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In the collections of the Lowie Museum of Anthropology (University of
California at Berkeley) are five hafted stone knives from the northwestern California
coast. Four of these specimens (Fig. 2, a-c) were obtained from the Yurok by A. L.
Kroeber in 1901. The other example (Fig. 2, e) was collected by Phillip Mills Jones
from the Yurok village of Weitchpec in 1902. The Yurok people occupied a territory
which lay near and along the lower Klamath River in Del Norte and Humboldt Counties,
California (Kroeber 1925: see Fig. 1).

All of these specimens have been previously published and illustrated
(Goddard 1903: Pl. 3; Kroeber 1925: P1. 16; Kroeber and Barrett 1960: P1. 20).
However, there are no detailed descriptions of these unusual pieces, and more impor-
tantly in view of the recent interest in wear pattern research, none have been micro-
scopically examined for evidence of use-wear.

We believe that it is worthwhile for archaeologists to accumulate wear
pattern information for tools whose precise function has been ethnographically docu-
mented. There have been numerous studies in the past five years devoted to the
analysis of microwear on chipped stone tools (see Hester and Heizer 1973 for a biblio-
graphy of relevant publications in this field; see also Keeley 1974; Odeil 1975). Most
of these investigations have focused on prehistoric stone implements whose function
was not known. By combining the data gathered from microscopic wear pattern research
with information obtained through the measurement of tool edge angles and experimental
replication, archaeologists have been able to make inferences regarding the actual
use of certain prehistoric stone tools. A fourth avenue of inquiry, ethnographic com-
parison, has not been adequately exploited. Notable exceptions are the studies, based
on research among Australian aborigines, of Gould, Koster and Sontz (1971) and Gould
and Quilter (1972), and the work of Wilmsen (1968) and Nissen and Dittemore (1974)
with ethnographically-collected stone tools. There are numerous examples ofethno-
graphic stone tools in museum collections, and in many cases, the precise function of
these tools is known. These constitute an important resource in future microwear
research.

YUROK USE OF THE HAFTED KNIVES

As noted above, four of the hafted knives were collected from the Yurok by
Kroeber in 1901. Goddard (1903) subsequently illustrated two of the specimens and
attributed them to the Hupa, neighbors of the Yurok. In discussing the hafted flint
knives, Goddard (1903: 26) reported that they were used in cutting fish and (ibid.: 22)
skinning deer. In a more recent publication, Kroeber and Barrett (1960: 92)
unequivocally state that the knives were obtained from the Yurok; they illustrate six
specimens, five of which are shown in Fig. 2 (one cannot be located). The catalog of
the Lowie Museum clearly links the artifacts to the Yurok, and we must assume this
to be the correct provenience.

Kroeber (1925) and Kroeber and Barrett (1960) have provided very specific
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comments regarding the function of these knives:

"Both salmon and lampreys were split for drying, the former with
a wooden-handled knife ... of 'whale-colored' flint, as the Yurok
called it; the latter with a bone awl" (Kroeber 1925: 85).

"A special type of knife for descaling salmon, and for splitting
and cutting up salmon and presumably sturgeon, is made of a
nicely chipped flint blade, hafted to a wooden handle, wrapped and
pitched for firmness. These blades are usually of a greenish
stone, which the Yurok call hekwsa 'whale (color)'. " (Kroeber
and Barrett 1960: 92).

We should also point out here that these stone knives had ceremonial, as
well as utilitarian, importance among the Indian groups of the northwest California
coast. For example, both the Karok and the Hupa used unhafted "flint knives" during
First Salmon Ceremonies (Kroeber and Gifford 1949: 38). One of these unhafted
specimens is illustrated by Kroeber and Gifford (ibid.: Fig. 3) and is identical in form
to specimens we have shown in Fig. 6, a-c.

Hafted flint salmon knives are also recorded in the cultural inventory of
other Northwest Coast peoples, particularly the Klikitat, Shuswap, Lower Thompson,
Lower Carrier, and the Kutenai (Ray 1942). Mason (1889: Pl. 18; see also Wilson
1895: 131) illustrates hafted stone knives from the Hupa, and these are practically
identical to the specimens described here; however, he makes no comment on their
function. He does record (ibid.: 222) that chipped stone bifaces, similar to those set
in the hafts, are found in graves in the Hupa area.

ANALYSIS OF THE HAFTED KNIVES

The hafted stone knives collected by Kroeber and Jones are illustrated in
Figs. 2-4. Although some brief descriptive notes were offered by Kroeber (1925) and
Kroeber and Barrett (1960), additional details are given here. Also provided are
observations on wear patterns recognized through microscopic study. A binocular
microscope, with magnification powers up to 75X, was used for the study; techniques
follow those outlined in Hester, Gilbow and Albee (1973). The data on color are based
on the standards provided by the Munsell and Gley charts. Dimensions, weights and
tool edge angles are summarized in Table 1.

In the descriptions that follow, there are several terms which require
definition. "Protrusions" are projections or points along the lateral edges of the stone
blades; in most cases these represent remnants of striking platforms created during the
bifacial reduction process. Both "crushed" and "blunted" protrusions were noted on
the knives. Viewing a "crushed" protrusion from the side, under magnification, one
observes a layered or splintered effect (see Fig. 5, b). "Blunting", on the other hand,
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refers to a rounding-off or smoothing of the protrusion; this may or may not be
accompanied by dulling of the concavities along the edge. We follow Hester, Gilbow
and Albee (1973: 93) in defining "light dulling" as a "narrow attrited band confined to
the tool edge", and,"heavy dulling" as a "broad band of wear generally obliterating
portions of flake scars adjacent to the edge and removing all protrusions."

SPECIMEN 1-1538 (Figs. 2, b; 4, a)

This specimen consists of a broad chert bifacial blade set into a wooden
haft. The wood is probably the bark of coast redwood, Sequoia sempervirens. The
blade is secured to the handle by the application of a mastic (unidentified) and wrapped
with cordage made from the fibers of Iris sp. The color of the chert is "dusky red"
(Munsell 2. 5YR 3/3), with an area near the tip of "light greenish gray" (Gley 5GY
7/1) C. Chesterman (personal communication) believes this chert to be of the
Franciscan complex; he regards the dusky red coloration as derived from iron in the
ferric state, and the light greenish gray coloration as derived from iron in the ferrous
state. Numerous fish scales adhere to the handle and blade. (For analysis of the scales,
see below.)

SPECIMEN 1-1539 (Fig. 2, c)

The blade is quite large, with broad flake scars on the interior of both faces,
but with short parallel flakes lining the edges. The nature of the flaking along the
lateral edges has produced a biconvex cross section, characterized by a bulging or
rounding effect. The haft is similarly massive, with the blade secured through a com-
bination of cord-wrapping and the application of mastic. The entire haft is coated with
a thick incrustation, and there are a number of fish scales visible on the surface of
the haft. At the base of the haft, the incrustation has been broken away, exposing the
redwood (?) handle.

The chert blade is greenish in color, but is not directly comparable to any
of the Munsell classifications. However, it approximates the "dark greenish gray" in
the Gley charts (5G 4/1). The notable difference is the high gloss or sheen exhibited
by the chert. This vitreous aspect could be the result of the thermal alteration of the
chert prior to the manufacture of the blade (heat-treating of siliceous stone was wide-
spread among historic California Indian groups and was noted among the Yurok by
Paul Schumacher in 1877; cf. Hester 1972, 1973). Alternatively, some of the gloss
might be derived from use.

