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Prehistoric culture-environment relationships are a major interest 

of archaeologists in the Great Basin and throughout western North 

America. Previous studies have emphasized regional climatic shifts as a 

principal, if not the causal, variable underlying prehistoric culture 

change. As research progresses, however, the diachronic complexity of 

human adaptations and natural phenomena in addition to climate becomes 

more and more evident. Geologic findings indicate numerous Holocene 

volcanic eruptions in the Long Valley-Mono Basin region of the eastern 

Sierra Nevada . To date, there has been little consideration of the 

impact on prehistoric cultures of volcanism in the eastern Sierra. Two 

primary objectives of this study are to simply document and integrate 

temporal pattern• suggestive of Holocene "change" as measured separately 

with archaeological, volcanic, and climatic data. Another primary ob-

jective is to demonstrate the utility of obsidian hydration dating in 
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the eastern Sierra. 

Obsidian hydration dating of prehistoric sites in the general 

vicinity of the tong Valley-Mono Basin volcanoes sugge~t that obsidian 

stoneworking, and perhaps land-use activities on the wh~le, increased 

substantially in the region after ca. 3500 radiocarbon years b . p., 

declined abruptly ca. 1750-1250 b.p., and continued thereafter on a much 

reduced, intermittent basis. Relatively frequent or intense stone-

working afte r ca. 3500 b.p. appears to coincide with (1) an apparent 

period of minimal volcanic activity in the eastern Sierra; (2) a pre-

dominantly cool, moist climatic regime that may correlate with an 

overall increase in cultural activit y in the Sierra Nevada, and in the 

western and southwestern Great Basin; and (3) the growth of an extensive 

trans-Sierra obsidian exchange system during the Middle Horizon in ceo-

tral California. The decline in s toneworking ca . 1750-1250 b.p. appears 

to have begun at the out set of a late Holocene episode of multiple 

volcanic eruptions in the Long Valley-Mono Basin region. Between ca. · 

1900 and 500 b.p., more than fifteen volcanoes erupted in the region. 

It is suggested that recurrent late Holocene volcanism in the eastern 

Sierra may have significantly affected regional and inter-regional 

economic and demographic patterns among indigenous hunter-gatherer 

populations. 
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Chapter I 

PREHISTORY IN THE EASTERN SIERRA 
157 

Holocene environmental change continues to be a major concern of 
158 

prehistoric archaeologists in the Great Basin and throughout western 

159 North America. This stems in part from the fact that several other 

disciplines, such as geology, palynology, hydrology, dendroclimatology, 
160 

and biogeography, pursue prehistoric research in areas where there is 

161 also an active archaeological interest. · As a result, past environments 

and natural phenomena can be assessed for their cultural significance on 

165 
a specific geographic basis. An interdisciplinary orientation in the 

167 analysis and evaluation of archaeological data reflects as well a common, 

but often unstated, assumption that environmental change does affect 

168 cultural behavior in one way or another. Though arguably deterministic, 

169 
this assumption attempts no more than recognition of inherently systemic 

relationships between human societies and the environments they occupy. 

170 
0 • , A tDlJjor prem.J.se of the research· described herein is l:h4t cultural expla-

~ ,.s lT . 
\L1r.>l'

1 
nation on a diachronic basis requires comprehensive contextual data. 

The problem in prehistoric archaeology is to integra t e disparate findings 

from many fields and arrive at a balanced understand ing of the roles of 

cultural and environmental processes in shaping human development. 

Questions of causality and culture change in prehistory cannot, after 

all, be resolved without benefit of the best possible accounting of the 

behavior of potentially critical variables over time regardless of vhe-

ther or not their origins and significance are in the abstract purely 

"cultural" or "environmental." Thus, in the Great Basin, a historica l 

1 
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emph~sis on culture-environMent studies will prevail until Holocene 

natural history has been reconstructed in sufficient detail to p~nnit 

easy differentiation among phenomena according to their immediate and 

long-term consequences for human adaptive strategies. 

Archaeological research in the Great Basin suggests that Holocene 

environmental change was in certain instances a crucial factor in local 

and perhaps regional ecor'-tc and demographic trends among indigenous 

hunter-gatherers. Init~l efforts to relate Great Basin archaeological 

recorda to Holocene environmental history were severely constrained by 

info~tion about the latter that was restricted in time and space . 

Culture-environment reconstructions vere necessarily quite generalized 

and poorly documented on a local level (Bryan and Gruhn 1964). There 

was also (and continues to be) a distinct preoccupation with regional 

climatic history aa a principal, if not the causal, variable behind most 

culture change. As paleoenvironmental and archaeological ~~ta multiply, 

however, the complexity over time of human ecological patterns and 

natural processes and events in addition to climatic change becomes more 

and more evident. This has forced a reappraisal of traditional concepts 

about climatic history and cultural development, and a "retreat" froiD 

"lass encompasaing 1110dels and explanations" (Mehringer 1977:114). TI1e 

theoretical goal in the present research ia to examine the archaeological 

record in a particular region where (1) cli~natic and non-climatic 

environmental history i~ well-studied and locally specific; and where 

( 2) a real opportunity <DaY exist to a attempt a precise chronological 

analysis of cultural and natural change. 

In the last decade or so, geologic research and natural even,r.-s have 

3 

encouraged a growing awareness of the significance of volcanism in 

Holocene environmental history in the Long Valley-Mono Basin region of 

eastern California (Fig. 1) . Situated on the eastern border of the 

Sierra Nevada physiographic province and the west-southwestern border of 

the Basin and Range physiographic province (Fenneman 1939), the Long 

Valley-Mono Basin region lies along the eastern base of the central 

Sierra Nevada Mountains. ~ong Valley consists mainly of a 17 x 32-kiD 

elliptical caldera created ' by subsidence following the cataclysmic ash 

flow eruption of 600 km3 of Bishop Tuff approximately 700,000 (0.7 ID.y.) 

years ago (Gilbert 1938; D~l~ple, Cox, and Doell 1965; Gilbert et al. 

1968; Bailey, Dal~ple, and Lanphere 1976). Mono Basin is a similarly 

large depression in the eastern Sierra roughly 30-35 km north-northwest 

of Long Valley that appears to have a st ructural rather than volcanic 

origin (Gilbert et al. 1968; cf. Pakiser, Press, and Kane 1960; Pakiser, 

Kane, and Jackson 1964). Extending some 35-40 km froiD southwestern 

Long Valley to southern and western Mono Basin stretches a chain of late 

Quaternary , primarily composite, volcanoes featuring obsidian domes, 

extensive local tephra deposi ts and pyroclastic ash flows, cinder cones , 

and phreatic explosion pi cs:. Three volcanic co<Dplexes co
10

prise the 

chain: 
the Inyo Craters and Domes, Mono Craters, and the volcanoes and 

volcanic islands of western Mono Basin. All three C01Dplexes have been 

active iq the last 10,000 years and to a large extent these volcanoes 

are Holocene geologic phenomena (Rinehart and Huber 1965 ; Huber and 

Rinehart 1967; Lajoie 1968; Gilbert et al. 1968; Chesterman 1971; Wood 

1975, 1977a, 1977b, l977c; Wood and Brooks 1979; Kilbourne, Chesterman, 

and Wood 1980; Kilbourne and Anderson 1981). 
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10 

The long Valley-Mono Basin region , Mono Councy , Cali!orn~a. 
Adapted from USGS 60 x 120' series maps: ~riposa, Calitornia­
Sevada, and Walker Lake, Sevada-California. Contour interval 
500 m, scala : 1: 250 ,JOO . 
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Apart from · t he time-str a tigraphic value of tephra deposits that can 

accompany volcanic events (Mehringer 1977:125-126), Holocene volcanism 

in the long Valley-Mono Bas in region is of interes t for its potential 

role in influencing land-use ' strategies, demographic patterns, and trans-

Sierra economic interaction. , Although he did not elaborate on cultural 

implications of volcanism in the eastern Sierra, Mehringer (1977:126) 

vas the first to call for an app reciation of the environmental signifi-

cance of volcanic eruptions in Grea t Basin prehistory: 

The immediate and long-term effects of a s ingle major 
eruption and ash f a ll could be locally far more 
important to man tha n regional climatic change. 

This avenue of research has been pursued in the northern Great Basin and 

Pacific Northvest vith refe rence co the violent erup tion of Mount Mazama 

(Crater lake) in south-central Oregon 7000 years ago (Grayson 1979; 

Blinman, Hehringer , and Sheppard 1979). To date, hovever, there has 

been little conside r a tion of the impact of Holocene volcanism on prehis-

toric cultures in the eastern Sierra and adjacent r egions of the Grea t 

Basin a nd central California. This can be partially attributed to a 

current lack of knovn archaeological deposits shoving an immediate vol-

canic impact on people (e.g. , tephra-sealed cultural horizons, victims). 

It is also an i ndication of hov recent the appearance has been of time-

sensitive Holocene volcanic data for the eas t ern Sierra. These data, as 

described in Chapter II, c l early sugges t that volcanism in the l ong 

Valley-Mono Basin region has been a recurrent phenomenon dur ing the 

Holocene, and that multiple eruptions have occurred vithin relatively 

short time-spans . Thus , evaluation of the cultural significance of 

vo lcanism in the eastern Sierra must taka into account the immediate , 
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direct and indirect impacts on plants, animals, ~ad human ecology, and 

the cumulative effects of recurrent volcanic activity on long-term 

patterns of cultural adaptation. 

Notwithstanding the broad chronological and processual ramifications 

of Holocene volcz.nism for prehistoric research in the eastern Sierra, 

che general region has another characteristic that makes it especially 

attractive for diachronic cult~re-eovironmenc studies. A variety of 

paleoclimatic indicators have been investigated in the eastern Sierra 

and nearby regions of the southwestern Great Basin (e.g., neoglacial 

morainal deposits, bristlecone pine [Pinus longaeva) tree-ring variabi-

licy and treeline fluctuations , pollen profiles, and lacustrine strati-

graphic sequences). Consequently it is possible (see Chapter II) to 

construct a regional Holocene climatic history that can be contrasted 

spatially and chronologically with the Holocene record of a non-climatic, 

perhaps critical mechanism of environmental change such as volcanism. 

In this manner , specific environmental phenomena can be differentiated 

over time and space and then assessed for their cultural significance. 

Two additional , but cultural features of the prehistoric eastern 

Sierra assure an expansion of archaeological effort in the region. First, 

the abundant use of obsidian in prehistoric tool production in the eas-

tarn Sierra offers an opportunity to use obsidian hydration dating to 

build a regional cultural chronology of great precision. Hydration aoa­

lyaia ia moat effective, it appears, when the sample data are controlled 

for source geochemistry and temperature provenience (see Chapter IV) . 

Source determination has the added value of suppl ying information about 

the movement of obsidian from its point of acquisition to its location 

7 

in an archaeological deposit. Second , available archaeological evidence 

indicates quite clearly a tremendous volume of prehistoric cultural 

debris in the eastern Sierra and surrounding areas of the southwestern 

Great Basin. Thousands of prehistoric sites have already been recorded 

and thousands more await inventory within large traces of unsurveyed 

lands. Obsidian, it appears, vas only one of several prehistoric 

resources exploited on a continuous basis, but at apparently varying 

intensities since humans first settled the eastern Sierra. The problem 

is not finding the archaeological materials to resolve research issues, 

it is successfully manipulating ever mora abundant and exact information 

in order to formula t e regional research strategies that efficiently in-

corporate these data, minimize excessive duplication of effort, and take 

full advantage of the chronological potential to conduct "diachronic 

anthropology" (Plog 1973) on a cost-effective basis. 

PRIMARY RESEARCH OBJECTIVES 

A cursory appraisal of the archaeological , volcanic, and climatic 

records for the Holocene in the eastern Sierra creates the distinct 

impression of a complex regional prehistory punctuated by sometimes 

dramatic cultural and environmental changes. Chronological ordering of 

these records would seem, therefore, to be a necessary first seep if 

processes of prehistoric culture change and its causal relationships are 

to be delineated and explained . Thus, to establish a t~e-spaca framework 

of prehistoric cultures in the eastern Sierra, two primary objectives of 

this research are to simply document and integrate temporal patterns 

suggestive of Holocene "change" as mea,ured separately with archaeologi-
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cal, volcanic, and climacic daca. Essencially icduccive undertakings, 

chesa objeccives derive fro~ the question of whether or no t volcanic 

eruptions in the eastern Sierra ~ght have more directly affected re­

gional human prehistory chan did apparent shifts in climatic paccerns 

(cf. Mehringer 1977:126) . (Because of the uncertainties in calibrating 

secular variations in radiocarbon production over time, and in the 

me t hods of using a given calibration scheme [R.E. Tayl o r, personal 

communication 1983 ), 14c dates presenced in the discussion below are 

given in conventional radiocarbon years b . p. [Stuive r and Polach 1977). 

Chr ono l ogica l dete~nacions thac represenc calen~ar years are described 

in terms of years B.P. [cf. Curry 1969:3] .) 

A third primary objective of this research is t o consider some 

possible implications of recurrent Holocene vo l canism i n the eastern 

Sierra f or prehistoric economic exchange systems, demographic patterns, 

and land-use strategies. Of concern here are current interpre t a tions 

about prehistoric culture change in the Eastern Sierre and adjac~nt re-

gions of the Great Basin and central California and its associati on with 

postulated demographic, economic, technological , or c l imatic develop­

ments (Be ttinger 1977a , l979a , l982a; Ericson 1977 , 1982 ; Singer and 

Ericson 1977; Moratto, King, and Woolfenden 1978; McGuire and Garfinkel 

1980; Bettinger and Baumhoff 1982) . 

Tha fina l primary objective of this reauarch is co demonscrace the 

utility of source-specific obsidian hydrat ion dating in the eastern' 

Sierra as a method by which to empirically measure the frequency of a 

particular material ac tivity - obsidian tool-use - over t ime on a 

site-specific, local, and regional basis . Presumably, variations in a 

9 

given frequency curve of hydration sample dates (see Chapter V) can be 

used t o ga in an idea of relative occupational intensities. There are , 

of course , some analycical considerations to take into account, namel y 

sample size (total number of nydration readi~gs [dates]), sample com­

position ( specimen types), and stratigraphic provenience. For example , 

occupational patterns that were not characterized by ex t ensive obsidian 

t ool produc tion may be difficult to temporally evaluate with hydration 

sampl es composed of manufacturing debitage. None theless , this should 

not be a major proble~ since there are certain t ool categories (e.g . , 

projectile points) that were probably relatively standar d featu r es of 

mos t of the tool-kits of pr ehis t oric hunter-gatherers in the easter n 

Si erra . 

SECONDARY RESEARCH OBJECTI VES 

Secondary ob jectives of t he research and ana l ysis pr esent ed in the 

following chapters are to desc~ibe and evaluate the res ults of an 

archaeological excavation a t CA- MN0- 561 in southwestern Long Valley. 

The study was conducted during the summer of 1982 by the Archaeological 

Research Unit (ARU) , Department of Anthropology, University of California, 

Riverside , under the fie ld direction of t his author . CA- MN0-561 is 

located on upper Mammo th Creek approximately 6 km eas t-nor theast and 

1000 ~ below the summit (3370 ~) of Mammoth Mountain , a huge late 

Pl eistocene rhyodacite volcano in the east-central Sierra Nevada. In 

groaa figures , the f ieldwork involved the excavation and screeni ng of 

35 .7 m3 o f ear th, r ock , and cultural fill, and the collection of ove r 

150 ,000 prehistoric items. Limited test excavations (ca. 3 .5 m3) had 
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previously been undertaken at the site by the United States Forest 

Service (USFS). These investigations ~nimally reveal that CA-MN0-561 

was occupied at various times within the last 4500 radiocarbon years. 

Assuming an accurate chr ono l ogical analysis, CA-MN0-561 may ther~fore 

offer an occupational record that can be integrated with dated volcanic 

and climatic events in the immediate and general vicinity . 

In likht of the findings at CA-HNQ-561, two other secondary objec­

tives of this research are to (1) assess t he archaeological value of 
I 

proposed hydration rates for obsidian sources i n the eastern Sierra 

( u• h 1 1965, 1982·, Friedman 1968; Ericson 1975, 1977 ; Wood 1977b; a .g., , ... c e s 

Wood and Bro~ks 1979 ; Garf inkel 1980a; aasgall 1982); and (2) examine 

evidence suggesting t hat intra-assemblage variation in exploited obsidian 

sources could reflect residential movements, tool-specific or group­

spacific source preferences , or, over t ime, changes in conditions 

affecting the use of and access to diferent sour ces (Jack 1976:195; 

Bett inger 1981:48-55 , 1982b). 

I' 

Chapter II 

RECENT C~IMATES AND VOLCANISM 

The Sierra Nevada are an enormous westward-tilted fault-block with 

a sheer eastern face. Frontal faults at its eastern base structurally 

depress a narrow zone that separates the Sierran block from eastward-

tilted fault-block r anges (such as the White Mountains) in the adjacent 

Basin and Range pr ovince (Alfors 1980:1) . Regional downwarping and 

faulting in the last three to fou r million years have produced great 

topographic relief and reflect the latest pulse of periodic Cenozoic 

and late Mesozoic orogeny (W~hrhaftig and Birman 1965 :330 ; Gilbert et 

al . 1968:310). Pleistocene crustal deformation uplifted the eas tern 

wall of the Sierra as much as 1220 m in places (Christensen 1966) and 

created a modern landscape of towering mountains flanked be deep valleys 

filled with thick accumulations of Quaternary sediments. Coupled with 

massive Pleistocene glaciation and volcanism, these forces shaped a 

magnificently rugged land surface that continues to undergo rapid modi-

fication by tectonism, volcanism, and neoglacial surges. The results of 

r ecent research in several disciplines suggest that Holocene climatic 

and geologic change may have at times affected the course of pr ehistoric 

cultural development in the eastern Sierra . 

HOLOCENE CLIMATES 

Modern climate in the eastern Sierra is markedly seasonal; warm, 

mostly dry summers precede cool, usually wet winters at t he higher ale-

vationa. Spring temperatures are relatively mild , and brief winter-like 

storms mar an othervise warm early fal l a t l owe r elevations in the region. 

11 
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From October to Hay, orographic lifting of easterly migrating cyclonic 

stot:'lDs originating over the Pacific causes heavy snowfall along the 

crest of the Sierra (Sercelj and Adam 1975:737). This accounts for the 

bulk of annual precipitation in the region and imposes a pronounced 

rainshad~w effect over a wide area east of the Sierra. These storms 

are deflected northwards during the summer by a subtropical high pressure 

system that. invades the general region (LaMarche 1974 :1046). Uns table 

masses of moist subtropical air can generate localized, but often in-

tense, summer convectional downpours. 

Climatic records for the years 1931-1960 in the eastern Sierra 

(Curry 1969 :Pl. 1) describe, respectively, mean maximum, annual , and 

minimum temperatures in upland areas (above 2500 m) of ca . 10", 3", and 

-4"C, and about 60 cm in annual precipitation. Correspondingly highe r 

mean temperatures (ca. 24", 13", and 3"C) and reduced annual precipitation 

(15 em) \."ere recorded for the same years at a lower e l evation near the 

eastern base of the mountains (Curry 1969:Pl . 1) . Although these 

values provide some idea of long-term Holocene climatic parameters and 

their extremes, it should be noted that they apply to a period of time 

(A.D. 1930-1960) of what appears to have been unusually mild climate 

(warm and dry) in North America (Bryson and Hare 1974). Climate today 

in the Long Valley-Mono Basin region is substantially different from 

what it must have been during periods of major Pleistocene glaciation 

when Lake Russell overflowed Mono Basin into the Owens drai nage system 

and extensive lakes formed in many now-dry or near-dry interior basins 

of western North America (Morrison l365:Fig. 1). Soon after its creation 

the to~~ Valley caldera waa filled with a deep body of water - Pleis-

13 

eocene Long Va lley Lake (Mayo 1934) - that at 
its high s t a nd may have 

reached an eleva tion slightly . over 100 111 below that of the town of 

Mammoth Lakes (Bailey, Dalrymple, and Lanphere 1976:736). Despite the 

evident contras t in mois ture levels between modern and 
glacial climates, 

most researchers discount the climatic significance of a Ple i stocene-

Holocene temporal boundary and consider cl'-- tic 
~ pa tterns over the l as e 

10,000 years or so a s interglacial and not truly 1 postg acial (LaMarche 

1978:335) . Horeover, available evidence may suggest that the northern 

hemisphere is Still in the midst of the latest, perhaps coldest episode 

of periodic Holocene neoglacia tion (Denton and Karlen 1973:196-198). 

r.te study of Holocene climat es and their fluctuations has led co an 

abundance of labels for (1) a widely r ecognized middle Holocene trend 

toward warm, dry climate with few, brief, cool/moist reversals; and (2) 

more recent intervals of less mild climatic conditions (Cooper 1958; 

Porter and Denton 1967; Wright 1976). A h 1 
rc aeo ogists have been especially 

fond of the tripartite Holocene (Neothermal.) sequence 
reconstructed by 

Antevs (1948, 1953; cf . Aschmann 1958). The sequence consists of the 

Anathermal, ca. 10,000- 7500 B. P., characterized by rela tively cool, mois t 

climate; the Altithermal, ca. 7500-4000 B.P., a 
period of maximum Holo-

cene aridity and temperature ·, and the H di h 1 
e t erma , a period of essentially 

modern climate over the last 4000 years . o h t er researchers, in many re-

lated fields, find the Antevs system unworkable for various reasons and 

use other models, in particular: lly ith 1 d 
ps ~rma an Neoglaciation (Deevey 

and Flint 1957; Porter and De nton 1967; Wright 1976). The Hypsithermal, 

ca. 10,000-3000 B.P., is perceived as a period of lllaXiJDWD long-term 

glaci.al shrinkage and Dlinimal short- term glacit>r expansions. 
As defined, 
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Neoglaeiation eneompasse~ the last three ~llennia and has been a period 

of intermittent glacial advance. 

Varying levels in solar activity may be a principal factor under-

lying Holocene climatic change (Denton and Karl€n 1973 :198). Correla-

tions betveen ~ovn short-term variations in natural radiocarbon activity 

and climatic change over the last thousand years (Suess 1968) support 

the viev that significant intervals of high radiocarbon produc tion 

accompanied alpine glacial surges during the Holocene (Denton and Karl~n 

1973:200). Presumably, periods of lev so l a r activity (hence l ess radiant 

energy) bring about cooler global temperatures and a weakening of the 

earth's magnetic field that, in turn, increases radiocarbon production 

by permitting more frequent penetration of the upper atmosphere by 

eos~c-rays; a process reversed during periods of relatively high solar 

activity and lov radiocarbon production. , ... - .. __,__ .. _ 
HOLOCENE CLIMATIC HISTORY 

Pollen cores from an alpine meadow jus t south of Lake Tahoe indicate 

a cool but dry late Pleistocene i n t he central Sierra {Adam 1967). Soon 

thereafter, in contrast, the initial post-Pleistocene climate s eems to 

have bean somewhat cooler and much more moist. The Hilgard glacial ad-

vance has an estimated age of ca. 10,500-9000 b.p. (Curry 197l:Table 1), 

and corresponds to the earliest of three periods of significant Holocene 

&lacier growth in the Sierra recognized by Birman (1964). Recess Peak 

and Matthes are the more recent neoglacial episodes that Birman (1964) 

identified. Rahm (1964) described a similar morainal sequence in the 

Sierra vest of Bishop (\lender Lakes, Basin !-fountain, Gilbert advances) . 
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Paleoclimatic data from other regions in the Fare West also indicate a 

predo~nantly cool, moist elimate during the 1 H 1 
T ear y o oeene, although 

short-tenn intervals of more arid, presumably varmer conditions probably 

occurred (e.g ., Mehringer 1967; Benedict 1968; Ore and Warren 1971; But­

ler 1972; Harper and Alder 1972; Hack et al. 1978). Black Lake in Adobe 

Valley (Fig . 1) may have reached its post-Pleistocene high s tand ca . 

9000-8500 b.p., and t hen receded to a nearly dry level that underwent 

little change for the next several thousand years (Batchelder 1970a, 

1970b). By 8000 b.p. , a maeroclimatic mid- Holocene warming trend (i .e., 

Hypsithermal or Altithermal) vas apparently affecting climatic patterns 

and , by 7000 b.p., mos t of ,the once-large interior basin lakes had disap­

peared . Conditions may have been the most xeric at Black Lake ca . 7000-

6000 b.p. (Batchelder 1970a), and consistently high summer temperatures 

are indi ca ted for the period ca. 7350-3950 B.P. by an advance of the 

upper bristlecone pine (Pinus lo~vaeva) treeline in the White Mountains 

(La.'!arche 1973:655; LaMarche and ~looney 1967). 

Despite dating discrepancies , a brief interval of i ncreased effec­

tive moisture seems to have occurred ca. 6000 B.P . Mehringer (1977:149) 

noted the widespread evidence of such an in crease ca . 6500-5500 b.p. in 

the Great Basin, and there vas a slight rise in the level of Black Lake 

ca. 6000-5000 b.p. (Batchelder 1970a). Of th f e our pos t-Hilgard neo-

glacial advances in the Sierra identified by Curry (1969:Fig . 10) , the 

earliest (pre-Recess Peak) vas dated ea . 7000-6000 B.P. using morinal 

lichenometrie da tes based on Rhizoc4rpon and Acarospora. This temporal 

assignment , however, appears to be slightly too old given alternate 

paleoclimatic data and diverse continental evidence of a neoglacial epi-



soda ca. 5800-4900 B.P. (Denton and Karlin 1973:159) . Neoglaciation ca. 

6000 B.P. does not appear to have been as ex tensive as later glacial 

surges. Folloviog this brief period of relatively cool, moist climate , 

the dominant mild macroclimatic system (cf. Johnson 1977) seems tq have 

persisted until about 3400 B.P. BriRtlecone pine tree-ring data reflect 

relative varmth at the upper treeline in the Whita Mountains ca. 5420-

3250 B.P. (LaMarche 1974:Fig. 5), and advanced treelin~ elevations indi-

cate significantly high summer temperatures ca . 4950-3950 B.P. (LaMarche 

1973:655). At Little take, just south of Ovens Valley, a saltgrass mea-

dow and marsh (no lake) appears to have developed ca. 5000-3000 b,p. 

(Mahringer and Sheppard 1978:153) . Short-term intervals of less mild 

climate probably occurred betveeo ca. 5300 and 3400 B.P., but these are 

difficult to document because the overall magnitudes involved were pro­
t 

bably not great and , in the case of neoglacial records, subsequent glacial 

activity may have obliterated depositional sequences (cf . Den ton and 

Karlen 1973:196) . A short interval of somewhat cooler, more moist coo-

ditions may have prevailed in the White Mountains and locally ca. 4500-

4100 B.P. (LaMarche 1978:Fig. 4). Black take was deeper than at present 

about 4500 radiocarbon years ago (Batchelder 1970a). 

A broad spectrum of paleoclimatic indicators shovs a pronounced in-

crease in effective moisture levels after ca . 3400 B.P . The onset of 

cooler aummer temperatures ca. 3450-2950 B. P. forced a retreat of the 

upper bristlecone pine treeline in the White Mountains (LaMarche 1973: 

655) and marks the beginning of a major period of Holocene neoglaciation 

(Denton and Karlen 1973:159). Relatively more moist conditions are 

apparent ca. 3600-2100 b.p. at Black take (Batchelde~ 1970a) and in the 

central Sierra after ca. 2900 b.p. (Adam 1967). A shallov lake appa rently 

took the place of t he saltgrasa meadow and marsh at Little Lake ca. 3000 

b.p. (Mehringer and Sheppard 1978:153), Alth h h oug t e geochronology is 

not precise, it is apparent that shallow lakes formed not too long before 

or after 3000 B.P. in interior basins such as Searles Valley (Smith 1967, 

1968) and Death Valley (Hu~t and Mabey 1966). Russell (1889:326) vas 

among the first to correlate neoglacial ~urges with the rebirth of 

"desert" basin lakes. Abundant evidence 'of a Hypsithermal/Neoglaciation 

or Altithermal/Neothermal transition can also be found in many other 

nearby regions (e.g., Sears and Roosma 1961; Bright 1966; Davis and El­

ston 1972; Harper and Alder 1972; Kautz and Thomas 1972; Madsen 1972; 

Elston 1976). 

Neoglacial ac tivity culminated in North America ca. 2800-2600 B.P. 

(Porter and Denton 1967:202; Denton and Karlen 1973:197). In t he Sierra, 

the ~ecesa Peak advance was dated by Curry (1969:Fig. 10) ca. 2600-2000 

B.P., again on the basis of lichenometry. These dates slightly postdate 

the peak in neoglacial expansion elsewhere and suggest, perhaps, the use 

of lichen growth curves that are not ye t precisely calculated (Sercelj 

and Adam 1975:744). However, the licheoometric dates agr ee well with (1) 

bristlecone pine data indicating cool, moist climate ca . 2700-2200 B.P. 

in the White Mountains (LaMarche 1978:Fig. 4)·, (2) a marked pollen change 

toward less xeric conditions ca . 2430 b . p. in the central Sierra (Adam 

1967 ; Sercelj and Adam 1975),· and ( 3) h 1 t e emp acement of wet meadow de-

posits ca . 2500 B.P. in the upper San Joaquin drainage areas west of 

Mammoth takes (Wood 1975). Aside from intrinsic dating errors, the dif­

ferences betveen regional and hemispheric dating of neoglacial maxima 
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are probably a function of the time-transgressive nature of macroclieatic 

change (Wright 1976). In this regard, it may be notable that neoglacial 

deposits stratigraphically comparable to Recess Peak units in the Sierra 

appear to date slightly earlier at higher latitude alpine sites in the 

Rocky Mountains (Benedict 1973; Mehringer 1977). 

Clilutic forces behind neoglacial activity apparently began to uane 

after ca. 2200 B.P., Black Lake may have been nearly dry af ter 2100 ' b.p. 

(Batchelder 1970a) and a saltgrass meadou and marsh seems to have re-

turned to Little Lake (Mehringer and Sheppard 1978). Cool-moist condi-

tions in the White Mountains gave uay to initially uarm-moist then uarm-

dry climate that advanced the upper bristlecone pine treeline and 

retarded annual tree-r ing grouch (LI.Marche 1974, 1978). Predominant 

summer cooling after 1700 R. P. (LaMarche 1974:F~g. 5, 1978:Fig. 4) pre-

ceded relatively intense cold and high annual snoufall ca. 1100-950 B. P. 

that may have accompanied an unnamed neoglacial advance in the Sierra 

(Curry 1969:Fig. 10) and elseuhere (Porter and Denton 1967:200; Denton 

and Karlen 1973 :196), The elevation of Black lake may have risen 

slightly around this time (Batchelder 1970a), and a rieu series of uec 

meadow deposits vas emplaced vest of Mammoth Mountain in the upper San 

Joaquin drainage (Wood 1975). 

Baaed on bristlecone pine data from the White Mountains, LaMarche 

(1974:1048) considered the period ca. 950-750 B.P. as the warmes t in 

temperate latitudes in the last 1000 years and associated it uith 

severe drought conditions. Abruptly thereafter, an extended cool period 

began uith the apparent death of many trees and a sharp, 750 m retreat 

of the briltleconr treeline (LaMarche 1973:655 , 1974:1046) , An increase 
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in moisture apparently accompanied the cooling trend, producing cool, 

relatively moist conditions in the White Mountains h t at may have pre-

vailed for about 500 years (LaMarche 1978:Fig. 4). Rapid treeline 

retreat coincided uith a surge in neoglacial activity (Denton and Karlen 

1973:196-198). In the Sierra, this is the Matthes glacial advance thee 

Curry (1969:Fig. 10) dated ca . 650-190 B.P. The depositional record of 

Matthes glaciation is not as extensive as that for Recess Peak, and may 

reflect lower overall precipitation during the more recent advance 

despite unusual coolness (LaMarche 1973:656-657) . Neoglacial maxima in 

North America were attained ca. 350-200 B.P. (Denton and Karlen 1973 : 

196). 

Dendroclimatic data on several speci es in the Far West indicae• an 

extensive drought between 190 and 130 B.P. (Fritts and Gordon 1980: 38). 

From A.D. 1760 to 1820 an estimated 87% of h t e annual precipitation 

totals from 52 locations uithin 965 k f h m o t e California-Nevada border 

were less than 50 em , in contrast to the period A.D. 1901-1960 when only 

28% of those totals were l ess than 50 em (Fritts and Gordon 1980:38-39). 

Neoglacial activity in the Sierra resumed significantly after about A.D. 

1850 or 1860 (Curry 1969 :Fig . 10), though mild climate from 1930 to 1960 

(Bryson and Hare 1974) has l eft b f uc a ev cirque glacier$ (Wahrhaftig 

and Birman 1965:305). 

In summary, then, a variety of paleoclimatic indicators from the 

eastern Sierra and elsewhere suggest: (1) a cool, dry lace Pleistocene; 

(2) a relatively cool, moist early Holocene (Hilgard glacial advance) 

with probable short-term warm intervals (perhaps 10,500-8500 b.p.); (3) 

the onset of a mild mid-Holocene mscroclimatic sys tem (Hynsithermal/ 
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Altithermal) ca. 8300-6000 b.p.; (4) a brief, cool-moist interval ca. 

6000-5300 B.P.; (5) resumption of a ganerally warm, dry climatic regime 

ca. 5300-3400 B. P.; (6) a significant shift (Neog l aciation /Med ithermal) 

toward cool, moist climate ca 3400-2 200 B.P . (Recess Peak gl acial ad­

vance); (7) warm- mois t t hen warm-dry climatic conditions after 2200 B.P., 

with a cooling trend mo re-or-less dominant af t er 1700 B.P.; (8) a brief 

period of cool , mois t climate ca. 1100-950 B. P. (unnamed gl acial advan~e 

between Recess Peak and Matthes); (9) a possibly severe drought ca. 950-

750 B.P.; (10) unusually cold temperatures after 750 B.P., although mean 

annual precipitat i on may have been lower than during the Recess Peak ad­

(11) another possibly severe drought ca. 200- 130 B.P.; and (12) vance ; 

generally cool, relatively moist climatic patterns over t he las t century 

or so with a short period of mild climat e ca . A.D. 1930-1960. 

Paleoclimatic data also appear to show that during the Holocene 

short-term periods of r elatively high year- co-year climatic var i ability 

correla te with periods of above-average mean annual precipitation while, 

conversely, l ong-term periods of l ow variabil ity correla t e with periods 

of average or below-average mean annual precipitation (Curry 1969:42). 

The cycle may be evident, for example, in a predominan tly cool, moist 

climate in recent centuries that has been interrupted by apparently 

severe, briaf droughts; and in earlier , l ong-term periods of climate 

(e.g. , ca. 5300-3400 B.P.) when conditions were relatively arid and warm, 

but not necessari ly drought-lika , and there were few, minor reversals_ 

toward less mild climate . Further, neoglaciacion peaks a t ca . 5300 , 

2800, and 350-200 B.P . were identified by Den t on and Karl 4n (1973:196-202) 
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who no t ed that each surge l as t ed 600-900 year s and occurred about 2500 

years after the previous neoglacia l episode. Evidence exists to suggest 

t hat this generalized model of r e latively l ong, warm, u sually dry i n ter-

vals and shore, cold, usua lly moist intervals may also apply to earl y 

Holocene and late Pleistocene climatic patterns (Denton and Karl en 1973: 

196, 202) . 

GEOLOGIC HISTORY 

Much of the Far Yest was under the sea in late Pr ecambrian and 

Paleozoic times and more than 3000 m of accumulated seafloor sediments 

are exposed as distinctive metamorphic str ata in the nearly straigh t, 

fault-scarp western face of th~ Yhite Mount ains (Bat eman 1965). In t he 

eastern Sierra, folding , faulting, catacl asis, and r egional metamorphism 

characterized several periods of Paleozoic and Mesozoic deforma t ion 

(Nokleber g and Ki s tler 1980). Mesozoic deformation downwarped t he 

general region into a complexly faulted synclinorium tha t was fil led 

with contemporaneous sedimentary and, mostly, volcanic rocks (Alfors 

I 
1980:1). Late Mesozoic or ogeny raised the Sierra well above sea level 

and. intruded the synclinorium with enormous ba t hol i thic masses that 

form the modern basement of granodiorite, quartz monzonite, and granitic 

rocks (Yahrhafc ig and Birman 1965:Fig. 4) . Five principal intrusions or 

"intrusive epochs" t ook place between about 210 and 79 m.y . ago (Evernden 

and Kistler 1970). 

The oldest Cenozoic rocks in the Long Valley-Mono Bas i n region are 

late Oligocene end Miocene (J0-12 m.y.) andesites, dacites, rhyolites, 

and rhyolitic welded tuff ( i gnimbrite) units gener ally north and east of 
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Mono Basin (Dalrymple 1964a; Slemmona 1966; Gilbert et al. 1968; Silver­

man e t al. 1972) . Although these pri~rily Miocene volcanic rocks are 

located close to Mono Basin, the latte r is an unrelated, late Tertiary­

Quaternary structur al depression while the former occur a l ong the
1 
southern 

margin of an apparen t major Miocene volcanic province north of Long 

Valley and east of ~no Basin (Gilbert et al. 1968:283). Tertiary vol­

canism continued during the Pliocene Yith t he eruptions in this province 

of latite ignimbrites dated by the potassium-argon (K-Ar) method at ca. 

12-7.5 m.y. (Gilbert et al. 1968:Fig. 5) . Pliocene volcanism vas rela­

tively minimal in the Long Valley-Mono Basin region 7. 5- 4.0 m.y. ago. 

K-Ar da tes suggest various basalt and andesite extrusions primarily 

northeast and east of Mono Basin ca . 6.2-4.2 m.y. ago (Gilbert et al. 

1968:Table 1). 

Widespread volcanism resumed in the late Pliocene and early Pleis­

t ocene and contributed to the formation of an extensive volcanic plateau. 

Lava flows comprising the plateau rest on a nonmodern surface of moderate 

relief (Sheridan 1971:9). Ncrtheas t of Mono BasL, , basalt and andesite 

flows K-Ar dated at ca . 3.9-3.5 m.y. were followed by similar flows (3.5-

2.3 m.y . ) accompanied by latite flows and rhyolitic pumi ce deposits ca. 

3.5-3.2 m.y. ago (Gilbert et al. 1968 :Table 1), Slightly later , Plio­

Pleistocene basalts and andesites were emplaced in the tong Valley area 

ca . 3. 2-2.9 m. y. ago (Dalrymple 1963 , 1964a; Bailey, Dalrymple, and 

Lanphere 1976). Quartz latita vas erupted from Tvo Teats 12 . 5 km north­

west of Mammoth Lakes ca . 3.0-2.7 m. y . ago (Dalrymple 1964a; Curry 1966) . 

(Bailey, Dalrymple, and Lanphere (1976:739) refer to quartz latite as 

rhyodacite. ) 
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An apparently more recent basalt extrusion on McGee Mountain above 

southeastern Long Valley , K-Ar dated at ca . 2.6 m.y. (Dalrymple 1963), 

underlies glacial till that Blackwelder (1931:902) assigned to the McGee 

(Neb raskan) s tage of Sierra Nevada glaciation. At Deadman Pass between 

Long Valley and Mono Basin , glacial deposits are interbedded vith the 

3.0- 2 .7 m.y. quartz latite flows noted above. Though possibly correla­

tive Yith McGee till, the Deadman Pass till may represent an earlier 

glaciation(s) not wide ly recognized in the Sierra (Curry 1966). 

Remnant McGee moraines lie at elevations today that reflect well 

over 1000 m of displacement of the eastern Sierran escarpm~nt by subse­

quent dip-slip faulting and dovnvarping during the Pleistocene (Wahrhaftig 

and Birman 1965 : 310). Pleistocene volcanism occurred throughout much of 

the Long Valley- Mono Basin region (Gilbert et al. 1968:Table 1) . Class 

Mountain, Class Mountain Ridge , and Bald Mountain on the northern rim of 

Long Valley are l arge , composite rhyolite volcanoes built between ca. 

