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ABSTRACT 

Petrographic and geochemical techniques were applied in a sample of Luiseiio pottery sherds 
from 3 Riverside County sites. These methods enabled the analyst to distinguish quantitatively between 
Tizon Brown Ware and Buff Ware based on both mineral composition and abundances. The mineralogy 
of the Tizon Brown Ware suggests a localized production, and the Buff Ware appears to be intrusive. 
Two unclassified sherds did not fit into either Tizon Brown Ware or Buff Ware, and their source was not 
conclusively determined. These methodologies provide a more precise temper identification that can 
develop a better classification system once a data base is established in southern California. 

INTRODUCTION 

Archaeologists involved in ceramic stud
ies have proposed different typologies or 
classification schemes to give order to the 
paddle-and-anvil ceramic wares found in 
western Arizona and southern California. 
Presently, there is no well-defined taxono
mic structure for the classification of prehis
toric southern California paddle-and-anvil 
pottery (Lyneis 1988). Ceramic vessels and 
sherd fragments are generally put into 1 of 
the 2 major "wares" categories, either "Tizon 
Brown Ware" or "Lower Colorado Buff 
Ware". These classifications are based on a 
buff-brown dichotomy, or a light-dark di
chotomy, further described by a less-
grainy Imore-grainy differentiation in the 
clays (Lyneis 1988:149). These determina
tions are made typically by hand-lens or bi
nocular microscope evaluation. Even 
though these characteristics are general
ized, due to the considerable variation of 
surface color and temper texture between 
the 2 wares, the sherds are not always easily 
classified by this method. The need for a 
formal structure in ceramic ware analysis is 
important in order to develop temporal, spa
tial, and cultural relationships for paddle

and-anvil ware producers in the Southwest 
and southern California. 

This research entails the petrographic 
and geochemical analyses of prehistoric ce
ramics from 3 archaeological sites near Mur
rieta, in southwestern Riverside County, 
California: RN-1864, RN-722, and RN
2229. The purpose of this study was to de
fme a ware classification system, based on 
petrographic evaluation of the paste and 
temper mineralogy and geochemical evalua
tion of the bulk sherd composition. These 2 
analytical techniques can be used to distin
guish between wares. In addition, petro
graphic data may indicate possible source 
areas for temper and suggest whether the 
ceramics were produced locally or were in
trusive. 

PREVIOUS CERAMIC STUDIES 

Malcolm J. Rogers 
In 1928, Malcolm J. Rogers pioneered 

studies in Southern California paddle-and
anvil-constructed ceramic wares. Rogers' 
(n.d.) unpublished notes from the San Diego 
Museum of Man indicate that his criteria for 
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ceramic evaluation emphasized the impor
tance of temper and surface color. He con
sidered the natural environment to be im
portant in ceramic manufacture. The geo
logical environment dermed the composition 
of the temper and, therefore, provides criti
cal information for inferences about the 
sources of ceramics. Rogers (1945:181) also 
promoted the hypothesis oflocal manufac
ture and noted (Rogers 1936:4): 

It may be possible, eventually, to identify 
distinguishing constituents in the inclu
sions of clays from specific localities, which 
in turn can be identified in the pottery. 

Analvsis Criteria 
Since Rogers, many ceramic studies in 

southern California followed Southwestern 
criteria which emphasized descriptive as
pects of ceramics including rim and vessel 
form (Harner 1957; Euler and Dobyns 1958; 
Waters 1982). These criteria deemphasized 
temper and quantitative mineralogical anal
ysis. The problem in southern California is 
that few rim or vessel forms are found in the 
archaeological record. Body sherds, which 
constitute most of the ceramic collections, 
have limited interpretative value. 

Evaluating the temper can provide use
ful information about the geological source. 
This kind of analysis can give a better de
scription of sherd composition, mineral 
abundances, and consistency between 
sherds. Specific data from temper analysis 
can provide distinctive information about 
the source rock, which can be beneficial to 
studies of the source material and possibly 
trade or migration patterns. Theemphasis 
on the vessel form and function can provide 
some cultural inferences, but because the 
percentage of recovery is limited in south
ern California, identifying source material 
may provide more valuable information. 
Geochemical analysis of the bulk sherd 
compositions can also provide data to fur
ther characterize the wares and additionally 
provide sourcing information. 

ARCHAEOLOGY 

Site Location 
The 3 study sites are located on the 

258 

northeast border ofLuisefio territory. Lui
sefio territory encompasses over 1,500 
square miles of coastal southern California 
and is described by Bean and Shipek 
(1978:550-551) as follows: 

Along the coast it extended from about 
Agua Redionda Creek on the south to near 
Aliso Creek on the northwest. The bound
ary extended inland to Santiago Peak, then 
across to the eastern side of the Elsinore 
Fault valley, then southward to the east of 
Palomar Mountain, then around the 
southern slope above the valley of San 
Jose. From there the boundary turned 
west and returned to the sea along the 
Agua Redionda Creek. 

