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Abstract

Twenty-nine prehistoric ceramic sherds from 22 localities, all 
but one from the state of Baja California, were subjected to x-ray 
diffraction analysis (XRD) in order to characterize the samples’ 
mineralogical associations and identify the clays’ petrologic origins. 
Twenty-six samples representing 19 localities are clays derived 
from degraded granitic rocks. The clays of another two samples 
originated from volcanic rocks, and for one sample the petrologic 
signature is that of basaltic rocks. The study’s data set indicates 
likely geographic settings where ceramic vessel production and 
dispersion occurred—the mountains of the Pacific coast and/or the 
Colorado delta/Gulf coast desert area.

Introduction

Pottery diffused into Baja California in late prehis-
tory, around AD 1000. Its distribution offers clues 
to understanding the mobility patterns of prehistoric 
Californians through evidence of specific production 
areas and trading. Prehistoric pottery in Baja peninsu-
lar archaeology sites appears to have been restricted to 
the northern state of Baja California; it is nonexistent 
in Baja California Sur. The scarcity of complete ves-
sels limits archaeological interpretation of ceramics; 
however, pottery sherds of different types are common 
in the mountains and deserts, from the delta of the 
Colorado River to just south of San Felipe on the Gulf 
coast, and north of El Rosario along the Pacific coast.

An attempt to reconstruct the different types of 
Yuman pottery from sherds obtained directly from 

archaeological sites in Baja California was made by 
Porcayo and Cardoza Rojero (2009a, 2009b), making 
it possible to reconstruct a collection very similar to 
that described by Rogers (1936). This article contin-
ues efforts to learn more about Yuman pottery in the 
peninsula’s northern state; to this purpose, we have 
employed x-ray diffraction analysis (XRD).

Methodology

There is extensive ethnographic information con-
cerning traditions in the manufacture of ceramics by 
the Yuman groups, particularly the Cocopah and the 
Paipai, yet little has been done to study the sources of 
ceramic material, ceramic composition, and ceramic 
distribution in Baja California prehistory. Different 
analytical tools have been applied to archaeological 
pottery, such as thin section petrography, atomic ab-
sorption spectroscopy (AAS), wave length and energy 
dispersive x-ray fluorescence (WDXRF and EDXRF), 
synchrotron-induced x-ray fluorescence (SYXRF), 
and XRD. XRD was chosen for our research because 
of its low cost, small sample requirement, short 
processing time, equipment availability, and ease of 
interpretation.

Téllez and three colleagues (2009) characterized the 
mineralogy of five ceramic samples by using XRD 
to learn the origins of the source material; their five 
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samples covered the extremes of the known geograph-
ic range. Four were very similar to one another, but 
one sample from the Mexicali Valley was notably dif-
ferent. The clay source of the four similar specimens 
had derived from granitic rocks. The present study 
extends the coverage area to arrive at a better under-
standing of the composition and sources of Yuman 
ceramic material. The samples are from 21 locations 
in Baja California, including mission sites, and one 
location in northwestern Sonora.

Methods

Twenty-nine pottery sherd samples were provided by 
the Centro Regional INAH en Baja California. Twen-
ty-eight of these were obtained from projects carried 
out at various sites throughout the state of Baja Cal-
ifornia, and one was from San Luis Río Colorado in 
adjacent northwestern Sonora (Figure 1). These loca-
tions were selected to cover the known distributional 
range of Yuman ceramics in the north of the state and 

Figure 1. Study area 
and localities in the 
state of Baja California 
where archaeological 
pottery sherd samples 
were obtained. The ab-
breviations correspond 
to those for the sample 
designations in Table 1.
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patterning; fragments of different shades of color 
usually occur in the same area (Figure 2). With regard 
to composition, quartz is the most common mineral, 
mostly associated with anorthite, hornblende, albite, 
muscovite, and phlogopite (Table 1; Figures 3–7). 
This mineral association is typical of the degradation 
of granitic rocks. Only in the case of the sample from 
Centinela Panteón, on which the inner and outer layers 
were analyzed separately, did the latter show the 
presence of graphite (Figure 3e), a mineral that does 
not appear in any other sample. In contrast, the inner 
layer showed the typical mineral composition of rocks 
derived from granite, with quartz, anorthite, and illite 
(Fig. 3f). This noteworthy difference suggests that the 
technique of making this pottery was different, and 
probably the exterior finish was created by adding 
graphite to the surface.