1.9 and 0.9 m.y. ago (Gilbert e t al. 1968: Table 1; Bailey, Dalrymple, 

and Lanphere 1976:Table 1). These rhyolites probably represent early 

leakage along an incipient caldera ring fracture from the magma chamber 

beneath precaldera Long Valley (Bailey , Dalrymple, and Lanphere 19 76 : 

730) . Obsidian flows and deposits on Class Mountain constitu t e the Mono 

Class Mountain obsidian source identified by Ericson, Hagan , and Chester­

man 1976:225, Fig . 12 . 1) . A separat e , more mafic magma source may have 

been tapped during an andesite extrusion K- Ar dated at ca. 0.94 m,y, in 

the Devils Postpila area southwest of Mammoth takes (Dalrymple 1964b) . 

The cataclysmic eruption of Bishop Tuff ca . 0 . 7 m.y, ago spread a 

voluminous shee t of rhyolite ash flows eas t and north out of Long Valley 
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(Sheridan 197l:Fig. 11; Bailey, Dalrymple, and Lanphere 1976:Fig. 1). 

Most of the tuff was deposited east and southeas t of Long Valley as a 

thick ignimbrite that forms the well-eroded Volcanic Tablelands no rth of 

Owens Valley. Perhaps 40 km3 flowed north into Mono Basin and south-

western Adobe Valley (Gilbert et al. 1968:297). Bishop Tuff at the south 

end of the Mono Craters is over 150m thick (Putnam 1949), but it is 

buried east of tho craters by a deep overburden of Holocene pyroclastic 

debris. A small lobe of ash flowed west into the Reds Meadow area where 

it is overlain by andesite K-Ar dated at ca. 0.63 m.y. (Hub~r and Rine­

hart 1967). Between here and long Valley, Bishop Tuff is located at some 

depth considerab ly eroded (perhaps to nonexistence) and deeply buried by 

subsequent glacial deposits and the massive late Pleistocene rhyodacite 

extrusions that built Mammoth Mountain. Elsewhere, Bishop Tuff is under­

lain by glacial till attributed to the Sherwin (Kansan) glaciation in 

the Sierra ca. 0.75 m.y . ago (Blackwelder 1931:918; Sharp 1968:32). The 

withdrawal of 600 km3 of magma from the l ong Valley chamber led to a 

subsidence on che order of 2000-3000 m, and the resultant caldera quickly 

filled with runoff from Sierra (Sherwin) glaciers (Bailey, Dalrymple, 

and Lanphere 1976:730-735). Pleistocene Long Valley Lake probably rose 

to a low point on the caldera rim (ca. 2380 m near the present outlet) 

and eben overflowed to the southeast rapidly eroding a channel through 

the upper 60 m of nonwelded or partly welded Bishop Tuff (Bail ey, 

Dalrymple, and Lanphere 1976 : 736). When more densely welded tuff vas 

exposed in the channel, the lake level stabilized for a time at 2320 m 

which is roughly tha elevation of the highes t beach terraces on the cal­

der a vall. Regional warping and f aulting gr adually lowered the outlet 
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(and lake levels) until the lake vas completely drained ca. 0.10 m. y. 

ago (Bailey , Dalrymple , and Lanphere 1976 : 736-741). 

Intracaldera volcanism resumed within 40,000 years after subsidence . 

Silica-rich, unusually fluid rhyol ite tuffs and flows vera emplaced in 

the vest-centra l area of the caldera ca . 0.71-0.63 m.y. ago (Bailey, 

Dalrymple, and Lanphere 1976:732). lookout Mountain , 9 km north-northeas t 

of Ma1111110th Lakes and an early postcaldera rhyolite extrusion, forms pare 

of a complex intracaldera "resurgent dome" chat ac t he close of resur-

gence ca. 0 . 60 m.y. ago had ri.sen 500 m above t he caldera floor (Smith 

and Bailey 1968 : 646; Bailey , Dalrymple, and Lanphere 1976:735). The 

dome was no doubt an island during early, high stands of Pleistocene 

long Valley Lake and icebergs probably r af:ed glacial erracics co its 

windward sides (Bailey, Dalrymple, and Lanphere 1976:735). Obsidian 

flows and inclusions in the dome represent the Casa Diablo obsidian source 

identified by Ericson , Hagan, and Chesterman (1976:226, Fig. 12.1) . 

Coarser, more porphyritic rhyolites were extruded from chree vent gr oups 

in the "moat" surrounding the resurgent dome ca. 0.51-Q.47, 0.35-0.28, 

and 0.11-Q.lO m.y. ago (Doell, Dalrymple , and Cox 1966; Bailey, Dalrymple, 

and Lanphere 1976). These extrusions delimit che Long Valley ring frac­

ture and may reflect periodic pressure build-ups in che magma chamber 

that are released every 200, 000 years or so where major northwest-trending 

precaldera faults intersect the fracture (Bailey, Dalrymple, and Lanphere 

1976 : 733, Fig. 2). 

Curry (1971:6) identified a distinct Pleistocene glaciation in the 
I 

Sierra, Casa Diablo, ca. 0.40 m.y . ago but serious discrepancies in K- Ar 

dates on andesite and basalt flova i n terbedded with the correlative till 
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remain to be resolved (co111pare Curry 1971:49 vith Bailey, Dalry111ple , and 

Lanphere 1976 : 734). The lack of rhyodacite clasts in Casa Diablo till 

111eans that the latter (at type locality) vas e111placed prior to the' erup-

tions of rhyodacite fro111 at least ten vents on Mammoth Mountain vith 

K-Ar ages ranging fro111 ca. 0.18 to 0.05 111 . y . ago (Huber and Rinehar t 

1967 :Dl5; Curry 1971 :49 ; Bailey, Dalrymple, and Lanphere 1976:734) . 

Lipshie (1976:78) suggested that Casa Diablo till ~~~ay be a co..posite 

unit representing 111ore than one glaciation - including perhaps the Mono 

Basin (Illinoian?) advance (Sharp a.nd Birman 1963) dated ca. 0.13-0. 08 

111.y. ago (Curry 197l:Table 1; Birkeland, Crandell, and Rich111ond 1971: 

Chart B). 