San Luis Rey Complexes 
The major distinguishing cultural re

mains separating San Luis Rey I (AD. 1400
1700) and San Luis Rey IT (AD. 1750-1850) 
cultural phases in Luisefio territory is the 
presence of pottery in the later phase 
(Meighan 1954). The introduction of pot
tery into this area was generally considered 
to be late (True et al. 1974). Meighan (1954) 
characterized the San Luis Rey I complex as 
having grinding implements, small triangu
lar projectile points with concave base, stone 
pendants, Olivella sp. disc and spire-lopped 
beads, quartz crystals, and bone tools. He 
described (ibid.: 1954:223) the San Luis Rey 
IT phase as substantial duplication of the 
earlier complex, with the significant addi
tion of pottery vessels, tubular clay pipes, 
pictographs, glass beads, knives, and grooved 
steatite arrow straighteners. 

Significance of Pottery 
The presence of pottery at the 3 study 

sites gives insight into the cultural behavior 
of the Luisefio people who are believed to 
have lived there. The use of pottery reflects 
aspects of their subsistence and settlement 
activities. It implies the Luisefio relied on 
storage capabilities for a year-round supply 
of food and water in a more permanent set
tlement. Although the Luisefio did not 
practice agriculture, they had many of the 
characteristics found in a sedentary agricul
tural subsistence pattern, which sets them 
apart from typical hunters and gatherers. 
Since pottery is considered to be a late de
velopment and a part of the San Luis Rey II 



complex dermed for the area, its presence 
indicates a temporal context for the sites. 
The study of pottery can be used to under
stand a region's historical context, i.e., if 
there had been interaction between cultural 
spheres. The ceramic remains of Tizon 
Brown Ware, Buff Ware, and variations bet
ween these wares suggest a spatial context, 
implying interactions with other cultural 
groups. 

GEOLOGICAL SETTING 

Regional Geology 
The Peninsular Ranges province encom

passes a region characterized by a series of 
northwest-trending mountain ranges and in
tervening valleys. The southern California 
batholith constitutes the majority of this 
province. The study area (Figure 1) lies 
within the Perris Block of the Peninsular 
Ranges province. The Perris block is a 
down-faulted structural block bounded by 
the Elsinore fault zone along its western 
side and the San Jacinto fault zone along its 
eastern side. The Elsinore fault zone is 
closest to the study area with Mesozoic met
amorphic and plutonic rocks, and Cenozoic 
sedimentary and volcanic rocks complexly 
faulted along most of its length (Kennedy 
1977). 

Rock Types in Study Area 
Plutonic rocks (Kp) exposed within the 

study area include gabbro, tonalite, and gra
nodiorite (Figure 2). All of these are intru
sive igneous rock types; gabbro is a mafic 
rock, and tonalite and granodiorite are more 
felsic (feldspar and quartz-rich) and are con
sidered granitoids. Gabbro is composed 
chiefly of plagioclase, clinopyroxene, and 
minor olivine. Tonalite and granodiorite are 
widespread batholithic rocks and are com
posed of plagioclase, quartz, biotite, and 
hornblende. Granodiorite, however, con
tains more than 10% K-feldspar. The pres
ence of K-feldspar serves to distinguish gra
nodiorite from tonalite and quartz diorite. 
Even though biotite is more common in 
granodiorite, its presence or absence in 
temper materials may be more dependent 
on weathering, sediment transport, and 
temper preparation than on abundances in 
the source rock type. 
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Metamorphic rock types, both low-grade 
(pKy) and high grade (pKo) metasedimenta
ry rocks, are also found in the study area. 
These rocks were metamorphosed by intru
sion of the southern California batholith. 
The low-grade rocks have minerals such as 
chlorite or muscovite, albite, and quartz. 
High-grade rocks contain minerals such as 
hornblende, biotite, and muscovite in addi
tion to quartz. 

The Quaternary alluvium (Qal) and 
nonmarine terrace (Qn) deposits are com
posed of poorly to moderately consolidated 
sandstone, conglomeratic sandstone, and 
conglomerate. These deposits are derived 
from the erosion of older intrusive, volcanic, 
and metasedimentary rocks, and therefore 
reflect the mineralogy of the parent rocks 
from which they were eroded. These rocks 
and/or their weathering products are poten
tial sources of temper observed in the ce
ramic thin sections. They would be expect
ed to contain weathering products from a 
variety of rock types and would be far more 
mineralogically complex than material de
rived from outcrops ofa single parent rock 
type or from active streams in small drain
age basins. 