One edge of the biface has been beveled and has an edge angle of 550. This
beveling appears to have been intended to resharpen a dulled or heavily-worn cutting
edge (Sollberger 1971). On the opposite edge, there is marginal retouch, as well as
some light dulling of flake scars paralleling the edge. Under microscopic scrutiny,
this edge exhibits light, discontinuous crushing and a single striation emanating at an
angle of 450 from the edge. On the steeply beveled edge, protrusions are distinctly
crushed and blunted (see Fig. 5, b). In addition, there is an area, 5 mm in length, of
dulling near the juncture of the blade and the haft.
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SPECIMEN 1-1540 (Fig. 2, a)

The large bifacial blade on this specimen has a broken distal tip. The blade
is set in a wooden handle, the upper one-half to two-thirds of which is cord-wrapped
and caked with an unidentified matter. Numerous fish scales are present on the haft.
The proximal end of the handle (lower one-third) has the cordage and incrustation
stripped away, exposing a somewhat splintered wooden handle (apparently of coast
redwood).

The chert biface which serves as the knife blade is "dark greenish gray" in
color (Gley 5GY 4/1) and appears to be covered with soot. An unidentified residue was
noted on one edge.

On both edges of the biface, there is light dulling and polishing, increasing
in intensity near the haft. Since the area near the juncture of the blade and the handle
may have been the strongest part of this composite tool, one might predict that the
heavier wear would occur there (cf. Hester 1970). The edges of the specimen are
marred by recent chips and nicks which have apparently been incurred during more
than 70 years of museum storage.

SPECIMEN 1-1541 (Fig. 2, d)

This artifact has a thin, convex-edged, bifacially-chipped blade, characterized
by broad interior scars and oblique scars along the lateral edges. The blade is set in
a wooden handle, with the upper one-half wrapped with cord and the exterior coated with
a thin film. The color of the chert approximates the "dark greenish gray" of Gley
5GY 4/1. There are fine black lines in the material, as well as some reddish-brown
splotches. The material has a glossy sheen identical to that manifested on specimen
1-1539.

The tip of this biface is very heavily dulled and polished (Fig. 4, a). The
protrusions along the lateral edges are crushed and blunted and minor discontinuous
retouch was also observed.

SPECIMEN 1-1326 (Fig. 2, e)

A small bifacial chert blade with parallel flake scars is hafted to a cord-
wrapped wooden handle. The surface of the haft is covered with a film or incrustation
about 1 mm in thickness.

The chert blade is olive-gray in color, most closely resembling Munsell
5Y 5/2. Flake scars on both faces are worn, with especially noticeable polishing and
wear on the distal one-third of the blade. On one lateral edge, there is microwear
in the form of light dulling and polishing, and there is scattered steep retouch (re-
sharpening). On the other edge, there Is nibbling or step-flaking resulting from use
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and some abrupt retouch scars.

ANALYSIS OF FISH SCALES ON SPECIMEN 1-1538

The junior author has conducted an analysis of the fish scales found on
specimen 1-1538 (Fig. 2; Fig. 4). Many of the scales adhere to the pitch-covered
handle of the specimen. Scattered on the surface of this incrustation are about 60 fish
scales, some of them partly embedded in the pitch. Near the base of the haft, where
a small piece of the incrustation has fallen out, two other scales are visible at
different depths in the dried pitch. All of these scales appear to be those of salmonids.
They are cycloid, with prominent circuli in the anterior field, but without radii in
either field (cf. Mosher 1969: 2; Casteel 1972b: 83).

Five scales (one is shown in Fig. 4, c), dislodged during microscopic exam-
ination of the haft, are recognizable as those of the king (chinook) salmon, Oncorhynchus
tshawytscha (Walbaum). Little freshwater growth is apparent; only the first 8 or 10
circuli on these five scales were laid down in fresh water, presumably during the first
few weeks after the fish's emergence from the gravel (Kenneth H. Mosher, personal
communication). Radial striations extend across the posterior field (these are obscure
on the smallest scale). Reticulations are absent. With, the exception of the first 8 or
10 circuli, which are complete below the focus, the circuli generally do not invade the
posterior field from their bases (cf. Mosher 1969: Figs. 2, 9-11).

All five scales are those of fish that spent no winter in fresh water (after
hatching), but two winters in the ocean; allowing for differences in size and shape, all
five could have come from the same fish; all but the smallest scale are from the area
below the end of the dorsal fin and above the lateral line (Kenneth H. Mosher, personal
communication).

In the king salmon, Casteel (1972a: 21, 177-190) found a positive correlation
between the number of circuli on a scale from his Area C (see Fig. 8 of Casteel) and
the weight of the fish (his Area C corresponds with the area below the end of the dorsal
fin and above the lateral line). The largest of the five scales from the Yurok knife is
6.9 mm in length and bears about 103 circuli between the focus and the anterior margin.
1f Casteel's formula based on a scale from Area C is applied to a count of 103 circuli,
the weight of the fish (estimated mean value) would appear to be about 17 kg (37 lb.).
This would correspond to a length of about 109 cm (43 in.; see Snyder 1931: Table 2).
This size, in itself, would corroborate the identification of this scale as that of a king
salmon. The species whose scales are most likely to be confused with those of the king
salmon is the silver salmon, Oncorhynchus kisutch (Walbaum), which is not known to
exceed a weight of 22 pounds in California (Fry 1973: 70).

King salmon is the official name of Oncorhynchus tshawytscha in California,
but chinook is official elsewhere in the United States and in Canada. The attributives
quinnat, blackmouth, spring, and tyee have all had wide usage. For a concise discussion
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giving much information about the king salmon, see Fry (1973: 74); an excellent colored
plate of this species was published by Hudson (1917). The salmon of the Klamath River
were discussed in considerable detail by Snyder (1931) and the extensive utilization of
salmon by aboriginal peoples, including those of northwestern California, was discussed
by Rostlund (1952: 15-23, 256, Map 8) and by Swezey and Heizer (in press).
Archaeological sites in this region yielding remains of king salmon have been noted by
Follett (1975).

Scales imbedded on other specimens in our sample were not detached for
detailed analysis. However, the junior author's perusal of those scales indicated that
all of them appear to be salmonid. He noted the absence of scales on 1-1326, 24
scales on 1-1439, 21 scales on 1-1540, and two on 1-1541.

RADIOGRAPHS OF THE SPECIMENS

The junior author, working with James E. Gordon (California Academy of
Sciences), secured radiographs (the necessary exposures varied from one to four
minutes) of all of the hafted specimens (Figs. 3, 4). These reveal that all but one of
the specimens are bipointed. In general, the lower one-third of each biface was
inserted into the haft. Although the radiographs are not sufficiently distinct to allow
exact measurement of the depth of insertion into the haft in each example, we can
offer these following approximate figures: 1-1540 (Fig. 3, a): 40 mm; 1-1539
(Fig. 3, b): 35 mm; 1-1541 (Fig. 3, c): 21 mm; 1-1326 (Fig. 3, d): 18 mm; 1-1538
(Fig. 4, b): 34 mm.

The one hafted specimen that is not bipointed (Fig. 3, d; 1-1326), appears
from the radiograph to have a broken proximal end. Perhaps the specimen was originally
bipointed, but was broken at an earlier period of utilization and was subsequently re-
hafted. Certainly, the radiographs of the other specimens indicate that a bipointed
outline was the desired form of biface to be hafted as a fish knife.