Three atages of significant Wisconsin glaciation a r e known in the 

Sierra Nevada. Blackwelder (1931:918) recognized and labeled the oldest 

(Tahoe) and most recent (Tioga) stages, and Sharp and Birman (1963; Bir-

~~~an 1964) defined an intervening glaciation (Tenaya). Crude age esti~~~ates 

for each are: Tahoe, ca. 75,000-50,000 B.P.; Tenaya, ca . 45,000-30,000 

B.P.; and Tioga, ca. 22 ,000-18 ,000 B.P. (Curry 197l:Tab1e 1; Birkeland, 

Crandell, and Richmond 197l:O.arts A and B). Tenaya till vas reported 

by Curry (1971:37-39) in the Mammoth Lakes elllbayment in Long Valley, but 

its presence here is questioned by Lipshie (1976 :80). Tahoe and Tioga 

moraines e111placed within the Long Valley caldera along its Sierr3 rim 

have been cut at a nulllber of localities by active Holocene frontal faults 

(e .g., Bilton Creek) (Alfors 1980:5). 

Late Pleistocene volcanis111 in the Ma111m0th Lakes-Long Valley area 

includes the eruptions of Mammoth Mountain and ocher rhyodacites near 

Deadman Creek and at the base of Glasa Mountain (Bailey, Dalrymple, and 
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Lanphere 1976:Fig. 3). B 1 i fl aaa t c ova and cinder cones dated ca. 0.22-

0.06 "' · Y· ago in the west moat of the Long Valley caldera co111prise part 
of a chain of t h b 1 rae Y asa tic, basaltic, and tracbyandesitic volcanic 

rocks that extends fr0111 the Ma~~~motb Pass area 
45 km north to Mono Basin 

(Lajoie 1968; Bailey, Dalrymple, and Lanphere 1976) . These 1110re 1114 f ic 

lavas ~~~ay r epresent a deeper, different magma source in the region 

(Bailey, Dalrymple, and Lanphere 1976:734). Bl ack Point, on the western 

shore of Mono Lalte, is a baualtic cinder cone in the tnafic cbai.n that 

erupted below the surface of Pleistocene Lake Russell ca. 13,300 b.p. 
(Lajoie 1968). Late Pleistocene eruptions in the Mono Craters chain 

between Long Valley and Mono Lake may signal the appearance of 111agma from 

a new chamber beneath a circular ring f i racture n the June Lake a r ea 

(Kistler 1966 :E48 ; Bailey, Dalrymple, and Lanphere 1976:735; Wood 1977b: 

25). Tufa deposits on the oldest (and only rhyodacite) dome in the Mono 

Craters indicate that eruptions began prior to the last high stand 

(Tioga?) of Lake Russell (Lajoie 1968,· Wood 1977 b, 1977c; Wood and Brooks 

1979). Lajoie (1968) identified 17 tephra layers intercalated with late 

Wisconsin lacustrine sediments in Mono Basin and, based on two radiocarbon 

dates, extrapolated tephra ages between ca. 30,300 and 13,300 b.p. These 

tephras ..ay derive from separate magma chambers feeding the Mono Craters 

and western Mono Basin (i 1 din Bl k nc u g ac Point) volcanoes (cf. Wood l977b: 

1; Kilbourne, Chesterman, and Wood 1980:10-12) . Available evidence also 

suggests more extensive, recent pulses of rhyolitic eruptive activity in 

the Mono Craters occurring in late Pleistocene/early Holocene and late 

Holocene tlmea (Wood l977b :Table 1, Fig . 5; see below) . Finally, Bailey 

(USGS 1976:153-154) has noted that relationships betveen the June Lake 
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ld represent early stages iri the ring frac ture and the Mono Craters cou 

evolution of a caldera much like the one in Long Valley . 

HOLOCENE VOLCANISM 
I 

In the past several years geologi.c data have accumulated tha t rather 

conclusively document recurr~nc Holocene volcan ism in the Long Valley­

Mono Basin region . A sublacuscral volcanic explosion at Mono Lake i n 

A.D. 1890 (Kilbourne, Chesterman, and Wood 1980 :16) , the possible up­

welling of a pocket of magma below southwest ern Long Valley coincident 

with f our major tectonic earthquakes i n May , 1980 (Sherburne 1980; Savag~ 

and Clark 1982), and r epeat ed recent episodes of intense microearthquake 

activity in Long Valley (Boylan 1982 ; Ryall and Ryall 1983) discourage 

any contemporary notion of dormant volcanism in the eastern Sierra. A 

brief discussion of paleoclimatic data earlier in this chapter i~ supple-

mented in this section by a cursory review of the broad physical and 

Such a tempora l parame t ers of Holocene volcanism in the eastern Sierra. 

framework is c rucial to a full appreciation of the envi ronmen t a l factors 

that may have affec t ed occupational patterns in t he Long Valley-Mono 

Basin region. 

The three volcanic complexes of central interest, the lnyo Cra t ers 

and Domes, Mono craters, and the volcanic islands and volcanoes of wes­

tern Mono Basin, collectively form a late Quaternary volcanic chain 

35-40 km in length chat extends south from Mono Lake to South lnyo Crater 

Lake, roughly 5 km northwest of Mammoth Lakes (Mayo, Conant, and Cheli­

kowsky 1936; Putnam 1938 ; Rinehart and Huber 1965 ; Huber and Rinehart 

1967; Lajoie 1968; WooJ 1977a, 1977b; Kilbourne , Chesterman, and Wood 
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1980) . The Inyo Craters and Domes are a relatively linear, but discon-

tinuous 11-km-long north-south chain of five chemically and physically 

heterogeneous rhyolite to rhyodacite domes, several phreatic explosion 

craters, and locally abundant tephra deposits. Possible mixing of magmas 

from separate chambers below Long Valley and the Mono Craters may be 

reflected in the Inyo Domes by the presence of (l) sparse l y porphyritic 

rhyolitic obsidian mineralogically and texturally similar to Mono Craters 

obsidian , and ( 2) coarsely porphyritic rhyodacite comparable to the rhyo-

dacites associ a t ed with the Long Valley caldera (Jack and Carmichael 

1968 :22; Lajo i e 1968 :140; Bailey, Dalrymple, and Lanphere 1976 : 735). 

Three phreatic explosion c r a ters a r e loca t ed on the south flank of Deer 

Mountain , a rhyolite dome ca. 8 km northwest of Mammoth Lakes tha t was 

extruded approximately 0.11-0.10 m.y. ago in the west caldera moat 

(Bailey, Dalrymple, and Lanphere 1976 : 735). Two other explosion c r a t ers 

occur in the Class Creek area and there are probably several more buried 

by recent pyroclastic deposits a r ound the I nyo Domes (Kilbourne, Ches t er-

man, and Wood 1980 :13). n1e Mono Craters comprise a virtually continuous, 

17-lr.m-long a r cuate chain of overlapping , chemically homogeneous rhyolite 

domes, flows, and tephra deposits, and a single rhyodacite dome (Jack 

and Carmichael 1968; Laj oi e 1968 ; Wood l977b). Black Point and Negit 

and Paoha islands in Mono Lake are the western Mono Basin volcanoes t ha t 

may be t apping a magma source separate from the chambers below Long Val-

ley and the Mono Craters (Wood 1977b : l). Negit Island is made up of 

rhyodacite flows and a single cinder cone; Paoha I s land is a more recent 

rhyolite dome partly overlain by a rhyodacite flow and cinder cones 

(Kilbourne, Chesterman, and Wood 1980:10-12) . 



As described by Kilbourne, Ch~sterman, and Uood (1980:13-14), there 

are several types of eruptions associated with the yolcanoes in the Long 

Valley-Mono Basin region. In terms of magnitude, magma releases on the 

order of 0.01 km3, 0.10 km3, and 1.00 km3 are considered, respectively, 

=inor, moderate, and major eruptions (Crandell and Mullineaux 1978). 

Nonmagmatic phreatic explosions excavate small craters and are caused by 

eith~r a shallow pocket of mag=a that flashes groundwater to stea= 

(Bailey , Dalrymple, and Lanphere 1976:735) or by tectonic quakes that 

release the pressure of confined, superheated groundwater (Kilbourne, 

Chesterman, and Wood 1980 : 13). Phreatic explosions are someti=es fol-

lowed by a second type of eruption involving localized tephra deposits 

around the vent of gray and white pu=ice, and fragments of base=ent 

rocks (Kilbourne , Chesterman, and Wood 1980:13). A third, massive type 

of eruption (Plinian) characteristic of eastern Sierra volcanoes can 

produce extensive local ash flaws and mantle the area within several 

kilometers of a vent with thick deposits of white pumice lapilli. Depen-

ding upon vind direction, lobes of pumice lapilli and ash from such an 

eruption can gen~rate volcanic fallout over 100 km from the vent (Kil-

bourne, Chesterman, and Wood 1980 :13). Extrusion of a steep-sided do=e 

above the vent may mark the clo&e of an eruptive phase, but domes remain 

subject to later phreatic or magmatic e ruptions or collapse as block and 

ash avalanches (S=ith 1973:2686; Kilbourne, Chesterman, and Wood 1980:14). 

Chronological data examined for this research and briefly reviewed 

below suggest eruptive Holocene volcanic episodes ca. 1100-500 b . p. in 

western Long Valley; prior to ca. 3300 b . p., and ca. 1900-1500 and 1200-

600 b.p. along the Hono Craters chain; and ca. 680-100 b.p. in western 

Hono Basin •. It must be emphasized that these are at best gross, quite 

tentative temporal divisions of complex, sometimes inconsistent, chrono­

logical data. As volcanic research progresses in the eastern Sierra, 

however, the quality and quantity of such data -~11 d b 
w~ un ou tedly improve 

and increase. Available radiocarbon age determinations that rela te to 

Holocene tephra stratigraphy in the region are described be low and dis-

played in Fig. 2. 

To begi.n vith , a 14c date of 550 ~ 150 b.p . 1s reported for a 

phreatic explosion 6.7 km west of Ma1111110th Lakea on the north side of 

Haamoth Mountain (Koeppen and Rubin in Kilbourne, Chesterman, and Wood 

1980:Table 2). This may possibly be the southernmost expression of re­

cent eruptive activity in the Inyo Dome and Crater chain (Kilbourne, 

Chesterman, and Wood 1980:19) and c.:.uld also indicate the presence of 

magma at shallow depth within Mammoth Mountain. Active fumaroles occur 

high on the =ountain (Rinehart and S-'th 1982 5 ) ~ : 5 and the summit rhyo-

dacite dome has a potassium-argon age of 50 000 ca. , B.P. (Bailey, Dalrym-

ple , and Lanphere 1976:734). 

Further north and at about the same time, a phreatic explosion exca­

vated a crater 200 = across and 60 = deep that i s presently occupied by 

South Inyo Crater Lake (Rinehart and Huber 1965:Fig. 2). The nonmagmatic 

eruption, dated by radiocarbon at 550 ~ 60 b.p. (Wood 1977a:92), hurled 

millions of tons of earth and pre-existing volvanic rock onto the sur­

rounding countryside. These ejecta are underlain by a thick (1.2-1.7 => 

layer of predo=inantly pumice lapilli that blankets much of the Mammoth 

Lakes area. The lapil~i were identified and labeled as tephra 1 by Wood 

(1977a :91-95) who, based on two remar~ - bly 1 t h b k 14 ~ c ose ep ra- rae eting c 
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dates 63 km apart, dated its eruption at ca. 720 ! 60 b.p. Trace- elemen t 

analysis of the tephra (Wood 1977a:93-94) indicates that it was erupted 

from a vent just south of Deadman Creek (roughly 9 km northwest of Ham-

moth Lakes). A tephra-ringed crater 1 km in diameter encircles the vent . 

Viscous, silica-rich lava was extruded after the tephra eruption and 

later congealed as an obsidian dome that overlies portions of t he tephra 

ring (Wood 1977a:93). The fallout zone f?r tephra 1 lies mainly to the 

south and southeast, and it occurs in stratigraphic sections up to 190 

km south t he Deadman Creek vent (Wood 1977a:91, Fig. 3). Locally , tephra 

1 mantles all gl acial moraines in the Ritter Range above western Long 

Valley except for those emplaced during the more r ecen t Matthes neoglacial 

advance (Wood 1977a:91). ' Roughly 0 .1 km3 of magma was erupted , inclu-

ding a 5 .5 ~2 ash flow no rtheast of the vent (Wood 1977a:94). Hydration 

measurements on the obsidian dome range from 1.2 to 4.0 ~with an 

apparent median val ue of about 2.6 um (Wood 1977b:Fig. 4b). If a hyd ra­

~ioa rate of 5um2/1000 years, widely used by geologis t s in the eastern 

Sierra (Friedman 1968; Wood 1977b; Kilbourne , Chesterman , and Wood 1980 ) , 

is applied to these va lues an age range of ca. 3200-300 years is obtaine~ 

for dome extrusion. A dace of 1350 b.p . for a median value of 2.6 um 

suggests that this rate may substantially underestimate the actual 

hydration rate of obsidian' in the' Deadman Creek dome. For example, since 

tephra 1 does not occur on the dome (Wood 1977a:94), a much faster rate 

(more than 9.5um2/1000 years) is required to convert the median dome 

hydration value into an age estimate that is no older than the 720 ! 60 

b.p. date for tephra 1 deposition. Also, a relatively warm microenviron-

ment during the first half-century or so of dome cooling may have enhanc~d 
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hydration and ther~fore contributed to an empirically derived, but 

overly rapid rate of hydration (cf. Kilbourne, Chesterman, and Wood 1980: 

17; Friedman and long 1976). But this alone cannot easily account for 

the wide divergence in dating results produced be tween assumed and empi­

rical hydration rates. In all likelihood, the actual hy~ration rate of 

obsidian in the dome south of Deadman Creek is significantly faster than 

5~m2/1000 yezrs, but perhaps somewhat slower than 9 . 5~m2/1000 yea r s. 

Underlying tephra 1 in the west moat of the long Valley caldera are 

st least ten airfall layers of white pumice lapilli, gray rhyolite pumice , 

and fragments of andesite and granodiorite (Wood 1977a:93-94). Three 

r adiocarbon dates, 920 ~ 80, 1040 ~ 250, and 1440 ~ 150 b.p. appear to 

relate to these tephras (Rinehart and Huber 1965; Berger and Libby 1966; 

Wood 1977a). The oldest date was obtained on charred wood found i n allu-

viuum beneath the t ephras on Mammoth Mountain, while the other two dates 

apparently apply to the basal layers of these tephras. Preliminary 

trace-element analyses of the pumic e led Wood (1977a:94) to identify two 

vents on Class Creek as the probable eruptive sources. The Class Creek 

vents are l oca ted ca. 2.0-2.5 km no~th of the tephra-ringed dome south 

of Deadman Creek discussed above . Both vents f eature post-eruption 

obsidian domes, the l a rgest (north of the creek) of which is the well­

known Obsidian Dome. Recently, a 14c date of 880 ~ 25 (A-2325) vas 

obtained for a fallen log on White Wing Mountain above Glass Creek 

(Richard Weaver, personal communication 1981). Although the stratigraphic 

ralationship of this date to local taphras is unknown (the date i s not 

included in Fig. 2), it certainly would seem likely that the tree died at 

the outset and perhaps because of the Glass Creek eruptions. Of po tential 
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significance is the f act that the log sampled has been ~dentified as 

sugar pine (P . lambert1ana) (Richard Weaver, personal communication 

1981), a coniferous forest species rarely if ever encountered today in 

western Long Valley. This c ld fl ou re ect a s hift in vegetation patterns 

brought a bout by volcanic devastation or 1•-- h c ~tic c ange, or by a combi-

nation of both. Though not addressed i n this work, the potential ecolo­

gical consequences for humans of a shift in local biotic associations ca. 

900 b.p. a r e research topics that may merit focused prehistoric study. 

Stratigraphic sections in the Glass Cr eek area also suggest tha t more 

recent (post-tephra 1) eruptions may have taken place at Glass Creek 

(Wood 1977b :45). 

On the north side of Deadman Creek is another obsidian dome that may 

have been extruded in late Pleis tocene or early Holocene times . The dome 

i s heavily mantled by recent tephras, and Wood (1977b : Fig. 4b) obtained 

hydration readings on the dome that range from 7.0 to 11.5 ~m with a 

median value of ca. 9.25 ~m. Based on an assumed hydration rate of 

5~2/1000 years, Wood (1977b:46) d d h a te t e eruption ca. 27,000-10,000 b . p. 

Application of a faster rate, as suggested by the obsidian data on the 

dome south of Deadman Creek, will of course yield a more recen t age 

estimate for the north vent eruption - ca. 13,900-5100 b.p . (median 

9000 b.p.) if a rate of 9.5~m2/1000 years is used. 

Two late Holocene tephra layers found in meadow deposits near Devils 

Poatpile and in the upper San Joaquin drainage area (Wood 1975) may derive 

from one or more vents in the Inyo Domes, or perhaps from Mammoth ~oun-

tain. Wood (1977b :44) observed stratigraphic associa tions t hat indicate 

agee for these t ephras greater than 1200 but lesa than 5000 radiocarbon 
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years. Also, Wood (1977b:42-43) reported two tephras in a stratigraphic 

section near ~inaret SuMmit. The t ephras may represent l a te Pleistocene 

(early Holocene?) erup tions of Mammo th Mount a i n (Wood 1977b :42) . Obsi-

dians in the two t ephras, MM- 2 and MM-3 , have measured hydration ranges 

of, respec tively, 8. 7-12 .7 ~ (median ca. 10.7 ~m) and 7.5-11.0 ~ (median 

ca. 9.25 ~). Wood (1977b:42-43) summarized the measurements as 9-12 ~. 

and dated the tephras ca. 30 ,000-16,000 b.p . using an assumed hydration 

rate of 5~m2/1000 years. A faster, perhaps mo re accurate hydration rate 

would produce early Holocene upper age limits fo r t ephras MM-2 and MM- 3. 

A number of radiocarbon dates are available that can be associated 

with eruptions in the Mono Craters over a t leas t t he last 5500 radiocar bon 

years (Fig. 2). The mos t recent of t hese, 640 ~ 40 b.p., dates the 

eruption of Panum Crater a t the north end of the volcanic chain (Wood and 

Brooks 1979 :543) . Panum Crater was previously thought to be the source 

of a widespread white aphyric pumice that Wood (1977a:91-95) labeled as 

tephra 2 and which he dated ca. 1190 ~ 80 b.p. based on two bracketing 

14c determinations ob t a ined in a stratigr aphic section of meadow deposits 

in the upper Kings River drainage are 100 km to the south. A vent adja­

cen t t o Panum Cra t er (Panum Pumice Pi t) now appears to have been the 

eruptive source of tephra 2 (Wood and Brooks 1979:543) . The Panum Crater 

tephra also consis t s of white aphyric pumice but is less widespr ead than 

tephra 2, occurring primarily a t the northern end of the Mono Craters and 

to the east. Neither tephra has a wel l-defined distribution, al though 

generally east- t rending and northeast-trending ashfall l obes may be 

apparent (Wood l977a:Fig . 4; Davis 1978:29; Wood and Brooks 1979 :543). 

Tephra 2 deri~ed from a large-size Plinian erupti~n that ejected a minimum 
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of 0 .2 km3 of magma (Wood l977a:94). The Glaus Creek tephras in the 

west moa t of the Long Valley caldera are underlain in pl aces by a char­

coal-rich soil and tephra 2 (Wood l977a:94) . 

Acr oss Mono Lake from Panum Crater, Rubin d A1 d ( 6 an exan er .19 0) re-

ported a radiocar bon date of 700 ~ 200 b.p. for carbonized wood situated 

between two ash layers on Bodie Creek . Stratigraphic details of the 

sample location were not published, but it appears likely tha t the uppe r 

ash layer is Panum Crater t ephra in light of the 640 b.p. dat e for this 

eruption. I t is less clear as to ~1ether or not the lower ash layer at 

Bodie Creek is t ephra 2. White aphyric pumice in a s tratigraphic section 

east of Panum Crater is associated with a 14c date of 840 ~ 200 b.p. 

(Wood 1977b:32), and comparab l e t ephra was found in spring deposits in 

the Excelsior Mountains northeast of Mono Lake underlain by sediments 

wit h a r adiocarbon age of 1040 t 250 b . p . (Bucknam in Wood 1977b:Fig. 6b) . 

Thus it would seem possible t hat the re I b may 1ave een tephra eruptions in 

the Mono Craters prior to 700 b . p . but after the 1190 b . p . eruption of 

tephra 2 . Radiocarbon da tes of 1170 ! 200 and 11 70 ~ 250 b.p. were ob­

tained for samples from above and below white aphyric pumice in strati­

graphic sections in the Excelsior Mountains and at Sawmill Meadows on 

the northwest side of Glass Mountain (Wood 1977b:Fig. 6b) . The dates 

suggest a tephra 2 i dentification of these pumice deposits. 

Several tephras , again. primarily whit e aphyric pumice , were located 

in stratigraphic sections near Wilson Butte (southernmost dome in Mono 

Craters), a t Sawmill Meadows, and on Bodi~ Creek. Applicable radiocarbon 

dates from the sections include 1520 ! 200 , 1695 : 200, and 1990 ~ 200 

b .p. (Wood 1977b:Fig. 6b) . . stratigraphic relationships indicate that 



the tephra& probably correlate vith cwo tephras observed above sediments 

w~th a 14c date of 2190 t 90 b . p. in a piston core from Black take in 

Adobe Valley (Batchelder 1970a) . The 1695 t 200 b.p . date was derived 

for a pine log sample located within a tephra unit in a stratigraphic 

section 2.7 km north of Wilson Butte on Highway 395. Deposi tiona l 

characteristics sugges ted to Wood (1977b:Fig. 6b, Appendix II) a local 

vent for the t ephra. A strong candidate for this t ephra within the Mono 

Craters is the South Coulee. According to the volume estimates of Wood 

(1977b:Table 1), the South Coulee eruption involved ca. 0.10-20 km3 in 

distant tephra, ca. 0.20 km3 in l ocal t ephra , a 0.56 kQ3 ash flow, and 

the extrusion of a moderately large obsidian dome. 

The upper two of three porphyritic t ephras in the Sawm~l Meadows 

section are associated vith a r adiocarbon date of 3330 t 200 b.p., while 

the lower tephra occurs above a peat deposit 14c dated a t 4570 t 200 b.p . 

(Wood 1977b :Fig . 6b). A similar tephra sequence a lso occurs i n the Black 

l ake cores, but sediments from above , between, and below the t ephras have 

r adiocarbon dates of 4580 t 130, 4940 t 120, and 5230 t 110 b.p. (Batchel-

der 1970a). The two sets of tephras could be the same, and the r adiocarbon 

dates wrong for one or the other , or t he tephras may rep resent six sepa-

rate eruptions of the Mono Cra ters be tween ca . 5300 and 3300 b.p . (Fig. 

2). Finally, a tephra reminiscent of Mono Craters porphyritic pumice was 

found on the west slope of the Sierra 60 km southwest of Mono take in 

association with material dated by t he radtocarbon method at 7705 t 90 b . p. 

(llood 1977b :31). 

In an effort to gain additional chronological data on Mono Crate r s 
I 

erup~ions, Wood (1977b) obtained obsidian hydration measurements for 18 

domes in the volcanic chain. These data s upplement measurements on s ix 

other domes in the Mono Craters previously reported by Friedman (1968). 

Although the hydration data are not re~ewed in deta il here, an inspec­

tion of the readings for all 24 sampled domes (Wood 1977b:Table 1) 

suggests overall hydration ranges of 1.2-4 .7 ~m for 13 domes (including 

Panum Crater and llilson Butte}, 5.1-7.7 ~m for 8 domes , 10.0-11.4 ~m fo r 

2 domes , and 12.7-14.2 ~m for 1 dome. Wood (1977b:l3-23) a ttemp t ed to 

empirically derive hydra tion rates for dome and tephra obsidians based 

on associated radiocarbon dates (above). The potential rates calculated 

include 5.3, 5 .5 , 6.3, 7.6, 9.4, and 9.6~m2il000 years . Nonetheless, i n 

calculating ages Wood (197Jb :23) assumed a hydration rate of 511m2/1000 

years that Friedman (l968) ' had used to date six domes . This rate 

represent s the median value in the 4.5-6.5um2/1000 years r ange of theo­

retical hydration rates proposed by Friedman and Smith (1960) for 

northern temperate and continenta l c limates. Application of a rate of 

5um2/1000 years to the four groups of dome hydra tion values not ed above 

yields overall age es timates of 4400-300 b.p. (13 domes), 11,850-5200 

b . p. (8 domes), 26,000-20,000 b .p. (2 domes), and 40, 300-32 ,300 b .p . (1 

dome). However, in light of the empirical rates ca lculated by Wood 

(1971b:l3-20), the 5um2/1000 years rate certainly appears to be too slow. 

Also, readings of 2.8 t 0.4 ~m on t he Panum Cr a t e r obsidian dome require 

a hydration rate of 12. 2 : : J.8~m2/1000 years to match hydration values 

with the radiocarbon date of 640 t 40 b . p . for the eruption (llood and 

Brooks 1979) . An initially wat'lll microenv~ronment around the dome fol­

low~ng extrusion is probably a factor in such a "fast" rate, but as 

discussed for the south Deadman Creek hydration data, it seems un likel y 



that this can entirely account for the differences in dating r esults 

between assumed and empirical hydration rates (cf. Wood 1977b:9-10; Kil-

bourne, Chesterman, and Wood 1980:17). Further, a hydration rate for 

Mono Crate r s domes faster than 5~2/1000 years may be indicated by the 

lack of any tephra in the Black Lake cores between sediments dated by 

radiocarbon at 11,350 ~ 350 b . p . and 5230 ~ 110 b.p. (Batchelder 1970a; 

cf. Wood 1977b:31) . For comparative purposes, it is noted here (see also 

Fig. 3) that application of a rate of 7.5pm2/1000 years to the dome 

hydration values yields overall age esti.mates of 2950-200 b. p. (13 domes), 

7900-3450 b.p. (8 domes), 17 , 300-13,300 b.p. (2 domes), and 26,900-21,500 

b.p. (1 dome); for a rate of 9.5pm2/1000 years the estimates are 2350-150 

b.p. (13 domes), 6250-2750 b . p . (8 domes), 13,700-10,500 b . p . (2 dJmes), 

and 21,000-17,000 b.p . (1 dome); and for a rate of 12.0~2/1000 years t he 

estimates are 1850-120 b.p . (13 domes), 4950-2150 b.p. (8 domes), 10,850-

8300 b . p. (2 domes), and 16,800-13,400 b.p . (1 dome). The effects of 

faster hydration rates in dating Mono Craters obsidian dome extrusions 

are straightforward (Fig. 3): aside from dating eruptions more recently , 

the faster the rate the shorter the intervals between eruptions . At the 

present time, it would appear that radiometric data are insufficient and 

measured hydration rar.ges too broad to determine an optimum hydration 

rate for Mono Craters obsidian. 

Of further interest in examining the eruptive history of the Mono 

Craters are: (1) increases in the volume of magma er\lpted over time, 

and (2) a change in the type of magma reaching the surface. Extrusions 

of the eight domes with hydration values be tween 5.1 and 7.7 pm appear 

to reflect a major increase in aruptiv~ magnitudes (to ca . 0.2km3/1000 
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years, based on a hydration race of 5 ~211000 years) over previous 

periods of early Holocene and late Pleistocene volcanic activity (Bailey, 

Dalrymple , and Lanphere 1976:742; Wood 1977b : 32-33) . The t ephras asso­

ciated with these eruptions are porphyritic rhyolite. A ~ore pronounced 

increase in extrusion rates (to ca . 0. 8km3/1000 years , ba~ed on the same 

hydration rate) characterized eruptions of the 13 do~s with h ydration 

values between 1 . 2 and 4.7 um (Wood 1977b:32- 33). These eruptions , in 

contrast, featured tephras that are sparsely porphyritic t o aphyr i c 

rhyolite, a petrographic change also apparent in stratigraphic relation­

ships (Wood 1977b:22) . The fourfold increase in extrus i on races and the 

change from porphyritic to aphyr ic t ephra appears to have occurred, based 

on radiocarbon data, between ca. 3300 and 1900 b .p . (Fig. 2; Wood l977b: 

30). Wood (1977c:528) suggested chat the changes i n eruptive vo l umes 

and tephra composition began with the eruption of the South Coulee. 

Us i ng a hydra tion race of 5pm2/l000 years, Friedman (1968) dated chis 

eruption at ca. 2500 b.p. Again, though , chis race may be coo slow. 

Faster rates, e.g . , 7.5 or 9.5pm2/1000 years, would place the South Cou­

lee eruption in a time frame more compatible with the earliest r adiocarbon 

dates , ca. 1900-1500 b.p., on aphyric tephras in stratigraphic sections 

near Wilson Butte, a t Savmill Meadows, and on Bodie Creek . 

Ove r lying t he rhyodacite flows on Neg ic Island in ~ono Lake are t wo 

surficial t ephras, the lower one of which is a rhyodacite-dacite t ephra 

that can be traced to a vent on nearby Paoha Island (Wood l977b:40) . The 

upper tephra consists of white aphyric r hyolitic pumice ash and lapilli 

tha t may have originated with the 640 ~ 40 b.p. eruption ~f Panum Cra t er . 

Wood (1977b:40) measured hydra tion bands of 2 . 0-2.2 um on t hn Paoha obsi-
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dian dome that probably i ndi cate an age within the last several cen-

turies. Based on island tephra stratigraphy and observations of Russell 

(1889) and Lajoie (1968), Kilbourne, Chesterman , and Wood (1980:Tab l e 2) 

assign an age of ca . 680-100 B.P. to t he erupt i ons of Paoha and Negi c 

islands. Historic evidence exists to sugges t eruptive activity in or 

ar ound Mono Lake just prior co A. D. 1834 (116 B.P.). In 1833, Joseph 

Walker led the Bonneville expedition co Californi a. On the r e t urn leg 

the following year, the party crossed the southern Sierra at Walke r Pass 

and worked its way northward along the eastern base of the Sierr a before 

t urning east in western Nevada. Zenas Leonard , a member of the party , 

ment ioned in his later account of the expedition the occurrence of abun-

dane pumice nearby and floating on one of the lakes passed along t he way 

(Wilke and Lawton 1976: 49) . Although the exact route taken by Walker 

through the eas tern Sierra is unclear, o t her observations of Leonard 

make it likely that Mono Lake was where he saw the floating pumice (see 

Wilke and Lawton 1976 :49 ). The pumice may have been e j ecta from an 

eruption of Paoha or Negit islands or the Mono Craters, or f r om a sub-

lacutral eruption, that took place a short time before the Walker party 

reached Mono Lake. A sublacustral volcanic explos i on at Mono Lake in 
I 

A.D. 1890 is t he most r ecent eruption in the eastern Sierra and it wa s 

vividly described in the Homer H!ning Index, a newspaper then serving 

the mining town of Lundy high i n the Sierra above Mono Lake (Kilbourne, 

Chesterman, and Wood 1980 :16). 

ENVIRONMENTAL CONS I DERATIONS 

A number of simple considera tions emer ge f rom an examination of the 
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Holocene paleoenvironmental record. Minimally, it seems reasonable to 

assume that native flora and fauna recognized today are a fairly accurate 

reflection of what the essential biotic constituents and associations 

have been since the end of the Pleistocene. In terms of human adaptive 

significance, therefore, the natural introduction of previously non­

existent biotic resources of value to human populations probably did not 

play a major role in shaping prehistoric cultures (e.g., a new species 

of large game appeared and becam~ established in the region). Culturally 

significant environmental change more likely occurred ~hen either (1) 

important, gradual, but nonetheless minor changes in the behavi.or of key 

biotic resources or in their spatial distribution necessitated adjust­

ments in human land-use systems (e.g. , reduction in the productivity and 

availability of riparian resources during relatively arid climatic inter­

vals); or when (2) rapid, adverse change brought about by short-term 

phenomena forced dramatic adjustments in local subsistence and settlement 

strategies. The abrupt lata prehistoric rise-and-fall cycle of Lake 

Cahuilla in southeastern California is a good example of the latter 

(llilke 1978). In the eastern Sierra, radical cha.nge of this sort may 

have bean induced by the violent pyroclastic eruptions of volcanoes in 

the long Valley-Mono Basin region. To be sure, low prehistoric popula­

tion densities in the general region vould tend to minimize the number 

of people faced wi.th an immediate and absolute threat to their survival. 

Nonetheless, those caught in directly affected areas were confronted with 

e whole host of miseries, e.g., unrelenting darkness during significant 

aahfalls, constant irritation of the eyes, skin, and lungs by glassy 

tephra particles (a probl~m tnat would have persisted for a considerable 
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time after an ashfall) , inability to move around easily , and exposure to 

noxious gases (~orkman 1979:343-344). Indeed, one hazard of volcanic 

eruptions peculiar to high-relief regions like the eastern Sierra is the 

trapping of heavier-than- air poisonous gases in basins such as Mono Basin 

that are enclosed by high mountains (Kilbourne and Anderson 1981:167). 

Relatively low 'population densities also did not preclude occurrence of 

potentially severe demographic repercussions accompanying the eruptions. 

The destruction or inaccessibility of productive traditional resource 

procurement areas would have required people to go elsewhere for t he same 

or comparable resources - therefore generating, perhaps, adaptive stress 

for both indigenous and ne 1 i d w Y arr ve groups in less affected, outlying 

regions. 

Paleoecologic studies of the effects of the cataclysmic Mount Mazama 

eruption ca. 7000 years ago in south-central Oregon suggest t hat funda­

mental l ong-term changes in flora and fauna did not occur as a result 

despite the violence of the eruption (Grayson 1979:453; Blinman, Mehrin­

ger, and Sheppard 1979:422). It is, rather, the short-term impacts on 

plants , animals, and human ecology that may be of greatest importance in 

assessing the prehistoric significance of volcanic events. Such impacts 

might i .nclude, fo r example , devastation of the plant resources upon vhich 

animals and people are dependent, concomitan t reductions in game popula­

tions, contamination of av~ilable drinking vater, destruction of produc­

tive riparian ecosystems , ~nd accelerated erosional processes. The 

severity of direct volcanic impacts would , of course, vary according to 

the magnitude and location of an eruption and 1 h a so , per aps , according t o 

the time of year involved. Summer eruptions , for examp l e , may have been 



the moat significant for human land-use patterns since ethnographic data 

(see Chapter III) may show that summer and early fall were the principal 

seasons of cultural activity in the Long Valley-Mono Basin region. Vol­

canic chronology in the eastern Sierra indicates , moreover, ~ltiple 

eruptions within relatively short time-spans. Thus, significant short­

term impacts may have been sufficiently recurrent co render some areas 

largely inhospi table to human occupation for a period of time beyond that 

co be expected follow1ng a single eruption (e.g., western Long Valley, 

eastern Mono Basin, southwestern Adobe Valley). Evaluation of the vol­

canic impacts on prehistoric hunter-gatherers in the eastern Sierra must 

also take into account other, perhaps unrelated, environmental factors 

affecting human existence during periods of eruptive act ivity (Blinman, 

Mehringer, and Sheppard 1979:422). For example, the Glass Creek and 

south Deadman Creek tephra eruptions in western Long Valley may have 

coincided with a period (ca . 950-750 B.P.) of severely arid climate in 

tempe r a te North America (LaMarche 1974:1048). 

With r egard to the gener a l problem of determining the cultural 

significance of climatic change it is imperative co distinguish between 

climatic change, an atmospheric phenomenon, and climatically-induced 

environmental change that was important to people (Aikens 1977:212). 

For one thing, there is no innate security in following the usual ten­

dency to simply equate, sometimes unquestioningly, warm-dry climate with 

conditions less favorable chan under a cool-moist pa ttern for prehistoric 

cultures (e.g., Baumhoff and Heizer 1965; Kowta 1969 ; Bettinger 1977a; 

Moratco, King, and Woolfenden 1978). This assumed r elations hip r emains 

co be justified in most localities (cf. Bryan and Grw1n 1964; Weide 1976). 

It may also be useful to recall an observation made by Curry (1969:42) 

that periods of generally cool-moist climate are also usually periods of 

maximum climatic variability, a pattern reversed during pe:jods of rela­

tive warmth and aridity. lienee, among the critical factors in apparent 

associations of culture change with the onset of cool-moist conditions 

may be the adaptive stresses brought on by and responses to a highly 

variable climatic patte rn and its unpredictable effects on the environ­

ment - and not just simply the long-te~ biotic consequences of gradual 

overall increases in effective moisture. 



Chapter III 

ETHNOGRAPHIC CONTEXT 

Ethnographic information pertaining to indigenous people 1n the 

Long Valley-Mono Basin region is extremely limited. In contras t , recent 

years have seen an expanding archaeological effort to reconstruct r e -

gional prehistory. This chapter briefly reviews what is known or 

surmised about demographic and li~guistic distributions , sociopolitical 

organization, economic interaction , and subsistence activities in the 

eastern Sierra just prior t o historic contact (ca . A.D. 1850). 

INDIGENOUS CULTURES 

Although there are conflicting interpretations, available linguistic 

data i ndicate two language families and several dialect communites in 

the general vicinity of Long Valley and Mono Bas i n (Heizer 1966:Map 5; 

Heizer and Whipple 197l: Map 1). West of the crest of the Sierra and 

northwest of Long Valley were Penutian- speaking central and southe rn 

Sierra Miwok . Humic-speaking western Sierra Monache inhabited upper 

western Sierra slopes direct l y west and south of Long Valley. Lands 

immediately east of the central Sierra were occupied by at least two 

disti.nct Humic-speaking Northern Paiu t e groups, Mono Lake Paiute and 

Owens Valley Paiute. Long Valley lies between territories traditionally 

asaigned t o these two groups. Comparable subdivisions of Northern 

Paiute , based on habitat and dialect, are known for adjacent regions 

(Steward 1933, 1938 ; Stewart 1939). But it is not clear whe t her the 

indisenoua inhabitants of Long Valley were members of a l ocally distinct 

geographic and linguistic unit, or whether the area was more a locus of 
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seasonal resource exploitation by different groups, none of which main-

tained permanent residence. Steward , however, did mention (1938:62-63) 

two, possib l y three, individuals who had lived at or come from a village 

on Hot Creek or P41wlhumadu (fish creek place) . Also, Doyle (1934:204-

206) briefly described a well- attended festival ("fandango" ) ac: Hot Creek 

in the 1880 's that was held following the local fall pine ~ut harvest. 

Territorial margins among Northern Paiute groups were fluid , with 

strong intergroup relations underpinned by a network of social and cul-

tural bonds. Stewart (1939:130) saw a "basic unity" among t hese groups 

that stemmed from an exact awarenesa of boundaries dividing Northern 

Paiute and neighboring tribal territories, and a disinclination toward 

active control of i ntergroup borders. There were nevertheless generally 

recognized natural physiographic boundaries between Northern Paiute 

groups (Johnson 1975:13-14) . Given r e latively open borders, t herefore, 

it ~eems unl ikely that plant, animal, and geologic resources in the 

Long Valley- Mono Basin region were used by any particular group to the 

complete exclusion of all others. For example, Gifford (1932:19) noted 

that parties of Northfork Mono (Monache), close linguistic relative s of 

eastern Sierra Paiute , would sometimes cross over the Sierra t o gather 

pine nuts (pinyon) and remain on the east side of the mountains for one 

I 
or two years . The trip was an eight- or nine-day affair with several 

apparently traditional traveling camps. Dakwanukwe was one such camp 

(about mid-trip) located in a "level place" near a creek west of Ha.mmoth 

Mountain (Reds Meadow-Devils Postpila area?) and another, Anakwumakwa, 

was located near a spring on the s l opes of Mammoth Mountain (Giffor d 

1932:19). Somewhere east of here they camped at Ebiskonoowii , a stream-



side (Mammoth Creek.?) site "near Eastern Mono [No rthern Paiute] country" 

(Gifford 1932:19). After reaching its destination, Saibatkiwa ("in 

eastern Mono Country"), the party waited for pine nuts to ripen on nearby 

mountain slopes. Saibatkiwe vas located south of Pazikama, an Eastern 

Hono settlement according to Gifford (1932:19). Actual locations of 

these camps, in particular E:biskonoowa and Sai.batkiwe and the Paiute 

settlement of Pazik£ma (Hona~he name), are presently unlc.novn. Hunting, 

seed-gathering, and the manufacture of obsidian tools are among some of 

the other activities that trans-Sierra procurement parties probably 

pursued, along with considerable social and economic interaction with 

eastern Sierra Paiute peoples. 

Steward (1933:236, Map 2) identified separate dialects of Northern 

Paiute spolc.en by Paiute groups residing in northern Ovens Valley (Round 

Valley, Bishop-Lava area), in Mono Basin, and in Bridgeport Val ley. 

Steward (1933 , 1938) did not report the presence of a geographically or 

linguistically independent Paiute population in Long Valley. Linguistic 

deta collected by Merriam, on the other hand, led the latte r (Heizer 

1966:Map 5) to identify separate Paiute dialects in Mono Basin, in Long 

Valley, near Benton, and in northern Ovens Valley. Merriam (1955:71- 76) 

provides some informacion on the Mono Lalc.e Paiute, but does not in that 

work present ethnolinguistic data on Long Valley as some scholars have 

previoualy indicated. Kroeber (1959 :265) also assumed dialectal dif­

ference& between Paiute in Long Valley and in northern Ovens Valley . 

Baaed on hia ethnographic research, Merriam apparently considered Long 

Valley a~d Mono Lake Paiute as closely related, and similarly grouped 

Benton Paiute with the Paiute of northern Ovens Valley (Grosscup 1977: 

130) . Both Steward (1933:326) and Merriam (Grosscup 1977:130) were told 

by some of t he Paiute they interviewed that there were slight differences 

in dialect between Ovens Valley Paiute and the Paiute living near Benton. 

It vas also indicated t o Steward (1933:236) that the Benton Paiute dia­

lect resembled that of the Mono Lake Paiute. Kroeber (1959:265) referred 

to the speech of Benton Paiute as a subdialecc. In a review of echno­

linguistic data, Grosscup (1977:131) accepted the relationships recognized 

by Merrial!l and suggested a boundary between Long Valley-Mono Lalc.e Pa iute 

and the Paiute of Round Valley, Bishop-Laws, and .Benton. Perhaps the 

dialectal differen~es no t ed by Merriam reflect, in some fashion, linguis­

tic (and sociocultural) interaction between each of the four dialect 

groups he identified and adjacent outlying groups; i.e., between Mono 

t:a.lte Paiute and Bridgeport Valley Paiute (cf . Hall 1980:18-20), Sierra 

Hlvolc., and perhaps the Paiute of Sllli th and Mason valleys further north, 

between Long Valley Paiute (?) and Northfork. Monache, between Benton 

Paiute and Fish Lake Valley Paiu te and perhaps the Paiute of Soda Springs 

Valley to the north (Hall in preparation) , and between northern Ovens 

Valley Paiute and ocher Paiute groups further south in the valley and to 

the east (Deep Springs Valley Paiute) . Why St eward could no t or did not 

provide i nformacion on the problematic Long Valley Paiute are questions 

that lll&Y never be resolved. In all likelihood, t here were probably some 

Northern Paiute who spent the better par t of their lives in and around 

Long Valley but the overall numbe r of such residents vas certainly never 

comparable to Paiute populations in nearby areas . Further, the entire 

question of whe ther or not there vas a permanent, distinct group in Long 

Valley may be somewhat moot. Given t he relatively hi gh elevation of the 
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valley, there can be little doubt that ~inters were on occasion so severe 

as to force people down to lo~er elevations (e.g , , Round Valley, Owens 

Valley, Benton Valley) for months at a time . It also remains to be 

shown that there was a sufficient resource base in Long Valley to support 

a permanent population of any significant si~e . 

Northern Paiute groups spoke dialects and languages of common origin 

and all are included in the Numic language family of the Northern 

Uta~tekan linguistic stock (Goss 1977). Lexicostatistical dating of the 

linguistic divergence from prehistoric parent languages suggests t hat 

about a thousand years ago people speaking Numic l anguages ancestral to 

those kn~ historically s pread out like a fan and then across the Great 

Basin from southeastern california (Lamb 1958; cf. Bettinger and Baumhoff 

1982). Kroeber (1959:265) felt that this expansion could have occurred 

as little as 500 years ago. More recently, Numic ancestors of the 

Honacha apparent!y emigrated west~ard across the crest of the Sierra and 

occupied the Kings River area pe rhaps 500 B.P. , and the San Joaquin River 

area (Northfork Monache) perhaps 300-200 B.P . (Kroeber 1959:265) . 

SOCIOPOLITICAL ORGANIZATION AND ECONOMIC INTERACTION 

Much of what is known about the early his toric and protohistoric 

Paiute in the eastern Sierra derives from the ethnographic investigations 

of Julian Steward in the 1920 ' s and 1930's (among other works, Steward 

1933, 1934 , 1938, 1955, 1970). Additional material is found in a few 

other sources (e.g., Kroeber 1925; Parcher 1930; Chalfant 1933 ; Merriam 

1955; Davis 1965; Johnson 1975) and in , for example , the accounts of 

nineteenth-century surveyors (Lawton et al. 1976) and military expeditions 
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(Wilke and Lawton 1976) . 

The tabulations of Steward (1933, 1938) indicate a relatively l arge , 

indigenous population of about 1000 Paiute in Owens Valley. Wi lke and 

Lawton (1976:46) cite historical sources tha t suggest a popu lation as 

high as 2000 before A.D. 1~60. Adjacent Paiute and Shoshone (Numic) 

popula tions were substantially less dense (Steward 1938:Fig. 6). Owens 

Valley settlements incl~ded large, permanent lowland villages consisting 

of 100-250 people; seasonal satellita camps occupied by smaller groups 

of people engaged in a particular subsistence activity, e.g., harvesting 

of pinyon pine nuts or ricegrass seeds; and t emporary, limited activity 

s ites used , for example, during co=munal rabbit drives, by hunting parties 