Rock types located in the study area are 
within the travel distances proposed by Ar
nold (1985) for the procurement of ceramic 
resources. The preferred travel distance for 
temper sources averaged 1 km or less, with 
the maximum range within 6-9 km (Arnold 
1985:32-52). Within this range of distances, 
quartz diorite and tonalite are the most 
abundantly exposed rocks and their miner
als would be expected to be abundant in the 
temper if it was locally derived. 

ANALYTICAL METHODS 

Typing of Sherds and Sample Selection 
Twenty-four representative samples 

were selected for petrographic and geochem
ical analysis out of more than 400 sherds re
covered from the sites. They were divided 
into 3 ware categories: Lower Colorado Buff 
Ware, Tizon Brown Ware, and unclassified 
wares. These initial placements were made 
after inspection by hand lens or binocular 
microscope, and were intended only as a 
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Figure 1. Generalized map for the Mesozoic plutonic rocks of Northern Peninsular and Transverse Ranges prov
inces, California. Fault-bounded structural blocks are indicated. [From Baird and Miesch 1984.] 
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Figure 2. Generalized geological map of the Peninsular Ranges Province, southern Califor
nia, in the study area. [From Jahns 1954.] 
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cursory method of classification following 
the buff-brown classification dichotomy pre
viously cited. Tizon Brown Ware fits the 
general criteria established for this category, 
having a darker color and a coarse temper 
grain texture. The Lower Colorado Buff 
Ware samples also were considered to have 
the described characteristics of the general 
ware category. It was hoped that the unclas
smed sherds could be classmed through 
petrography or geochemical analysis when 
compared to the other wares. 

Petrographic Analysis 
Thin sections were prepared profession

ally by Glenn Striegler of the Rock Lab in 
Sherman Oaks, California, and Frank Padil
la of U.S.A Professional Petrographics of 
Ontario, California. All samples were im
pregnated and mounted with clear epoxy to 
compensate for the friability of the ceramic 
material. Thin sections were ground to the 
standard thickness of 30 microns, and a cov
er slip was mounted to preserve the sample. 

Petrographic examination of the ceramic 
temper revealed that it consisted of mineral 
grains, rock fragments, and sherd frag
ments. Mineral fragments were identmed 
using standard petrographic techniques; the 
minerology of the rock fragments, an ag
glomerate of 2 or more mineral grains, were 
determined and further subdivided into 
metamorphic, plutonic, and volcanic rock 
types. Plutonic igneous rocks were classmed 
by the lUGS Classmcation System (Dietrich 
and Skinner 1979:116). Sherd fragments 
were identified by their darker matrix color, 
shrinkage voids around the edges of the 
sherd fragments, and fme-grained inclu
sions. Abundances of temper constituents 
were estimated by comparison to visual es
timation charts. The abundance of temper 
materials differ among the 3 wares and also 
among sherds within the same ware classifi
cation. These constituent variations relate 
to different temper sources and possibly the 
use of different manufacturing techniques. 

Grain texture characteristics were eval
uated and described by using various geolog
ical standards -- grain rounding, sorting, and 
size (Compton 1962:212,214,215). These 
characteristics were analyzed to determine 
iffurther distinction could be made between 

the wares. 

Geochemical Analysis 
Geochemistry was used to further char

acterize and defme the sherd composition. 
Ceramic samples were pulverized, prepared, 
and analyzed at the ACME Laboratory in 
Vancouver, British Columbia. Major and 
trace element abundances were determined 
by Inductively Coupled Plasma (ICP) spec
troscopy. Two types of preparation were 
used for ICP analyses: a LiB0,.2-fusion meth
od for element abundances 01 major oxides 
and some trace elements, and an acid-leach 
method for additional major and trace ele
ment abundances. 

LiB0
2
-fusion analysis used a 0.2000-g 

sample fused with 1.2 g ofLiBO and dis
solved in 100 ml of 5% HN03• All elemental 
abundances reported for the LiB02-fusion 
technique are quantitative (fully measured) 
in percentages (%) and parts per million 
(ppm). The acid-leach analysis used a 
0.5000 g sample digested with 3 ml3-2-1
HCI-HNOa-H2

0 @ 95° C for 1 hour, diluted 
to 10 ml WIth water. The acid-leach analysis 
resulted in total analysis for Mo, Cu, Pb, Zn, 
Ag, Ni, Co, As, U, Au, Th, Cd, Sb, Bi and V; 
partial analysis for Mn, Fe, Sr, Ca, P, La, Cr, 
Mg, Ba, Ti, B, and W; and limited analysis 
for Na, K, and AI. 