Another mineral that appeared in virtually all samples 
is illite; its presence confirms that the origin of the 
material for the pottery manufacture is granitic rocks. 
Illite comes from the chemical alteration of the feld-
spars that make up those rocks. In addition, the pres-
ence of this clay indicates temperatures below 375° C 
for firing ceramics (Stout and Hurst 2007), because the 

on both Pacific and Gulf of California coasts. Only 
one non-Yuman site, the mission of Santa Gertrudis, 
which is located in the southern part of the state, was 
included. The samples were processed in the Centro 
de Nanociencias and Nanotecnología at the Universi-
dad Nacional Autónoma de México (UNAM).

Pottery sherds were pulverized in a mortar and then 
analyzed on a Philips model X’Pert diffractometer 
with copper anode, Step Size ( ° ) = 0.02, Time per 
step (s) = 1.0, and Settings Generator 40 mA, 45 kV. 
The x-ray diffraction (XRD) data were plotted, and 
the mineralogical composition was interpreted by 
HighScore Plus X’Pert software coupled to the device 
and Database PDF-2 of The International Centre for 
Diffraction Data (ICDD). A cluster analysis using 
Jaccard’s qualitative index was applied to the data to 
compare the similarity between samples; the results 
were plotted in a dendrogram.

Results and Discussion

The pottery sherds showed little variability in regard 
to surface appearance. Most were reddish-brown to 
black, precluding recognition of any geographical 

Figure 2. Pottery sherds (circled) and 
mortar on the surface of a granitic 
rock at Sierra de Juárez. 
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Locality Sample Designation Description Mineralogy Obtained from XRD 

San Luis Río Colorado SL Reddish brown Phlogopite (10-0495), albite (41-1480), quartz (46-1045)

Algodones AL Dark gray fragment Albite (41-1480), quartz (46-1045)

ALB Reddish brown Illite (26-0911), anorthite (41-1486), quartz (46-1045)

Paredones PA Reddish brown Illite (26-0911), anorthite (41-1486), quartz (46-1045)

Álamo Mocho AM Two layers Illite (26-0911), anorthite (41-1486), quartz (46-1045)

AMB Reddish brown Phlogopite (42-1339), albite (41-1480), quartz (46-1045)

Centinela Panteón CP Inner layer Illite (26-0911), anorthite (41-1486), quartz (46-1045)

CPB Outer layer Graphite (41-1487), albite (41-1480), quartz (46-1045)

Silicon Border SB Reddish brown Illite (26-0911), anorthite (41-1486), quartz (46-1045)

Las Dunas LD Reddish fragment Illite (26-0911), anorthite (41-1486), quartz (46-1045)

LDB Gray Illite (26-0911), hornblende (45-1371), quartz (46-1045), albite 
(41-1480)

Laguna Salada LS Dark gray Illite (26-0911), hornblende (45-1371), anorthite (41-1486), 
quartz (46-1045)

LSB Reddish brown Illite (26-0911) and quartz (46-1045)

Km57 KM57 Brown-black Illite (43-0685), albite (41-1480), quartz (46-1045)

KM57B Dark brown Flogophite (10-0495), albite (41-1480), anorthite (41-1486), 
hornblende (45-1371), quartz (46-1045)

Casa de Piedra CAP Light brown Illite (26-0911), albite (41-1480), microcline (19-0932), quartz 
(46-1045)

CAPB Brown-black Phlogopite (10-0495), albite (41-1480), hornblende (45-1371), 
quartz (46-1045)

Cañón de Guadalupe CG Brown-black Illite (26-0911), albite (41-1480), quartz (46-1045)

Las Pozas LP Dark reddish brown Montmorillonite (58-2013), Phlogopite (42-1339), microcline 
(19-0932), chabazite (01-073-5939), quartz (46-1045)

El Faro II EF Reddish brown with 
a gray layer

Phlogopite (10-0495), illite (43-0685), albite (41-1480), horn-
blende (45-1371), quartz (46-1045)

El Faro II EFB Reddish brown Illite (26-0911), calcite (05-0586), quartz (46-1045)

Caros Cave CC Reddish brown Illite (26-0911), albite (41-1480), hornblende (45-1371), quartz 
(46-1045)

Rancho Viejo Limón RVL Brown Illite (26-0911), hornblende (45-1371), albite (10-0393), quartz 
(46-1045)

Cueva del Indio CI Brown Illite-montmorillonite (35-0652), hornblende (45-1371), albite 
(10-0393), quartz (46-1045)

Cañón de Manteca CM Black Illite-montmorillonite (35-0652), montmorillonite 18A (12-
0219), hornblende (45-1371), albite (41-1480), quartz (46-1045)

Valle de los Metates VM Reddish brown Illite (26-0911), hornblende (45-1371), anorthoclase (09-0478), 
quartz (46-1045)

Table 1. Localities, Sample Designations, Sherd Descriptions, and Mineralogy. 
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mineral loses its crystalline structure at temperatures 
above 375° C.