or trave lers, or when individual families l ef t the village to expolit 

specific resources (seeds, roots, greens, small game and fish, raw tool 

material, etc . ) (Bettinger 1979a:37). Most lowland villages in Owens 

Valley were located along major Sierran tributaries of the Owens River 

with a few others situated near the rive r itself or near springs in 

adjacent desert scrub areas (Steward 1933:Map 2; Be ttinger 1975). The 

basic sociopolitical unit among Owens Valley Paiute was the autonomous 

district made up of either a single , usually large village, or a group 

of smaller allied villages (Steward 1933, 1938 ). Districts represented 

formal , communal organizations, owning rights to seed-gathering, hunting, 

and fishing within their territories (Steward 1933:305). The ethnogra­

phic data show tha t the nearest distric ts to Long Valley and Mono Basin 

were located nea r Benton Hot Springs (U'tU'UtU ~itU) and in Round Valley 

(xwina ~tU) (Steward l933:~p 1). 

A village-oriented cultural system a~ong the Owens Valley Paiute 
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sharply contrasts with that of Paiute and Shoshone groups to the north, 

east, and south, where the basic societal unit was apparently the nuclear 

family (Steward 1938; 3ettinger 1979a) . Sociopolitical or ganization 

among these groups closely corresponded to tho family band model (Steward 

1955). The household in this case , or ''kin clique" (Fowler 1966), con­

si~ted of an independent nuclea r family accompani ed by one or two other 

persons, usually relatives. Largely independent of more-inclusive 

social en tities , the kin clique or "microband" (Flannery 1968:75) was 

free t o adjust residence according to need or Jesire (Johnson 1975:13). 

Each kin clique vas isolated for much of the year and determined its 

own schedule of seasonal activities and movements. As a consequence, 

the "macroband" (MacNeisb 1964:532) a t winter vill ages varied i<\ annual 

composition (Bettinger 1979a:41) . Recurrent fission and fusion wherein 

household residence decisions are dictated by ecological as well as 

sociopolitical factors is common to many hunter-ga therer socie ties (Lee 

and DeVore 1968; Bicchieri 1972). A r egular pattern of microband camps 

and fluid macroband villages is effective in regions where seasonally 

available critical r esources are more often widely dispersed and limited 

than clustered and abundant (cf. Binford 1980) . Among the Paiute (and 

Shoshone) groups adjacent to the Ovens Valley Paiute, the refore , settle­

ments appear to have cycled between ~bile microband camps during spring , 

summer, and fall, and macroband villages dur i ng winter (Bettinger 1979a: 

41) . Winter v illages were probably mos t often located in a lowland 

setting, or at the base of major mountain canyons. When the pinyon pine 

nut c r op vas exceptional, wintering may have t aken pl ace in t he vicinity 

ot upland nut harvest sites. 
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Sociopolitical or ganization beyond the kin clique was informal 

among Grea t Bas in groups adjacent to Owens Valley Paiute. Common dia­

lectal and economic territory brought together loose associations of 

these groups f or communal ~rives and festivals. The director of coopera­

tive activities had to s how "de pendability, skills, and [the) ability 

to organize and lead" (J ohnson 1975 :13). It was not necessary that t he 

director be the same perspn each season or for each ac tivity (Speth 1969: 

238). District leaders or ''head men" (S t e•Jard 1933:304) in Owens Valley 

were char ged primarily with the orchestration of communal activities , 

e.g., irrigation t asks , pine nut trips , rabbit drives, fishing, war par­

ties, and annual festivals. The position of head man was usually inher i ­

ted through t he father and, though influential, head men did not always 

take t he lead in communal activities, sometimes selecting (with group 

appr oval ) leaders more skilled at a given activity (Steward 1933: 304) . 

The political power vested ,in head me n had real social and economic 

significance. Communal events were ideal t imes to engage in cooperative 

pl anning , trade negotiations, marriage a rrangemen t s , and a whole r ange 

of social, political, and economic transactions (cf. Bettinger and King 

1971). 

Throughout the Great Basin, marriage was a virtual economic necessity 

gi ven the importance of subsistence and maintenance tasks per formed by 

each sex (Steward 1938:242) . It was not permitted between individuals 

sharing a lineal ancestor within, perhaps, three generations (Steward 

1938:244) . Among Mono Lake Paiute, marriages we r e somewhat informal and 

separations were no t uncommon (Davis 1965:17-18). In Owens Valley, 

marria~a patterns were based on rules that prohibited marriage within a 
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village (and possibly the d istrict in some cases) or between a village 

member and so~one from t hat person's father's village (Steward 1933 : 

294). Newly wed couples res ided with the wife's family t he first year, 

the husband's family the second year, and became independent after t ha t . 

Families of bo t h spouses were visited frequently after this, and per­

manent residence with the wife's family was common (Steward 1933:295) . 

~rriages also occurred a~rosa dialectal borders between Northern Paiute 

groups , and on occasion between t he latt er and neighboring Monache , 

Miwok , and Shoshone groups . 

Abundan t ethnograpaic and archaeological evidence exists of signi­

ficant trans-Sierra trade snd commerce between Owens Valley Paiute and 

Sierra Monache, and be~een Mono Lake Paiute and Si erra Mtwok. Monache 

and Miwok, in turn, served as intermediaries in trade between eastern 

Sierra Paiute and Yoku ts and Plains (Central Valley) Miwok (Spier 1978: 

429 ; Levy 1978 :411). Although i t clearly did occur , virtually no data 

are available on economic interaction between Paiute groups, and be~een 

these groups and ot hers to the south , east, and north in the Great Basin. 

Owens Valley Paiu t e apparentl y obta i ned black pigments from Paiut e groups 

to t he north (in Nevada, or perhaps at Mono Lake) and yellow pigments 

from Shoshone groups to the eas t (S teward 1933:276-277 ; Davis 1961:21). 

Among the items Owens Valley Paiute are said to have traded t o 

Monache we re: salt , pinyon pine nuts, seeds, obsidian , sinew-backed 

bowa, rabbitskin blankets, deerskins, moccasins, mountain sheepskins, 

foxskin leggings, balls of tobacco, baske t s, basketry water bottles 

waterproofed with pitch , wooden hot rock lifters , and r ed 1nd white pig­

ments (Steward 1933:257 , 1934:431, 437; Giffor~ 1932 :26 ; Davis 1961:21, 
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42 ; Spi~r 1978:429-430). In exchange, Monache sent east of the Sierra 

shell money (e.g., clam disc beads, tubular clam beads, and more recently 

vhite gl ass beads) , acorns and acorn meal, finely constructed Yokuts 

baskets, canes fo r arrows, manzanita berries , squaw berries (or "sow 

berries" [Steward 1933:257 ; Sample 1950:17; cf. Davis 1961 :21]), and 

elderberries (Steward 1933 : 257-258, 1934:438; Gifford 1932 :21; Davis 

1961:21). Mammoth Pass (2926 m) , ca. 6.5 km southwest of ~mmo th Lakes , 

is the lowest pass across the Sierra for a considerable dis t ance both 

north and south and t hus may have served as an important trans-Sierra 

commerce route (Steward 1933:329; Chalfant 1933 ; Hindes 1959:Map 1). 

Northfork Monache probably traversed Mammoth Pass during pine nut (or 

obsidian) procurement expeditions to the eastern Sierra (see above) . 

Steward (1934:431) was told of one salt-trading t rip made by six Owens 

Valley men who vent over the Sierra above Round Valley , perhaps Piute 

Pass (see Steward 1933:329), and returned '~y way of Mammot h ." Also, 

since communal parties from Owens Valley came into the Long Valley- Mono 

Bas in region to gather plUga (Pandora mo th larvae [Coloradla pandora]) 

in July , it is possibl e that piUga was either traded to or collected as 

well by Monache, although e thnographi c accounts are lacking. 

Further north, Mono Lake Paiute are reported to have traded to 

Sierra Miwok such things as salt, pinyon pine nuts , plUga , brine fly 

l a rvae (Hgdropyru3 h lans, blown ashor e a t Mono Lake), rabbit skin bl ankets , 

baskets, pumice stones, and red and white pigments , receiving in return 

shell money, acorns, baskets , arr ows , a fungus used in paints , manzanita 

berries , elderberries, and squaw berries (Steward 1933 : 257 ; Barrett and 

Gifford 1933:256; ~~rriam 1955 : 112 ; Davis 1961:17, 21; Levy 1978: 403 , 
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411-412) . Extensi ve social interaction be t veen ~ono t ake Paiu t e and 

Sierra ~vok is documented; the former often vintered in Yosemite Valley 

when fall pinyon pine nut crops vere particularly poor (Stevard 1933: 

257). ~vok traveled over Mono Pass (not Tioga) to trade and participate 

in dances (~ir 1917: 80-81; Stevard 1933:329). 

A l ong prehistory of obsidian procurement and export in the eas te r n 

Sierra, . including specialized trade-oriented t ool pr oduc t ion at local 

quarries and s tonevorkin~ camps, is vel! shovn by t he presence of obsi­

dian from sources in t he region a t sit es of varying ages throughout 

central and southern California (Jack 1976; Si nger and Ericson 1977 ; 

Ericson 1977, 1982) . Spie r (1978:429) seated t ha t Hnnache, r ather th~n 

importing obsidian , some times obtaL~ed it from a sou rce in the Devils 

Postpile area ca. 15 km south-southvest of Mam:oth takes. Such procure­

ment expeditions ve re probably no t infrequent (cf. Basgall 1979) , but no 

specific obs idian source has been located near Devils Postpile (Ericson, 

Hagan, and Chesterman l976:Fig. 12.1). Possibly the Monache engaged in 

exchange activity vith eastern Sierra groups at a meeting place in the 

vicinity of Devils Postpile. Also, it seems r easonabl e to assume that 

Northfork Monache . and perhaps others, at times came over Mammoth Pass 

to quarry obsidian at sources in the Long Valley area (e.g ., Casa 

Diablo, Inyo Domes, Mono Craters, Glasa Mountain). 

SUBSISTENCE ACTIVITI ES 

Traditional Northern Pa iute subsis t ence activities vere keyed to 

the seasonal dis tribution, density, and breeding and ripening cycles of 

plants and animals exploited for food and rav materials. Considerable 
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e f fo r t vas made by Owens Valley Paiute t o enhance the productivity of 

food-bearing plants ( primarily tvo vild crops: vild hyacinth corms 

{Dlchelostemma pulchella) and yellov nut-grass t ubers (Cyperus 

esculentus)) by irrigating large p lots on the floor o f Owens Valley and 

on l over a lluvial slopes (Stevard 1930, 1933; Lavton et al. 1976). 

Similar agricul tural activities may have occurred north of Mono Lake 

along the .Yalker River in Smith and Mason valleys and elsewhere in the 

vestern Great Basin (Lavt on et al. 1976:31; Philip Yilke , personal 

communication 1982). Hi gh elevations and prohibitive edaphic conditions 

make it improbable that either Long Valley or Mono Basin vas the scene 

of such irrigation projects. Furthermore, barring discovery of a lost 

l ocal ethnography, it r emains for archaeology to determine and eva l ua te 

the r elationships among multiple indigenous economi c activities in t he 

Long Valley- Mono Basin reg i on. The issue derives in l arge part from an 

inability to assume a permanent population throughout most of t he easte rn 

Sierra and from e thnographic and archaeological evi dence that suggests 

that the effort expended on any par ticular activit y involved decisions 

betveen a number of significan t, potentially concurren t economic choices 

available to geographically separate groups of people. 

Ethnogr aphic data (S t evard 1933 , 1934, 1938 ; Davis 1965; Johnson 

1975; see Bettinger 1979a) indicate that by early spring, vinter stores 

of seeds and nuts vere starting to dvind l e though they still supplied 

the bulk of sustenance. Small game trapping may have been an important 

food activity at this time of the year (cf. Janetski 1979:316). During 

t ha spring, roots and greens in riparian areas provided some food; 

fishing vas undertaken along parts of the Ovens River and related sloughs 
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and tributaries. The species of fish procured at Paqw1humadu (Ho t Creek) 

in Long Valley are unknovn but presumably vere minnows and suckers, e.g., 

Ovens tui chub (Gil~ b1color sn~dari), speckled dace (Rh1n1chth~s 

osculus), and Ovens sucker (Catostomus fumeiventr1s) (Hiller 1948, 1973). 

Davis (1964:264) reported the recovery of Catostomus sp. remains a t one 

of the excavated Hot Creek rockshelters. It is also not knovn if fishing 

took place on Mammoth Creek (the upper end of Hot Creek) though it would 

hardly be inconceivable. Trapping of small game continued throughout 

the spring and probably throughout the year. By late spring and early 

summer, a vide variety of foods vere appearing and ripening. Seeds from 

rushes along watercourses, and from chia and ricegrass (see below), aug­

mented the contribution of small game and fish. Late spring vas also 

about the time that Ovens Valley Paiute could harvest wild-hyacinth 

(n&hav1ta) in considerable quantities from irrigated plots (Lawton et al. 

1976:33). A good crop of (non-irrigated) nahav1ta in Long Valley re­

quiring several days co harvest vas recalled for Steward (1934 : 436) by 

an Ovens Valley Paiute. 

Summer vas a busy season of subsistence activity for a major effort 

vas made co secure winter food supplies. Seeds from several grasses 

vera collected (Bettinger 1979a:Fig. S). These seeds are available for 

only a fev weeks after ripening before they fall to the ground, and che 

harvest period for given stands of srasaes varies over the summer depen­

ding upon species, elevation, soil, and other l ocal conditions. Conse-

quently seed collecting strategies required a good understanding of plan t 

behavior and an efficient system of scheduling procurement tasks (cf. 

Bettinger 1979a:25). Also, shore-term summer camps vere establi~hed in 

.I 
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July to gather Pandora moth ,larvae, vhen available, in i nfested areas of 

the Jeffrey pine (P. jeffre~1) forest between Long Valley and Mono Basin. 

Although some grasses might continue to produce seeds in the late 

summer and early fall (Bettinger 1979a:Fig. 5), the greater part of the 

seed-collecting season had passed by this t ime of the year. Brine fly 

larvae blovn ashore off Mono and Ovens lakes vere a favorite food and 

vere gathered in large quantities during the middle and lace summer 

(Steward 1933:256; Wilke and Lawton 1976:30). While much of vhat vas 

gathered vas probably stored as vincer food , the larvae ve re also widely 

traded. Antelope drives ver·e sometimes conducted in the lowlands in the 

late summer, but massive kills may have severely restricted the size of 

local herds for many years thereafter (Steward 1938 :55) . 

Fall subsistence efforts in much of the eastern Sierra centered on 

the gathering of pinyon pine nuts. This vas also the season tha t Ovens 

Valley Paiute intensively harvested yellow nut-grass tubers (Lawton et 

al. 1976:33-36). Short-term seasonal upland camps vere established by 

single families or groups of related families in the pinyon-juniper 

woodland during the fall pine nut harvest. Nuts collected for the vin-

ter food supply vere carried back dovn to t he lowland winter village and 

stored, or cached in the uplands for later retrieval. If a local crop 

vas especially bountiful and the weather no t too inclement, the winter 

village vas sometimes relocated from its usual site in the l owlands co 

one closer co or in the area of the nut harvest. The irregularity of . 
pinyon cone productivity on a local level, however, meant that people 

vera required to go substantial distances on occasion to obtain the de-

sired nuts vhen l ocal crops vera poor (Steward 1938:27-28; Johnson 1975: 
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10), This vas apparently not a big proble111 in Owenn Valley where bad 

nut harvests could be offset by adequate stores of yellow nut-grass 

tubers, seeds, and other foodstuffs such as processed larvae (cf. Bettin-

ger 1979a:37-38). Elsewhere, pine nuts played a pivotal role in the 

fall-winter subsistence strategy and sometillles required l!lajor adjustments 

in wintering locations. 

The yallov nut-grass harvest in Owens Valley unually preceded a fall 

festival ("fandango") that attracted people fro111 a large area (including 

Moo~ Lake Paiute, Monache, Mivok, as well as certain Shoshone groups fro111 

the south and east) and lasted for five days to a week (Steward 1933: 

32Q-322). Bettinger and King (1971) postulated that in Owens Valley 

banking of shell money acquired through trans-Sierra trade and its 

food-purchasing power alleviated seasonal resource inequities at the 

local level, thereby pro1110ting residential stability and social inter-

action (cf. Orans 1975). In this context, nut-grass tubers ~~~ay have been 

a p-rincipal cott~~~~odity purchased by festival attendants fro111 outs ide 

Owena Valley (Hall 1982a). 
I 

Co~nal jackrabbit drives were also held in th~ fall, probably 

before, during, or after the fall crop harvests when people tended to 

gather together in larger nu111bers. Major ga~ such as deer and 111ountain 

sheep were hunted or ambushed fro111 brush or stone blinds erected alon'g 

gama trails and creeks or near springs. Hunting parties lllight have 

e~~~ployed beaters to drive game toward a concealed hunter (or hunters) or 

into a brush and atone corral where they could be easily dispatched 

(Johnson 1975:12). 

Food stores accumulated over tha summer and fall sup~lied most of 
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the 111eals during winter, a sea so in ·-' i h b n wol c t ere vas IIIUCh sociali%ing, 

planning. and probably a good ~eal of craftvork in antic~.pation of the 

needs for the coOling year (basketry weaving, hidevork, stone tool lllanu­

facture, clothing ~~~anufacture, ' etc.), 



Chapter IV 

ARCHAEOLOGICAL INVESTIGATIONS 

Archaeological research in the eastern Sierra and adjacent regions 

has gro~ considerably over the last decade. Increasingly frequent 

field studies since the early 1970's reflect not only a uidening variety 

of research questions, but also the emergence of cultural r esource 

management as an applied process and as a means of funding basic research . 

The first part of this chapter presents a short overview of (1) previous 

archaeological r~search in the eastern Sierra; (2) artifact and site 

categories common to the region; and (3) conventional archaeological 

temporal units aa defined by diagnostic, time-sensitive proj ectile point 

forms. These diRcussions are followed by a description and an evaluation 

of the results of archaeological investigations carried out at CA-MN0-561 

during the summer of 1982. CA-MN0-561 is located on upper Mammoth Creek 

in the community of Mammoth Lakes, Mono County, California (Fig. 4). 

The site lies uithin the Mammoth embayment at the southuest edge of the 

Long Valley caldera . Source-specific hydration dating of obsidian 

artifacts from CA-MN0-561 suggests chat the site uas probably the scene 

of recurrent, rela tively short-term occupations over several thousand 

years (ca. 4500-500 b.p.). The hydration data also indicate that the 

aite was occupied primarily between ca. 3000 and 1500 b.p. Stratigraphic 

analysis of the CA-MN0-561 artifact assemblage suggests that despite 

evident temporal variation in the frequency of certain activities, the 

nature of those activities as measured by assemblage diversity appears 

to have remained remarkably uniform throughout the period of prehistoric 
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Fig . 4. Location of CA-MN0-561 on upper Mammoth Creek and previously 
excavated prehistoric sites in the Mammoth Lakes area, Mono 
County. Adapted from Mt. Morrison , Calif. 15' se r ies USGS 
Quadrangle, Tounships 3 and 4 South, Ranges 27 and 28 East, 
MDBH. 
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habitation at CA-MN0-561. 

PREVIOUS RESEARCH 

Notable early efforts in the eastern Sierra include survey~ of five 

Mono County localities (Meighan 1955) and the general Mono Basin area 

(Davis 1964), and excavations at the tvo Hot Greek rockshelters (Davis 

1964), the Mammoth Junction site (CA-MN0-382; Michels 1964, 1965; Stepud 

1964), and Mammoth Creek Cave (Enfield and Enfield 1964). All four of 

these excavated sites are located downstream from CA-MN0-561. Mammoth 

Creek, alor.a Yith SherYin Creek and other small streams, drains the 

Mammoth embayment and flows generally east and northeast through meadows 

and wooded areas into Long Valley, feeding Hot Creek and, ultimately, the 

Owens River. More recent excavations have taken place at the Triple R 

(CA-MNQ-714) and Forest Service Forty (CA-MN0-529) sites in the Mammoth 

Lakea area (Bettinger 1980a; Basgall 1982) and at the Hot Creek Hatchery 

site (Tadlock and Tadlock 1972). Also, test excavations were conducted 

in 1982 at an open site {CA-MNQ-11) near Mammoth Creek Cave, at two sites 

(CA-MNQ-1644, CA-MNo-1645) north of the creek between the cave and 

Mammoth Lakes, and a t a fourth site (CA-HN0-823) on Laurel Creek (Bous­

caren, , Hall, and Swenson 1982) . The results of excavations supplement 

survey data generated by a probabilistic sampling of several areas Yithin 

the Long Valley caldera (Bettinger 1977b) and by subsequent cultural 

resource inventories of proposed timber-sale compartments in western 

Long Valley and in the Glasa Mountain Range (Richard ~eaver and Robert 

Jackson, personal communications 1982). 

Further east, Cowan and ~allof (1974) reported on test excavations 
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undertaken at eleven sites located along a transmission line corridor in 

the Benton Range and eastern Long Valley (see also King l973a, 1973b). 

Garfinkel and Cook (1979) reported on excavations at the Sherwin Grade 

site on lower Rock Creek, and Bettinger (1978a) described investigations 

at the Blue Flag site in ~cCee Creek Canyon. To the southeast in Owens 

Valley, Bettinger (1975, 1976, 1977a, 1979b, 1982b) conducted signifi­

cant studies o~ pr~historic sites located within a broad transect across 

the valley near Big Pine. Several small-scale excavations and surveys 

have also taken place in northern Owens Valley near Bishop and Five 

Bridges (e.g . , Cowan and ~allot 1974; ~arren and Hearne 1974; Garfinkel 

1980a; Hall 1982a). Major prehistoric and historic villages just south 

of Owens Valley were excavated a t Little Lake (Harrington 1957; Meighan 

1981), Rose Spring (Lanning 1963), and on Cottonwood Creek (Riddell 1951; 

see ~ilkc 1983). 

North of Long Valley, test excavations have been carried out at the 

Portillo's Drill site on Obi Ridge above June Lake (Bettinger 1973) , 

near Cull Lake (Hildebrandt 1981), and a t CA-MN0-389 jus t south of the 

June Lake junction on Highway 395 (Garfinkel 1980b). Excavation of a 

prehistoric child burial near Mono Lake was described by Davis (1959), 

and Bettinger (1981) reported on subsurface investigations at the Lee 

Vining Creek site (CA-MNQ-446) below Tioga Pass. North of Mono Basin, 

Singer and Ericson (1977) conducted a tool production analysis of the 

Bodie Hills obsidian quarry (CA-MN0-612). Results of a probabilistic 

sample survey of archaeological resources in the southwestern Bodie 

Hills above Bridgeport Valley were presented by Hall (1980). Northeast 

of Long Valley and east of Mono Basin, limited surveys in the vicinity 



68 

of Truman Meadows and Montgomery Pass in southern Kineral County, Nevada, 

were described by Davis (1963, 1964) and Hall (1982b) reported on a 

survey of upper Queen Canyon in the northern White Mountains. High­

altitude hta prehistoric su~m~~er camps in the White Mountains are being 

studied by Bettinger (1982a). Finally, Hall (in preparation) is comple­

ting a study of archaeological resources within a large area of southern 

Mineral County lying betw~en Truman Meadows on the south (near the 

California-Nevada border) and Teels Marsh on the north. 

PREHISTORIC SITE ASSEMBLAGES 

The results of the work noted above and other studies not ~ntioned 

reveal an extensive archaeological record in the eastern Sierra and 

nearby areas. Prehistoric research in the eastern Sierra has been for­

tunate, in a sense, for most artifacts and sites can apparently be 

assigned co a relatively small number of functional categories (Bettinger 

1979a:59) . To some extent, this simplicity in 1118terial culture remains 

attests to the generally gradual rate of technological change among 

prehistoric and historic hunter-gatherers barring the introduction of 

industrial products (cf. Yellen 1977) . It also reflects archaeological 

formation processes (Schiffer 1976) that in the eastern Sierra and other 

regions of the Far ~est usually preclude preservation of all but the 

moat enduring of cultural materials (e.g., stone cools and debitage, 

rock structures , ground stone, ceramics, and rock art). 

Regional categoria• of flaked stone tools i nclude projectile points, 

biface•, roughouts, cores, drills, and unifaces. Sharp-edged, bifacially 

flaked projectile points were hafted to the foreshafts or =inshafts of 
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arrows and at latl (spearchro~er) dares . From all available archaeologi­

cal evidence, it appears that the bow and arrow was introduced into the 

eastern Sierra about 1250 radiocarbon years ago (Thomas 198la; Heizer 

and Hester 1978; Bettinger and Taylor 1974) and largely replaced use of 

the atlatl . Because of inherent ballistic differences between the cwo 

weapons, projectile points attached to atlatl darts are usually, though 

not always, larger and h!!avier than arrow points (Fenenga 1953; Thomas 

1978). Thus the prehistoric transition in weaponry ca. 1250 b.p. is 

marked in the archaeological record by the appearance of significantly 

smaller and lighter points. Given their sharp edges , projectile points 

probably also underwent incidental usa as fine cutting tools (cf. Abler 

1970). Stone bifaces (bifacially flaked) and unifaces (unifacially 

flaked) were used in a variety of cutting, scraping, and chopping tasks. 

It is also evident that obsidian bifaces were specifically manufactured 

in the eastern Sierra as a trans - Sierra exchange co~m~~odity (Singer and 

Ericson 1977; Ericson 1977, 1982; Bettinger 19goa , 1981) . Some bifaces 

and unifaces may have been hafted to short wooden handles (see Steward 

1933:Fig . 3) . Roughouts were crude blanks or preforms to be made into 

projectile points or bifaces (Bettinger 1979a:61) . Cores were natural 

cobbles or chunks of stone struck repeatedly co detach large flakes for 

use , unmodified, as cutting tools or for fashioning into various specific 

tool forms. Drills were used to punch or bore holes in skins, wood, 

bona, horn, or imported shell and steatite. Interestingly, these 

markedly pointed tools are relatively common at archaeological sites in 

the general region but none of the Paiute interviewed by Steward (1933: 

277) could identify them . 



Flaked stone debitage consists of the by-products of core reduction, 

tool manufacture, and tool repair. It vas the primary source for simple 

flake tools , and is by far the moat frequently encountered category of 

archaeological debris. For this research, debitage is comprised of (1) 

bifaca retouch flakes (distinguished by a striking platform that retains 

part of the bifacially worked edge of the tool from vhich it vas removed 

[Betting~r 1980a:l7)); (~) use-modified flakes; (3) use-modified f l akes, 

cortex present (cortex is defined as the original surface of the unmodi­

fied rock); (4) unmodified flakes; and (5) unmodified flakes, cortex 

present. Widely available obsidian vas the most commonly used flaked 

stone tool material in the general region, although cryptocrystalline 

materials (cherts, jaspers , chalcedonies), rhyolite, basa lt, and fine­

grained andesite were also used. 

Ground scone tools include millingscones, manoa, bedrock milling­

stones, portable and bedroc~ =ortars; and pestles. Milliogsrones 

include block and portable slab metates, with flat or shallow concave 

work surfaces, used 1o the processing of seeds and pine outs. Manos 

are hand-held stone cobbles employed to grind seeds and pine nuts on 

block, portable, and bedrock millingstones. The latter are functionally 

equivalent to millingscones but, of course, cannot be removed for use 

elsewhere. Portable stone and bedrock mortars, both relatively r are in 

the eastern Sierra, are usually deep, steep-walled depressions in which 

vegetal matter, e.g., imported acoma, vas pounded or crushed vich a 

scone or wood pestle. 

Cera=ic vessels vera used for cooking and storage. Available evi­

dence suggests chat ceramics in the eastern Sierra, classified as Owens 

Valley Brown Ware (Steward 1928; Riddell 1951), a ppear relatively lace 

in the prehistoric record - no earlier than about 650 b.p. and probably 

close r to 400 or 500 b.p . 

Prehistoric structural remains in the eastern Sierra include rock 

rings, hearths, hunting blinds, stone walls, and non-rock-lined house 

dep ressions and storage pits. Rock rings are cleared areas, one to five 

or more meters across, .encircled by a lov vall of loose s tones. These 

fea tures probably represent remnants of brush shelters for which the 

stones acted as supports and w~ighcs (e.g., see Stewart 1941:378), al­

though Paiute asked by Steward (1933:334) could not explain them. Ic is 

a l so possible that the smaller rock rings represent seed or nut caches 

(Davis 1965:9-10) . Steward (1933:242) and Davis (1965:12) reported chat 

after the fall pine nut harvest, what was not consumed or transported 

back to the winter village was scored in caches ringed with rocks, and 

covered over with pine boughs and needles weighted down by scones. Most 

nut caches, and probably seed caches as well, were reclaimed before 

spring, but there are reported instances when a year or more might pass 

between storage and retrieval (Steward 1934:433). However, the theore­

tica l cut-off in rock ring size that could be used to distinguish between 

prehistoric shelters and caches has yet to be established (Hall 1980: 

34-35). Hearths are accuculations of charcoal, charred soil, and fire­

cracked rock chat reflect cooking and ocher domestic ac tivities. Hunting 

blinds are arc-shaped or circular, loose stone walls located in strategic 

positions along game trails or near springs and creek si t es frequented 

by game (cf. Brook 1980) . Prehistoric s tone walls may have been erecced 

to channel the recreac of game during communal hunting efforts. 
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Prehistoric sites in the eastern Sierra are · characterized by varied 

assemblages of artifacts, features, and, occasionally, organic refuse. 

The prehistoric site t~xonomy adopted for this research is based on the 

inferred activities associated vith different assemblages, given avaif­

abla ethnographic and archaeological data. The particclar set of 

activities ascribed to sites displaying similar assemblages define a 

settlement "type" (S~ruever 1968:135) or "ca tegory" (Bettinge r 1979a:66). 

Three general prehistoric site types or categories are recognized here: 

limited activity, camp, and habitation sites. Typically small, limited 

activity sites (cf. ~ood 1978) comprise the vast majority of prehistoric 

sites in the eastern Sie rra. As a rule these sites lack midd en develop-

ment and are generally characterized by assemblages featuring a narrov 

range of cultural materials. ~tivities at such sites probably involved 

fev people and vere directed primarily tovard resource procurement (e. g •• 

hunting station, butchering, plant gathering). Site locations and the 

likelihood of reoccupation depended to a large extent on the activity 

and time of year. In the Long Valley-Mono Basin region and adjacent 

areas, limited activity sites are predominantly represented by ass em-

blages containing flaked stone debitage and usually a fev flaked stone 

tools (Meighan 1955; Davis 1964; Cavan and ~allof 1974; Bettinger 1975, 

1977b, 1979a; Hall 1980, in preparation). Also included in this site 

category are hunting blinds, isolated rock rings (vhich may represent 

overnight shelters or possibly seed or nut cache remains (Hall 1980:35]), 

isolated b~drock millingstones and mortars, most isolated block or slab 

millingstones, and isolated rock art (petroglyphs, pictographs) panels. 

A mora diverse set of procurement and domestic activities occurred 
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at camp and habitation sites (cf. Binford 1980:12). In archaeological 

terms, such sites are distinguished fr~ limited activity sites by more 

varied assemblages that in the Long Valley-Mono Basin region also include 

ground stone implements or structural remains. Both site categories 

represent multiple activity locations. Although these categories are 

sometimes difficult to differentiate vith only surface data, habitation 

sites are generally indicated by assemblages of greater density, diver­

sity, and extent. Relative to camp sites, habitation sites usually 

contain larger quantities of tools and features associated vith prolonged 

occupation- e .g., millingstones, roughouts, cores, unifaces, ceramics, 

hearths, and so on (cf. Bettinger 1979b). Most ca mp sites vere probably 

occupied by a small group of people or a fev related families all engaged 

in a particular activity (e.g., pine nut harvesting, gathering of piUga 

(moth) and kutsav1 (brine fly) larvae, obsidian stonevorking) vith other 

domestic and subsistence activities taking place vith a frequency regu­

lated by the number of people in the camp and the length of time spent 

there. On occasion, the pine nut harvest camp might become the vinter 

village ~en the crop vas extraordinary. Such sites, comparable to the 

lovland villages of historic times, are better referred to as habitation 

sites. Habitation sites vere semi-permanent to permanent settlements 

that in some cases may have consisted of several, usually related, fami­

lies. These sites include the large, well-organized villages of the 

early historic Ovens Valley Paiute. 

The three defined site categories, limited activity, camp, and 

habitation sites, are generalized and certainly not all-inclusive. There 

are of course varieties vithin these gross categories (Bettinger 1979a, 
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1979b; RLll 19~0. in preparacion). Also, !solaced scone flakes and cools 

are likely to be found an)"'here in the general region; usual tools in­

clude projectile points, bifaces, and roughouts (Hall 1980 , in prepara­

tion) . The majority of these isolates vere probably lose or discarded 

after breaking. Useful diachronic informacion, however, can still be 

gained fro= the study of certain isolates. For example, isolated, diag­

nostic project_Ue points can serve to illu=inate local huncing strategies 

over time. 

TEMPORAL UNITS 

A nu=ber of prehistoric cultural chronologies have been proposed 

for Great aasin and Sierran regions including Long Valley and Mono Basin 

(e.g., B£nnyhoff 19 56; Elsasse r 1960; Wallace 1962; Davis 1963, 1964; 

Elston 1971; Moracco 1972; Hester 1973; Becci.ng~r and Taylor 1974; Aikens 

1978). In che eastern Sierra and nearby regions of the Crear Basin 

these historical reconstructions are to a large ext ent based on apparent 

te=poral distributions among time-sensitive artifact forms (principally 

projectile points) - and not on the basis of a complex of cultural 

patterns demonstrably unique to a given span of time . It should be 

understood, therefore, that the temporal limits of the various proposed 

periods or phases do not necessarily have any historical significance 

unto theuelves; i.e . , these dates do not represent episodes of culture 

change from one time unit to the ne.xt outside of the formal change in 

projectile point forms associated vith each unit. Though not entirely 

satisfactory (cf. Plog 1974:44-45), this approach e=plcys common, diag­

nostic artifacts to create a framevork of temporal units that can be 
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used co organize the chronological record and help structure questions 

abou t prehistoric culture change . For the last 5000 radiocarbon years, 

a variety of projectile point forma appear co be sensitive to at least 

four separate temporal units: ca . 4950-3250 b.p., 3250-1250 b.p., 1250-

650 b.p., and 650-100 b.p. Virtually nothing is knovn about earlier 

post-Pleistocene occupations in the eastern Sierra. Projectile point 

forms (spear and atlatl dart tips) reported in the genera l region, such 

as Lake Mohave and large flu t ed points, presumably indicate cultural 

activity during early Holocene times (Campbell 1949; Davis 1963, 1964; 

Warren and Ranere 1968; Bettinger 1977b; Hall 1982a , in preparation). 

But aside from the obvious suggestion of hunting, subsistence and settle­

ment activities prior to 5000 b .p. remain significant mys teries. Also, 

while the possibility of a Pleistocene occupation (before ca. 10,500 b . p.) 

in the region can certainly be entertained, the available evidence is so 

conjectural that another reviev here of the general problem vould serve 

little purpose (cf. Payen 1982). 

Projectile point forms used to identify the earliest of the fou r 

temporal units noted above , ca. 4950-3250 b.p., include certain of the 

so-called "Pineo" projectile points (Amsden 1935; Harrington 1957) tha t 

have been more recently referred to as Little Lake series (Lanning 1963; 

Bettinger and Taylor 1974), Silent Snake series (Layton 1970), Bare 

Creek Eared (O'Connell 1975), and Gatecliff Split Ste= (Thomas 1981) 

point forms. As noted by Thomas (1981:33) and others (e.g., Layton 1970; 

Bettinger and Taylor 1974), there appear to be significant morphological 

(perhaps te=poral) differences becveen so=e of the ''Pinco" points found 

by Harrington (1957) ac the Stahl site near Litcle Lake and specimens 
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from the type locality, Pinto Basin (Amsden 1935). The appellation 

Catecliff Split Stem (Thomas 1981:22) reflects an effort co take these 

differences into account and to recognize t hat the large, corner-not:ched, 

split-stem point:s from Little Lake are, as time-sensitive morphological 

forms, liiOre akin co "Pinto" points from further north and east in the 

Great Basin thau co the original Pinto Basin specimens from southeas tern 

Califo=nia. However, historical precedent (Lanning's (1963:250-251) 

"Litt:le Lake series") and common procedures of nomenc l a ture suggest tha t: 

a more appropriate designation for ~his particular point form is Little 

Lake Split-stem. 

A projectile point form that: ~y have a temporal range coinciding 

or partly overlapping Little Lake Split-stem is the Gyps um Cave point: 

(Harrington 1933), also rehrred to as Elko Contractiug- steo (He ize r and 

Baumhoff 1961). Thomas (1981) considered this point f orm, which he 

labeled Gacecliff Contracting Stem, to be coeval with Gat:ecliff Split 

Stem points at Gatecliff Shelter in cent:ral Nevada and, joint:ly, the 

two forma comprise the Gatecliff point series dated ca. 4950-3250 b.p. 

Again, historical considerations suggest Gypsum Cave Constracting-stem 

aa an appropriate designation for chis part:icular point form. Moreover, 

it may be that at: least the contracting-stem form persists somewhat 

later than the split-stem form in the Great Basin (see Heizer and llester 

1978:169-170), in instanc es co-occurring in well-dated deposits with 

early Elko series point f orms (e.g., Davis and Smith 198l:Figs. 6, 35). 

Elko Comer-notched and Elko Eared projectile point forms (Heizer 

and Baumhoff 1961) identify the succeeding temporal unit, ca . 3250-125~ 

b.p. (O'Connell 1967; Bettinger and Taylor 1974; Heizer and llester 1978; 

I 
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Thomas 1981). Although this dating of Elko series points i s strongly 

supported by associated radiocarbon data in the central and western Great 

Basin, evidence has been f ound of a much earlier appearance of Elko 

points in the "eastern and northern Great Basin (Aikens 1970; Bedwell 

1973; Jennings, Schroedl, and llolmer 1980). Ros e Spring series (Lanning 

1963) and Eastgate series (lleizer and Baumhoff 1961) projectile point 

forms, widely felt to be the earliest arrow point tips in the Great: 

Basin, characterize the third temporal unit recognized here, ca. 1250-

650 b.p. (Clewlov 1967; Bet:tinger and Taylor 1974; Heizer and llescer 

1978; Thomas 1981). Again, as with Elko points, Rose Spring and Eastgace 

series point s appear to s how up much earlier than ca. 1250 b.p. in the 

eastern and nort:hern Great Basin (Aikens 1970; Layton 1970). The final 

tempora l unit, ca. 650-100 b.p., i s r epresented by Desert Side-notched 

and Cottonwood series projectile point forms (Baumhoff and Byrne 1959; 

Lanning 1963) and Owens Valley Brown Ware ceramics (Riddell 1951) , 

CA-HN0-561 EXCAVATION 

As stated, a secondary objective of this r esearch is to interpre t 

the findings made at CA-~UI0-561 on upper Mammoth Creek (Fig , 4). A data 

recovery project at the sit:e developed as the result of a land exchange 

agreement be tween the lnyo Nat:ional Forest and the Ridgeview Company. 

The original federal property, a five-acre parcel located about 80 m 

north of Mammoth Creek and bordered on the east by Old Mammoth Road, 

encompasses a large portion of C\-MN0-561. To salvage as much archaeo­

logical information as possible about the subsurface cultura l deposit 

within the parcel prior to the commencement of housing construction 



activities, the Archaeological Research Unit was engaged by the Ridgeview 

Company to excavate twenty-one 1 x 2-m units. Earlier USFS test excava-

tiona suggested the presence of a substantial subsurface cultural assem-

blage coward the eastern end of the parcel, and a sparse. , essentially 

surficial deposit of prehistoric debris at its western end (Richard 

Veaver, personal communication 1982). Though slim evidence at best, 

the USFS excavations a lso r esul ted in the recovery of a single projectile 

point (USFS 1-146) 50-60 em below the surface \rlth a basal configurat'i<>n 

and sue chat might r eflec t a cultural deposit of considerable antiquity 

in light of temporal data on comparable point forms elsewhere in the 

general region. 

PROJECT DESCRIPTION 

Given the limited number of excavation units relative t o the total 

posaibla within the subject parcel (0 .2% sample), the 21 ARU units were 

concentrated in the eastern portion of the parcel where a USFS t es t unit 

aod surface concentrations of obsidian tool debitage indicated t he pos-

' sibility of a significant s ubsurface cultural deposit (Fig. 5). Debitage 

was particularly dense (more chan 25 pieces per m2) in and around a small 

enclosure of large granitic glacial erratics in the southeastern quarter 

of the parcel. A shallow bedrock mortar occurs on one of the erratics . 

The USFS test unit was located about 10 m north of the enclosure. All 

21 l x 2-m units were excavated in arbitrary 10-cm l evels using trowe~s. 

whisk brooms, and shovels. Excavated soil was screened through 1/8-in. 

mesh. Artifacts removed from CA-MN0-561 were washed, sorted, and ca t s -

loged for analysis . The collection is currently housed under accession 
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no. 90 at the Archaeological Research Unit, Department of Anthropology, 

University of California, Riverside, 

To ensure excavation of 21 units in the short field time available 

(11 days), a maximum effort co recover all subsurface obsidian debitage 

waa attempted in ouly the first three units excavated (Units 1-3, desig­

nated "control" units). Because of the prohibitively long time involved 

in complete recovery (one 10-cm level in Unit 3 containe d nearly 4000 

cultural items, most smaller than a thumbnail), debitage smaller than 

about 1 x 2 em was usually discarded during the screening precess for 

Units 4-21. As it vas, this procedure and a splendid effort by the field 

crew were required to accomplish the vork in the face of foul weather 

that halted the excavation on severa l occasions. 

The loca tions for Units 4-21 were determined in the field on the 

basis of the volume and composition of cultural materL~l recovered in 

each of the control units. As a starting po~t, for comparative purpose s 

Unit 1 was located near the USFS test unit. The unit vas excavated to a 

depth of 130 em below the ground surface (only the northern half [1 x 1 

m) of Unit 1 ~as excavated from 100 to 130 em). Roughly 3500 cultura l 

items were collected from Unit 1, 99.7% of wtich are unmodified flakes 

and ocher forms of tool debitage. Unit 2 vas located 30 m west of Unit 

1 to find out if, as suggested by the USFS test excavations, the sub­

surface cultural deposit diminished in volume and depth from east co west 

across the parcel. Although this seemed likely judging by the surface 

distribution of debitage, excavation of Unit 2 (to 100 em) resulted in 

the recovery of more than 4300 cultural items (99.9% debitage). The 

stratigraphic distribution• of debitage in Units 1 and 2 were quite 