PETROGRAPHIC RESULTS 

Description ofWares 
After petrographic analysis, the ceramics 

were divided into 3 ware categories, Buff 
Ware, Tizon Brown Ware, and unclassmed. 
The Buff Ware sherds are not referred to as 
"Lower Colorado BuffWare" because they 
did not have all the characteristics described 
by Lyneis (personal communication, 1991): 
"light color; clean clay matrix; lack of/or 
very fme temper or inclusions; matrix sup
ported". Buff Ware is herein defmed as: 
light color; fine clay matrix; with temper 
characteristics intermediate between Lower 
Colorado Buff Ware and Tizon Brown Ware. 
This Buff Ware is potentially a variant of the 
Lower Colorado Buff Ware, but more petro
graphic analysis of ceramic collections is 
needed to determine if this interpretation is 
correct. Tizon Brown Ware fits the general 
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criteria established for this category, having 
a dark color and a coarse temper grain tex
ture. The unclassified wares remained in 
this category, as their characteristics did not 
neatly fall into either of the previous catego
ries. 

BufTWare Temper 
Four Buff Ware sherds were analyzed 

from sites RN-722 and RN-2229. No repre
sentative BufTWare sherds were found at 
RN-1864. BufTWare samples contained 9
20% of their volume as temper; quartz (6
14%) was the dominant mineral; plagioclase 
(1-4%), biotite (1-2%),K-spar (trace-1 %) were 
less abundant but always present; and trace 
amounts of muscovite, sphene, zircon, and 
epidote were present. Three samples con
tained sherd fragments (3-13%) as temper. 
One sherd contained a trace amount of sil
limanite in feldspar grains. Three sherds 
had volcanic rock fragments « 1-2%). 

The rounding, sorting, packing, and size 
of grains in the BufTWare temper was exam
ined. The grain rounding of 3 sherds ranged 
from angular to subrounded with 1 sherd 
containing grains ranging from subangular 
to rounded. Three were well sorted; 1 was 
moderately sorted. Packing ofall 4 sherds 
was matrix supported. The grain size 
ranged from fine to coarse sand. 

Tizon Brown Ware Temper 
Eighteen Tizon Brown Ware sherds were 

analyzed from the 3 sites. The mineral 
composition of the temper was homogene
ous with the total temper mineral abun
dance ranging from 23 to 33%. Quartz was 
the most abundant mineral (10-25%), fol
lowed by plagioclase (1-10%), and horn
blende (ranging from trace to 12%), and 
these 3 minerals were present in all sam
ples. Biotite was present (trace-4%) in all 
samples and pyroxene (trace-4%) in some 
samples. Accessory minerals that were 
present include muscovite and sphene 
(trace), zircon (trace-1%), and epidote (trace
2%). Three sherds contained traces of silli
manite in feldspar, and 1 sherd contained a 
trace of rutile. 

The lUGS igneous rock classification 
system was utilized to identify rock types 
based on rock fragments and/or relative 

abundances of quartz, plagioclase, and K
feldspar. Twelve sherds contained mineral 
abundances that are suggestive of tonalite 
source rock; 4 a quartz diorite source rock; 
and 1, a granodiorite source rock. Two 
sherds having evidence of potentially 2 dif
ferent rock sources have both quartz diorite 
fragments/mineral abundances, with 1 
sherd additionally having a quartz gabbro 
source rock, and the other had a grain re
sembling a metasedimentary argillaceous 
source rock. 

The rounding, sorting, packing, and size 
of grains in each thin section was evaluated. 
The temper grain rounding of 5 sherds is 
subangular to subrounded and of 3 sherds is 
angular to subrounded. The grain rounding 
of 10 sherds is angular to subangular. Nine 
sherds are poorly sorted and 9 sherds are 
moderately sorted. Four sherds have 
abundant temper material and are consid
ered grain supported. The other 14 sherds 
are matrix supported. The grain size for all 
Tizon Brown Ware sherds is medium to 
coarse sand. 

Unclassified Ware Temper 
Two sherds were not classified during 

the initial sorting/selection process because 
they did not fit into either ware classifica
tion. Both sherds were from RN-722. The 
temper contained a total mineral abundance 
from 9 to 10%. Quartz (4-5%) was the domi
nant mineral followed by plagioclase (1%). 
Biotite (trace-2%) was the principal charac
terizing mineral and the only accessory 
mineral was muscovite (trace-l%). One 
sherd had a trace of hornblende and 15% 
sherd fragments. Both sherds had volcanic 
rock fragments (1-3%). 

The unclassified sherds were evaluated 
for rounding, sorting, packing and size. The 
temper grain rounding of one ranges from 
subangular to subrounded; the other ranges 
from angular to subangular. Both sherds are 
well sorted. The packing of both sherds is 
matrix supported, and the grain size is fme 
sand. 