UNHAFTED BIFACES: DESCRIPTIONS AND MICROWEAR DATA

Just as certain kinds of archaeological interpretation rest heavily on ethno-
graphic analogy, it seems reasonable that a homologous situation could exist between
observable microwear on ethnographic stone tools and their prehistoric counterparts in
particular regions. In order to test this specific proposition, several unhafted bifaces
from the Yurok area (Fig. 6) were examined to see if the characteristic wear patterns
on the hafted stone knives could be duplicated. However, since only a limited number
of unhafted specimens were available in the Lowie Museum collections, the comparisons
between the hafted and unhafted bifaces are not fully satisfactory. Dimensions of the
study specimens are found in Table 2.
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SPECIMEN 1-152067 (Fig. 6, b)

This specimen is not from the Yurok area, but was excavated at site Teh-58
(Tehama County, California). However, it was selected for analysis because of its
great technological resemblance to the hafted Yurok specimens; it is, in all likelihood,
a trade piece from the Yurok area. It is bipointed and has convex edges. The interior
has broad flake scars, but exhibits near parallel trimming flakes along the edges. The
biconvex (rounded) lateral edges noted on specimen 1-1539 are also present on this
piece.

The chert is variegated in color, but is predominately reddish-yellow
(Munsell 7. 5 YR 6/6), with gray areas. The lower part of the specimen seems stained,
perhaps from hafting (Fig. 6, b). The chert is glossy, perhaps the result of heat-
treating.

The microwear observed on the edges of this biface consists of crushing and
blunting, identical to that recorded for the Yurok fish knives.

SPECIMEN 1-1546 (Fig. 6, a)

This unhafted biface was collected by Kroeber in the Yurok area in 1901. It
is bipointed, with convex sides, and is constricted at one end. The faces are marked
by broad, shallow flake scars and the specimen is quite thin. The color of the specimen
is approximately "pale brown" (Munsell 10YR 6/3), but it, too, has a glossy texture.
The constricted end mentioned above retains scattered bits of residue (mastic) and it
seems quite probable that this was the end inserted into a haft.

Under microscopic examination, the lateral edges reveal scattered light dulling,
and more significantly, the blunted and crushed protrusions are identical to those on the
hafted Yurok fish knives.

SPECIMEN 1- 974 (Fig. 6, c)

During collecting activities in the Hupa Valley of California in 1901, Phillip
Mills Jones obtained a large, convex-edged, bipointed biface. According to the artifact
catalog of the Lowie Museum, Jones identified the specimen as a "woman's salmon knife."
The biface has broad flake scars on the interior of both faces, with short finishing or
trimming flakes along the edges. It is reddish-brown in color (Munsell 5YR 3/3), but
has gray mottling and a glossy sheen. Fish scales and unidentified residue adhere to
various areas of the specimen (Fig. 6, c). There is no recognizable evidence of hafting,
and it is possible that the specimen was hand-held.

Microwear in the form of crushing and blunting of protrusions along the lateral
edges is present, and is identical to the edge wear noted for the hafted Yurok fish knives.
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SPECIMEN 1-1545 (Fig. 6, d)

This is an elongate biface with a rounded base and a broken distal tip. It was
collected in the Yurok area by Kroeber in 1901. It is white in color (Munsell 10YR
8/1), and there is a polish or gloss adjacent to and along the lateral edges on both faces.
The specimen is unifacially beveled on both edges at the distal end (the distal one-third
of the specimen).

Wear observed on the edges of this specimen includes occasional crushing
and blunting of protrusions; however, the dominant wear pattern is a broad band of
dulling scattered over both lateral edges (except for the retouched distal portion,
probably a resharpened area). The morphology of this specimen is different from that
of the Yurok fish knives, and it may be significant that different use-wear is also
apparent.

SUMMARY AND CONCLUSIONS

In this paper we have described the results of our microwear and residue
analyses of a series of Yurok hafted knives. Because the function of these artifacts
was fully documented by early 20th century ethnographers, it is possible to link their
use to salmon processing; this conclusion is confirmed by our identification of scales of
king (chinook) salmon adhering to one of the knives. As noted earlier in the paper,
Goddard (1903: 22) also linked similiar knives to "deer-skinning"; any surviving
evidence of this function, such as deer hair imbedded in the pitch, was not observed.
The several morphological, technological and use-wear attributes that co-occur on these
salmon knives can be summarized and a few generalizations put forth:

(1) Edge angles for this series of salmon knives vary from 30 -55
on the right cutting edge and 300-380 on the left edge. The steeper edge angle on the
right results from resharpening, suggesting that this edge was the one most consistently
used during processing tasks.

(2) The types of wear that result from salmon processing include
blunting and crushing of the cutting edges; some dulling was also noted. The most
distinctive wear form is crushing (Fig. 5, b). We are not aware of detailed ethnographic
descriptions of the actual manner in which a salmon knife was employed during processing,
and experimental data are not available. Thus, we do not know what events during the
processing cycle would lead to the formation of the observed wear patterns.

(3) Morphologically, the bifaces vary considerably in size. However,
radiographs reveal them to be distinctively bipointed. A greenish-gray chert was
apparently preferred for their manufacture, and there is some evidence (observed and
ethnographic) that thermal alteration was used in preparing the chert for flaking. The
bifaces were shaped by percussion techniques, but pressure flaking was used to finish
and straighten the edges. Either technique could have been used in resharpening dulled
edges.
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Utilizing these data for comparative purposes, we examined the results of
similar studies of the limited sample of unhafted bifaces. All of the bifaces were bi-
pointed, except for one specimen (Fig. 6, d) which had a broken proximal end. The
right edge angles of these bifaces varied from 30 - 500, and the left angles, 28°-470;
thus, the edge angle values for the hafted specimens and the unhafted examples correlates
nicely for the right edges, but less so for the left. Most significant, we believe, is the
presence of blunting or crushing wear (and dulling wear in one case) on the series of
unhafted bifaces. The crushing observed on three of the unhafted specimens is visually
identical to that of the hafted salmon knives. This would lead us to suggest that the
unhafted specimens with this type of wear could also be directly linked to salmon pro-
cessing; this suggestion is reinforced by the discovery of small fish scales adhering to one
of the unhafted bifaces bearing the distinctive wear pattern (Fig. 6, c).

We are aware of the rather limited applications of these data given the small
size of our samples. However, if one limits the application of the data to the Yurok
area, we suspect this would be valid methodology to use to ascertain if bipointed unhafted
bifaces in archaeological sites in that region served salmon processing functions.

We think that the paper demonstrates the potential of ethnographically-collected
specimens of known function in wear pattern studies. The applicability is obvious, but
the literature suggests that this is an avenue of research that has not yet been adequately
exploited.
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Spec. No. Length

1-974 132

1-152067 112

1-1546

1-1545

120

112

Width Thickness

69

53

47

34

11

9

7

8

Table 2. Dimensions, Weights and Edge Angles of Unhafted Bifaces. Measurements
are in millimeters, and weights in grams. For specimen 1-1545, the first edge angle
value in both instances represents angle near base, and the second, the angle at
beveled distal end.

Edge
R

300

3O0

300

350-500

Angles
L

350

450

300

Wt.

113.5

65.0

47.5

280-470 38.7
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Figure 1. Distribution of Fish
Knives on the Northwest California
Coast. Stippled area indicates the known
ethnographic distribution of hafted fish knives.
The darkened area represents Yurok territory.
Redrawn and adapted from Kroeber and Barrett (1960: Map 58).
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UNIFACIAL COBBLE-TOOLS FROM THE NORTHWEST CALIFORNIA COAST:

EXPERIMENTAL AND WEAR PATTERN NOTES

Thomas R. Hester, Elizabeth Wuertele, and Robert F. Heizer
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Archaeological sites along the northwest coast of California in the territory
occupied at the opening of the historic period ,by the Yurok tribe have produced an
iteresting series of unifacially chipped basalt cobbles. These artifacts are known from
both excavated and surface contexts in Humboldt County (Fig. 1). The specimens
described here are from the following sites: CA-Hum-169; CA-Hum-120; CA-Hum-118;
CA-Hum-125; and CA-Hum-129.