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comparable and the observed difference in overall debitage counts is 

probably not significant. Hence, the western boundary of the subsurface 

cultural deposit within the CA-MN0-561 parcel must lie somewhere between 

Unit 2 and the USFS test unit ca. 60 m further vest (Fig. 5). 

Unit 3 , the final control unit, vas located on the 30utbeast side 

of the westernmost cluster of glacial erratics comprising the enclosure 

mentioned above (see Fig . 6). Surficial debitage density appeared 

especially high along the eastern side of these erratics . It should be 

noted, bovever, that relative comparison of surface dens ities at 

CA-MND-561 is somewhat suspect because the site has been heavily impacted 

by, among ocher things, road-grading (Fig . 5) , vandalism, assorted con­

struction activities, and frequent off-roa d vehicular traffic (primarily 

motorcycle and bicycle riders). The subsurface cultura l deposit encoun­

tered during the excavation of Unit 3 (to 100 em) was far more voluminous 

than in Units 1 and 2 (Fig. 7). Nearly 25,000 cultural items were re­

covered from Unit 3 (99.8% debitage). Sixty flaked obsidian tools were 

found in Unit 3, compared to a total of fourteen in Units 1 and 2. 

Notably, Unit 3 contained nine projectile points suggestive of a long 

sequence of occupa tions at CA-MN0-561. Four of these (Rose Spring 

Comer-notched, Elko Comer-notched [2), Little Lake Split-stem) strongly 

indicated occupations ca. 4950-650 b.p. (earliest three of the four con­

ventional temporal units discussed earlier). Four of the points can be 

classified as Humboldt Concave-base (llei:z:er and Clewlow 1968). This 

point form , though not established aa a useful time-sensitive artifact, 

tends to occur more often in associa tion with Elko series and Little 

Lake Split-stem points than with othe r point forms in the general region 
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EXCAVATION LEVELS 

Primary Area Control Unit (tr~il :3) 

Penmeler Control Urils (un~' I and 2, a..erago per lev eO 

Fig. 7. Stratigraphic curves sho~ing debitage frequencies per 10-cm 
excavation l evel, primary a rea and perimeter control units 
(defined belo~). 
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(Hall in preparation). The ninth point from Unit 3 is a relatively 

large form with slight shoulders and a broad, thick, slightly constric­

ting stem reminiscent of the Silver Lake point form first defined by 

Amsden (1937) on the basis of specimens found at Pleistocene Lake Mohave. 

Clearly, the deposit in the vicinity of Unit 3 m~rited additional 

investigation. To better define the nature and extent of the artifact 

concentration withi.n the enclosure of granitic boulders, the next two 

units excavated were located a t its eastern edge on the west side of a 

large erratic (Unit 4) and five meters northeast of Unit 3 at the appro-

xima te center of the enclosure (Unit 5; see Fig. 6). Unit 4 was excava-

ted to a depth of 110 em, and Unit 5 to 90 em. Over 10,000 cultural 

items were recovered in Unit 5. Less than half this number of items 

(4055) were found in Unit 4. At this point in the fieldwork the decision 

was made, based on the findings in Units 1-5, to use the remaining 16 

excavation units (6-21) to further investigate the cultural deposit in 

the western half of the enclosure and around its perimeter. Along with 

Units 3 and 5, nine other unite (6-11, 18-20) were located i n the western 

half of t he enclosure and designated "primary area" units. Units 12-17 

and 21, designated "perimeter" units along with Units 1 , 2, and 4 , were 

located just outside the enclosure or inside its eastern margin (Fig. 6). 

Perimeter excavation units at CA-MN0-561 were subdivided into three 

groups: eastern (Units 4, 12, 15-17), northern (Units 1, 13-14), and 

western (Units 2, 21). Unit 21 was excavated to a depth of 50 em , Uni ts 

14 and 15 to 60 em, Unit 17 to 70 em, Units 12-13, 16, and 18-20 to 80 

em, Units 7-11 to 90 em, and Unit 6 to 100 em. 

Soil stratigraphy at CA-MN0-561 is siuilar in many respects co that 
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observed at other prehistoric ~ices in the Mammoth Lakes area (Bettinger 

1980a; Basgall 1982) and further downstream a l ong Mammoth Creek (Bous­

caren, Hall, and Swenson 1982). The surface stratum at CA-MN0- 561 con­

sists of a loose, dark brown humus that reached depths of 5 t o 15 em in 

the ARU excavation units . Hardy bitterbrush, sagebrush, and gooseberry 

(see below) root systems occupy t his soil stratum. Below the surface i n 

most of the units, the roots terminated above 15 em dep t h. Occasional 

bitterbrush and gooseberry root: systems extended 60 to 70 em below the 

surface. Cultural material was recovered from the humus in all 21 

excavation units, but there vas a distinct increase in its volume below 

this soil stratum in the eleven primary area units. 

Underlying the surface humus at CA- MN0-561 is a light br own soil 

stratum, 50 to 70 em thick in most of the units, characteri zed by silty 

sands, poorly graded sand-silt mixtures, and scattered subangular gravels. 

Soil at the top of the stratum was fairly loose in the excavation uni.ts, 

but it became i ncreasi.ngly more dense · and slightly more moist at deepe r 

levels. The stratum contained mos t of the subsurface archaeological 

debris recovered from CA-MN0-561, a stratigraphic association also noted 

a t the Triple R and Forest Service Forty sites (Bettinger 1980a:l0; 

Basgall 1982:34) . Relative to soil strata above and below this strat4m 

at CA-MN0-561, densities of cultural material per 10-cm excavation level 

within the stratum were much higher in the primary area uni.ts but dif­

fered little in the perimeter units (e . g., see Fig. 7). Archaeological 

evidence from CA-MN0-561 and the For est Service Forty site (Basgall 1982) 

suggest that this soil stratum, wides pread i~ the Mammoth Lakes area, 

developed within the last 4500 radiocarbon years . The stratum is com-
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parable in many ways to the colluvial debris flow units that Lipshie , 

(1976) felt derived fro~ che northeast s ide of Mammoth Mountain between 

ca. 25,000 and 1000 B.P. 

These silty sands are underlain at CA-MN0-561 by a soil s tratum 

featuring poorly graded, relatively dense, light yellow brown and gray 

sandy gravel and gravel-sand mixtures with many granitic boulders. The 

bottom of the stratum was not reached in the excavation units. Previous 

soil engineering tests on the property (Porter and Saloncai 1982) indi­

cate chat it may extend t o a depth of 4 m. The stracu~ may l argely 

consist of Wisconsin-a~e glacial sediments. Within the excavation units, 

the stratum was encountered at ca. 80 em depth as an increasingly den'se 

concentration of small co medium size boulders . Although cultural 

material was found in all levels in all units, substantially lesser 

densities occurred in this gr avel-boulder s tratum. At the deepest levels 

excavated (Unit 1: 110-120 and 120-130 em) , less than 100 pieces of 

obsidian debicage were found and all are smaller chan about 1 x 2 em. 

The she of debicage at chis depth probably reflects a downuard migration 

of cultural debris as the result of bioturbation or ocher processes of 

stratigraphic mixing. Hence, initial occupation of CA-MN0-561 may have 

occurred much later chan final emplacement of the p~esumably glacial 

sediment• chat underlie and intergrade with the light brown silty sands 

containing the bulk of the cultural deposit. 

A final note regarding pedology at CA-MN0-561 is the likelihood of 

relatively acidi~ soil (a consequence of organic decomposition and the 

weathering of highly acidic lava flows 1n the area) . Since bone decom­

poses rapidly in acidic soils (Cornwall 1958:42), this may be a factor 
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in the lack of any faunal remains fro~ CA-MN0-561 save for a few saw-cue 

fragments of a large mammal (probably domestic). 

LOCAL BIOTIC O~CTERISTICS 

Vegetation in the vicinity of CA-HN0-561 and Mamm~th Lakes displays 

a mix of Sierra montane and arid (Basin and Range) interior species that 

varies along a generally east-co-west, low-to-high elevation gradient. 

Within the parcel, vegetation is best described as a relatively open 

stand of Jeffrey pine with a surface stratum dominated by bitcerbrush 

(PurshJa tridentata) and Basin sagebrush (Artemisia tridentata). The 

site is located near the lower border of a coniferous fores t co111111unity 

tha t occupies well-drained s lopes, flats, and ridges a t elevations 

between ca. 2250 and 2800 m in the Long Valley-Mono Basin region. Other 

conifers in this communi t y in addition to Jeffrey pine are lodgepole 

pine (P. ==agana) and white fir (Abies concolor). Sugar pine is pre-

sencly r are if pres~nt at all in western Long Valley, making it notable 

(see Chapter I I) chat a t lease a small community of these conifers 

existed 900 radiocarbon years ago on White Wing Mountain 14 km northwest 

of CA-MNQ-561. Large, locally dense conifer stands , predominantly Jef-

frey pines, from Mammoth Lakes north to the Indiana Summit Area on Bald 

Mountain carpet the ground with thick pine duff and are in some places 

virtually devoid of any understory shrubs. Slightly ease of and below 

Mammoth Lakes, a patchy woodland strip of pinyon pine (P. monophglla) 

and juniper (Juniperus osteosperma) skirts lover Jeffrey and lodgepole 

pine treelines between Casa Diablo Hot Springs and the Owens River (e.g., 

1n the vicinity of Little Antelope Valley). 
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At higher elevations vithin the coniferous forest, open areas often 

contain substantial stands of manzanita (Arctostaphylos patula), snow 

bush (Ceanothus cordu.latus), and IDOuntain mahogany (Cercocarpus lecU.to­

lius), The bitterbrush-sagebrush surface stratu~ at CA-HN0-561, however, 

apparently bridges the transition in shrubs fro~ a pervasive Artemisia­

dominated sagebrush community throughout Long Valley east of Mammoth 

Lakes co Sierra montane species north, vest, and south of town. Other 

shrubs of note in the project parcel are gooseberry (R1bes sp.) and ~nov­

berry (Ceanothus velut1nus). Common seed-bearing gracses such as ne~dle­

graaa (St1pa sp . ) and squirreltail (Sitan1on hystrix) were exploited in 

both forest and sagebrush communities by indigenous people. Indian rice 

graaa (Oryzopsis hymenoides), Great Basin vild rye (Elymus cinereus) , 

vheatgrass (Agropyron s~thil), redtop (Agrostls 4lba), and chia (Salvia 

columbarlae) are among other ~portant seed-bearing plants found in many 

areas of the sagebrush community. Various sedges and rushes (Juncus, 

Carer spp.), willow (Salix sp.), quaking aspen (Populus tremuloides), 

and vildrose (Rosa woodsii) grow in places along Mammoth Creek and other 

watercourses draining the Mammoth e~ayment. 

The most prevalent large game an~l in the Long Valley-Mono Basin 

region is Inyo mule deer (Odocoileus he~onus lnyoensis), although in 

timaa past pronghorn antelope (Ant1locapra americana), and Sierra and 

duert bighorn sheep (Ovis canadensis californians , o.c. nelsoni) may 

have been mora numerous than today. Inyo mule deer range fro~ the Sierra 

eastward a considerable distance into the Great Basin, and follow a 

brovaing pattern that takes the~ into different plant co~nities depen­

ding upon season and elevation. Among the small mammals that inhabit 
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the coniferous forest are various ~oles and ~ce (e.g., pinyon mouse 

[Paragnathus spp.]), chipmunks (Euta~&S ~pp.), and the bushy-tailed 

voodrat (Neotom4 cinerea), Predators include black bear (Ursus ameri­

canus) and weasels (Hustela spp.). At lover elevations , pocket gophers 

(Thomomys spp.) and jackrabbits (Lepus californicus) are common in the 

sagebrush community , preyed upon by the vide-ranging coyote (Canis 

latrans). Forested uplands in the general region support other pr edators 

such a gray fox (Urocyon cinereoargenteus) , bobcat (~nx rufus), and 

IDOuntain lion (Felis concolor). As discussed earlier, particularly 

valued foods among indigenous people in the Long Valley-Mono Basin region 

were larvae of the Pandora moth and a s=ll brine- fly. 

ASSEMBLAGE ANALYSIS 

Although an absolute count has not been =de, at least 150,000 

cultural items of prehistoric origin were recovered in the course of t he 

ARU excavation at CA- MN0- 561. All but a dozen of these are obsidian 

flaked stone tools and debitage. The findings described below, there­

fore, are hardly exhaustive . Considerable research opportunities remain 

to be explored with the collection and it will no doubt survive handily 

aa a focus of laboratory research. The goal here is to provide a des­

cription and evaluation of the cultural asse~lage fro~ CA-MN0-561 with 

reference to the common categories of archaeological debris encountered 

at prehistoric sit es throughout the eastern Sierra and adjacent areas of 

the Great Basin (Bettinger 1975, 1977b, 1979a; Hall 1980, in preparation). 

In-depth, category-specific morphological, technological, and chronolo­

gical analyses are currently under consideration. Not the least of these 
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are comparative technological and hydration analyses of each of the 

obsidian tool and deoitage categories represented in the collection. 

Results of source-sp~cific hydration analyses of 79 projectile points 

and 65 unmodified flakes from the site are given in this chapter and 

evaluated, along with hydration data f r om other prehistoric sites in 

the Long Valley-Mono Basin reHion, on an absolute chronological basis 

in Chapter V. 

1\side from a massive quantity of debitage, 893 mostly fragmentary 

flaked s t one t ools a3d 8 around atone tool fragments vere found during 

the excavation. The fo~r total includes 91 projectile points, 335 

bifaces , 204 roughouts , 32 cores, 7 drills (or drill/gravers), and 224 

unifaces. Fi ve mana and three millingstone fragments comprise the 

ground stone t ool s . A small , shallov bedrock mortar is located just 

north of the nort hern group of primary area excavation units (Fig. 6) . 

Table 1 SUllllll.Brizes the strat.igraphic distributions of flaked and ground 

stone tools per 10-cm excavation leve l without regard to unit location . 

Table 2 indicates the t o t al numbers of flaked and ground s tone tools 

found in each unit without regard t o depth . The distributions shovn in 

Table l suggest a concentration of flaked stone tools (51.1% of total) 

and ground stone tools (62.5% of total) betveen 30 and 60 em depth. 

Hovever, as d iscussed later in the chapter , this is a stratigraphic 

phenomenon restri c t ed for the moat part to excavation level s in the 11 

primary area units (Fig . 6) . The bulk of the CA-MNQ-561 artifact col-

laction derives from these units although they accounted for only slightly 

more than half (54.9%) of the total volume of soil excavated at the site. 

Over 80% of t he flaked stone t ool s vera found in the primary area units, 
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including 90% of the roughoucs and cores. Four of the five mano frag-

~nts and the three millingstone fragment s vere also found in the 

primary area units . Among the 10 perime ter units, nearly 70% of the 

flaked stone cools vere recovered in the five easternmost units, which 

contained 13.4% of all flaked stone cools from the site (Table 3). 

Flaked St one Tools 

With one exception (a drill), all of the flaked stone tools re-

covered are made of obsidian. Stratigraphic totals per level in each 

unit a r e given in Table 4. Trace element anal ysis (performed on an 

energy dispersive X-ray flourescence unit by Paul D. Bouey , Volcanic 

Trace, Davis , CA) revealed tha t 56 (70.9%) of the 79 projectile points 

and 63 (96. 9%) of the 65 unmodifi ed flakes submitted for examina tion 

consist of obsidian from the Casa Diablo source (Ericson, Bagan , and 

Chesterman 1976 : 226 , Fig . 12.1). Aa noted in Chapter II , this source is 

comprised of obsidian flows and inclusions in the large , composi t e, 

rhyolitic "resur gent dome" that vas extruded ca . 0 . 6-0 .7 m.y. ago in 

the vest- centra l area of the Long Valley caldera (Bailey, Dalrymple, and 

Lanphere 1976:732) . Vast quantities of cul turally mod i fied surface 

obsidian occur in many places on the dome a f ev kilometers to t he north 

or northeast of the site (Bettinger 1977b). The proximity of the site 

to this s ource, as vell as the trace e l ement r esults from CA- MN0-561 and 

other prehistoric sites in the Long Valley-Mono Basin region (Bettinger 

1973; Cavan and Wallof 1974; Ericson 1977; Garfinkel l980b; Basgall 1982 ; 

Bouey 1982), make it likely that Casa Diablo obsidian account s for a t 

leas t 70%, and - based on a crude visual inspection of the specimens 
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for probably more than 90% of the entire CA-MN0-561 obsidian collection . 

Relatively greater source diversity among the projectile points from the 

site may be a regional characteristic of this tool category that becomes 

apparent i .n asselllblages containing more than just a few points (e.g., 

Bettinger 1981). 

Projectile Points 

Gross metric a ttributes of the projectile points found at CA-MN0-561 

are given in Appendix A. The stratigraphic distribution of these tools 

per unit and level is presented in Table 5 . Seventy (76.9%) of the 91 
"' 

projectile points were recovered in the primary area units (Table 3). 
~ .... 
0 ... 

Of the total 91, 13 are complete or nearly complete. The remaining "" .... .... 
points include 29 distal, 13 medial, and 36 basal fragments. Two of the t .., 
specimens classified here as projectile points might reasonably be con-

"' ., 
0 .. "' .... ... 

sidered as bifaces. These are, in particular, the one H.owboldt Basal-
..0 .. '" 1-< 0 

notched form (see B~ttinger 1978b) and possibly one of the nondiagnostic 
z 
0 .... 
1-< 
:::> 

"' distal fragments (90-3-35). Given the relatively large number of points ..... 
"' 1-< 

from the site, however, alternate classification of such specimens has a "' .... 
c 

dight and insignificant effect on intrasite tool frequency measures 

discussed below. Forty-eight (52.7%) of the points represent, using 

criteria developed and refined by Thomas (1970 , 1981), well-known, 

widespread Great Basin projec tile point forme. Seven points display 
E 

noteworthy attributes but are o t herwise quite different from the recog- i 

nized forms. The ocher 36 points possess indistinct morphologies and 

are simply referred to as nondiagnostic distal (27) and medial (9) frag-

ments. Diagnostic points (55) are organized into three ucshouldered and 
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nine shouldered categories. Six of t he latter (29 points t ota l ) fea ture 

established time-sensitive forms t ha t clearly suggest that CA-MN0-561 

was occupied ca . 4950-650 b.p. The stratigraphic distributions of 

specific time-sens itive forms and other points per 10-cm excavation 

l evel are summarized in Table 6. 

Tr ace-element and obsidian hydration anal yses were performed on 77 

of the 91 subsurface proj ectile points recovered a t the site. Source 

~ 
0 

~I I&. 
,..:•:.:: ~""~' 

1-o 
•I ;: 

:z: p ... 
0 

l;;;-:.:::.!;~..:1 .,. ...... . ........ ,... . ... , . . . ,, .. 1!:! 
"' !I 

"' ~-

~ l:~.:::.~~~l .. ! 
0 ........... ..,,. .,."" , ..... 

'I ~ I; 
~ 

determinations and hydration measurements for these points are listed in 

Appendix B, a l ong with those for 65 unmodified flakes and two additional 

points from CA-MNo-561. One of t he latte r (USFS 1-146) was recovered 

bel ow 50 em depth during the USFS test excavations; the o cher was found 

on t he surface between Units 1 and 2 (90-1-23) . Fourteen nondiagnos tic 

distal fragment s were not submitted for examination. In addition to the 

USPS and surface specimens, 54 (70 .1%) of t he 77 subsurface poin t s a re 

made o f Casa Diablo obsidian. At leas t five other obsidian sources are 

represented among the remaining 23 points. Fourteen (60 . 9%) of thes e 

are made of obsi dian traced by X:-ray fluorescene techniques to the 

Queen (or Truman-Queen) source ca. 60 km to the northeast (Erics on , 

Hagan , and Chesterman 1976:225-226, Fig . 12.1). Obsidi~l f lows at the 

s ource are ~osed in onl y a few l ocalities and surface depos i ts of this 

fairly old obsidian (ca. 2-5 m.y . ?) have been extensivel y redis t ributed 

by alluvial action. Secondary deposit s are especially concentrated near 

t he upper and lover ends, and bot t oms , of steep canyons (e.g. , Truman) 

draining the abrupt northern rim of Queen Valley . Pre liminary hydration 
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data for debitage from one prehistoric quarry ares near the rim indicate 

that tool manufacturing activities a t Queen began at least 5000 rad i o-



carbon years ago (Hall in prepar ation). Queen obsidian specimens account 

for 17.7% of the sourced points from CA- MN0-561. Trace elecent analysis 
i il "0 ol " .. iii ,. I .... " . 

identified t hree point s as being made of obsidian from either t he Mono 
. tl -- .. " i 

~ I ! - N d " 
Craters or Glass Mountain , but could not dis t i nguish bet~een these two 

sources . Both a r e much closer (25 and 35 km) than Queen to CA-MN0-561. 
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Three other sources are equally represented among the last six points: 

Bodie Hi lls, Moun t Ricks, and Fish Spr ings (Ericson, Hagan, and Chester-

u 

"' ,~ 
0 0 0 0 0-0 0 _ , -:::> 

0 

"' tw-.6 • .1.1: 1•WIIW :n ·uou61f'PWM - 0 0 0 - 0 ol -
~ 81 ...... .... ....... ... .... ,, ~ 

§ 
i 

i 
.... 

man l976 : Fig. 12 . 1; cf. Singer and Ericson 1977; Hall 1980; Bet tinger 
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km t o the southeast. The stratigraphic distributions of specific time-

sensitive forms and other points per obsidian source at CA-MN0-561 are 
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time: (1) the specific chemical composition (which differs with the 

source) of the obsidian; and (2) the temperature provenience of the 

obsidian surface undergoing hydration (e . g., lower vs. upper latitudes, 

hydrothermal activity, surface vs. subsurface (cf. Layton 1973)) . The 

samples from CA-MN0-561 were prepared using standard thL~ section tech-

niques (Michels and Bebrich 1971) . Each hyd ra tion band was measured 

three separate times at each of six loci, and the resultant 18 values 

averaged to obtain a mean estimate (in microns (~]) of the depth of 

diffusion. In two instances where specimens display double hydr at ion 

bands (OHL 1754 , 1757, see Appendix B), each band vas measured three 

times at three loci ( 9 values per band). Bec,ause of the limits in the 

resolving power of the microscope and in the mechanical precision of the 

screw-micrometer eyepiece, each hydration measurement has a baseline 

error of 0.20 lllll. Actual errors (s) accompanying the meau hydra tion 

estimates were less than 0.20 lliD in all but one case where s • 0 . 32 (OHL 

1766). Source and hydration data for unshouldered and shouldered point 

forms from CA-MN0-561, and for the nondiagnostic distal and medial frag-

ments, are summarized ic Table 8. 

Dnshouldered Projectlle Points 

Twenty unshouldered projectile points were recovered a t CA-MN0-561. 

Sixteen (80%) of these vera found in the primary area units. Eighteen 

of the 20 unshouldered points are classified as Humboldt Concave-base. 

The other tvo points are both made of obsidian from sources more than 

60 \c.m avay. 

Humboldt Se ries . ~ineteen of the 20 unshouldered points from the 
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site are assigned to the Humboldt point series. The series was first 

identified at the Humboldt Lakebed site in western Nevada by Heizer and 

Clewlow (1968) who recognized three varieties: Concave-base A, Concave-

base B, and Basal-notched. Generally, Humboldt points can be described 

as unshouldered, lanceolate, vith bases that range from being slightly 

concave and narrov to distinctly notched and broad. The original dif-

ferentiation between A and B concave-base forms was made purely on the 

basis of size, vith the latter form being smaller but othervise the same 

in overall appearance. Some archaeologists (e.c. , Rouse and Clevlov 

1968:108) have felt that there was a progressive reduction over time in 

the size of the concave-base points . Presumably, the B form (smaller) 

became the predominant form only in more recent times. However, the 

distinction in size is not supported by existing morphological data 

(Thomas 1981:17-18) and it is not recognized here. Even then , its puta-

tive temporal significance cannot be effectively evaluaterl with the 

limited amount of chronological information available for Humboldt points. 

This information suggests that the Humboldt series may range in age from 

ca. 5870 to 1250 b . p. in the Great Basin (Heizer and Hester 1978:Table 

6 .1; Thomas 198l:Fig. 2). Humboldt points, or points of the same general 

morphology, have been found at a number of sites in the long Valley-Mono 

Basin region (Davis 1964; Michels 1965; Tadlock and Tadlock 1972; Bet-

tinger 1977b , 1980a, 1981; Garfinkel and Cook 1979; Hall 1980; Hilde-

brandt 1981) . In the Teels Marsh-Truman Meadows area north of Queen 

Valley and east of Mono Basin, Humboldt Concave-base points, when found 

in association (surficial) vith other point forms, frequently co-occur 

with Elko aeries and Little lake Split-stem points (Hall in preparation). 

105 

Hlllli>oldt Concave-base. The 18 Humboldt Concave-base points found 

at CA-MN0-561 are illustrated in Fig. 8 (rows 1-3). Four complete or 

nearly complete specimens were recovered, along vith one distal and 13 

basal fra~ents. The distal fragment (Fig. 8, row 1, far left) is pro­

visionally classified as a Humboldt Concave-base given its generally 

lanceolate, narrow base morphology and its perhaps characteristic diagonal 

ribbon flaking. Fourteen Humboldt Concave-base points (77.8% of total) 

were found in the primary area units. The four examples recovered from 

the perime ter units were a ll located in the upper 30 em of the deposit. 

In the primary area units, 4 points were found in the upper 20 em, 6 

becween 30 and 60 em, and 4 between 70 and 90 em. Twelve (66 . 7%) of the 

18 Humboldt Concave-base points are made of Casa Diablo obsidian, four 

(22.2%} are made of Queen obsidian, and the remaining two (11.1%) are 

made of either Mono Cr t Gl M a ers or ass ountain obsidian (Table 8; Fig. 8). 

Three of the four Queen obsidian spec'-ens f d LW were oun in the primary area 

units, as was the deeper (40-50 em) of the cwo Mono Craters-Glass Moun­

tain examples. The four Humboldt Concave-base points found below 60 em 

at CA-MNo-561 are all made of Casa Diablo obsidian (Table 7). Points 

made of obsidian from sources other than Casa Diablo occurred above 50 

em depth in the primary area units, and above 20 em in the perimeter 

units. naree of the four points made of Queen obsidian were located in 

the upper 20 em at the site, the single exception was found at a depth 

of 30-40 em in Unit 9 (primary area). 

Hydration measurements on the 12 Humboldt Concave-base points manu­

factured from Casa Diablo obsidian range from 3 . 52 um to 5.87 um, with a 

median value of 4.23 um (Table 8). Ten (83.3%) of the 12 measurements 



Fig. 8. (following page) Projectile points fro~ CA-HN0-561 (actual 
size; coa t ed Yith ammonium chloride vapor); r oy 1: Humbol dt 
Concave-base ([9Q-) 8-5 , 16-2, 11-4, 3-40, 10-l, 8-37); roY 2: 
Humboldt Concave- base (9-55A , 3-24, 5-24 , 4-3 , 3-46, 7- 29A); 
row 3: Hu~boldt Concave-base (21-2A, 9-53A, 11-5, 10-74A, 
14-7A, 3-22A); row 4: Humboldt Basal-notched (9-9), 81point 
(10-5), Rose Spring Comer-notched (3-9, 1-23). Obsidian 
sources represented: Queen (10-1, 21-2A, 9-53A, ll-5), Mono 
Craters-Glass Mountain (3-24, 4-3) , Bodie Hills (9-9), Mount 
Hicks (10-5), and Casa Diablo (all others). ' 
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fall betveen 3.52 11m and 4.57 \1M (median 4.05 11m). Based on the hydra­

tion data, the oldest Humboldt Concave-base points made of Casa Diablo 

obsidian vera found in the primary area units between 40 and 50 em (5.87 

\liD, Unit 3) and 70 and 80 em (5.74 11m, Unit 8). The four Casa Diablo 

specimens r ecover ed from the upper 30 em at the site display hydration 

bands that measure between 3.52 \101 and 3.92 \101 • On the whole, however, 

hydration values for the 12 Casa Diablo Humboldt points suggest strati­

graphic mixing of the cultural deposit at CA-MN0-561. Hydratlcn measure­

ments on five Casa Diablo Humboldt points exceed that for the deepest 

specimen found (4.28 11m, 80-90 em, Unit 3). As vill be seen below, the 

hydration data strongly indicate that subsurface tools and debitage at 

the site have undergone extensive vertical redistribution. 

Hydration measurements on the three Queen Humboldt Concave-base 

points found in the primary area units correspond well with their stra­

tigraphic proveniences: 2.28 11m (0-10 em), 2 . 39 11m (10-20 em) , and 2.84 

11m (30-40 em). The tight clustering of the values ' atso suggests that 

these points were deposited as the result of a single occupation at 

CA-MN0-561 or at least successive occupations over a relatively shorc 1 

p~riod of time. A measurement of 4.57 11m vaa obtained on the one Queen 

Humboldt point found in tbe perimeter units (10-20 em, Unit 21) . 

Aaauming relatively contemporaneous deposition of the Casa Diablo and 

Queen Humboldt points in the upper part of the deposit, the hydration 

data indicate that Queen obsidian may hydrate at a slightly slower rate 

than Caaa Diablo obsidian. 

One of the two Humboldt Concave-base points made of Mono Crater s­

Class Mountain obsidian displays two hydration bands , 2.72 11m and 4.27 IJOI. 

109 

This basal fragment (Fig. 8, row 2, second from left) vas found in Unit 

3 (primary area) at a depth of .40-50 em. The tvo bands are suggestive 

of artifact re-use, but it is not clear whether they represent one or 

two occupations at CA-MN0-561. ' The smaller band could reflect re-use of 

a point (or whatever) already deposited a t the site (two occupations). 

Conversely, the point may have been brought to the site possessing the 

larger band which then remained partially intact during subsequent tool 

modUication (one occupation). The smaller band might also represen t 

incidental, natural flaking of the point after deposition (one occupa­

tion). A hydration measurement of 5.36 11m vas obtained on the Mono 

Craters-Glass Mountain Humboldt point found near the surface (0-10 em) 

in Unit 4 (perimeter) a few meters southeast of the primary area units 

(Fig. 6). 

Stratigraphic and hydration data collective ly encourage the obser­

vation that Humboldt Concave-base points were being made in the Long 

Valley-Mono Basin region throughout the main period of occupation at 

CA-MN0-561. This is consistent vith the notion that Humboldt Concave­

base points vere an enduring, perhaps function-specific (hunting) tool 

form in the Great Basin (Thomas 1981:37). 

Humboldt Basa~-notchad. One complete projectile point in the col­

lection is classified as a Humboldt Basal-notched (Fig. 8, row 4 , far 

left) . Though similarly lanceolate in outline, this point is dis tin­

guished from the other Humboldt points by its much broader, essentially 

straight rather than slightly constricting neck. It also has a single 

slight notch on one of its l over latera l edges. The specimen vas found 

aa a depth of 20-30 em in Unit 9 (primary area) , displays a hydration 
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band measuring 3 .80 um, and is made of Bodie Hills obsidian. Hu~oldt 

Basal-notched points in the eactern Sierra and southweste rn Great Basin 

are similar in many ways to points from the western and southern Sie~ra 

identified as Sierra Concave-base by Moratto (1972:256-258). Existing 

chronological data for specimens classified in either manner c rudely 

suggest a time-span of ca. 2450-1450 b.p . (McGuire and Garfinkel 1980: 

41-42 ) , although Bettinger (1978b) argued that this tool form is a time­

sensitive biface dated to ca. 1250-650 b.p. At Gatecliff Shelter in 

central Nevada, Thomas (1981:39, Fig. 5) found two Humboldt Basal-notched 

points in deposits tha t pre-date 1250 b.p . 

Bipoint. The las t of the 20 unshouldered projectile points re­

covered from CA-MN0-561 is a relatively large, complete, extensively 

flaked but thick, leaf-shaped point that is c l assif ied simply as a 

bipoint (Fig. 8, row 4, second from left). Made of Mount Hicks obsidian, 

the specimen was found at a depth of 10-20 em in Unit 10 (primary area) , 

and displays a hydration band measuring 3.24 ~m . 

Shouldered Projectile Points 

Thirty-five shouldered projectile points were recovered in the ARU 

excavation units at CA-HN0-561. Of these, 28 (80%) were found in the 

primary area units. Elko series points comprise 60% of the shouldered 

points from the site (Table 6). Five of the other 14 points are classi­

fied as Little Lake Split-stem. Six of t he remaining 9 points are divi­

ded into three unnamed categories of shouldered points. 

Rose Spring Comer-notched. Including the specimen found on the 

surface between Units 1 and 2 (northern perimeter), two projectile points 

111 

in the collection are classified as Rose Spring Comer-notched (Lanning 

1963). As noted earlier, Rose Spring and Eastgate series points may 

represent tho earliest arrow points snd are usually considered to date 

ca. 1250-650 b.p. in the central and western Great Basin . The CA-MN0-561 

Rose Spring points are triangular in outline, corner-notched, with ex­

panding stems, and both are made of Casa Diablo obsidian (Fig. 8, r ow 4). 

Relative to some of the morphologically similar Elko series points from 

the site (Fig. 9), the two Rose Spring points are substantially smaller 

(Appendix A). It should be pointed out, however, tha t the vidths of the 

stems of these points appear to achieve the critical value of 10 mm that 

Thomas (1981 :20) associated with Elko points from Monitor Valley in cen­

tral Nevada. 

The subsurface Rose Spring point from CA-HN0-561 (Fig . 8, row 4 , 

second f r om right) is nearly complete although flaking does not extend 

entirely across the lower portion of one face of the point (illustrated). 

Found at a depth of 20-30 em in Unit 3 (primary area), the specimen has 

a hydration band measuring 3.23 ~m. In contrast, the surface Rose Spring 

point d isplays a band measuring 4 .20 ~· This point lacks a small distal 

section and one corner (Fig. 8, row 4, far right). The difference in 

hydration values for the Rose Spring points could possibly reflect en­

hanced hydra tion of the surfaca point deriving from prolonged exposure 

to solar radiation (Layton 1973). On the o ther hand, both points dis­

play hydr ation bands larger than the smallest band measured on Casa 

Diablo Elko points (see below). This suggests that the two Rose Spring 

points from CA-MN0-561 may simply be relatively old Rose Spring points, 

or that the y should be more properly considered as comparatively small 
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Fig. 9. (following page) Additional projectile points from CA-MN0-561 
(actual size; coated with ammonium chloride vapor); row 1: Elko 
Comer-notched ([9Q-] 20-11, 9-10, 3-11, 9-11); row 2: Elko 
Corner-notched (7-21, 12-7, 20-14, 3-5A); row 3: Elko Eared 
(9- 20, 11-6, 18-4, 10-16); row 4: Elko Eared (8-1, ll-36A, 
13-12A); row 5 : Little Lake Split-stem (6-37, 3-23, 16-5, 1-14 , 
19-13). Obsidian sources represented: Queen (3-5A , 18-4, 
13-12A, 3-23), Fish Springs (3-11, 12-7), Mono Craters-Glass 
Mountain (19-13), and Casa Diablo (all others) . 
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Elko points. The latter perspective Yould be reinforced by an explici t 

recognition oi the minimum 10 mm stem vidth that Thomas (1981) suggested 

as a metric characteristic of Elko points. 

Elko Series. Twenty-one of the 35 shouldered points found in the 

ARU excavation units are assigned to the Elko series (Hei~er and Baumhoff 

1961). Elko series and Humboldt series point forms t ogether comprise 

70.2% of all classified points (57) from CA-MNo-561. Chronological data 

from the central and Yestem Great Basin strongly suggest a time- s pan of 

ca . 325Q-1250 b .p . for Elko points (CleYlow 1967; O'Connell 1967; Bettin-

gar and Taylor 1974; Heizer and Hester 1978; Thomas 1981). TI1e points 

from CA-MN0-561 are characteristically large, triangular, comer-notched 

forms vith expanding stems and stem bases that tend to be ei ther straight 

to slightly convex (Elko Comer-notched) or markedly concave (Elko Eared). 

Three specimens (not illustrated) found in ~he primary area units are 

apparent medial fragments of Elko points but lack sufficient basal por-

tions to permit classification as either the comer-notched or eared 

form. The threu fragments consist of Casa Diablo obsidian and display 

hydration banda measuring 3 . 54 ~m (50-60 em), 3.82 ~m (20-30 em), and 

3.94 ~m (0-10 em). 

Downstream from CA-MN0-561, over 25 Elko points Yere recovered at 

tbe Mammoth Junction aita (Michels 1965; Basgall 1982:Table 15). Elko 

points are generally quite common in the tong Valley-Mono Sasin region 

(Meighau 1955; Davis 1964; Enfield and Enfield 1964; Tadlock and Tadlock 

1972; Singer and Ericson 1977; Bettinger 1978a, 1981; Hall 1980; Bous­

caren, Hall, and SYenaon 1982; Basgall 1982), although Bettinge r (19;7b) 

recorded only a single possible specimen at 61 prehistoric sites in the 
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Long Valley caldera. Northeast of tong Valley, Elko points are freque nt­

ly encountered at camp and limited ac tivity sites in the pinyon-juniper 

and upper sagebrush plant communities in the Teels Marsh-Truman Meadows 

area (Hall in preparation). 

Elko Corner-notched. Eleven Elko Comer-notched points Ye re found 

at CA-MNQ-561. Two complete or nearly complete specimens, one medial 

fragment, and 8 basal fragments Yere recovered. Eight of the 11 Elko 

Comer-notched points are illustrated in Fig. 9 (toYs 1-2). Three basal 

fragments (not illustrated) appear to be portions of the stems of Elko 

Comer-notched points quite similar to fragments classified in the same 

manner at the Lee Vining Creek site (Bettinger 198l:Fig. 6b-f, h), and 

the Forest Service Forty site wes t of CA-MNo-561 (Basgall 1982:Fig. lOc). 

Nina (81.8%) of the 11 Elko Comer-notched points from the site Yere found 

in the primary area units, eight of these between 10 and 40 em dep th, and 

one between 50 and 60 em. The two specimens recovered in the perimeter 

units (1, 12) Yare located between 30 and 50 em below the surface. Eight 

(72.7%) of the Elko Comer-notched points are manufactured from Casa 

Diablo obsidian, 7 of these occurred in the primary area units . Two 

points are made of Fish Springs obsidian (Fig. 9, row 1, second from 

right, row 2, second from left), and one is made of Queen obsidian (Fig. 

9. row 2, .far right). The latter point Yas found at 10-20 em depth in 

Unit 3 (primary area). One of the Fish Springs points was recovered in 

the next lowest level (20-30 em) in Unit 3, and the other was found be­

tween 40 and 50 em in Unit 12 (perimeter). 

Hydration measurements on the 8 Casa Diablo Elko Comer-notched 

points range from 3.17 ~ to 5 .79 um, Yith a median value of 3.89 um (see 
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Table 8). Six of these points possess hydration banda measuring betueen 

3 .17 ~m and 3.96 ~m. Stratigraphic mixing at the site is suggested by 

the fact that the smallest band on a Casa Diablo Elko Comer-notched 

point (3.17 ~m) occurs on the deepest specimen recovered (50-60 em, Uhit 

7) . Notably, the tvo largest bands (5.25 ~m and 5.79 ~m) are displayed 

by cvo of the tentatively classified stem fragments. Hydration values 

of 3.69 ~m and 4.90 ~m uere obtained for the tvo Fish Spring points, ' nd 

the hydration band on the s ingle Queen specimen measures 4.16 ~m . 

Elko Eared. Seven Elko Eared points vere found a t the si t e (Fig. 

9, rovs 3-4). Four of these are relatively large basal fragments, and 

three are fragments of the stem belov the neck. Six of the 7 uere re­

covered in the primary area units. The single Elko Eared point loca ted 

in the perimet er units (10- 20 em, Unit 13) is made of Queen obsidian. 

Aside from one other Queen specimen, the remaining Elko Eared points (5) 

a re all made of Casa Diablo obsidian. Four of the points found in the 

primary area units occurred in the upper 20 em of t he deposit, and 2 

berveen 40 and 50 em. Without regard to unit location , it may be of 

interest to note tha t 5 (71.4%) of the 7 Elko Eared points uere recove red 

above 20 em depth at CA-HN0-561 , vhereas 9 (81.8%) of the 11 Elko Corner­

notched points were found below 20 em (Table 6). This could indicate 

that Elko Eared points uere primarily in use toward the latter part of 

the Elko time-span (3250-1250 b.p.), a temporal pattern also indicated 

in the stratigraphic distributions of Elko point forms at Catecliff 

Shelter (Thomas 198l :Fig. 2). The smallest hydration band displayed by 

a Case Diablo Elko point from CA-MN0-561 (2.89 ~m) occurs on an Elko 

Eared specimen (30-40 em, Unit 10; Fig. 9, rou 3, far right), though the 
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remaining four hydration values on Casa Diablo specimens (3.75-4 .43 ~m) 

considerably overlap those ob t ained for Elko Corner-notched points made 

of the same obs idian (Table 8). Both Queen Elko Eared points were found 

betveen 10 and 20 em depth and feature hydration bands measuring 2 .85 ~m 

{perimeter unit specimen) and 3.74 ~m . 

In summary, the 21 Elko series points from CA-MN0-561 uere all lo­

cated above 60 em depth (Table 6). Seventeen (81%) of the specimens we re 

found in the uppe r 40 em of the deposit at the site. Including the three 

Elko medial fragment s, 18 (85.7%) Elko series points occurred in the 

primary area units. Sixteen (76.2%) of t he Elko points from the site 

are made of Casa Diablo obsidian (Table 7) . Of the remaining five poin ts, 

tvo are made of Fish Springs obsidian and three of Queen obsidian (all 

of the latter vere found berveen 10 and 20 em depth [Table 7]). Hydra­

tion bands on the Casa Diablo Elko points measure from 2.89 ~to 5.79 ~m , 

uith a median value of 3.85 ~m (Table 8). Nine (56.3%) of these values 

fall between 3.17 ~m and 3.96 ~m. The three Queen obsidian points dis­

play bands measuring berveen 2.85 ~m and 4.16 ~m, and hydration values 

of 3.69 ~ and 4.90 ~m we re obtained for the tvo Fish Springs specimens 

(Table 8). The stratigraphic and hydration data from CA-MN0-561 suggest 

that, along with Humboldt Concave-base points, Elku series points are 

characteristic of the principal period of occupation at CA-HN0-561 . 

Little Lake Split- stem. Five shouldered points from CA-MN0-561 

(Fig. 9, row 5) are classified as Little Lake Split-s tem (Lanning 1963; 

Bettinge r and Taylor 1974; Thomas 1981; see above). These corner­

notched points are distinguished from Elko series points at the site 

(and generally) by their compar a tively greater thickness and relatively 
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straight rather than expanding stems (Fig. 9; Appendix A). Four of the 

Little Lake Split-stem points were found between 30 and 60 em depth. , 

The deepest specimen f ound occurred between 80 and 90 em in Unit 6 (pri­

mary area) and is made of Casa Diablo obsidian (Fig. 9, row 5, far l eft) . 

Both of the ocher two Little Lake Split-stem point3 recovered in t he 

primary area units are made of nonlocal obsidian. A Mono Craters-Glass 

Mountain specimen was l ocated between 30 and 40 em in Unit 19 (Fig . 9, 

rowS , far right), and a Queen specimen between 40 and SO em in Unit 3 

(Fig. 9, r ow 5, second from left) . The t wo Lit t l e Lake Split-stem points 

located in the perimeter units (30-60 em) are made of Casa Diablo obsi­

dian . 

Little Lake Split-seem points, as discussed earlier, appear co dace 

ca. 4950-3250 b . p. (pre-Elko series) in the central and western Great 

Basin. Hydration data for the five points from CA-MN0-56L (Table 8) · 

suggest that the transition (if that is the right t :rm) from Little Lake 

to ll.ko forms took place gradually. Two of the Casa Diablo Little Lake 

Split-stem points display hydration banda measuring 3. 75 ~m and 4 . 04 um 

(deepest poi.oc) , well within the upper range of Elko series poi.ncs made 

of the same obsidian from the site (Table 8). Apparently the oldest 

Little Lake Split-stem point made of Casa Diablo obsidian is a reworked 

point (Fig. 9, row 5, second from right) found in Unit 1 (50-60 em) that 

displays a hydration band measuring 6.85 ~· Hydration values for the 

Queen and Mono Craters-Glass Mountain points are, respectively , 3.43 um 

and 5.82 um (Tdbl~ a). 
Grpaum Cave Contracting-stem. Two of the 35 shouldered points re­

covered from CA-~0-561 are classified as Gypsum Cave Con t racting-stem 
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(Harring t on 1933; Clevlov 1967; Thomas 1981 ;' see above). As mentioned, 

these relatively large, constricting-stem points may temporally coincide 

to a substantial extent vith Little Lake Spl it-stem points, ca. 4950-

3250 b .p., although they do occur in cultural deposits dating somewhat 

later than 3250 b.p. Both of the Gypsum Cave Contracting-s tem specimens 

were f ound in the primary area units . One of these is a complete point 

