; Sundahl 1992). The culture history of 
the region focuses on shifts based on changes in precipitation which appear to have led to 
varying patterns of site permanence. Bedrock milling features would be expected to have 
been a part of these patterns. To date, however, it remains an open question whether they 
are mainly associated with short- or long-term habitation sites or whether they form part 
of a broader logistical or seasonal pattern.

 ▪ Morphology and Function—High Potential

To our knowledge, there have been no synthetic studies of the morphology of bedrock 
milling features in northeastern California. There is diversity of portable milling tool mor-
phology and therefore studies that synthesize morphological data from bedrock milling 
features would be beneficial.

 ▪ Investing in the Landscape—Moderate Potential

There have been no studies on how indigenous landscape management shaped habitats but 
there is an excellent paleoclimatic record on which to draw. The arid grassland and scrub 
communities of the Modoc Plateau would have lent themselves to management through 
burning, and records of such activity may be found in both archaeological deposits and 
sediments of the large lakes of the region.
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 ▪ What was Processed in Milling Features—High Potential

Archaeobotanical samples are available from just two sites with bedrock milling features 
in District 2—SHA-1169 and SHA-571. No sampling for starch grains or other residues has 
been attempted. As a result, any direct or associated data from bedrock milling features 
have potential to address this research issue.

Potential Sources of Additional Data

A large portion of District 2 is managed by federal and state agencies that do not always file records 
with the CHRIS. In addition to records on file at the Northeast Information Center, agencies that may have 
data on bedrock milling sites include the Mendocino, Klamath, Lassen, Modoc, Shasta-Trinity, and Six Rivers 
National Forests; Lassen National Park; the Bureau of Land Management Alturas and Redding Field Offices; 
and California Department of Parks and Recreation.

DISTRICT 3

Caltrans District 3 includes 11 counties within a large portion of the Sacramento Valley (Glenn, 
Colusa, Yolo, Sutter, Butte, Yuba, Sacramento) and the northern Sierra Nevada (Sierra, Nevada, Placer, El 
Dorado). Bedrock is absent in much of the Sacramento Valley, but milling features are found on the flanks 
of the valley in low elevation foothills of the North Coast Ranges to the west (Colusa and Yolo Counties) 
and east (Butte, Yuba, Nevada, El Dorado Counties) and in the Sierra Nevada proper.

Geography

Elevations range from just above sea level on the valley floor to over 10,000 feet at the Sierra Nevada 
crest. Water was abundant in the district, with large rivers draining the Sierra Nevada and joining the Sacra-
mento River on the valley floor. Major tributaries to the Sacramento River in District 3 include Stoney Creek 
and Cache Creek from the west, and Butte Creek, Feather River, Yuba River, and American River from the 
east. These areas include portions of four Geographic Sections—Interior Northern California Coast Range, 
the Great Valley, the Sierra Nevada Foothills and the Sierra Nevada.

Vegetation

Vegetation on the valley floor includes numerous Annual Grassland communities with valley oak 
broken by riparian gallery communities that include sycamore, cottonwood, and willow. Blue oak and 
gray pine are found along the higher elevation hills that flank the valley floor. Moving up in elevation into 
the Sierra Nevada foothills, vegetation is dominated by grasslands with occasional scrub oaks and mixed 
chaparral communities. Beginning at about 1,500 feet amsl, vegetation changes on an elevational cline, 
with Blue Oak-Gray Pine Woodlands at elevations below 3,000 feet, Lower Montane Forest communities 
dominated by black oak and ponderosa pine (also sugar pine) to 6,000 feet amsl, and Upper Montane Forest 
communities with red and white fir and stands of giant sequoia to 8,000 feet amsl. Subalpine and alpine 
zones above 8,000 feet amsl are generally resource-poor for human foragers, with mostly aspen and west-
ern juniper. Pinyon-Juniper Woodlands are found at high elevations on the east side of the Sierra Nevada. 
Human occupation of the Upper Montane Forests and alpine zone (above the tree line) was difficult during 
the winter as the average mean snow line was at 4,000 feet amsl.
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Availability and Quality of Bedrock

In the western Central Valley, lithology consists of Late Mesozoic shelf and slope sedimentary de-
posits with bedrock of varying quality (Jennings et al. 1977; Saucedo et al. 2000). The streambeds of Cache 
and Stony Creeks contain cobbles suitable for portable milling gear, and exposed bedrock is found both in 
stream channels and the surrounding hills.

Bedrock is absent from the valley floor as are cobbles of any size except in specific locations where 
rivers have transported them downstream from the foothills. It is mainly within the flanking foothills of the 
valley that bedrock mortars are found. At higher elevations, the Sierra Nevada is a block mountain range 
tilted west with accordant crests. The lithology is mainly granitic and ultramafic rocks with some strongly 
metamorphosed sedimentary and volcanic materials (Jennings et al. 1977; Saucedo et al. 2000).

Suitable material for bedrock milling features is found throughout the mountains of District 3 and 
down to about 1,000 feet amsl in the foothills on either side of the valley. Higher elevation Sierra Nevada 
granite is a hard and high-quality material, but more degraded and friable materials in the lower foothills 
were also used. On the valley floor in Glenn, Sutter, and Sacramento Counties, bedrock is rarely exposed 
and even raw materials for portable milling gear would have been transported over long distances from 
the surrounding foothills.

Distribution of Bedrock Milling Features

Milling features are distributed along the western edge of the Central Valley and throughout the 
Sierra Nevada foothills and mountains (Figure 27; Table 28). Many more sites are found in El Dorado County 
(88) than in Placer (63) and Nevada (41) counties, but this is likely a sampling issue. 

Table 28. Number of Bedrock Milling Sites by County in District 3.

County Sites County Sites
Butte 25 Sacramento 10
Colusa 8 Sierra 14
El Dorado 88 Sutter -
Glenn 2 Yolo 5
Nevada 41 Yuba 21
Placer 63 Total 277

Nearly 20 percent of milling sites are found within Annual Grasslands, only 15 percent are within the 
Blue Oak Woodland or Blue Oak-Foothill Pine Woodland, and 40 percent are within various communities 
of the Montane Forest (Table 29). This includes all communities around Lake Tahoe which may account, in 
part, for this high number (109 total sites) since Washoe settlement was focused around the Lake with less 
seasonal movement.

District 3 presents interesting patterns for the distribution of sites by elevation. In District 10, the 
neighboring Caltrans District to the south (see ahead to page 153), the average elevation of sites is just under 
4,000 feet amsl8. In contrast, the average elevation of sites in District 3 is around 2,500 feet amsl. Further-
more, when only the sites on the east side of the district are considered, nearly 1/4 of all sites are found at 
elevations below 500 feet amsl (Figure 28). There are additional increases in site frequency at 3,500–4,000 feet 
amsl (near the average snow line), and again at 6,000–6,500 (possibly corresponding the site distributions 
around Lake Tahoe at 6,200 feet amsl).

8 This average elevation for District 10 sites includes data for Stanislaus National Forest. Without the Stanislaus Nation-
al Forest data, the average for District 10 is similar to that of District 3.
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Figure 27. Distribution of Bedrock Milling Features in District 3.
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Table 29. Summary of Bedrock Milling Sites and CCRD Keyword Hits by 
Vegetation Community in District 3.

Vegetation Community Sites
Average 

Elevation 
(feet)

Average 
Distance to 
Water (feet)

Only 
Slick

Only 
 Mortar

Both Slick/ 
Mortar Pestle Occupation

Annual Grassland 50 1,002 245 4 10 3 2 5
Blue Oak Woodland 31 736 358 - - 5 4 3
Sierran Mixed Conifer 25 4,766 117 - 3 - - 1
Montane Hardwood 23 1,124 200 - 2 - 1 1
Ponderosa Pine 20 3,224 243 1 1 - - 1
Jeffrey Pine 15 6,279 166 1 2 - 1 -
Douglas-Fir 14 2,536 101 - 1 1 - -
Montane Hardwood-Conifer 14 1,811 215 - 1 - - -
Valley Oak Woodland 12 379 340 - 2 2 4 2
Blue Oak-Foothill Pine 11 994 291 1 - 1 1 1
Valley Foothill Riparian 10 149 254 - 2 3 1 2
Mixed Chaparral 9 3,110 147 - - - - -
Barren 8 2,461 120 1 - - - 1
Sagebrush 7 5,675 289 1 1 1 1 1
Eastside Pine 5 6,056 290 - 1 - - 1
 Water 4 3,851 292 1 - - - 1
Bitterbrush 3 4,929 158 1 - - - 1
Lodgepole Pine 3 6,680 79 - 1 - - 1
Montane Chaparral 2 4,836 120 - - - - -
Red Fir 2 6,809 173 - - - - -
Wet Meadow 2 6,278 97 - - - - -
Montane Riparian 1 154 61 - - - - -
Perennial Grassland 1 79 2,127 1 - - - -
White Fir 1 5,646 119 - - - - -
Unclassified 4 6,284 323 - - - - -
All Sites 277 2,488 233 12 27 16 15 22
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” (mortar or BRM – bedrock 
mortar), or both.

Fifty-five sites (approximately 20%) had scannable text for CCRD keyword identification. Of these, 
27 had just bedrock mortar cups (no slicks), 12 had bedrock slicks (no cups/mortars), and 12 had both. In 
addition, 14 sites had pestles and 22 were listed as occupation sites. None of these keywords are patterned 
by vegetation community.

Table 30 presents the count and average elevation of sites with keywords in the Sierra Nevada foot-
hills and mountains. The average elevation of occupation sites (2,369 feet amsl) is similar to Districts 6 and 
10 and the average elevation for both bedrock mortar and millingslick sites is under 2,500 feet amsl. The 
lone interesting divergence is that bedrock milling sites with both slicks and mortars appear to be at lower 
elevations, perhaps indicative of more intensive use of the foothills.
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Table 30. Count and Average Elevation of Bedrock Milling Sites in the Sierra Nevada 
of District 3 by CCRD Keyword.

Keywords Count Average  
Elevation (feet)

BRM/Mortar Only 27 2,432
Millingslick/Slick Only 12 2,376
Both BRM/Slick 16 1,209
Pestle 15 1,445
Occupation 22 2,369

Culture History as it Relates to Milling Technology

This discussion is centered on the Central Valley and Northern Sierra Nevada which make up most 
of the district land area. Bedrock is rare in the Central Valley, but the cultural trajectory and patterns of por-
table and bedrock ground stone use are relevant to the surrounding foothills. For this reason, discussions 
of both are included here, but emphasize the foothills and mountains where bedrock milling features are 
most prevalent.

There is little evidence for early ground stone use in the northern Sierra Nevada and only sporadic 
evidence for occupation in and around Lake Tahoe between 10,000 and 4000 cal BP, mainly in the form of 
flaked stone. The earliest archaeological records in the Central Valley, other than a few isolated finds, date 
to the Middle Archaic (7500–2500 cal BP). On the valley floor, the Middle Archaic record reflects increased 
residential stability along major rivers, perhaps in year-round villages. Mortars and pestles occur within 
these early sites (as early as 6000 cal BP), perhaps to accompany this greater residential stability (Rosen-
thal et al. 2007). The first intensive archaeological signatures in the Tahoe Basin are at 3000 cal BP where 
milling equipment at Martis Complex sites includes mainly handstones and non-portable millingslabs or 
bedrock slicks.

There was a proliferation of new technologies during the Upper Archaic (2500–950 cal BP), includ-
ing bone tools and implements and various ornaments and beads, but ground stone technology remained 
largely the same. Handstones and millingslabs are common in Upper Archaic assemblages on Sacramento 
Valley margins and archaeobotanical remains are dominated by acorn hulls and pine nut shells (Rosenthal 
et al. 2007; Wohlgemuth 1996, 2004).

The Late Archaic Period (post-1350 cal BP) in the Tahoe Basin and Emergent Period (post-950 cal 
BP) in the Central Valley saw substantial changes. In the mountains, bedrock mortars are thought to date to 
this period (Heizer and Elsasser 1953) and to indicate shifting emphasis toward more intensive use of plant 
resources. Along the Sacramento, Feather, and American Rivers, large populous towns developed where 
fish weirs could be built across the rivers for industrial capture of salmon during seasonal runs. Mortars 
and pestles are more common and appear to have been personal property—mortars were “killed” (i.e., 
broken or made useless by breaking a hole in the bottom) and included as funerary offerings. At the same 
time mortars and pestles were becoming more common, small seeds became increasingly important in as-
semblages and there is some evidence that increases in seed size represents incipient horticulture (Miksicek 
1999; Wohlgemuth 2004).

Research Potential in District 3

Minimal research has been carried out on bedrock milling features with the exception of the asso-
ciation of millingslicks with earlier occupations in the Tahoe/Truckee basin and later adoption of mortars. 
Settlement patterns are dramatically different on the valley floor than in the foothills and Sierra Nevada. As 
a result, research potential may vary depending on site context or project area.
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 ▪ Chronology—High Potential

The assertions that bedrock millingslicks are associated with Middle Archaic assemblages 
in the Tahoe/Truckee basin and that bedrock mortars are associated with Late Archaic (post-
1300 cal BP) sites were first posited by Heizer and Elsasser (1953) and while oft-repeated, 
have not been fully tested. Stevens et al. (2019; Stevens 2002) did not include the northern 
Sierra Nevada in their analysis and therefore the timing of initial bedrock milling feature 
use remains to be demonstrated.

 ▪ Settlement-Subsistence—High Potential

There are well-identified shifts in settlement and subsistence patterns in the Central Valley 
and Tahoe/Truckee basin, but less so in traditional Maidu homelands on the west slope of 
Placer, El Dorado, and Nevada Counties, and almost nothing is known about the archae-
ology of eastern Butte County. Settlement-subsistence studies therefore have tremendous 
potential in District 3.

 ▪ Morphology and Function—Moderate Potential

Price (2016) tested the McCarthy model of mortar function based on 722 milling features 
on 240 bedrock outcrops in Yuba County. He determined that there were intentional and 
discrete modes of mortar depth and therefore inferred that intentional functional relation-
ships existed between mortar size and what was being processed. Additional data that 
compared other regional results with Price’s findings have potential to further examine 
this issue in District 3.

 ▪ Investing in the Landscape—Moderate Potential

There have been no studies on how indigenous landscape management shaped habitats in 
District 3, but changes in environmental conditions have long been cited as precipitating 
culture change. Price (2016) argues that the intensive use of the Browns Valley Ridge area 
of Yuba County constitutes modification. Beyond that study, however, there has been little 
examination of how human settlement may have shaped the environment. This may be 
particularly true within the oak woodlands of the valley and foothills where settlement 
focused on river courses and therefore intervention would have been the most beneficial.

 ▪ What was Processed in Milling Features—High Potential

Direct archaeobotanical samples are available from just three sites with bedrock mortars—one 
each in Nevada, El Dorado, and Placer Counties. Wisely (2015) attempted to collect starch 
grains from three sites in Yuba County but only one sample yielded starch grains identified 
as oak, cherry, and California buckeye. Additional starch grain and archaeobotanical samples 
have potential to further address this research issue.

Potential Sources of Additional Data

In addition to data at the Northeast, North Central, and Northwest Information Centers, site records 
from bedrock milling sites may be on file with the Tahoe, Plumas, Mendocino, and Eldorado National For-
ests; at the Bureau of Land Management Mother Lode Office; and the California Department of Parks and 
Recreation. The Eldorado and Tahoe National Forests, in particular, have large datasets of bedrock milling 
sites that may not be available anywhere else.
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DISTRICT 4

Caltrans District 4 includes nine counties surrounding the San Francisco Bay and Delta: Marin, Sono-
ma, Napa, Solano, Contra Costa, Alameda, San Francisco, San Mateo, and Santa Clara. Much of the district 
is heavily urbanized, subject to development for the past 200 years. Its culture history has been intensively 
studied and the CCRD includes all records available from the Northwest Information Center as of July 2020.

Geography

The San Francisco Bay Area represents the confluence of a number of Geographic Sections. The 
San Francisco Bay-Delta separates the north coast from the central coast at the golden gate, and the Sacra-
mento-San Joaquin delta, stretching into Napa, Solano, and Contra Costa Counties, presents several unique 
estuarine habitats not found elsewhere in the state. In addition, the North Coast and Diablo Ranges stretch-
ing north and south provide elevational gradients for vegetation communities as well as exposed bedrock 
of varying qualities. Besides the Bay, Delta, and other wetland and estuary settings, major water sources 
include the Sacramento and San Joaquin Rivers which drain into the Bay along with moderate-sized drain-
ages, Petaluma River, Sonoma Creek, and Napa River to the north, and San Francisquito Creek, Guadalupe 
River, Coyote Creek, and Alameda Creek to the south.

District 4 includes portions of five Geographic Sections: Northern California Coast (Marin and por-
tions of Sonoma), Northern California Coast Ranges (portions of Sonoma and Napa), Northern California 
Interior Ranges (portions of Napa and Solano), Central California Coast (San Francisco, San Mateo, and 
portions of Contra Costa, Alameda, and Santa Clara), and Central California Coast Ranges (portions of 
Alameda, Contra Costa, and Santa Clara).

Vegetation

Of the 10 main vegetation communities, Mixed Hardwood Forest and Coastal Prairie Scrub are most 
pervasive, followed by California Prairie and Blue Oak-Gray Pine Forest. Varied topography and rainfall 
give rise to a mix of major vegetation zones. Notably, blue oak and gray pine are most prevalent south of 
the delta and along the north bayshore of Marin and Solano Counties. Mixed Hardwood Forest and coast 
prairies-scrub mosaic are common directly surrounding San Francisco Bay. In contrast, most of the delta 
region is dominated by California prairie and tule marsh. Other notable differences include an extensive 
coastal saltmarsh in the Northwest Bay (mainly Marin County) and abundant valley oak savanna in the 
South Bay (Santa Clara County).

Nearly all major nut crops, as well as grass seeds, geophytes, and berries, would have been available 
to pre-contact occupants of the Central Coast Ranges, and acorns represented a staple crop (Kroeber 1925; 
Wohlgemuth 2004).

Availability and Quality of Bedrock

The dominant geological formations are from the Coast Ranges, which consist of parallel ridges with 
folded and metamorphosed strata made up of Franciscan formation bedrock, Mesozoic ultramafic rock, and 
Cenozoic volcanic rocks (Jennings et al. 1977; Saucedo et al. 2000). The Interior Coast Range consists of Late 
Mesozoic shelf and slope sedimentary deposits with some outcrops of Franciscan chert (Jennings et al. 1977; 
Saucedo et al. 2000). Mount Diablo in Contra Costa County and Mount Tamalpais in Marin County are the 
highest points in the district (3,850 and 2,500 feet amsl, respectively) and, along with the surrounding hills 
which are no more than 1,000–2,000 feet amsl, have abundant exposed bedrock suitable for milling. The north 
and east bay lowlands and the large dune fields under modern San Francisco are depositional environments 
that lack exposed bedrock. Steep drainages at upper elevations have cut into bedrock sufficiently that cobbles 
are present within stream channels, suitable for use as handstones and pestles.
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Distribution of Bedrock Milling Features

The CCRD includes a complete record of resources on file at the California Historical Resources 
Information System for the nine District 4 Counties. These include 899 sites with bedrock milling features 
identified through keyword and attribute-level data. Just one milling site is recorded in San Francisco County 
which mostly lacks surface bedrock and has been heavily urbanized. Just over 20 percent of the sample each 
is found in Napa and Santa Clara Counties, 17 percent in Sonoma, 14 percent in Contra Costa, and 12 percent 
in Alameda (Figure 29; Table 31). San Mateo has many more bedrock milling features than identified by the 
Information Center, but these may not all be on file (Hylkema, Personal Communication). Of note in District 
4 is the co-occurrence of cupules with bedrock milling features. These non-subsistence related features are 
often found on vertical faces of bedrock that also has milling features on the horizontal face.

Table 31. Number of Bedrock Milling Sites by County in District 4.

County  Sites
Alameda 106
Contra Costa 127
Marin 65
Napa 187
San Francisco 1
San Mateo 15
Santa Clara 185
Solano 57
Sonoma 156
Total 899

Bedrock milling site distribution by vegetation community reflects the general locations of exposed 
bedrock. Nearly half of all sites are within the oak woodland habitats and 12 percent are found within the 
coastal scrub which covers the district’s hill and mountain tops. The average elevation of milling sites is 
just under 700 feet amsl, reflecting the district’s generally low topography. Perhaps more interesting is the 
large distance to water of bedrock milling features—390 feet on average and between 700 and 260 feet on 
average for the five vegetation communities in which sites are most commonly found. This may reflect the 
location of exposed bedrock relative to steam channels. Even so, it is interesting that most sites are found in 
oak woodlands and water is a necessary component in processing acorns.

Just 25 sites yielded keyword data (Table 32). Of these, fifteen had bedrock mortars only, five had 
both slicks and mortars, and five had just a slick. Eleven had pestles and ten were occupation sites.

Culture History as it Relates to Milling Technology

A recent synthesis of the pre-contact record of District 4 by Byrd et al. (2017) provides extensive 
data on the San Francisco Bay Area and Delta region. A summary of that overview as it relates to milling 
tools and settlement patterns is presented here.

There are only a handful of Early Holocene deposits (11,700–8200 cal BP) archaeologically docu-
mented in the Bay-Delta Area resulting in few and poorly established patterns. Exploitation of a diverse 
range of resources is tentatively identified by artifact and ecofact assemblages from these sites. Arti-
facts include handstones and millingslabs (but not mortars and pestles), large flaked cores and cobble 
tools, flake tools, well-made bifaces, and a single flaked stone crescent. Carbonized plant remains from a  
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Table 32. Summary of Bedrock Milling Sites and CCRD Keyword Hits by 
Vegetation Community in District 4.

Vegetation Community Sites
Average 

Elevation 
(feet)

Average 
Distance to 
Water (feet)

Only 
Slick

Only Mor-
tar

Both Slick/ 
Mortar Pestles Occupation

Coastal Oak Woodland 255 742 389 1 1 2 3 2
Annual Grassland 150 654 378 1 6 3 3 2
Blue Oak-Foothill Pine 133 1,072 291 - 1 - 1 1
Coastal Scrub 105 229 704 1 3 - 2 4
Valley Oak Woodland 97 325 260 - 2 - 1 1
Montane Hardwood 34 1,266 231 - - - - -
Blue Oak Woodland 25 883 202 - - - - -
Chamise-Redshank Chaparral 21 1,214 405 - - - - -
Redwood 17 825 373 - 1 - - -
Water 17 439 351 - - - - -
Douglas-Fir 8 793 363 - - - - -
Closed-Cone Pine-Cypress 7 195 282 - - - - -
Estuarine 7 14 577 1 - - 1 -
Mixed Chaparral 6 1,193 417 - - - - -
Freshwater Emergent Wetland 2 72 1,127 - 1 - - -
Montane Riparian 2 272 20 - - - - -
Unknown Shrub Type 2 1,366 397 - - - - -
Valley Foothill Riparian 2 95 54 1 - - - -
Montane Hardwood-Conifer 1 1,168 102 - - - - -
Saline Emergent Wetland 1 20 48 - - - - -
Unknown Conifer Type 1 384 11 - - - - -
Unclassified 6 48 1,392 - - - - -
All Sites 899 687 390 5 15 5 11 10
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” (mortar or BRM – bedrock 
mortar), or both

site in Contra Costa County (CCO-669) are dominated by acorn, indicative of fall-winter occupation, while 
those from the Laguna Creek site (Solano County) and the Fremont site (Alameda County) are primarily 
summer-ripening seeds, consistent with the idea that these early foragers moved seasonally.

Evidence for Middle Holocene (8200–4200 cal BP) occupation is much more common than earlier 
time segments. Artifact assemblages are varied and include ground stone (some with millingslabs and 
handstones, some with mortars and pestles, and some with both); Side-notched dart points; cobble-based 
chopping, scraping, and pounding implements; and shell beads and ornaments (Fitzgerald 1993; Meyer and 
Rosenthal 1998). Current evidence suggests that the mortar and pestle were in use by 6000 cal BP, primarily 
at sites in the Amador-Livermore, Kellogg Creek, and San Ramon Valleys (ALA-574, CCO-308, CCO-637) in 
the East Bay region. Mortars and pestles were the predominant milling tools used thereafter throughout the 
East and South Bay regions (Fredrickson 1966; Gerow 1968; Hylkema 2007; Meyer and Rosenthal 1997; Price 
et al. 2006; Rosenthal and Byrd 2005; Wiberg 2010). Diverse faunal and archaeobotanical remains suggest 
that a wide range of habitats was exploited throughout the year, consistent with either semi-permanent 
occupation or multi-season visits.

The Late Holocene is very well-documented in the Bay-Delta Area with more than 240 radiocarbon-dat-
ed sites reflecting widespread occupation (Milliken et al. 2007). Over the last 4,000 years it is generally thought 
that regional human population increased and there was an upward trend in social, political, and economic 
complexity, in part reflected by distinct, geographically specific cultural traditions. Concurrently, a number of 
studies indicate that there was an increasing reliance on lower-ranked and more costly foods (including particular 
species of marine mammals, terrestrial mammals, birds, fish, plants, and possibly dogs) indicative of resource 
intensification (see summary in Byrd et al. 2017). Territorial circumscription, active landscape management (e.g., 
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burning), and periodic upswings in inter-group violence are also indicated (Lightfoot et al. 2013a, 2013b; Milliken 
2006; Schwitalla et al. 2014). Mortars and pestles are the most common milling technology recovered from Late 
Period sites, including large, shaped mortars and equally large pestles but handstones and milling slabs do occur 
in the nearby Santa Cruz Mountains and coast of neighboring District 5.

There have been few studies of the age of bedrock milling features in District 4. Consensus opinion 
about bedrock feature age is derived from two studies in the 1990s. Parkman (1994) proposed a Late Holo-
cene settlement pattern based on the distribution of occupation sites and bedrock milling features. He argued 
that a pattern of seasonal mobility that included the use of such features likely began around 1600 cal BP and 
continued to contact. He also, however, posited a potentially older date based on the initial timing of acorn 
intensification. His study did not include any chronological data other than citations of previous age estimates.

Meyer and Rosenthal (1997) provide concrete archaeological evidence for the use of bedrock mor-
tars in interior Contra Costa County between 1600 and 1300 cal BP. The most compelling evidence is from a 
buried bedrock milling feature found at CCO-459. Using radiocarbon dates from the capping soil unit and 
soils within the feature itself, they concluded that the milling feature was manufactured after 1620 cal BP 
but no later than 1265 cal BP. Depending on which chronology is used, this places bedrock milling feature 
use within the Middle Period/Upper Archaic and continuing into the Late Period/Emergent.

Other studies in the region generally assume a Middle or Late Period age for bedrock milling fea-
tures associated with broader patterns of sedentism and establishment of task-specific processing areas (e.g., 
Milliken et al. 2007), but no synthetic studies of milling feature age have been undertaken.

Research Issue Discussion

Although Byrd et al. (2017) offer an extensive research design for the San Francisco Bay-Delta Area, 
bedrock milling features are not included. As such, there is a rich comparative record and theories relating 
to each of these research topics into which bedrock milling features in District 4 may be woven, but this has 
not been explicitly done in previous studies.

Chronology

 ▪ Chronology—High Potential

Conventional wisdom in District 4 is that bedrock mortars date to around 1600 cal BP. This 
is based on a confirmed date for a buried mortar at Los Vaqueros (Meyer and Rosenthal 
1997) and a summary study with little actual data by Parkman (1994). More detailed regional 
analysis is needed to confirm these findings.

 ▪ Settlement-Subsistence—Moderate Potential

Much of District 4 has a near constant record of sedentism from the Middle Holocene on. 
Therefore, unlike more pronounced patterns of changes in settlement pattern elsewhere, the 
Bay Area trajectory is toward more intensive and high-density occupation of the landscape. 
Since most bedrock milling features in District 4 are found in the hills surrounding the Bay, 
these sites may be able to address questions related to the intensity of site use and how they 
related to the large mounded sites on the Bay and Delta margins.
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 ▪ Morphology and Function—High Potential

To our knowledge, there have been no synthetic studies of the morphology of bedrock 
milling features in District 4. There is diversity of portable milling tool morphology and 
therefore studies that synthesize morphological data from bedrock milling features would 
be beneficial. Such studies would be particularly enlightening given the lack of portable 
millingslabs in Late Holocene archaeological assemblages.

 ▪ Investing in the Landscape—High Potential

The Quiroste Valley study (Lightfoot et al. 2013a, 2013b) mentioned under this research 
topic was within District 4 and there is a large interest in further exploring the role of 
landscape management in enhancing the productivity and health of bay ecosystems. Un-
like the Sierra Nevada, where bedrock milling stations were part of the central processing 
facilities and are often found in village settings, milling sites in the Bay Area are often in 
more peripheral locations and therefore the degree to which these locations were modified 
remains to be explored.

 ▪ What was Processed in Milling Features—High Potential

There is a great deal of archaeobotanical data from the San Francisco Bay Area, including 
plant macrofossils and starch grain analysis from artifacts, features, and sites (Byrd et 
al. 2020; Cuthrell 2013; Wohlgemuth 1996, 2004). Eight sites (three each from Napa and 
Alameda, and two from Santa Clara) have archaeobotanical samples and bedrock milling 
features. Additional data from District 4 might provide a more robust dataset to compare 
bedrock milling sites with other sites in the region. This may elucidate differences between 
plants processed generally (presumably in portable milling implements) and in bedrock 
milling sites.

Potential Sources of Additional Data

Caltrans District 4 is heavily urbanized and much of the district is privately owned. As a result, there 
are fewer potential sources of data not already on file with the Northwest Information Center. There may, 
however, be data available in the Golden Gate National Recreation Area and Point Reyes National Seashore, 
the California Department of Parks and Recreation, and the East Bay Regional Parks District which manages 
most of the undeveloped land in the hills east of San Francisco Bay.

DISTRICT 5

Caltrans District 5 includes much of the Central Coast from the ocean to the edge of the San Joaquin 
Valley incorporating Monterey, San Benito, San Luis Obispo, Santa Barbara, and Santa Cruz Counties. Mod-
ern and pre-contact occupation was concentrated on the large coastal terraces of Santa Barbara, San Luis 
Obispo, Monterey, and Santa Cruz Counties and in Salinas Valley east of the coastal mountains. Bedrock 
milling features have been identified throughout the district in various ecological settings and are sometimes 
associated with rock art and other ceremonial features. Bedrock milling features in District 5 have received 
a fair amount of research.

Geography

District 5 extends from Monterey Bay south to the Santa Barbara Channel and is fairly uniform in its 
geography. The rugged Central Coast Ranges rise from the coastal terrace up to 5,000 feet amsl, draining west 
into the ocean by short canyons and small catchments and to the east into the north-south trending Salinas 
and San Benito Valleys. In Santa Barbara County, the Cuyama and Sisquoc Rivers converge to become the 
Santa Maria River which empties to the ocean just west of the town of Santa Maria. The Santa Inez River 
drains the northern Transverse Range in Santa Barbara County and runs west to the ocean near Lompoc. 
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Despite varied topography, District 5 is within just three Geographic Sections—Central California Coast, 
Central California Coast Ranges, and Southern California Coast.

Vegetation

Vegetation along the coast includes woodland communities dominated by blue oak, coast live 
oak, valley oak, and conifers. Several grassland communities are found in flats and valleys along the Coast 
Range, and riparian communities dominated by sycamore, cottonwood, and various willows are found along 
streams of sufficient size. Many areas along the Central Coast are dominated today by climax vegetation of 
conifer forest. Archaeological evidence from the Quiroste Valley project just north of the district in San Ma-
teo County, however, has demonstrated that pre-contact people maintained these areas as open grasslands 
through controlled burns (see detailed discussion of landscape management in Chapter 7; Lightfoot et al. 
2013a, 2013b, Lightfoot and Cuthrell 2015).

Oak Woodlands are the predominant vegetation community in the interior mountains with mixtures 
of coast live oak, blue oak, and valley oak throughout. Chaparral communities are also common on steeper 
slopes, and grasslands are found in valleys between ridges. Key nut-bearing trees are found throughout the 
District, with live oak everywhere but the San Antonio terrace in Santa Barbara County and the Salinas River 
drainage in Monterey County. Valley oaks are found along the eastern margin of some Central California 
Coast foothills.