Site CA-Hum-169 is the historic Yurok site of Tsurai in Trinidad Bay
(Waterman 1920: Map 34, p. 271; Heizer and Mills 1952; Elsasser and Heizer 1966).
Site CA-Hum-120 is the historic Yurok village of Tsotkskwi (Waterman 1029: 265)
where in 1948 a single test pit was excavated. Site CA-Hum-118 is now within the con-
fines of Patrick's Point State Park. It was a hunting camp occupied into the historic
period. It was excavated by the University of CalifoDrnia Archaeological Survey in
1949 (Elsasser and Heizer 1966). Site CA-Hum-126 isthehistoric Yurok site of Keken
(Waterman 1920: 266). It was pothunted by a Eureka relic collector whose other activity
was dentistry. In the summer of 1948 a University of California Archaeological Survey
party dug two test pits here. Site CA-Hum-125 is the historic village of Maats
(Waterman 1920: 266). The specimens recovered there came from the surface during
a brief visit in 1948. Site CA-Hum-129 is the historic Yurok village of Tsapekw. At the
time of a 1948 visit, there was a single occupant, an old Yurok named John Kirk who
was born at Gold Bluff and who was apparently living there in order to protect the
graveyard from depredation. He was willing to allow the excavation of two small test
pits, and from these the specimens described here were recorded.

Other materials found at the above listed sites all fall in the range of known
Yurok material culture items. All the sites were presumably permanently occupied.

For the way of life of the coastal Yurok see Waterman (1920); Kroeber (1925).
Neither of these refer to the unifacial cobble choppers such as described here, perhaps
because they were so commonplace that more exotic items were more interesting.

THE ARTIFACTS

Forty-seven specimens were selected for study (see Table 1). All are in the
collections of the Lowie Museum of Anthropology, University of California, Berkeley.
In general, the artifacts are made on ovoid to elongate-oval cobbles of basalt (presumably
secured from beaches in the area). On each, a unifacially chipped edge has been formed
at one end by a series of percussion blows. The flaked ends of the cobbles exhibit
working edges which range from oblique (Fig. 2, c), to straight or slightly convex
(Fig. 4, b), to markedly convex (Fig. 3, b), or pointed (Fig. 7, b). The extent of
flaking that went into the formation of the edge is also variable; in some instances (cf.
Fig. 4, a), only a few flakes were detached. In other cases (cf. Fig. 3, a), specimens
have been flaked over as much as half of one face.
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We have illustrated 17 specimens in detailed line drawings prepared by
Judith Ogden (Figs. 2-7); the only previous illustrations of which we are aware appear
in Elsasser and Heizer (1966: P1. 16, c-f). These will serve to provide additional
descriptive detail. Table 1 summarizes the dimensions and weights of the specimens,
and also provides data on site provenience, catalog number, and individual wear
patterns. Edge angle data as measured with a goniometer are also found in Table 1.

Specimens with morphological and technological attributes similar to these
California examples have been found in many parts of North America. In some regions,
such as Alabama and the Southeast, somewhat smaller specimens are attributed to a
"pebble tool industry" which some archaeologists believe to be of great antiquity. A
recent reevaluation of these "pebble tools" is provided by Dragoo (1976: 7). In the
Fraser Canyon of British Columbia, Borden (1968) found similar artifacts at sites
thought to be of late Pleistocene age. He describes these Canadian specimens (illustrated
in Borden 1968: Figs. 4-5) as "pebble tools" or "core tools made on well rounded
river cobbles." Borden suggests a wide variety of functions for the implements, but
notes that no wear pattern studies had been done, at that time, of his sample. Many of
his specimens are closely similar in size and technique of manufacture to the Humboldt
County arfifacts.

AGE OF THE SPECIMENS

Three radiocarbon age determinations from Humboldt County sites are rele-
vant. Charcoal from just above the clay subsoil at site Hum-118 (Patrick's Point)
gave an age of 640 + 90 years B. P. (1310 A. D. Elsasser and Heizer 1966). One
age determination for Hum-67 peat which lies at the base of the Gunther Island site
(Hum-67) gave an age of 900 A. D. (Heizer and Elsasser 1964: 35). This is sample
M-938 (1050 + 200 years B. P. ).

Most of the examples of unifacial cobble tools described here come from the
surface of sites. A few from sites Hum-118 and Hum-67 show these to have been used
sometime in the period of 1300 and 1400 A. D. and the abandonment of the site in the
late nineteenth or early twentieth century. Cobble tools from the other sites are all
named villages occupied into the twentieth century. So, these tools are recent, but we
do not know how early they were used.

EXPERIMENTAL AND WEAR PATTERN DATA

In 1973, one of the authors (Wuertele) was a student in a seminar on experi-
mental archaeology taught by Hester. Her research centered on the use of stone tools
of various kinds which were presumably used in a variety of wood-working activities
(Wuertele 1973). As a part of her experiments, Wuertele utilized two unifacially
chipped basalt implements from Hum-67. These were both surface specimens and
were resharpened and used for experimental purposes. The specimens were used on
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redwood (Sequoia), the most common wood in the northwest coastal area. They were
omployed by her in scraping, adzing, and chopping tasks. One specimen (tool #16 of
Wuertele 1973) was used for a total time of 110 minutes, the other (tool #17 of Wuertele
1973) for 70 minutes. Tool #16 had an edge angle of 650, and tool #17 had one of 55
The use of tool #16 on redwood as a multipurpose tool for scraping, adzing, and chopping
activities produced wear patterns on the edge in the form of nibbling and dulling. Tool
#17, used solely for the chopping of redwood, resulted in dulling wear along the edge.
We wish to point out that these experiments were part of a much larger project, and we
have extracted these data simply because they are the only experimental results which we
have available at this time.

Also in 1973, Hester and Wuertele conducted a wear pattern and edge angle
analysis of 47 of the unifacially-chipped cobbles. Wear pattern studies were done with
the aid of a binocular microscope, with magnification powers up to 70X. During the
recording of the wear pattern data, descriptive notations were made and measurements
and weights for all specimens were recorded. This information is found in Table 1.
We provide this detailed listing since we are unable to find any other published descrip-
tions of this tool form in the California literature.

As Table 1 indicates, the primary wear pattern repeatedly observed on the
archaeological Humboldt County tools was dulling. This was often accompanied by
abrasion (varying from highly localized areas of fine scratches to a near-polish)
adjacent to the working edge but sometimes extending onto the dorsal (or occasionally,
the ventral) flake scars. The striations, or major scratches, noted on the implements
generally ran perpendicular to the working edge. Nibbling (step-fracturing) is also a
recurrent wear pattern seen on the tools. An examination of the pertinent literature
reveals little comparative data on the experimental use or wear pattern analysis of
similar tools, exceptions being reports by Crabtree and Davis (1968: 428) and
Phillipson and Phillipson (1970). The limited experiments of Wuertele (1973) suggest
to us that the tools could function as choppers or, at times, in a combination of chopping-
scraping-adzing tasks during the wood-working process. The dulled and step-fractured
edges, along with ventral and dorsal abrasions of the flake scars along the working
edge, suggest repeated imbedding of the tool edge into a material like wood (cf.
Crabtree and David 1968: 428). The ventral striations on the tool may reflect the use
of the implement in preliminary shaping or roughing-out of wood, perhaps in an adz-
like fashion..

A review of the edge angle data (Table 1) reveals a clustering (34%) of edge
angle values in the 550-640 range, although a substantial percentage of the tools (57. 9%)
have edge angle values that are fairly evenly distributed if one examines 100 increments
between 560-840. The mean edge angle for the series of 47 specimens is 68. 480.