made of Casa Diablo obsidian with a hydrat i on band measuring 3 .96 ~m. 

It vas recovered from a depth of 40-50 em in Unit 8 (Fig. 10 , row 1, far 

right). The other, nearly complete Gypsum Cave Contrac ti.ng-stem vas 

found in Unit 10 at a depth of 50-60 em and is made of Queen obsidian 

(Fig. 10, row 1, far left). This points displays a hydration band 

measuring 3.86 um . 

Unnamed Shouldered Points. Six shouldered po i n ts were recovered 

during the ARU excavation that cannot be easily ass igned to established 

point series. All of these points are large, relatively broad and thick, 

with varying basal attributes that crudely suggest three separate cate­

gories . 

UllllaJDO!d Form 11. Titree of the six points are large, thick, corner­

notched forms with relatively straight stems (Fig. 10, row 2). Two are 

basal f ragments and one is complete. The specimens are similar in over­

all morphology to other points found in the eastern Sierra and nearby 

areas (e . g., Meighan 1955:Pl. 3; Hall in preparation; Robert Jackson, 

personal communication 1983). One such point was located on the surface 

at the Forest Service Forty site, is made of Fish Springs obsidian, and 

has a hydration band measuring 4 .33 um (Basgall 1982:48, Fig . lOb). Two 

comparable points were found ac the Sherwin Grade site (Gar f i nkel and 
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Fig. 10. (following page) Projeccile poincs and ~rills from CA-MN0-561 
(actual size; coaced Yith ammonium chloride vapor); row 1: Gyp­
sum Cave Contracting-stea: ([90-) 10-48, 8-11); row 2: unnamed 
shouldered form #1 (10-8, 21-3, 10-69A); row 3: unnamed shoul­
dered form 12 (USFS 1-146, [90-) 10-29, 3-29); row 4: unnamed 
shouldered form i3 (13-18A), two drills. Obsidian sources re­
presented among the p~ints: Queen (10- 48, 10-8, 10-29) and 
Casa Diablo (all others). 
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Cook 1979:Fig. 16i, k). · ana of the Sherwin Grade specimens was recovered 

between 50 and 60 em depth, and Garfinkel and Cook (i979:Tables 5, 13) 

reported that it is made of Ca~a Diablo obsidian and features a hydra­

tion band measuring 8.18 ~m. Several points that apparently resemble 

this form vera found at the Mammoth Junction site (Michels 1965:Pl. 4). 

Hydration values for these non-sourced specimens range from 5 .62 ~m to 

8.16 ~m (Michels 1965:254). Tvo of the points from CA-MN0-561 were 

found between 20 and 30 em in Unit 10 (primary area). One is made of 

Casa Diablo obsidian and displays a hydration band measuring 4.97 ~m. 

The other point from Unit 10 has a hydration value of 4 . 56 ~and is made 

of Queen obsidian (Fig. 10, row 2, far left). A Casa Diablo s pecimen 

was located between 10 and 20 em in Unit 21 (perimeter) and possesses a 

hydration band measuring 5.78 ~m. Relative to most of the other 

CA-MN0-561 points made of Casa Diablo obsidian, therefore, the hydration 

data indicate that these three shouldered points were probably deposited 

during earlier occupations of the site. 

llllnam!!d Form 12. 1\lo of the six unnamed shouldered points are 

large, thick forms with broad conatricting-stems, and shoulders that are 

decidedly less pronounced than those of the three points described above. 

Both specimens were found in the primary area units, and one of these 

(Fig. 10 , row 3, far right) is strikingly similar to a Silver Lake point 

found on the shores of Pleistocene Lake Mohave (Amsden 1937:Pl. 42f). 

Silver Lake FOints are uaually considered to be older than 5000 b.p. 

(Bettinger and Taylor 1974). The point from CA-HN0-561 was located be­

tween 50 and 60 em depth in Unit 3, is made of Casa Diablo obsidian, and 

has a hydration band measuring 6 . 32 ~m. A comparable point, though much 
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larger, occurred between 40 and 50 em in Unit 10, is made of Queen obsi­

dian, and displays a hydration band measuring 4.81 ~(Table 8). Both 

of the CA-MN0-561 points in this unnamed category are complete. Also 

classified in the same category is the point recovered a t 50-60 em depth 

in a USFS test excavation unit at the site (Fig. 10, rev 3, far left). 

The point is made of Casa Diablo obsidian and possesses the largest 

hydration band (7.24 ~) of the 79 points from CA- MN0-561 subjected to 

hydration analysis . Hydration values on the two Casa Diablo obsidian 

specimens suggest that they may represent the earliesc occupations a t 

the site. 

UnnllJDed Form It J, TI1e last of the six unnamed shouldered points 

recovered in the ARU excavacion units consists of the basal fragmenc of 

a large comer-notched or side-notched point with an expanding , short 

stem, and a slightly convex stem base (Fig. 10, row 4, far left). Found 

at a depth of 70-80 em in Unit 13 (perimeter), the specimen displays a 

hydration band measuring 5.82 ~ and is made of Casa Diablo obsidian 

(Table 8). 

Nondlagnost!c Point Distal Fragments 

1\lenty-one (77 . 8%) of the 27 nondiagnostic projectile point distal 

fragments from CA-MN0-561 were recovered in the primary area units. Of 

these , 19 (90.5%) were found between 30 and 70 em depth. The remaining 

two distal fragments from the primary area units were located at depths 

of 10-20 em and 80-90 em. In contrast, 5 (62.5%) of the 8 distal frag­

ments recovered in the perimeter units occurred in the upper 30 em of 

the deposit. Two other fragments were found between 30 and 50 c~ depth, 
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and ona was found at a depth of 60-70 em. The lack of but one distal 

fragment in upper 30 em in the primary area units becomes more notable 

aiven a point basal :dis tal fragment ratio in these levels of 11 :1 and an 
I 

overall ratio of 5:4 in both primary area and perimeter units (6:5 com-

bined). Al though this could reflect a change in the nature of activities 

involving points in the vicinity of the primary area units (e.g. , re-

duced point production, less distal breakage), hydration data sugges t 

tha t this stratigraphic pattern is more apparent than real. Thirteen 

distal fragments were submitted to trace element and hydration analys~s . 

Ten of the thirteen are made of Casa Diablo obsidian (Table 7) and dis-

play hydration bands measuring bee-ween 2.94 11m and 5.17 um with a median 

value of 4.08 11m (Table 8). Half of the ten Casa Diablo obsidian speci-

me~a occurred below 30 em depth in the primary area units. The other 

five were located in the perimeter units, three of these were found 

above 30 em depth. 

Hydration values for the Casa Diablo obsidian fragments from the 

primary area unit~ range from 2.94 11m to 4.87 l!mo while values of 3.33 

11m, 3.68 11m, and 5.17 11m were obtained for the three Casa Diablo frag-

meats found above 30 em depth in the perimeter units. The remaining t:wo 

Casa Diablo specimens from the latter units have bands measuring 4.48 . 11= 

(40-50 em) and 5.07 11m (60-70 em). Two of the Casa Diablo distal frag-

meats axamined from the primary area units, one of which was the lowest 

specimen found (80-90 em), possess hydration bands smaller than the 

smallest observed on Casa Diablo distal fragments located in the peri-

meter units, Bence, the relative lack of point distal fragments in the 

upper 30 em of the deposit in the primary area units may be mostly a 
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product of stratigraphic redistribution rather than evidence of a chrono­

logically significant change in occupational activities. 

Two of the thirteen sourc~d distal fragments consist of Queen 

obsidian (Table 7). One of these occurred at a depth of 30-40 em in 

Unit 3 (primary area) and displays a hydration band measuring 2.77 11m. 

The other Queen specimen waa located at the same depth in Unit 13 (peri­

me ter) and has a hydration band measuring 3.89 lim· The laat distal 

fragment analyzed consists of Mount Hicks obsidian, features a hydration 

band measuring 4.61 11m , and occurred at a depth of 10-20 em in Unit 4 

(perimeter). 

NondJ.agnostic Po1nc Hedlal Fragmenes 

Nine nondiagnostic projectile point medial fragments were found at 

CA-HNQ-561 (Table 6). Seven (77.8%) of the 9 were recovered in the pri-

mary area units; 3 in the upper 20 em, 3 between 30 and 60 em, and one 

a t a depth of 70-80 em. Two medial f;agments were located in the peri-

meter units , one bee-ween 30 and 40 em and another between 50 and 60 em. 

Seven of the 9 medial fragments consist of Casa Diabl~ obsidian and have 

hydration bands measuring between 2.44 11m and 5.29 11=. with a median 

value of 3.89 11m (Table 8). One medial fragment made of Queen obsidian 

was found in the first level (0-10 em) of Unit 5. This medial fragment 

has a hydration band measuring 4.01 11m. The deepest medial fragment 

recovered from CA-MN0-561 (70-80 em, Uni t 19) was also the deepest of 

the 23 points traced to non-Casa Diablo obsidian sources. Made of Bodie 

Hilla obsidian, the specimen has a hydration band measuring 3.56 II=· All 

other non-Casa Diablo obsidian points in the trace-element sample occur-
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red above 60 em depth (Table 7). 

CA-HNo-S6l Projecti.lo Points' S=ry 

Subsurface projectile points at CA-HN0-561 vere found continuously 

to a depth of 90 em in the primary area units, and to a depth of 80 em 

in the perimeter units. Of the total 91 points recove red during the ARU 

excavation, 71 (78%) occurred be tween 10 and 60 em belov the surface 

(Table 6). In the primary area units, 52.8% of the points vere found 

between 30 and 60 em. Over h3lf (52.3%) of the points i n the perimeter 

units occurred in the upper 30 em of the deposit. Casa Diablo obsidian 

accounts for 41 (7().7%) of the 58 sourced polnts found i n the primary 

area units. Eleven (19%) of the 58 are made of Queen obsidian. Mono 

Craters-Glase Mountain (2), Bodie Hills (2), Fish Springs, and Mount 

Hicks obsidian sources are represented among the six (10.3%) rema1ning 

po1nts from the primary area units. Thirtee n (68 .4%) of the 19 sourced 

points f ro111 the perimeter units are made of Cas.1 Diab lo obsidian. Queen 

obsidian account-s for 3 (15.8%) of the 19 points. Mono Craters-Glass 

Mountain, Fish Springs, and Bodie Hills obsidian sources are each r epre­

sented by a single point from the perimeter units. Including the surface 

Rose Spring Comer-notched point and the unnamed co=plete shouldered 

point found by the USFS, hydration values on 56 Casa Diablo points from 

CA-HNQ-561 range from 2.44 ~to 7 . 24 ~· The fourteen Queen obsidian 

points from t he site display hydration bands measur1ng fro111 2.28 ~ to 

4. 81 ~. Hydration ranges for the other nonlocal obsidian points are : 

2.72-5.82 ~~~~. Monu Craters-Glass Mountain (includes measurements for both 

banda on one of the Humboldt Concave-base points); 3,69-4.90 pm, Fish 
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Springs; 3.56-3.80 ~. Bodie Hills; and 3.24- 4.6 1 ~ . Mount Hicks. All 

but two of the 23 non-Casa Diablo obsidian po1nts occurred above 50 em 

dep th at the site (Table 7). The two deeper specimens, one mads of 

Queen obsidian (50-60 em) and one of Bodie lUlls obsidian (70-80 em), 

were both found in the primary area units. 

I n terms of the chronology of prehistoric occupations at CA-HN0- 561 , 

the recovery of a substantial number of Elko series points (21) minimally 

suggests that the site vas occupied primarily ca. 3250-1250 b.p. Hydra­

tion data for points from the site further indica te the likelihood of 

earlier, perhaps less frequent or intensive occupations at the s ite, and 

sporadic occupations, if any at all, after ca. 1250 b.p . The latter 

observation is supported by a relative comparison of hydration data from 

CA-HN0-561 vith those reported for the Mammoth Junction site (Michels 

1965) and the Forest Service Forty site (Basgall 1982; Jackson 1982). 

Although the bulk of hydration va lues from all three sites (regardless 

of obsidian sources) are quite co111parable (see Chapter V), there are 

proportionately far fewer va lues below 3.00 ~mat CA-HN0-561 than at t he 

other two sites. The hydration data from the site also 1ndicate that 

the apparent transition in projectile point morphology from Little Lake 

Split-stem and other early point forms to Elko series point forms took 

place gradually over a long period of time in the eastern Sierra (Table 

8). 

The stratigraphic distribution of non-Casa Diablo obsidian po ints 

at CA-MN0-561 suggests a pattern of decreasing source diversity vith 

1ncreasing depth. This may be a stratigraphic phenomenon perhaps pri­

llll'rily characteristic of projectile points alone of a ll other tool and 
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debitage categories (cf. Bettinger 1981:49). Only ~o of the 65 unmodi-

fied flakes submitted for trace-element analysis (5 per 10-cm l evel to 

a depth of 130 em, see below) consist of non-Casa Diablo obsidian. One 

of these was loca ted at 20-30 em depth in Unit 3, and the other between 

120 and 130 em in Unit 1. Assuming that it is not purely a consequence 

of post-depositional stratigraphic redistribution, relatively greater 

source diversity among the points from the upper part of the deposit may 

reflect (1) expanding obsidian point (or blank) exchange networks among 

hunters (Bettinger 1981:51); or (2) increasingly frequent forays into 

southwestern Long Valley to procure any of a number of material resourc~s 

and perhaps engage in economic and social interaction by groups of peopl~ 

originating in, o~ at least carrying obsidian points from outlying areas 

(e.g., in and around Queen Valley). Ultimate resolution of this strati-

graphic pattern among tha sourced projectile points from CA-MN0-561, 

apparently also present at the Lee Vining Creek site (Bettinger 1981), 

will be ddpendent upon es t ab lishment of hydration rates for each obsidian 

source thereby permitting integrated chronological analyses of mulitiple-

source obsidian assemblages. 

Bifaces 

Only 9 (2.7%) of the 335 bifaces recovered from CA-HND-561 are com-

plete. Over 75% (253) ot them consist of either distal or medial fra~­

menta, and the remaining 73 examples are basal fragments. Nine specimens 

are illustrated in Fig. 11. The fragments vary in size from relatively 

small distal sectiona to large, broad medial or basal portions. Flaking 

on the bifaces from CA-HN0-561 usually extends across both faces from 

I 

I 
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fig. 11. Bifaces from CA-MN0-561 (actual size; coated with ammonium 
chloride vapor). 
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the edges, but in some cases the entire surface of the tool has not been 

flaked. All of the bifaces are lenticular in cross-section. The com-

plete bifaces and basal fragments display basal configurations that 

range from being smoothly rounded to abruptly squar ed-off. Many of the 

bifaces exhibit use damage in the form of steep, step fractures on one 

or more edges - presumably indicative of use in various chopping, sera-

ping, and cutting activities. Moreover, given the relatively large 

number of bifaces found at the site, it is highly probable that some 

were broken during manufacture for later trade across the Sierra. The 

notion chat biface production for trade took place at CA-MN0-561 is 

consistent with evidence from several other non-quarry and quarry sites 

in the eastern Sierra where biface, roughouc, and debitage frequencies 

appear to be much greater than would be exFected as a res ult of purely 

local patterns of procurement and use (e.g., Singer and Ericson 1977; 

Bet t inger 1980a, 1981; Basgall 1982) . 

Bifacea were recovered continuously to a depth of 100 em in the 

primary drea units , where most (81.2%) of the specimens occurred (Table 

3) , and to a depth of 90 em in the perimeter units. The stratigraphic 

distribution of bifaces per unit and level is given i.n Table 9. Forty-

one (65.1%) of the 63 bifaces located in the perimeter units were re-

covered in the fiva eastern units (Fig. 6) . Nearly half (48.2%) of the 

bifacea from the primary area units occurred between 30 and 60 em depth, 

while 42.9% of the bifaces found in the perimeter units were located in 

these three levels . 
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Roughouts 

Fifty-six (27. 5%) of the 204 roughouts found at CA-MND-561 are 

unbroken. Three of these are illuotrated in Fig. 12 (upper row). The 

roughouts are minimally worked (prim£rily percussion flaking) , rarely 

exhibi t use-related edge damage, and were apparently intended for further 

reduction into other tool forms. The specimens are generally quite 

thick in comparison to other flaked stone tools from the site. Fifteen 

ot th~ unbroken roughouts and 39 of the 148 fragments (26.5% of total) 

retain facets of the original rock cortex, suggesting that at least in 

some instances largely unworked quarry material (probably from Casa 

Diablo) was brought to the site for initial or major secondary reduction . 

This interpretation is encouraged by the presence of over 800 flakes 

with facets of cortex in the debitage sample recovered in the three con-

trol units (1-3, see below). 

Almos t 90% (182) of the roughouts were found in the primary area 

units (Table 3) where they occurred continuously to a depth of 100 em. 

Nineteen (86 .4%) of the 22 roughouts from the perimeter units were 

located in the five eastern units. In these units, roughouts were found 

continuoualy to a depth of 90 em. One specimen was recovered between 

100 and 110 em in Unit 4. Table 10 gives the stratigraphic distribution 

of roughouta per unit and level at CA-MN0-561 . The bulk of roughouts 

occurred between 20 and 60 c2 depth in both the primary area (64.8%) and 

perimeter (59.0%) unita. 

Cores 

Of the 32 cores and core fragments recovered during the ARU excava-

lJl 

Fig. 12. Roughouts (upper row) and unifaces (lower row) from C.\-MN0-561 
(actual size; coated with a111111onium chloride vapor). 
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tion at CA-MN0-561, 29 (90.6%) of these vere found in the primary area 

unita {Table 3). Three vere located in the eastern perimeter units, 2 

in the upper 20 em {Units 12, 15) and one at the bottom of Uni t 4 {100-

110 em). No cores vere encountered in the northern and vestern perimeter 

units. The cores are relatively large, percussion flaked obsidian 

nodules {or pieces thereof) of variable shape from vhich large flakes 

vere detached for subsequent modification. Twenty {62.5%) of the cores 

exhibit facets of the original cortex. In the primary area units, 5 

cores vere recovered in the upper 30 em, 21 {72.4%) betveen 30 and 70 em, 

and 3 becveen 70 and 90 em. The stratigraphic distribution of cores 

per unit and level at the site is given in Table 11. Given the tremen-

dous volume of debitage at CA-MN0-561, the number of cores recovered 

seems lov. On the other hand, cores do not account for much of t he 

assemblage at several other sites in the long Valley-Mono Basin r egion 

vhere stonevorking vas an obviously significant activity {e .g., Bettinger 

1980a, 1981; Bouscaren, Hall, and Svenson 1982; Basgall 1982). It may 

be that cores are {expectably) mor e characteristic of quarry sites, 

vheress biface and roughout production predominanted at nearby non-quarry 

vorkshop sites • 

Drills 

Two relatively complete drills and five drill tip fragments vere 

recovered at CA~~0-561. These tools are distinguished by a narrov, 

relatively thick, usually bifacially flaked working projection . One of 

the larger specimens is illustrated in Fig . 10 {rov 4 , second from 

right). The only non-obsidian flaked stone tool in the CA-MN0- 561 
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collection is a cryptocrystalline drill tip fragment (Fig, 10, roY 4, 

far right) that vas found at a depth of 20-30 em in Unit 19 {primary 

area). Two of the 6 obsidian drills were located in the eastern peri-

meter units (0-10, 40-50 em) and the other four occurred in the primary 

area units. In the latter units, single specimens Yere found at depths 

of 0-10, 10-20, 20-30, 40-50, and 80-90 em. The stratigraphic distri-

bution of drills per unit and l evel at the site is given in Table 12. 

Unifaces 

The 224 unifaces found at CA- MN0-561 consist of 162 complete and 62 

fragmentary specimens. Host of the unifaces were fashioned by unifacial 

retouching on one or more edges of relatively large flakes. Unifacially 

prepared working edges also occur on a few apparent core fragments (clas-

sified here aa unifaces). Two of the larger unifaces are illustrated in 

_Fig. 12 (lower row) . Of the total 224 unifaces, 163 (72.8%) were re-

covered in the primary area units (Table 3) although 60.7% of the unifaces 

located in the upper 10 em occurred in the northern and eastern perimeter 

units. Table 13 gives the stra tigraphic distribution of unifaces per 

unit and level at the site. Unifaces were found continuously to a depth 

of 90 em in the primary area units, 108 (66 . 3%) occurred between 30 and 

60 em depth. Only two unifaces were found in the western perimeter 

units (0-10, 70-80 em) . TI>irty-tvo (54.2%) of the 59 unifaces from the 

northern and eastern perimeter units were recovered in the upper 30 em 

of tba deposit. 

Flaked Stone Debitage 

As discussed earlier, an attempt to recover all debitage could be 
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made only in Units 1-3 (control uni.ts). The quantitative description 

of debitage from CA-MN0-561 presented beloY is therefore based on debi-

cage excavated in the three control units. Judging by a crude laboratory 

assessment, at least 125,000 (if not 150,000) pieces of debitage Yere 
1 

removed from the site during the excavations of Units 4-21 . Five cate-

gories (defined above) of debitage are recognized in the control unit 

collection: biface retouch flakes, use-modified flakes Yith or Yithout 
I 

cortex, and unmodified flakes Yith or Yithout cortex . L~cept for three 

unmodified cryptocrystalline flakes and a single unmodified rhyolite 

flake, all debitage found at CA-MN0-561 derived from obsidian s tone-

working. 

Based on frequency, the stratigraphic distribution of debitage in 

the control units and the percent located in each unit are given in 

Table 14. Table 15 supplies the same information, but is based on the 

total Yeight of debitage. According to the frequency data, unmodified 

flakes (31 ,116 total) account for 95.5% of the debitage in Unit 3 and 

97.6% of the debitage in Units 1 and 2. Based on the total Yeight of 

unmodified flakes these figures are, respectively, 72 . 4% and 74.2%. The 

differences in percentages undoubtedly reflect an abundance of small, 

light unmodified flakes and relatively larger, heavier biface retouch, 

use-modifi&d, and unmodified (wi.th cortex) flakes. Aside from the sheer 

volume differenca (Fig. 7, Tables 14-15) between Unit 3 (primary area) 

and Units 1-2 (perimeter), debitage in the control units had a variable, 

but nonetheless fairly even stratigraphic distribution. Unit 3 had a 

slight concentration of debitage between 30 and 60 em depth (40.7% based 

on frequency, 45 . 2% based on total weight). Field observations and 
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flaked stone tool distributions in the eleven primary area units suggest 

that this concentration at 30-60 c~ would beco~ ~re outstanding given 

II ~ •• ~ ~ ~ - •• H :II -, ': ": ~, 0 

~I i~~~~~;i~~:..;; :II ·-- ~ --~ . ~~ .. ~:: .. ~,.. .. ;: .. • "- ~ ... ,.. ... ,...,.. ............. 
co~plete debitage counts and weights fro~ a ll units. 

Estimates of the mean weights fo r each of the five debitage cate-
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gories in the contr ol unit collection are given, on an overall and 

stratigraphic basis, in Table 16. Ideally, debitage mean weight esti-

mates would entail the separato weighing of each piece of debitage in 

order to estimate the variance accompanying each mean estimate. This is 
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with much less effort estimates of overall ~ean weights anJ variances by 

treating the 10-cm excavation levels in each control unit as sample units 

and deriving a ratio mean estimate (r) · based on two var iables: debitage 

frequency and total weight per level (cf. K.ish 1965:186; Cochran 1977: 

31). Since, in this instance, the nu~er (n) of sample (level) units per 

control unit i s equal to the actual population (N) of sample units , a 

... .a 
0 

finito population correction (1 - f, whero f • n/N) is not required in 
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0 a~ - 2 - ~ ~ s-. ~ )! l Sll . -o ~, 0 .... ......... ,.. .. ~ ... 

=~ ~it!;;~::~~,:;o•o ~ ~ ~ ::> 

"' .. .... i "' 

the co~putation of variances for the ratio estimates . Thus , for a given 

category of debitage in Unit 3: 
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where 

x • tx1 • sum of debitage weights per level 

y • ty
1 

• sum of debi tago counts per level 

and 

x
1 

• total deb i tage weight in level 1 
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y1 • total debitage count in level 1 

This ratio =ean estimate is equivalent to the weighted mean of t he mean 

debitage weights per level (Kish 1965:186). The variance (var) of the 

estimate is approximated (Kish 1965:187-188; Cochran 1977:31- 33) by: 

var( r ) • (var(x) + ~var(y) - 2rcov(x,y) ) /y2 

• n[s2 + r 2s 2 - 2rs ]/y2 
){ OJ XI} 

where 

(I:xJ (x2 / n)) /(n - 1) 

a~ • (I:yf - (y2 / n) ) /(n - 1) 

"xy • (I:x1 y1 - (xy/~) ] /(n - 1) 

also, 

vat:(r) • s;;n 

whet:e 

and 

s; • tzf/(n - 1) 

with 

thus 

s; • nvar(r) 

n1e estimate of var(r) is weighted by y
1

/(y/n) , the relative sum of 

debitage per level 1 . A standard ert:or (se) for r is equal to t he square 

root of var(r) . 
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Eecauae both numerator and deno=inator vary from level to level 

(Tables 14-15), the sampling distribution of r is more complicated than 

that for a simple univariate mean estimate (Cochran 1977:31). Effective 

use of r, therefore, requires good control over the variation in debitage 

weights and frequencies between levels. In the present case, this con­

trol is measured by the coefficients of variation (cv) of X and y: 

cv(x) • se(x)/x 

cv(y) • se(y)/y 

and 

se(x) • square root of var(x) 

se(y) • square root of var(y) 

CV(x) and cv(y) values less than 0.10 are most preferable, but higher 

values can sometimes be tolerated (Kish 1965:186, 218; Cochran 1977:153). 

Relatively low coefficients are necessary to hold the bias of the esti­

mate to a negligible level and to ensure valid approximation of the 

variance (Kish 1965:218). Controlling cv(x) and cv(y) improves with in-

creaned sample size since the distribution of r tends toward normality 

(Cochran 1977:31) . In small samples, the distribution of r is u sually 

skewed, resulting in higher cv values and a more biased estimate of R. 

Taking this into account, cv(x) and cv(y) values less than 0.25 are 

considered here as reasonably low enough to attempt computation of a 

variance for a given ratio estimate of mean debitage weight . Confidence 

li=its for r can then be es~imated as: 

r ! tse(r) 

where 

t • the percentage point of a given confidence 

If 

I 
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probability (1 - n) obtained from a Student's 
t table w"ith n - 1 degrees of freedom 

For the two perimeter control units, a weighted ratio mean (rw) 

combining data from both units was derived to estimate overall debitage 

m~an weights in each category. (There is a alight, but probably ins"ig-

nificant bias in this procedure since only half of each level was exca-

vated below 100 em in Unit 1). Weighted ratio estimates for Units 1 and 

2 were computed as follows: 

r • !:W r 
w p p 

where 

W • proportion of all excavated levels in unit p (1 or 2) p 

r • ratio estimate of mean debitage weight in unit p p 

thus 

var(r ) • rw2var(r ) 
w p p 

The ae of r~ is equal to the square root of var(rw). Confidence li=its 

for rw can be computed as: 

r :t tse(r ) w .., 

where 

t • the percentage point of a given confidence 
probability (1- a) ob tained from a Student's 
t table with degrees of freedom equal (cf. 
Cochran 1977:96) to : 

Aa can be seen in Table 16, biface retouch flakes and unmodified 

flakes with cortex are usually heavier than unmodified flakes without 

cortex, but lighter than use-modified flakes (with or without cortex). 
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These difference• can probably be attributed to the use of larger flakes 

with more durable edges for simple flake tools, and to a classification 

system in which all sizes of unmodified tool shaping and retouching 

flakes, and fragments of these therein, are lumped together into the 

same category. This results in estimates of the mean weight of unmodi-

fied flakes that are necessarily biased toward small light flakes (cf. 

Bettinger 1981:38). Unmodified flakes with cortex tend to be heavier 

than unmodified flakes without cortex, and the same distinction holds 

bet\leen use-a>Odified flakes with and without cortex. The observed dif -

terence in mean weights relative to the presence or absence of cortex 

probably reflects a tool reduction sequence that initially involved re­

moval of relatively large flakes many of which retained part of t he 

original cortex. Overall, biface retouch, use-modified, and unmodified 

flakes in the CA-MN0-561 control unit collection appear to be much hea­

vier on the average than flakes given the same labels a t the Triple R 

and Lee Vining sites (Bettinger 1980a, 1981). Moreover, despite the 

larger number of unmodified flakes in the CA-MN0-561 sample, Bettinge r 

(1980a, 1981) reported far more biface retouch and use-modified flakes 

at Triple R, and far more biface retouch flakes at Lee Vining. Although 

it is reasonable to assume that these differences reflect, to a li.mited 

extant, functional differences betwee n sites , most of the variation in 

flake counts and weights can probably be attributed to slightly contras­

ting definitions of debitage categories. Finally, the data arrayed in 

Table 16 suggest that, with one notable exception, debitage weights in 

each category do not exhibit any particular stratigraphic patte rn . Un­

modified flakes (without cortex) from Unit 3 progressively decrease in 
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size with increasing depth, a trend less well-defined but nonetheless 

evident in the stratigra phic distribution of mean weights of unmodified 

flakes from the two per imet er control units. n •is moat likely represents 

a tendency for extremel y small flakes and fl k f a e r a gments to continua lly 

migrate downwards in the deposit , thereby f in orm g an increasingly greater 

proportion of the unmodified flakes at deeper levels. 

To explicitly evaluate stratigraphic integrity at CA-MN0-561, 65 

unmodified flakes (5 per 10-cm level) were subjected t o t race-element 

and hydration analyses. Fif i t y spec mens were selected from Unit 3 (0-

100 em), five from Unit 4 (100-110 em) , and ten from Unit 1 (110-130 em). 

Unmodified flakes were chosen over other debitage and t ool categories on 

the basis of tvo assumptions : (1) these flakes probably de rived from 

t he working of local (Casa Diablo) obsidian (hen~e, • - 1 ~ max~um re ative com-

parability of hydration data); and (2) these flakes are probably least 

likely to have been affected by r e-use and other processes of curate 

behavior (hence, minimum cultural disturbance of the stratigraphic record 

[cf. Binford 1973; Be tt inger 1980b)). B ecause of the apparent downward 

migration of small unmodified flakes, specimens larger than 16 cm2 were 

selected whenever possible (few of the flakes available from below lOO 

em depth meet this requirement). 

The expectation that the 65 unmodified flakes consist of Casa Diablo 

obsidian vas near l y realized. •~id f ( ~ a rom tvo 3.1%) Mono Craters-Glass 

Mountain specimens , the remaining 63 (96.9%) unmodified flakes are of 

Casa Diablo origin. Though separa ted by a meter of deposit (20-30 em, 

Unit 3; 120-130 em , U it l) h n • t e two Hono Crat ers-Glass Mountain flakes 

possess hydration bands of similar thicknesses: 5.35 um and 5.66 um _ 
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clearly an indication of extensive stratigraphic: 111ixing. One of the 

four Casa Diablo specimens fro111 120-lJO c:111 in Unit 1 (OIIL l754, see 

App~ndix 8 for unmodified flake hydration EDeaaureEDents) displays two 

hydration bands Measuring 4.07 ~m and 5.96 ~m. Since it cannot be de-

termined, as discussed earlier with respect to a double-banded Humboldt 

Concave-base point, whe ther the tva hydration values for t his unmodified 

flake reflect one or two occupational episodes at CA-MN0-561, it is 

assumed that the measurements document separate periods of stoneworking 

ac tivity at the eite. 

Hydration values (64) for the 63 unmodified flakes uf Casa Diablo 

obsidian range from 1.92 ~~~~ to 7.50 ~m. The two largest bands measured 

occur on specimens found below 70 em depth at CA-MN0-561. Hydration 

bands measuring 7.10 ~m and 7 .50 ~~~~are displayed by , respectively, un-

1110dified flakes recovered at 70-80 em depth in Unit 3 and between 110 

and 120 em in Unit 1. Sixty (93.8%) of the 64 hydration values for Casa 

Diablo obsidian unmodified flakes fall between 3.37 ~and 5.96 um. The 

two moat recent hydration measurements on Casa Diablo obsidian artifacts 

fro111 CA-MNo-561 occur on unmodified flakes found at depths of 10-20 em 

(2.14 IJCI) and 70-80 em (1.94 \1111) in Unit 3. Using only hydration data 

for specimens consisting of Casa Diablo obsidian, the mean, median, and 

range of hydration values per 10-c:m level a t CA-MN0-561 are given in 

Tabla 17 tor unmodified flakes and projectile points, and for t he tva 

artifact categories combined. The figures shown in Table 17 are persua-

siva evidanca of extensive stratigraphic mixing of the cultural deposit, 

although there are a few indications of some stratigraphic integri ty 

(a.a .• hydration means for unmodified flakes are l owes t in the upper two 
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levels (0-20 em, Unit 3) and highest in the lower two levels (110-130 em, 

Unit 1)). A disturbed but s omewhat intact stratigraphy is also evident 

in the hydration means , medians, and ranges obtained by consolidating 

the level data into four stratigraphic groups: 0-30, 30-60, 60-90, and 

90-130 em (Table 17) . Hydration results for other prehistoric sites in 

in the Long Valley-~~no Basin region also suggest well-mixed subsurface 

cultural deposits - an apparent characteristic of most open sites in 

the easte rn Sierra (Michels 1965, 1969; Bettinger 1981; Bouscaren, Hall, 

and Swenson 1982; Basgall 1982) . It should be noted, however , that obsi­

dian flows within the Casa Diablo source (the post-caldera "resurgent 

dome" in Long Valley) were extruded over perhaps 100,000 years. Hence, 

the re are probably slight, intra- source variations in the chemical com­

positions of exploited obsidian outcrops and deposits. For example, Casa 

Diablo obsidian in the area of Lookout Mountain (north side of dome) has 

a sugary appearance that does not seem to characterize obs idian in the 

are1 of Casa Diablo Hot Springs (south side of dome). Although the ef­

fect of intra-source chemical variation on hydration rates has not been 

determined, it is possible that tools and debitage consisting of obsidian 

from different areas on the Casa Diablo dome hydrate at slightly dif­

ferent rates. In turn, this might account for at least part of the 

gene rally poor correspondence becYeen stratigraphic provenience and hy­

dration values at CA-MN0-561 and other s ites in the region where Casa 

Diablo obsidian predominates. But even with obsidian source provenience 

controlled for, it is not anticipated that an intact stratigraphy will 

emerge from the CA-MN0-561 hydration data since hydration values for non­

Casa Diablo obsidian specimens at the site (see Appendix B) also indicate 
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stratigraphic mixi ng . 

The overall ranges in hydration values for Casa Diablo unmodified 

flakes (1.94-7. 50 vm) and projectile points (2.44-7 . 24 ~m) from CA-MN0-561 

are quite similar. Of possible interest is the fact that only two (3.1%) 

of the 64 hydration values for the flakes are less than 3 . 37 ~. whereas 

8 (16.7%) of the 56 points display bands smaller than 3.37 ~m. Though 

most l ikely a product of sampling error, the contrast in· hydr ation values 

could reflect occupations of the site that followed earlier occupations 

during wh ich the bulk of obsidian stoneworking at the site took place . 

Bedrock Mortar 

As mentioned earlier, a single, small, r ound bedrock morta r occurs 

on one of the glacial erratics just north of the northernmost group of 

pr~ry area units a t CA-MN0-561 (Fig. 6). The mortar has a well­

polished surface, is 9 em in diameter , and its depression has a maximum 

depth of ca. 0.7 em. It vas probably used in conjunction with a basketry 

hopper to process (pound and grind) vegetal foods such as pinyon pine 

nuts, acorns , grass seeds , or berries. The age of the mortar relative 

to the surface and subsurface deposit at CA- MN0-561 cannot be determined . 

Ground Stone Tools 

Eight fragmentary rhyolite or rhyodacite sround stone tools were 

recovered during the ARU excavation at CA-MN0- 561. The stratigraphic 

distributions of the three millingstone and five mano fragments per unit 

and level at the site are given in Tables 18 and 19. Seven (87.5%) of 

the ground stone tools were found in the westernmost four units (10-11, 

19-20) of the northern group of primary area units (Fig. 6). These units 
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were located on the east side of a large erratic that together v~th 

adjacent boulders forms a ~all ca. 1.0-2.5 m high extending northwards 

ca. 8 m from its south end. To avoid confusion, it should be noted here 

that the boulders comprising this wall are somewhat incorrectly depicted 

in Fig. 6. The distance between the vall and the rectilinear, i•regular 

western edge of the two groupe of primary area units vas about half that 

indicated in Fig. 6. 

All of the millingstone fragments occurred in Unit 11 . Two frag-

menta were located between 30 and 40 em depth. One of these has a well-

pitted, relat~vely flat working surface (10 x 6 em), the other is a small 

fragment (6 x 3 em working surface) consisting of similar, but probably 

different lithic material. The largest millingstone fragment vas found 

at a depth of 50-60 em in Unit 11 and has a relatively smooth, concave 

working surface (16 x 11 em). A unifacial mano fragment vas also found 

in this level. Two bifacial mane fragments occurred between 70 and 80 

em depth in Units 19 and 20. A small fragment of what was probably a 

unifacial mane was located at 50-60 em depth in Unit 10. The remaining 

mano fragment recovered from the site vas found at a depth of 60-70 em 

in Unit 16 (eastern perimeter) . 

Stratigraphic Distributions 

Table 20 summari~as the relative (percentage) stratigraphic distri-

butiona of flaked and ground stone t ools in the 21 ARU excavation units 

at CA-MNo-561. Relative distributions within the primary area and peri-

meter units are given in Tables 21 and 22. Tables 23 and 24 describe 

the relative stratigraphic distributions of debitage in the three control 
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Table 21 

FLAKED AND GROUND STONE TOOLS: PERCENT PER LEVEL IN EACH CATEGORY 

Percentages Baaed on Primary Area Units* 
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Table 22 

FLAKED AND GROUND STONE TOOLS: PF.RCENT PER LEVEL IN EACH CATEGORY 

Percentages Baaed on Perimeter Units* 
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Table 23 

DEBITAGE IN UNITS 1-3 (CONTROL UNITS): PERCENT PER LEVEL IN EAQI CATEGORY 

Percentages Based on Frequency 
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Table 24 

DEBITACE IN UNITS 1-3 (CONTROL UNITS): PERCENT PER LEVEL IN EACH CATEGORY 

Percentages Based on Total ~eight 
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units based on frequency and on total weight . The figures arrayed in 

Tables 20-22 indicate thae nearly 90% of the flaked stone cools in the 

collection occurr~d above 70 em depth at the site. They also document 

clearly a pronounced concentration of flaked and ground scone tools be-

tween 30 and 60 em depth in the primary ~rea units, and a fairly even 

stratigraphic distribution of flaked stone tools in the ~erimecer units. 

The difference in flaked scone t ool distributions between primary area 

and perimeter units is also evident when mean t ool frequencies per 10-cm 

level are plotted for each sec of excavation units (Fig. 13). In the 

primary area units, over half (54.1%) of the flaked scone tools occurred 

between 30 and 60 em depth , although these levels accounted for only a 

third (33.7%) of the total volume of earth, rock, and cultural (ill ex-

cavated in the eleven units. Thus, the number of flaked stone tools 

from 30-60 em (390) in the primary area units was 60.6% greater than 

could be expected assuming constant rates of cultural deposition and 1 

soil formation above r.he lowest level excavated (90-100 em). This sub-

surface concentration of flaked stone t ools in the primary area units 

characterizes proj~ccile points (52.8%), bifaces (48.2%), roughouts 

(53.8%), cores (51 . 7%), and unifaces (66.3%) (Table 21). It is well-

shown by a plotting of the mean frequencies of each of these tools pe r 

10-cm level in the primary area units (Fig. 14). Since only five drills 

were recovered in the primary area units, their stratigraphic distribu-

tion providea minimal information. 

Tha relative proportions of each of t he six flaked scone tool cate-

goriea per l eve l without regard to unit location are sua:marized on a 

percentage basis i n Table 25, and for primary area and pe rimeter unies 
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separately in Tables 26 and 27 . Tables 28 and 29 supply the same infor-

marion, based on frequency and total weight per level, for each of the 

five debitage categories in the control unit sample. Overall, bifaces, 

roughouts, and unifaces account for 85.5% of the flaked stone tools re-

~ ., 0 : 

~~: ~ ~~~~~~~~I ii jj 0000000000 0 

covered in the pdmary area unit:J (Table 26, see Fig. 14} , and for 84.9% 

of the tools in the perimeter units (Table 27). As indicated in Tables 
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in each category are identical. 
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perimeter units suggest consistent archaeological site formation pro-

casses (Schiffer 1976); i.e., though stratigraphic frequencies may vary 

(as in the primary area units (Pig. 14]), prehistoric activities that 
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resulted in the depoaicion of the various flaked stone cools r emained ' 

more-or-lese the same throughout most of the occupational period at the 

site . On a stratigraphic basis, the indices are highes t and most consis-
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tent for flaked scone tools in the primary area units (Tabl e 26), and 
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Table 27 

FLAKED STONE TOOLS: PERCENT PER CATEGORY IN EACH LEVEL 

Percentages Based on Perimeter Units* 
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lo~est and least consistent for debitage in the t~o perimeter control 

units (Table 28) . Rega rdless of unit location, debitage diversity in-

.. iiiiiiiiiiiiil ~ ...... ... ......... --- dices are lo~er than those for flaked stone tools primarily because 
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unmodified fl akes dominate the debitage assemblage fro~ each control 

unit. Flaked stone tool diversity indices are lo~er in t he perimeter 
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..J (Tabla 27) than in the primary area units. The difference here is ap-
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parently the result of the relatively greater proportion of roughouts 
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conclusion, judging by t he volume and composi tion of the cultural 

deposit in the pr imary area unit s, tha t prehistoric activities in th is 

area of CA-HN0-561 a re characteristic of a repeatedly occupied stone-

~orking camp. These activities i ncluded the manufacture and repair of 

obsidian t ool s, the use of them in ~orking plant and animal mat erial, 

the milling and no doubt prepara tion of plant foods, and probably t he 

staging of hunting and trans-Sierra trading expeditions . Less regular .. 
..J .. 
0 00 

"' .. 
!;; ... .. "':. ~ ": ~ ~ ~ ~ ~ "': ~ ~ -: -:1 .. 

c . .. ,.....,,.,..,.,. .,. .,.,. ... . "" c 

= 8 .. H 
,.. ............ ,.. ...... ............ 

u ... .. . .. .., ~ ........ ..... .... ... " ·I "' "" ! : I •••r:•2..:i,:.:• . I ..... 

but s~ilar activities occurred concurrently or a t separate int ervals 

around the perimeter of the camp . It also seems r ea sonable to expect 

that frequently used, comparable camp locations may exist in nearby 
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is presently defined . 

SUMMARY OF CA-HNQ-561 EXCAVATION 

Time-sensitive projectile point forms from CA-HNQ-561 and a r elative 

appraisal of the obsidian hydration data for the site s uggest intermit-

tent but activity-i.ntensify ing occupations be~eeo ca. 4950 and 3250 b.p., 

follo~ed by the maio period of occupations ca. 3250-1250 b .p., and 