Petrography Discussion 
The petrographic analysis showed min

eralogical and textural feature distinctions 
between the wares (Table 1). Although only 
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Table 1 

Mineral Abundance Ranges Estimated From Thin Sections 
of Tizon Brown Ware, BuffWare, and Unclassified Ceramics 

Minerals/other Tizon Brown Ware BuffWare Unclassified 
inclusions 

Total Temper 23-33% 9-20% 9-10% 

Quartz 10-25% 6-14% 4-5% 

Plagioclase 1-10% 1-4% 1% 

K-spar Trace-2% Trace-1% 

Biotite* Trace-4% 1-2% Trace-2% 

Hornblende* Trace-12% Trace 

Pyroxene* Trace-4% 

Muscovite+ Trace Trace Trace-1% 

Sphene+ Trace Trace 

Zircon+ Trace-1% Trace 

Epidote+ Trace-2% Trace 

Sherd Trace-2% 3-13% 0-15% 

Rock 1-3% 

Volcanic Rock 1-2% 1-3% 

Sillimanite =Trace Sillimanite = Trace Ruti le = Trace 
Augite. Trace Opaques =TR-1% 

Opaques =TR-2% 
Other Metamorphic =Trace 

Sericite =TR-1% 
Fibrol ite = TR 
Hell8tite = TR 

* = Characterizing Mineral + = Accessory Mineral 

4 BuffWare sherds were analyzed, they 
showed a high degree ofvariability. Some 
general characteristics are similar: the 
amount of temper is moderate (10-20%); 
the mineral abundance shown on Table 1 
indicates that quartz, plagioclase, and biotite 
are most abundant. K-feldspar is present in 
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all sherds. The BuffWare temper consists 
of minerals, sherds, and volcanic fragments. 
The characterizing minerals are hornblende 
and sphene for all; zircon for 3 sherds; and 
epidote for 3. Sherd fragments are found in 
3. The grains are more rounded and well 
sorted compared to the Tizon Brown Ware. 



The matrix clay grains are more transpar
ent~ and have a higher birefringence than 
those in Tizon Brown Ware. 

In spite of the fact that far more Tizon 
Brown Ware sherds were analyzed~ they had 
less variation than the 4 Buff Ware sherds. 
The overall abundance of the Tizon Brown 
Ware temper abundance ranges from mod
erate to heavy (23-33%) and the mineral 
abundances are greater for all minerals. 
Quartz and plagioclase are dominant~ with 
hornblende as the most abundant character
izing mineral in these sherds. Rock frag
ments are more characteristic of the Tizon 
Brown Ware than the other wares~ as they 
are present in 15 of the 18 sherds. The 
grains are moderately to poorly sorted; all 
temper grains are angular. The matrix is 
darker in color and has discernible grain 
when viewed under cross-polarized light. 

The unclassified sherds are petrographi
cally distinct from the 2 described wares and 
from one another. Although they have simi
lar mineral compositions~ (abundant quartz 
and plagioclase along with characterizing 
biotite), the total mineral abundance is less 
than either Tizon Brown Ware or Buff Ware. 
The sherds do not have the rock fragments 
characteristic of Tizon Brown Ware, and 1 
has an abundance (15%) of sherd fragments, 
a characteristic of Buff Ware. The unclassi
fied sherd grains have sorting, rounding, 
and packing characteristics that are more 
similar to Buff Ware. 

Sourcing Inferences 
The Buff Ware may have been locally 

made; however, the mineral abundances and 
textural characteristics suggest that Buff 
Ware could have been derived from outside 
the study area. The presence ofK-feldspar 
in the Buff Ware sherds is suggestive ofa 
source east of the San Jacinto mountains. 
K-feldspar may be present in the study area 
but is more abundant in rocks to the east. 
The distinct rounding, sorting, and packing 
in Buff Ware could indicate a different man
ufacturing technique from the Tizon Brown 
Ware. 

The mineral composition of the Tizon 
Brown Ware can be directly related to rocks 
exposed near the sites. The most abundant 
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plutonic rocks in the site area have mineral 
and textural features that are very similar to 
temper grains in the Tizon Brown Ware 
sherds. The large amount of quartz, plagio
clase and hornblende and the small amount 
of K-feldspar and biotite suggest that Tizon 
Brown Ware temper materials were derived 
from gabbro, quartz diorite, or tonalite 
sources. Each of these crop out extensively 
near the sites. The most abundant rock 
type of the Perris Block is tonalite (Kp), 
which is considered to be a very likely 
source of temper grains in Tizon Brown 
Ware. The additional minerals identified 
include sillimanite, sphene, and rutile. Sil
limanite is a mineral that typically occurs in 
metasedimentary rocks in contact with plu
tonic rocks. Rutile could be from metasedi
mentary or mafic plutonic rocks. Sphene is 
an abundant accessory mineral in tonalite. 
The relative scarcity of these minerals is 
consistent with a dominantly plutonic 
source that may have minor inclusions of 
metamorphic rocks. 