We have no evidence to indicate whether or not the Humboldt County tools
were hand-held or were hafted, although we suspect it was the former. As noted above,
the experimentally-used specimens were hand-held during the course of Wuertele's
experiments.
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During the life of the tool, there is ample evidence of a continuing process of
rejuvenation or resharpening of the working edge. Once an edge became dulled, or had
been step-fractured to the extent that it was no longer serviceable, the edge was re-
sharpened (Crabtree and Davis 1968). This process involved the removal of flakes
from the dorsal face of the edge, struck from the ventral surface (see Fig. 8, a).
Occasionally, flakes were detached from the ventral face by blows struck perpendicular
to the edge, similar to the "Retouch Method C" described by Shafer (1970: Fig. 2, e;
compare with Fig. 8, b). A newly resharpened edge is sinuous and has pointed protru-
sions (e.g., Fig. 6, d). The tools were obviously valued and underwent a series of
resharpening episodes, each sequence leading, of course, to a reduction in size.
Specimens like those shown in Fig. 2 may represent nearly-exhausted implements, due
to repeated resharpening.

ETHNOGRAPHIC COMPARISONS

One interesting ethnographic observation regarding the use of similar cobble
tools is provided by Mitchell (1958: 192). Among the Australian aboriginal groups on
the New South Wales coast, the mainland of South Australia, and several other
Australian localities, Mitchell notes the occurrence of "crude chopping and cleaving
tools. and describes them as follows:

"These comprise pebble choppers, either unifacial or bifacial types,
used as hand axes and not made to be finished off by grinding. They
are made from flattish pebbles of varying sizes by carefully flaking
on one end, or on one or both lateral margins to obtain acute-angled
working edges, . .." (Mitchell 1958: 192).

The following functional observations on these pebble choppers is also provided by
Mitchell:

"Utilizing a pebble chopper, a sapling eleven Inches in circumference
was cutdown in four minutes".

Tindale (1941) has also recorded the use of crude hand axed by the natives
of Western Australia. These tools, made by flaking an edge on a large flat boulder
were used for cutting down trees. Tindale notes that a sapling six inches in diameter
could be cut down in two minutes. The tools were retrimmed as they became dull
through continued use.

SUMMARY

In this paper we have described a distinctive series of unifacially flaked
basalt artifacts from the northwest coast of California. Although numbers of these
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tools have been collected from sites in the region (particularly in Humboldt County),
they have not previously been the subject of detailed description.

A sample of 47 specimens from the collections of the Lowie Museum of
Anthropology was scrutinized for wear pattern evidence. Characteristic use-wear
included dulling of the working edge, nibbling or step-fracturing resulting from use,
and abrasions of flake surfaces caused by repeated contact with the material(s) being
worked. Edge angle measurements suggest that a steep working edge was preferred
by the aboriginal tool-user. This observation is borne out by evidence of repeated
resharpening of the working edge during the life of the tool. As a part of the overall
study of these artifacts, brief experiments were conducted. While these were too
limited in scope to be conclusive, the use-wear found on the tools after thfe experimental
working of redwood were found to be quite similar to that occurring on the archaeological
specimens.

We cannot, with such preliminary data, offer any substantive interpretations
as to the function of this tool form. However, the combined analytical and experimental
data, when supplemented by published studies, such as that of Crabtree and Davis (1968),
lead us to suggest that these implements were used as choppers or some functionally-
related task (such as occasional scraping or adzing) in the wood-working process. We
do not know whether they were used in certain specific acitvities or whether they might
have indeed seen use as multi-purpose implements. The uniformity of the wear pattern
data would seem to be indicative of the former. We can only hope that the publication
of the descriptions and wear pattern data in this paper will spur others to carry out
more sophisticated experimental studies involving this tool form. Certainly a more
careful examination of the context of these tools in future archaeological investigations
in the northwest coastal area will aid in a more meaningful functional interpretation.
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a

b

Figure 3. Unifacial Cobble Tools, Humboldt County, California. a, 1-72198 (Humn-118);
b, 1-90422 (Hum-129).
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Figure 4. Unifacial Cobble Tools, Humboldt County, California. , 1-90363 (Hum-126);
b 1-99149 (Hum-169).



Figure 5. Unifacial Cobble Tools,
Humboldt County, California.
a, 1-99142 (Hum-169); b, 1-72181
(Hum-126); c, 1-115863 (Hum-169).
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d
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Figure 6. Unifacial Cobble Tools,
Humboldt County, California.
a, 1-72095 (Hum-126); b, 1-98837
(Hum-169); c, 1-98668 (Hum-169);
d, 1-98666 (Hum-169); e, 1-90427
(Hu-m-120).
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b
Figure 7. Unifacial Cobble Tools, Humboldt County, California. a, 1-98805 (Hum-169);

b, 1-90386-3 (Hu;m-126).
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a

b

Figure 8. Resharpening Methods Observed on Unifacial Cobble Tools, Humboldt County,
California. a, removal of nibbled (step-fractured) edge by removal of flakes from dorsal
face; b, removal of dulled edge by detaching flake from ventral face.
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BUTCHERING A DEER WITH OBSIDIAN TOOLS

Thomas R. Hester, Lee Spencer, Colin Busby and James Bard
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During a seminar in experimental archaeology at the University of California,
Berkeley, in Fall, 1972, several class members designed an experiment involving the
use of obsidian flake tools in the skinning and butchering of a deer carcass. There
have been several other experiments involving the use of stone tools to skin and dis-
member animal carcasses. For example, there is the illustrated experimental use of
Paleolithic cleavers to butcher an African antelope (Howell 1970: 121), similar exper-
iments by L. S. B. Leakey (cf. Pfeiffer 1972: 403), Don Crabtree's notes on the use
of obsidian blades to skin a bear (Crabtree 1968: 470; Pfeiffer 1972: 402-403) and J.
Swauger's deer-skinning experiment utilizing Egyptian Paleolithic tools (Swauger and
Wallace 1964).

In preparation for the experiment, the seminar group viewed a film which
documented the use of chert flakes and bifaces in the skinning and butchering of a deer.1
Plans were also made to obtain the necessary obsidian raw material, to secure the deer
carcass, and to develop a system of recording the experiment.

'A deer carcass was obtained via a donation from the office of the Pleasanton,
California, Animal Control Unit (California Department of Fish and Game). The
deer had been illegally killed and had been confiscated by these authorities. The
specimen, a young doe, weighed 18.45 kg.

The lithic raw materials were obtained from the Glass Mountain obsidian
source north of St. Helena, California. L. Spencer then manufactured a series of
obsidian flake tools. These included naturally-backed flakes, large cortex flakes, blades,
and bifaces. As we assumed that most of these tools might be employed during the
course of the experiment, all were measured, their working edges examined under a
microscope, a description was written of each, and all were photographed.2

After the animal carcass had been obtained, and on the day preceding the
experiment, Spencer gutted the animal using several thick, naturally-backed obsidian
flakes. During the gutting process, the sternum and pelvis were broken with the use
of an obsidian chopper. Spencer, who had performed such tasks before using steel
hunting knives, was able to accomplish the gutting procedure in 40 minutes using the
obsidian tools. The gutted specimen weighed 10 kg.

On November 22, 1972, the seminar group performed the skinning and
butchering activities. The principal work was performed by Spencer since, as
mentioned above, he had substantial prior experience in animal butchering. Other
members of the seminar group assisted in the experiment by taking notes on the
sequence of activities, recording the tool used in each activity, and keeping careful
track of the amount of time each tool was used.