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sporadic occupations if any at all after ca. 1250 b . p. Using the hydra-

cion data and a proposed hydration rate for Casa Diablo obsidian, abso-

lute chronologies for CA-HN0-561 and several other prehistoric sites in 

the Long Valley-Mono Basin tegion are offered in Chapter V. 

The archaeological investigations at CA-HN0-561 indicate that the 

major prehistoric activity at the site was obsidian stoneworking and the 

production of tools both for local use and probably as a valued commodity 

in trans-Sierra econo=ic exchange. ~ithin the eastern portion of the 

project parcel, a well-used prehistoric stoneworking ca=P location occurs 

in the western ha lf of a small enclosure of glacial er ratics (primary 

area units, see Fig. 6). The vall formed by the boulders on the western 

side of the enclosure may have afforded so=e protection against cold 

winds sweeping dovn off the flanks of Mammoth Mountain and the surroun-

ding Sierra . In the absence of any floral or faunal data on site sea- ' 

sonality, exchange-oriented tool production may suggest that CA-MN0-561 

vas occupied during the summer and early fall when Sierran trading routes 

were snow-free and passable (Bettinger 1981:65). The relatively smal l 

nu=ber of ground stone tools recovered and the lack of any indication of 

significant do=estic features (e.g., structures, hearths ) 1113ke it likely 

that occupations at CA-HND-561 were of li=ited duration and probably 

involved small groups of people (stoneworkers, hunters, traders ). 

Numerous projectile points in the CA-HND-561 collection may indicate that 

tha site served aa wall aa a base camp for hunting operations along ~=-

moth Creek and in southwestern Long Valley. This is not directly con-

firmed, however, by the presence of faunal remains in the sa=pl ed portions 

of the subsurface cultural deposit - perhaps simply a r eflection of 

I 
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rapid processes of organic deco=position and butchering activities that 

took place predominan tly at (limited activity) kill sites. Finally, the 

23 projectile points from CA-HND-561 manufactured of obsidian from at 

least five sources (principally Queen) other than Casa Diablo (local 

source) may represent a tool-specific exchange system and possibly pro-

cure=ent or socioeconomic forays into southwestern Long Valley by groups 

originating in nearby areas of the Great Basin. 



Chapter V 

PREHISTORY IN THE LONG VALLEY-MONO BASIN REGION: 
CHRONOLOGY, VOLCANISM, AND CULTURE CHANGE 

Archaeological research in the eastern Sierra and adjacent areas of 

the Great Basin suggest that the land-use activities ascribed historic 

Paiute and Shoshone populations (Kroeber 1925; Steward 1933, 1938; Davis 

1965; see Chapter III) provide useful analogies for the reconstruction 

of prehistoric economic, demographic, and sociocultural patterns over 

the last five or six millennia. Notwithstanding long-term adaptive 

similarities, however, substantial data are emerging that argue against 

the absence of major prehistoric culture change. Current interpretations 

propose, among other things, changes in the location and intensity of 

particular land-use activities, temporal variations 1a obsidian procure­

meat and tool production patterns, technological improvements, diachronic 

fluctuations in overall settlement densities, demographic expansions, and 

socioecologic developments in adaptive strategies. These postulations 

reflect an increasingly fine-grained appreciation of the variables in­

fluencing prehistoric cultural behavior as measured over thousands of 

years of time. The tentative nature of most prehistoric reconstructions 

is an indication of the difficulties involved ia ~etectiag and evaluating 

culture change siven hunter-gatherer material culture and depositional 

processes that often produce indistinct stratigraphic records. Excep­

tions can occur when natural circumstances or research methods bring 

about a concentration of cultural materials suitable for meaningful tem­

poral analysis (e.g., productive site deposits, large-scale surveys). 
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It is assumed here that obsidian hydration datias, provided that sample 

source and temperature provenience are taken into account, will ulti­

mately "unearth" prehistoric cultural stratigraphy in its theoretical 

sense throughout the Lons Valley-Mono Basin region and neishboring re­

sions of the Great Basin and Sierra Nevada (cf. Cowan and Vallof 1974:65; 

Bettinger 1979a:l27-128). In this final chapter an effort is made to 

use source-specific obsidian hydration dating in constructing precise 

cultural chronologies for CA-MNo-561 and other prehistoric sites in the 

region that can be easily integrated with the volcanic and climatic 

chronologies developed in Chapter II. The chapter concludes with a dis­

cussion of the potential cultural significance of late Holocene volcanism 

in the eastern Sierra. 

CURRENT INTERPRETATIONS OF CUL'IURE CHANGE: 5000-1500 B.P. 

As noted in ~he previous chapter, consistent cbronolosical data for 

the Long Valley-Mono Basin region are available for about the last 5000 

years or so. Minimal evidence of earlier cultural activity probably 

reflects not only the pervasive erosion of older deposits. but also (1) 

considerably smaller hunter-gatherer populations than in more recent 

times and (2) a limited amount of problem-specific archaeological re­

search. Two observations suggest that significant human settlement of 

the general reston began ca. 5000 B.P. or soon thereafter. First. sites 

characterized by the presence of Lictle Lake Split-stem projectile points 

dated ca. 4950-3250 b.p. (Thomas 1981:33), such as CA-MNG-561, are fairly 

widespread in the general region in contrast to localized occrrences of 

presumably older cultural remains. Second. available obsidian hydration 
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data appear to place the onset of regular tool quarrying and production 

activities at local obsidian sources (e.g. , Casa Diablo, Bodie Hills, 

Queen, Fish Springs , Sugarloaf [Coso)) at about 5000 b.p . (Michels 1965; 

Singer end Ericson 1977; Bettinger 1980b; Meighan 1981 ; Ericson 1982; 

Hall in preparation), 

In the Long Valley area, Little Lake Split-stem points have been 

found at the Mammo t h Junction site (Hic~els 1965; Basgall l982:Table 15) , 

the F~rest Service Forty site (Basgall 1982:28-30), possibly the Hot 

Creek Uatchery site (Tadlock and Tadlock 1972:Figs. 8-9), and at the 

Watterson Troughs site in the foothills above eastern Long Valley (Cowan 

and Wallo£ 1974:Pl. II) . Obsidian hydration dating res ults indicate 

that materials of relatively similar age may be present ~t the Sherwin 

Grade site (Garfinkel and Cook l979:Table 13) and at CA-MNo-389 near 

June Lake Junction (C.rfinkel 1980b:Table 4) . Southwest of Mono Lake , a 

Little Lake Split-stem point was recovered at the Lee Vining Creek site 

(Bettinger 1981:26) and these points occur at two upland l~ted activity 

sites in the Bodie Hills above Mono Basin (Hall 1980:Appcndix C). East 

of Long Valley, three Little Lake Split-stem point3 were found a t an 

apparent hunting caarp (Ridge site) in the Benton Range (Cowan and Wallof 

1974:Pl. II). East of Mono Basin in the Teets Marsh-Truman Meadows area, 

Little Lake Split- stem points occur at 5 of 27 recorded pinyon-juniper 

camp sites containing tima-sensitive point forms and at four s~larly 

datable upper sagebrush camp sites (Hall in preparation). If Gypsum 

Cave Contracting-stem points can be aasociated with a time-span s omewhat 

comparable to Little Lake Split-stem (see Chapter IV), three additional 

pinyon-juniper camp aites in the Taels Marsh-Truman Meadows area may 
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feature t emporal components as old or older than ca. 3250 b.p. Three 

upland limited activity sites in the same area (one pinyon-juniper, two 

upper sagebrush) also contain Little L- '·e s li 
dA p t-stem points, and GYPsum 

Cave Contracting-stem points occur at three other similar sites (Hall in 

preparation). To the south, Little Lake Split-stem points a r e poorly 

represented at sites in central Owens Valley examined by Bettinger (1975). 

This is somewhat surprising given the presence of such points north of 

Owens Valley at the sites mentioned above, and at the Little Lake and 

Rose Spring sites just ·south of Owens Valley (llarrington 1957; Lanning 

1963). Obsidian hydration data suggest that the Little Lake (type) site 

was initially inhabited ca. 5000-4000 b.p., followed by the main period 

of occupation ca. 3400-2100 b.p. (Meighan 1981:209). 

Based on the distribution of Little Lake Split-stem points and the 

cultural materials found in associa tion with them, the image is created 

of widely scattered, relatively small, but probably growing populations 
I 

of hunter-gatherers exploiting a variety of lowland and upland environ-

ments in the eastern Sierra and adjacent r egions. According to the 

obsidian tool production curves reconstructed b E i ( Y r cson l982:Fig. 6.8) , 

gradual but nonetheless distinct increases in 1 f too manu acturing were 

underway by ca. 4000 b.p. at the Bodie Hills and Casa Diablo sources. 

This upward trend in production continued for two millennia and clearly 

documents the development of an extensive trans-Sierra obsidian exchange 

system (Jackson 1974; Ericson 1977 , 1982). It also appears to have 

coincided (roughly) with an overall expansion in r egional cultural acti­

vity relative to earlier times. Sites that may be affiliated with this 

expansion , perhaps CA- MNQ-561 for one, tYPically display assemblages 
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containing Elko series point forma dated ca. 3250-125~ b.p. in t he cen-

tral and western Crest Basin (Thomas 1981; Bettinger and Taylor 1974; • 

O'Connell 1967) . Aa discussed earlier, El ko points are often found in 

the gener al region. ln the Teela Harsh-Truman Meadows area, these points 

occur at 20 of the 27 pinyon-juniper camp sites noted above, at 3 of the 

4 datable upper sagebrush camp sites, and at 26 of 38 recorded upland 

limited activity sitos (14 pinyon-juniper, 24 upper sagebrush) containing 

recognized point forma . Also, not including Gypsum Cave Contracting-s eem 

points, seven other pinyon-juniper camp sites in the Teels Harsh-Truman 

Meadows area feature large, shoul dered points t hat were probably attached 

t o aclatl dares (i.e., older chan ca. 1250 b.p.) but that cannot be·~­

signed to any established point category. A number of these points 

resemble the unnamed shouldered point forms found at CA-HN0-561 (Fig. 

10). Notably, as discussed more fully below, reasonably large (30+) 

samples of obsidian hydra tion measurements from seven sites in the Long 

Valley-Mono Basin region (Mammoth Junction , Forest Service Forty , Lee 

Vining Creek, CA-HN0- 11, -561, -823, -1645) suggest occupational episodes 

that fall primarily with!n the time-span ass~ciated with Elko series 

points. 

Judging by the variety of sites bearing chronological information, 

a general increase in cultural activity ca. 3250- 1250 b.p. also seems 

apparent in the Owens Valley region (e . g., Lanning 1963; Bettinger 1975 , 

1979a, 1980b; Garfinkel 1980a; Meighan 1981; Hall 1982a) and ~ the 

southern Sierra Nevada (Moretto , King , and ~oolfenden 1978; McGuire and 

Garfinkel 1980). In centra l Owens Valley, Bettinger (1977a:l4) has 

proposed that an "adaptiva shift" in the location of lowland occupation 

,· 

I 
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(habitation) s ites from riverine (along Owens River) to deser t scrub 

environs (away from Owens River) occurred ca. 3450-1350 B.P. and tha t it 

reflects a change in plant p~ocurement emphasis from riverine to desert 

scrub species. As potential underlying causal factors, Bet t inge r (1979a: 

105-106) suggested that (1) ~ocal population growth generated subsistence 

demands beyond wha t had b een previously mot by riverine resources, thereby 

forcing a locational shift in procurement and settlement activities away 

from Owens River (cf . Bouey 1979); or tha t (2) increased effective mois­

ture accompanying c l imatic change af t er ca. 3500 B.P. enhanced the pro­

ductivity of desert scrub food plants which, in turn, heightened their 

role in shaping subsistence-settlement strategies. The notion that most 

habitation sites, at least in more recent times, were located at some 

distance from Owens River is 11 d b we -supporte y existing ethnographic data 

on the distribution of Ovens Valley p i 111 ( a ute v ages Steward 1933:Map 2; 

Bettinger 1979a:95). Nearly all of the villages Steward (1933) recorded 

were situated in the vicinity of major Sierran tributaries of Owens 

River. Nevertheless, there are evident shortcomings 1n the statistical 

manipulations carried out by Bettinger (1975 , 1976, 1977a, l979c) in an 

effort to document , among other t hings, a significant prehistoric change 

in lowland habitation site locations rather than perhaps simply an in­

crease in their abundance and locational diversity. Some , but not all, 

of these manipulations (cf. Bettinger 1975:140-141) have been previously 

discussed (Munday and Lincoln 1979; Hall 1981). 

Specific statistical issues aside, however , there are addit ional 

quantitative 

occupational 

and qualitative considerations involved in evaluating the 

chronology of lowland habitation sit es in Owens Vall ey. 
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First, aa reviewed earlier, there is strong paleoclimatic evidence indi­

cating a change toward cool, moist climate ca. 3400-2200 B.P . (period 

encompasses Rece~s Peak neoglacial advance in the Sierra). Archaeological 

data suggest that this climatic change can be temporally, perhaps causally 

correlated with an overall increase in cultural activity in the Sie rra 

Nevada, western and southwestern Great Basin (e .g. , Gross cup 1960; ~al­

lace 1962; Heizer and Napton 1970; Elston 1971; Cowan 1972; Davis and 

Elston 1972; Moratto, King, and ~oolfenden 1978; McGuire and Ga rfinkel 

1980; Hall at al. 1981; Rusco and Davis 1982). Although causal linkage 

of prehistoric climatic and culture changes are difficult to define and 

document, an apparent broadening of land-use ar.tivities after ca. 3500 

B.P. throughout Owens Valley (Bettinger 1975:Tables 37-41) is consistent 

with available diachronic cultural data from the general region. 

A second, critical consideration in examining the proposed shift in 

habitation site locations in central Owens Valley focuses on the parti­

cular chronology of settlement activities along Owens River. Specifi­

cally, the question is not whether there was an increase in long-term 

settlement activity away from the river, but wheth~r there was a con­

comitant reduction in such activity along Owens River. Phrased another 

way, the question is whether or not there is a distinctive chronological 

pattern characterizing riverine habitation sites in Owens Valley. Bet­

tinger has previously ref~rred to a riverine-desert scrub loca tiona l 

shift that, though qualified aa gradual (1980b:290), resulted in the 

"abandonment of riparian [riverine] villages in central Owens Valley" 

(1979a:UO) or "replacement of riverine occupation sites by desert scrub 

occupation sites" (1980b:289-290). Albeit limited, available chronolo-
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gical data for riverine sites do not provide definitive support for such 

conclusions . Three of the six riverine habitation sites recorded by 

Bettinger (1975:Table 37) contain time-sensitive projectile point forms. 

Two sites , A-1/2 and A-2/1, fea ture dart point fragments (older than ca. 

1250 b.p.), and an arrow point fragment (more recent than ca. 1250 b.p.) 

wa~ found at A-2/1 . A Klondike phase projectile point (ca. 650-100 b.p . ) 

was found at the third datable habitation site, A-3/3, which is the lar­

gest riverine site recorded by Bettinger (1975:Table 37) . On the basis 

of projectile points, then, one of the three datable riverine habitat ion 

sites may be older than 1250 b.p. , one may feature t emporal components 

(cf. Hall 1981:~50) both earlier and late r than 1250 b.p . , and the third 

may be no older tha n 600 o r 700 years. 

Obsidian hydration dating result s have a lso been reported by Bet­

tinger (1980b) for two riverine (A-1/2, A-2/1) and two desert scrub habi­

tation sites in central Owens Valley. Interestingly, these results may 

indicate that site A-2/1 is substantia lly older than site A-1/2, but that 

the latter was occupied (if a single, apparently divergent hydration 

reading of 7.70 ~can be ignored) over a period of time virtually iden­

tical to that associated with hydration data for the two desert scrub 

habitation sites. Moreover, riverine site A-1/2 also features Owens 

Valley Brown ~are ceramics (Bettinger 197~:Table 37), clearly suggesting 

the possibility of an occupation within only the last few hundred years. 

Thus, based on the existing chronological data, it is not evident t hat 

riverine habitation sites were "abandoned" in favor of desert scrub 

habitation sites, or chat there are significantly fewer riverine s ites 

dating to the last 1250 radiocarbon years than to earlier times. A more 
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parsiJDonius int~rpretation of these data might recognize an expansion of 

cultural activity into desert scrub localities ca. 3250-1250 b.p., and a 

subsistence-settlement pattern in the confined area a long OYens River 

that did not substantially change over the last three or four millennia 

(cf. Hall 1981). 

As further support for the proposed riverine-desert scrub site loca-

cion shift, Bettinger (1979a:ll0) correlated the "abandonment" of the 

Little Lake site with the initial occupation of the Rose Spring site 

slightly to the north. In that the former is a lakeside site (Little 

Lake is largely a spring-fed body of w~ter [Mehringer and Sheppard 1978: 

155]), Bettinger (1979a:93-94) classified it as a "riparian" village and 

the Rose Spring site (located at a seep spring) as a "desert scrub" vU-

lage. In this particular case, then, Bettinger equated "riparian" with 

"riverine," implying that the termination of occupation at the Little · 

Lake site came about for the same reason(s) that led to the "abandonment" 

of riverine habitation sites in central Ovens Valley. Two comments are 

appropriate vith regard to this reconstruction. First, vhen compared to 

radiocarbon dates from the Rose Spring site (Clewlov, Heizer, and Berger 

1970), obsidian hydration dating of the Little Lake site (Meighan 1981) 

suggests a substantial chronological overlap in the occupational histories 

of each site. Second, the end of occupation at the Little Lake site 

appears to coincide vith a climatic change aft er ca. 2200 B.P. that re-

duced effective moisture and may have caused the replacement of Little 

Lake by a saltgrass meadow (see Chaptet II). The effects of tectonic 

activity on local hydrologic patterns (e.g., a reduction in spring dis-

charge rates) may have also influenced water availability at Little Lake 
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(Mehringer and Shep~ard 1978:164). nterefore , as opposed to population 

pressure or increa sed desert scrub plant productivity, changes in hydro­

logic conditions may have been the crucial variable affecting non-riverine 

habitation site locations south of Ovens Valley. n1e Rose Valley-Little 

' 
Lake area has a rich archaeological record that remains to be investiga-

ted on a systematic basis vith a particular concern for the nature of 

prehistoric subsistence-settlement strategies. 

Perhaps among the most sensitive indicators of prehistoric culture 

change in the eastern Sierra are changes in the frequency and perhaps 

nature of obsidian tool production activities over time. Although the 

diachronic de finition of these changes is at present dependent upon 

hydration data from only a few localities, there appears to be a strong 

temporal concordance of these changes at several sites in the Long Valley­

Mono Basin region displaying relatively long hydration r ecords . At pre­

sent, it seems that fu ture research vill no doubt refine but not neces-

sarily reject an emerging model of the eastern Sierra obsidian i ndustry 

t hat suggests an overall simultaneity in tool production trends through­

out much of the region. Though somewhat simplified, tool production 

curves offered by Ericson (1982:Fig. 6.8) on the basis of hydration data 

nonetheless document an abrupt decline in Bodie Hills and Casa Diablo 

obsidian quarrying following a long period of steadily increasing t ool 

manufacturing. The dating and explanation of this decline represent 

significant archaeological questions because (1) it appears that tool 

production never again resumed to an extent comparable to that prior to 

the decline; and because (2) it may precede or temporally overlap periods 

of major prehistoric culture change postulated for nearby reginns in the 
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Great Basin and Sierr3 Nevada. 

Assu~ing hydration rates of 650 and 1000 years per micron for Bodie 

Hills and Casa Diablo obsidian, respectively, Ericson (1982:143-144, Fig . 

6.8) constructed frequency curves of obsidian hydrat i on measurements from 

the Bodie Hills quarry (Singer and Ericson 1977; see Meighan and Vander-

hoeven 1978) and the Mammoth Junction s ite on the south side of the Casa 

Diablo resurgent dome (Michels 1965) . These curves suggest a peak period 

of tool production ca. 3500-2000 b . p. and a rapid decline in production 

after 2000 b.p. that r eached its lowest level ~horcly after ca. 1000 b.p . 

As presented by Ericson, the Bodie Hills and Casa Diablo curves are vir-

tually identical 1n form and display a close temporal concordance. 

An overall form-similarity in these hydration-derived tool produc-

cion curves is not surprising since both sources emerged as major supply 

centers in an extensive trans-Sierra obsidian exchange system that deve-

loped during, and perhaps most intensively toward the latter end of, the 

Middle Horizon in central California generally dated ca. 3000-1500 b.p. 

(Jackson 1974; Ericson 1977, 1982; Elsasser 1978; Bennyhoff and Hughes 

1979). There are, hovever, some problems with the precise chronological 

calibratioa of each of the two hydration curves that, in turn, make the 

processual implications of changes i n tool production trends more diffi­

cult to integrate with exis t ing ~odela of culture change in the general 

region. For example, available hydration measurements o~ time-sensitive 

projectile points fashioned from Casa Diablo obsidian strongly indicate 

that a source-specific rate of 1000 years per micron is far too slov 

(e.e., Garfinkel and Cook 1979; Garfinkel 1980a; Bettinger 1981; Basg~ll 

1982). On the basis of this rate, the most recent Elko series polnt from 
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CA- MN0-561 made of Casa Diablo obsidian is nearly 2900 years o l d and the 

remaining 15 specimens represent a period of time between ca . 5800 and 

3150 b.p . clearly in conflict with a well-established temporal range 

of ca. 3250-1250 b.p. for Elko points in t he central and western Great 

Basin (Thomas 1981:32). A faster, probably more accurate hydration race 

(e .g., Garfinkel 1980a; Basgall 1982; see below) vould place the apparent 

tool production peak ac the Mammoth Junction site in a slightly more re­

cent time-frame. This raises the possibility that the Bodie Hills and 

Casa Diablo production curves drawn by Ericson (1982:Fig. 6 .8) do not, 

though similar in form, coincide temporally. In this case, the produc­

tion peak and subsequent decline at Bodie Hills may have occurred somewhat 

earlier t han at the Mammoth Junction site. Unfortunately, there are 

insufficient hydration data on time- sensitive Bodie Hills obsidian arti­

facts to carefully evaluate the source-specific rate of 650 years per 

micron determined by Ericson (1975:Fig. 8) . The single Humboldt Basal­

notched point/biface from CA~~m0-561 , made of Bodie Hills obsidian, is 

roughly 2500 radiocarbon years old according to this rate, which is con­

sistent ~th a principal occupational period at the site ca. 3250-1250 

b.p . It is, perhaps, of importance that a date of ca. 2500 b.p. for 

this artifact is at t he extrema early end of the maximum temporal r ange 

that others have considered associated with the Humboldt Baoal- nocched 

form (Bet tinger 1978b; McGuire and Garfinkel 1980) . If it is possible 

that eastern Sierra obsidians hydrata at generally comparable races 

(Meighan 1981:211), then the Bodie Hills rate used by Ericson (1977, 1982; 

Singer and Ericson 1977) may be slightly too slow in light of the recent­

ly derived r ates for Casa Diablo obsidian. 
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Other chronological difficulties with the reconstruction of tool 

production trends offered by Ericson (1982) stem from (1) its dependence 

on hydration data from only two sites (Basgall 1982:155), (2) a minimal 

integration of these data with existing information on prehistoric chro-

nology in the eastern Sierra, and (3) the fact that the 453 hydration 

measurements on flaked stone tools from the Mammoth J unction site (Michels 

1965 :253-279) were obtained on samples not subjected t o trace-element 

analysis. Of tho 453 Mammoth Junction hydration values, 138 (30.5%) 

apply to artifacts classified as projectile points. If the findings at 

CA-MNo-561 are any guide , therefore, there may be a t least 30 or 40 pro-

jectile points in the HamQOth Junction site collection tha t are not made 

Casa Diablo obsidian. 

To account for the production decline at Bodie Hills and Casa Diablo, 

Ericson (1982:144-146) pr oposed that the introduction of the bov and 

arr ow generated overwhelming consumer needs vest of the Sierra for eastern 

Sierra obsidian that, in turn, encouraged production away from quarry 

vorkshops or nearby stoneworking camps (e.g., Mammoth Junction, Lee 

Vining Creek, Forest Service Forty, CA-MNo-561 sites). In other words, 

increased demand made it more efficient to procure obsidian from Bodie 

Bills and Casa Diablo sources without significant local lithic reduction, 

and to conduct actual tool production at sites far removed from these 

sources but closer to areas of principal use. There are several flaws 

in this explanation . First, it remains to be shown that the most effi-

cient system of moving usable obsidian in large quantities across the 

Sierra required Minimal lithic reduction at quarry workshops or nearby 

stonaworking camps, and maximum tool production elsewhere. It would seem 
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that the opposite is true since local lithic reduction could minimize 

the cost of ' initial tool manufacturing error and prevent the exporting 

of raw quarry nodules that, during reduction, proved to be unsuitable 

tool material. Second, although the appearance of the bow and arrow in 

the western Great Basin is generally thought to have coincided with the 

appearance of Rose Spring and Eastgate series projectile points ca. 1250 

b.p., its appearance vest f h Si o t e erra is not established as early as 

2000 or 2500 b . p. as would be required to account for a tool production 

decline in the manner advocated by Ericson (1982; cf . Elsasser 1978:57). 

Finally, if an overwhelming demand f b idi or o s an discouraged local/quarry 

tool production for exchange in the eastern Sierra , the n it should have 

likewise inhibited the expans ion of quarry production at obsidian sources 

vest of the Sierra. This vas apparently not the case at the St. Helens 

source in northern California where, according t o the production curve 

recons tructed by Ericson (1982:Fig. 6.2), tool manufacturing activities 

expanded dramatically in late prehistoric •-t LWes after the production 

collapse at Casa Diablo and Bodie Bills in h t e eastern Sierra. 

Basgall (1982:160-161) s uggested so-e other h ~ notevor t y potential 

factors that may help explain or at least relate to the production de-

cline at Casa Diablo and Bodie Hills. These include (1) a demographic 

disruption in the western Sierra that largely eli-inated ~ consumer demand 

for eastern Sierra obsidian (cf. Singer and Ericson 1977); (2) the late 

prehistoric (after ca. 1500 b.p.) introduction of "cheaper" northern 

California obsidian into the markets in th c 1 e entra Valley and western 

Sierra that also reduced the demand for eastern Sierra obsidian; and (3) 

the late prehistoric expansion of ancestral Numic-spealcing populations 
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into th~ eastern Sierra (Lamb 1958; Bettinger and Baulllhoff 1982) that 

Basgall spec~lated =ay have been far more territorial than earlier groups 

with regard to regional resources, thereby removing the opportunity for 

western Sierra groups to ~irectly procure obsidian at eas tern Sierra 

sources. Basgall has struck on a number of important aspects of the pro-

blem here and the suggestions offered merit some discuaai~n. I nit i a lly, 

to support movement of obsidian across the Sierra on a regular basis, it 

seems reasonable to assume that a relatively well-established trans-

Sierra economic network existed during the peak period of tool production 

at Casa Diablo and Bodie Bills (cf. Bettinger and King 1971) . Thus, 

whether brought about by demographic, economic, or other changes, a 

significant decline in tool production must relate in a systemic sense 

to either a sharp drop in demand west of the Sierra or a major reduct ion 

in the availability of eastern Sierra obsidian. 

The problem is recognizing and explaining causal r~latiouships; e.g., 

the production. decline may reflect events and processes r e lated to popu-

lation shifts in the western Sierra (Basgall 1982:160 ) , but sho:t of 

massive regional abandonment it is not clear why such shifts should 

necessarily involve a drop in demand for a previously important raw ma'-

terial at its nearest sources in the eastern S~erra. The suggestion that 

"cheaper" (but more distant) northern California obsidian flooded the 

weatern Sierra market, though intriguing, conflicts with an often observed 

direct relationahip between distance to an obaidian source and the extent 

to which that source is represented in local tool assemblages (Jack 1976; 

Ericaon 1977, 1982; Bettinger l982b). It would be expected, however, 
1 

that a reduction in the availability of eastern Sierra obsidian would 
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increase its cost and lower tl1e 1 i re at ve cost of acquiring northern 

California obsidian. The third factor Basgall (1982:161) cited as pes-

sibly underlying the tool production decline at Casa Diablo and Bodie 

Hills, occupation of the e Si b ' astern erra y t erritorial Numic groups less 

inclined to export obsidian or tolerate i d ts irect procurement by other 

groups (from the west Si ) ern erra , contradicts ethnographic data on i n ter-

group relations , exchange commodit i es , and subsistence-se~tlement acti-

vities (Chapter III). N h 1 at t e east of these are accounts of extensive 

social and economic interaction between Mono Lake Paiute and Sierra 

Mivok (Steward 19JJ:257) and of Northfork Monache apparently traveling 

to Long Valley to procure pinyon nuts (and no doubt other resources ) and 

on occasion relll8ining east of 'the crest of the Sierra for a considerable 

period of time (Gifford 19J2:19). What i s no t able about the ethnographic 

data regarding economic exchange is the r e l a tively f ew specific references 

to obsidian (Bettinger 1979a:1Jl-1J2). n 1is may reflect the nearly com-

plete lack of ethnographic info~n tion h ·-- on unter-gatherer populations 

near the Case Diablo source in Long Valley (Bettinger 1977b:53) or near 

the Bodie Bills source above Mono Basin (llall 1980 :18-20). But it also 

suggests that these somewhat hypothetical populat ions vere never of much 

size - or that their late pr-ehistoric/early historic densities were 

substantially lower t han during earlier periods of peak obsidian tool 

production (cf. Bettinger and King 1971). 

Thus, based on tha hydration curves constructed by Ericson (1982: 

Fig. 6.8) there was an apparent d lin i b id ec a n o s ian tool production at 

the Bodie llills quarry and the Mammoth Junction site (Casa Diablo) some­

time after ca. 2000 b.p. Explanat1ons of the decline have so far corre-
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laced it with evident cultural developments in the general region, but 

have not established the particular roles of these deve lopments in de­

termining tool production trends in the eastern Sierra. There has als o 

been a complete disregard of the role of a dynamic environmental history 

in the eastern Sierra (Chapter II). In the following section of this 

chapter, obsidian hydration curves are presented for several prehistoric 

sites in the Long Valley-Mono Basin r~gion. As constructed, the curves 

suggest steadily i ncreasing Casa Diablo obsid i an tool production at 

sites in western Long Valley after ca. 3500 b.p., a sharp decline in 

production ca. 1750-1250 b.p., and much reduced, intermitted periods of 

cool manufacturing in t he area since 1250 b.p. with perhaps another 

relatively sharp decline in this activity ca. 750-500 b.p. 

Because this chronology is based on archaeological data, it is 

considered of significance here that independent geologic data indica t e 

an episode of recurrent volcanism in the Long Valley-Mono Basin region 

between roughly 1900 and 500 r adiocarbon yeurs ago. A number of the 

eruptions appear to have begun with violent pyroclastic explosions chat 

mantled nearby areas with thick deposits of tephra and more distant areas 

with lesser quantities of fine ash. Radiocarbon determinations and per­

haps obsidian dome hydration analysis {Chapter II; Figs. 2-3) suggest 

that this volcanic episode in the Long Valley-Mono Basin region began 

with the moderate to major eruption of the South Coulee in the Mono 

Craters ca . 1695 t 200 b.p. As described earlier, the eruption of the 

South Coulee produced a 0.56 km3 ash flow, ca. 0.20 km3 in loca l tephra, 

and distant t ephra the volume of which has been conservatively estimated 

at ca. 0 .10-Q.20 kc) (Wood 1977b:Table 1) . According to a preliminary 
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assessment of current volca.nic hazards in the long Valley-Mono Basin 

region prepared by t he United States Geological Survey (USGS), U>Oderate 

or major eruptions of volcanoes such as the South Coulee may be associa­

ted with a "flowage-hazard zone" that extends some 20 km from a vent 

(Miller et al. 1982). Within this zone can occur pyroclastic f l ows a nd 

surges, hot ash clouds, lava flows, perhaps mudflows and floods, and dome 

extrusions (Miller et a l. 1982). Depending upon wind dir ection, accumu­

lations of 20 em or more of ash may develop 35 km from a vent, and per­

haps 5 em or more at · a distance of 85 km (Miller et al. 1982). Notably, 

along with the Casa Diablo obsidian source, the Mono Craters and Inyo 

Dome sources and several i nvestigated prehistoric sites fall within or 

near the border of the flowage- hazard zones of late Holocene volcanoes 

in the Lon& Valley-Mono Basin region. The Bodie Hills, Mount Hicks, and 

Class Mountain obsidian sources are for the most part l ocated outside 

these zones but are closer than 35 km to many of the volcanoes. The 

Queen and Fi sh Spring obsidian sources lie within the 85 km/5+ em ashfall 

limit determined by the USGS assessment (Miller e t al. 1982). 

It stands to reason , then, that recurrent volcanism for much of t he 

last two millennia may have had persistent direct and indir ec t, and 

cumulative effects on prehistoric economic, demographic, and land-use 

patterns in the eastern Sierra and adjacent regions. There is, however, 

no intention here or in the remaining pages co evoke late Holocene vol­

canism as a panacea for causal explanations of prehistoric culture 

change . It is simply to consider t he pot ential role of volcanism in the 

eastern Sierra as a dynamic environmental variable that contributed to 

~he course of regional cu ltural development. Eruptions in the Mono 
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Craters and later in the lnyo Craters and Domes di~ not permanently end 

obsidian tool production or trans-Sierra economic exch•nge, nor did they 

prevent renewed exploitation of the multiple resources available in the 

Long Valley-Mono Basin region. Plants and animals did return to areas 

devastated or at least seriously affected by volcanic eruptions , but 

vhat needs to be determined in the eastern Si erra are (1) how long it 

vas before humans returned to specific localities after an eruption, and 

(2) the relationships of volcanic phenomena to potential changes in the 

long-term nature of land-use patterns in these localities . Generally 

speaking, the eruptions may have periodically forced economic and demo-

graphic adj ustments of varying severity among populations dependent to 

some extent on the impacted areas and resources. Intervals between 

eruptive events may in some instances have been long enough to permit a 

meas urable increase in occupational and procurement activities . On the 

other hand, the effects of a modera te or major eruption or of a series 

of closely-spaced eruptions could have generated a period of major eco-

no~c and demographic disruption for both directly affected populations 

or for those in less affected, outlying regions (cf . Binford 1968). 

CASA DIABLO OBSIDIAN HYDRATION RATE 

A variety of empirical and theoretical hydration rates have been 

proposed for obsidian from the casa Diablo source. The earliest, 1000 

years per micron (Michels 1965), vas discussed earlier and clearly does 

not work well with source-specific hydration data from sites in the g~n­

eral region. Recently, Michels (1982) bas proposed a new rate of 

3.5l~m2/1000 years baaed on an induced hydration experiment . According 
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to this rate, one of the unmodified flakes from CA-MN0-561 is over 

16,000 years old, and the Mammoth Junction (Michels 1965) and Sherwin 

Grade (Garfinkel and Cook 1979) sites were first occupied 19,000 years 

ago. Needless to say, the new rate proposed by Michels (1982) is not 

employed here . Using hydration data on temporally diagnostic points 

from the Fores t Service Forty site, Basgall (1982:131, Table 14) evalua­

ted and dismissed the value of several theoretical rates (see Ericson 

1977:Table 1-12) and determin~d, instead , that a simple, empirical, 

linear rate proposed by Garfinkel (1980a) showed a high degree of success 

in producing acceptable dates for the point fo~. The hydra tion rate 

proposed by Garfinkel , Years b.p . • 665 .4l~m - 745.00 , is based on a 

linear regression of (l) the midpoints in the range of hydration values 

obtained by Michels (1965) for time-sensitive projectile point forms 

from the Mammoth Junction site; and (2) the assumed midpoints of the 

time-spans (temporal units, see above) associated with these point forms 

in the •cneral region . Basgall (1982) d 
a note some possible problems in 

the manner that Garfinkel had classified the Mammoth Junc tion points with 

the data originally reported by Michels (1965). c 1 onsequent y, Basgall 

(1982:133) repeated the procedure correcting for these problems and 

arrived at a slightly different linea r rate for Casa Diablo obsidian: 

Years b.p. • 700.0um- 933 . 6. 

Because of the apparent utility of the rates proposed by Garfinkel 

(1980a) and Basgall (1982), and in light of h il b t e ava a ility of hydra-

tion values on 16 Elko series points made of Casa Diablo obsidian in the 

CA-HND-561 collection , the rate used below is derived in a somewhat ana­

logous fashion with two particular restrictions on the hydration data 
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used to conduct the regression. First, only hydration values for pro-

jectile points made of obsidian sourced by trace-element analysis to 

Casa Diablo were considered. This completely ruled out use of the data 

from the Mammoth Junction site. As noted earlier , as many as 30 or 40 

of the 138 points from the site may be made of non-Casa Diablo obsidian 

given the findings at CA-MN0-561 {Chapter IV). Second, consideration 

was given only to sourced specimens recovered from a subsurface context 

since Layton (1973) has shown that prolonged exposure to solar radiation 

may create a warmer temperature environment over time and enhance the 

hydration process. (It should be noted here, however, that the deposi-

tional history of CA-MN0-561 - and thus the burial history of all of 

the subsurface points recovered from the site - cannot be determined.) 

These criteria, of course, reduce an already limited quantity of 

hydration values for time-sensitive projectile points in the general 

region (a shortage chat will be greatly alleviated in the near future 

by ongoing studies [Hall in preparation;. Robert Jackson, personal coamlu-

aicacion 1983]). A Desert Side-notched point (ca. 650-100 b.p.) made of 

Casa Diablo obsidian and displaying a hydration band measuring 1.21 ~m 

was found at the Sherwin Grade site at a depth of 20-30 em below the sur-

face {Garfinkel and Cook l979:Tables 10, 13). A radiocarbon date of 

455 ~ 140 b.p. was reported for a hearth located at 30-40 em depth at 

the iite (Garfinkel and Cook 1979:50) . This suggests that the specimen 

may be leas than ca. 450 radiocarbon years old. Relative to hydracio~ 

data on non-sourced or surface Desert Side-notched point~ from ocher · 

sites in the region (Michels 1965; Basgall 1982), the Sherwin Grade point 

has one of the smallest hydration values. Aside from this specimen and 
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the one relatively large Rose Spring Corner-notched (or relatively small 

Elko Corner-notched) point from CA-MN0-561 (3.23 ~). no other source­

specific hydration data are available for subsurface projectile points 

considered to date within the lase 1250 radiocarbon years. Elko series 

points (ca. 3250-1250 b.p.) that meet the above criteria include the 16 

specimens from CA-MN0-561 (2 .89-5.79 ~). two from the Lee Vining Creek 

site (3.02 ~. 5.31 ~m) southwest of Mono Lake (Bettinger 198l:Appendix 

II), and one from the Forest Service Forty site (5.32 ~; Basgall 1982: 

45). For the earliest generally recognized temporal unit, ca. 4950-3250 

b.p . , three Little Lake Split~stem points f~om CA-MN0-561, and (possibly) 

two Gypsum Cave Contracting-stem points (one each from CA-MN0-561 and 

the Lee Vining Creek site (Bettinger l98l:Appendix II]) meet the stated 

criteria. All but one of these points have hydration values that consi­

derably overlap the hydration range of sourced, subsurface Elko series 

points. The exception is a band measuring 6.85 ~m on one of the speci­

mens from CA-MN0-561. 

Clearly, the available hydration data are at present inadequate to 

conduct a regression analysis of the form done by Garfinkel (l980a) and 

Basgall (19Q2). Nonetheless, it is assumed for this research that con-

trolling for source and, perhaps, temperature provenience are important 

and worth the effort to use the most appropriate hydration data possible. 

Thus , somewhat arbitrary but not necessarily unreasonable decisions are 

made to equate the Desert Side-notched point (1.21 ~m) from the Sherwin 

Grade site with an age of 200 b.p., and the most recent and oldest hydra­

tion values (2.89-5.79 ~m) for Elko series points made of Casa Diablo 

obsidian with respective ages of 1250 and 325~ b.p . Since the existing 
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hydration data suggest a substantial, relative temporal overlap between 

Elko serie1 and Little Lake Split-stem points, the most recent value for 

the latter point form cannot be reliably equated with an age of 3250 b.p. 

A linear regression of the t hree pairs of variates yields the hydration 

rata: Years b.p. • 668 .54um- 637 .30 (r2 • 0.99). A qualification ac-

companying this rate is the fact that several of the older Elko series 

points (from CA-MN0-561, Forest Service Forty, and Lee Vining Creek 

sites) used to establish the Elko hydration r ange are ~11 stem frag-

ments. However, use of the rate is encouraged by its close similarity 

to the rates proposed by Garfinkel (1980a) and Basgall (1982). For a 

given hydration measurement, the dates supplied by each of the three 

r a tes vary by no more than 200 or 300 years with an average divergence' 

of ca . 145 (!30) years for values between 2 ~ and 10 um. 

DATING THE CA-MNQ-561 ASSEMBLAGE 

On the basis of a hydration rate of: Years b.p. 668.54um- 637.30 

for obsidian traced to the Casa Diablo source, the hydration results 

described in Chapter IV for CA-MN0-561 suggest that the site was occu~ied 

primarily be tween ca. 4400 and 1300 b . p. According to this rate, the 16 

Elko series points made of Casa Diablo obsidian in the CA-Ml<0-561 collec­

tion represent a time-span of ca . 3230-1290 b.p ., which fits well with 

the established chronology for these point forms (Thomas 1981) . Both 

Rose Spring Comer-notched points (Casa Diablo obsidian) from the site 

are older than expected (1520 b.p . , subsurface; 2170 b.p ., surface) and 

for the reason• discussed earlier might be best considered r e latively 

small Elko Corner-notched points. The 12 Casa Diablo obsidian Humboldt 