Availability and Quality of Bedrock

Along the coast, the bedrock substrate is a mélange of marine and non-marine sedimentary rocks with 
alluvial deposits and granitic and ultramafic rocks (Jennings et al. 1977; Saucedo et al. 2000). The mountains 
consist of parallel ranges varying in height from 100 to 5,200 feet amsl that are folded and have faulted and 
metamorphosed strata consisting of Cenozoic marine and nonmarine sedimentary rocks as well as Late Me-
sozoic sedimentary rocks and Mesozoic ultramafic rocks (Jennings et al. 1977; Saucedo et al. 2000). Streams 
are not highly incised and therefore bedrock is generally not exposed within their channels.

In Santa Barbara County alluvial lowlands and coastal terraces give way to narrow, steep mountain 
ranges that rise up to 3,000 feet amsl from the coast. Bedrock consists of Cenozoic marine and nonmarine 
sedimentary rocks found close to the shoreline and throughout the surrounding mountain ranges (Jennings 
et al. 1977; Saucedo et al. 2000). Bedrock in the interior is often softer sedimentary materials that are easily 
ground, but since they are sandstone or siltstone, have a gritty component not found in harder materials.

Distribution of Bedrock Milling Features

Bedrock milling features are majorly underrepresented in District 5, though many more are known to 
exist in the Santa Cruz Mountains and on the Los Padres National Forest. Just 91 bedrock milling feature sites 
are recorded in the CCRD, but the location of District 5 highways—mainly along the coastline and through 
depositional environments such as the Salinas Valley—likely biases the sample (Figure 30; Table 33). 

Nearly 30 percent of all bedrock milling sites in District 5 are in Annual Grasslands, with another 
24 percent in Coastal Oak Woodlands, and 20 percent in Coastal Scrub (Table 34). The remaining sites are 
distributed throughout 10 other communities, with no more than five in any one habitat. Similar to District 
4, sites are located at lower elevations, on average, though as noted, the sample is highly biased by the lack 
of Coast Range sites in the database. Distance to water varies dramatically, with averages by vegetation 
community ranging from 100 feet to over 300 feet.
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Table 33. Number of Bedrock Milling Sites by County in District 5.

County Sites
Monterey 31
San Benito 5
San Luis Obispo 21
Santa Barbara 23
Santa Cruz 11
Total 91

Table 34. Summary of Bedrock Milling Sites and CCRD Keyword Hits by 
Vegetation Community in District 5.

Vegetation Community Sites
Average 

Elevation 
(feet)

Average 
Distance to 
Water (feet)

Only 
Slick

Only 
Mortar

Both Slick/ 
Mortar Pestle Occupation

Annual Grassland 25 1,218 347 6 6 3 2 7
Coastal Oak Woodland 22 388 154 4 5 1 - 6
Coastal Scrub 18 97 262 4 9 3 6 12
Chamise-Redshank Chaparral 5 1,356 199 1 1 - - 2
Barren 4 80 211 1 - 1 - 2
Redwood 4 1,729 170 - 1 1 1 1
Blue Oak-Foothill Pine 3 1,044 90 - 1 1 1 2
Blue Oak Woodland 2 1,673 113 1 - 1 1 -
Closed-Cone Pine-Cypress 1 118 386 1 - - - 1
Mixed Chaparral 1 1,266 15 - - - 1 -
Montane Hardwood 1 240 122 1 - - - 1
Montane Hardwood-Conifer 1 1,070 171 - - - - -
Valley Oak Woodland 1 154 235 - 1 - - 1
Unclassified 3 59 380 1 1 - - -
All Sites 91 706 240 20 25 11 12 35
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” (mortar or BRM – bedrock 
mortar), or both.

Over 60 percent of all sites have CCRD keyword data available—one of the best datasets relative 
to sample size of any district. Of these, there is a near-even distribution of sites with just bedrock mortars 
(n=25), just slicks (n=20), and 11 with both. Sites identified as occupation sites are most common in the Coastal 
Scrub (n=12), Annual Grasslands (n=7), and Coastal Oak Woodlands (n=6).

Culture History as it Relates to Milling Technology

Much of this discussion as it relates to milling technology and settlement patterns is adapted from 
Cuyama Valley—A Corridor to the Past (Mikkelsen et al. 2014). Some of the oldest sites in California are found 
on the Central Coast and Santa Barbara Channel Islands to the west. The earliest persistent evidence of human 
occupation, however, is during the Millingstone Period (10,000–5400 cal BP) with assemblages commonly 
marked by the presence of handstones and basin- and dish-shaped millingslabs. These are found with min-
imally worked core tools and choppers, hammer-grinders, and other expedient and cobble- and flake-based 
implements often with heavy use-wear in the form of crushing and battering. Early Holocene tool assemblages 
from Vandenberg Air Force Base along the Santa Barbara coast, examined by Stevens (2012), demonstrate 
that most of these implements were multi-functional and that tools became much more specialized sometime 
after about 7000 cal BP. Stevens argues that these types of flexible tools are favored in situations where a 
range of activities are performed regularly but no single task is substantially more important. This suggested 
to Stevens that the subsistence economy was not specialized, and settlement patterns were not routinized. 



Bedrock Milling Features in California:
Archaeological Context and Research Design

130

Millingstone people were probably highly mobile and obtained resources directly from both coastal and 
interior areas during seasonal rounds (Mikkelsen et al. 2000).

Settlement patterns shifted during the Early Period (5500–2600 cal BP) when greater proportions 
of hunting and fishing tools reflect the increasing importance of these activities, and mortars and pestles 
make their first appearance. Mikkelsen et al. (2000) argue that a major re-structuring of regional populations 
took place during the middle Holocene, resulting in greater population pressure in those areas where arid 
conditions had little effect on local resource productivity (e.g., coastal estuaries; Hildebrandt 1997). Adop-
tion of the mortar and pestle has been associated with sedentary and semi-sedentary societies elsewhere 
in central California (Hildebrandt 2007; Rosenthal and McGuire 2004; Rosenthal et al. 2007) and use of this 
technology is fully consistent with intensive exploitation of acorns and other plant foods, a likely outcome 
of expanding human populations (Basgall 1987; Cohen 1981; Glassow et al. 2007).

Adaptive strategies from the Early Period continued to intensify during the Middle Period (2600–1000 
cal BP) on the Monterey coast, with a heavy reliance on acorns. Typical tools consist of mortars and pestles, 
handstones and millingslabs, and Contracting-stemmed, Square-stemmed, Side-notched, and Concave 
Base projectile point forms. Stevens (2012) sees a fundamental shift in technologies after 3,000 years ago, as 
specialized tools, designed for specific tasks, became more common and existing tools became more refined. 
He concluded that these developments “likely reflect larger structural changes involving mobility patterns, 
scheduling, and labor organization that also affected foraging” (Stevens 2012:182).

Jones and Lebow (2015) recently explored the age of bedrock milling features on the Central Coast 
and found a greater antiquity there than in most other regions. They rely on specific archaeological contexts 
identified through radiocarbon dating and association with temporally diagnostic artifacts (projectile points 
and beads) but do not aggregate data to examine regional patterning. While they found that the majority of 
bedrock milling use occurred during the Ethnographic/Late Prehistoric Periods (post-1,200 cal BP), they also 
found evidence for older bedrock mortars in Monterey and San Luis Obispo Counties. For instance, they 
reinterpreted chronological and stratigraphic data associated with bedrock milling features at MNT-521 on 
the Big Sur Coast to purport a Middle Period age of use. They also report age estimates at SLO-5, a small 
shell midden with associated bedrock mortars, dating to the Late Middle Period. Their most compelling 
data come from a single mortar hole within Swordfish Cave (SBA-503) found buried nearly 90 centimeters 
below the cave floor. Radiocarbon dates indicate that the cave was initially occupied between 3,700 and 
3,400 years ago, linking the bedrock mortar to the end of the Early Period occupation.

There is further evidence for Early and Middle Period use of bedrock mortars, particularly in the 
southern Central Coast. Deborah Jones (2009) cites an Early Period uncorrected radiocarbon date of 5190 ± 370 
BP obtained by Zahniser (1982) associated with a small bedrock mortar complex, debitage, and faunal and 
shell debris in Pismo Beach. Adjacent to this site is a large sandstone rock outcrop known as the Serpent Rock, 
with numerous bedrock milling features and petroglyphs with an adjacent Middle Period occupation dating 
to around 2000 cal BP (Gibson 1991). Jones and Waugh (1995) also identify two sites with Early and Middle 
Period deposits at Little Pico Creek. One of these major long-term settlements, SLO-175, includes a huge midden 
deposit characterized by dense pockets of shellfish, numerous bedrock mortar cups, and human interments.

By 1000 BP, use of coastal areas appears to have reached peak intensity, after which central and 
southern California experienced several severe drought cycles known as the Medieval Climatic Anomaly 
(MCA) (Graumlich 1993; Stine 1994) which coincided with the abandonment of large coastal sites in the Mon-
terey Bay region. The MCA likely catalyzed the disruption of existing settlement and subsistence patterns, 
with far-reaching implications for lifeways and social organization. During the Late Period (post-700 cal BP), 
abundant ground stone tool assemblages, still including both millingslabs and mortars and a highly diverse 
plant remains, attest to the continuing emphasis on plant processing. According to Jones (1995), human 
populations along the Central Coast recovered at the end of the Medieval droughts, but never returned to 
the same maritime focus that marked the Middle Period. Instead, he argues, Late Period people maintained 
a terrestrial orientation, focusing on the storage of acorns and a variety of other interior plant and animal 
foods, with most coastal sites probably representing specialized activities originating from larger, more 
permanent interior residential areas.
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In contrast, it is commonly thought that maritime adaptations continued to intensify along the Santa 
Barbara Channel during the Late Period, leading to the development of large permanent coastal villages 
(Gamble 1995) and expansion of large-scale trade networks between the islands, mainland coast, and interior. 
Although archaeological data from the interior are much more limited than from the coast, several models 
of Late Period adaptations have been proposed. Spanne (1975), for example, downplayed the importance 
of exchange relationships between the coast and interior, arguing that coastal populations actually moved 
to the interior during winter to take advantage of the Santa Ynez River steelhead run, while interior people 
moved to the coast in summer to fish the calm waters of the Santa Barbara Channel. Tainter (1972) and 
Glassow (1979) agreed with his assessment of seasonal differences in resource availability, but suggested 
that the exchange of subsistence goods, rather than the movement of people, was a more likely strategy (see 
also Horne 1981; Macko 1983). Regardless, milling technology stayed essentially the same throughout the 
Late Holocene, with continued use of portable millingslabs and mortars.

Beyond the compelling evidence of early use, and similar to other regions, most studies link the 
origins of bedrock milling feature use on the Central Coast with Late Holocene sedentism (e.g., Breschini 
and Haversat 2014; Jones and Ferneau 2002; Jones et al. 2007; Joslin 2010). Jones and Ferneau (2002:224), for 
instance, note that “an apparent proliferation of bedrock mortar sites suggests increased reliance on nut 
crops and seeds during the Late Period;” however, they do not provide concrete chronological data to sup-
port this claim. Similarly, working farther south in southern San Luis Obispo County, Joslin (2010) found 
that archaeological deposits associated with bedrock mortar sites at San Simeon dated to the Late Period 
(post-1100 cal BP). Breschini and Haversat (2014) found that a complex of sites that included large bedrock 
mortars in the interior of Monterey County, north of Big Sur, dated to between 1250 and 150 cal BP based 
on a large sample of 54 radiocarbon dates.

Research Issue Discussion

District 5 has excellent prospects for future research because a foundation to address each of the 
research topics has been laid. Studies of archaeological deposits associated with bedrock milling features 
and of the features themselves have great potential to address most, if not all, of these issues.

Chronology

 ▪ Chronology—Moderate Potential

It appears that bedrock milling features on the Central Coast are older than those in other 
parts of the state. Jones and Lebow (2015) have provided an initial overview of the antiquity 
of bedrock milling feature use, and further evidence can help refine how the features fit into 
the region’s broader culture chronology.

 ▪ Settlement-Subsistence—Moderate Potential

The Santa Barbara coast shows a fairly consistent trend toward intensification and pop-
ulation growth through time and, therefore, issues related to settlement-subsistence are 
less germane to the southern part of the district. Elsewhere, however, there were several 
dramatic shifts in adaptation through time. Explicit inclusion of bedrock milling features 
into the broader settlement and subsistence pattern analysis could help identify locations 
of persistent use.

 ▪ Morphology and Function—High Potential

The broad functional analysis of mortar morphology and function in Chapter 6 includes 
a small sample of 57 mortars from 24 District 5 sites, but this sample pales in comparison 
to data from the Sierra Nevada Mountains. Further aggregated measurement data from 
features in District 5 therefore have high potential to address this research issue.
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 ▪ Investing in the Landscape—High Potential

Annual Grasslands, Oak Woodland, and Coastal Scrub communities are all candidates for 
successful landscape management practices, particularly the use of fire. It is within these 
three communities in District 5 that most bedrock milling features are found. Furthermore, 
the possible long use-history of bedrock milling features, and therefore long occupation of 
particular habitats, would have incentivized management of these locations.

 ▪ What was Processed in Milling Features—High Potential

There is a fairly large sample of archaeobotanical data from District 5, but only two samples 
are available from sites with bedrock milling features—Priest Valley (MNT-745) and the 
Judkins School Site (SLO-832). In addition, a recent study attempted (unsuccessfully) to 
extract starch grains and pigment residues from an isolated bedrock mortar outcrop in San 
Benito County (Parker and Whitaker 2020). Additional data from bedrock milling features 
themselves or associated deposits would more directly address what was being processed 
in milling features.

Potential Sources of Additional Data

Most records in District 5 are on file at the Northwest and Central Coast Information Centers, but 
additional data are available at Pinnacles National Park, Los Padres National Forest, California Department 
of Parks and Recreation, the Bureau of Land Management Central Coast Office, and Vandenberg Air Force 
Base. Pacific Gas and Electric Company may also have records from their property at Diablo Canyon on 
San Luis Obispo’s Pecho Coast.

DISTRICT 6

District 6 has environments and patterns similar to Districts 3 and 10. It extends from the western edge of 
the San Joaquin Valley to the crest of the Sierra Nevada, within Madera, Fresno, Tulare, Kings, and Kern Counties. 
The southern Sierra Nevada in Fresno and Kern Counties contains the highest peaks of the range, including the 
highest point in California at Mt. Whitney (14,500 feet amsl). Bedrock milling features are common throughout 
the foothill and mountain portions of the district, and along with similar areas in District 10, have formed the 
basis for the majority of the research efforts focused on bedrock milling features in California.

Geography

District 6 includes a diverse range of habitats based on variations in elevation and hydrology. The 
Fresno, Chowchilla, and San Joaquin Rivers drain the Sierra Nevada along roughly east-west courses and 
eventually flow north to the Sacramento-San Joaquin Delta. The Kings, Kaweah, Tule, and Kern Rivers also 
run from east to west but drain into what were once large shallow lakes (Tulare and Buena Vista), which 
are now mainly farmland. The Sierra Nevada range ends in the southern portions of the district and eastern 
Kern County marks the transition to desert communities of Districts 8 and 9. The district includes portions 
of five Geographic Sections—Central California Coast Ranges, Great Valley, Sierra Nevada Foothills, Sierra 
Nevada Range, and Southern Deserts. The desert communities in eastern Kern county are discussed under 
District 8 as they are a small part of District 6 and dramatically different from the rest of the district.

Vegetation

Vegetation communities are banded by elevation. Vegetation on the valley floor includes numerous 
Annual Grassland communities with valley oak broken by riparian gallery communities that include syc-
amore, cottonwood, and willow. Along the edges of the valley, grasslands with occasional scrub oaks give 
way to Mixed Chaparral communities in the lower foothills. From there, vegetation changes on an elevational 
cline, with valley grasslands and occasional scrub oak flanking the valley floor up to 400 feet amsl, Blue 
Oak-Gray Pine Woodlands found at elevations between 400 and 3,000 feet, Lower Montane Forest commu-
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nities dominated by black oak and ponderosa pine (also sugar pine) to 6,000 feet amsl, and Upper Montane 
Forest communities with red and white fir and stands of giant sequoia. Subalpine and alpine zone above 
8,000 feet amsl are generally resource-poor for human foragers, with mostly aspen and western juniper. 
Pinyon-Juniper Woodlands are found at high elevations on the east side of the Sierra Nevada, though these 
fall mainly within District 9. Oak and pine species are available up to 6,000 feet amsl along with abundant 
grass seeds, tubers, and fruits. Above 8,000 feet, resources are limited, but high elevation meadows have 
summer-ripening grasses which draw migratory deer populations and provide abundant seeds which were 
gathered by all Native American groups that lived in the region.

Just as with Districts 3 and 10, the very western edge of District 6 includes the eastern extent of the 
Coast Range vegetation communities. Oak Woodlands predominate with mixtures of coast live oak, blue 
oak, and valley oak throughout. Chaparral communities are also common on steeper slopes, and grasslands 
are found in valleys between the ridges.

Availability and Quality of Bedrock

The Sierra Nevada is a block mountain range that is tilted west with accordant crests. The lithology 
is mainly granitic and ultramafic rocks with some strongly metamorphosed sedimentary and volcanic rocks 
(Jennings et al. 1977; Saucedo et al. 2000). Bedrock is exposed throughout the higher elevations, including 
large expanses of glacially smoothed granite at higher elevations. While bedrock is often at or near the 
surface at higher elevations, forest duff in the Montane forests can obscure bedrock surfaces. Large granitic 
cobbles are present across the landscape at higher elevations, and are water rounded within small tributaries 
to the large sierran rivers as well as the rivers themselves—these provide perfect raw materials for portable 
millingslabs, mortars, handstones and pestles.

There is more soil development and deposition in the lower elevation foothills and, therefore, bed-
rock outcrops are often partially or fully buried and bedrock is less universally available away from the 
east-west-trending river channels that drain into the San Joaquin Valley. Exposed bedrock is found even 
in the lower elevation foothills but is absent on the flat valley floor where thousands of years of alluvial 
deposition have buried it. Rock of any sort is rare on the Valley floor and, therefore, any raw material for 
milling equipment was imported by necessity.

Bedrock is also available on the western edge of District 6 in the complex geology of the coast range. 
Here the bedrock is less uniform since it consists of folded and faulted metamorphosed strata of sedimentary 
and ultramafic materials. Bedrock quality varies considerably with harder, more consolidated bedrock at 
the higher elevations of the coast ranges, and slightly hard and less consistent materials along the edges of 
the valley.

Distribution of Bedrock Milling Features

Over 500 sites with bedrock milling features are recorded in District 6. Fresno and Tulare Counties each 
have more than 150 such sites, followed by Madera (n=107) and Kern (n=56) Counties (Figure 31; Table 35).
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Annual Grassland and Blue Oak Woodland communities each have just over one third of the sites. 
Communities at higher elevations on the west slope account for another 20 percent of the sample split be-
tween the Lower Montane (3,000–6,000 feet amsl) and Upper Montane forests (6,000–8,000 feet amsl). The 
remainder of the sites are distributed among Valley Oak Woodlands and wetland habitats on the west side 
of San Joaquin Valley (Table 36).

Table 35. Number of Bedrock Milling Sites by County in District 6.

County Sites
Fresno 185
Kern 56
Madera 107
Tulare 168
Total 516

Table 36. Summary of Bedrock Milling Sites and CCRD Keyword Hits by 
Vegetation Community in District 6.

Vegetation Community Sites
Average 

Elevation 
(feet)

Average 
Distance to 
Water (feet)

Only 
Slick

Only 
Mortar

Both Slick/ 
Mortar Pestle Occupation

Annual Grassland 173 962 318 11 4 14 12 16
Blue Oak-Foothill Pine 101 1,625 179 - 3 5 5 7
Blue Oak Woodland 75 1,583 244 - 1 9 9 4
Montane Hardwood 40 2,761 345 - 4 1 2 2
Sierran Mixed Conifer 25 6,073 597 - 1 - - 1
Unknown Shrub Type 17 1,662 124 - - 2 2 3
Ponderosa Pine 16 4,521 280 - 2 - - 1
Red Fir 11 6,423 464 - - - - 4
Valley Oak Woodland 11 680 138 1 - 3 2 -
Freshwater Emergent Wetland 8 730 508 - - - - -
Valley Foothill Riparian 7 470 1,286 - - - - -
Barren 6 3,726 63 - - 1 - -
Mixed Chaparral 6 3,354 251 - - 1 1 1
Alkali Desert Scrub 5 842 2,237 3 - - 2 1
Water 4 1,616 258 - - - - -
Lodgepole Pine 3 7,207 103 - - - - -
Montane Hardwood-Conifer 3 4,183 350 - - - - -
Chamise-Redshank Chaparral 1 3,100 30 - - - - -
Montane Chaparral 1 4,019 660 - - - - -
Perennial Grassland 1 171 641 - - - 1 -
Unknown Conifer Type 1 2,398 37 - - - - -
Wet Meadow 1 6,001 5 - - - - -
All Sites 516 1,943 316 15 15 36 36 40
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” (mortar or BRM – bedrock 
mortar), or both.
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The predominance of sites in the Annual Grasslands and Blue Oak Woodlands is reflected in the 
distribution of sites by elevation (Figure 32). On average, sites are located at 1,943 feet amsl. Over two-thirds 
of all sites are below 1,500 feet amsl, with nearly 200 between 500 and 1,000 feet amsl. Smaller modal values 
are identified at 2,000–2,500 feet amsl and 4,500–5,000 feet amsl. The emphasis of lower-elevation bedrock 
milling use may be due to sampling bias toward sites in the Sierra Nevada foothills. A large portion of land 
at higher elevations is within National Parks and National Forests and, therefore, a representative sample 
of these sites may be absent from the CCRD database.

Sixty-six sites yielded CCRD keyword data. Of these, 52 are within the four most common habitats. 
Interestingly, nearly all sites with just bedrock millingslicks are in the Annual Grasslands. Annual Grassland 
sites also have the most sites with both bedrock slicks and mortars (n=14), and just bedrock mortars (n=4), but 
the predominance of features with just millingslicks may indicate special uses of bedrock milling sites in the 
foothills of the San Joaquin Valley. Bedrock mortars are present at all sites in the Blue Oak Woodland with 
keyword data (14 sites with both mortars and slicks, and four sites with just mortars). Pestles are associated 
mainly with sites in these same two communities but are also in shrub and chaparral communities and in 
the Valley Oak Woodland. Finally, 40 sites were designated in site records as occupation sites. Sixteen (40%) 
are in the Annual Grassland, fifteen (38%) in Oak Woodlands, and smaller numbers at higher elevations.

Culture History as it Relates to Milling Technology

District 6 includes the San Joaquin Valley and the Sierra Nevada mountain range. The culture history 
of the San Joaquin Valley is based on an overview by Mikkelsen et al. (2014), while that for the southern 
Sierra Nevada is based on a summary by Rosenthal and Whitaker (2012).

There is initial evidence of human occupation in and around the large lakes of the San Joaquin Valley 
during the Pleistocene/Holocene transition. However, only a handful of early Holocene, Millingstone Period 
(11,700–7000 cal BP) sites are reported from the southern San Joaquin Valley. No early Holocene sites are 
reported in the foothills or Sierra Nevada either, though data from the central Sierra Nevada indicate that 
Millingstone Horizon-like adaptations were present during this period.

Known as the Middle Archaic (7000–3000 cal BP) at higher elevations, artifact assemblages match 
the Millingstone Horizon-like adaptations that were present during earlier periods. The few sites that date 
to this period in the southern Sierra Nevada have millingslabs and handstones, such as the Wahtoke Creek 
site (FRE-61), located in the lower foothills of the Kings River Drainage in Fresno County. A cache of basin 
millingslabs was recovered within a component dating between 6450 and 2200 cal BP (Rosenthal and Whita-
ker 2012). A later component, dating to 3470–2230 cal BP had a similar assemblage. More than 50 bedrock 
mortars were also identified at FRE-61, but the timing of their manufacture is uncertain since Middle and 
Late Period site components have also been identified, and Late Period deposits were found closest to the 
mortar features. Very few Early Period sites (6300–3000 cal BP) have been identified in the southern San 
Joaquin Valley, in part due to a dearth of archaeological research. Millingstone assemblages found in the 
foothills are absent on the valley floor and therefore there is little information on the use of milling gear 
during this period.

Although there appear to be more sites in the southern San Joaquin Valley dating to the Middle 
Period, again, a general lack of archaeological research limits our understanding of cultural developments in 
that region (Scott 2002; Siefkin 1999). In the foothills, few sites dating to the Middle Period are present, but 
those that are found continue the Archaic pattern and are dominated by expedient cobble tools for various 
purposes, while pine nuts and acorns dominate archaeobotanical assemblages.
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Similar to most other time periods in the southern San Joaquin Valley, the overall lack of archaeo-
logical research is largely responsible for our poor understanding of the Late Prehistoric Period (Scott 2002; 
Siefkin 1999). In the foothills of the Sierra Nevada in Madera and Fresno Counties, however, bedrock mortars 
are thought to have come into common use as part of a suite of changes that included the introduction of the 
bow and arrow at around 1600 cal BP (Moratto 1972; Raymond Phase in Moratto’s the Buchanan reservoir 
chronology). Portable millingslabs continued to be used and unshaped pestles have been recovered within 
assemblages. In the Kern River Canyon, bedrock mortars are thought to be part of the nearly contempora-
neous Sawtooth Phase (1400–700 BP; McGuire and Garfinkel 1980). In Yosemite and high elevation settings 
of Madera and Fresno Counties, bedrock milling use is associated with the Tamarack and Mariposa Periods 
(dating to around 1100 cal BP). In all of these locations, the period just before European contact is thought to 
have been marked by semi-permanent villages with seasonal trips upslope to exploit high-elevation resource 
patches. Task-specific sites as well as small hamlet-village locations are common.

Regional Variation: Rock-Basin Sites of the Southern Sierra Nevada

Although they are not strictly bedrock milling features, large “bathtub” rock basins have been 
recorded throughout the Sierra Nevada in District 6. Sandelin (2000) documents the results of a working 
group study to synthesize the locations of such features and identifies 200 confirmed sites from Yosemite in 
the north to Kern County in the south. These features range in diameter from 50 to 150 centimeters and are 
generally circular in shape with depths between 3 and 95 centimeters. There are two schools of thought on 
the formation of these features—one natural and one cultural (Dulitz 2000). As a natural feature, they have 
been explained as glacial potholes created by glacial meltwater abrading granitic sources or as oddly-shaped 
natural weathering features. 

Regardless of their origins, many bedrock basins are associated with human settlement and there-
fore appear to have been used by Native Americans (Dulitz 2000). Wallace (1993) suggests that they were 
used for storage, as fire pits for burning pitch off sugar pine cones, or for passively leaching acorns. These 
features are also present in the central and northern Sierra Nevada, though not with the same regularity 
(Moore and Diggles 2009; Moore et al. 2012, 2017). Moore and his collaborators believe that these basins are 
associated with salt evaporation since they are found mainly near natural salt springs (see also Whitaker 
and Rosenthal 2011a). 

Research Issue Discussion

There is a distinct dichotomy between the volume of past research in the mountains and the valley. 
A relative dearth of research in the lower foothills and southern San Joaquin Valley leaves a greater poten-
tial for new research. While there is greater consensus on the timing and use of bedrock milling features at 
higher elevations, some research potential does remain.

 ▪ Chronology—Moderate Potential

Stevens and colleagues (2019; Stevens 2002) have identified broad patterns for the timing 
of bedrock milling feature use in the Sierra Nevada, but also acknowledge that individual 
sites or locations may have earlier use (e.g., Yosemite Valley). Regional sampling of sites 
and technological advances allowing for direct dating of features could further refine the 
age estimates and contribute to this research issue.

 ▪ Settlement-Subsistence—Moderate Potential

Many of the settlement-subsistence models in the Sierra Nevada were based on data from 
sites in District 6. Confirmation of these patterns or detailed local analyses may provide 
significant results at a local or regional level, but it is unlikely to change the overall story of 
pre-contact settlement and subsistence in the district.
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 ▪ Morphology and Function—Low Potential

There have been many research projects focused on the morphology and function of bedrock 
milling features in the southern Sierra Nevada. It was within the southern Sierra Nevada 
that theories of size versus function were developed and extensively tested. The exception 
in District 6 would be within the western foothills of San Joaquin Valley where differences 
between the Sierra Nevada and Central Coast ranges could be illuminating.

 ▪ Investing in the Landscape—High Potential

The southern Sierra Nevada has seen a great deal of research on bedrock milling features 
and human modification to the landscape. The ethnographic and traditional ecological 
knowledge components of this research have rarely been combined with archaeological data 
and therefore there is high potential for meaningful research on this topic. Furthermore, 
there are detailed paleoclimatic and paleoenvironmental records that could be harnessed 
to address this issue.

 ▪ What was Processed in Milling Features—High Potential

Very few archaeobotanical assemblages are available from sites with bedrock milling fea-
tures in District 6. Starch grain studies have been attempted, but additional data would 
have potential to address this issue.

Potential Sources of Additional Data

Although some records are available in the CCRD and at the Southern San Joaquin Valley Informa-
tion Center, many records are held by federal agencies and may not be on file at the Information Center. 
Potential sources of data include Yosemite National Park, Kings Canyon and Sequoia National Park, the 
Sierra and Sequoia National Forests, the California Department of Parks and Recreation, and the Bureau of 
Land Management Bakersfield Field Office. The Bureau of Reclamation and Army Corps of Engineers may 
also have records not on file at the Information Center, though often lands managed by these agencies are 
also within the boundaries of National Forests or the Bureau of Land Management.

DISTRICTS 7 AND 12

Caltrans District 7, Ventura and Los Angeles Counties, and District 12, Orange County, are com-
bined for discussion since there are very few recorded bedrock milling features in any of the counties and 
all three have similar culture histories. All are heavily urbanized with long histories of development and 
disturbance. Pre-contact cultures were more focused on littoral and estuarine resources, precluding use of 
milling equipment.

Geography

The districts encompass the coastal margins and mountains, hills, valleys, and plains of the Trans-
verse and Peninsular Ranges. Alluvial lowlands and coastal terraces give way to narrow, steep mountain 
ranges that rise up to 3,000 feet amsl from the coast and higher in the interior San Gabriel Mountains. 
Southern California is relatively more arid than areas north of the Transverse and Peninsular Ranges and, 
while there are many intermittent streams, few flow year-round. Prior to urbanization, the Santa Clara, Los 
Angeles, San Gabriel, and Santa Ana Rivers drained the mountains to the ocean with tidal estuaries found 
at their mouths. There are three Geographic Sections—Central California Coast Ranges, Southern California 
Coast, and Southern California Mountains and Valleys.
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Vegetation

Today, Los Angeles and Orange Counties, in particular, are heavily urbanized, especially along the 
coastal terraces and flat valleys. Historical vegetation in this area would have included California Sagebrush 
and Buckwheat communities, Abundant Mixed Chaparral Shrublands, Coast Live Oak and Valley Oak 
communities, and Mixed Sage. Drainages through the coastal terraces would have been home to riparian 
communities dominated by sycamore, cottonwood, and various willows.

The northwest portion of Ventura County has Central Coast vegetation with Oak Woodlands con-
taining mixtures of coast live oak, blue oak, and valley oak. Chaparral communities are also common on 
steeper slopes, and grasslands are found in valleys between ridges.

Most non-urbanized areas of Districts 7 and 12 are within the Southern Mountain and Valley geo-
graphic section. Vegetation varies, but the majority of the habitat consists of Mixed Chaparral and Chamise 
communities, with canyon and coast live oak found at lower elevations, and ponderosa, Jeffrey, and lodge-
pole pine and white fir found at higher elevations.

Key nut-bearing trees are limited mainly to coast live oak except in the hills above Santa Monica 
which are home to stands of valley oak. Chaparral species dominate much of Orange County but may have 
been burned to maintain more open oak woodlands during pre-contact times.

Availability and Quality of Bedrock

Bedrock along the coast consists of Cenozoic marine and nonmarine sedimentary rocks found fairly 
close to the shoreline and throughout the surrounding mountain ranges (Jennings et al. 1977; Saucedo et al. 
2000). These materials lend themselves well to bedrock mortar manufacture and range from soft to hard, 
depending on context.

Southeastern Ventura and eastern Los Angeles and Orange Counties consist of narrow ranges and 
broad fault blocks with alluvial deposition in lowlands. Elevations range from 300 to 11,500 feet amsl. Bed-
rock consists of Cenozoic marine and nonmarine sedimentary rocks and Mesozoic granitic rocks (Jennings 
et al. 1977; Saucedo et al. 2000). Sedimentary deposits, particularly in the western portion, tend to be rela-
tively soft sandstones. Cobbles of sufficient size for handstones and pestles are found at higher elevations, 
in drainages, and as bedrock outcrops even on low-lying coastal hills.