There are only two places in the study where the 
composition is associated with volcanic sources, in 
Cañón de Guadalupe and Misión Santa Gertrudis. In 
both cases, volcanic rocks are nearby. However, at 
Santa Gertrudis it is not clear whether the pottery was 
manufactured locally or imported from another region.

Only the sample from Las Pozas, in Cañón de Guada-
lupe, contained chabazite (Figure 5b). This clay is a 
zeolite that is commonly found in vesicles in basaltic 
rocks. Therefore, this particular pottery comes from 
a different source than all the others that were ana-
lyzed, possibly a source close to the site area; to the 
southeast and to the north of this locality are Miocene 
volcanic rock outcrops that could have provided this 
mineral.

Santa Gertrudis was the only locality where the pot-
tery contains sanidine (Figure 6b), a mineral common-
ly associated with volcanic rocks. Volcanics dominate 
the area, but the pottery could be either a product of 
local manufacture or an import

Comparisons of the compositions of the pottery are 
best expressed in the Jaccard index dendrogram of 
similarity; Figure 8 shows that samples from Las Pozas 
(LP) in Guadalupe Canyon, Mission Santa Gertrudis 

(MSG), and the outer layer of the sample of Centinela 
Panteón are distinctive. This is explained in the case of 
the LP and MSG samples; they are the only ones with 
a composition derived from a nearby volcanic source. 
Only in the case of Santa Gertrudis, as mentioned 
above, is it possible that the pottery had been imported. 
The compositions of the other mission samples (San 
Vicente and Santa Catarina) are very similar to other 
localities with sediments derived from granitic rocks. 
In the case of the Centinela Panteón sample, the outer 
layer was apparently crafted with a different technique 
in which external finishing was done with graphite.

While most of the samples are compositionally similar 
because they are derived from the abundant granitic 
rocks in the area of distribution, and thus form a group 
with similarity greater than .6 (Figure 8), some of the 
surrounding localities show identical composition, 
as is the case of Km 57 and Cañón de Guadalupe; 
San Luis and Alamo Mocho; and Algodones, Las 
Dunas, Silicon Border, Paredones, Alamo Mocho and 
Centinela Panteón. In other cases, localities are not 
as close, but there are regional relationships, as is the 
case with Caro´s Cave, Rancho Viejo Limón, San 
Vicente, and Las Dunas. This latter group in turn is 
grouped with Cueva El Indio, Valle de los Metates, 
and the Misión de Santa Catarina sites, located in the 
mountains and on the Pacific coast. This suggests 
a distribution of ceramics in areas defined by the 
presence of granitic and volcanic rocks within at least 

Note: Numbers in parentheses in mineralogy column are the card numbers of each mineral in the database: International Centre 
for Diffraction Data (ICDD), Powder Diffraction File 2010.

Locality Sample Designation Description Mineralogy Obtained from XRD 

Misión de Sta. Catarina MSC Brown Illite (26-0911), hornblende (45-1371), albite (41-1480), 
anorthoclase (09-0478), quartz (46-1045)

San Vicente SV Reddish brown Illite (26-0911), hornblende (45-1371), albite (41-1480), quartz 
(46-1045)

Misión Sta. Gertrudis MSG Black Illite-montmorillonite (35-0652), sanidine (10-0353), anorthite 
(18-1202), quartz (46-1045)

Table 1. Continued. 
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Figure 3. XRD patterns of pottery sherd samples: a) Las Dunas reddish, b) Las Dunas gray, c) Silicon Border, d) Paredones, e) 
Centinela Panteón outer layer, f) Centinela Panteón inner layer.
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Figure 4. XRD patterns of pottery sherd samples: a) Álamo Mocho reddish, b) Álamo Mocho gray, c) Algodones dark gray, 
d) Algodones reddish, e) San Luis, f) Los Metates.

reddish

reddish
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Figure 5. XRD patterns of pottery sherd samples: a) Cañón de Guadalupe, b) Las Pozas, c) El Faro dark, d) El Faro reddish, 
e) Caro’s Cave, f) Misión San Vicente.

reddish
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Figure 6. XRD patterns of pottery sherd samples: a) Misión Santa Catarina, b) Misión Santa Gertrudis, c) Cañón Manteca, d) 
Cueva El Indio, e) Rancho Viejo Limón, f) Km 57 light pottery.
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two major regions: (1) the Colorado River delta area, 
including the Laguna Salada Desert to the east, and 
south along the Gulf of California, and (2) the area of 
the mountains and the Pacific coast. Only in the case 
of Caro’s Cave is there no such relationship, because 
this is the southernmost Yuman pottery yet reported in 
an area where volcanic rocks dominate. This implies 
that the pottery was not produced locally and that 
the groups that inhabited the desert area could have 
migrated to the coast from either the mountains to the 
west or the northern desert.