I 
'I 
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Concave-base points from CA-fm0-561 appear to range in age from ca. 3300 

to 1700 b.p. Along with the oldest Little Lake Split-stem point made of 

Casa Diablo obsidian (3950 b.p.; Fig. 9, row 5, second from right), 

among the older points found at the site are several of the unnamed large 

shouldered points (ca . 4200-3200 b.p .; Fig. 10). 

Fifty-eight (90.6%) of the 64 hydration values from CA-MN0-561 for 

unmodified flakes con~isting of Casa Diablo obsidian fall between ca. 

3000 and 1600 b.p. Four others may represent a time-spa n of ca. 4400-

3200 b.p., and two values a time-span of ca. 800-650 b.p. The single 

unmodified flake (Casa Di ablo obsidian) with two hydration values may 

have bands differing in age by more than 1000 years (ca. 3350-2100 b.p.) . 

These results on unmodified flakes frcm CA-MNQ-561 suggest that possibly 

obsidian tool production at t~c site stopped at about t he time of the 

eruption of the South Coulee (ca. 22.5 km north of CA-MN0-561) and the 

beginning of a late Holocene volcanic episode in . the Long Valley-Mono 

Basin r egion (Figs. 2-3). Host notable in this regard is that , with the 

above hydra tion rate , 8 (14.3% of tota l) projectile points made of Casa 

Diablo obsidian in the CA-MNQ-561 collection date between ca. 1600 and 

1300 b . p. (one Rose Spring Corner-notched, 3 Elko series, 4 nondiagnostic 

distal fragments). An age of ca . 1000 b.p . is obtained for one nondiag-

noetic distal fragment . Of the remaining 47 Casa Diablo obsidian points 

from the s ite, 39 (69.6% of t otal) date between ca. 3000 and 1600 b.p. 

and 8 (14.3%) between ca. 4400 and 3200 b.p. These results may indicate 

relatively brief occupations ca. 1600-1300 b.p . of CA-MN0-561 after the 

main period of stoneworking occupations had ended ca. 1600 b . p. 
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SITE-SPECIFIC OBSIDIAN HYDRATION CURVES 

In an effort to integrate as well as possible the chronological 

results of obsidian hydration analyses at prehistoric sites in the Long 

Valley-Hone Basin region, several site-specific "obsidian hydration 

curves" are provided in this section u&ing an assumed Casa Diablo hydra-

cion rata of: Years b.p. • 668.~~~m- 637.30. Obsidian samples from 

some of tha sites in western Long Valley (e.g., Mammoth Junction) have 

not been subjected to trace-element analysis. Nonetheless, given the 

likelihood that Casa Diablo is the predominant obsidian source r epresented 

at sites in the area, it is considered of va lue to proceed on this as-

aump tion. To construct the curves, hydration values from each site were 

converted to their calendar equivalents and grouped into 250-year inter-

vals. A relative frequency curve was then drawn based on the proportion 

of hydration sample dates falling within each 250-year interval . This 

enables easy comparison a ·f curves derived from hydration samples of 

varying size. In those instances where t~o hydration values are r epo rted 

for a single specimen, values differing by 0.5 ~ or more were both used 

in the frequency analysis. Though arbitrary, the figure of 0.5 ~ r e-

fleets a desire to reeognize at least a certain amount of inhe r ent varia-

bility in the depth of the diffusion front. Double hydrktion values 

differing by less than 0 . 5 ~ were averaged beiore conversion to an ab-

solute data. Also, since the curves do not take into account sample 

stratigraphic provenience, disproportional stratigraphic representation 

in the data from a given site may bias its hydration curve to some extent. 

This would not appear to be of major concern, however, because relative 

comparison of hydration values from these sites suggests frequent, often 
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substantial stratigraphic mixing (see Chapter IV). ~inally, the possible 

interpretations offered for the following hydration curves a r e highly 

tentative for two reasons: (1) the hydration rate used in the frequency 

analysis of Casa Diablo .obsidian hydration data, though it appears to be 

generally reliable given the data availab l e for rate calibration, is 

likely to be superceded by more accurate rates tha t will be developed as 

the result of current and future investigat i ons into the prehistoric use 

of Casa Diablo obsidian ; and (2) successful u se of obsidian hydration 

dating as a diachronic tool of prehistoric analysis will require far more 

detailed hydration data than presently available for specific categories 

of tools and debitage (cf. Bettinger 1979a:l27). 

Obsidian hydration curvea for projectile points and unmodified 

flakes made of Casa Diablo obsidian in t he CA-MN0-561 collection a r e 

shown, both separately and as a combined sample, in Fig. 15. 
Rydraticn 

curves are given in Fig. 16 for points f ound in the primary area units 

and in . the perimeter units c v.•o 56 at A-=,- 1 (Fig. 6; see Chapter IV). The 

five curves for CA-MN0-561 display highly similar shapes, and may indi­

cate increasingly frequent stoneworking a nd other occupational activities 

at the site after ca . 3500 b.p. ' '1 f h 
~ o t e curves drop abruptly ca. 

1750-1250 b.p., and the site may havu been largely abandoned for a period 

of time after ca. 1250 b.p. The limited hydration data suggest inciden­

tal use of the site ca. 1000-500 b.p. 

Hydration curves are given in Fig. 17 for 138 projectile points and 

315 other flaked stone tools from the Mammoth Junction site based on 

hydration measurements reported by Michels (1965). Al h 
t ough these speci-

mens have no t be~n sourced, the findings at CA-HN0-561 and at the For e st 
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Service Forty site (Basgall 1982) may i nd icate that at least 70% of the 

points and perhaps 90% of the other tools from Mammoth Junction are made 

of Casa Diablo obsidian. Based on the hydration data reported by Michels 

(1965), the sit e vas initially occupied ca . 5000 b.p . As at CA- MN0-561 , 

the Mammoth Junction hydration curves for points and other fl aked stone 

tools (and combined) may reflect increasingly frequent stonevorking and 

other occupational activi ties at the site after ca. 3500 b.p . The curve 

for projectile points drops markedly ca. 1750- 1250 b .p., while the other 

curve sharply declines ca. 1500-1000 b.p. Occupati~ns continued after 

ca. 1000 b.p. at t he Mammo th Junction site, but on an apparent ly much 

reduced and declining basis . The hydration curves (Fig. 17) create the 

strong impression that the Mammoth Junction site vas abandoned for a 

period of time ca. 750-500 b.p. (cf. Michels 1965:172). Of potential 

relevance here are at least ten tephra eruptions f rom the Glass Creek 

vents ca. 1040-720 b.p. (perhaps ca. 900-720 b.p.), and the massive, 

vell-dated eruption of the vent south of Deadman Creek ca . 720 ! 60 b.p. 

(Fig. 2) . The latter blanketed much of western Long Valley ~th abundant 

pumice l apilli that today remains over 1.5 ~ thick in places. Both 

CA-HN0-561 and the Mammoth Junc t i on site are well ~thin the 20 km 

flowage-hazard zone of the Deadman Creek vent. (At a minimum, this sort 

of eruption must have buried ~th tephra for some time important obsidian 

outcrops and depos i ts on the Casa Di~~l~ resu~cnt 1ome.) 

Source-specific hydration curves for flaked stone tools and debitage 

from the Fores t Service For ty site west of CA-MN0- 561 in Mammoth Lakes 

are given in Fig . 18 based on hydration data reported by Jackson (1982 ; 

see Basgall 1982). Again, a generally steady increase in sit e use and 
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stonev orking activity is suggested a fter ca. 3500 b.p. , vith an appa rent 

abrupt reduction in this activity ca. 1750-1250 b.p. There is also an 

indication in these curves of a r educed or non-increasing level of 

activity jus t prior to its peak at the sit e ca. 2000-1750 b.p. (Fie. 18) • 

This brief s lowing ca. 2250 b . p. in an othe~se rising leve l of activity 

is a l so apparent in the CA-MN0-561 hyd ration curves (Fig. 15) and per-

haps those for the Mammo t h Junction site (Fig. 17). After ca. 1250 b . p. , 

the Forest Service Forty hydration curves suggest a limited resurgence 

of stonevorking activity at the sit e before, as at the Mammoth Junc tion 

site , a sharp drop in si t e use ca. 750- 500 b.p. 

For comparative purposes, Fig . 19 contras t s the hydration curves 

for projectile po~nts from CA-MNG-561 and the Mammo th Junction site 

(CA-MN0-382), and those for debitage from CA- MN0-561 and the For~st Ser-

vice Forty site (CA-MN0-529). The similarity in these curves i s striking , 

as it is vhe n the overall hydration curves 'for the three sites are con-

trasted (Fig. 20). The s imilarity is all the more convincing in light 

of the fact that the original hydration data for each site were obtained 

by sepa rate t echni cians vorking in different laboratories. To measure 

t he tempora l concordance among the cu rves s hown in Fig. 20 , a Kendall ' s 

ll (Mendenhall, Ott, and Larson 1974 :376-380) can be computed by sepa-

ratel y ranking the 250-year intervals used to construc t each of the 

hydration cu rves (e.g . , rank 1 in terval a t each site is 2000-1750 b.p.). 

To ~imiza bias , only those 'interval s f alling vi thin the maxiiiiU~ common 

time range at the t hree sites (4000-500 b .p .) are included in the pro-

cedure. Given this restriction, a s ignificant (p < 0.01) coefficient 

of concordance, ll • 0.85, is obtained fo r the overall hydration c ur ves 
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fro~ the t h r ee s ites. 

Although sample sizes a r e in some cases rather small, and t he rel a-

t ive frequencies of hydrat ion dates therefore subject to radical flue-

tuat ion, Figs. 21-23 present obsidian hydrat ion curves for six othe r 

prehistoric s i tes in ~estern Long Valley (Triple R, CA-MN0-11 , -722, 

-823 , - 1644, -1645) and for CA-MN0- 389 north of Wil son Butte . Wit h one 

exception (Trip l e R), the curves all suggest ca. 3500-1500 b.p. as the 

principal occupational period a t these sites. The li~ited hydration 

data fro~ t he Tri ple R site (Jackson 1982; see Bettinger 1980a) may re-

fleet intermdttent occupations over t he last 1500 radiocarbon years with 

possibly a significant reduc t ion in site use ca. 750-500 b.p. (Fig . 21). 

ThP. f i nal pair of hydrat ion curves present ed here (Fig . 24) are 

based on source- specific (Casa Di ablo) hydration data fro~ the Lee Vining 

Creek site (Bettinger 1981) , and hydration ~easure~ents for the Bodie 

Hills qcarry reported by Meighan and Vanderhoeven (1978) . A highl y 

variable Lee Vining hydration curve nonetheless ~ould appear to place 

the greater majority of occupations of the site between ca. 3500 and 

1500 b.p . , ~ith perhaps =st occurring toward eit her the early or recent 

end of t his t~e-spao (cf. Bettinger 1981). For t he period 4000-500 b.p., 

a significant (p < 0.01) coefficient of concordance , W • 0.64, i s ob-

tainad using the procedure above for the overall hydration curves from 

CA- HNQ-561 and the Lea Vining , Mammoth Junction, and Forest Service Forty 

sites. Though aaaent~lly the same in many respects, u sing the same . 

hydration rate (Ericson 1975) and dat a (Meighan and Vanderhoeven 1978) 

the Bodie Hill s hydration curve depicted in Fig. 24 appears ~ch dif-

fer~nt fro~ that dravo by Ericson (1977 , 1982; Singer and Ericson 1977). 

209 

"ICROHS 

40 
10 

CA-HHG-)89 

~ .~ 
dcbf togc 

"h 
• 17 

... 30 I I 
I I II CA-HH0-714 

"' I 1 I I ... I 1 1 I dtbft•g• • 12 ,_ 
"h <§ I I I I 

I I I I ... 
I I I I CA-""0-122 ~ ... 

20 I I I I 
~ I I I I unknown spedeens nh • 26 

"' f I 
I I 

! I I I I I I 

~ 
I I I 
I I 

" I 
10 

I II 
2: I r I 

. 
0 

1000 2000 JOOO 4000 sooo 6000 

RAOIOCARB OH TEARS B.P. 

Fig. 21 . Obsidian hydration curves for debit age fro~ CA-HN0-389 (Garfin­
kel 1980a) and CA-MN0-714 (Triple R; Jackson 1982) , and for un­
knovo spec~en types fro~ CA-MN0-722 (Ericson 1977; Me ighan and 
Vanderhoeven 1978). One spec~en fro~ CA-MN0-722 displays t~o 
hydration bands that diffe r by ~ore than 0.5 ~~ . All spec~ens 
(54) trac~d by X-ray fluorescence or neutron activation to the 
Casa Diablo obsidian source . Hydrat ion ra t e: Years b.p. -
668.54u~- 637 . 30 (nn • number of hydration sample dates) . 



-· ~ , -.. . -· ··- .r·-··· .. -,... . . .. ' · ., ~ ~ ~. ·-- .. , ....... ... 'T'....,--.... . .,.;'- - ·-- -.- ... .. ... ., ... --.n· 

-·~--~~~-~~-~-~~~~~~ 

60 

50 

s 40 .. 
i 
j JO 

~ 
;:: 

~ 
"' 20 

10 

0 

Fig. 22. 

. .... ...... ~ . . 

1000 2000 

210 

HICROHS 

3000 

RAOIOCAR80M TORS 8 .P. 

10 

u"""at rtod n.~ .. 

CA-HH0- 11 "n • 36 

CA- 1110-82) "n • 40 

4000 5000 6000 

Obsidian hydration curves for unmodified flakes from CA- MN0-11 
and CA-~10-823 (Bouscaren, Hall, and s~enson 1982). One s peci­
=en from CA-MN0-11 displays cvo hydration bands that differ by 
mora than 0.5 um. Specimen source(s) undetermined, probably 
90% or more Casa Diablo. Hydration rata: Years b.p. • 668.54um 
- 637 .30 (nh • number of hydration sample dates). 

60 

so 

... 40 

~ ... 
i§ 
~ .... ... 
~ 30 

2 
o-

~ 
"' 20 

10 

211 

HICRONS 

3000 

RAOIOCAR80H TORS 8,P, 

4000 

10 

CA-11110-1645 "n • 67 

sooo 6000 

Fig. 23 . Obsidian hydration curves for unmodified flakes f rom CA- tm0-1644 
and CA-MN0- 1645 (Bouscaren, Ha ll, and s~enson 1982). Specimen 
source(s) unde termined, probably 90% or mor e Casa Diablo. Hy­
dra tion rate: Years b.p. • 668.54um- 637.30 (n • number of 
hydration sample dates). b 



~-·~~-~~~~~~-~---~~~ 

so 

40 

~ 
"' ... .... 
~ 30 

~ 
~ 
~ zo-.... 
~ 
:0: 

10 

0 

Fig. 24. 

,•· 

··•. _.... . . 

212 

HICROHS: CASA DIABLO OBSIDIAH 

10 

9 

HIC ROHS: BODIE HILLS OBSIOIAH 

CA-KIIO-U6 le:e Vtning Creek 

debt UCJe •nd four 
project11o points 

n • 4S 
h 

CA-1110-61 Z 8odto Htlls Quorry 

unk-nown spec iaens 

" • 86 b 

____ , 
/ --

1000 zooo )000 4000 5000 6000 

RADIOCARBON TEARS ~.P. 

Obsidian hydration curves for debitage and four projectile i 
f CA MN0-446 (Bettinger 1981) and for unknown spec -

points r~ - CA-MN0-612 (Singer and Ericson 1977; ~!eighan and 
men types rom Tw s ecimens from CA-MN0-612 di splay tvo 
Vanderhoeven 1978) • 0 P h 

0 5 
All specimens 

h dration bands that differ by more t an • ~m. 

f y ~·-uuo-446 traced by X-ray fluorescence to the Casa Diablo 
rom ~ c~ b • 668 54~m -

obaidian source . Hydration rate: Years ·P• • mabl 
637 •30. CA-MN0-612 specimen source(s) undetermined, p~e:~o mY 
90% or more Bodie Hills. Hydration rate: Years b .p. u 
(Ericson 1975, 1977), Number of hydration sample dates indi­
ca t ed by nh. 

213 

Moreover, if it is assumed that the Casa Diablo and Bodie Hills tool 

production declines began at roughly the same time, which could be quite 

likely, then the temporal divergence evident in Fig. 24 between the Lee 

Vini ng Creek s ite and the Bodie Hills quarry hydration curves (W • 0.66, 

p > 0.10) may indicate that a hydration rate of 650 years per micron is 

ca. 500-700 years t oo slow for Bodie Hills obsidian. 

In summary, obsidian hydra t ion curves (Figs. 15- 24) for ten prehis-

toric sites (CA-MN0-11, -382, -389 , -446, -529, - 561, -722, -823 , -1644 , 

-1645) in the general vicinity of the Long Valley-Mono Basin volcanoes 

suggest that obsidian s t oneworking, and perhaps subsistence-settlement 

activities on the whole, increased subs t antially in the region after ca. 

3500 b.p., declined abruptly ca. 1750-1250 b.p., and continued thereafter 

on a much reduced , in termittent basis until historic contact. Rela-

tively frequent or intense obsidian stoneworking after ca. 3500 b.p. 

appears to coincide with (1) an apparent period of minimal volcanic ac-

tivity in the eastern Sierra (Figs. 2-3; see Chapter II); (2) a predomi-

nantly cool , mois t climatic regime (Recess Peak neoglacial advance) tha t 

may correlate with an overall increase in cul tural ac tivity in the Sierra 

Nevada, and in t he western and southwestern Great Basin (see above); and 

(3) the growth of an ex t ensive trans-Sierra obsidian exchange sy~tem 

during the Middle Horizon i n central California. The decline in obsidian 

s t oneworking in the Long Valley-Mono Basin region , ca. 1750- 1250 b . p., 

appears to have begun a t about the time of the South Coulee eruption in 

t he Mono Craters (ca. 1695 ~ 200 b.p.) . Another relatively sharp drop 

ca . 750- 500 b.p. in the hydration curves fo r s ites in western Long Valley 

may temporally correlate with the multiple tephra eruptions from the 
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Glass Creek vents after ca. 900 b.p. and the eruption of tephra 1 ca. 

720 ! 60 b.p. from the vent just south of Deadman Creek. The latter 

event involved a moderate mag·CAa release on the order of 0.1 km) (inclu­

ding a 5 .5 km2 ash flow) that produced abundant local deposits of pumice 

lapilli in western and southwestern Long Valley (Yood 1977a:94). Between 

ca. 1900 and 500 b.p. , perhaps ten or more volcanoes erup ted in the Mono 

Craters in addition t o the South Coulee. Among these were Yilson Butte, 

the North Coulee, Panum Pumice Pit (ca. 1190! 80 b.p.), the Northwest 

Coulee, and Panum Crater (ca. 640! 40 b . p.) (Figs. 2-3). Compared to 

the volume of tephra 1 erupted (not including the Deadman Creek ash flow), 

the South Coulee eruption may have "genarated three to five times as much 

or more in local and distant tephra, and the eruption of the Panum Pumice 

Pit (tephra 2) perhaps twice as much or more (Yood 1977a:94, 1977b:Table 

1). The North and Northwest coulee obsidian domes appear to be the lar-

gest extruded in the Mono Craters, though the volume of tephra ejected 

before or during these extrusions has not been estimated (cf. Yood 1977b: 

Table 1). Given the apparent temporal correlations in the Long Valley-

Mono Basin region be tween archaeol~gical data that suggest reduced obsi-

dian stoneworking after ca. 1750 b.p. and volcanic data that suggest an 

increase 1n the frequency and magnitude of .eruptions after ca. 1900 b.p., 

some preliminary comments are offered in the following sec tion about the 

cultural implications of recurrent l a t a Holocene volcanism in the eastern 

Siarra. 

CONCLUDING REMARKS: CULTURAL IMPLICATIONS OF UTE 
HOLOCENE VOLCANISM IN THE EASTERN $!ERRA 

The results of archaeological investigations in the eastern Sierra 
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and surrounding regions sugges t significant changes in prehistoric cul­

tural behavior over the last cvo millennia. Current interpretations of 

these changes incorporate a variety of cultural and climatic data. 

Recurrent late Holocene volcanism in the Long Valley-Mono Basin region, 

however, has not been seriously considered as a persistent factor that 

affected, to a greater or lesser extent, regional economi c and demogra­

phic patterns. In many ways the research and analysis presented here, 

if of merit, constitute but a crude , initial appraisal of a complex 

interdisciplinary problem in prehistoric research. The objective in 

these final pages is t o briefly examine how volcanism may have contri­

buted to the diachronic processes underlying apparent or proposed changes 

in prehistoric cultural behavior. 

In the Chowchilla River area of the western Sierra ca. 80-90 km 

west-southwest of Long Valley, Horatto, King, and Yoolfenden (1978:155-

156) proposed that an interval of warm, dry climate after ca. 1400 B.P. 

critically reduced food resources and caused a period of economic, social, 

and political disruption characterized by population fragmentation, 

inc r eased violence, an expanding emphasis on the exploitation of acorns, 

and a cessation of exchange ac tivities with groups further to the west 

and south~es t. Thi9 period of disruption, known as the Raymond Phase 

(Moratto 1972), continued for 900 years until, according to Moratto, 

King, and Yoolfenden (1978:155), a cool, moist climat e returned ca. 500 

B.P. and increased the food supply ~hich in turn permitted popula tion 

gro~th, social stability, and economic development including the resu~p­

tion of trade relations reaching to the California coast. As reviewed 

earlier (Chapter II), pa leoclimatic data from the Si erra Nevada and 
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and adjacent regions of the southwestern Great Basin suggest warm-moist 

then warm-dry climatic conditions after the end of the Recess Peak neo-

glacial advance ca . 2200 B.P.; a mor e-or-less dominant cooling trend 

after ca. 1700 B. P.; a brief period of cool, moist climate ca. 1100-950 

B.P . that vas accompanied by an unnamed neoglacia l surge in th~ Sierra ; 

a possibly severe drought ca. 950-750 B.P.; and unusually cold t empera-

cures and increased moisture after ca. 750 B.P. that correlate ~ith the 

Matthes neoglacial advance dated ca. 750-200 B.P. (though annual preci-

pltation may have been somewhat lover than during the earlier Recess Peak 

advance [LaMarche 1973 :656-657]). 

Bence, rather than consis t ently warm and dry, climate ca. 1400-500 

B.P . seems t o have been highly variable (at least in t he eastern Sierra) . 

This could suggest that climatic variability created temporal irregu-

larities in the food suppl y of sufficient magnitude co precipitate the 

aconomic difficulties in the western Sierra during t he Raymond Phase . 

Subsistence problems under such conditions escalate rapidly when a cri-

tica l component breaks dovn in an economic exchange system that might 

otbervise have b~en able to alleviate irregularities in the food supply 

(cf . Bettinger and King 1971). In this context, it may be significant 

that, aa it is chronologically defined, the Raymond Phase encompasses a 

l arge portion of the late Holocene volcanic episode in the eastern Sierra. 

If it can be assumed that prehistoric hunter- gat herers in the vestern 

Sierra prosparad economically and otherwise ca. 3000-1500 b.p . as mer-

chants in an extensive east-west exchange sys tem dependent upon the west-

ward flow of obsidian from the eastern Sierra, then multiple eruptions 

ca. 190Q-500 b . p . in the tong Valley-Mono Basin region may have often 
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interrupted - or eliminated for significant periods of time _ the 

availability of and access to this vital COI!IIIIodity. Coupled with a 

highly variable climate, the economic impac t of volcanism in t he eastern 

Sierra may well have forced fundamental subsi stence-settlement changes 

in the western Sierra to compensate for the demographic disequilibrium 

of a general economic depression. Given the distance between the Chow­

chilla River area and the eastern Sierra volcanoes (80- 90 km) , it is not 

sugges t ed here that direct volcanic effects on the l ocal environment 

were severe or recurrent enough to cause the long-term instability re­

cognized by Moracto , King, and Woolfenden (1978). Non~theless, it is 

likely that ashfalls of at least a fev centimet ers dep t h occurred on more 

than one occasion in the foo t hil ls of the western Sierra. 

A· relatively rapid breakdown of economic, social, and polit ical 

organization in the western Sierra would probably have had serious rami­

fications fo r hunter- gatherer populat i ons in adjacent regions of centr al 

California (cf. King 1976). Traditional adapt ive strategies may have 

been inadequa t e to deal with uncertai nties in the supply of stressed, 

critical resources. A careful review of central Cal~fornia prehistory 

from such a perspective, though, is far beyond the scope or purpose of 

t his work and it remains as a line of inquiry for further r esearch. At 

a minimum, it wou l d seem l ogical that volcanic interruptions of the west­

ward flow of eastern Sierra obsidian may have played a pivotal ro le in 

accelerating the apparen t growth after ca. 1500 b . p. of an obsidian 

exchange system in central Cali fornia tha t wa~ centered on northern 

California obsidia n sources (cf. Moretto , King , and Woolfenden 1978:158; 

Ericson 1982:Fig. 6.8). In thi s regard, it is of interes t to note that 
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based on the distributions and sources of time-sensitive marine shell · 

bead and ornament types at prehistoric sites in the Great Basin, Benny-

hoff and Hughes (1979:25) postulated a "shift" from an "early dominance" 

of exchange relationships between central California and the Great Basin 

to a "late dominance" :>f northern California in the economic interactions 

between Great Basin populations and those occupying regions further to 

the west. Although it is unclear as to exactly when this shift began 

(it may be evident by ca. 1000-600 b . p.), Bennyhoff and Hughes (1979:25) 

suggested that t he shift occ\!rred "in response to uncertain passage of 

central California beads through the Sierra." If it is reaso>nabl e t o 

assume that late Holocene volcanic eruptions in the Long Valley-Mono 

Basin region may have substantially curtailed the westward movement of 

obsidian from the eastern Sierra into central Californi3, then the ob-

servations made by Bennyboff and Hughes (1979) may indicate a not uosur-

prising, related reduction in the eastward movement of shell arcifacts 

from central California through the central Sierra int'o the Great Basin. 

Finally, it is quite conceivable that the direct and indirect effects of 

the Long Valley-Mono Basin eruptions were in part responsible for creating 

conditions (e.g., low population densities) on the upper western slopes 

of the Sierra that allowed ancestral Yestern Mono speakers to migrate 

westward over tha crest of the Sierra after ca. 500 b.p. (cf . Bettinger 

1979a:l36-137) . 

Tba cultural significance of late Holocene volcanism in the eas t ern 

Sierra in surrounding areas of the Great Basin is difficult to assess on 

the basis of available archaeological data. To a grea t ext ent, this re-

flectl the lack ot archaeological studies in large areas lying i mmediately 

!' 
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to the east, northeast, and north of the volcanoes ( 
e.g., Adobe Valley, 

Yalker River drainage). 
In the Teels Marsh-Truman M eadows area, ca. 

55-75 km east-northeast of the 
Long Valley-Mono Basin volcanoes, pre-

liminary diachronic set tlement 
density curves (weighted for the amount 

of time represented by a given 
temporal unit [see Chapter IV)) suggest 

a peak in pinyon pine nut gathering af ter ca. 3250 b 
·P· that was fol-

l owed by a comparatively sharp drop 
in upland land-use activity after 

ca. 1500-1250 b.p., though resource 
procurement clearly continued in the 

area on a f airly regular basis until historic 
contact (Hall in prepara-

cion). It is not, however , evident at this 
stage in the research that 

eruptions in the eastern Sierra ca. 1900-500 b.p. were a major factor in 

a n apparent, relative reduction 
in upland land-use activity after ca. 

1500 b.p. in the Teels Marsh-Truman Meadows area. 
~onetheless, it may 

there appears to have been a pronounced increase 
be significant that 

after ca. 
1500 b.p. in the exploitation of pine 

nuts 100 km to the south-
southeas t in the Inyo Mo · 

untains above central Owens 
Valley (Bettinger 

1975, 1976, 1977a). 

Thus, a general 1m li 
P cation of the eastern Sierra 

eruptions that 
may merit consideration in h 

t e evaluation of archaeological 
records for 

adjacent Great Basin areas 
is the possibility that the eruptions perio-

dically created l ocal s hortages i 
n the food supply that .could only be 

alleviated by shifting 
subsistence-settlement activities 

to less affected, 
outlying areas perhaps al d h 

rea Y t e focus of increasingly intensive pat-
terns of reso 

urce procurement (e.g . , Owens Valley). 
In turn, the cumu-

lative impact of periodic, excessive demands on exisc!n 
g resources 

(possibly aggravated by the effects of highly 
variable climate on resource 
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predictability and availability ) may have contributed to a regional 

intens i fication and diversification of l and-use activities. Recurrent 

lata Holocena volcanism in the Long Valley- Mono Basin region, therefore, 

may have played a significant role not only in the collapse of the 

trans-Sierra obsidian economy, but also in further stimulating the 

evolution of adaptive strategies in nearby areas of the Great Basin that 

Bettinger and Baumhoff (1982) felt ult imately ennbled Humic-speaking 

peoples from central- eastern California to rapidly occupy most of the 

Great Basin wi thin the l ast thousand yea~s or so. Specific causal r ela-

tionships in this regard, however, remain co be explor ed on a careful, 

systematic basis . 

In conclusion , it is obvious that a gr eat deal more r esearch will 

ba required to fully appreciate the impact of multiple l ate Holocene 

volcanic eruptions in the .astern Sierra Nevada on local and r egional 

cultural development. The present research has been at most a quite 

cursory r eview of complex interdisciplinary data t hat, from the perspec-

tive of archaeological reconstruction and explanation, would seem to be 

of critical iuportance to an accurate understanding o= the fundamental 

ecological interactions t hat took place between prehistoric human socie-

ties and the environments they occupied in the eastern Sierra. An attempt 

has been made in this work to build a chronological model of potential 

correlations between cultural and environmenta l phenomena a model 

that can be tested for its reliability vith the results of ongoing and 

future investigations. Given that the model is derived from diverse 

prehistoric records, it is recognized tha t the cultural, volcanic , and 

climatic c~ronologies deve loped here can be easily questioned by chess 

221 

pursuing research on these t op i cs in several separate disciplines. In 

particular, the proposa l that late Holocene volcanic eruptions may have 

significantly i nfluenced prehis t oric cultural behavior i n the Long 

Valley-Mono Basin region and , perhaps, in adj acent areas of the Grea t 

Basin and central Sierra Nevada, can be directly examined in ligh t of 

discoverie s about (1) land-use s trateg i es over time in s pec ific l ocali­

~ies ; (2) obsidian quarrying a nd t ool production trends at obsidian 

sources both in the eastern Sierra and elsewhere in the Far West; (3) 

the organization o f trans-Sie rra economic exchange s ystems ; and (4) the 

spatial and t emporal pat t erns characterizing the movement of import ant 

exchange commodities (e.g. , obsidian , and shell beads and ornaments). 

Finally , there appear s to be an outstanding opportunit y for archaeolo­

gical research in t he eastern Sierra to contribute·meaningfully t o 

geologic efforts to determine the chr onology and magni tude of prehistoric 

volcanic eruptions in the Long Valley-Mono Basi n r egion . 
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Appendix A 

METRIC ATTRI BUTES OF PROJECTILE POINTS 
RECOVERED FROM CA- MNO- S6 l 

Pro jectile Poin t Form 

UNSHOUl.DERED 

Humboldt 
Concave- base 

Humbo l dt 
Basal-notched 

Bi poin t 

SROU1.DER£D 

Rose Spring 
Comer- notched 

E1ko 
Com er-notched 

Ca t alog 
Number 

90- 3-22A 
90-3-24 
90-3-40• 
90- 3-46 
90-4-3 
~0-5-24 
90-7-29A 
90- 8-5 
90-8-37 
90- 9-53A 
90-9- 55A 
90-10- 1"' 
90- 10- 74A 
90- 11- 4* 
90-11- 5 
90-14-7A 
90-16-2* 
90- 21-2A 

90-9-9* 

90- 10-5• 

90-1- 23 
90-3-9• 

90-1..:7•• 
90-3-5A 
90- 3-11 
90-6- SU 
90- 7-21 
90-9-10 
90-9-11 

24 7 

lengt h 

~ 

1.11 
2 . 52 
3.82 
2.38 
1.91 
2.46 
1.69 
5.62 
2.78 
1.48 
2.61 
3.17 
1.41 
4 . 28 
1.39 
1.27 
4.88 
1.69 

3 .58 

4 . 03 

2.74 
3. 42 

2.89 
1.32 
3 . 73 
1.42 
2. 56 
3. 77 
3.16 

Width Thickness 
(em) (em) 

1. 39 0.51 
1.69 0.63 
1.65 0.70 
1.41 0.62 
1.90 0. 59 
1.56 0 . 67 
1.61 0.4 7 
2.04 0.93 
1.59 0.68 
1.39 0 . 58 
1.92 0.58 
1.61 0 .59 
1.58 0 .56 
1.52 0 . 68 
1.54 0 .58 
1.36 0.52 
1.81 0.62 
1.12 0. 59 

2.06 0.54 

1.93 0. 71 

1.61 0 .40 
1. 73 0. 39 

1.96 0 . 55 
2 . 27 0 .44 
2. 49 0. 52 
1.51 0 . 52 
2.05 0. 74 
2. 93 0 .62 
2.36 0 . 48 

Weight 
_!ll_ 

0 .57 
2. 71 
4.71 
1.39 
1.72 
2.03 
1.34 

10.77 
2.63 
1.11 
2 . 77 
2.73 
0.87 
4 . 41 
0.84 
0.68 
6.89 
0 . 74 

3 .3 7 

4. 53 

1.63 
1.64 

2 . 78 
0 . 93 
4 .34 
1. 31 
3.94 
5.27 
3 .44 



,, 
Catalog Leng th \lid t h Thickness Weigh t 

Catalog Lengt h llidth Thickness \Ieight Projectile Point Form Number ~ (em) ~em) ~ 
Proj ect ile Point Fon~ Number ~ (em) ~em) _(g_L 

90- 3- 45 1.96 1.43 0.39 0. 72 
90-9-538"'** 1.89 1.58 0 . 53 1. 38 90-4-8 3 . 18 1.40 0 . 29 1. 73 
90-12- 7 2.35 2 . 38 0. 71 3 . 47 90- 5- 25 2 . 96 2 . 26 0 . 52 2.94 
90- 20-11"' 4 . 29 2. 09 0.52 3 . 54 90- 5-35 2.22 1.66 0 . 38 0 . 91 
90-20- 14 1.69 2.39 0.56 2 . 02 90-6-23 2 . 67 1.63 0.49 1.49 

90-6-44A 2.14 1.41 0 . 39 0 . 83 
Elko Eared 90-8-1 1.01 1.62 0 . 37 0 . '41 90-7-10 2.51 1.89 0.49 1.77 

90- 9- 20 3 . 66 3.11 0.57 5 .50 90-7-20 1.87 1.68 0.52 1.44 
90-10-16 2.38 2.52 0.66 3.11 90-8- 23 2. 69 1.68 0 . 48 1.67 
90- 11-6 3 .34 2.51 0.72 6 . 22 90- 9- 34 2. 61 1. 43 0 .54 1. 72 
90- 11-36A 0 .99 1.82 0.51 0.69 90-10- 18 3.07 1.62 0.38 1.69 
90-l3-12A 1.19 1.71 0.43 0.67 90- 10- 19 2.49 1. 41 0 . 44 1.21 
90- 18-4 3 . 17 2 . 36 O.t.t. 2 .88 90- 10-30 2.86 2.14 0 . 43 2 .01 

90-12- l 2. 01 1. 39 0 .33 0 .69 
Elko Corner - 90-12-18A 1. 73 1.31 0 .41 0 . 53 
notched or Elko 90-13-4 1.44 1. 04 0 . 39 0 . 48 
Eared Med i al 90- 15-16A 2. 07 1. 42 0 . 44 0.68 
Fr agment 90- 6- 7 2.02 2.68 0.44 2 . 97 90-17-1 3 .89 2 . 08 0.44 2.38 

90- 10-2 2. 71 1.59 0.67 2 :51 90- 17- 4 1.32 1.11 0.31 0.4 7 
90- 20- 33 3. 43 2 .7 3 0.56 3 . 42 90- 17-12 2.42 1.62 0.36 0 . 96 

90-18-7 2 . 72 2 . 39 0.39 2 .05 
Little Lake 90- 18-35A 1.58 1. 17 0 . 39 0.48 
Split -stem 90- 1-14 3.01 2.21 0 .82 6.06 90- 19-30 1.77 1.22 0.49 0.94 

90- 3-23"' 4.74 2 . 83 0.88 8 . 93 90- 19-37 3.11 2.ll 0.51 2.51 
90-6-37"' 5.04 2.55 0.78 8 .1 2 90- 20-17 3 . 78 2 . 73 0.59 4.22 
90-16-5 3.14 2.89 0 . 61 5.07 
90- 19-13 1.59 2. 41 0 . 44 1.68 

NONDIACNOSTIC 
Gypsum Cave MEDIAL FRAGMENT 90-5- 4 1.711 2.56 0.39 2.69 
Contracting-stem 90-8- 11* 3.30 2.02 0.57 2.72 90- 5-5 1.96 1.93 0 . 54 2 . 44 

90-10-48• 4 . 91 2. 26 0.62 6 . 08 90- 10- 70A 1.83 2.57 0 . 56 2.68 
90-10- 72A 1.82 2 . 18 o. 74 2 .61 

Unnamed Shoul- 90-12- 6 1.87 2.02 0.59 2. 78 
dered Form il 90- 10-8 4 . 09 3 .54 0.81 8.32 90- 16- 20A 1.49 1.13 0 . 43 0.57 

90- 10-69A 2.86 2 . 94 0.78 5 .66 90- 18-14 3. 54 1.98 0.49 3 . 44 
90- 21-3* 2.87 2 . 61 0.82 6 •. 47 90-19-47 2 . 13 1.84 0. 59 2.61 

Unnamed Sho~1-
90-20-5A 1.57 0.95 0 . 48 0.52 

dcred Form 12 90- 3- 29* 3 .29 2.23 0.72 4.83 
90- 10-29* 4.87 3 . 29 0 . 96 12.66 
USFS 1- 146* 5 . 19 2 . 62 1.22 9:11 

Unnamed Shoul-
dered Fon~ i3 · 90- 13- 18A 1.66 2 . 36 0.61 1.,88 

*compl ete or nearly complete s pecimen 

NONDIAGNOSTIC 
••appears to be the see~ of an El ko Comer-notched poin t 

***appears to be a portion o f the stem of an Elko Comer-notched point 
DISTAL FRAGMENT 90-3-21 2 .48 1.17 0 . 45 1.12 

90-3-35 4 . 72 2.72 0 . 60 8.01 



Appendix B 

OBSIDIAN HYDRATION MEASUREMENTS AND SOURCES FOR UNMODIFIED 
FLAXES AND PROJECTILE POINTS FROM CA-HN0-56.1 

UCR Catalog Hie ron 
OHL Number Unit Level Samele Heaaurement 

1691 90-3-1 3 0-10 unmodified flake 3.85 :!. 0.20 
1692 90-3-1 3 0-10 unmodified flake 3.55 ! 0.20 
1693 90-3-1 3 0-10 unmodified flake 3.65 1 0.20 
1694 90-3-1 3 0-10 unmodified flake 3.57 1 0.20 
1695 90-3-1 3 0- 10 unmodif i ed flake 3.69 :!. 0.20 
1696 90-3- 5 3 10- 20 unmodified flake 4.40 1 0 . 20 
1697 90-3-5 3 10-20 umr.odified flake 4.34 1 0.20 
1698 90-3-5 3 10-20 unmodified flake 2. 14 1 0 . 20 

"' 1699 90-3-5 3 10-20 unmodified flake 4. 26 1 0.20 
"' 1700 90-3- 5 3 10- 20 unmodified flake 4. 09 :!. 0.20 0 

1701 90- 3-10 3 20-30 unmodified flake 3.80 1 0.20 
1702 90-3-10 3 20-30 unmodified flake 4 .81 1 0.20 

1703 90-3-10 3 20-30 unmodified flake 5.35 1 0.20 

1704 90-3-10 3 20- 30 unmodified flake 5.11 1 0.20 
1705 90-3- 10 3 20-30 unmodified flake 4 .58 ! 0.20 
1706 90-3-15 3 30-40 unmodified fluke 4.78 1 0.20 
1707 90-3-15 3 30-40 unmodified flake 4.42 1 0.20 
1708 90-3-15 3 30-40 unmodified flake 4.40:!. 0.20 
1709 90- 3- 15 3 30-40 unmodified flake 4.52 1 0.20 
1710 90-3-15 3 30-40 unmodified flake 4.83 1 0.20 
1711 90-3-22 3 40-50 unmodified flake 3.39 1 0 . 20 
1712 90-3-22 3 40-50 unmodified flake 4. 57 1 0.20 
1713 90- 3-22 3 40-50 unmodified flake 4.91 1 0.20 
1714 90-3-22 3 40-50 unmodified flake 5. 02 ! 0. 20 
1715 90-3-22 3 40-50 unmodified flake 5. 08 ! 0.20 
1716 90-3-28 3 50-60 unmodified flake 4.99 :!. 0.20 

UCR Catalog Micron 
OHL Number Unit Level Samele Measurement 

1717 90- 3-28 3 50-60 unmodified flake 4.48 :!. 0.20 
1718 9Q-3-28 3 50-60 unmodified flake 4.51 1 0.20 
1719 90- 3-28 3 50-60 unmodified flake 3.80 1 0.20 
1720 90-3-28 3 50-60 unmodified flake 4 . 22 1 0.20 
1721 90-3-34 3 60-70 unmodified flake 3.95 1 0.20 
1722 90-3-34 3 60-70 un1110d if ied flake 4. 14 1 0.20 
1723 90-3-34 3 60-70 unmodified flake 4.12 1 0.20 
1724 90-3-34 3 60-70 unmodified flake 4. 13 1 0 . 20 
1725 90- 3-34 3 60-70 unmodified flake 4.37 :t 0.20 
1726 90- 3-39 3 70-80 unmodified flake 1.94 1 0 .20 
1727 90-3-39 3 70-80 unmodified flake 7.10 1 0.20 
1728 90-3-39 3 70-80 unmodified flake 3 . 94 ! 0.20 
1729 90-3-39 3 70- 80 unmodified flake 4.16 1 0.20 
1730 90-3-39 3 70-80 unmodified flake 4.12 1 0.20 
1731 90-3-44 3 80-90 unmodified flake 3. 37 ! 0.20 
1732 90-3- 44 3 80-90 unmodified flake 4. 73 1 0.20 
1733 90-3-44 3 80-90 unmodified flake 4.58 1 0.20 
1734 90-3-44 3 80-90 unmodified flake 3 .94 1 0.20 
1735 90-3-44 3 80-90 unmodif ied f lake 3.68 ! 0.20 
1736 90-3-50 3 90-100 unmodified flake 4.59 1 0.20 
1737 9Q-3-50 3 90-100 unmodif ied flake 3.82 1 0.20 
1738 90-3-50 3 90-100 unmodified flake 4.07 1 0.20 
1739 90-3-50 3 90-100 unmodified flake 3.94 1 0.20 
1740 90-3-50 3 90-100 unmodi f i ed flake 4.05 1 0.20 
1741 90-4-22 4 100-110 unmodified flake 4.43 1 0 . 20 
1742 90-4-22 4 100- 110 unmodif 1.ed flake 4.67 1 0 . 20 
1743 90-4-22 4 100-110 unmodified flake 5.02 1 0.20 
1H4 90-4-22 4 100-110 unmodified flake 3.87 :!. 0.20 
1745 90-4-22 4 100-110 unmodified flake 3.74 :!. 0.20 
1746 90-1-21 1 110-120 unmodified flake 5.09 1 0.20 
1747 90-1-21 1 110-120 unmodified f lake 7.50 1 0.20 
1748 90-1-21 1 110- 120 unmodified flake 5.40 1 0.20 
1749 90-l-21 1 110-120 unmodified flake 5.93 :!. 0.20 

Obsidian 
Source 

Caaa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Caaa Diablo 
Casa Diablo 
Casa Diablo 
Mono Craters-
Glass Mountain 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 

Obsidian 
Source 

Casa DiRblo 
Casa Diablo 
Case Diablo 
Cass Diablo 
Caaa Diablo 
Case Diablo 
Caaa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
easa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casn Diablo 
Case Diablo 
Casa Diablo 
Caaa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Caaa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diabl o 

"' "' .... 

·I 
I 
I ; 

I : 
I ' 
I· 
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UCR 
OHL 

1750 
1751 

1752 

1753 

1754 

1155 
1756 

1757 

1758 
1759 

1760 

1761 
1762 
1763 
1764 
1765 
1766 
1767 
1768 
1769 
1770 
1771 
1772 
177J 
1774 
1775 
1776 
1777 
1778 

UCR 
OHL 

1779 
1780 
1781 
1782 
1783 
1784 
1785 
1786 
1787 
1788 
1789 
1790 
1791 
1792 
1793 
1794 
1795 
1796 
1797 
1798 
1799 
1800 
1801 
1802 

11!03 

1804 
1805 
1806 
1807 
1808 
1809 
1810 

Catalog 
Number 

90-1-21 
90-1-22 

90-1-22 

90-1-22 

90-1-22 

90-1-22 
90-3-22A 

90-3-24 

90-3-40 
90-3-46 

90-4-3 

90-5-24 
90-7-29A 
90-8-5 
90-8-37 
90-9-53A 
90-9-55A 
90-10-1 
90-10-74!. 
90-11-4 
90-11-5 
90-H-7A 
90-16-2 
90-21-2A 
90-9-9 
90-10-5 
90-1-23 
90-3-9 
90-1-7 

Catalog 
Number 

90-3-5A 
90-3-11 
90-6-5 
90-7-21 
90-9-10 
90-9-11 
90-9-538 
90-12-7 
90-20-11 
90-20-14 
90- 8-1 
9Q-9-20 
90-10-16 
90-11-6 
90-11-36A 
90-13-12A 
90-18-4 
90-6-7 
90-10-2 
90-20-33 
90-1-14 
90-3-23 
90-6-37 
90-16-5 

90-19-13 

90-8-11 
90-10-48 
90-10-8 
90-10-69A 
90-21-3 
90-3- 29 
90-10-29 

Unit Level 

l 
1 

1 

1 

1 

1 
3 

3 

3 
3 

4 

5 
7 
8 
8 
9 
9 

10 
10 
11 
11 
14 
16 
21 . 

9 
10 

3 
1 

Unit 

3 
3 
6 
7 
9 
9 
9 

12 
20 
20 

8 
9 

10 
11 
11 
13 
18 

6 
10 
20 

1 
3 
6 

16 

19 

8 
10 
10 
10 
21 

3 
10 

110-120 
120-130 

120-130 

120-130 

120-130 

120-130 
40-50 

40-50 

70-80 
80-90 

0-10 

4(1-50 
30-40 
10-20 
70-80 
30-40 
50-60 
0-10 

70-80 
J0-20 
10-20 
20- 30 
10-20 
10-20 
20-30 
10-20 

surfuce 
10-20 
30-40 

Level 

10-20 
20-30 
10-20 
50-60 
30-40 
30-40 
30-40 
40-50 
20- 30 
30-40 

0-10 
40-50 
30-40 
10-20 
10-20 
10-20 
10-20 
20-30 

0-10 
50-60 
50-60 
40-50 
80-90 
30-40 

30-40 

40-50 
50-60 
20-30 
20-30 
10-20 
50-60 
40-50 

Sample 

un~dified flake 
unmodified flake 

unmodified flake 

unmodified flake 

unmodified flake 

unmodified flake 
Humboldt Concave-base 

Humboldt Concave-base 

Humboldt Concave-base 
Humboldt Concave-base 

llumboldt Concave-base 

llumboldt Concave-base 
Humboldt Concave-base 
Humboldt Concave- base 
Humboldt Concave-base 
llumbold t Concave-base 
Humbold t Concave-base 
Humboldt Concave-base 
llumboldt Concave-base 
llumboldt Concave-base 
llumboldt Concave-base 
llumboldt Concave- base 
Humboldt Concave-base 
Humboldt Concave-base 
Humboldt Basal-notched 
l!ipoint 
Rose Spring Corner-notched 
Rose Spring Corner-notched 
Elko Corner-notched 

Sample 

Elko Corner-notched 
Elko Corner-notched 
Elko Corner-notched 
Elko Corner-notched 
Elko Corner-notched 
Elko Corner-notched 
Elko Corner-notched 
Elko Corner-notched 
Elko Corner-notched 
Elko Corner-notched 
Elko Eared 
Elko Eared 
Elko Eared 
Elko Eared 
Elko Eared 
Elko Eared 
Elko Eared 
Elko series medial fragment 
Elko series medial fragment 
Elko series medial f ragment 
Little Lake Split- otem 
Little Lake Split- stem 
Little Lake Split-atcm 
Little Lake Split-stem 

Little Lake Split-stem 

Gypsum Cave Contrac ting-stem 
Gypsum Cave Cont~nc ting-stem 
Unnamed shoulder ~d fo rm 11 
Unnamed shouldered (orm 11 
Unnamed shouldered form 11 
Unnamed shouldered form #2 
Unnamed shoulde r~rl Corm 12 

Micron 
Measurement 

4 .38 :t 0 .20 
4.80 :t 0 .20 

5.66 :t 0.20 

4.74 1 0.20 
1) 5.96 :t 0 .20 
2) 4.07 1 0.20 

4.09 :t 0 . 20 
5.87 :t 0.20 

1) 4.27 :t 0.20 
2) 2.72 :t 0.20 

3.69 :t 0.20 
4.28 :t 0 .20 

5.36 :t 0.20 

4.78 1 0.20 
4.51 :t 0.20 
3.76! 0.20 
5.74 ! 0.20 
2.84 ! 0. 20 
4.39 1 0.32 
2.28 ! 0.20 
4.17 1 0.20 
3.52 ! 0.20 
2.39 ! 0.20 
3.67 ! 0.20 
3.92 ! 0.20 
4 . 57 ! 0.20 
3 .80 1 0.20 
3.24 1 0.20 
4.20 1 0.20 
3.23 ! 0.20 
5.79! 0.20 

Micron 
Measurement 

4 .16 ! 0.20 
3.69 1 0.20 
3.96 1 0.20 
3.17 1 0.20 
3.37 : 0.20 
3. 28 ! 0 .20 
5.25 1 0.20 
4.90 1 0.20 
3.93 1 0.20 
3.84 :t 0.20 
3.75 1 0.20 
3.89 ! 0.20 
2.89 ! 0 . 20 
4.43 1 0.20 
3.86 : 0.20 
2.85 1 0.20 
3.74 1 0.20 
3.82 1 0.20 
3.94 : 0 .20 
3.54 ! 0.20 
6.85 ! 0.20 
3.43 : 0.20 
4.04 1 0.20 
3.75 ! 0.20 

5.82 1 0.20 

3.96 1 0.20 
3.86 :t 0.20 
4.56 ! 0.20 
4.97 ! 0.20 
5.78! 0.20 
6.32 ! 0.20 
4.81 1 0.20 

Obsidian 
Source 

Casa Diablo 
Caan Diablo 
Hono Craters­
Class Mountain 
Casa Diablo 

Casn Diablo 

Casa Diablo 
Casa Diablo 
Mono Craters­
Class Mountain 
Casa Diablo 
Casa Diablo 
Mono Craters­
Class Mountain 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Queen 
Casa Diablo 
Queen 
Casa Diablo 
Casa Diablo 
Queen 
Casa Diablo 
Casa Diablo 
Queen 
Bodie Hills 

'Mount Hicks 
Casa Diablo 
Cnaa Diablo 
Casa Diablo 

Obsidian 
Source 

Queen 
Fish Springs 
Caoa Diablo 
Caoa Diablo 
Cnsa Diablo 
Cass Diablo 
Cnsa Diablo 
Fish Springs 
Cnsa Diablo 
Caoa Diablo 
Cnoa Diablo 
Casa Diablo 
Cass Diablo 
Casa Diablo 
Casa Diablo 
Queen 
Queen 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Casa Diablo 
Queen 
Casa Diablo 
Casa Diablo 
Mono Craters­
Glass Mountain 
Cnaa Diablo 
Queen 
Queen 
Cnsa Diablo 
Casa Diablo 
Casa Diablo 
Queen 



UCR Catalog Micron Obsidian 
OIIL Number Unit Level Sample Measurement Source 

1811 USFS l-146 - 50-60 Unnamed shouldered form 12 7.24 :!: 0.20 Casa Diablo 
1812 90-l3-l8A 13 70-80 Unnamed shouldered form 13 5 .82 :!: 0.20 Casa Diablo 
1813 90-3-21 3 30-40 Nondiagnoatic distal fragment 2.77 :!: 0.20 Queen 
1814 90-3-35 3 60-70 Nondiagnoatic diatal fragment 4.87 :!: 0.20 Casa Diablo 
1815 90-3-45 3 80-90 Nondiagnoatic distal fragment 3 .30 :t o. 2.0 Caaa Diablo 
1816 90- 4-8 4 10-20 Nondiagnostic distal fragment 4.61 :!: 0.20 Mount Hicks 
1817 90-6-23 6 50-60 Nondiagnostic distal f ragmen t 3 .36 :!: 0.20 Casa Diablo 
1818 90-12-liiA 12 20-30 Nondiagnoatic distal fragment 3 .68 :!: 0.20 Caaa Diablo 
1819 90-13-4 13 30-40 Nondiagnostic distal fragment 3.89 :!: 0.20 Queen 
1820 90-15-16A lS 40-50 Nondiagnostic distal fragment 4.48 1 0.20 Casa Diablo 
1821 90-17-1 17 0-10 Nondiagnostic distal fragment 3 .33 :!: 0.20 Casa Diablo 
1822 90-17-4 17 10-20 Nondiagnoatic distal fragment 5.17 1 0.20 Caaa Diablo 
1823 90-17-12 17 60-7U Nondiagnoatic distal fragment 5.07 ± 0.20 Casa Diablo 
1824 90-19-30 19 50-60 Nondiagnoatic distal fragment 4.78 t 0.20 Caaa Diablo 
1825 90-20-17 20 40-50 Nondiagnoatic distal fragment 2.94 t 0 .20 Caaa Diablo N 

1826 90- 5-4 5 0-10 Nondiagnoatic medial fragment 2.44 :!: 0.20 Caaa Diablo "' ~ 
1827 90- 5-5 5 0-10 Nondiagnoatic medial fragment 4 .01 :!: 0.20 Queen 
11128 90-10-70A 10 30-40 Nondiagnoatic medial fragment 5.29 :!: 0.20 Caaa Diablo 
1829 90- 10- 72A 10 50-60 Nondiagnoatic medial fragment 3.81 1 0.20 Caaa Diablo 
1830 90-12-6 12 30-40 Nondiagnoatic medial fragment 3.39 :!: 0.20 Casa Diablo 
1831 90-16-20A 16 50-60 Nondiagnoatic medial fragment 3.97 1 0 .20 Casa Diablo 
1832 90-18-14 18 40- 50 Nondiagnoatic medial fragment 3 .89 :!: 0.20 Caaa Diablo 
1833 90-19-47 19 70-80 Nondiagnoatic medial fragment 3 .56 ± 0 . 20 Bodie Hilla 
1834 90-20-5A 20 10-20 Nondiagnoatic medial fragment 4 . 43 :!: 0.20 Casa Diablo 