Distribution of Bedrock Milling Features

Just 119 sites with bedrock milling features have been recorded in the three counties (Figure 33; 
Table 37), mainly within the Santa Monica Mountains and the hills north and east of Los Angeles and Or-
ange Counties.

Nearly two-thirds of all sites are in the Coastal Scrub, Chamise-Redshank Chapparal and Chapparal 
communities with 22 percent in the Coastal Oak Woodland and Valley Oak Woodland. Very few sites have 
been recorded in the higher-elevation communities of the mountains in northern and eastern Ventura and 
Los Angeles Counties (Table 38).

These counties are relatively arid, particularly given their coastal setting, but it is still interesting that 
the 53 bedrock milling sites in the Coastal Scrub Community are, on average, over 750 feet from the nearest 
water source. As such, water must not have been an important component for processing resources. Just 11 
sites had CCRD keyword data. Of these, only five had information on the type of milling feature—three have 
just mortars and two just slicks. Of the eleven sites designated as occupations in the keyword data, six are in 
Scrub and Chaparral communities, three in Coastal Oak woodlands, and two in Annual Grasslands.
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Table 37. Number of Bedrock Milling Sites by County in Districts 7 and 12.

County Sites
Los Angeles 62
Orange 10
Ventura 47
Total 119

Table 38. Summary of Bedrock Milling Sites and CCRD Keyword Hits by 
Vegetation Community in Districts 7 and 12.

Vegetation Community Sites
Average 

Elevation 
(feet)

Average 
Distance to 
Water (feet)

Only  
Slick

Only Mor-
tar Pestle Occupation

Coastal Scrub 53 350 762 - - - 1
Coastal Oak Woodland 23 858 258 1 2 1 3
Chamise-Redshank Chaparral 17 480 126 1 1 1 4
Annual Grassland 9 661 238 - - - 2
Valley Oak Woodland 4 787 162 - - - -
Mixed Chaparral 4 3,004 75 - - - 1
Barren 2 2,712 470 - - - -
Desert Scrub 1 2,352 254 - - - -
Jeffrey Pine 1 7,927 353 - - - -
Montane Hardwood-Conifer 2 5,633 244 - - - -
Montane Riparian 2 133 47 - - - -
Sierran Mixed Conifer 1 6,614 46 - - - -
All Sites 119 852 450 2 3 1 11
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” (mortar or BRM 
– bedrock mortar), or both.

Culture History as it Relates to Milling Technology

This discussion follows Glassow et al. (2007) and Byrd and Raab (2007). There are few occupational 
residues prior to the Millingstone Horizon (9000–6500 cal BP). Sites dating to this period are identified by 
abundant millingslabs and handstones, many of them fragmentary. Cobble and core tools, possibly used to 
shape ground stone implements, are also abundant.

Starting about 6,500 years ago population densities appear to have grown and coastal sites are 
much more common. Handstones and millingslabs continued to be used but Gamble and King (1997) argue 
that both kinds of artifacts changed form. Mortars and pestles appear in sites as early as 6500 cal BP with 
common use after 6000 cal BP. Interestingly, mortars from the earliest documented use at the Sweetwater 
Mesa site (LAN-267) have small, shallow depressions (King 1967:37–39). Farther south, in Orange County, 
the Millingstone Pattern occupation appears to have continued until at least 3000 cal BP, though it is unclear 
whether bowl mortars were introduced prior to this.

Beginning around 3500 cal BP, material culture elaboration continued, but mainly with a shift toward 
increasingly maritime and littoral adaptations. Glassow et al. (2007) posit that mortars and pestles were used 
to process plants and small fauna and may have facilitated overall economic intensification and supported 
increasingly large populations and the establishment of permanent villages which persisted until historic 
times. Erlandson and Rick (2002:180) believe there was a slight population density increase at 3500 cal BP 
caused by resource diversification, sedentism, and cultural elaboration, though dramatic population growth 
did not occur until around 1500 cal BP. In Orange County the period beginning at 3000 cal BP is called the 
Intermediate Period (Koerper et al. 2002). There was increased population growth here as well, but not to 
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the extent of the northern bight. Instead growth was centered on sources of fresh water with other areas 
used in a more logistical fashion.

As with the initial period of growth, the extreme population growth and cultural elaboration 
post-dating 1500 cal BP were related to innovations in maritime technology, namely the sewn plank canoe. 
Few changes in settlement patterns and no changes in the relative frequencies of milling tools are noted for 
this period. The ethnographic pattern was well established by 650 cal BP at the latest and included some 
of the highest population densities of hunter-gatherers in California. Goods were regularly traded across 
the Santa Barbara Channel, including milling gear. Orange County sites reflect much the same pattern, but 
with moderate-sized villages rather than the larger villages of the northern bight, and greater use of small 
collector-group camps in the interior and on the coast (Koerper et al. 2002).

Research Issue Discussion

Bedrock milling features have not been incorporated into the culture history of Districts 7 and 12. 
As such, if sites with bedrock milling features are identified and have data associated with them, there is 
tremendous potential to contribute to regional research issues under all research topics.

 ▪ Chronology—High Potential

There has been no attempt to determine the timing of initial use of bedrock milling features 
in Ventura, Los Angeles, or Orange Counties. As such, any studies of the age of bedrock 
milling would contribute to this issue.

 ▪ Settlement-Subsistence—High Potential

Changing trajectories of settlement-subsistence patterns have been proposed for Ventura, 
Los Angeles, and Orange Counties, but interactions between the coast and interior, and the 
role of bedrock milling sites particularly in the interior, have not been explored. Any site 
that can elucidate the relationship between coastal and interior or residential and logistical 
has potential to contribute to this topic.

 ▪ Morphology and Function—High Potential

No studies of bedrock mortar morphology have been conducted and therefore an exam-
ination of mortar size relative to portable mortars or between the northern bight and other 
regions of California would be valuable.

 ▪ Investing in the Landscape—High Potential

With such high population densities focused on the coast, terrestrial resources played a 
reduced economic role, but since coastal villages were occupied nearly continuously for 
hundreds of years, it is likely that interior plant communities were shaped by repeated 
human interaction. Paleoenvironmental studies, coupled with archaeological data from 
bedrock milling sites, have tremendous potential to address this topic.

 ▪ What was Processed in Milling Features—High Potential

There are many excellent archaeobotanical studies from District 7 and 12, but not from 
sites with bedrock milling features. To our knowledge starch grain extraction and pigment 
residue detection have not been attempted. As a result, any such data would be valuable to 
the regional record and would be capable of addressing this topic.

Potential Sources of Additional Data

Most records are on file at the South Central Coastal Information Center. There is relatively less 
public land in these districts but additional data may be on file at Los Padres and Angeles National Forests, 
the California Department of Parks and Recreation, the Orange County Parks Department, and Los Angeles 
County Parks Department.
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DISTRICT 8

District 8’s Riverside and San Bernardino Counties are mostly covered by deserts but include the 
Peninsular and Transverse Ranges. The district gets progressively drier from west to east.

Geography

The western portion of the district is marked by the mountains, hills, valleys, and plains of the 
north-south Peninsular Ranges made up of the Santa Ana, San Jacinto, and Santa Rosa Mountains, and the 
east-west Transverse Ranges comprising the San Gabriel and San Bernardino Mountains. To the east, the 
Mojave and Colorado Deserts are a series of widely separated, short ranges in the desert plains with isolated 
mountains, plateaus, alluvial fans, playas, basins, and dunes. The Salton Trough is a major feature of the 
Colorado Desert and has occasionally been filled by the Colorado River to form large lakes (most recently 
the Salton Sea in 1905). The desert areas range in elevation from the lowest point in North America (280 
feet below mean sea level) to almost 8,000 feet amsl. District 8 includes two Geographic Sections—South-
ern California Mountains and Valleys and Southern Deserts (consisting of a combination of Colorado and 
Mojave Sections).

Vegetation

Vegetation in the western portion of the district includes Mixed Chaparral and Chamise commu-
nities, with canyon and coast live oak at lower elevations, and ponderosa, Jeffrey, and lodgepole pine and 
white fir at higher elevations. The Mojave Desert is one of the most arid places in North America, with water 
available only in springs and very intermittent washes that receive only occasional rain. Vegetation is sparse 
but where present is dominated by hydrophilic taxa. Creosote bush scrub is the dominant vegetation, though 
mesquite is relatively common as well.

Bedrock Availability and Quality

The western portion of the district includes the eastern portion of the Transverse Ranges and north-
ern extent of the Peninsular Ranges, which consist of narrow ranges and broad fault blocks with alluvial 
deposition in lowlands. Bedrock consists of Cenozoic marine and nonmarine sedimentary rocks and Meso-
zoic granitic rocks (Jennings et al. 1977; Saucedo et al. 2000). Suitable bedrock for milling features is found 
mainly in these ranges as are cobbles suitable for milling gear. Desert bedrock consists of Cenozoic nonma-
rine sedimentary and granitic rocks and alluvial deposits and even older, Precambrian, rocks of all types 
(Jennings et al. 1977; Saucedo et al. 2000). Schneider and colleagues (1995) identified high-quality andesite 
that was quarried at Elephant Mountain in the Mohave Desert of Riverside County for manufacture of 
portable milling slabs and similar materials were likely available elsewhere as bedrock outcrops that could 
have bedrock milling slicks or cups. 
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Distribution of Bedrock Milling Features

Bedrock milling feature distribution in the CCRD is extremely skewed toward the district’s south-
western extent, with 380 (94%) of the 404 sites recorded in western Riverside County (Figure 34). Just four 
sites are recorded in the desert areas, all in San Bernardino County. Not included in the database are another 
39 milling slick sites identified by Swenson et al. (1982a, 1982b) in the City of Riverside. The easternmost 
bedrock milling site recorded in Riverside County is just west of Palm Desert in the San Jacinto Mountains. 
This distribution, however, is not representative of the actual distribution in the deserts of southeastern 
California, but instead (and similar to District 5) may be a greater reflection of the routes taken by Caltrans 
highways, which mainly traverse alluvial areas of the desert and avoid rocky uplands. 

Nearly 60 percent of recorded sites are within either the lower elevation Coastal Scrub communities, 
or the higher elevation Mixed Chaparral or Chamise-Redshank Chaparral. Another 20 percent are in the An-
nual Grasslands (Table 39). Just five percent are in oak woodlands, with the remainder distributed amongst 
various upland forest communities. Although most land in District 8 is within the Mojave and Colorado 
Deserts, just 30 sites are recorded within arid, desert communities, most within Desert Scrub. Most sites are 
in lower-elevation hills at the edges of mountain ranges at an overall average of 2,100 amsl.

With even fewer permanent water sources than District 7 and 12, it is not surprising that bedrock 
milling sites in District 8 are rarely close to water—the average distance over the whole sample is 804 feet, 
and sites within the Coastal Scrub and Annual Grasslands, which account for 60 percent of sites, average 
between 790 and 1,100 feet from water.

Table 39. Summary of Bedrock Milling Sites and CCRD Keyword Hits by 
Vegetation Community in District 8.

Vegetation Community Sites
Average 

Elevation 
(feet)

Average 
Distance to 
Water (feet)

Only 
Slick

Only 
Mortar

Both Slick/ 
 and Mortar Pestle Occupation

Coastal Scrub 160 1,485 1,097 24 5 10 8 9
Annual Grassland 79 1,667 788 9 2 5 2 2
Mixed Chaparral 39 2,539 411 1 - 3 2 1
Chamise-Redshank Chaparral 31 3,993 215 - - 1 2 3
Desert Scrub 29 1,169 1,068 12 - 1 1 1
Coastal Oak Woodland 17 1,599 314 2 1 4 1 1
Montane Hardwood-Conifer 7 4,851 351 - - - - -
Sierran Mixed Conifer 7 5,523 164 - - 1 - 1
Jeffrey Pine 6 5,265 129 - - - - -
Valley Foothill Riparian 5 1,451 308 1 - - - 1
Pinyon-Juniper 4 4,843 300 - - - - -
Sagebrush 4 4,327 630 - - - - -
Alkali Desert Scrub 3 1,821 2,509 - - 1 - -
Desert Wash 3 902 994 1 - 1 1 -
Ponderosa Pine 3 5,562 845 1 - - - -
Eucalyptus 2 1,460 947 - 1 - - -
Water 2 4,949 67 - - - - -
Desert Succulent Shrub 1 358 1,754 - - - - -
Montane Hardwood 1 4,951 794 - - - - -
Montane Riparian 1 3,619 966 - - - - -
All Sites 404 2,099 804 51 9 27 17 19
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” (mortar or BRM – bedrock 
mortar), or both.
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Eighty-seven sites have CCRD keyword data indicating the type of feature, and 19 of these are 
designated as occupation sites. District 8 is one of only three (the others are Districts 9 and 11) that have 
more bedrock features with just millingslicks (n=51) than just mortars (n=9), and 27 have both. Pestles are 
identified at 17 sites, mostly in Desert Scrub communities. Occupation sites with bedrock milling features 
are limited to the western mountain communities with just one in the Desert Scrub.

Culture History as it Relates to Milling Technology

The following discussion follows a summary of interior southern California prehistory by Eddy et 
al. (2014). The earliest, Paleoindian, occupations of the region lack any type of milling gear, and it is assumed 
that these people were highly mobile, focused on hunting. The first milling equipment is associated with 
the Early Archaic (9500–7000 cal BP) in the form of basin millingslabs when small, highly mobile groups 
likely ranged widely over the desert, mountains, and valleys. A pattern of long-term seasonal habitation at 
anticipated intervals in places with predictable resources (McDougall 2003) is supported by the recovery of 
ground stone caches as several sites.

The interior manifestation of the Millingstone Horizon, called the Middle Archaic (Eddy et al. 2014) 
dates from 7000 to 4000 cal BP. Its hallmark is the widespread use of grinding technology—millingslabs and 
handstones. The namesake tools of the period were large basin millingslabs that, while technically portable, 
were unlikely to have been moved from site to site. The Middle Archaic witnessed an increase in the diversity 
and abundance of interior sites, perhaps indicative of continued brief intervals of sedentary village occupa-
tion with reliance on stored foods at least some of the year. Eddy et al. (2014) suggest that one feature of this 
settlement system was a regular rotation of settlements on a yearly or multi-year basis to allow regeneration 
of resources in a site catchment. Moves under this system would have been precipitated by declines in forag-
ing efficiency under a standard patch choice model (Charnov et al. 1976). The high numbers of fragmented 
ground stone indicate repeated site use and might go hand in hand with bedrock milling feature use, though 
these are not expressly called out as a component of Middle Archaic occupation.

The Late Archaic (4000–1500 cal BP) was a period of cultural intensification. Sites in the western 
portion of District 8 include residential bases, temporary bases, camps, and task-specific areas. Refuse de-
posits (mainly artifacts, manufacturing debris, and bone fragments) are part of the record for the first time. 
Portable mortars and pestles were added to the toolkit. Eddy et al. (2014) suggest this might indicate acorn 
processing and storage though there are no apparent archaeobotanical data to support this assertion. Data 
are lacking for the period but known sites indicate longer-term occupation.

The Saratoga Springs Period (1500–750 cal BP) corresponds to the MCA. As with many places in the 
state, settlement patterns contracted to more permanent water sources and there are fewer sites. Sites from 
this period exhibit midden deposits and signatures of more intensive occupation.

Finally, during the Late Prehistoric and Protohistoric Periods (750–150 cal BP), it appears that sites 
were occupied year-round, with a general decline in the relative abundance of mortars and pestles and other 
grinding tools, at least in Eddy et al.’s (2014) study area in western Riverside County. They note that portable 
milling equipment might have been replaced by bedrock milling features but there are no chronological 
studies of milling feature age using associated deposits.

Research Issue Discussion

Bedrock milling features have not been explicitly analyzed under any research issue so there remains 
data potential for sites under nearly all of them.
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 ▪ Chronology—High Potential

Bedrock milling features are assumed to date to the Late Prehistoric Period based on a corre-
sponding reduction in the presence of portable milling gear. Estimating dates on individual 
features and determining their potential age generally based on regional datasets would 
meet data requirements under this topic.

 ▪ Settlement-Subsistence—High Potential

The presence and intensity of milling equipment use (both portable and permanent) are 
proxy measures of mobility. The presence of artifact caches and/or abundant exhausted 
millingslabs are evidence of prolonged or repeated site use. Bedrock milling features are an 
obvious extension of this pattern as permanent features that can be used again and again. 
Data potential under this research issue is high if the age of features and their relationship 
to nearby sites can be determined.

 ▪ Morphology and Function—Moderate Potential

Many features are millingslicks and therefore morphological models of use do not apply. 
Large mortar datasets, however, have potential to address this issue.

 ▪ Investing in the Landscape—Moderate Potential

In the relatively harsh desert environment, it is evident that places with consistent water 
and other resources drew human occupation again and again. It would not be surprising, 
therefore if this occupation shaped ecosystems and might be evident in archaeological and 
paleoenvironmental records.

 ▪ What was Processed in Milling Features—High Potential

No studies of starch grain or pigment residue analysis have been carried out on bedrock 
milling sites to date and, to our knowledge, no archaeobotanical samples have been recov-
ered from sites with bedrock milling features. Evidence from such studies, therefore, has 
tremendous potential to address this issue.

Potential Sources of Additional Data

Most of the land in District 8 is managed by federal agencies. Records may be on file with the East-
ern and South Central Coastal Information Centers, but many are likely held in federal agency offices. The 
Bureau of Land Management is the largest land-managing agency in the district, with data available in the 
Palm Springs, Needles, Ridgecrest, and Barstow field offices. Data may also be available from the Califor-
nia Department of Parks and Recreation; the Angeles, San Bernardino, and Cleveland National Forests; the 
Mojave National Preserve; Joshua Tree and Death Valley National Parks, and military bases including Fort 
Irwin and the Twentynine Palms Marine Corps Air Ground Combat Center.

DISTRICT 9

Caltrans District 9 consists of Inyo, Mono, and eastern Kern Counties. This area is an ecological and 
cultural mix between the California and Great Basin culture areas. Inyo and Mono County are in the rain 
shadow of the Sierra Nevada and therefore get a great deal less annual precipitation, but snowmelt from 
the Sierra Nevada crest provides abundant water allowing for more permanent occupation of Mono Basin 
and Owens Valley. Furthermore, there is abundant evidence that people based in Mono and Inyo Counties 
regularly visited the west side of the Sierra Nevada, likely occupying the high Sierra Nevada ecosystems 
more frequently than people from the west side.
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Geography

District 9 is mainly within the Mono Geographic Section, though portions of southern Inyo County 
are within the Mojave Desert Section and the western portions of both counties include the eastern slope 
of the Sierra Nevada. The Mono/Inyo region consists of the western part of the Great Basin and is made up 
of isolated ranges separated by aggraded desert plains. Within California it begins in Carson Valley and 
extends south to the White Mountains east of Owens Valley. Elevations range from 4,400 to 14,200 feet amsl. 
Various creeks drained east from the Sierra Nevada into Mono and Owens Lake prior to impoundment by 
the Los Angeles Department of Water and Power in the 1930s.

The southern half of Inyo County is within the Mojave Desert and includes the Coso Range, Cot-
tonwood Mountains, Panamint Range, Amargosa Range, and Nopah Range, with Panamint, Indian Wells, 
and Death Valley interspersed.

Vegetation

Vegetation is typical of Great Basin communities with sagebrush and shadscale on the valley floors 
and lower elevation areas, and Pinyon-Juniper communities higher up, with Jeffrey pine, white fir, aspen, 
and bristlecone pine at higher elevations. Pinyon pine was known to be a staple crop for those who lived 
in these habitats.

Pinyon-Juniper Woodlands occur at high elevations on the east side of the Sierra Nevada. Oak and 
pine species are available up to 6,000 feet amsl along with abundant grass seeds, tubers, and fruits. Above 
8,000 feet resources are limited, but high elevation meadows have summer-ripening grasses which draw 
migratory deer populations and provide abundant seeds which were gathered by all Native American 
groups that lived in the region.

Availability and Quality of Bedrock

The Sierra Nevada is a block mountain range tilted west with accordant crests, leaving a steep eastern 
slope facing the Mono Plateau and Owens Valley. The lithology is mainly granitic and ultramafic materials 
with some strongly metamorphosed sedimentary and volcanic rocks (Jennings et al. 1977; Saucedo et al. 
2000). Bedrock is exposed throughout the higher elevations, including large expanses of glacially smoothed 
granite. Large granitic cobbles are present across the landscape at higher elevations, and are water rounded 
within small tributaries to the large Sierran rivers as well as in the rivers themselves—perfect raw materials 
for handstones and pestles.

Bedrock in the Mono Plateau, Owens Valley, and White Mountains is mainly Cenozoic volcanic 
rocks and alluvial deposits with Paleozoic sedimentary and volcanic material, and Mesozoic granitic rocks 
(Jennings et al. 1977; Saucedo et al. 2000). Recent volcanic deposition has left firm to soft and slightly hard 
bedrock materials. Rapid-flowing rivers run in deeply incised bedrock channels and empty either into the 
Mojave Basin (via the Owens River) or into other basins in the Northwestern Basin and Range.

Distribution of Bedrock Milling Features

Sites in District 9 are mainly recorded along US 395 which runs through the Mono plateau and 
Owens Valley (Figure 35; Table 40). Highway corridor vegetation is fairly uniform with various Desert Scrub 
and Bitterbrush communities. These account for 75 percent of the CCRD sample of resources with milling 
features—30 percent in Desert Scrub, 25 percent in Alkali Desert Scrub, and 20 percent in Sagebrush (Table 
41). Fifteen sites are in Annual Grassland communities immediately east of the Sierra Nevada and fifteen 
are in the Pinyon-Juniper zone in the eastern Sierra Nevada. Thirteen other vegetation communities are 
represented among the remaining 35 sites.
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Table 40. Number of Bedrock Milling Sites by County in District 9.

County Sites
Inyo 156
Kern 38
Mono 71
Total 265

Table 41. Summary of Bedrock Milling Sites and CCRD Keyword Hits by 
Vegetation Community in District 9.

Vegetation Community Sites
Average 

Elevation 
(feet)

Average 
Distance to 
Water (feet)

Only 
Slick

Only 
Mortar

Both Slick/ 
Mortar Pestle Occupation

Desert Scrub 79 3,609 759 16 2 12 12 16
Alkali Desert Scrub 68 3,996 896 14 6 10 6 15
Sagebrush 53 5,979 554 11 5 10 6 7
Annual Grassland 15 5,198 162 2 - 3 2 3
Pinyon-Juniper 15 6,455 81 1 2 - - 2
Bitterbrush 6 5,995 200 1 - 2 - 2
Aspen 5 7,007 51 - - - - -
Barren 4 3,324 290 - 1 - 1 1
Freshwater Emergent Wetland 3 4,508 621 - 1 1 1 1
Sierran Mixed Conifer 3 6,721 50 1 - 2 - 1
Unknown Shrub Type 3 3,607 63 - - 1 1 -
Desert Riparian 2 3,955 75 - - - - -
Montane Riparian 2 5,246 180 1 - - - 1
Water 2 5,003 402 1 - - - -
Jeffrey Pine 1 7,231 99 - - - - -
Joshua Tree 1 4,357 183 - - - - -
Lodgepole Pine 1 8,012 2,946 - 1 - 1 -
Valley Oak Woodland 1 4,383 969 - - - - 1
Wet Meadow 1 7,303 221 - - - - -
All Sites 265 4,668 621 48 18 41 30 50
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” (mortar or BRM – bedrock 
mortar), or both.

Average elevations are much higher than in other districts, not based on differences in milling feature 
use but instead reflective of the high elevation setting. The area around Mono Lake is 7,000 feet amsl while 
Owens Valley is between 4,000 and 5,000 feet amsl. An average site elevation of 4,668 feet amsl therefore 
appears to reflect use of milling features mainly in, and immediately adjacent to, the lower elevation basins.

CCRD keyword data were available for 107 sites, which provide a consistent picture of milling 
feature use. Almost half have just millingslicks (n=48), 41 have both mortars and slicks, and 18 have only 
mortars. Consistent with site frequency data, 38 of the 50 sites designated as “occupation” sites are within 
the communities in the lowest elevations of Owens Valley. Similarly, of the 30 sites with pestles, 24 (80%) 
are within the Sagebrush, Desert Scrub, and Alkali Desert Scrub communities.
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Culture History as it Relates to Milling Technology

The following is based on a generalized discussion by King and Stevens (in King and Clay 2018) 
but follows the lead of Basgall and Giambastiani (1995) in dividing the record into five temporal intervals.

Evidence of Early Holocene (pre-8200 cal BP) occupation in the Inyo-Mono area is represented by 
a few widely scattered sites (Basgall 1987, 1988; Hall 1990). Most are marked by the presence of Great Basin 
Stemmed or fluted/Concave Based projectile points. Other important artifact forms include formalized flake 
tools (i.e., scrapers, gravers) and bifaces, with milling equipment quite rare. These assemblages seem to reflect 
a high degree of residential mobility, minimal use of seed resources, and a probable emphasis on hunting 
large and small game animals, the latter particularly prevalent in the more arid parts of the region (Hall 1990).

The Middle Holocene (8400–3400 cal BP; also referred to as the Little Lake Period by Bettinger and 
Taylor (1974) is marked by use of Pinto series points. A noticeable gap in components dating to this inter-
val is apparent in the Inyo-Mono region (Basgall 2009). Middle Holocene assemblages are quite similar to 
those of the Early Holocene with respect to patterns of flaked stone material acquisition and use, mobility, 
and hunting adaptations. They differ by showing an increase in the frequency of milling equipment, a shift 
probably reflecting a broadening subsistence base (Warren and Crabtree 1986).

During the first of three Late Holocene time periods, the Newberry Period (3400–1300 cal BP) peo-
ple maintained a mobile settlement system but settlement appears to have been less spatially expansive, 
encompassing a smaller territory, with greater regularity in the direction and range of seasonal movements. 
In Owens Valley, groups appear to have moved along a north-south axis, establishing a series of seasonal 
residential bases, probably occupying the Long Valley area in summer and southern Owens Valley in winter, 
although the degree of Newberry Period mobility is debated.

The Haiwee Period (1300–600 cal BP) is marked by the introduction of the bow and arrow represented 
by the Rose Spring projectile point. In addition to this major technological change, a restructuring of local 
subsistence-settlement systems also occurred. Excavations throughout the region indicate the emergence of 
permanent or semi-permanent lowland villages characterized by residential structures, bedrock milling fea-
tures, extensive assemblages of flaked and ground stone tools, and a diverse set of floral and faunal remains. 
Such residences were probably supported by more temporary upland pinyon camps and centralized seed 
production stations in the valley bottoms (Basgall and McGuire 1988; Bettinger 1989). The relationship between 
these sites indicates that seasonal movements had become more spatially confined resulting in more intensive 
use of resources within progressively smaller foraging areas. Reduced residential mobility is also indicated 
by decreased flaked stone material diversity, a more even balance between tool and debitage material types, 
and greater use of expedient, non-curated milling equipment.

Finally, during the Marana Period (600–150 cal BP) bow and arrow technology was refined by 
cottonwood and Desert Side-notched projectile points and Owens Valley Brownware pottery. Many trends 
established in the Haiwee Period continued during this interval, including the more intensive use of local 
environments. According to Bettinger (1989), this adaptive trajectory culminated in Owens Valley during 
the Ethnographic Period, when inter-village exchange of local resources and inherited political authority 
(i.e., chieftainship) helped maintain an increasingly rigorous degree of territoriality.

Research Issue Discussion

Bedrock milling features have not been explicitly analyzed in District 9 so there remains data potential 
for sites under nearly all research issues, depending on type of features and nature of associated deposits.
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 ▪ Chronology—Moderate Potential

Bedrock milling features have been attributed to the Haiwee and Marana Period in most 
culture histories of the Inyo/Mono region. There appears to be little disagreement on these 
dates, but studies have not been explicitly designed and executed to test this idea.

 ▪ Settlement-Subsistence—Moderate Potential

The use of bedrock milling features is included as one of a series of traits that signal the 
intensification of occupation and sedentism in the region during the Haiwee and Marana 
Period. There remains some debate about details of Late Holocene settlement and subsis-
tence patterns, and data from bedrock milling sites and associated deposits may serve as 
evidence for future research into settlement patterns.

 ▪ Morphology and Function—High Potential

The so-called Monache Model of bedrock mortar function (e.g., McCarthy 1993) has not 
been tested in the Mono/Inyo basin, but since the Monache are Numic speaking peoples and 
likely migrated to the west side of the Sierra Nevada from the Owens Valley, future studies 
might profitably compare mortar cup size categories between the two regions.

 ▪ Investing in the Landscape—High Potential

Contact-era inhabitants of the Owens Valley practiced irrigation—a direct method through 
which the landscape was manipulated. It seems likely that other evidence of investment in 
the landscape may be identified by future research.

 ▪ What was Processed in Milling Features—High Potential

No starch grain or pigment residue analyses have been carried out on bedrock milling sites 
in District 9 to date. Archaeobotanical remains have been examined from at least three sites 
with bedrock milling features—INYO-5990/H, -5969/H, and -5968/H. Additional samples 
would confirm findings from these sites and have potential to address this research issue.

Potential Sources of Additional Data

In addition to the Eastern Information Center (Inyo and Mono County) and Southern San Joaquin 
Information Center (Kern County), milling feature data may be held by the Bureau of Land Management, 
Bishop Field Office, the Inyo and Humboldt-Toiyabe National Forests, California Department of Parks and 
Recreation, and Yosemite and Sequoia-Kings Canyon National Parks. A large remediation project of Owens 
Lake by the Los Angeles Department of Water and Power has also generated a large database of archaeo-
logical records that may include bedrock milling sites within Owens Valley.

DISTRICT 10

District 10 stretches from the floor of the northern San Joaquin Valley (Merced, San Joaquin, and 
Stanislaus Counties) to the crest of the central Sierra Nevada Mountains (Alpine, Amador, Calaveras, Mar-
iposa, Tuolumne Counties). Along with adjoining District 3 to the north and District 6 to the south, District 
10 has a long history of research on bedrock milling features. This is likely due to the presence of large areas 
under federal management including Yosemite National Park, Stanislaus National Forest, Eldorado National 
Forest, and numerous reservoirs managed by the Bureau of Reclamation or under permit from the Federal 
Energy Regulatory Commission. The predominance of federal land has led to the recordation and evaluation 
of hundreds of bedrock milling sites, providing large datasets for analysis.
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Geography

District 10 extends from the edge of the Diablo Range in the west, across the Sacramento-San Joaquin 
Delta and San Joaquin Valley, and through the Sierra Nevada foothills and mountains to the crest of the 
Sierra Nevada Range at elevations up to 12,000 feet amsl. The San Joaquin River runs south-north through 
the valley floor where it is fed by generally east-west trending rivers draining the Sierra Nevada—from 
north to south, the Cosumnes, Mokelumne, Calaveras, Stanislaus, Tuolumne, and Merced. The district in-
cludes portions of four Geographic Sections—Central California Coast Ranges, Great Valley, Sierra Nevada 
Foothills, and Sierra Nevada.

Vegetation

Vegetation communities are dictated by elevation along the west slope of the Sierra Nevada Range. 
Vegetation on the valley floor includes numerous Annual Grassland communities with valley oak broken 
by Riparian communities that include sycamore, cottonwood, and willow. Moving east, valley grasslands 
with occasional scrub oaks give way to Mixed Chaparral communities in the lower foothills. From there, 
vegetation changes on an elevational cline—valley grasslands and occasional scrub oak flanking the valley 
floor up to 400 feet amsl, Blue Oak-Gray Pine Woodlands at elevations between 400 and 3,000 feet, Lower 
Montane Forest communities dominated by black oak and ponderosa pine (also sugar pine) to 6,000 feet 
amsl, and Upper Montane forest communities with red and white fir and stands of giant sequoia. Subalpine 
and alpine zones above 8,000 feet amsl are generally resource-poor for human foragers, with mostly aspen 
and western juniper. Pinyon-Juniper Woodlands occur at high elevations on the east side of the Sierra Ne-
vada. Oak and pine species are available up to 6,000 feet amsl along with abundant grass seeds, tubers, and 
fruits. Above 8,000 feet, resources are limited, but high elevation meadows have summer-ripening grasses 
which draw migratory deer populations and provide abundant seeds which were gathered by all Native 
American groups that lived in the region.