The distinctive nature of the unclassi
fied sherds suggests that their source was 
not from the local area nor from the source 
area of Buff Ware. Their mineral abundanc
es are distinctively different from the Buff 
Ware and Tizon Brown Ware, and their rela
tion to the study area's geology is inconclu
sive. Further investigation is needed to ver
ify a potential source area for these sherds. 

GEOCHEMICAL RESULTS 

The data resulting from the geochemical 
analysis did not provide as clear a distinction 
between the wares as did petrographic anal
ysis. The chemical composition for all ware 
types was, in general, very similar based on 
raw elemental abundances. Therefore, 
major and trace element abundance varia
tion as a function of other elemental abun
dances was used to distinguish between 
wares. Three general types of plots were 
used: binary diagrams plotting major ele
ments in silica variation diagrams; ternary 
diagrams plotting the relative abundances of 
3 major elements; and binary diagrams plot
ting trace elements in silica or calcium var
iation diagrams. Variation diagrams of this 
type are commonly used in geochemical 



analysis when the ratio of elements to each 
other is more informative than absolute 
abundances. 

Binary Major Element Diagrams 
Major element oxides ofaluminum, iron, 

magnesium, calcium, sodium, and potassium 
were plotted on silica variation diagrams. Of 
these diagrams plotted, only the aluminum 
oxide, calcium oxide, and potassium oxide 
results appear useful in distinguishing bet
ween the wares (Figures 3-5). The other ox
ides show significant overlap in the abun
dance fields and are not considered useful. 
The results indicate that Al 0 is lower for 

2 3
BuffWare at a given silica content, and CaO 
is higher for Buff Ware, possibly due to dif
ferent clay sources. ~O is higher in Buff 
Ware particularly at low silica content. The 
higher abundance of~O may be due use of 
temper materials from rocks east of the stu
dy area which are known to have higher K
feldspar (Baird and Miesch 1984). 

Ternary Maior Element Diagrams 
Ternary diagrams, where 3 elements (or 

element sums) are plotted relative to one 
another, help demonstrate significant chem
ical variations between sample groups. This 
technique is commonly used in igneous pe
trology and was used here in an attempt to 
distinguish between different wares. CaO, 
FeO, and MgO data were plotted relative to 
one another for each sample (Figure 6). The 
results indicate that the Buff Ware and un
classified sherds plot within a field that is 
enriched in CaO relative to FeO when com
pared to Tizon Brown Ware. One Buff Ware 
sherd sample plots outside the Buff Ware 
field probably due to a high iron content in 
the hematite (sample was deep-red due to 
an abundance of hematite). 

A standard igneous rock Alkali-Iron
Magnesium (AFM) diagram that measures 
the relative proportion of alkalis (~a.20 + 
~O), iron (FeO), and magnesium (MgQ), 
was plotted (Figure 7). The AFM plot 
showed distinctions between the 2 wares be
cause of the relatively high iron content 
either from hematite or hornblende in Ti
zon Brown Ware as compared to Buff Ware. 
Differences in clay composition may also 
contribute to a higher iron content. The 
Buff Ware and unclassified sherds are more 
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similar in composition and plot in the same 
field, with the exception ofa deep-red 
hematite-rich sherd which plots with rela
tively high iron content. 

Major element oxides N~O, ~O and 
CaO were plotted (Figure 8) relative to one 
another for each ceramic sample. The re
sults show that the Buff Ware and unclassi
fied sherds fall within the same field show
ing a higher potassium oxide and calcium 
oxide content relative to sodium oxide. This 
higher ~O content may be related to the 
clay composition and relatively more K
feldspar in these samples. 

Binary Trace Element Diagrams 
Trace element compositions were com

pared to distinguish between sherds of simi
lar major element chemistry. Many of the 
trace element data were not used in this 
study because of their overlapping ranges. 
Those elements disregarded include: Pb, Cu, 
Zn, Ni, Co, As, Th, Ti, Cd, Cr, Ag, La, Zr, Ce, 
and Y. Some elements (Mo, U, Bi, Au, Nb, 
and Ta) had similar abundances in all sam
ples and were not used in this study. Three 
trace elements were found to effectively 
separate the 2 wares: boron, vanadium, and 
strontium. These trace elements were plot
ted on binary silica variation diagrams. Re
sults of these diagrams indicate the follow
ing: 

The boron-silica variation diagram (Fig
ure 9) allows for the separation ofTizon 
Brown Ware from 3 out of 4 BuffWare. The 
ceramic samples from site RIV-722 contain 
significantly more boron than wares from 
the other sites. The reason for the higher 
boron abundances from this site is not 
known. The unclassified sherds fall within 
the 2 BuffWare fields. Figure 10 shows that 
vanadium has a higher abundance in the Ti
zon Brown Ware with overlap between the 2 
fields. The unclassified sherds fall in both 
fields, one in the Buff Ware, the other with
in the Tizon Brown Ware range. A binary 
silica variation diagram was constructed for 
strontium (Figure 11), This figure illus
trates that the Buff Ware has a generally 
higher strontium content than Tizon Brown 
Ware. There is, however, obvious overlap in 
their ranges. 
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In addition to the above trace elements, 
a strontium and calcium oxide binary plot 
(Figure 12) indicates a relatively higher 
amount of these elements in Buff Ware as 
compared to Tizon Brown Ware. The un
classified sherds fall close together in the 
BuffWare field, exhibiting similar abun
dances. 