Another atypical result occurred with the El Faro II 
sample, in which calcite is present (Figure 5d). This 
could be contamination from the mollusk shells in the 
Indian shell midden from which this sample came.

Although this study shows possible patterns in the 
origins of the materials for ceramic production in 
relation to the regional geological context, it will be 
necessary to analyze a greater number of ceramic 
samples to achieve a more accurate regionalization of 
the materials used, and it will be necessary to sample 
potential sources directly. Additionally, petrological 
studies and the interpretation of the probable functions 
of the artifacts that were the sources of the fragments 
could be coupled with the mineralogical composition 
of the ceramics to complement functional interpreta-
tion and to determinate the technology used in pottery 
manufacture. The present study did not attempt to es-
tablish a typology or function for the pottery because 
the sherds were too small to interpret vessel shapes. 
In some cases, such as the El Faro samples, many of 

Figure 7. XRD patterns of pottery sherd samples: a) Casa de 
Piedra dark, b) Casa de Piedra light, c) Laguna Salada. 
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Figure 8. Similarity dendrogram using the Jaccard index. The sample designations correspond to those listed in Table 1. See 
the text for explanation.

the fragments are from vessels used for transporting 
water, which makes sense in an area characterized by 
great aridity and the scarcity of fresh water.

Conclusions

Most of the prehistoric pottery of Baja California is 
made from materials derived from the degradation of 

granitic rocks. Although external appearances might 
differ, the material composition is very similar in most 
granitic samples. Some of samples are virtually identi-
cal in well-defined areas of Yuman influence, partic-
ularly in the Colorado River delta, Mexicali Valley 
and surrounding areas, and south along the coast of 
the Gulf of California. Although samples are compo-
sitionally very similar, it is possible to discriminate 
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pottery from the mountains and the Pacific coast from 
pottery in the Colorado River delta and the desert of 
the Gulf of California coast. This suggests that there 
were at least two areas of production and dispersion of 
ceramic artifacts: (1) from the mountains to the Pacific 
coast, and (2) the Colorado delta and the Gulf coast 
desert. Pottery continues to be crafted by the Cocopah 
in the delta and by the Paipai at Santa Catarina (see 
e.g., Campbell 1999).

Acknowledgments

The authors thank the INAH Regional Center for pro-
viding samples for this study and the UNAM Centro 
de Nanociencias and Nanotecnología at Ensenada for 
providing x-ray diffraction analysis. We very much 
appreciate M. Sainz Romero and J. A. Peralta for their 
technical support, Don Laylander for his editing, and 
an anonymous reviewer for valuable comments.

References Cited

Campbell, Paul D.
1999 Survival Skills of Native California. Gibbs-

Smith, Salt Lake City, Utah.

Porcayo Michelini, Antonio, and Juan José Cardoza 
Rojero

2009a Cerámica arqueológica bajo deltaíca. Paper  
presented at the X Encuentro Binacional: 
Balances y Perspectivas, Mexicali, Baja 
California.

2009b  Advances in the Study of Prehistoric Yuman 
Ceramics of the Lower Colorado River Delta. 
Proceedings of the Society for California 
Archaeology 23:1–11. Chico, California.

Rogers, Malcolm J.
1936 Yuman Pottery Making. San Diego Museum 

Papers No. 2. San Diego Museum of Man, 
San Diego.

Stout, A. M., and A. Hurst
2007 X-Ray Diffraction of Early Iron Age Pot-

tery from Western Norway. Archaeometry 
27(2):225–230.

Téllez-Duarte, Miguel A., Antonio Porcayo, Ana Ce-
lis, and E. Aparicio

2009 Análisis composicional preliminar de 
cerámicas del norte de Baja California. In 
Resúmenes del X Encuentro Binacional de 
Balances y Perspectivas de la Antropología e 
Historia de Baja California. INAH, Mexica-
li, Baja California (CD).