Availability and Quality of Bedrock

The Sierra Nevada is a block mountain range tilted west with accordant crests. The lithology is 
mainly granitic and ultramafic rocks with some strongly metamorphosed sedimentary and volcanic rocks 
(Jennings et al. 1977; Saucedo et al. 2000). Bedrock is exposed throughout the higher elevations, including 
large expanses of glacially smoothed granite at higher elevations while forest duff in the Montane forests 
can often obscure bedrock surfaces. Large granitic cobbles are present across the landscape at higher ele-
vations, and are water rounded within small tributaries to the large Sierran rivers as well as in the rivers 
themselves—perfect raw materials for handstones and pestles.

There is more soil development and deposition in the lower elevation foothills and therefore bedrock 
outcrops are often partially or fully buried and bedrock is less universally available away from the east-west-
trending river channels that drain into the San Joaquin Valley. Exposed bedrock occurs in the lower elevation 
foothills but is absent on the flat valley floor, buried by thousands of years of alluvial deposition. Rock of any 
sort is rare on the valley floor and therefore any raw material for milling equipment was imported.

Bedrock is also available on the western edge of the district in the complex geology of the Coast Range. 
Here the bedrock is less uniform since it consists of folded and faulted metamorphosed strata of sedimentary 
and ultramafic materials. Bedrock quality varies considerably being harder and more consolidated at the higher 
elevations of the Coast Range, and slightly hard and less consistent materials along the valley edges.
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Distribution of Bedrock Milling Features

District 10 data are culled not only from the CCRD but also the Stanislaus National Forest database 
which comprises all previously recorded sites on nearly 900,000 acres of federal lands that extend from the 
Mokelumne River in the north to the Merced River in the south and range in elevation from 1,500 feet amsl 
to the Sierra crest (Figure 36). As a result, the data are confined mainly to upper montane, subalpine, and 
alpine zones of Alpine, Calaveras, Mariposa, and Tuolumne Counties.

Milling site distribution by county confirms that bedrock is rare in the San Joaquin Valley (Table 
42). Just seven sites (2% of CCRD data in District 10) are recorded in Merced, San Joaquin, and Stanislaus 
Counties combined. The foothill and mountain counties, however, demonstrate a more even spread of data 
while the Stanislaus National Forest data are biased toward Calaveras and Tuolumne Counties which have 
the majority of forest land.

Table 42. Bedrock Milling Sites by County in District 10.

County CCRD
Stanislaus  
National  

Forest
Total

Alpine 43 104 147
Amador 39 - 39
Calaveras 74 322 396
Mariposa 45 266 311
Merced 2 - 2
San Joaquin 1 - 1
Stanislaus 4 - 4
Tuolumne 95 1,577 1,672
Total 303 2,269 2,572
Note: CCRD – Caltrans Cultural Resources Database.

Vegetation community distributions are skewed by the Stanislaus National Forest data which are 
mainly drawn from above 3,000 feet amsl; the two samples are therefore presented separately.

Nearly half the milling sites occur within the Sierra Mixed Conifer or Ponderosa Pine communities, 
within the Montane Forest where gray pine, sugar pine, and black oak are the predominant food-bearing 
plants (Table 43). Another 10 percent are within Mixed Chaparral communities interspersed among Blue 
Oak-Gray Pine Woodlands. More than five percent of the overall sample is also in Montane Hardwood, 
Montane Hardwood-conifer, and Annual Grassland communities at lower elevations, and within Lodgepole 
Pine communities just below the subalpine zone. Nineteen additional vegetation classifications account for 
the remaining 16 percent of milling sites.

When only the CCRD sites are considered, the bias of the Stanislaus National Forest data is evi-
dent—Montane Forest communities are more common within the National Forest and therefore the large 
sample size from these communities swamps the sample from the CCRD. In contrast to the pattern identified 
in the combined dataset, Hardwood and Montane Hardwood-Conifer combined account for 25 percent of 
the CCRD sample and Annual Grasslands make up 20 percent. Blue Oak Woodland and Blue Oak-Foot-
hill Pine communities, which makes up just 2 percent of the overall sample, account for 16 percent of the 
CCRD database—not surprising since the community is rare in the Stanislaus National Forest but common 
in District 10 below 3,000 feet amsl. Lodgepole pine, Ponderosa pine, and Mixed Chaparral, are home to 
about 5 percent each of the CCRD sample. Seventeen communities account for the remaining 13 percent of 
the overall CCRD sites. 
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Figure 36. Distribution of Bedrock Milling Features in District 10.
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Table 43. Summary of Bedrock Milling Sites and CCRD Keyword Hits by 
Vegetation Community in District 10.

Vegetation Community Sites a
Average 

Elevation 
(feet) a 

Average 
Distance to 

Water (feet) a
Only 

Slick b
Only 

Mortar b
Both Slick/ 

Mortar b Pestle b Occupation b

Sierran Mixed Conifer 948 (35) 5,402 (5,520) 147 (155) - 1 3 1 3
Ponderosa Pine 298 (16) 3,764 (3,612) 183 (174) - 1 1 1 1
Mixed Chaparral 266 (16) 3,107 (1,737) 202 (147) 1 5 3 3 3
Montane Hardwood-Conifer 189 (32) 3,435 (1,937) 171 (141) - 2 4 3 4
Lodgepole Pine 160 (18) 7,547 (7,454) 130 (179) - 5 - - -
Montane Hardwood 158 (40) 2,667 (2,219) 178 (279) 1 4 6 3 6
Annual Grassland 133 (62) 3,160 (1,945) 236 (231) 1 9 5 7 9
Montane Chaparral 98 (8) 5,831 (6,973) 184 (242) - 2 1 - -
Red Fir 96 (2) 7,477 (7,262) 134 (574) - - - - -
Jeffrey Pine 42 (1) 6,856 (5,597) 116 (149) - - - - -
Blue Oak Woodland 40 (33) 1,299 (1,232) 280 (311) - 7 8 9 7
Douglas-Fir 34 (2) 2,512 (2,544) 41 (45) - - - - -
Barren 32 (4) 6,733 (7,663) 180 (87) - - - - -
Water 32 (5) 5,166 (3,556) 62 (41) - 2 - - 2
Blue Oak-Foothill Pine 13 (13) 1,765 (1,781) 286 (286) - 1 2 1 -
Wet Meadow 13 (2) 6,603 (4,864) 73 (67) - 1 - - 1
Chamise-Redshank Chaparral 3 (2) 1,251 (1,340) 30 (22) - - - - 1
Valley Oak Woodland 4 (4) 271 (271) 69 (69) 2 - - - 1
Subalpine Conifer 3 (1) 9,118 (9,272) 117 (63) - - - - -
Perennial Grassland 2 (2) 71 (71) 84 (84) - 1 1 1 1
Unknown Conifer Type 2 (2) 1,828 (1,939) 26 (26) - - - - -
Montane Riparian 1 (0) 8,207 (N/A) 10 (N/A) - - - - -
Sagebrush 1 (1) 7,108 (7,108) 198 (198) - - - - -
Unknown Shrub Type 1 (1) 2,188 (2,188) 67 (67) - - 1 1 -
Valley Foothill Riparian 1 (1) 128 (128) 122 (122) - - - - -
White Fir 2 (0) 7,164 (N/A) 52 (N/A) - - - - -
All Sites 2,572 (303) 4,680 (2,996) 164 (223) 5 41 35 30 39
Note: a Numbers in parenthesis (##) is the count/average without Stanislaus National Forest data. b Keyword data for Caltrans Cultural Resourc-
es Database (CCRD) sample only. CCRD dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” 
(mortar or BRM – bedrock mortar), or both.

Taken together, it is evident that bedrock milling sites are distributed throughout the elevational 
cline of habitats beginning with the lower elevation grasslands and extending upslope through the Blue Oak 
Woodland, Lower and Upper Montane Forests and, less frequently, into the subalpine and alpine zones.

District 10 includes a full transect of elevational variation from the valley floor to the Sierra Ne-
vada crest. The average elevation of bedrock milling sites is about the average elevation of District 10 
itself—5,000 feet. When only the CCRD data are considered, the average elevation drops to about 3,000 
feet. Figure 37 demonstrates some interesting peaks in the relative abundance of recorded milling fea-
tures by elevation. Notably, there is a peak in the CCRD data at 1,000–1,500 feet amsl. This is not reflected 
in the Stanislaus National Forest data (though only a very small proportion of Forest Service land is in 
these lower elevations) which show higher general frequencies within the Lower Montane Forest (3,000–
6,000 feet amsl) with the most sites at 3,500–4,000 and 5,500–6,000 feet amsl. This is intriguing because 
these elevational ranges mark the ecotones between the Blue Oak Woodland and Lower Montane Forest  
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communities around 3,000 feet amsl and the Lower and Upper Montane Communities at around 6,000 feet 
amsl. Perhaps more importantly, the highest counts of sites are at 3,500–4,000 feet amsl, just below average 
permanent snow line in the Sierra Nevada. This elevation range would be expected to be more heavily 
used both as a staging point for seasonal movement into higher elevations as snow melted, and the highest 
possible area that could be accessed year-round.

Water is abundant in District 10, particularly in the foothills and upper elevations of the Sierra Neva-
da. Bedrock outcrops are also abundant, allowing manufacturers to carefully choose where to manufacture 
milling facilities. As a result, it is not surprising that bedrock milling features tend to be relatively close to 
water—sites are, on average, within 164 feet of the nearest water source, and within an average of no more 
than 286 feet from water in any given vegetation community (see Table 43).

Keyword data are limited to the CCRD since site records from the Stanislaus National Forest were 
not available (Table 44). Just 81 sites (26%) yielded keyword hits in the database. Mortar cups are in 94 percent 
of the features of which half also had millingslicks; only 6 percent had only millingslicks. Although sites with 
milling gear are spread across a large elevational gradient, it is notable that the average elevation for sites with 
keyword hits cluster at lower elevations. In particular, the average elevation of occupation sites is close to 2,000 
feet as are sites with both millingslicks and mortar cups. Sites with pestles are at even lower elevations.

Table 44. Counts and Average Elevation of Bedrock Milling Sites with CCRD Keywords 
in Site Records in Caltrans District 10.

Keywords Count Average Elevation 
(feet amsl)

BRM/Mortar Only 41 2,712
Millingslick/Slick Only 5 960
Both BRM/Millingslick 35 2,196
Pestle 30 1,527
Occupation 39 1,934
Note: amsl – above mean sea level.

Culture History as it Relates to Milling Technology

The following discussion is adapted from Rosenthal (2011). The three counties mainly on the San 
Joaquin Valley floor have few bedrock milling features and these are in the eastern portion of these counties, 
in the lower foothills. Therefore, this discussion focuses on the foothill and high elevation record.

Like most places in California, well-dated deposits from the Early Archaic (11,500–7000 cal BP) are 
quite rare. In the Sierra Nevada foothills, sites dating to this period are identified locally at only two locali-
ties—Skyrocket (CAL-629/630) in Salt Springs Valley and Clarks Flat (CAL-342) situated upstream from New 
Melones Reservoir along the Stanislaus River. The Early Archaic buried stratum at the Skyrocket site included 
hundreds of handstones and millingslabs as well as a variety of cobble-core tools, large percussion-flaked 
“greenstone” bifaces, and comparatively high frequencies of obsidian from the Bodie Hills and Casa Diab-
lo sources located east of the Sierra crest (LaJeunesse et al. 1996). Milling equipment was substantially less 
common at the Clarks Flat site. Plant macrofossil assemblages recovered from Skyrocket are dominated by 
gray pine and acorn nutshell but include few if any small seeds or other spring- and summer-ripening plant 
foods (e.g., manzanita). The large accumulation of ground stone in the buried Early Holocene stratum at 
CAL-629/630 probably represents sustained residential use or the residue of seasonal occupations over many 
centuries rather than any sort of artificial “platform” or other intentional construction as originally suggested 
(cf., Pryor and Weismann 1991:pg). Further, this pattern of repeated or extended occupation may suggest that 
land use in the western Sierra Nevada was seasonally structured and was not the wide-ranging, highly mobile 
lifestyle often believed to characterize the Early Archaic throughout the mountain west.
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Most of the known Middle Archaic (7000–3000 cal BP) deposits have been identified in buried strati-
graphic contexts. These deposits often include large numbers of handstones and millingslabs; a variety of 
cobble-based pounding, chopping, and milling tools; and an occasional mortar and pestle, found only at 
the most intensively occupied sites. Archaeobotanical remains reveal a pattern of seasonal transhumance, 
with fall and winter villages placed below the snow line in the Blue Oak-Gray Pine Woodland, and summer 
camps situated in the conifer forest zone where annual roots, bulbs, seeds, and fruits are common during 
warmer months.

Late Archaic (3000–1100 cal BP) sites are among the most common on the western slope. Late Ar-
chaic lifeways, technologies, and subsistence patterns were quite similar to those of the previous time period 
except for an increase in obsidian use. Handstones and millingslabs make up the majority of ground stone 
implement, and various expedient cobble-core tools, battered cobbles, and other heavily used flake-based 
implements are common in the foothills. Fall-ripening acorn nutshell also occurs regularly, but summer 
grass seeds, and fruit and berry pits continue to be rare in foothill deposits and common in higher elevation 
sites indicating that seasonal mobility remained the primary strategy for overcoming spatial and seasonal 
differences in the availability of important plant foods.

The final chronological period—the Recent Prehistoric—is divided into two phases corresponding 
with climatic regimes associated with the MCA. Among the most important changes in the archaeological 
record of the western slope is the introduction of the bow and arrow at about 1100 cal BP, an innovation 
apparently borrowed from neighboring groups to the north or east. Stevens et al. (2019; see also Chapter 4) 
believe that bedrock mortars were first widely used during this time period, but their common occurrence 
at Recent Prehistoric II sites suggests that they became an important milling technology by 610 cal BP. 
However, unlike the earliest arrow points, bedrock mortar technology appears to have developed west of 
the Sierra Nevada, the center of distribution for these milling features.

There appears to have been greater settlement differentiation during the Recent Prehistoric II Pe-
riod, with clear residential sites often including house-depressions and other structural remains, but also 
special-use localities consisting simply of bedrock milling features. Summer use of higher elevations is also 
apparent, as many sites from this time period are in the Lower Montane Forest, often including high pro-
portions of summer-ripening plant foods.

Research Issue Discussion

Along with the southern Sierra Nevada in District 6, District 10 has been the focus of much of the 
bedrock milling feature research in the state. As a result, several research issues outlined in Section II have 
been previously addressed and additional studies are less likely to elicit new information.

 ▪ Chronology—Moderate Potential

Stevens et al. (2019; Stevens 2002) have identified broad temporal patterns of bedrock milling 
feature use in the Sierra Nevada, but also acknowledge that individual sites or locations 
may have earlier use of such features (e.g., Yosemite Valley). Regional sampling of sites and 
technological advances allowing for direct dating of features could further refine the age 
estimates and contribute to this research issue.

 ▪ Settlement-Subsistence—Moderate Potential

Many of the settlement-subsistence models as they relate to bedrock milling in the Sierra 
Nevada were based on data from sites in District 10. Confirmation of these patterns or 
detailed local analyses may provide significant results at a local or regional level but is 
unlikely to change the overall story of pre-contact settlement and subsistence in the district.
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 ▪ Morphology and Function—Low Potential

A great deal of archaeological research has gone into examining the morphology and func-
tion of bedrock milling features in the central Sierra Nevada. Additional data are unlikely 
to provide novel information germane to this topic without the introduction of new theories 
of morphological and functional relationships.

 ▪ Investing in the Landscape—High Potential

The Sierra Nevada has seen a great deal of research on bedrock milling facilities and human 
modification to the landscape. Stevens et al. (2019) discuss the role that bedrock milling sites 
may have played in establishing territorial boundaries, but further research along these lines 
is merited. The ethnographic and traditional ecological knowledge components of landscape 
management research have rarely been combined with archaeological data and therefore 
there is high potential for meaningful research on this topic. Furthermore, there are detailed 
paleoclimatic and paleoenvironmental records that could be harnessed.

 ▪ What was Processed in Milling Features—Moderate Potential

District 10 has perhaps the largest database of archaeobotanical and starch grain analyses 
from sites with bedrock milling features. It is less likely, therefore, that new studies will 
expand upon existing information. The exception would be studies of pigment residues on 
milling features and recovery and identification of additional starch grains from features 
in a broad range of environmental and temporal settings.

Potential Sources of Additional Data

In addition to the data presented from the CCRD and Stanislaus National Forest, Yosemite National 
Park has a large database of milling site records that are not on file with the Central California Information 
Center. Additional sources of data include the Eldorado National Forest, Bureau of Land Management Mother 
Lode Field Office, and California Department of Parks and Recreation which manages a number of parks with 
bedrock milling features, including Indian Grinding Rock State Park in the Sierra Nevada foothills.

DISTRICT 11

District 11 incorporates San Diego and Imperial Counties. It is bounded by the Mexican border on 
the south, the Pacific Ocean on the west, and the Colorado River on the east. Evidence of bedrock milling 
use is generally restricted to the hills of San Diego County, with less exposed bedrock of suitable quality, 
fewer plant resources, and therefore less milling activity identified in Imperial County.

Geography

San Diego County consists entirely of coastal terraces, mountains, and valleys with decreasing 
coastal influence from west to east. The district is generally arid but with a steep drop-off in precipitation 
east of the mountains. In eastern Imperial County, the Colorado Desert, an extension of the larger Sonoran 
Desert, is marked by a series of widely separated, short ranges in the plains, with isolated mountains, pla-
teaus, alluvial fans, playas, basins, and dunes. The Salton Trough (sediments deposited by the Colorado 
River filling the northern rift valley) drains north toward Riverside County, occasionally forming large lakes 
(most recently the Salton Sea in 1905). The Colorado River drains the Colorado Plateau and brings water to 
the otherwise dry desert of eastern Imperial County. The majority of bedrock milling sites are located along 
the coast and adjacent mountain ranges. The district includes three Geographic Sections—Southern Coast, 
Southern Mountains and Valleys, and Southern Deserts.
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Vegetation

Along the coast, vegetation includes California Sagebrush and Buckwheat series, abundant mixed 
Chaparral Shrublands, Coast Live Oak and Valley Oak communities, and mixed sage. There are few larger 
streams, with mainly short drainages that debouch into the ocean. Exceptions are the Santa Margarita, San 
Luis Rey, San Diegito, and Tijuana Rivers. These drainages have (or historically had) riparian communities 
dominated by sycamore, cottonwood, and various willows.

In the eastern hills, Mixed Chaparral and Chamise communities include canyon and coast live oak 
at lower elevations, and ponderosa, Jeffrey, and lodgepole pine and white fir at higher elevations. Typical 
riparian communities include willow, cottonwood, and sycamore. Key nut-bearing trees are limited mainly 
to coast live oak. Chaparral species dominate much of the hillsides in interior San Diego County but may 
have been burned to maintain more open oak woodlands during pre-contact times.

Desert communities of Imperial County are extremely arid, with water available only in springs 
and very intermittent washes that receive only occasional rain. Vegetation is sparse but where present is 
dominated by hydrophilic taxa. Creosote bush scrub is the dominant vegetation, though mesquite is rela-
tively common as well. The exception is the extreme eastern portion of the district where the Colorado River 
would have historically had a substantial riparian habitat surrounding it.

Bedrock Availability and Quality

Bedrock along the coast consists of Cenozoic marine and nonmarine sedimentary rocks occurring 
fairly close to the shoreline and throughout the surrounding mountain ranges (Jennings et al. 1977; Saucedo 
et al. 2000). The hills and mountains to the east include narrow ranges and broad fault blocks with alluvial 
deposition in lowlands. Elevations range from 300 to 11,500 feet amsl. Bedrock consists of Cenozoic marine 
and nonmarine sedimentary rocks and Mesozoic granitic rocks (Jennings et al. 1977; Saucedo et al. 2000) 
Sedimentary deposits, particularly in the western portion, tend to be relatively soft sandstones.

In the Colorado Desert, bedrock consists of Cenozoic nonmarine sedimentary and granitic rocks and 
alluvial deposits and even older, Precambrian, rocks of all types (Jennings et al. 1977; Saucedo et al. 2000). 
Most of these rock types are heavily eroded and fall within the firm to soft category and are not suitable for 
use as bedrock milling.

Distribution of Bedrock Milling Features

Similar to District 8, nearly all bedrock milling features in District 11 are confined to the western 
mountain and valley settings, mainly in San Diego County (Figure 38). Nearly all (n=448) recorded sites are 
in San Diego County and just five in Imperial County, four of these in one location along the Colorado River.

Since milling features are recorded mainly within the coastal hills it is not surprising that nearly 
half of all sites are within the Coastal Oak Woodland and Coastal Scrub communities. Another 35 percent 
are further inland and at higher elevations in Mixed Chaparral, Chamise-Redshank Chaparral, Perennial 
Grassland, and Annual Grassland habitats on the hillslopes (Table 45). These sites are relatively closer to 
water than others in southern California but still average more than 250 feet from the nearest water source.

Only 33 sites (7%) had available CCRD keyword data. Millingslicks are present at all but one site 
and are the exclusive feature type at 18 sites. Bedrock mortars are the exclusive feature type at just one site. 
Seven sites have pestles, all within the higher elevation (2,000–4,500 feet amsl) Chamise-Redshank Chaparral, 
Perennial Grassland, and Montane Hardwood-Conifer communities. Finally, only six sites were designated 
as occupation sites and therefore little can be gleaned from these data.
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Figure 38. Distribution of Bedrock Milling Features in District 11.
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Table 45. Summary of Bedrock Milling Sites and CCRD Keyword Hits by 
Vegetation Community in District 11.

Vegetation Community Sites
Average 

Elevation 
(feet)

Average 
Distance to 
Water (feet)

Only 
Slick

Only 
Mortar

Both Slick/ 
Mortar Pestle Occupation

Coastal Oak Woodland 106 1,763 254 4 - 4 - 2
Coastal Scrub 105 919 225 5 - 3 - -
Mixed Chaparral 45 2,406 279 1 - 1 - 1
Annual Grassland 42 2,378 200 2 - 1 - 1
Chamise-Redshank Chaparral 36 2,690 192 - - 2 2 -
Perennial Grassland 31 3,783 303 1 - 3 3 2
Montane Hardwood-Conifer 22 4,442 270 1 1 2 2 -
Valley Foothill Riparian 14 2,445 69 - - - - -
Desert Scrub 12 1,185 1,048 - - 1 - -
Montane Hardwood 9 4,590 460 - - - - -
Jeffrey Pine 8 4,374 148 - - - - -
Desert Wash 7 1,048 155 - - - - -
Juniper 4 2,336 412 - - - - -
Desert Succulent Shrub 3 1,137 96 - - - - -
Saline Emergent Wetland 3 79 471 - - - - -
Alkali Desert Scrub 1 1,145 47 - - - - -
Desert Riparian 1 1,716 1 - - - - -
Eucalyptus 1 1,335 63 - - 1 - -
Freshwater Emergent Wetland 1 2,244 177 - - - - -
Sagebrush 1 3,133 106 - - - - -
Wet Meadow 1 4,091 329 - - - - -
All Sites 453 2,124 260 14 1 18 7 6
Note: Dataset includes keyword search results for sites with only “slick” (slick or millingslick), only “mortar” (mortar or BRM – bedrock 
mortar), or both.

Culture History as it Relates to Milling Technology

The following summary is adapted from Byrd (2012) and Byrd and Raab (2007). It focuses on San 
Diego County where nearly all identified bedrock milling features in District 11 are recorded.

The earliest occupations that include plant processing tools fall in the Early Holocene Period (11,600 
to 7700 cal BP) but date more narrowly between 9400 and 8000 cal BP. All are shell midden sites with rich 
vertebrate and invertebrate faunal assemblages; carbonized plant remains; a low density but diverse range 
of flaked cobble-based tools, basin millingslabs, handstones, discoids; and occasional flexed burials.

As with elsewhere in southern California the Middle Holocene (7700–3800 cal BP) in San Diego 
County falls under the Millingstone Horizon classification. Sites dating to this period have the basin mill-
ingslab assemblages characteristic of the period. Shell middens are well-documented along the coastline. 
These middens were traditionally thought to have resulted from semi-sedentary populations subsisting 
mainly on rich resources, notably shellfish, from the bays and estuaries.

Recent investigations have revealed that the Late Holocene (3800 cal BP onward) was a period of 
considerable culture change that was at times quite rapid. Major changes took place in settlement patterns 
and subsistence strategies, and in many contexts littoral and marine resources remained important (Byrd 
and Raab 2007). Several technological changes are documented at this time. These include the introduction 
of the bow and arrow, ceramics, and possibly the mortar and pestle (Byrd and Reddy 2002:60–61). The tim-
ing of these developments is still poorly understood, and there appears to be temporal differences between 
interior and coastal areas, and between the northern and southern regions of the San Diego area (True 1966). 
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Acorns are rare at both coastal and inland sites on in the north county area within Marine Corps Base Camp 
Pendleton (Reddy 1997a, 1997b, 2001).

Although there has been no synthesis of bedrock milling features along the San Diego County 
coasts and adjacent interior, bedrock milling sites are generally associated with arrow points and pottery 
and assumed to date to the San Luis Rey I and II complexes (550–200 cal BP; Laylander 2015). Hale (2009), 
however, provides specific chronological data to support this generalization and finds that bedrock milling 
sites throughout San Diego County postdate about 1400 cal BP.

Regional Variation: Cuyamaca Oval Basins

A smaller regional phenomenon that also dates to the Late Prehistoric are Cuyamaca oval basins 
(Gross and Sampson 1990:143; Hector 2004:173; Hector et al. 2009; Manchen 2015). These features are distinct 
in having an elliptical shape, consistent depth, and relatively steep sides (Hector et al. 2009). True (1970) de-
scribed them as “bedrock millingstones” and this led to a hypothesis that they were used contemporaneously 
with metates during the Archaic Period (pre-1100). Association of Cuyamaca ovals in other sites, with Late 
Prehistoric occupation points to later use, possibly as specialized processing features designed for use with a 
particular resource. Additional research is necessary to examine these models and to provide a more detailed 
picture of both the chronology and function of these unique bedrock milling features.

Research Issue Discussion

Bedrock mortars are a common feature in San Diego County, particularly in the interior, but little 
archaeological research has been focused on the features specifically. As a result, there is research potential 
under nearly all research issues.

 ▪ Chronology—High Potential

Bedrock mortars have been assumed to date to the latest prehistoric (San Luis Rey I and 
II complexes; Laylander 2015), but there is equivocal data that indicate a potentially older 
date of up to 1400 cal BP (Hale 2009). Further research is necessary to determine the age of 
bedrock milling features in District 11.

 ▪ Settlement-Subsistence—High Potential

Changing trajectories of settlement-subsistence patterns have been proposed for San Diego 
county, but the interaction between the coast and interior, and the role of bedrock milling 
sites, particularly in the interior has not been explored. Any site that can elucidate the re-
lationship between coastal and interior or residential and logistical sites has potential to 
contribute to this topic. Burton et al. (2017) have examined cultural use of landscape features 
in San Diego County, but future research could expand on their work.

 ▪ Morphology and Function—High Potential

No studies of bedrock mortar morphology have been conducted in District 11. Comparisons 
with other regions of California would yield useful information germane to regional and 
broader research issues. Furthermore, the unique Cuyamaca basin mortar type has been 
identified in San Diego County, but its function has not been explored. Comparisons of 
metric data from basin and other mortars could elucidate functional differences and provide 
valuable data on-site use.
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 ▪ Investing in the Landscape—High Potential

So little is known about the contexts in which bedrock milling sites are found and were 
used, that additional information is necessary before the data potential under this issue can 
be fully explored. Given this lack of information, however, it is highly likely any evidence 
of landscape modification would render a site eligible for listing on the National Register 
under this topic.

 ▪ What was Processed in Milling Features—High Potential

There are many excellent archaeobotanical studies from District 11, but it is unclear how 
many are from sites with bedrock milling features (Reddy 1996, 1997a, 1997b, 2001, 2003, 
2004). To our knowledge, starch grain extraction and pigment residue detection have not 
been attempted. As a result, any such data would be valuable to the regional record and 
would be capable of addressing this topic.

Potential Sources of Additional Data

Most bedrock milling features in District 11 are concentrated along the coast and near-coastal moun-
tains of San Diego County. A large portion of northern San Diego County is managed by the Marine Corps 
and Navy as part of Marine Corps Camp Pendleton and Fallbrook Naval Weapons Station. Additional data to 
the east may be available from Department of Parks and Recreation (particularly Anza Borrego Desert State 
Park), the Cleveland National Forest, and the Bureau of Land Management El Centro Field Office.
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SECTION IV 
TREATMENT PLAN FOR BEDROCK MILLING FEATURES

This section offers a guide to best practices for identifying and evaluating bedrock milling 
features and mitigating adverse effects. It includes four chapters that walk through the 
Section 106 process and provide three examples of treatment options. This process is also 
summarized in Figure 39.

	 Chapter 10. Recording Milling Sites and Features

	 Chapter 11. Evaluation and Finding of Effects for Bedrock Milling Features

	 Chapter 12. Mitigation of Effects to Milling Sites and Features

	 Chapter 13. Examples of Project-Specific Landscape Approaches

	 Chapter 14. Discussion and Concluding Thoughts

 ▪
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CHAPTER 10. 
RECORDING MILLING SITES AND FEATURES

	 Chapter 10 provides guidance for recording milling sites and the settings in which they 
are found.

	 Levels of recordation should depend on the scope and scale of the project.
	 Minimal recordation should include a detailed context of the feature(s) and surrounding 

area.

	 All features should be mapped and photographed and all cups/slicks measured.

	 An effort should be made to identify associated artifacts, features, and deposits.

	 More intensive methods of recordation include terrestrial lidar and photogrammetry.
	 Efforts should be made to identify and record obscured milling features.

Most approaches for evaluating bedrock milling features rely on relationships to other archaeological 
deposits, sites, and features. Other factors to consider include the natural landscape, culturally significant 
landmarks, and surrounding viewsheds. While the extent of project-specific surveys might preclude some 
of these aspects, a prefield records search and initial Native American consultation could offer supportive 
information.

This chapter presents a standard set of recording procedures and additional options for identifying 
and recording bedrock milling features and associated handstones/pestles necessary to build comparable, 
cumulative, regional datasets. Appendix A presents brief guides for best practices in recordation.

IDENTIFICATION/RECORDATION

The first task is to determine if depressions or slicks are cultural or natural, and the next is to deter-
mine the full extent of the feature/feature complex and presence of archaeological deposits. Preliminary and 
easily attainable data from initial recording of bedrock milling sites and features may not yield sufficient data 
to meet regional research issues individually, but when these basic data are synthesized they can address 
some regional research issues.

Natural versus Cultural Depressions

Determining whether depressions/slicks are natural or cultural may require cleaning debris from 
an outcrop. Where deeper cups are obvious and present, it is advisable to leave sediment within the cup for 
possible later analysis (see Data Potential of Individual Features, page 181).

Ambiguous cultural features are generally found within or immediately adjacent to streams and in 
areas with glacial influence. Potholes—water-worn cups within bedrock found in stream channels—are of-
ten mistaken for bedrock milling features as are weathered features known as gnammas (https://geological 
introduction.baffl.co.uk/; accessed October 20, 2020). These cups are formed on granite outcrops when the 
feldspars and quartzes are differentially weathered by water and freeze/thaw processes. River potholes can be 
recognized by their generally oblong shape, with the long-axis following the direction of water flow, and polish 
across their entire surface. Gnammas may be more difficult to differentiate from natural features, but tend to 
be more irregular in shape. In contrast, intentional mortars are generally more symmetrical and have uneven 
patterns of polish, with the cup exhibiting polish while the surrounding bedrock does not. Pecking, while not 
present within all cultural mortars, is never present in solution cups and is therefore a sure sign of cultural 
modification. Context can also provide a clue to cultural modification—if a boulder or outcrop appears modified 
when others in similar contexts nearby are not, it is likely that the modification is cultural.
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In areas subjected to glacial action, large areas of polished bedrock may be present, precluding 
identification of distinct millingslicks. Again, similar to solution cups, the polish in glacial setting can be 
assumed to cover a greater area including surfaces that would not be practical for grinding activity (e.g., 
vertical faces of an outcropping).

Minimal Recordation Techniques

Simple recordation is codified to some extent on the Milling Station Record (DPR 523F) attachment 
to standard DPR forms, including basic context and accurate measurements of the boulders/outcrops and 
of each feature. Additional contextual information should be added, as appropriate.

Context

The archaeological site record should include many contexts that need not be repeated in the feature 
form (e.g., associated midden soils, elevation, environmental setting, distance to water).

Type and Quality of Bedrock

	 Reference sources (e.g., geologic maps) should be supported by observation and photo 
documentation. The type of bedrock may have bearing on several research issues.