Geochemistry Discussion 
Major and trace elements abundance 

variations allowed some discrimination bet
ween wares. The geochemical differences 
between wares are summarized in Table 2. 
Ranges of major and trace element abun
dances were not useful by themselves for 
distinguishing between wares. Major ele
ment-silica variation diagrams, however, in
dicate there is considerable variation of 
major element abundances as a function of 
silica content. Trace element-silica varia
tion diagrams are generally not useful for 
separating wares; however boron, vanadium, 
and strontium variations with silica content 
are different for the 2 wares and allow their 
chemical distinction. BuffWare has higher 
abundances of boron and strontium while 
Tizon Brown Ware exhibits a higher vanadi
um content. The ternary diagrams that 
measure ratios in the major elements fur
ther characterize the wares. These show 
BuffWares having higher potassium and 
calcium oxides relative to iron oxide, wher
eas iron oxide is greater in Tizon Brown 
Ware. This results in separate abundance 
fields on CaO-MgO-FeO (calcium oxide
magnesium-oxide-iron oxide), AFM (alkali
iron-magnesium), NaO-K,O-CaO (sodium 
oxide-potassium oxide-catcium oxide) dia
grams. 

The abundance fields are better defmed 
for Tizon Brown Ware because of the rela
tively large number of samples. The Buff 
Ware abundance fields are poorly defmed 
because only 4 samples were analyzed. Of 
these 4, only 2 had plutonic rock temper. 
More samples of plutonic-rock-tempered 
Buff Ware are required to better defme 
abundance fields and to clearly establish 
similarities or differences between the 2 
types of ceramic wares. 

Unclassified sherds had major and trace 
elements abundances that were not conclu

sively like either the Tizon Brown Ware or 
BuffWare. For some major (Fe20 a (iron ox
ide), ~O (potassium oxide) and mmor (V
vanadium and Sr-strontium) elements, un
classified sherds were most like Buff Ware; 
however other major element (Ab03-alumi
num oxide) and minor element (H-boron) 
characteristics were similar to both Tizon 
Brown Ware and BuffWare. The unclassi
fied samples were unlike either ware on 
calcium-silica variation diagrams. Geochem
ical data alone are not able to classify the 
unknown wares as 1 of the 2 types; rather 
they may be distinct types of their own. 

CONCLUSIONS 

Previous ceramic studies have not devel
oped an adequate taxonomic system for ce
ramics found in the southern California 
area. These studies have not used consist
ent criteria or analytical techniques and 
have attempted to place southern California 
pottery in the Southwestern ceramic clas
sification system. Because this descriptive 
system does not work for the mostly frag
mentary, undecorated southern California 
ceramics, the analysis criteria must rely in
stead on temper and chemical composition. 

This study applies quantitative analytical 
techniques - petrography and geochemistry 
to characterize the 2 prominent southern 
California wares found in Riverside County, 
Tizon Brown Ware and a potential variant of 
Lower Colorado Buff Ware. This kind of 
study provides data that are not only con
sistent but also quantifiable. The wares are 
defined using more precise analytical meth
ods for the classification criteria. The re
sults of these analytical techniques can be 
verified, unlike previous descriptive meth
ods ofanalysis. 

Petrography verified the distinctions 
between the wares by characterizing each 
ware based on mineral abundance, temper 
composition, grain texture, and sorting. Ti
zon Brown Ware samples were homogene
ous in mineral composition, mineral abun
dance, and textural features. Quartz, pla
gioclase, and hornblende were the most 
abundant characterizing minerals, and the 
textural features included coarse texture, 
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Table 2. Summary of Geochemical Results 

Figure Buff Ware Tizon Brown Ware Unclassified 

Major Element 
Binary 

Al2Oi 
lower 

CaO ower 
Al20 

h
higher 

CaO igher 
Same as 
Buff Ware 

Figures 3-5 ~Ohigher ~Olower range 

Ternary Element Less FeO MoreFeO Same as 
Diagrams relative to relative to Buff Ware 
Figure 6 CaO,MgO CaO,MgO range 

LessFeO MoreFeO Same as 
AFM relative to relative to Buff Ware 
Figure 7 Na20+~O, MgO Na20+~O, MgO range 