The obsidian tools used during the experiment (Fig. 1, a-e) were: #2: a
large naturally-backed flake; #4: a blade-like cortex flake; #7: an interior flake; #5:
a biface; and #10: a naturally-backed flake.
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For the purpose of illustrating the detail in which the experiment was recorded,
we have provided below an edited version of the notes taken as the skinning and butcher-
ing sequence progressed:

TIME TOOL # OBSEIR VATIONS

1:21
(pm)

10

1:24 " 'Y
1:25 i i

1:26
1:27
1 31
1:32

1:34

1:35

.. ?t

?...

it i?

i?.t

,t it

....t

1:36 1? it

1:38
1:40
1:41

1:42

1:44
1:45

1:46
1:48
1:50
1:51
1:52
1:53

..

II

.I

..

it

tI

it it

1t it

I.t I

It

II

II

It

II

Butchering commenced on one hind leg, cutting through hide on
underside taking care not to cut muscle, but rather only the
white membrane which attaches the hide to the muscle.
Pulls hide as he cuts this membrane.
Pulls skin loose and away from lower leg using tool in what can
be described as a delicate stroke or motion.
Skin free from leg and hip and ham area.
Starts a similar process on the other leg.
Cuts hide where attached to hoof area.
Cuts area around tail, frees hide, then pulls hide over back
without the aid of the tool.
With tool again, with much use of both hands, the hide is pulled
over the ribs.
Pulls hide above ribs toward front legs; minor edge wear
detected, described as small nicks.
Now cutting hide around the neck area. Hide is now off breast
area.
Hide is pulled over front leg, away from center of carcass.
Cut and pull hide away from leg.
Incision of hide around fore quarter; lateral or longitudinal cut
made along leg to facilitate hide removal.
Pulls hide off leg, final cuts to free the hide. Hide now pulled
towards body of deer.
Cuts hide around neck area.
Hide now free from body except around head area and right
front leg.
Still only minimal wear noted on the tool.
Lateral incision along leg.
Hide pulled from leg, now attached only to the head.
Pulls hide over head.
Cuts attaching muscle.
Chops off head, using a short chopping motion. There is use-
flaking present already. Now uses a slicing motion. Finish
use of tool #2. Head off after 1. 5 minutes.

Cuts around legs and back, separation of hind quarters from
spine, slicing and twisting of meat. (Holding meat, twisting
it in various directions as he slices).
Hind quarters separated.

..

I.

..

.I

It

2

[BREAK]
1:56 10

1:58 " "



TIME TOOL # OBSERVATIONS

2:00 10

2:01 2

2:02 10

2:03

2:04
2:05
2:06

2:07
[B R

2:09
2:09.5
2:10

2:11
2:13

2:14
2:15

2:15.5
2:16
2:16.5
2:17

2:19
2:20
2:21
2:24

2:26
2:28
2:29

2:31

It it

Uses his foot to hold thorax and pulls fore leg away and cuts
with tool.
Uses tool 2 to slice off one fore quarter (this takes 10
seconds) and resumes use of tool 10.
Cuts off (small slabs) meat from thorax and works on other
fore quarter.
More use-flaking noted on tool 10, small nibbling along edge,
one or two small flakes detached.
(Another slab of meat removed from fore quarter shoulder)
Start slicing neck. Tool makes contact with bone.
Chop with tool 2 in order to remove neck from body. Slices
with same tool. Neck twisted as it is chopped.
Neck free from body.

it it

I I..

2

?I ft

IEAK]
5
2
5

5
2

5
2

5
it it

It ?t

it ??

4

it It

It it

....?

..

2:34 it it

Tool 5 cuts very well.
0. 5 minutes with 2; hit vertebra.
Removes back-strap. Though the tool is now dull on the
sinuous edge, it nonetheless made a good tool for a sawing
motion. Back-strap removed.
Cuts back-strap into sections.
Separation of spine from hind quarters. Downward chop and
stroke used.
Twist hind quarters; hind quarters are separated.
Cutting back leg at hock, severed fendon, and switched to
tool 5 in process.

Started to separate lower leg at ankle.
Ankle and hoof are separate, cut behind hoof to sever tendon.
Tendon pulled out of leg.
Sinew removed with tool 5. Boning of thigh, separate knee
from thigh with tool 5.
Sawing motion.
Broke tibia from thigh area.

Boning of thigh or ham.
Begins use of tool 4. As boning continues, tool 4 occasionally
hits femur.
Remove skin from tendon.
Twist off hoof and lower leg area (hind quarter).
Circumscribe foreleg (hind above hoof) using blade to cut
through hide circumference. Experimentor uses his feet as

a brace.
Makes longitudinal cut on lower leg to remove tendon. Still
removing sinew from lower leg area.
Proceeds to bone-out other ham.
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2:35 2 Chops and cuts.
2:36 4 Work continuing.
2:37 " Twist off tibia-fibula from thigh or ham.
2:40 "i"lFemur out of ham.
2:42 " " Tool 4 seems dull after boning 1 1/2 hams.
2:43 5 Fleshing out neck, hitting vertebrae.
2:50 "i"lNeck sinew very fibrous.
2:52 7 On neck, removing sinews.
2:54 On fore leg, removes shoulder muscle.
2:55 ""1On other fore leg, hits bone occasionally.
3:00 tY? Skinning-butchering completed.
3:01 2 Chop bone, a leg joint.

Tool # Total time used (in minutes)

10 38
2 10.5
5 22
4 16
7 8

Table 1. Time, in minutes, each obsidian tool was used during experiment.

In general, the skinning and butchering of the deer carcass was accomplished
with considerable efficiency using the obsidian tools. Irn most of the cutting movements,
the obsidian implement was drawn toward the experimentor; the next two most common
motions or movements involved sawing and pushing the tool away from the operator.
One particularly interesting observation was that the obsidian tools tended to "resharpen"
themselves during use. Due to the brittle nature of the tool edges, tiny flakes would
be detached during sawing or light chopping rasks. Spencer observed that most of this
spalling occurred when the tool came into recurring contact with bone and skin. 3 It
should be pointed out that while several tools were employed during the experiment, a
single obsidian flake implement (such as tool #10) could have been used to carry out the
entire skinning and butchering operation.

TIME TOOL# OBSEIRVATIONS
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Use-Wear Observations

As noted earlier, each tool had been checked prior to use, and the condition
of the intended working edge had been carefully recorded. After experimental use,
each tool was wrapped and labeled, and was later examined, with the use of a 75X
binocular microscope, for wear patterns resulting from the experiment. These data
are summarized briefly:

Tool #2. Prior to use, this tool (Fig. 1, a) had a very sharp edge, marred
only by two small nicks resulting from its detachment. The edge angle was 450*
During the experiment, the tool was used for 10. 5 minutes, and was involved in cutting
of the deer's neck (using a short chopping motion, coupled with a slicing motion), and
was also used to cut and chop at leg joints (see narrative above).

Extensive modification of the tool edge occurred during use. There is
continuous bifacial use--retouch. On the dorsal surface, there is use-retouch, with
flakes up to 15 mm. in length, although most are . 5 to 3 mm. in length. Accompanying
the use-retouch is nibbling and snapping of the edge. On the ventral face, there is
continuous use-retouch, with several major arc-shaped flake scars, 3 to 20 mm. long.
In addition to these alterations, crushing is noted along the cutting edge.

Tool #4. This blade-like cortex flake (Fig. 1, b) had a very sharp, unmarred
edge (angle, 320) prior to use. It was used for 16 minutes, primarily in cutting flesh,
although the cutting of hide was also done. The only visible wear after use is a
roughening or nicking of the edge, and a few small (. 05 to .1 mm. long) use-retouch
scars scattered along the edge.