	 Note bedrock abrasiveness, hardness, and any other pertinent quality (e.g., amount of 
flat surface) that may have affected manufacture and use.

Surrounding Vegetation

	 Surrounding vegetation provides context for potential resources processed and poten-
tial contaminants of botanical samples by modern or historic-era vegetation. Special 
attention should be paid to plants of known cultural value including medicinal and 
basketry plants. Identification of particular plants or subsequent plant surveys may 
be carried out as part of later and more detailed recordation events (see Chapters 11 
and 12). For instance, in Big Basin State Park in Santa Cruz county, there is a group of 
bedrock mortars within the redwood zone, yet all of the adjacent trees are young and 
have recently colonized the mortar vicinity—this indicates a shift in the vegetation since 
the site were occupied as the area likely used to be oak woodland (Mark Hylkema, 
personal communication).

Type of Water Flow

	 Note distance to intermittent or perennial water flows.

Availability and Type of Local Cobbles

	 Milling feature depth is dictated to some extent by the availability of cobbles sufficient 
to work within them. If mortars are too deep/narrow to be successfully used with lo-
cally available cobbles then they may be abandoned. Note the availability and source 
of local cobbles (i.e., creek bed near site) as well as material, general shape, and general 
size of cobbles.

	 If cobbles are not readily available in the immediate site vicinity a greater effort to 
identify curated tools should be undertaken.

	 If cobbles are readily apparent, it is more likely that cobbles will be less modified and/
or exhibit less use wear.
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Other Qualities

	 Qualitative notes on the setting of bedrock may include viewshed or visibility of nearby 
sites/features; notes on the area surrounding individual cups or slicks, including slope 
and ease of access from the ground surface; shade; or acoustic relationships to nearby 
features or sites (i.e., whether voices or sounds of milling carry to the feature). Keep 
in mind that the existing site conditions are unlikely to be the same as those when the 
site was recorded.

	 Note what may have drawn pre-contact inhabitants to this site in particular.

Changes in Context since Previous Recording Events

	 How has the context of the feature changed since initial (and subsequent) recording 
events?

	 If cups were cleaned out during an original recording event, has material accumulated 
since that time? This will have implications for both rates of depositional build-up and 
for the prospects of starch grain or phytolith analysis.

Mapping and Photographing Outcrops

A scale plan-view drawing should include the boulder/outcrop with metric measurements of max-
imum width and length and maximum height from the ground to the highest point (Office of Historic Pres-
ervation 1995). Soils should not be removed from the edges of outcrops during initial recordation. If mea-
surements are incomplete due to soil coverage, add a minus sign (e.g., a complete measurement is recorded 
as “5.5 centimeters,” whereas an incomplete measurement is recorded as “-5.5 centimeters”). The plan view 
should include a north arrow, bedrock feature identification number, scale, location, identification number/
letter of each discrete milling feature, legend, date, and illustrator name. Any identifiable features on the 
boulder or outcrop, including large cracks or ledges, as well as nearby vegetation should also be noted to 
aid in future identification. At minimum, a plan view photograph should be taken along with photographs 
of specific features shown with scaled photo arrows. In the past some recorders have used chalk to label 
features. This practice is discouraged since the chalk residue may interfere with future archaeometric stud-
ies on residues within and surrounding features. Instead we recommend using a labeled piece of paper or 
flagging tape placed next to the feature.

Measuring Milling Features

Milling depressions should be measured for maximum metric width, length, and depth to the near-
est centimeter. They should not be cleaned out because this may alter the results of potential future studies 
(e.g., macrobotanical or starch grain analyses), but a pencil or pin flag can be used to reach the bottom of 
the cup from a straightedge.

Recording Morphological Attributes of Features

Three-dimensional milling depression shapes are attributes included on the DPR 523F form but are 
not clearly defined or quantified: (1) conical mortar; (2) possible mortar; (3) oval mortar; (4) saucer mortar; 
(4) millingslick; and (5) basin milling feature. There is little to no guidance as to how to classify mortars 
within this typology, particularly what constitutes a conical/possible/oval/saucer mortar.

In a recent study in the southwest, Castañeda (2017) provides a more detailed set of morphological 
categories which breaks milling feature morphology into constituent parts—depth type, opening, profile, 
base shape, and inclination. Each has a series of associated classifying terms (Table 46). In essence, Castañeda 
(2017) provides terminology to describe the three-dimensional morphology of the cup to include the depres-
sion opening, the vertical profile, and the base type. We have chosen not to include the depth morphology 
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designations, which were similar to the existing categories on the DPR form. Instead, we advocate simply 
recording the metric depth of cups.

The width and profile at the bottom of the cup is perhaps the most important aspect of recording 
the feature because the base of the cup is the main working surface while grinding. The depths, base width, 
and profile at the base form the constraints for the size and shape of the pestle that is used.

Table 46. Standardized Terminology for Recording Bedrock Depressions (based on Castañeda 2017).

Morphological Category Term Definition

Depression Opening Round Circular (width and depth are similar)
Ovoid One axis longer than the other
Oblong One axis is 2x, or more, longer than the other
Other Morphology does not fit into other categories (describe)

Depression Vertical Profile Flat Little to no concavity in profile
Dished Gently sloping walls
Conical Steep walls, creating a cone in profile
Straight-Sided Walls are mostly vertical
Other Morphology does not fit into other categories (e.g., irregular; describe)

Base Type Concave Generally rounded
Flat Broad and flat
Pointed Comes to an abrupt point
Tapered Narrow but not pointed
Other Morphology does not fit into other categories (e.g., irregular; describe)

Outcrop Inclination Horizontal Feature is on a flat surface (less than 2 degrees of incline)
Gentle Feature is on a gently sloping surface (2–5 degrees of incline)
Moderate Feature is on a moderately sloping surface (6–10 degrees of incline)
Steep Feature is on a steeply sloping surface (10+ degrees of incline)

Standard Volumetric Measures

Removing sediment from milling features may compromise data potential for starch grain or oth-
er microconstituent analyses. When milling depressions are empty, or removing contents will not affect 
subsequent studies9, the depression volume can be measured using a large-sized, dry grain such as lentils. 
Lining the depression first with plastic or wax paper, the cup should be filled to the brim with grain. The 
grain can then be removed, and its volume measured in a graduated cylinder. Volumetric measurements are 
more accurate than simple measurements (width, depth) since they account for sloped walls and changes 
in depression shape. This method has rarely been used however, and unless applied to a large sample, may 
not provide data substantially different than standard width/length/depth measurements.

An alternative is photogrammetry which can build a three-dimensional model of the outcrop and 
measure the cups (see Photogrammetry and Mapping, page 173). Volume measures are not explicitly identified 
in any of the research topics described in this document, but ongoing replicative studies may provide an 
avenue for using volume to estimate the potential output of grinding particular materials in a given cup 
based on volume.

9 Note that some Native Americans prefer that contents not be disturbed within milling cups and when consultants are 
present at the time of recording, a discussion about the merits of cleaning out debris from within cups is warranted.
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Defining and Identifying “Associated” Features and Sites

Assuming most bedrock milling features were used to process plant foods, a whole suite of activities 
is expected at or near the feature:

	 Food had to be collected (often from nearby plants);

	 Food had to be processed (using handstones or pestles); and

	 Food had to be cooked (leaving charcoal, ash, and cooking stones/fire affected 
rock behind).

It is also true that while bedrock milling features are often located within settlement sites, bedrock 
outcrops suitable for food processing are not always found in the ideal locations for habitation and therefore 
the residues of those activities may not be found immediately surrounding a feature.

The crucial question when on a survey, therefore, is how to determine how far from the feature to 
search to find “associated” features and deposits. More practically, this is a question for reporting rather 
than fieldwork as presumably all archaeological features or sites should be identified during a standard 
archaeological survey. However, when no other deposits or features are identified, some key questions 
should be addressed:

	 Are associated deposits likely located outside the survey area? This is particularly im-
portant on Caltrans studies where the right-of-way, or APE (and therefore the survey 
area), is limited.

	 If associated deposits may be found outside the right-of-way, is there any way to iden-
tify these through records searches or accessing nearby parcels (assuming permission 
to enter is granted);

	 Are there sufficient depositional contexts to find processing residues?

Non-Standard Methods

New computer-based feature modeling using a series of photographs allows for precise mapping 
and measurements. These techniques produce computer-simulated models of the outcrops by stitching 
together clouds of point data or photographs. While specialized equipment is required to obtain the best 
results, photogrammetry can be accomplished with just a digital camera and computer post-processing. 
Some training and expertise are required to use these methods.

The following techniques are more appropriate for evaluation- and mitigation-phase studies where 
the presence of milling features has already been established and time and equipment can be allocated during 
the broader evaluation field effort.

Photogrammetry and Mapping

New methods for quickly capturing detailed, accurate, scaled, three-dimensional data for bedrock 
and other features can be particularly helpful when there is a risk of destruction or disturbance.

Terrestrial Lidar

Laser-scanning survey instruments, known as terrestrial lidar, can provide millimeter-level accuracy 
on feature topography. They capture data by scanning their surroundings with thousands of individual laser 
distance-readings that generate a three-dimensional point cloud of millions of individual positions. When 
the topography of a scene is complex, the survey instrument may need to be set up in multiple locations and 
the point clouds later combined into a single dataset. These point clouds can then be rendered in software 
into a mesh of minute polygons that depicts the feature surface in extreme detail. However, these survey 
instruments are expensive and require training to operate in the field.
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Digital Photogrammetry

A less expensive option, which requires little if any specialized field equipment while still providing 
detailed 3D data, is digital photogrammetry. This technique uses a series of ordinary digital photos, taken 
from different angles, to reconstruct topography using the differences in parallax between multiple photos. 
The software creates a point cloud from which surfaces can be rendered as a mesh of polygons. The color data 
from the photos can also be draped onto the mesh to create an immersive, photo-realistic model (Figure 40).

The only equipment required for digital photogrammetry is the camera and the photo-modeling 
software. Field data collection involves multiple overlapping photographs from as many angles as practical. 
A scale and north arrow should be included so the model can be properly scaled and oriented; specially 
coded scales are available which the software can automatically detect. Ground control points can also be 
marked and mapped, allowing the model to be integrated into GIS datasets.

The primary limitation is the ability to obtain sufficiently different perspectives. Heavy brush cover 
will prevent adequate point-cloud coverage on an underlying feature, and reflective surfaces can also present 
problems for the modeling process.

Computer processing time can range from a few minutes for smaller features to upwards of 24 hours 
for larger ones. Processing can proceed mostly unsupervised, but the user may check progress at various 
intermediate points to remove spurious or unwanted data or fix photo-alignment errors.

Completed models can be viewed in a variety of different software packages, some with the ca-
pability to create cross-sections and compute volumes. Models can also be hosted online where they can 
be annotated and viewed using a web browser. Furthermore, they can provide detailed measurements on 
feature size, which may inform future functional studies.

Identifying Obscured Bedrock Milling Features

On rare occasions, natural or modern/historic fill events may obscure features under the surface. 
More frequently, bedrock outcrops are present on the surface but obscured by heavy vegetation. For most 
projects, identifying hidden features using archaeometric techniques is prohibitively expensive but such 
techniques may be appropriate for larger projects or those where there are other reasons to believe that 
recently buried features may be uncovered during construction.

Identifying these features should follow the same methods used to identify buried archaeological 
deposits. However, given the greater difficulty and lower probability of identifying such features, presence/ 
absence efforts should only be undertaken when there is a well-founded expectation that features are present.

Possible Contexts with Vegetation-Obscured Bedrock Milling Features

Bedrock mortars can be obscured where dense vegetation does not allow for 100 percent survey 
of an area likely to have bedrock outcrops/milling features. In these situations, historic aerial photography 
and LiDAR may help identify features.
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Possible Buried Bedrock Milling Feature Contexts

Bedrock milling features can be expected in buried contexts where observable features occur in the 
surrounding area and where soil deposition can be demonstrated to have post-dated the use of bedrock 
milling features.

Techniques for Identifying Features during Survey-Phase Sensitivity Assessment

The most cost-effective method for identifying potentially obscured or buried features is to undertake 
prefield archival research. This includes review of surface soil mapping (soil age maps are available for many 
Caltrans Districts). As-built plans for Caltrans highways may provide detailed project information regarding 
cut-and-fill histories of a project area and point to potential for buried bedrock outcroppings.

Aerial photography of a project area is already generally reviewed to identify potential historic-era 
features. The same photographs may reveal bedrock outcrops which can be georeferenced and targeted by 
backhoe trenching or other subsurface testing.

LiDAR is a modern mapping technique capable of identifying landscape features underlying vegeta-
tion. Aerial LiDAR datasets in the form of digital elevation models (DEMs) are available for some areas. These 
data provide a surface map at varying levels of detail that “sees through” vegetation and therefore may be able 
to identify bedrock outcrops that can be further investigated. LiDAR-based DEMs are not detailed enough to 
identify milling features and therefore any identified outcrops still need to be ground-truthed.

Extended Phase I Efforts to Identify Bedrock Milling Features

Extended Phase I presence/absence efforts should only be undertaken when there is a reasonable 
expectation that bedrock outcrops are present based on archival research.

Backhoe Trenching

Backhoe trenching is the cheapest, quickest, and likely most effective method for identifying bedrock 
milling features. The backhoe shovel may scrape bedrock surfaces as they are exposed and may destroy 
evidence of use or mortars themselves. For this reason, the scope and scale of impacts to an area should be 
considered before using a backhoe to search for features. Generally, backhoes should be used in areas that 
be subject ground disturbance resulting from implementation of the project—it is always better to identify 
archaeological features and deposits with a backhoe during the environmental phase then for it to be dis-
covered during construction. 

Ground Penetrating Radar

Ground penetrating radar (GPR) is a non-invasive technique for mapping subsurface features. 
While GPR has had mixed success in identifying human burials and features in California, it is quite suc-
cessful in identifying large rocks and therefore would be capable of identifying bedrock outcrops. It is 
less likely, however, that the resolution is sufficient to identify milling features on the rock and therefore 
GPR studies may only be able to rule out the presence of bedrock outcrops, not identify the presence/ 
absence of milling features.

Identifying Associated Handstones and Pestles

Handstones and pestles are considered “portable” milling equipment and require varying degrees 
of investment. In many locations, artifacts were stashed close to features. Upon identifying a milling feature, 
recorders should first look in and around the rock outcrop itself—crevices or overhangs may have artifacts 
within them. From there, a close site survey should radiate out from the feature and check other locations 
where someone may have intentionally placed an artifact for future use. These may include the base of 



Bedrock Milling Features in California:
Archaeological Context and Research Design

177

nearby trees or other obvious landscape locations. Any rounded cobble or pestle (within reason if near a 
river or creek where these are common) should be examined for evidence of use wear.

Analyzing and Describing Handstones and Pestles

Simply the presence/absence of various ground stone implements along with basic morphologi-
cal attributes offer important information on technological investment (expedient versus curated, shaped 
versus unshaped), residential mobility (portable versus stationary), and economic intensification (number 
and density of tools). More direct evaluation through residue analysis on individual tools has the potential 
to better clarify tool-resource relationships. As a result, ground stone artifacts can be rinsed, but areas of 
potential use-wear could have starch grains or other residues so should not be scrubbed.

Basic attributes on all artifacts should include material type, length, width, and thickness, and de-
scriptive tool type. For functional interpretation, artifacts should be examined for degree of polish; presence 
of striations—indicative of use direction, battering, shaping, and burning (Appendix A). It is important to 
include attribute definitions with measurements when ranges are used (e.g., flat, shallow, concave basins). 
Furthermore, unmodified water-rounded cobbles are often mistaken for ground stone tools, so proper 
documentation of use-related wear is critical for demonstrating cultural modification. Culturally modified 
handstones can be differentiated from water worn cobbles because they will have distinguishable wear 
facets and areas of polish.
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CHAPTER 11. 
EVALUATION AND FINDING OF EFFECTS FOR BEDROCK MILLING FEATURES

	 Chapter 11 provides guidance for evaluating NRHP eligibility of resources  
and potential effects that result from a project.

	 Eligibility determinations should start with project-specific context and research designs.

	 Eligibility for individual sites is generally under Criterion D—data potential  
but should consider other criteria.

	 Sites that lack associated deposits are less likely to be eligible under Criterion D;  
but may have residues or structural elements that provide relevant data.

	 Sites with specific associations with persons or events identified by ethnographic re-
search or consultation can be eligible under Criterion A or B.

	 If an ethnographic landscape is identified, a site may be eligible as a contributing element.

	 Determining effects to a resource should include examining not just direct physical 
impacts but also changes to the integrity of setting, association, and feeling.

	 Conditions placed on construction may reduce impacts and allow for a finding of no 
adverse effect to a milling feature.

This chapter offers a guide to evaluating bedrock milling features through traditional archaeological 
methods and novel approaches. The first step is to determine if a feature or associated archaeological data can 
address regional research issues (National Register Criterion D). Native American concerns regarding signif-
icance should always be addressed, first by exploring if there is a direct link to important people or events in 
the past (Criterion A or B). Along a parallel track to standard archaeological analysis, a feature’s eligibility as 
a contributing element to a potential National Register-eligible district can be explored. The chapter ends with 
a discussion of findings of effect for features both individually and as components of historical landscapes.

NATIONAL REGISTER OF HISTORIC PLACES ELIGIBILITY

The significance of Native American archaeological resources is best measured by applying National 
Register eligibility criteria (36 Code of Federal Regulations 60.4). These criteria state, in part, that:

The quality of significance in American history, architecture, archaeology, engineering, and culture 
is present in districts, sites, buildings, structures, and objects that possess integrity of location, design, ma-
terials, workmanship, feeling, and association, and

(A) That are associated with events that have made a significant contribution to the broad 
patterns of our history; or

(B) That are associated with the lives of persons significant in our past; or

(C) That embody the distinctive characteristics of a type, period, or method of construction, 
or that represent the work of a master, or that possess high artistic values, or that rep-
resent a significant and distinguishable entity whose components may lack individual 
distinction; or

(D) That have yielded, or may be likely to yield, information important in prehistory  
or history.

Pre-contact sites may be found eligible for listing in the National Register using any of the four 
criteria, or any combination thereof. Criterion A (sites associated with events that have made significant 
contributions to broad patterns of history) can be applied in pre-contact contexts if a resource represents 
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a “site type” for a particular archaeological complex or time period. It is also applicable in ethnohistoric 
contexts if the findings reflect fundamental changes in Native American socioeconomic systems brought 
about by the arrival of Euro-Americans in the local area.

Criterion B (associated with significant persons) has less relevance, as the significance of a particular 
pre-contact person is rarely known, but it could be applicable in certain ethnohistoric contexts if the site 
relates to activities of well-known people like the Northern Paiute Ghost Dance prophet Wavoka who visited 
multiple locations in northeastern California or the powerful northern Chumash leader El Buchon who had 
a home village in San Luis Obispo County. Criterion B can also apply for gods or demigods according to 
NPS Guidance (Parker and King 1998:13). Criterion C (representing work of high artistic value) also has 
limited applicability, but can be appropriate at sites with rock art, or centers for the production of import-
ant commodities like at obsidian quarries where specialized biface blanks were produced for inter-regional 
exchange, or places where shell beads were made for the same purpose.

With regard to Criterion D, sites are considered important if they have yielded, or have the potential 
to yield:

important information about some aspect of prehistory or history, including events, pro-
cesses, institutions, design, construction, settlement, migration, ideals, beliefs, lifeways, and 
other facets of the development or maintenance of cultural systems… Any consideration 
of a property’s eligibility under Criterion D must address (1) whether the property has in-
formation to contribute to our understanding of history or prehistory and (2) whether that 
information is important [National Park Service 1997].

Information contained in Native American archaeological sites is important if it can be used to 
address outstanding local and regional research issues (see Section II).

BEDROCK MILLING FEATURES WITH ASSOCIATED ARCHAEOLOGICAL DEPOSITS

Prehistoric archaeological sites have traditionally been evaluated under Criterion D. Section II 
presents a series of bedrock milling feature research issues and Section III summarizes the state of current 
research for each of the 12 Caltrans Districts. Most of the research issues require archaeological data from 
feature-associated deposits. When archaeological deposits are present, standard evaluation methods should 
be used as presented in Byrd et al. (2017). See the Caltrans Standard Environmental Reference, Volume 2 
(on the Caltrans website) for required report content.

Sites with associated deposits are likely to be determined eligible if:

	 They maintain integrity;

	 Deposits can be dated to a specific period of occupation;

	 Data requirements as outlined in Table 23 (see Chapter 9, page 101) are met.

BEDROCK MILLING FEATURES THAT LACK ARCHAEOLOGICAL DEPOSITS

When a bedrock milling feature is not associated with an archaeological deposit, or if that deposit 
does not qualify the resource as eligible for listing on the National Register, direct data potential from the 
feature should be evaluated. If direct evidence also fails to demonstrate data potential but Native Ameri-
can consultants or other interested public express concern about the significance of the feature, then other 
criteria can be explored.
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Data Potential of Individual Features (Criterion D)

Until recently, the only data that could be obtained directly from milling features that lacked associat-
ed deposits were depression/slick counts and measurements. New archaeometric techniques, however, have 
expanded the data potential of features themselves. Here we present two techniques that have been used on 
bedrock milling features within the past five to seven years and discuss their potential to address regional 
research issues. Evaluation of direct data should follow the same traditional Criterion D evaluation trajectory 
of testing the feature and determining if it has data germane to regional research issues. Detailed discussion of 
how data are extracted in the field and processed in the laboratory is provided as Appendix B.

Starch Grain Analysis

Starch grains are microscopic structures made by most plants and are preserved on the surface of 
milling implements during processing. These grains can be extracted and identified as direct evidence of 
plants processed on or in a particular tool or milling feature.

Wisely (2016) has shown that starch grain analysis can be directly applied to any bedrock milling 
feature. While charred plant macrofossils collected through flotation analysis of bulk soil samples represent 
only those plants processed and introduced to fire (either during discard or as errors in processing), starch 
grain analysis has the potential to directly identify plants processed at a particular feature.

Data Potential

Where archaeological deposits are present, starch grain analysis can corroborate or complement 
other archaeobotanical methods. As noted in Chapter 9 (see Table 23), when found in novel contexts, starch 
grain abundance, or diversity relative to previous findings and other data at sites, can contribute to research 
topics including What was processed in bedrock milling features? (Chapter 8), and How Milling Fixtures Relate 
to Past Settlement-Subsistence Systems (Chapter 5).

X-Ray Fluorescence (XRF) Spectroscopy

X-ray fluorescence spectroscopy (XRF) has been a well-accepted and commonly used technique for 
nearly 50 years. In California it has primarily been used to determine the source of obsidian artifacts by identi-
fying their elemental composition and comparing them to known samples. Recent applications have identified 
pigments on artifacts even if the coloring is no longer visible to the naked eye (e.g., Byrd et al. 2020). Two major 
sources of decorative pigment in California—cinnabar and ochre—have distinctive elemental composition. 
Cinnabar residue is high in mercury (Hg) while ochre is essentially iron oxide (FeO2). Many XRF machines 
are now hand-held and therefore portable. Parker and Whitaker (2020; see example 2 in Chapter 12) used a 
portable XRF machine to determine whether cinnabar or ochre were present in trace amounts and the method 
used can serve as an example of best practices. While not yet explored, other pigments or non-organic materials 
processed in milling features are likely to have unique elemental signatures as well.

Data Potential

Identifying non-subsistence resources would directly address the research topics surrounding What 
was Processed in Bedrock Milling Features? (Chapter 5) but could also be used to explore sacred and non-sub-
sistence activities in and around bedrock milling sites.

Other Techniques

Few other techniques currently exist that can directly sample bedrock features. Parr and Sutton (1991; 
2019) have identified phytoliths on features using similar extraction techniques to those used for starch grains. 
Schneider and Bruce (2009) conducted a feasibility study of using crossover immunological electrophoresis 
(CIEP; commonly known as protein residue analysis) in the Mohave desert and successfully identified plant 
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and animal protein on five of 30 samples, but most could just as easily have been from animals defecating on 
the features. Yohe and colleagues (1991) have similarly identified small mammal immunological proteins on 
milling equipment in California. Given the correct circumstance, this technology may yield results. Similarly, 
lipid residue analysis has been used to identify plants and animals processed on portable milling gear (Buonasera 
2007), but the current techniques, which involve complex sample preparation and measurements of off-gassing 
of solutions from the artifacts in a fume hood. As such, without extracting a sample of the bedrock itself to return 
to the lab, it may not be possible to use lipid residue analysis in relation to bedrock mortars. 

As technology develops new techniques will become available and should be considered. Most prom-
ising will be the potential to obtain direct AMS radiocarbon dates on microconstituents such as starch grains. 
When and if this technology becomes available it will have important ramifications for bedrock milling feature 
research since it would provide direct dates for at least some use of features that otherwise can only be dated 
through indirect means (see Chapter 4—Determining the Age of Bedrock Milling Features, page 61).

Native American Historical/Ethnographic Significance (Criteria A and B) (with Helen McCarthy)

Native American coordination is crucial from the earliest stages of any project. Cultural resources 
specialists should keep in mind that Native Americans may feel that a bedrock milling feature is significant by 
its very nature and should be eligible for listing in the National Register, even if it lacks data potential under 
Criterion D. Per Section 106 [36 CFR 800.4(c)(1)], Native Americans “possess special expertise in assessing the 
eligibility of historic properties that may possess religious and cultural significance to them.” Unfortunately, 
nearly a century has passed since Native Americans have used bedrock milling features and therefore it is 
increasingly unlikely that there will be first hand (or even second or third hand) knowledge of specific fea-
ture uses or even general patterns of historic use. This is not to say, however, that bedrock mortar features 
are not important to Native Americans for reasons other than historic use. During the consultation process 
it is important, therefore, to distinguish between the two divergent reasons Native American consultants 
may be interested in milling features—either a connection to specific individuals and locations where use 
is recorded, or modern significance because the features provide a durable connection to the past or hold 
some other cultural significance. In this section we discuss potential eligibility of an individual feature/site 
under Criteria A and B as they apply to direct historical links with events of people important to our past.

Consultation on Specific Historical Use

After first providing consultants with information regarding the nature of the site, a site visit may 
be the best way to learn about their concerns and knowledge. Establishing the consultant’s experience/ 
expertise is important to how their information is perceived, for example:

	 Did your grandmother/mother/aunt/other relative use a bedrock milling feature to 
process foods?

	 Did you watch them or help them work?

	 If not, how did you learn about their use?

As most regular use of bedrock milling features ended in the 1920s, it is unlikely that many people 
will be able to answer yes to the first two of these questions. This does not disqualify their knowledge; estab-
lishing how they learned the information they are sharing will provide important context. Some may have 
learned it through oral tradition, others by reading ethnography, while others may have knowledge about 
how such features are used elsewhere and may be extrapolating this information to their interpretation of 
the feature.

Depending on where the consultant has obtained their knowledge or their specific expertise, a series 
of topics could include the following; while these provide a list of questions, they should not form a check-
list but rather the basis of a conversation.

	 Which family or individuals may have used the site?
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	 Is there recollection of its use in the recent past?

	 Was the location a camp/village site or perhaps a processing site?

	 What other ethnographic places was it associated with—villages, resource gathering 
areas, sacred locations (e.g., mountain peaks or taboo areas), trade routes or paths?

	 What were the names and uses of plants in the vicinity of the site or were plants from 
elsewhere brought to the site for processing/consumption?

	 Do modern people use the area?

Some important points to keep in mind.

	 The key to obtaining ethnographic information is encouraging people to talk.

	 Sufficient time should be given to let a conversation meander from the specific facts that 
the archaeologist wants to learn to what the consultant would like to share.

	 For various reasons, consultants may be comfortable sharing general information but 
may wish to protect specific locations of sites or important tribal properties. In these 
instances, a balance between providing sufficent information to make an eligibility 
determination and maintaining confidentiality should be struck.

Eligibility Thresholds under Criterion A

Eligibility under Criterion A requires a consultant can demonstrate that the site was linked to a par-
ticular event in history. Alternately, Criterion A may apply if Native American consultants can demonstrate 
that the site is viewed as evidence of a connection to the site or place. This connection, however, is more 
likely to be viewed in terms of the landscape approach discussed below.

Eligibility Thresholds under Criterion B

To demonstrate eligibility under Criterion B, the Native American consultant must be able to provide 
sufficient information to support an assertion that the site could be linked to a person important in the past. 
Under strict application of this criterion, the site itself must have been used by the significant person. Vague 
statements regarding previous use by elders or ancestors are not sufficient for individual eligibility determi-
nations, though they may support association with events important to the past under Criterion A.

If, however, a specific person can be named, the eligibility determination will be strengthened by 
corroborating evidence. This may include ethnographic mention of these individuals or events, newspaper 
accounts, or historical records (census data, General Land Office plat maps, etc.).

ELIGIBILITY WHEN BEDROCK MILLING FEATURES 
ARE NOT INDIVIDUALLY ELIGIBLE

In many instances bedrock milling features will lack data potential, either in the form of associated 
deposits or direct evidence on the features themselves, and there will be insufficient specific ethnographic 
knowledge to support an eligibility claim based on Criterion A or B. In these cases, Native American con-
sultants may have concerns that do not fit into the individual site evaluation framework and additional 
consultation should explore the nature of this concern. If concerns cannot be addressed through individual 
site evaluation (i.e., if the site cannot be determined eligible individually under any criteria), an evaluation 
of the resource as part of a historical landscape is possible.

In Chapters 5 and 7, we argued that bedrock milling features are never really “isolated,” but instead 
evince broader use of plant, animal, or mineral resources as part of a larger settlement and subsistence 
pattern. An obvious correlate to this statement is that features were part of a pattern of use across a larger 
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space, whether that is a radius around an archaeological site, within a drainage, or an ethnographic territo-
ry. Whether associated landscape elements (e.g., archaeological sites, other features, key plant and animal 
resources) are extant in the modern area is another matter. Almost universally, the full landscape will not 
be discernable and in most cases only the archaeological manifestations of landscape-level behaviors remain 
(i.e., features, sites).

Regardless, an individual feature may be assumed or determined eligible for listing in the National 
Register as part of a historical landscape even without fully defining that landscape.

Evaluation of a site as an element of a potential landscape should be pursued if:

	 Native American concerns cannot be alleviated through the traditional Section 106 
process for individual sites; or

	 If the site context and corroborating elements merit the grouping of several sites into 
an archaeological district connected across this historic landscape.

Consultation on Modern Native American Interpretation/Concerns

If consultants do not have specific information about features within a project APE, a different set 
of questions might be appropriate:

	 What about these features is important to you/your tribe?

	 Do you know of other sites or features in the area that may be associated with this one?

	 What plants in the surrounding area are also important and why might they be asso-
ciated with the feature?

	 Is there anything you would like to learn about this feature and its use (e.g., what was 
processed here, what season it was used, how old it may be)?

The ultimate goal of the initial consultation effort under either of these scenarios should be to identify:

	 If a cultural landscape study is merited, is there enough information to tie the site to a 
broader suite of resources/sites in the area;

	 Other specific locations (villages, plant gathering areas, other milling features) that 
should be included as part of a broader landscape; and

	 The types of resources that should be included in a broader landscape study.

Evaluating Bedrock Milling Landscapes

The full extent of a landscape does not need to be described/defined to recommend an individual 
feature within that landscape as eligible. Instead, an eligibility discussion should consider the rationale for 
landscape eligibility under each criterion. The following discussion is drawn from two National Register 
Bulletins—Guidelines for Evaluating and Documenting Traditional Cultural Properties (Parker and King 1998) 
and Guidelines for Evaluating and Documenting Rural Historical Landscapes (McClelland et al. 1999).

Criterion A – Association with Events That Have Made a Significant Contribution to Our History

In general, Criterion A eligibility is associated with a particular named event in history with direct 
association to the potential property. Rural and ethnographic landscapes may be representative of events 
that span longer periods of time. Viewed from a Native American perspective, sites and districts may be 
significant under Criterion A for their association with their ancestral use of an area or with specific activities 
that would have traditionally occurred there such as plant gathering and processing, or ritually significant 
sacred activities. Bedrock milling features within a landscape can meet this criterion for their role in a 
broader cultural system either ethnohistorically or in the recent past. Given the broad interpretation cited 



Bedrock Milling Features in California:
Archaeological Context and Research Design

185

above, however, any evidence of seasonal use or the role of an individual element within a broader settle-
ment pattern may support eligibility under Criterion A (Parker and King 1998). This definition is so broad, 
however, that it could apply to any bedrock milling feature in California and caution should be used about 
blanket eligibility statements under Criterion A. Instead, the use of this criterion and a landscape approach 
is better reserved for instances when no other eligibility criteria apply but Native American concerns merit 
further protections/mitigation of the resource.