~higher ~Olower Same as 
Figure 8 re tive to re ative to Buff Ware 

CaO, Na20 CaO, Na20 range 

Binary Trace 
Element Diagrams Higher Lower range Buff Ware 
Boron vs Si02
Figure 9 

abundance 
range 

range with 
overlap 

Vanadiumvs Less abundant Buff Ware 
Si02 relative to More abundant range with 
Figure 10 Si02content overlap 

Strontium vs More abundant Buff Ware 
Si02 relative to Less abundant range with 
Figure 11 Si02content overlap 

Strontium vs More abundant In separate field 
Calcium relative to Less abundant More abundant 
Figure 12 CaO content High CaO content 

moderate to poorly sorted, and grain sup
ported. Buff Ware samples, considered a 
variant of Lower Colorado Buff Ware, have a 
fme texture, well sorted, and matrix sup
ported. The distinctive nature of the un
classified wares' temper and matrix features 
set them apart from the other 2 wares, but 
also from one another. One sample has 
chiefly sherd fragments, while the other had 
fmd grained plutonic fragments. These 
sherds had similar textural features to the 
Buff Ware, i.e., temper abundance, miner
alogy, sorting, and rounding, although they 
remained distinct both petrographically and 
geochemically and are considered to repre
sent different wares. 

In addition to defining the ceramic wares 
quantitatively, this research also tested 
Rogers' hypothesis of local manufacture. 
Potential source inferences were made, 
based on the mineral abundance and rock 
fragment composition in the ceramic temp
er. The Tizon Brown Ware sherds showed a 
significant correlation with the local geolo
gy, whereas the Buff Ware and unclassified 
sherds did not exhibit mineral composition 
or abundances indicative of a local source. 
The presence ofK-feldspar in the Buff Ware 
is suggestive of a source east of the San Ja
cinto mountains. The unclassified sherds' 
distinctive nature suggest that they are not 
from the local area or from the source area 
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of the Buff Ware. Further investigation is 
needed to verify a potential source area for 
these sherds. 

Although this study shows that geo
chemical analysis can discriminate between 
the 2 wares, the samples are a limited data 
set; therefore the fields on the plots are not 
conclusively dermed, especially for Buff 
Ware. Even so, geochemical separation of 
the wares was suggested by the data. The 
major element diagrams indicate Tizon 
Brown Ware had a higher aluminum oxide 
and iron oxide content than the Buff Ware 
and unclassified, whereas Buff Ware had a 
higher content ofcalcium oxide and potassi
um oxide. The minor elements measured 
found a relatively higher vanadium content 
in Tizon Brown Ware, and Buff Ware had 
higher abundan.ces ofboron, strontium vs. 
Si02. and strontium vs. calcium. More ex
teD.8lve geochemical analyses on ceramic col
lections would be desirable to better estab
lish composition fields and the degree of 
overlap between compositions of the 2 ce
ramic wares found extensively in the ar~ 
chaeological record in the Riverside County 
area. 

This ceramic study was based on a limit
ed collection; therefore, the ware character
istics are not well dermed. Because of the 
high variability of the Buff Ware sherds and 
small sample size, more samples need to be 
studied in order to derme the ware. In addi
tion, further sampling needs to be done re
gionally in order to compare ceramic collec
tions within the Riverside County area. 
With more data for comparison, it will be 
possible to develop a working classification 
for Tizon Brown Ware and Buff Ware as well 
as other wares potentially found in this area. 
Once established, these ceramic ware char
acteristics can then be compared to a larger 
regional data base. These studies can sug
gest temper sources by studying the region
al geology and its associations with the ce
ramics. The quantifiable data derived from 
ceramic studies of this kind can contribute 
to a more accurate interpretation of the 
prehistory of this region. 

NOTES 

This research and analysis was made 
possible by the donation of the 3 ceramic 
collections: RIV-722, RIV-2229 by Archaeo
logical Research Management Corp. 
(AR.M.C.), and RIV-1864 the Archaeological 
Research Facility (AR.F.) at California State 
University, Fullerton. Both these organiza
tions provided funding for the lab analysis, 
in addition to the Jenkins-Douglas-Gardner 
Memorial Scholarship award to augment the 
funding. Drs. Margaret S. Woyski and Ger
ald F. Brem of the Department of Geological 
Sciences at California State University, Ful
lerton, were instrumental in teaching me 
the technical aspects of petrography and 
geochemical evaluation. Their outstanding 
support as members on my thesis (Plymale
Schneeberger 1991) committee truly made 
this research both educational and reward
ing. It is with great appreciation that this 
publication is dedicated to the Department 
of Geological Sciences, whose faculty and 
staff graciously supported this collaborative 
effort with the Department ofAnthropology 
contributing to the utilization ofscientific 
techniques in archaeological research and 
analysis. 
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