Tool #5. This tool, an ovate biface (Fig. 1, c), had one edge thinned for
use (edge angle, 450). It was utilized for a total of 22 minutes, and was used primarily
for cutting along the vertebral column of the deer, and in removing the back-strap.
Later, it was used in the boning-out of the thigh, removal of sinew, and the
fleshing out of the neck, where it came into repeated contact with vertebra. Before use,
it had a sharp sinuous edge (without any marginal trimming). While it was being used
in the various activities described above, the experimentor observed that it was
beginning to feel "dull", though it was still serviceable for "sawing" activities.
Microscopic examination of the used tool edge revealed light crushing of the edge,
accompanied by scattered bifacial nibbling and use-retouch flakes. Given the comments
of the experimentor while using this tool, we had expected much heavier wear than
was observed.

Tool #7. There was a very sharp umnodified edge (angle, 200) on this
naturally-backed flake (Fig. 1, d) prior to use. It was used for eight minutes near the
conclusion of the experiment, to remove sinews from the neck, and to remove muscles
on both forelegs; during the latter task, it occasionally struck the bone. As a result of
this use, the dorsal edge of the flake showed more or less continuous use retouch, with
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the largest of the scars ca. . 5 mm long, but most in the range of .1 to .2 mm. On the
ventral edge, a few similar use-retouch scars were found, and near mid-edge, there was
a group of three striations, disposed perpendicular to the edge. These may have
resulted from contact of the tool edge with bone.

Tool #10. This tool (Fig. 1, e) was used for 38 minutes and was employed
extensively in the cutting of hide and flesh (see narrati've). The experimentor observed
that the tool, a naturally backed flake with a cutting edge angle of 300, could have
probably been used without modification to carry out the entire operation. Before use,
the tool had an unmarred, straight and sharp cutting edge. Although used for over
a half-hour, only minor edge wear was subsequently observed. This wear consisted
of a roughening or nicking of the edge ( i. e., several indentations in a previously
straight edge), and the removal of three use-retouch flakes, 1 to 3 mm. in length.

Concluding Remarks

The limited nature of an experiment such as the one reported here precludes
broad conclusions or far-reaching inferences. However, it does allow us to offer a
few comments on the use of obsidian tools in deer-butchering. Since obsidian was a
raw material widely used in central and northern California for the production of
utilitarian implements, we believe that some of the observations recorded during the
experiment will be of direct interest to archaeologists working in these regions.

Obsidian, with its extremely sharp edges, works very well in cutting, slicing,
sawing, and related tasks in deer butchering. Despite the brittle nature of the
material, use-wear is not easily incurred if the tool is used in the cutting or slicing of
hide and flesh. Pronounced wear will occur whenever the tool comes into repeated
contact with bone, as in the case of tool #2 used in severing the deer's neck, striking
the vertebral column on a number of occasions. Although one sharp-edged tool (#10)
was used for over 30 minutes in cutting tasks, only very minor wear resulted and the
tool was still serviceable at the conclusion of the experiment. One interesting techno-
logical factor that we observed was that the obsidian flake tools tended to "resharpen??
themselves; tiny use-retouch flakes and bits of the tool edge were continually being
removed during certain cutting or sawing activities, thus creating a new, sharp edge.
It should be emphasized that no intentional resharpening of tool edges was required
during the experiment.

Flake tools seemed to work much better in the butchering activity than did
the single biface (tool #5) that we tried. Shafer (1971: 103) notes similar results from
the comparative use of chert bifaces and flake tools in deer-butchering. The flakes,
in that experiment, functioned much more efficiently than the biface (of a form, as was
our obsidian biface, that archaeologists often call "knives"). The five chert flakes
used to skin and partially butcher the deer showed nicked edges and only faint dulling
appeared on the edges of two of the specimens.
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In our experiment, the most useful of the flake tools proved to be those with
a flat or cortex-covered edge opposite the cutting edge (e.g., a naturally backed flake
like tool #10). All of the flake tools we used had acute edge angles (200-320).

Although we used a chopper (tool #2) in processing the deer carcass, the
entire task could have been accomplished just as easily without it (cf. Shafer 1971: 103).
And, as we noted above, the biface was of little value. Thus, a very simple, non-
specialized tool kit of obsidian flakes would be, upon analysis, the most efficient imple-
ments for the gutting, skinning, and butchering of a deer. 4 Such a possibility should
serve as a warning to those archaeologists who make subjective judgements about tool
functions (e.g., biface = "knife") and to those who continue to ignore flake assemblages
as a source of information of prehistoric activities.
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NOTES

1 The film viewed by the seminar group rqcorded an experiment performed at
the Texas Archeological Research Laboratory. J. E. Corbin carried out the skinning
and partial butchering of a young deer, using five chert flakes to accomplish the entire
task. See Shafer (1971: 103) for a further discussion of this experiment. The film is
in the possession of R. L. Alexander, Dept. of Anthropology, University of Delaware.

2 An extensive series of Kodachrome slides were taken by seminar members
A. Albee and C. Busby.

3 The spalling of tiny flakes from an obsidian tool during meat-cutting activities
may help to explain the presence of such materials in prehistoric coprolites analyzed
from California (Nissen 1973: 69) and Utah (Fry 1970: 239).

4 A further experiment conducted by J. Bard, C. Busby and L. Spencer with a
similar sized deer utilizing a hafted biface and a tool kit of unmodified obsidian flakes
accomplished the butchering of the animal in approximately 30 minutes. In this
experiment the antler-hafted biface was discarded after a short period of use (2-3
minutes) because it became too slippery to hold during the butchering activities. The
rest of the butchering was conducted using four unmodified flakes and a large angular
obsidian chunk ("chopper") and was completed using the same sequence of steps out-
lined in the present report.
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Figure 1. Obsidian Tools Used in Deer-Butchering Experiment. a Tool #2; b, Tool
#4; c, Tool #5; d, Tool #7; e, Tool #10. Transverse cross sections are shown for
a and c. Horizontal lines along the tool edges indicate those areas of the tool used
during the experiment. All tools retaining the bulb of percussion and striking platform
(a, b, d, e) are oriented with the bulb and platform down (i. e., toward the bottom of the
page).
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THE DISTRIBUTION AND FUNCTION OF BEDROCK

MORTARS IN CALIFORNIA

Alice B. Francisco
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This study of the distribution of bedrock mortars, in confining its attention
to their occurrence in California, adopts limits which are drawn by availability of data
rather than by the natural distribution of the feature studied. Although the extensive use
of bedrock mortars by North American Indians in ethnographic times has apparently
been limnited to California, the Great Basin, and the Southwest (Driver and Massey
1957: 237), the archaeological distribution is much wider. While most common in
California, they probably occur with varying frequency in most areas of the United States.
Their occurrence in the Mesoamerican region seems infrequent (Armillas 1950: 120),
but they have been reported at one site in the Honduras (Strong 1948: 101) and at several
places in Mexico (Armillas 1950: 119, 120). In South America, they are the most
outstanding archaeological remain in parts of the Sierra de Cordoba and the Sierra de
San Luis (De Aparicio 1946).

Outside the New World, occurrence of the feature is less clear. Armillas
suggests similar mortars occur in Indonesia, but a check of his sources (a work by
Robert von Heine-Geldern, which cites material from Th. a Th. Van Der Hoop 1932)
reveals that the mortars described are not bedrock mortars, but single- or multiple-
holed mortars worked in hewn, flat stones. Although distribution of bedrock mortars
in areas other than California is not within the intended scope of this study, a casual
survey of the literature would indicate the feature may be lacking outside the New World.
Absence of reports, of course, would be of questionable significance. It is possible
that in many areas bedrock mortars might not be considered a category worth noting.

As a primary source of data, this study has made use of information collected
from the site survey reports on file at the Archaeological Research Facility of the
University of California during the summer of 1964. While these files provided a
wealth of material, certain limitations of the present study are inherent in the records
as they exist. These limitations are:

(1) All 58 counties are not equally represented by site survey reports. While
Table 1 is intended primarily to show the exact relationship between the number of sites
surveyed and the number where bedrock mortars are present, the absolute number of
sites recorded for each county may be seen in that table. The significance of the pro-
portion of bedrock mortar sites should be judged in the light of that number.