Criterion B – Association with the Lives of Persons Significant to Our Past

Landscapes were generally associated with many people. An ethnographic landscape, however, is 
not likely to be associated with a specific individual and therefore is unlikely to be eligible for listing on the 
National Register as a result of such association. As an ethnographic or cultural landscape, however, “our past” 
can be interpreted in relation to the people who have historical ties to the landscape, and “persons” can refer 
not only to actual people, but also to “gods or demigods who feature in the traditions of the group” (Parker 
and King 1998:13; see example 1 below). Therefore, if a landscape is associated with oral history or traditions 
with a named mythological figure tied to a particular place, then the landscape may be eligible under Criterion 
B. Furthermore, if a specific family or individual can be associated with some or all of a landscape, and that 
individual or family is important in the history of the tribe, then the landscape can qualify under Criterion B.

Criterion C – Representative of a Significant Entity Whose Components May Lack Individual Distinction

Under Criterion C, a property may qualify if it either is the embodiment of the distinctive charac-
teristics of a type, period, or method of construction (C)(1), representative of the work of a master (C)(2), 
possession of high artistic values (C)(3), or representative of a significant entity whose components may 
lack individual distinction (C)(4). The first three of these are unlikely to qualify under a cultural landscape 
that includes bedrock milling features. Under Criterion (C)(1), there are rarely, if ever, buildings, structures, 
or built objects included within a bedrock milling feature landscape. Nor are there elements that may be 
considered work of a master (C)(2) or possessing high artistic value (C)(3) unless rock art or forms of arti-
facts with artistic components are included in the landscape description. It is most likely that a landscape 
will be eligible under the fourth aspect of Criterion C as representative of a significant and distinguishable 
entity whose components may lack individual distinction. Parker and King (1998), for instance, provide the 
following example that demonstrates the potential use of Criterion C:

… certain locations along the Russian River in California [that] are highly valued by the 
Pomo Indians, and have been for centuries, as sources of high quality sedge roots needed 
in the construction of the Pomo’s world famous basketry.

Although the sedge fields themselves are virtually indistinguishable from the surrounding 
landscape, and certainly indistinguishable by the untrained observer from other sedge fields 
that produce lower quality roots, they are representative of, and vital to, the larger entity 
of Pomo basketmaking [Parker and King 1998:14].

It is important to examine both the tangible and intangible qualities of the whole landscape when 
evaluating under Criterion C. Similarly, it may be important to identify how a physical feature (i.e., bedrock 
milling station) is part of the overall organization and association of the “significant entity” referenced in (C)(3).

Criterion D – History of Yielding, or Potential to Yield, Information Important in Prehistory or History

When examining a bedrock milling feature under Criterion D as part of a broader landscape, spa-
tial relationships provide an additional potential avenue for eligibility. For instance, an individual bedrock 
milling site that lacks a midden deposit or other discrete archaeological signatures may be eligible under 
Criterion D at the landscape level if GIS spatial analysis identifies it as part of a broader network of such 
sites radiating out from a village or habitation site, or connecting a larger site with an important resource 
patch (see the Riverside County study in Chapter 13, page 203). When viewed from the landscape level, a 
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single site may serve as a data point in a larger sample universe, and only through an examination of this 
broader sample is its data potential realized.

Summary of Evaluation of Features as an Element of a Historic Landscape

It is clear that there is broad latitude in assigning National Register significance to archaeological 
landscapes. An argument could be made that most, if not all, bedrock milling features are eligible for list-
ing in the National Register if the context can be developed to justify such a claim. This justification will 
universally require Native American input to help define the association between the resource and broader 
ethnographic and historic patterns. Documentation to support a determination that a site is eligible as part 
of a broader landscape should include:

	 A description of the broader pattern of which the bedrock milling feature is an element;

	 A description of the timing of use both historically (the time period) and seasonally 
(when during the year);

	 A description of the other landscape features with which the feature would have been 
associated;

	 A discussion of the specific criteria that the landscape is likely to be eligible under.

Integrity of Bedrock Milling Features

To be eligible for listing on the National Register, a landscape must meet a National Register eligibil-
ity criterion and must possess integrity of location, design, materials, workmanship, feeling, and association. 
Caltrans guidance on historic landscape documentation allows for special considerations for examining the 
integrity of dynamic and complex interrelationship of cultural and natural resources (Caltrans 1999:12). If the 
landscape is not well defined when an individual feature is considered part of that landscape, then only the 
feature itself and likelihood that other such features or landscape elements exist need be considered.

It is unlikely that prehistoric or ethnographic landscapes will maintain integrity under all seven 
categories though they need not meet all seven to be eligible. Instead, integrity should be examined against 
the essential features of a landscape that were present when it was being used. Caltrans (1999:12) suggests 
estimating the percentage of intact historic landscape and documenting intrusions or missing elements. 
Such intrusions are likely to affect the integrity of feeling and setting but leave other aspects of integrity 
unchanged. Natural and topographic features may play a large role in the definition and evaluation of a 
landscape and therefore reconstructions of the environment at the time of occupation are important to 
overall integrity considerations.

Bedrock milling landscapes are likely to maintain integrity of location because this location is defined 
by topographic and natural features and the bedrock milling stations themselves. Integrity of design is more 
fraught because design of a milling landscape may include not only the features themselves, but alterations 
(intentional or unintentional) to the landscape—these might include the management of landscapes through 
the use of fire or unintentional concentrations of vegetation communities through extensive use of an area. 
When such practices have been halted, the design of the landscape may be adversely affected. Integrity of 
setting and feeling can likewise be affected by historic and modern changes to the environment in which a 
milling landscape is found. If, however, vistas or views to topographic landmarks or association with im-
portant natural features are not altered by modern development, a landscape may maintain its setting and 
feeling. Finally, the workmanship and materials of bedrock milling features are likely to maintain integrity 
unless they have been physically altered by modern activities.
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A Special Note on Integrity of Association

Given the nature of bedrock milling feature landscapes, integrity of association is particularly im-
portant but is complicated by two factors. First, almost any landscape identified as part of a Caltrans project 
will be incomplete—native vegetation has been replaced by intrusive or domestic plants, some sites and 
features have been destroyed, and bodies of water channelized or otherwise affected by historic and modern 
use. Determining the association of features may therefore be difficult.

A broader issue, however, is determining the association of a given feature with other pre-contact 
archaeological features and sites if concrete dating of features is not possible. The inability to directly date 
bedrock milling features makes it difficult to establish contemporaneity of use, and the relationship between 
ecological features and bedrock milling features may have changed as landscapes were modified, new people 
moved into territories, or broad climate changes affected the seasonal availability of plants and animals (see 
Chapter 7, page 85]). Establishing contemporaneity first requires the definition of an appropriate period of 
significance and then the establishment of chronological markers associated with features or sites that con-
fidently place landscape elements within that period of significance (see Chapter 4, page 41). Where milling 
features were predominantly used during a relatively short interval late in pre-contact times (e.g., 1100–150 
cal BP in the Sierra Nevada; Rosenthal 2011; Stevens et al. 2019) association may be simpler than in places 
where a longer history of use is evident (e.g., the Central Coast; Jones and Lebow 2015).

DETERMINING PROJECT EFFECTS 

Under the National Historic Preservation Act (800.5[a][1]) an “adverse effect is found when an 
undertaking may alter, directly or indirectly, any of the characteristics of a historic property that qualify 
the property for inclusion on the National Register in a manner that would diminish the integrity of the 
property’s location, design, setting, materials, workmanship, feeling, or association”. Importantly, “adverse 
effects may include reasonably foreseeable effects caused by the undertaking that may occur later in time, 
be farther removed in distance or be cumulative.”

For both individual features and landscapes, the determination of effects is relatively straightforward 
but must account for not just physical alteration to contributing features but also effects to integrity of set-
ting, feeling and association. Where physical impacts are unavoidable to a feature that has been determined 
eligible for listing on the National Register as either an individual site or an element of a broader landscape 
(district), a finding of adverse effect is easily made. Similarly, a finding of adverse effect is obvious where 
a contributing or eligible archaeological deposit associated with a bedrock milling feature will be removed 
or disturbed.

Changes to integrity of setting, feeling, and association may occur on transportation projects if the 
area surrounding a bedrock milling feature is paved, associated vegetation is removed, or sightlines to other 
important sites are destroyed. Therefore, while preservation-in-place of bedrock milling features may prevent 
direct effects to the features themselves, alteration of the surrounding landscape may alter the site integrity 
and constitute an effect for an individual feature if it is eligible as part of a broader landscape. 

Conditions on Construction to Minimize/Avoid Impacts

A finding of no adverse effects is possible if bedrock milling features can be avoided during con-
struction or otherwise protected. The most straightforward of these conditions is to designate the resource 
an environmentally sensitive area and avoid it. Under the Caltrans Section 106 PA, such a designation would 
fall under a Finding of No Adverse Effects with Standard Conditions—Environmentally Sensitive Area. Other 
conditions, such as replanting disturbed areas with native vegetation important to tribes, may minimize 
effects to elements of eligibility that are not directly related to the physical features, but instead are part of 
its integrity of association, setting, or feeling. These conditions should be codified in construction plans, but 
need not be considered formal treatments that require a Section 106 Memorandum of Agreement. Any such 
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treatments, however, would need to be described and justified as part of a Finding of No Adverse Effect 
document. Depending on the context, several of the recommendations for treatments in Chapter 12 may 
apply to this category of actions that minimize or eliminate an adverse effect to milling resources. These will 
be context- and project-specific and will need to be determined through consultation with Native Americans 
and the California State Historic Preservation Officer. 
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CHAPTER 12. 
MITIGATION OF EFFECTS TO MILLING SITES AND FEATURES

	 Chapter 12 discusses mitigation when effects cannot be avoided.

	 Standard data recovery is appropriate when archaeological deposits are associated 
with features.

	 Non-standard efforts include feature relocation, replicative studies, computer models, 
and public outreach efforts

	 Mitigation of effects to a potential landscape include paleoenvironmental reconstruction, 
formal recording of the landscape, and synthesis of regional data.

	 Mitigation should be designed and implemented with regular consultation between 
Caltrans or the federal agency and Native American stakeholders.

Standard data recovery is often the simplest and best treatment when a milling feature and its associ-
ated deposits are eligible under Criterion D. When, however, a milling feature is eligible as part of a landscape 
or individually under Criterion A, B, C, or D, standard treatment may not be possible to adequately mitigate 
adverse effects. In these instances, non-traditional mitigation should highlight and reinforce the enduring 
legacy and presence of Native Americans and may entail detailed historical investigations, reconstruction, 
documentation of the landscape, or public outreach. An open dialogue and consultation with all interested 
parties should be undertaken early and often to resolve adverse effects either through Section 106 mitigation 
or conditions placed on construction.

STANDARD TREATMENT WHEN FEATURES ARE ELIGIBLE UNDER CRITERION D

When features are eligible under Criterion D, for their data potential, mitigation should consist 
of data recovery. Data recovery is meant to gather greater samples of data that address regional research 
issues. The methods used should be similar to evaluation methods, but should increase sample sizes fo-
cused on areas of intact single-component assemblages or on sampling additional cups or surfaces if direct 
examination of features is merited.

RELOCATION OR BURIAL OF BEDROCK FEATURES

In an informal survey of Caltrans cultural resources specialists, it was evident that a commonly at-
tempted mitigation when there is an effect to bedrock milling features is to relocate them during construction. 
This solution is generally attempted when a project must destroy the feature anyway and meets with varying 
levels of success depending on the location, type and size of the bedrock, and nature of construction activities.

The method is most successful when the milling features are on a large boulder rather than true 
bedrock. Many attempts to blast or chisel portions of a feature from bedrock are unsuccessful. Prior to mov-
ing a feature as mitigation, it is important to confirm with construction specialists whether this is a feasible 
solution and should consider the following:

	 Where will the feature be moved to (Caltrans right-of-way, tribal land)?

	 What agreements are required to transfer ownership/management of the feature?

	 If the feature is being moved off the Caltrans right-of-way, who is responsible for the 
transportation (e.g., Caltrans contractor, Caltrans maintenance)? Is moving the feature 
included in the construction contract?

	 Can the feature be used for public outreach?
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Documenting the Feature Prior to Relocation or Burial

A feature that is going to be relocated or buried should be fully documented (see Chapter 10). It 
should be recorded using all the methods described in Minimal Recordation Techniques (see page 170) and a 
digital model of the feature should be created using techniques described in Photogrammetry and Mapping 
(page 173). This can be done well in advance of construction and generally requires just a single day of field-
work for drone flyovers, terrestrial LIDAR scans, or to take a series of photographs to be stitched together 
into a 3-D computer-generated model.

DEFINING AND DESCRIBING BEDROCK MILLING LANDSCAPES

On a large project the definition and evaluation of a landscape can form part of the evaluation phase, 
but where single features are determined eligible as contributing elements to a potential landscape, mitigation 
might include a landscape study that further defines the landscape in question. This section relies heavily 
on the General Guidelines for Identifying and Evaluating Historic Landscapes, developed by Caltrans in 1999. It 
follows the general outline of that document but makes specific recommendations as the approach applies 
to bedrock milling sites.

The National Register recognizes just “sites” and “districts” as historic properties and therefore 
cultural landscapes must be defined using these terms—a landscape is therefore considered a “district” for 
National Register consideration.

Historic landscapes are defined as any “geographic area which has undergone past modification by 
human design or use in an identifiable pattern, or is the relatively unaltered site of a significant event, or is a 
natural landscape with important traditional cultural values” (Caltrans 1999:1). Under the Caltrans guidance, 
clusters of bedrock milling features would be defined as an “ethnographic landscape” if ethnography supports 
its use, or as a “historic vernacular landscape” if it lacks an ethnographic component (Caltrans 1999:2).

Ethnographic landscapes “contain natural and cultural resources that people associated with 
these features define as heritage resources” (Caltrans 1999:2). These are more likely to be 
evaluated as traditional cultural properties than as archaeological properties, but only if they 
continuous cultural use can be demonstrated, which is unlikely for bedrock milling features.

Historic vernacular landscapes “have evolved through use. They have been shaped by human 
activities or occupancy and reflect the physical circumstances and cultural character of daily 
lives” (Caltrans 1999:2).

While Caltrans, and the National Parks Service, have defined vernacular landscapes mainly as a 
historic-era archaeological or built environment phenomenon, a landscape of bedrock milling features easily 
meets the requirements of evolved use through time and shaping of the environment by human activities. 
In fact, several research issues presented in Section II revolve around the modification of environments 
through resource use and establishment of more permanent places within tribal territories.

Such landscapes, while required to include tangible properties to be eligible for listing in the National 
Register, may also include intangible qualities such as spatial relationships among sites, to key resources, or 
to important spiritual places. As part of a landscape, the role of such features in broader settlement patterns, 
or the relationship between tangible properties and the natural environment, should also be considered. 
Landscape studies, therefore, must generally widen the scope of focus beyond the individual site, or even 
beyond the APE of a particular project, to encompass a wider area.

Identifying Bedrock Milling Feature Landscapes

In Chapters 5 and 7, we argued that bedrock milling features are never really “isolated,” but instead 
evince broader use of plant, animal, or mineral resources as part of a pattern of seasonal movement between 
habitation sites or logistical foraging from permanent villages. An obvious correlate to this statement is that 
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features were part of a pattern of use across a larger space, whether that is a radius around an archaeological 
site, within a drainage, or an ethnographic territory.

Whether associated landscape elements (e.g., archaeological sites, other features, key plant and an-
imal resources) are extant in the modern area is another matter. Almost universally, the full landscape will 
not be discernable and in most cases, only the archaeological manifestations of landscape-level behaviors 
remain (i.e., features, sites). Standard archival record searches, pedestrian surveys, and Native American 
consultation are appropriate initial steps to define an ethnographic landscape.

Defining and Describing a Bedrock Milling Feature Landscape

Similar to single-site identification and eligibility studies, the landscape study begins by defining the 
boundaries and constituents of a historic landscape. Although the Caltrans and National Park Service guidance 
allows for landscapes to be considered either sites or districts, bedrock milling feature landscapes should be 
considered districts since they will consist of distinct milling facilities, natural features, and landscape elements.

Defining a district of milling features and other contemporaneous sites will most frequently require 
identification of archaeological sites well beyond a narrow project corridor or APE. Fortunately, conducting 
a records search is a relatively straightforward way to identify similar sites in the broader area. Generally, 
records searches are only undertaken for a small area around a given project APE. This records search, how-
ever, can be expanded during the evaluation phase. Caltrans (1999:8) recommends examining the landscape 
in terms of spatial organization and land-use patterns.

Spatial Organization is the three-dimensional arrangement of features, both cultural and natural, on 
the landscape. For a landscape that contains bedrock milling features, this might include resource gathering 
patches, village and camp locations, and travel routes between these. Beyond the physical location of elements 
on the landscape are the functional and visual relationships between spaces. These inter-feature areas are 
what connect individual sites into an aggregated whole that constitutes the landscape.

When defining a landscape, it is important to delineate what constitutes a character-defining feature 
of the landscape. This might include topography and vegetation or site features, furnishing, and objects. Im-
portantly, these must be tangible objects that can be identified and documented. In defining a landscape as 
a whole, not all of these features need be extant—a known village location that has since been developed, 
for instance, may still be an important part of a landscape even if it is no longer visible and has no archaeo-
logical manifestation (though this may affect the interpretation of landscape integrity). Such elements of a 
landscape should be identified through archival records search and consultation/oral history.

Archival Search to Identify the Boundaries of a Potential Landscape

Unlike a historic-era landscape, where property or neighborhood lines can provide definitive bound-
aries, ethnographic landscapes changed over time, with changing definable edges. Determining the potential 
size of a landscape should rely on cultural information gleaned from Native Americans consultation and 
ethnohistoric and ethnographic resources. For instance, if the goal is to link a bedrock milling feature to the 
foraging radius of a particular group, the locations of known villages or other settlements may be the best 
starting place for identifying associated resources. Other potential boundaries that may be used as a starting 
point for analysis may include:
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	 Village territory boundaries established by Milliken and Johnson (2010), Milliken (2010) 
or other ethnographic sources;

	 A linguistic or dialect territorial boundary (e.g., Golla 2011);

	 A foraging radius established around a village location using GIS software (e.g., 10-ki-
lometer or one day’s least-cost path travel);

	 An area bounded by any number of culturally important topographic features identified 
through consultation or research;

	 Ecologically bounded resource areas as reconstructed from historical ecology (e.g., the 
riparian habitats around a key river, the pinyon-juniper zone);

	 A hydrologically bounded area (e.g., the watershed of the Santa Margarita River; the 
area between the Merced and San Joaquin Rivers).

This definition defines the initial scope of the study. It can change as more information becomes 
available or after elements of the landscape are identified.

Archival Search to Identify other Elements of a Potential Landscape

A records search to identify all archaeological sites within a potential boundary can extend many 
miles if the search is filtered for only pre-contact archaeological sites, or only those sites that have the bed-
rock milling feature attribute code. When conducting the search, keep in mind that the historical landscape 
boundary may cross several land-managing agency jurisdictions and not all records may be found in the 
California Historical Resources Information System offices. The US Forest Service, US Bureau of Land 
Management, California Department of Parks and Recreation, National Park Service, or US Department of 
Defense may have records on file that are pertinent to the study. Some of these agencies allow for in-person 
visits to conduct records searches, though a permit or confidentiality agreement may be necessary to access 
these records. The district summaries in Section III include guidance on the potential land-holding agencies 
in each Caltrans District.

Ethnographic or Oral History Records

Although boundaries of a historical landscape may be delineated after initial discussions with Native 
American individuals, follow-up discussions or meetings should be held to ensure that any other potential 
elements of a landscape, including those that have no remaining physical manifestation, are accounted for. 
These may include sacred places on the landscape, travel corridors, or traditional places. Key aspects of an 
ethnographic or vernacular landscape may be missed if these locations are ignored or left out of the analysis.

Defining the Period of Occupation

In tying together the many elements on the landscape it is important to determine contempora-
neity. As such, part of the definition of the landscape should include its period of significance. This can 
be a wide-ranging cultural period (i.e., “The Late Period”), or may be a particular range of dates (i.e., AD 
1500–1772). Given the difficulty in dating bedrock milling features (see Section II, Dating Bedrock Milling 
Features, page 41) it will be important to carefully consider whether a given archaeological site should be 
included in a landscape, even if it falls within its boundaries, based on the period of occupation. Unlike a 
historical landscape, however, where the period of occupation tends to be strictly defined, the period of oc-
cupation for an ethnographic or archaeological landscape could easily span hundreds or thousands of years. 
This will only hold true, however, if it can be demonstrated that the elements of the landscape were used 
contemporaneously and are not merely the result of a history of independent uses through time.
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Considering Historical Ecology

Reconstruction of a landscape’s historical ecology requires establishing the activities that occurred as 
well as the visual character and intangible qualities of the resource. These depend on the location, historical 
records or mapping, and paleoenvironmental studies—which might be undertaken as mitigation in concert with 
landscape definitions or as a standalone mitigation measure. Hydrology has changed dramatically as a result 
of modern and historical mining and agricultural practices, and in most areas of the state natural waterways 
are obscured or modified. Reconstructing the historic-era watercourses through the potential landscape area 
may have implications for the vegetation communities and settlement patterns as they relate to the resources. 
Paleoenvironmental records—pollen cores, archaeobotanical and zooarchaeological remains, or charcoal records 
(or identifications)—may also allow for the reconstruction of past environments.

Archaeological and Ethnographic Backgrounds

Archaeological and ethnographic background sections should detail the history of landscape use 
as it relates to other aspects of pre-contact or ethnographic culture. These should build on the historical 
ecology/paleoenvironmental context, the interrelationship of landscape features and the broader patterns 
of the archaeological record during the period of significance.

Describing the Landscape

Once these records have been established, discussion of the historical landscape should include:

	 Boundaries;

	 How those boundaries were determined; and

	 Description of features and elements:

o Archaeological sites and features

o Ethnographic locations

o Topographic features.

It is important to link these disparate physical elements by identifying the visual character and intan-
gible qualities of the landscape. From the Caltrans guidance on defining historic landscapes:

The landscape description should be accompanied by photographs of individual, typical 
features and overviews demonstrating their visual connectedness. More importantly, the 
description should be accompanied by a series of maps that shows the locations of physical 
elements of the landscape as well as the reconstructed historical ecology and key environ-
mental or topographic features [Caltrans 1999].

PALEOENVIRONMENTAL RECONSTRUCTION

Reconstructing the physical setting of a site’s landscape may serve as mitigation in and of itself or 
form part of Landscape documentation. Studies might include the identification of charcoal within and out-
side site contexts (e.g., Cuthrell 2013), phytolith analysis (Piperno 2006), archaeobotanical plant macrofossil 
analysis (Wohlgemuth 1996), pollen studies (West 1977, 2008), wood charcoal species identification or fire 
scar history on long-lived trees (Swetnam et al. 2009; Appendix B).
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Phytolith Analysis

Phytoliths—rigid microscopic structures made of silica—are generally used as a paleoenvironmental 
indicator. Phytolith analysis can provide a sample of all plants in an environment when a soil was forming 
and therefore offer information on not just dietary plants, but all vegetation surrounding a site. Phytolith 
sampling and analysis will need to be undertaken by a specialist who will dictate collection methods and 
analysis (Appendix B).

Archaeobotanical Plant Macrofossil Analysis

Macrobotanical remains are identified from light-fraction samples derived from the flotation tech-
nique used to recover systematic samples of charred plant remains. Samples are generally taken from dis-
crete archaeological contexts, but off-site samples that can be dated to pre-contact surfaces can also provide 
paleoenvironmental data. Similar sampling and lab processing techniques will also yield charcoal, which 
can be identified separately from plant macrofossils (Appendix B).

Wood Charcoal Species Identification

Wood charcoal can be identified under magnification and in many cases the type of wood can be 
determined to various levels of taxonomic specificity. Once charcoal has been extracted using the flotation 
method and cleaned, charcoal samples are examined under 70x magnification and can be identified using 
existing manuals and comparison with modern and archaeological references. Changes in wood charcoal 
could provide valuable information about land use. For instance a shift between shrub and tree taxa may 
indicate a transition to a more open landscape. Radiocarbon dates on a sample of charcoal are important to 
ensure that the analyzed samples are not contaminated with modern or historic charcoal from forest fires.

Pollen Studies

Examining pollen from soil samples and cores can provide broad environmental information re-
garding shifts in plant communities surrounding depositional environments. The best pollen datasets come 
from ponds or other locations where gradual and consistent accumulation of sediments occurs. Pollen can 
also be collected from soil samples, but is more likely to represent a biased or unrepresentative sample of 
the overall environment. Pollen studies tend to provide evidence of broadscale shifts in habitat over time 
rather than short-term changes. Pollen studies as environmental reconstruction will likely require off-site 
sampling, which may require permits or other permissions.

COMPUTER-GENERATED RECONSTRUCTION OF ANCIENT LANDSCAPES

Recent applications of 3D photorealistic computing tools have tremendous potential for public 
outreach and to support landscape reconstruction techniques. Recent applications of more traditional ARC-
GIS-based analyses with Terragen software (Planetside 2017) have been used to visually reconstruct past 
landscapes through animated simulations of paleoenvironmental change (Whitley et al. 2018). Terragen is 
used in the entertainment industry for computer-generated imagery and therefore can produce full render-
ings of landscapes complete with vegetation and cultural features. This technique has yet to be implemented 
in California archaeology, but local expertise is certainly present within the entertainment industry and 
could be harnessed as part of a larger mitigation effort.

Computer-generated reconstructions and simulations of habitat change can serve multiple purposes 
including:
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	 Archaeological Modeling: time-lapse simulation models could be run that show change 
over time as bedrock milling features begin to be used under varying regimes of land-
scape management or population growth, perhaps providing testable models of vege-
tation and settlement pattern change.

	 Documentation of past landscapes: computer models of vegetation as they relate to 
bedrock milling features and archaeological sites on the landscape could be used as 
part of a HALS or other landscape documentation.

	 Public Outreach: animations or still shots from computer-generated reconstructions 
could form the basis for public outreach documents (see more below).

FUNDING OF REPLICATIVE STUDIES

A great deal is still unknown regarding how bedrock milling features were constructed and used. 
Recent experimental studies (e.g., Buonasera 2007, 2015) provide valuable information regarding the costs 
and efficiencies associated with processing various materials using bedrock milling tools. Additional research 
would be valuable to understand what resources can be profitably processed in milling features and the 
decisions that shaped use of the landscapes identified in broader evaluative studies.

Replicative studies also have added value as a collaborative and public outreach tool. Buonasera 
(2019) has used volunteer labor to process grain in mortars for her experiments. To date, this has mainly been 
limited to other archaeologists, but it could just as easily engage the interested public and Native Americans. 
Results of any such studies undertaken under Section 106 mitigation should be presented or published in 
scholarly journals (see Presentations/Publication, page 197).

SYNTHESIS OF DATA

This research design has demonstrated the lack of data consistency and data synthesis in Califor-
nia. If features lacking archaeological deposits are found eligible as part of a broader landscape, the data 
potential of the individual feature may be further realized by including it in a broader regional dataset. 
Collecting data for a given watershed, county, Caltrans District, or region could provide future researchers 
with comparative data that might address some of the broader goals of bedrock milling feature research. 
These data could then be made available to other researchers through presentations or publications (see page 
197). Data must be consistent if they are to be synthesized and therefore the recording method encouraged 
in Appendix A should be followed wherever possible.

IMPORTANCE OF CONTEXT-SPECIFIC SOLUTIONS

Under any Section 106 framework it is important that mitigation measures directly address the 
nature of both the eligible resource and the type of adverse effects that are being mitigated. There are no 
one-size-fits-all mitigation solutions for the loss of integrity of a milling landscape, nor for the significance 
of a feature as a durable signature of past land tenure by Native Americans. These context-specific solutions 
should be identified through intensive consultation processes and reflect the values that are being lost by 
the destruction or removal of individual elements or landscape features. Such solutions should incorporate 
nearby features, reconstructions, and should target local communities. Where possible they should also 
acknowledge the long tenure of Native American tribes in communities and the ways in which broader 
landscapes were used.
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PUBLIC OUTREACH 

The National Historic Preservation Act directs the State Historic Preservation Officer and Advisory 
Council to “provide public information, education, and training… in historic preservation” [Section 101(b)
(3)(g)]. Therefore, documentation beyond technical studies is a good and appropriate use of public funding 
and encouraged for all substantial projects. This section is adapted from a summary of potential outreach by 
Patricia Mikkelsen and Melissa Johnson (in Byrd et al. 2017) but has been tailored to outreach appropriate 
for bedrock milling features.

Attachment 6 of the Programmatic Agreement requires inclusion of a discussion in Data Recovery 
Plans:

that explains why it is in the public interest to pursue answers to research questions. The 
discussion should indicate whether, why, and how the public may benefit from the scope 
and nature of the information developed through data recovery, and demonstrate that the 
costs of proceeding with the data recovery are prudent and reasonable.

As such, public outreach materials should convey the importance of a site or district and present the 
findings in an engaging way. In consultation with Caltrans, funds for public outreach should be a part of 
every mitigation budget, and innovative ideas should be encouraged. Involving Native American individuals 
in the public outreach program should always be a consideration and is especially relevant as one aspect of 
public outreach is the confidentiality of some information—e.g., site locations, sacred areas, plant-use areas. 
As noted elsewhere in this document, bedrock milling features are often significant to Native Americans 
because they are tangible and visible evidence that their ancestors were present in a particular location. 
As a result, outreach efforts should reinforce this notion of Native American tenure on the landscape and 
should reflect the values—vegetation, viewsheds, and nearby landmarks—that resonate with modern tribes.

No matter how good the product, to be effective, it must reach its intended audience. It is therefore 
imperative that any public outreach materials be appropriately advertised and distributed (i.e., to libraries, 
schools, community organizations, internet users). Presented here are a series of outreach options, but resource 
managers and contract archaeologists should be creative in how they design and implement outreach materials.

Physical Displays

The most easily recognizable method people have used to spread information about prehistory, his-
tory, or an important historical event has been to document and commemorate it through a physical marker. 
Whenever possible, physical displays should both incorporate aspects of the bedrock milling feature themselves 
(if relocated). Since many features are significant to modern Native Americans because they reflect evidence 
of use/occupation of a particular location, it may be important to place physical displays as close to the feature 
as is feasible. 

Portable or Permanent Roadside Exhibits/Trailside Interpretive Panels/Kiosks

One of the most common and accessible public outreach formats is the roadside or trailside exhibit/
interpretive panel; this road-focused outreach is particularly relevant to Caltrans. Roadside displays can 
quickly and easily present the importance of the immediate region by a combination of written narrative 
and unique illustrations. For bedrock milling sites, displays can include photographs of milling features 
before they were removed/destroyed, images of landscape change over time, or reconstructions of tableaus 
of those using the features in the past (see Computer Generated Reconstruction, page 194). If it is possible to 
move a bedrock milling feature outside of the area of direct project impacts then panels associated with the 
new location can provide context that is removed when the mortar is relocated.
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Museum or Historical Society Displays

Another effective way of reaching interested parties is to generate a display/exhibit at a local com-
munity museum, library, or historical society. While not as accessible as the road- or trail-side panel, creating 
an exhibit within a museum or historical society provides the opportunity to expand on educational options, 
including artifact displays and interactive media (e.g., films, three-dimensional scans of artifacts). Such lo-
cations are also an excellent place for mortars to be relocated, particularly if this relocation can be associated 
with a broader exhibit/panel or interpretive program.

Incorporation of Native American Messages or Designs into Parks, Gardens, or Other  
Public Access Areas

Perhaps one of the more unique ways to incorporate culture with the public is to integrate a unique 
design into a public works project. This type of design ensures an aesthetically pleasing way to highlight 
history (Figure 41). Such displays can reflect the milling features and tools that were removed, or can reflect 
the activities that took place at the features. Furthermore, relocated features may be incorporated into designs.

Land or Place Name Acknowledgement

Central to the understanding of landscape in two of three project examples presented in Chapter 11 
is the concept of place to Native peoples. In both Caltrans examples in Chapter 13, Native American consul-
tants had place names for specific locations, but also for the broader landscape. Signage that acknowledges 
these place names visible to passing motorists is one form of mitigation for the destruction of more durable 
evidence of Native American occupation. Mitigation might also take the form of naming a particular stretch 
of highway.

Presentations/Publications

Perhaps one of the most basic forms of public outreach is academic or public lecture series/ 
presentations, or publication of findings. Archaeological data are reported and interpreted but often left in 
repositories with restricted access (e.g., California Historical Resources Information System). However, pub-
lishing this information and making it available in electronic and print media are excellent ways of reaching 
a wider audience and encouraging greater community input. These documents do not necessarily have to 
be published in peer-reviewed journals, but can appear in local newspapers or as a community mailer/flyer, 
or as a public-oriented summary write-up of a technical document on the appropriate agency’s web page, 
for example the Archaeology Program of the National Park Service10.

Academic

Traditionally, results of archaeological inquiry are presented and shared among peers at professional 
conferences and through publications in journals and books. This is appropriate because the academic com-
munity represents a subset of the general public with particular interest in the past. The goal of this format 
is often to share scientific methods and findings rather than to reach the public at large. 

Conference Papers/Posters

Conference papers and posters provide a summary of the work completed, how it benefited the 
regional framework, and how those data should be applied to additional research. While these papers 
were once limited to attendees of the conference, redacted versions (i.e., to keep site location data safe)  

10 https://www.nps.gov/archeology/

https://www.nps.gov/archeology/
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Figure 41. Native American Contemplative Garden at University of California, Davis.

Bedrock Milling Features in California:
A Research Design and Treatment Plan

  193



Bedrock Milling Features in California:
Archaeological Context and Research Design

199

can be posted online to share with the public at large. The Society for American Archaeology and Society 
for California Archaeology are two professional organizations that hold annual conferences allowing ar-
chaeologists to share information about new discoveries and provide workshops to share a skill. Sharing 
the results of successful projects at Native American conferences, such as the annual California Indian 
Conference, is also recommended.

Journal Publications, Books

Depending on the scope of an archaeological project—either academic or for-profit—results can 
often be published in professional journals or books to ensure a wider audience, and this information is 
available to other researchers. Examples of scientific journals include American Antiquity, American Journal 
of Archaeology, California Archaeology, and Journal of California and Great Basin Anthropology.

Popular

Cultural resources managers and project proponents must take it upon themselves to create public 
interest in cultural history through the creation of general public project outreach, through posting informa-
tion in local venues, or drafting public-friendly versions of presentations/lectures (provided to project-specific 
community support organizations, e.g., Rotary, Boy/Girl Scouts).

Posters/Banners

Posters, placed in the community or classrooms, are a great visual way to share information and 
photographs to engage readers. Like many of the visual outreach materials, posters should focus on recon-
structed landscapes and demonstrate the inter-relatedness and human influence on pre-contact ecosystems. 
Posters are also a minimal production item and can be mass-produced for little cost and easily distributed. 
There are also portable banners that are easy to transport and quick to set up, creating a bold display. They 
retract into their stand bases and store in canvas carrying cases with straps. Banners are typically 96 inches 
high with an 86-inch visual area and 33 inches wide. They can be printed on fabric, polyester film, or vinyl.

Books

One of the most versatile, creative mitigation ideas is the preparation of a book. Books can provide 
a broad range of information that can help preserve past cultures and can be presented from the viewpoint 
of archaeologists and Native Americans, often working together. Authors can present tales of archaeological 
investigations, methods, and findings in a public format, or offer generational knowledge on Native cul-
tures. Books can be hard copy, available in libraries and bookstores, but can also be on the internet, making 
them widely accessible. Books by Native Americans should be encouraged (e.g., Kathleen Smith’s [2014] 
Enough for All, Foods of My Dry Creek Pomo and Bodega Miwuk People about food gathering and preparation; 
or The Sugar Bear Story, California, an illustrated traditional children’s story presented in both English and 
Chumash, by Yee and Ygnacio-De Soto [2005]). A more extensive product to produce is a popular version 
of an archaeology project; i.e., Life on the River – The Archaeology of an Early Native American Culture (Hil-
debrandt and Darcangelo 2008) which has been used in classrooms but was out of print, so the publisher 
made it available online for instructors, students, and others curious about archaeology. Landscape-level 
studies, such as those proposed for bedrock milling features, have tremendous potential for such efforts as 
the movement between milling locations and interaction between Native Americans and their environment 
should provide an excellent venue for storytelling.



Bedrock Milling Features in California:
Archaeological Context and Research Design

200

Education

Stressing the importance of cultural resources preservation through formal and informal education 
is another way to share the results of CRM efforts and prehistory/history (in general). Formal education can 
come through the creation of grade-school lesson plans, classroom presentations, participation in school-
based career days, and distribution of education materials to the general public (e.g., bookmarks). Children 
are offered Native American history and prehistory in the fourth, fifth, and sixth grades. A separate, but 
equally important component of educational outreach is to work with Native American tribes to identify 
ways in which these educational materials can benefit modern tribal members.

Bookmarks

Bookmarks are simple, creative ways to share information with the public that are easily distribut-
ed, reproduced, and commonly used. They can contain photographs, minimal text, and quotes on Native 
Americans, and reference web pages for further study. These can be disseminated to schools, museum, 
libraries, and college campuses.

Curriculum

An inventive way to ensure that younger generations are interested in cultural resources and given 
the opportunity to explore archaeology, prehistory, and history is to create school curricula (varying by age 
level). This can be done through formalized lesson plans or supplemental art activities or after-school pro-
grams. While grade-school curriculum is an easy way to introduce children to archaeology, it is often difficult 
for teachers to accommodate lesson plans that do not contribute to state testing requirements. The way that 
curriculum is introduced to the classroom should be carefully considered. Primers and curriculums designed 
to meet fourth grade Social Sciences Standards, when children are being introduced to the history of Native 
Californians, can be developed as partial mitigation for large archaeological excavation projects. Coloring 
books promoting history and cultural heritage can be distributed free to regional schools.

Given the difficulties of incorporating new curriculum into public schools, an alternative approach is 
to give classroom presentations on archaeology/cultural resources, in general, or about nearby projects that 
have taken place. Native American speakers should also be encouraged to participate and share traditional 
stories and language. 

Electronic

With the proliferation of the internet and social media, electronic dissemination of information has 
become an optimal way of reaching the public to mitigate impacts. Computer-generated reconstruction of 
ancient milling feature landscapes (see page 194) lend themselves perfectly for internet or social-media based 
outreach materials as they reflect lost integrity related to association and feeling.

Educational Websites, Website Exhibits, Interactive

Generating a website to discuss a project is one of the simplest and easiest ways to broadcast infor-
mation. Often the sponsoring agencies (county/state public works departments) have webpages dedicate 
to sharing information about an upcoming or ongoing project. Information regarding cultural resources is 
easily added. Users can even sign up to receive notifications if updates occur. An important key to educa-
tional websites and exhibits is to ensure that they are interactive to engage the public.

Films for Web and Broadcast

Videos are routinely posted, shared, and viewed across a multitude of platforms (e.g., computer, 
tablets, and smart phones). Posting videos is usually free of charge and can be viewed by numerous people at 
once. This a great way to not only reach the immediate community, but also spread awareness to interested 
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individuals nationally, or even globally. Two examples are A Walk through Time: the Story of Anderson Marsh, 
that preserves, through cinematic imagery and narration, the cultural, historical, and natural significance of 
the region in and around Anderson Marsh State Historic Park; or Obsidian Trails, an award-winning video 
that describes how obsidian found throughout California has informed what archaeologists know about 
trade and travel in prehistoric lifeways.

Social Media (Facebook, Twitter, Smart Phone Apps)

The advent of social media has connected people not only on a local level, but also on national and 
international levels. Mitigation measures that tap into social media are very resourceful and inexpensive 
ways to reach disparate groups of people and engage them in conversation. Social media platforms can 
generate conversations about important issues, bring in new insights or ideas, and spread the word about 
what one community may be doing to bolster its local history/resources.

Smart phone apps are unique opportunities to provide an easily shareable and interactive activity that 
anyone can use. The purpose of each app is truly limitless and can be focused on school-aged children or adults.

Three-Dimensional (3D) Photogrammetry and Virtual Reality

Photogrammetry makes measurements from photographs, recovering exact positions of surface 
points. The use of photogrammetry in CRM is endless. Archaeological features identified during data re-
covery, or historical structures that may be demolished, can be digitally replicated, preserved, and shared 
with the public. This can also be used to create digital replicas of artifacts, allowing the public to view items 
without any harm coming to the original piece. One potential use of such renderings is to create content 
for use with Virtual Reality sets. These applications would allow a member of the public to move around a 
bedrock feature or site and experience the setting prior to project disturbance.

Discussion

The above examples cover some of the more well-known mitigation measures that cultural resourc-
es managers have been using for years, along with some of the newer techniques available because of the 
internet and social media. The strongest and most effective mitigation measures are those that combine 
older methods with new forms of technology. These have the ability to reach a broader group of people, 
engage learners in different ways (visual, auditory, kinesthetic), and ensure that the project and its results 
are shared with as many people as possible and that each viewer benefits from the preservation process. In 
the end, mitigation is only limited by the imagination. 
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CHAPTER 13. 
EXAMPLES OF PROJECT-SPECIFIC LANDSCAPE APPROACHES

While it is agreeable that science succeeds in its empirical view and assessment of data potentials, 
it has struggled to explore and assess the significance represented by the interconnectivity of sites 
to one another and to the broader cultural landscape, at least within the realm of cultural resource 
management in the Project region. Conversely, interpretative or experiential approaches provide 
a unique set of tools for understanding cultural landscapes that is dependent upon circumstantial 
evidence rather than empirically based scientific observations. Somewhere in between these two 
perspectives is a holistic approach to cultural landscape analysis.

John J. Eddy, M. Colleen Hamilton, Susan K. Goldberg, 
and Dennis McDougall (2014:12-1) 

State Route 79 Realignment Project: Domenigoni Parkway 
to Gilman Springs Archaeological Evaluation Report

	 Chapter 13 provides three examples of recent evaluation efforts for sites with bedrock 
milling features.

	 Eddy et al. (2014) take a landscape approach to a large project in Riverside County. They 
identify a large cultural landscape with both archaeological and ethnographic aspects.

	 Parker and Whitaker (2020) examine the potential significance of a single isolated bed-
rock mortar as part of a ritual landscape in San Benito County.

	 Ugan and Mcguire (2020) identify an archaeological district made up of several bedrock 
milling sites within a single drainage in Tulare County.

This chapter provides three examples of applications of the approaches described in Chapters 10–12. 
All were undertaken under a Section 106 framework. The first two are Caltrans projects dealing with isolated 
bedrock milling features. The third includes many sites with bedrock milling features interconnected by 
artifact scatters and midden along the Tule River in the southern Sierra Nevada mountains. All three show 
how a broader examination of the areas surrounding bedrock milling sites can provide the proper context 
for evaluation. A discussion of the value and potential drawbacks of such approaches is considered at the 
end of the Chapter.

EXAMPLE 1: RIVERSIDE COUNTY MILLING LANDSCAPE

Sponsored by Caltrans District 8 in Riverside County, the SR 79 realignment project included four po-
tential build alternatives across a direct impact area of 1,756 acres and an APE of 5,063 acres (Eddy et al. 2014).

Twenty-two sites with bedrock milling features were identified within the project APE. Only one 
had an archaeological deposit that could be evaluated under Criterion D using standard techniques. The 
remaining 21 sites were found in deflated or highly eroded contexts and lacked associated deposits (Goldberg 
et al. 2009). Eddy et al. (2014) evaluated each site individually and concluded that none were individually 
eligible for listing on the National Register.

Native American concerns about the protection of these sites, along with the documented presence 
of a Traditional Cultural Property within the APE, led Eddy et al. (2014) to explore whether these sites were 
part of a cultural landscape. Their study began by defining the historical and geographic dimensions of the 
cultural landscape. They then conducted a settlement pattern analysis using GIS data and a broader regional 
dataset to define and evaluate a potential prehistoric archaeological district.
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Defining the Historical and Geographic Dimensions of the Cultural Landscape

Eddy et al. (2014) undertook an extensive ethnohistoric study (e.g., Bean and Shipek 1978; White 
1963) to identify potential landscape boundaries by defining how cultural landscapes were interpreted by 
Native Americans during pre-contact and post-contact occupations. Research indicated that the Luiseño 
divided the landscape into three categories—tch’o’num tcho’mi, tch’o’num, and tungva (Eddy et al. 2014:12–6; 
White 1963). Tch’o’num tcho’mi translates to “all ours”—lands that encompassed and were communally held 
by the entire village territory. Tch’o’num referred to large resource gathering areas within the village terri-
tory used by the entire village but controlled by a tribal leader. Finally, Tungva translates to “garden” and 
was applied to property and resources managed by a specific group of relatives that held rights to gather 
resources. The latter two terms refer to what might be known as “village sites”—residential locations where 
groups of individuals lived. This definition acknowledges that visible archaeological sites and surrounding 
areas were intertwined with daily life. In fact, when areas of communal, family, and band ownership were 
combined, White (1963) estimated that only five percent of the Tch’o’num tcho’mi was left in disuse. In addi-
tion, modern Luiseño acknowledge other non-tangible aspects of the landscape, such as human and animal 
trails and paths. Eddy et al. (2014), in consultation with the Pechanga Cultural Resources Department, added 
numerous named places associated with Native American creation stories and events, village names, and 
resource gathering areas.

Starting with ethnographic accounts and bolstered by archaeological evidence (e.g., Laylander 2015), 
Eddy et al. (2014) assume that all such features were used during the ethnohistoric and Late pre-contact 
periods (San Luis Rey II Period) and therefore were part of the broader landscape. They assume that “village 
complexes existed within the Project Area and were organized by the native inhabitants in ways similar to 
those inherent in the Luiseño land ownership concepts…, then each complex would have contained several 
village sites, each with their own village territory” (Eddy et al. 2014:12–8).

Specifically, Eddy et al. (2014:12–8) identify two village complexes—Corobonabit and Pahsitnah—
within the project APE, along with several others outside the APE—Paimabit, Junalmonat/Hunáalmo, and 
$óovamay—and a gathering and processing area—tutpáama. Beyond subsistence/settlement organization, 
Junalmonat/Hunáalmo included a traditional cultural property associated with the Luiseño creation story and 
events of the first people (káamalam; DuBois 1908, Harrington 1986). As part of the definition of the cultural 
landscape, Eddy et al. (2014) recount the ethnographic and ethnohistoric details of each named place to 
provide historic context.

Importantly, the definition of the cultural landscape relies heavily on spiritual and ritual beliefs ex-
pressed by the Pechanga regarding places associated with their creation story and how these locations related 
to the broader village territories. It is within this context that the bedrock milling features were analyzed.

Settlement Pattern Analysis

Next, Eddy et al. (2014) used GIS to analyze the broader landscape to:

assess the distribution of BRMs within the San Jacinto Valley and surrounding area to 
understand how social, economic, technological, and environmental factors influenced 
settlement patterns and helped in the development of the cultural landscape [Eddy et al. 
2014:13–1].

Their first step was to gather data on more than 1,000 pre-contact archaeological sites and Native 
American named places (only 23 fell within their project APE) from a nine-mile radius around the project APE. 
They then sought to associate these data chronologically with a specific village site and/or village complex.
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Chronological Controls on Data and Resulting Sample

Data for the settlement pattern analysis were culled to include only sites from Late Period San Luis 
Rey II Habitation Periods through analysis of site records and excavation reports. In this instance, San Luis 
Rey II sites are easily differentiated because they include the first use of ceramics, along with cottonwood and 
Desert Side-notched series projectile points and, at the end of the sequence, European materials. The study 
did not rule out earlier use, and chronological controls on the age of these sites were not robust. Instead, 
the authors followed standard regional chronology that assumes features are all from the San Luis Rey II 
Period. The final dataset included 70 San Luis Rey II “village” sites in the broader study area, seven within 
a one-mile radius of the project APE, but none within the APE. These sites were clustered into 15 groupings 
to simplify the GIS analysis. All 982 bedrock milling sites in the larger study area were assumed to date to 
the San Luis Rey II Period as well. The sites varied between single outcrops with a single slick to sites with 
more than 20 outcrops with diverse and abundant milling elements.

First Stage of GIS Analysis – Environmental Variables

The GIS dataset was first examined against existing environmental data to determine if there were 
patterns among sites and water sources, vegetation, landform, slope, and elevation.

Not surprisingly, Eddy et al. (2014) found that village sites were usually located adjacent to per-
manent or reliable water and near ecotones. In contrast, bedrock milling sites were rarely found near a 
water source, and these were much more likely to be intermittent than permanent. Furthermore, bedrock 
milling sites were found mainly in valley grassland and coastal sage scrub habitats, but unlike with village 
sites, these were rarely found in ecotones between the two. This analysis was mainly used by Eddy et al. 
(2014) to make arguments regarding application of the broader landscape data to Criterion D eligibility as 
the differences between bedrock milling and village site locations indicate intensive foraging during the 
San Luis Rey II Period. One factor that was not explicitly explored in this analysis, however, was whether 
the identified patterning is driven by locations that bedrock is found, or whether any bedrock is found in 
ecotone settings and adjacent to water sources and simply was not used.

Second Stage of GIS Analysis – Spatial Association

Eddy et al. (2014) focused on three geographic areas to analyze the spatial association between bed-
rock milling sites in the project APE and San Luis Rey II village areas outside the APE—Winchester, Coyote 
Pass, and Tres Cerritos to Lakeview.

Seventeen bedrock milling sites in the Winchester area of the APE could not be linked via the spatial 
analysis to a specific village location. Eddy et al. (2014) argued, however, that the majority of these are situ-
ated on elevated landforms that retain viewshed to a spiritually important geographic feature—the Double 
Buttes—and to the Traditional Cultural Property (i.e., sacred landscape) identified during the study. They 
suggest that “it is quite possible that some, if not all, of the BRMs11 in this area were established because of 
the visual connection to a place of great religious and cultural significance” (Eddy et al. 2014:15–4). Taking 
this one step further, they argue that the close association with the sacred landscape may have meant that 
the area was communally used and not associated with any particular village.

Similar ambiguity was noted for Coyote Pass. The six bedrock milling sites there could also not be 
associated with a specific village. Eddy et al. (2014) again note that five of these six sites are on the largest 
hill in the area with a clear view of the landscape and therefore might be indirectly related to it. Finally, only 
one site was identified in the Tres Cerritos to Lakeview section and may be associated with three village sites 
that are part of the Junalmonat/Hunáalmo complex as a family or lineage-specific processing site.

11 Eddy et al. refer to all milling features as BRMs, though many are slicks.
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Definition of a Potential Prehistoric Archaeological District

Based on the spatial analysis and determination that there is a large cultural landscape in the project 
area, Eddy et al. (2014) concluded that the bedrock milling sites identified within the project APE constituted 
elements of a potential prehistoric archaeological district. Notably, the authors combine sacred and profane 
elements of site use and recognized that in Luiseño culture, both religious/spiritual and work-a-day activities 
may have occurred at the same sites.

Although no sites in the Project APE were recommended eligible for listing on the National Register 
as individual properties, all were determined eligible as contributing elements to the potential prehistoric 
archaeological district.

Through the definition of a cultural landscape, Eddy et al. (2014) were able to address Native Amer-
ican concerns regarding bedrock milling features which, under normal circumstances, would have been rec-
ommended not eligible for listing on the National Register and would have been destroyed by the project.

Discussion

This study demonstrates how large projects can take a landscape approach to evaluation of seem-
ingly isolated features. Based on Eddy et al.’s (2014) extensive reporting and research, the evaluation effort 
was fortunate to have the time and funding to conduct original archival ethnohistoric research as well as a 
regional-level records search of available archaeological data. The careful documentation of the historical 
and cultural context in which the sites were used lends credence to the conclusions that sites lacking archae-
ological deposits were none-the-less contributors to the broader cultural landscape (i.e., district). Questions 
remain, however, that should be considered before undertaking a similar study. For instance, just because 
milling features were used ethnographically, can we associate all such features with the ethnographic time 
period? Are more chronological controls necessary?

EXAMPLE 2: POSSIBLE RITUAL USE OF AN ISOLATED 
MILLING FEATURE IN SAN BENITO COUNTY

An interior Central Coast roadside project in the traditional territory of the Amah Mutsun Band 
demonstrates an approach similar to that of Eddy et al. (2014) but on a much smaller scale. A major difference, 
and informative for future studies—the assertion of ethnographic and cultural significance was based on 
consultation, which provided information that was not identified in the ethnographic or ethnohistoric record.

Site SBN-275 was originally recorded in 2012 during archaeological survey for the Highway 25 
Curve Correction Project (MacDonald and Uva 2011). The resource is a large bedrock outcrop measuring 
seven meters long by five meters wide containing two moderately developed saucer-type mortar cups. 
During two initial surveys, no other archaeological materials were observed associated with the feature. 
In addition, no buried soils or other indicators of a substantially deep cultural deposit were exposed in the 
highway cutbank below the outcrop.

During initial design and construction, the boulder was assumed eligible for listing in the National 
Register under Criterion D for purposes of the project and was designated an environmentally sensitive area. 
Unfortunately, the engineered slope quickly failed, and the project had to be redesigned. The reengineered 
slope required that the bedrock mortar be removed so the Section 106 process was re-opened.

Initial consultation with interested Native Americans by the Caltrans District Native American 
Coordinator included a meeting at the site with the Amah Mutsun Ohlone tribal chairperson. The Amah 
Mutsun were opposed to the project because they felt that bedrock mortars were an important part of a 
broader ceremonial complex and enduring evidence of their ancestors’ presence in the area.

During initial consultation, the Native American consultants proposed that the site may be eligible 
under Criterion C as an element of a larger significant system. Namely, consultants shared their belief that 
the bedrock feature was along the route of runners who were sent from a central village to outlying sacred 
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geographical locations (i.e., mountain peaks). Along the route these runners would stop at various locations 
and face sacred locations while performing unspecified ceremonies. It was suggested that pigment might be 
present within the mortar cups although it wasn’t clearly visible. As a result, the Phase II Evaluation Plan 
was designed to test the Criterion C eligibility of the site as part of a broader landscape as well as using 
standard archaeological measures.

Standard Archaeological Efforts

It was fairly evident from observations of surface soils and exposed cuts in the hillside that the area 
surrounding the boulder lacked a robust archaeological deposit. Caltrans implemented a testing program 
to confirm this observation using standard archaeological techniques and tasked its consultant to conduct 
Extended Phase I (presence/absence) excavations surrounding the boulder. Eight 0.5-x-1.0-meter surface 
transect units were excavated with about 20 pieces of chert recovered. Chert is naturally occurring within 
surrounding soils, and picks and pry-bars were required to excavate the indurated soils, creating “flakes.” 
Based on the lack of organic remains, clear flaking debris, formed tools, or chronological information, 
the site was recommended not eligible for listing in the National Register under Criterion D (Parker and 
Whitaker 2020).

Non-Standard Archaeological Efforts

Caltrans consultants conducted special studies on the bedrock mortar cups, including starch grain 
analysis and portable X-ray fluorescence (XRF) analysis to test for pigment on and around the mortar cups.

While XRF is commonly used to identify the source location of obsidian and other lithic raw ma-
terials, the method is capable of identifying the elemental constituents of other raw materials as well. In 
this case, XRF analysis focused on identifying the presence of cinnabar residue (i.e., mercury [Hg]) or ochre 
(FeO2), two pigments commonly used in Central California. Each specimen was compared to multiple control 
spots on the boulder that were free of potential cultural residue. Each spot was scanned two to four times 
to determine average elemental concentrations. Measurements were determined to be no different from the 
control points with no evidence of pigment in the mortars.

Detailed Mapping/Photogrammetry

The consultant used a remote-controlled aerial vehicle to photograph and digitally map the bed-
rock mortar feature using the methods described in Photogrammetry and Mapping below. This provided a 
three-dimensional model of the outcropping and served as partial mitigation for removal of the bedrock 
outcrop during construction.

Follow-up Consultation and Post-Field Research Efforts

Following fieldwork, Caltrans’ cultural resources consultants met with the chairperson of the Amah 
Mutsun Band. The chairperson provided additional details regarding the potential association of outlying 
sites with two of the most important places within the Amah Mutsun territory. He identified two localities 
with ritual significance within traditional Amah Mutsun land: Chitactac, or “place of the dance,” located 
near present-day Gilroy, California; and Ippihtak (Pacheco Peak), “the Place of the Rattlesnake” where annual 
renewal ceremonies were performed. Runners were sent out from Chitactac to announce important events 
to other villages. The days remaining until the events was accounted for using knots in a string, with each 
knot indicating one day remaining until the event.

The chairperson further relayed that guide markers were used within the Amah Mutsun cultural 
landscape for spatial orientation relative to sites, features, sacred places, and objects with cultural value. These 
guide markers could be prominent natural landscape features, or natural alignments of features that would 
direct travelers to important places such as Chitactac from locations as distant as Yosemite Valley (150 miles 
away). The chairperson also noted that BRMs positioned within these travel corridors would have been used 
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by travelers during their journey, as each mortar could be used to “feed a family of four” in-route, or they 
may have been used for other ritually significant purposes such as the processing of pigment.

GIS Mapping in Relation to the Bedrock Mortar Sites and CA-SBN-275

To assess the site’s potential spatial association with other processing/ritual locales, a records search identified 
locations of all recorded sites within a 20-mile radius containing BRMs. These were mapped and color-coded 
by density (Figure 42). Results indicated that, rather than being a discrete milling feature, SBN-275 is one 
of many bedrock milling sites present on the surrounding landscape. Concomitantly, while BRM density 
varied across the landscape, (with the highest in the immediate vicinity of Pinnacles National Park, likely 
a consequence of sampling bias), SBN-275 could potentially be associated within the larger clustering of 
BRMs. In fact, the site is only 0.6 miles away from the next closest recording milling feature.

To further contextualize SBN-275 within the sacred Mutsun landscape described by the Native Amer-
ican consultant, a GIS viewshed analysis was performed to determine whether SBN-275 is within obvious 
paths to the two sacred locations—Ippihtak (Pacheco Peak) and Chitactac (near Gilroy). The elevation value 
of each cell of a digital elevation model was used to identify areas visible from the BRM feature at SBN-275. 
Figure 43 highlights the areas visible from SBN-275 in pink and uses green lineation to indicate line of sight 
from the feature. Interestingly, both sacred places are in direct line of sight to the north-northeast and north 
of the feature, respectively, with the valley immediately below the site providing a collinear route to mod-
ern Gilroy (Chitactac). Several topographic features are visible in the direct line of sight to Ippihtak (Pacheco 
Peak), conforming to the Amah Mutsun description of such features being used as “guide posts” for spatial 
orientation to sacred or ritually important sites.

The Native American description of the elements of the Amah Mutsun sacred landscape, in con-
junction with the 20-mile radius bedrock milling feature density analysis and the viewshed analysis from 
SBN-275, highlight the fundamental theme linking SBN-275 with the broader archaeological landscape of 
the area. For some extended but unknown period of time, Native Americans repeatedly returned to the re-
gion and processed foods as part of their subsistence round/ritual activities. While sampling and recording 
these sites in the region was more complete in some areas than others, they all demonstrated a pattern of 
occupation characteristic of repeated, landscape-level use of the area.

Evaluation of the Individual Feature

The individual mortar at SBN-275 could not be directly linked to the ceremonial complex proposed 
by the Native American consultant, either through the direct evidence of pigment or through GIS mapping 
of nearby sites and sacred locations (Parker and Whitaker 2020). As a result, Parker and Whitaker (2020) 
recommended the site not eligible for listing on the National Register under any of the four criteria as an 
individual property.

Evaluation of the Feature as Part of Potential Archaeological District

Parker and Whitaker (2020) concluded, however, that SBN-275 was likely associated with the 
nearly 50 bedrock milling sites recorded within a 20-mile radius. This milling feature complex was de-
termined to be a material consequence of a land-use strategy involving repeated, sustained landscape  
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Pacheco Peak
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CA-SBN-275

G I L R O Y
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Figure 43. Line of Site Analysis for CA-SBN-275 showing Ippihtak (Pacheco Peak) and Chitactac
(near Gilroy, California; from Parker and Whitaker 2020:Figure 9).
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modification directly related, in part, to food collection and processing in the past, of which the BRM feature 
at SBN-275 was one element of a larger system. Beyond this, Parker and Whitaker (2020) concluded that 
SBN-275 and the other bedrock milling in the area are also components of the broader sacred landscape 
recognized by the Amah Mutsun – Popeloutchum. The term Popeloutchum is generally considered by the 
Amah Mutsun to be a Native region rather than a specific village or settlement (Yamane 2002:206), and the 
bedrock milling stations found in the region are spatiotemporally stable components of a larger “significant 
and distinguishable entity.” As such they propose a potential archaeological district eligible under Criteria  
A and C for its association with events significant to the past—the landscape-level use of the San Benito 
Valley and surrounding mountains by Native People, and as the accumulation of components of a larger 
entity whose individual features lack distinction.

Based on its association with sacred patterns important to the past and as part of a “distinguishable 
entity” whose components may lack individual distinction, Parker and Whitaker (2020) recommended the 
site eligible as an element of a yet-undefined archaeological district.

Project Mitigation

The project was in its redesign phase and planned mitigation was to the move the bedrock mortar 
boulder outside the APE, maintaining its current orientation since the Native American consultants felt that 
the location of the mortars in relation to key landscape features was intentional and therefore makes up a 
key aspect of the feature’s integrity. The Amah Mutsun preferred that the project avoid the boulder entirely 
and objected to the project as a whole, but were satisfied that the proposed mitigation preserved the feeling 
and intent of the original manufacturer under Criteria A and C.

EXAMPLE 3: TULE RIVER SPILLWAY ENLARGEMENT PROJECT FOR SUCCESS DAM

The Army Corps of Engineers planned to raise the gross pool water level of Success Dam in Tulare 
County, expanding the size of the reservoir and inundating previously dry portions of Frazier Valley. They 
also planned to provide a dry buffer extending an additional 7.5 feet above gross pool level. The Army 
Corps planned to acquire adjacent, privately held lands up to 670 feet asl—the “take line.” As a result, the 
APE included a large expanse covering the lake’s perimeter.

Archaeological studies entailed a combined survey and evaluation phase for the identification of 
historic properties (Ugan and McGuire 2020). An intensive survey (15-meter transect intervals) recorded 
sites within and outside of the reservoir pool where legal access was available. Bedrock milling features 
at each site were recorded using the standard DPR 523 milling station recordation forms. Surface transect 
units, measuring 0.5 x 0.25 meters, were excavated at any site with potential for subsurface deposits. To 
identify the research potential of several prehistoric milling sites, mortar cups and a control surface were 
sampled for starch grains at several locations and sent to the Paleoethnobotany Lab at the Utah Museum of 
Natural History for preliminary analysis. The goal was to determine whether starch grains were present in 
any of the milling features and whether the milling features might have some research potential requiring 
consideration under National Register Criterion D.

Twenty-two prehistoric sites were identified in or adjacent to the survey area. All contained one or 
more bedrock milling features, some with associated surface or subsurface artifacts. Pictograph panels were 
also present at some sites, with the most extensive and interesting concentrated along the eastern flank of Rocky 
Hill where Lake Success borders a large tract of privately owned land. The flanks of Rocky Hill are dissected 
by various major drainages, ephemeral stream channels, and intervening finger ridges. Granite bedrock and 
boulders are exposed throughout, noticeably along the hillslopes and ridgelines. At the toe of the hill, where 
slopes are moderate and level areas around the drainages become more common, the outcrops along the finger 
ridges regularly have one or more bedrock milling features, and archaeological deposits are common.
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Rocky Hill Archaeological District

Ugan and McGuire (2020) argued that the 22 sites in the APE represent an archaeological district, 
which they referred to as the “Rocky Hill District.” They recommended this potential district as eligible for 
listing in the National Register. They defined the district based on the presence of multiple, functionally 
related properties focused primarily, but not exclusively, on milling activities. All are located in similar en-
vironmental contexts along a clearly defined portion of Rocky Hill and demonstrate a pattern of occupation 
characteristic of repeated seasonal use of the area.

In addition, archival research connected this potential district with ethnographic settlement patterns 
outlined by regional ethnography and previous archaeological investigations. Meighan et al. (1988:271) 
hypothesized that:

… one is tempted to visualize a dispersed kind of settlement pattern, with very low popu-
lation density, in which different grinding sites… may have all served a single large village 
simultaneously or alternatively.

Ugan and McGuire (2020) hypothesize that, ethnohistorically, the related village may have been 
the Koyete Yokuts village of Trawoiu, which Latta (1977:197) places on the opposite side of Rocky Hill, just 
two kilometers distant.

Ugan and McGuire (2020) argued that the Rocky Hill District appears to qualify as a National Reg-
ister-eligible district under Criteria A, C, and D, though not all sites contributed under all criteria. Criterion 
A eligibility derived from the habitual use of the area to process foods as part of a seasonal round, and 
repeated occupation of the same area led not only to extensive investment in milling infrastructure but also 
to a substantial investment in parietal art and petroglyphs (cupules).

In addition to mortar cups and slicks, there are four rock art panels or localities in or immediately 
adjacent to the project area (Figure 44). The various pictograph and petroglyph sites mirror the geographic 
extent of the milling features almost exactly, and a correlation between rock art localities and milling features 
has been observed elsewhere (Gorden 1990; Johnson 1985:53; Steward 1929). Ugan and McGuire (2020) argued 
that the extent and quantity of pictograph and petroglyph elements emphasized the importance of the area 
to its prehistoric occupants and therefore these artistic elements were part of the district and demonstrated 
eligibility under Criterion C.

Finally, the enhanced survey results demonstrated that areas along the major drainages of Rocky 
Hill possessed subsurface deposits in addition to their numerous milling features. Ugan and McGuire (2020) 
determined that artifacts and ecofacts found in these deposits provided data that could address four research 
themes important to understanding the region’s history and recommended the site eligible under Criterion D.

Isolated Milling Features as Elements of the Rocky Hill District

Fourteen sites were recommended as contributing elements to the proposed National Register Dis-
trict by Ugan and McGuire (2020). These included two sites with only milling features and one site that 
consisted of just two rock “slides” unassociated with archaeological deposits. These latter features, however, 
are on the edge of the APE and Ugan and McGuire suggested that a larger site is present up the drainage 
and outside the APE. These three sites would typically be recommended as not eligible for listing on the 
National Register if evaluated as individual features—their eligibility is found exclusively in their associa-
tion with the broader landscape. In fact, four other sites that lacked archaeological deposits were previously 
recommended not eligible. The definition of the Rocky Hill District, however, led to their reconsideration 
and all four were recommended eligible as contributing elements.
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CA-TUL-2662/H, Overview looking toward the Water Tank and Outcrop 
containing Feature 18, Rock Art Panel.

CA-TUL-2662/H,
Close view of Feature 18, Rock Art Panel.

Overview of Drainage containing CA-TUL-2662/H,
as seen from road north of Stock Pond (view south).

CA-TUL-2662/H, Feature 19, 
Bedrock Mortar with Three Pestles in situ (A5–A7).

Figure 44. Various Photographs of CA-TUL-2662/H in the
Proposed Rocky Hill Archaeological District.

Bedrock Milling Features in California:
A Research Design and Treatment Plan

  208



Bedrock Milling Features in California:
Archaeological Context and Research Design

214

Isolated Features outside the Rocky Hill District

In contrast, Ugan and McGuire (2020) identified seven sites within the APE that were not associ-
ated with the Rocky Hill District nor with other sites. Each was a single bedrock milling feature with one 
or several mortar cups but lacked archaeological deposits and was located well away from the grouping of 
the 22 sites within the district and from one another. In this instance, the landscape was narrowly defined 
as encompassing the seasonal drainages on the east side of Rocky Hill and centered around repeated use 
of the area for collecting and processing wild plant resources. The sites that were found elsewhere in the 
large project area did not have such discrete clustering and therefore Ugan and McGuire (2020) argued that 
these sites lacked association with one another sufficient to define a separate landscape and also could not 
be associated with the Rocky Hill District. They were, therefore, recommended not eligible for listing in the 
National Register. Ugan and McGuire (2020) do not argue that these ineligible sites are unassociated with 
broader patterns, but simply that these patterns are not discernable on the landscape and therefore lack 
sufficient information to group together within a landscape setting.

Treatment Recommendations

Ugan and McGuire (2020) found that there were likely to be both direct and indirect impacts to 
contributing elements of the proposed district. Direct impacts would include weathering and erosion as-
sociated with seasonal inundation of portions of the sites and their associated features. Since the various 
milling stations all consist of mortar cups and millingslicks which are pecked or ground into the granite 
boulders and outcrops, they are unlikely to be altered by flooding when the reservoir is full, and they will 
retain their inherent character as milling features and eligibility under Criterion A. In contrast, repeated 
flooding and erosion poses a risk of washing away archaeological deposits or microfossil residues that retain 
some research potential (Criterion D).

Ugan and McGuire (2020) determined that the project had no potential to affect the integrity of the 
sites consisting of bedrock milling features with no surface artifacts or subsurface deposits and recommend-
ed a finding of no adverse effects for these resources. Treatment recommendations for the potential effects 
to the landscape varied depending on specific site attributes and impacts, but focused on a) recovering 
archaeological data where deposits are present or likely, b) sampling of starch grains from specific features 
that are at risk of inundation, and c) careful and more detailed recordation of both rock art features, bedrock 
mortars and any surface artifacts. Importantly, Ugan and McGuire recommended a more thorough survey 
of areas not accessible during the initial survey to identify isolated artifacts and features that may form 
part of the broader landscape but have not been the focus of previous studies since they do not constitute 
archaeological sites in and of themselves.

These proposed treatments are designed to better define the historical patterns of use under Crite-
rion A and to recover data relevant to regional research issues under Criterion D while protecting sufficient 
features and sites as to maintain the integrity of the district.
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CHAPTER 14. DISCUSSION AND CONCLUDING THOUGHTS

	 This final chapter provides a discussion of issues that require further study and cautions 
for implementing the approach advocated in this document:

	 Chronological control is key to understanding the interconnectivity of sites on a land-
scape and identifying archaeological data potential.

	 Landscape approaches are fraught with issues of scale—how much research to do and 
how wide to cast the research net. Effort should be commensurate to the scope and 
scale of the undertaking.

	 There are issues with citing significance based on visual association with distant land-
scape features.

	 Portable milling equipment should be considered and studied as part of the broader 
system of milling feature use.

	 Native American religious and spirtitual significance cannot be approached using stan-
dard archaeological methods and therefore consultation throughout the Section 106 
process is necessary.

The three examples in Chapter 13 provide different approaches to evaluating bedrock milling fea-
tures as part of a larger system, distinct from associated archaeological deposits. These approaches follow 
the recommendations made in Chapters 10-12 and draw on the accumulated knowledge in this document.

Importantly, each example used a level of effort commensurate with the scope and scale of the pro-
posed project, potential impacts, and Native American concerns. Each consultation situation is different, and 
the ability of a project proponent to fund extensive landscape-level studies can be limited, particularly when 
it is a local agency rather than Caltrans. Chapter 13, Example 1 in Riverside County was a large project that 
justified an expanded regional study. A similar study, with extensive archival research and records search, 
was not merited for the San Benito County project because project impacts were limited to one location, and 
the Tule River example defined an archaeological district without any research beyond the basic structure 
of the archaeological study. While the three examples attempt to apply the landscape approach, certain 
drawbacks to this approach should be considered in future implementations. These serve as general topics 
to consider when implementing a study of bedrock milling features with this general approach. 

Chronological Control

Millings sites are often ascribed to a particular time period with minimal, if any, verification or test-
ing. Broad regional analyses, such as those advocated for in this research design, require an assumption of 
contemporaneity for all milling features in the sample. Without specifically examining the age of each site, 
there is the possibility that landscape-level patterns do not reflect use within the same settlement or village 
system but are instead a palimpsest of overlapping periods of occupation. Even within a discrete and short-
lived chronological period such as San Luis Rey II (from Chapter 13, Example 1), specific site use may have 
occurred in different years, decades, or centuries. A key to the identification of historical landscapes under 
National Parks guidance (Caltrans 1999) is identifying the period of significance and confirming the connection 
of landscape elements. This criterion can only be partially met with broad pre-contact time frames.

Depending on the context it may be more or less difficult to identify a discrete period of use. In a 
region such as the Central Coast, where bedrock milling features may have been in use for 3,000 years or 
more, chronological controls are more important than in places where use is limited to 200 or 300 years (e.g., 
Riverside County) because the shorter time period lends itself better to identification of concurrent use of 
landscape features. The chronology issue is partially mitigated by the near-universal ethnographic recognition 
that milling features were used at contact. Thus, when an ethnographic argument is made for landscape-level 
eligibility, some assumption of contemporaneous use during the ethnographic and Late Prehistoric Periods 
is justified, though it will never be possible to conclude which features were used ethnographically in a 
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given locale. It is recommended, however, that such issues be explicitly acknowledged and explained in 
each application of a landscape-level study. As archaeometric techniques improve in coming years it may 
be possible to date the actual residues (e.g., starch grains) recovered from within mortar cups and therefore 
directly date features themselves. Such advances in radiometric techniques will open the door for detailed 
chronological study that allows for better associations of individual features.

Issues of Scale in Background Research

Caltrans cultural studies should be carried out commensurate with the scope and scale of the un-
dertaking. What is appropriate for one project may be well outside the scope of another. We do not advocate 
a large records search of the surrounding area for every project with a bedrock milling feature. Instead, 
whether to undertake a landscape study, and its appropriate scale, will depend on the interest of Native 
American consultants and project proponents in doing so, the availability of data, the number of features 
within the project APE, and whether these features will be affected. As with any resource, avoidance of 
project impacts is the preferred outcome.

In the experience of many Caltrans cultural staff, these three criteria are often met for single (“iso-
lated”) bedrock mortar features12. Therefore, even when all three of these criteria are met, the depth of the 
study should depend on the number of features affected and the size of the project APE. The simplest (and 
most cost-effective) means for examining landscape-level eligibility is a records search, with the radius based 
on local topography, cultural boundaries, and consultation with Native Americans. One-, five-, or 20-mile 
search radii have all been used in the examples above. If the search can be conducted at an Information 
Center that has fully digitized records, it need not be too time consuming. Search terms using key words 
and resource attribute codes can quickly identify pre-contact sites with milling features. The scale of such 
a study should be discussed with the project proponent and interested parties.

Weighing Landscape Levels of Significance

Few anthropologists would dispute the notion that Native Americans used the whole landscape, 
and we have made compelling arguments that pre-contact landscapes were actively managed by many 
groups. While this is not in dispute, connecting the persistent use of the landscape to individual features 
may lead to spurious conclusions regarding eligibility. Chapter 13, Example 3 from Kern County, provides 
perhaps the most conservative application of the landscape approach. Ugan and McGuire (2020) identify an 
archaeological district in a discrete portion of their project APE. In fact, they are specific enough about the 
area as to exclude two sites that are found along another portion of the reservoir. This conservative approach 
has the benefit of including only those sites that were intensively studied and that, in the authors’ archae-
ological judgement, were part of a broader pattern of contemporaneous use than indicated by a single site 
designation or series of isolated site designations. In fact, the authors settled on defining a district to solve 
an issue of how to deal with the density of sites in a discrete context and location.

In contrast, Parker and Whitaker (2020) identified a potential, undefined landscape based on a re-
cords search and a viewshed of two important places identified by Native American consultants. Eddy et 
al. (2014), while conducting a more intensive study, defined a landscape that covers an entire valley. While 
the mitigations for the Riverside County project are unknown at this time, the additional eligible sites are 
likely to greatly complicate mitigation measures. The extent of mitigation should always be scaled to the 
project. In the Riverside County example, the definition of the landscape on the large project may require 
a broader treatment, but on a smaller project the treatment could be commensurate to the project impacts 
and size. This issue was addressed in the Mitigation section (Chapter 12).

It is important, therefore, to carefully consider the consequences of defining a large landscape based 
on a small dataset or single consultation event. In Chapter 13, Example 2, the individual project impact and 
mitigation (recording and moving the bedrock mortar) was agreed to be appropriate to the project scale.
12 Note that while the Caltrans Section 106 Programmatic Agreement states that isolated prehistoric finds—defined 
as fewer than three items per 100 square meters—are exempt from evaluation, this exemption traditionally does not 
include features.
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Distant Landscape Features and Site Association

Both the Riverside and San Benito examples cite visibility of prominent sacred places as part of site 
eligibility. In both cases this conclusion was based on Native American consultation, and in Riverside County 
with the ethnographic record. Highly visible locations are often significant in Native American cultures and 
may be seen from a great number of local and regional archaeological sites. While there is not an easy solution 
to determining significance in these situations, it may be prudent to identify significance criteria and thresholds 
in an evaluation plan prior to undertaking landscape-level studies. This is important because citing the visi-
bility of an important mountain peak as the lone eligibility criterion renders nearly all sites in an area eligible 
and therefore convolutes the eligibility process. In the Riverside County and San Benito County examples, the 
visibility of important landmarks was only one part of a broader argument for significance.

Associations between Bedrock Milling Features and Portable Milling Tools (by Tammy Buonasera)

Absent from all examples, and under-examined in this document as a whole, bedrock milling features 
are often studied in isolation from portable milling tools. This can ignore important contextual information. 
For example, although bedrock mortars are highly visible and fixed on the landscape, making them good 
targets for analysis, they are only half of a tool set. Mortars require pestles to crush, pulverize, and grind 
foods into smaller particles. While the milling features are fixed on the landscape, pestles are portable. A 
similar relationship exists for milling slicks and handstones. 

In the case of bedrock mortars, expedient pestles may be selected from suitable local cobbles and 
used as found (or minimally shaped for user comfort and/or mortar fit). Pestles can also be curated, highly 
shaped, personal gear that is transported to and from other areas. The size and shape of pestles will affect 
the maximum usable size of mortar depressions and the efficiency of processing. Decisions to use expedient 
cobbles or to manufacture pestles may depend on a range of factors including raw material availability, the 
types of resources processed, and expectations for continued use of the same location. Analysis of pestle 
forms and available raw materials found in association with bedrock milling features could provide addi-
tional clues about resources processed, as well as larger issues of mobility and territoriality. 

Analysis of portable milling tools such as grinding slabs and mortars can also provide comple-
mentary information to better understand the social, ecological, and functional contexts of bedrock milling 
features. Landscape-level spatial relationships between portable milling tool sets and fixed milling stations 
have contributed to studies of population expansion, mobility, and territoriality (Jackson 1984, 1991; Stevens 
et al. 2019). It would be useful to expand these types of comparisons more widely in California—to ask on a 
larger scale, where, in which environmental and/or social settings, were portable tool sets exclusive to fixed 
features? Where do they co-occur? Do they represent different systems of resource use and mobility?

Comparing portable and stationary milling gear designs over smaller spatial scales can provide other 
types of behavioral information. For example, portable and fixed tools could overlap in locations occupied 
over multiple seasons. Portable tool sets can be used indoors or under a shelter during inclement weather, 
while fixed milling facilities might be preferred for socializing when the weather is warm and dry. Portable 
milling tools and bedrock milling stations could also reflect preferences for private versus public processing. 
To address these sorts of behavioral questions requires gathering a variety of information. Where are the 
portable tools located in respect to bedrock features and residential areas? Are the portable tool sets largely 
expedient, or do they show various degrees of investment? Do the portable shapes expand the repertoire of 
resources that may have been processed, or are they essentially the same as the fixed features? 

Native American Religious/Spiritual Significance (with Helen McCarthy)

Per Section 106 [36 CFR 800.4(c)(1)], Native Americans “possess special expertise in assessing the 
eligibility of historic properties that may possess religious and cultural significance to them.” In Chapter 13, 
Example 2, the Native group ascribed spiritual/ceremonial importance to a single bedrock milling feature 
within the project APE as part of a larger landscape, noting that such features were enduring evidence of 
their ancestors’ presence. Using these criteria, every single milling feature would be considered eligible un-
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der Criterion C as “representative of a significant entity whose components may lack individual distinction.” 
However, there would need to be supporting evidence from ethnographic studies (e.g., oral history, named 
ceremony, association with a specific elder or ethnographic consultant), and it would need to be clearly shown 
how these features: (1) individually or as part of a landscape further contribute to our understanding of the 
past; and (2) contribute to the continuing practice of traditional culture as it is being used today.

One issue that might arise is confidentiality. Noting the location of Native spiritual areas/features 
can be seen as an invasion of privacy and not divulged (Section 304 of the National Historic Preservation 
Act, 16 United States Code 470w3(a); 36 Federal Code of Regulations 800.11(c)(1); Advisory Council for 
Historic Preservation 2012), and is not conducive to appropriate management since resources that cannot 
be identified cannot be protected. This should not eliminate the protection of such resources, but Caltrans 
or federal agency cultural resource practitioners need to build trust with tribal consultants and find creative 
ways to identify and protect such places without requiring specific confidential information.

Accommodating Native American values into the Section 106 process is important and Native 
American consultation should continue throughout the project planning process. Seeking solutions that 
honor Native American perspectives but avoid stretching the definitions of eligibility under Section 106 are 
preferred and may be accommodated. Where possible, modifications to project design may allow a feature 
to be avoided. Section 106 documents may also acknowledge the importance of the features and record the 
specific reasons of this importance without finding that a specific feature rises to the level of significance 
under Section 106. A prescriptive plan for navigating this difficult issue is not possible given the wide range 
of Native American viewpoints across the state. Furthermore, construction conditions that accommodate 
Native American views (e.g., moving a feature or protecting it) can be implemented free from the Section 
106 process. In these instances, the conditions can explicitly address the Native American concerns without 
formally finding a feature eligible for the National Register on implementing a formal Section 106 Mitigation 
Memorandum of Agreement. 

Concluding Thoughts and Summary

The goals of this document were to summarize existing theory and studies on bedrock milling fea-
tures and to identify an approach to addressing bedrock milling features within Caltrans projects. A sample 
of archaeological sites from throughout California demonstrates the diversity of uses for these features. Some 
key takeaways from the research design include:
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	 Native American consultation throughout the Section 106 process is critical to success-
fully identifying ethnographic landscapes, determining significance of bedrock milling 
features and sites, and mitigating effects to these sites;

	 Native American consultants may find significance in the presence of bedrock features as 
durable evidence that their ancestors lived at that site. This significance is not adequately 
addressed soley through archaeological analysis.

	 Bedrock mortars and slicks were used to process a variety of plant and animal resourc-
es—use is not restricted to acorn processing (mortars) or other resources (slicks);

	 Bedrock milling features, mortars in particular, appear to have been adopted as the 
result of increased regularity of site use/settlement patterns rather than as a technolog-
ical innovation, but;

	 Features should be considered not just in isolation but as part of broader ethnographic 
landscapes that include other features, sites, native vegetation, geographic landmarks, 
and water sources;

	 Detailed regional investigations should explore the antiquity of milling feature use, what 
was processed, and how the use of such sites shaped the environment; 

	 Regional data aggregation has the potential to elucidate local patterns that may differ 
from statewide or broader trends.
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FIELD GUIDE FOR RECORDING BEDROCK MILLING FEAT URES 
AND GROUND STONE TOOLS





BEDROCK FEATURE IN-FIELD ANALYSIS

The context of a bedrock or boulder milling feature is nearly as important as the attributes of the slicks, 
cups, or basins found on the rock. General site context should be included on the Archaeological Site 
Record Form (DPR 523c). A description of feature context should be included in the “Features” field of 
the Archaeological Site Record Form. 

FEATURE DESCRIPTION SHOULD INCLUDE:

Location of Feature (UTMs)
Dimensions of Feature 
Plan View Sketch and Photographs
Surrounding Vegetation (Particularly medicinal or dietary plants) 
Distance to nearest water / Type of water source
Relation of bedrock milling features to other site features or sites in the area
Disturbances 
Location and nature of nearby sources of raw material for handstones or pestles

BEDROCK MILLING STATION RECORD

Text in bold indicate attributes that should be recorded. Underlined texts indicate potential values for 
each artifact under that particular attribute. For all attributes, the following values can be assigned 
where they apply: (1) Indeterminate; (2) Not applicable; (3) Not recorded; and (4) None. Incomplete 
measurements are designated by a negative sign (-) before the value.  

Length – measured to the nearest 0.5 cm. 
Width – measured to the nearest 0.5 cm. 
Depth – depth to lowest point in the cup/slick. Use pin flag or pencil to avoid cleaning out cup if 
possible. Measured to the nearest 0.5 cm.

Type: Mortar (M) generic term for any type of bedrock cup. Morphology of the cup will be described 
based on the measurements, vertical profile, and base type; Slick (S) polished bedrock surface with 
only minimal depth; Basin (B) depression larger than could have been used with a single milling 
implement (handstone/pestle).

Vertical Profile: Flat - little to no concavity, Dished - gently sloping walls; Conical steep walls, 
creating a cone; Straight-Sided - mostly vertical; Other - describe morphology.

Base Type: Concave - generally rounded, Flat - broad and flat, Tapered - narrow base relative to 
opening, Other - irregular; describe morphology.

Polish: Polished - even smoothing across grinding surface; Not Polished - surface texture is 
similar to surrounding bedrock.

Contents and Remarks: Note anything visible but not included in other categories including: 
striations, pigment residue, or pecking if present; current contents of the mortar and the prospect of 
starch grain or other residues to be present.  
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State of California The Resources Agency   Primary # 
DEPARTMENT OF PARKS AND RECREATION   Trinomial 
MILLING STATION RECORD
Page of Resource Name or # (Assigned by Recorder):

DPR 523F (1/95) NOTE: Attach plan(s) of milling stations.

Form Prepared by: Date:

Feature 
# 

Surface 
# 

Type Length
(cm)

Width
(cm)

Depth
(cm)

Vertical 
Profile 

Base 
Type

Polish Remarks
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GROUND STONE ANALYSIS

Text in bold indicate attributes that should be recorded as separate columns in Ground Stone 
Analysis, including Surface Analysis. Underlined texts indicate potential values for each artifact under 
that particular attribute. For all attributes, the following values can be assigned where they apply: (1) 
Indeterminate; (2) Not applicable; (3) Not recorded; and (4) None. Incomplete measurements are 
designated by a negative sign (-) before the value.  

Maximum Length – maximum distance between the proximal and distal ends of the artifact, in 
millimeters. 

Maximum Width – maximum distance between the lateral ends of the artifact, in millimeters. 
Maximum Thickness – maximum distance between the dorsal (exterior) and ventral (interior) faces of 

the artifact, in millimeters. 

Sub-Description: thin thick [>60 mm], and block bowl,
hopper, and cobble for mortars.

Artifact Plan Shape – see description and figure under Flaked Stone Artifact Plan Shape. 
Artifact Cross-Section Shape – short axis in cross-section view—see description under Flaked 

Stone Artifact Cross-Section Shape.
Artifact Manufacture Wear Type:  

Ground – smooth with rounded peaks, usually caused by horizontal movement on another 
surface.
Crushed – small breaks on surface usually caused by downward pressure on another surface.
Pecked – battered surface usually caused by short-distance strokes from another hard 
surface.
Pounded – highly battered surface usually caused by long-distance strokes from another hard 
surface.
Flaked – flake scars on surface usually caused by angular hits from another hard surface.

Artifact Manufacture Wear Level – degree of manufacture wear, or shaping—shaped, slightly 
shaped, or unshaped. 

Rim Thickness - in millimeters; primarily for mortars. As a standard control, this attribute should be 
measured three centimeters from the apex of the rim.

Cortex, Burning, or Residue Present

Re-working Present - usually represented as pecking.

Number of Surfaces with Use Wear  
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APPENDIX B. SPECIAL FIELD AND LABORATORY METHODS  

X-RAY FLUORESCENCE (XRF) SPECTROSCOPY (BY LUCAS MARTINDALE JOHNSON) 

Energy dispersive XRF (ED-XRF) analysis can be conducted in the field with appropriate 

equipment. The make and model of the equipment should be noted (for instance “analysis was conducted  

using a Bruker Tracer III-SD handheld XRF analyzer [Serial Number T3S2693], equipped with a rhodium (Rh) X-

ray tube”). Specimens should be analyzed at 40kV and 40μA for 90 live seconds with a 10-square-millimeter 

XFlash® detector. The resolution of the detector and area of X-ray beam focus should be noted. 

Methods of elemental analysis on bedrock surfaces are similar to those used for obsidian, but 

should focus on different elements. To identify residue from pigment, for instance, analysis can focus on 

the presence of cinnabar residue (i.e., mercury [Hg]) or ochre (FeO2). This is done on a given sample by 

removing background x‐rays with a filter composed of 12 mils of aluminum and one mil of  titanium 

without the aid of a vacuum or a helium purge. When present, both the L‐alpha and L‐beta peaks are in 

the spectra. Each specimen should be compared to multiple control spots on the mortar that are free of 

potential cultural residue. Each spot (control and sample), should be scanned two to four times in order to 

determine average elemental concentrations. 

PLANT MACROFOSSIL SAMPLING AND ANALYSIS (BY ERIC WOHLGEMUTH) 

Macrobotanical remains are identified from light-fraction samples derived from the flotation 

technique used to recover systematic samples of charred plant remains from identified temporal 

components (Table 1). This section describes sampling, processing, and analysis of soil samples for the 

recovery of plant macrofossils.  

Sampling 

The goal of sampling plant macrofossils from contexts adjacent to bedrock milling features is to 

identify the plant resources processed in those features. Bulk samples may be taken from overburden above 

features themselves, from “apron middens” surrounding bedrock outcrops, and from the cups themselves. 

In fact, researchers are encouraged to sample any soil in and around features. If there are obvious associated 

midden deposits then excavations of those deposits should retrieve bulk sediment through column samples 

(for vertical and horizontal control) or selective stratigraphic sampling (features, single component areas) 

to recover small materials routinely missed during field screening, as well as for radiocarbon samples. The 

bulk sediment samples should be dispersed and large enough to characterize the full range of fish and 

plant species and to discern spatial and temporal variation in these remains. Where midden deposits are 

not obvious, researchers may take samples from soils surrounding the feature as well as from surrounding 

areas well away from the feature. This will allow for identification of patterning around the features and 

eliminate potentially spurious findings of charred plant remains adjacent to features that are the product 

of natural versus cultural processes. 

Column Sampling 

At bedrock milling sites with archaeological deposits, column samples are taken primarily to 

recover controlled, vertical and horizontal samples from select excavation units in different site contexts. 

They should be collected systematically by stratigraphic deposit or arbitrary 10-centimeter level, and include 

samples from all loci and from potential temporal components. Sample size is largely dependent on the 

nature and age of the archaeological sediments encountered; older deposits typically require larger samples. 

B-1



Samples can be taken from selected unit sidewalls showing the least disturbance and clearest 

stratigraphic profile. If the cultural deposit is deep and requires shoring, a unit corner can be designated for 

sediment sampling. Soil from each level can be placed in a bucket to a marked 10-liter line, bagged, and tagged 

prior to excavating the rest of the level. While this method can also be done in lieu of a sidewall column sample, 

its location cannot be based on observed sidewall profiles unless adjacent to a previously excavated unit.  

Feature and Unique Context Sampling for Flotation 

Since dense charred nutshell (and to a lesser extent berry pits) is common in California, flotation 

techniques must target materials less likely to be recovered by simple water separation. Such remains 

often are suspended in flotation below the surface, and must be collected by decanting the water from the 

non-buoyant sediment, bone, shell, and stone. There is no substitute for experienced personnel in 

conducting flotation. 

Samples must be dried out prior to flotation; damp charred plant material does not float as readily as 

when it is dry. Sediment sample volume must be measured to the nearest 0.1 liter to allow for density studies 

to account for variability in plant frequency and intensity of use between samples, components, and sites. 

Sediment samples from features, strata, or unique contexts (small ash lens or other thin or spatially 

limited archaeological deposit) should be collected for fine-mesh wet-screening and flotation. Samples 

should be taken from within and adjacent to features and other unique contexts to ensure adequate 

comparisons. For example, samples from within hearths rarely contain abundant carbonized plant remains 

but samples adjacent to hearths often yield well-preserved context-associated material. All samples should 

be plotted on plan or profile drawings of the unit. 

Sediment sampling should not be limited to feature contexts. While many features can produce 

abundant plant remains, they are, by definition, atypical deposits that can give a skewed picture of fish and 

plant use (Lennstrom and Hastorf 1995). Midden samples provide robust plant remains. 

In the past, study of carbonized plant remains at some sites with good preservation has been 

compromised by collecting samples that were too small. Most archaeobotanists suggest collecting at least 

10 liters of sediment per sample (D’Alpoim Guedes and Spengler 2014; Pearsall 2015). Where older 

components are suspected or small, seasonally occupied deposits, particularly along the ocean or bayshore 

where plant remains are usually less common, 15–25-liter samples are more appropriate. Samples may be 

discarded in the laboratory if appropriate, and in consultation with Caltrans. 

Light Fraction Sorting 

Small seeds are also an important part of charred plant dietary assemblages. Using a mesh opening 

no larger than 0.4-millimeter (40-mesh/inch) for the light fraction (materials that float or are in suspension, 

mostly plant materials) ensures recovery of the full range of small seeds. Heavy fraction (materials that do 

not float) should be washed through 1.0-millimeter (1/16-inch) or 0.7-millimeter (1/24-inch) mesh to recover 

small-scale remains, notably fish bone but sometimes small beads and bead fragments. This section Light 

fractions must be completely dry before size and constituent sorting. Only carbonized plant remains 

should be recorded when studying pre-contact sites—uncarbonized material is undoubtedly intrusive. A 

0.7-millimeter screen is recommended, in addition to more standard 2.0-millimeter, 1.0-millimeter, and 0.5-

millimeter mesh. The 0.7-millimeter size grade is a useful cut-off for sorting nutshell and berry pits, while 

the 0.5-millimeter grade is used to recover a broader range of small seeds. Sorting nutshell to the 0.7 -

millimeter grade is recommended to fully assess nut use and to compare with regional sites. As California, 

like everywhere else, has its particular mix of plants that requires regional, and sometimes local, expertise 

to identify, an archaeobotanist with California experience should sort or quality-control light fractions 

sorted by technicians. 
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Sometimes carbonized plant remains can be very dense, and subsampling component areas is 

appropriate to stay within project budgets. When possible, we recommend sorting no fewer than 25 percent 

of a size grade, although there are contexts with thousands of nutshell and/or seed remains that can 

appropriately be subsampled substantially less. Ideally, sampling strategies should be as consistent as 

possible across size grades and contexts. Samples of wood charcoal (from the 2.0 -millimeter and 1.0-

millimeter grades, often much less than 25%) must be sorted to calculate their frequency, a useful standard 

against which the frequency of dietary debris can be measured (Pearsall 2015). Wood charcoal samples can 

also be used to identify the range of woody plants present in light fractions. 

Wood charcoal samples, plant dietary debris, and other constituents of light fractions should be 

sorted from bulk light fraction material and stored in bulk by constituent type (e.g., all pieces of a taxon 

sorted) and size grade in curation-ready hard plastic translucent centrifuge tubes. Acid-free paper tags, 

labeled with site number, flotation sample number keyed to unique provenience, size grade, and a 

constituent code number, should be inserted in each centrifuge tube. 

STARCH GRAIN ANALYSIS 

Starch Grain Analysis is one of the few methods that can be directly applied to any bedrock milling 

feature and therefore may provide data relevant to regional research issues under Criterion D for even 

isolated features. Starch grains can be preserved on ground artifact and milling feature surfaces where 

plant materials have been processed. Starch grain extraction and preparation vary. We present methods 

recently developed by Wisely (2015). Samples are extracted using 15 milligrams of distilled water and a 

sonic toothbrush. Artifacts or bedrock milling features should be sonicated for a minimum of 10 minutes 

before the resulting aqueous sediment can be pipetted into a centrifuge tube for transport. New powder-

free gloves, a new sonic toothbrush head, and a new sterile pipette should be used to extract each sample. 

In the laboratory the centrifugal sample is distilled using a sodium polytungstate for heavy liquid 

flotation. The distilled sample is then mounted on semi-permanent slides. The analyst then transects the slide 

at 100X magnification under cross-polarized light and identifies starch grains based on the presence of 

“extinction” (disappearance of cross-polarized light). These are then photographed under 400X magnification 

using brightfield light and cross-polarized lighting. The morphology is measured and compared to a type-

collection. The slide is also vibrated to rotate starch grains for three dimensional morphology. 

Fine-grained identifications are made based on a combination of measurements and morphology. 

Some grains may not be identifiable due to a lack of comparative samples, damage, or being obscured by 

other grains or materials within the sample. It should be noted that some grains are too small to be visible 

at 100X magnification. 

Minimum Reporting Standards for Starch Grain Analysis 

▪ Methods and criteria for differentiation of tool types and attributes  

▪ Illustrations and/or photographs of a sample of starch grains 

▪ Name of starch grain analyst, methods, and comparative collection used 

▪ Table of raw counts and densities of starch grains 

▪ Appendix with metric and use-wear attributes for the surfaces that were sampled 

(either from artifacts or milling features themselves) 
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