(2) Not all parts of each county have been equally well surveyed, and it is
entirely possible that the total picture of patterning of distribution has been slanted by
a tendency to survey certain types of terrain more thoroughly than others.

(3) Although, with the reservations noted above, the percentages of sites re-
porting bedrock mortars are probably a fairly accurate reflection of reality, they
probably incorporate some error caused by omissions in the site survey reports. Forms
were not always fully filled out. In some cases, the occurrence of bedrock mortars
was not listed as a feature on the form itself, but was shown on an accompanying sketch
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map. It is reasonable to expect that some of the many surveyors who have contributed
to the files of the Facility may not have included notation of any kind concerning this
particular feature. It is equally reasonable to assume that in some cases the occurrence
of the feature was totally overlooked.

(4) Although many site survey reports made a distinction, there was a ten-
dency to lump together bedrock mortars and bedrock metates. For purposes of this
study, no effort has been made to distinguish between what should be regarded as two
types of remains. It should be noted, however, that there probably exists in the
Facility records enough information to assist an analysis of the relationship of these
two categories to each other and to other grinding tools. For the sake of convenience,
this paper will speak simply of "bedrock mortars. " Although in some cases a
"metate" classification might clearly have been more suitable, in most cases the grinding
areas on the rock outcrops were noted as round or nearly round holes.

In California, the depth to which mortars are ground into bedrock may range
from a barely perceptible one-half inch or so to around 15??. 1 There is a certain
amount of discussion in the literature concerning the depth at which California bedrock
mortars were abandoned. Much of the discussion tends to ignore field evidence. Even
such experienced field workers as Elsasser and Bennyhoff seem to have been curiously
influenced by one particular sentence from Barrett and Gifford's study of Miwok
culture, which states simply, "These cuppings [mortar holes] were abandoned after
they had worn to a depth of perhaps five inches" (Barrett and Gifford 1933: 143).
Bennyhoff uses this report as evidence that "to some extent the depths of a group of
mortar holes would therefore give some indication of the length of occupation of a par-
ticular site" (Bennyhoff 1956: 12). Elsasser repeats Bennyhoff's suggestion, adding,
"Some data are at hand as to the point at which an individual mortar hole was abandoned
(at 5 inch depth)?? (Elsasser 1960: 40).

The single report of Miwok norms should not, obviously, be generalized too
far in either space or time. The immediate possibility that even within a given area
such norms may have varied during different periods is supported by Price's description
of the Washo: ??The author' s survey of historic and prehistoric bedrock mortar sites
indicates that recent Washo prefer a more shallow basin than was used previously. This
was also suggested by a Washo woman, Bertha Holbrook, who said that the California
Indians used much deeper bedrock mortars. Most of the recent mortar holes range
from one inch to 2. 5 inches in depth; prehistoric mortars in Washo territory range up
to 7 inches in depth" (Price 1963: 89).

Another aspect of this discussion in the literature which seems to be curiously
divorced from the evidence can be seen in those works which deal with the reasons
prompting abandonment at a given depth, whatever that depth may be taken to be. There
seems to be wide agreement that practical reasons, connected with the physical charac-
teristics of the material being ground, governed the norms of depth. Fenenga writes:
"Large, oily seeds (acorns, pinenuts, and buckeyes) could be ground only in the shallow
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pits because otherwise they congeal into a pasty mass" (Fenenga 1952: 342). Gifford,
in the year before he noted the 5-inch norm which has been so frequently cited, wrote In
a study of the Northfork Mono: "A mortar hole three Inches or less in depth was
employed for acorns. If deeper, the meal was likely to become 'grease, ' that is, to
pack solidly in the bottom" (Gifford 1932: 24). Among the Tubatulabal, Voegelin
(1938: 17) found that mortar holes were "enlarged with use until at the depth of 10 Inches
they became unusable. "

Although different grinding techniques might be a factor, an arbitrary level
of depth is unlikely to affect the tendency of acorn meal to pack into a solid mass.
Except in those areas where the limited availability of suitable rock dictated a need for
working the holes to a deeper than average depth, the depth of mortar holes may have
been deternined by nothing more than habit and custom. Deep or shallow, these
mortar holes have been noted in many types of rock in California -- granite, steatite,
lava, sandstone, "very poor conglomerate,," limestone -- Indeed, one is even reported
in obsidian! The lack of a consistent norm for depth of abandonment, the varying
characteristics of the rock Into which they were worked, and the possibility of variation
in patterns of use combine to cast doubts on the utility of depth of mortar holes as a
measurement of length of occupation of a particular site.

Although the bedrock mortar in California is generally thought of as being
closely tied to the use of acorns, some bedrock mortar sites occur outside the range
of the oak. In acorn-using territories, such mortars were also used for grinding other
food substances. Although a minor use, the grinding of materials other than foodstuffs
should be mentioned. A number of small bedrock mortars found in association with
painted petroglyphs were probably paint mortars. Fenenga mentions the use of bedrock
mortars for pounding clay (Fenenga 1952: 352), but the source he cites (Gayton 1929:
245) makes it clear that such pounding was done only on the flat surface of a bedrock
outcrop in which mortars were also present, and that "clay was never put in mortar
holes in which food substances were ground" (Gayton 1929: 241).

Some mortars may on occasion have been used by shamans for preparing
medicines. Such use, as well as the general physical similarity between utilitarian
bedrock mortars and the cupped rocks known as "baby rocks" or "rain rocks", may
possibly account for the occasional report of the "sacredness" of a bedrock mortar.

The fact that bedrock mortars frequently are not actually part of a habitation
site should not be taken as indication of any ceremonial use, although such a theory
has been suggested (Armillas 1950: 123). Choice of location for living sites would
clearly be dictated by a number of factors, for example, that suitable rock outcroppings
be within some reasonable distance would be all required for their use. Indeed, there
may even have been certain advantages to having the community grinding area slightly
separated from the habitation site as such.

Another circumstance which might lead to question of ceremonial use -- the
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frequent association in California of bedrock mortars and petroglyphs -- requires no
more explanation than that the horizontal, as well as the vertical, surfaces of convenient
rock outcroppings were naturally exploited, for both paint and food mortars.

We are considering, then, the California distribution of the bedrock mortar,
a grinding tool used primarily for the preparation of acorns, but also for the grinding
of other food and non-food materials. Site survey reports give us the information
presented in Table 1 and in Maps 1 and 2. In addition to organizing information presently
available on the archaeological occurrence of the feature, this study has attempted to
determine the geographic range of its recent use as reported in ethnographic accounts.
Map 3 is the visual representation of the latter type of information. This map can give
only an approximate guide to actual occurrence. To evaluate its reliability for any area,
it would be advisable to refer to those notes on informants and research procedures which
are given in the sources from which the map is drawn. For this purpose, such sources
are listed in a separate list of references at the end of the paper. Some tribal areas
were, of necessity, reported using only one informant of doubtful reliability. For the
Central Coast area, field procedures described make it doubtful that all informants
actually denied the presence of bedrock mortars.

For the sake of the value of visual communication of pattern, it was necessary
to take boundaries for tribal groups which may not actually delimit the use of bedrock
mortars. A map of greater truthfulness, but of less useful visual impact, might have
simnply shown the locations of the informants who reported on the presence or absence
of the feature.

Two areas of the map require special note, since there exist conflicting ethno-
graphic reports. Gifford, writing on the Kamia, reports the absence of bedrock mortars
(Gifford 1931: 28-29); this contradicts Drucker's CED study. Drucker' s information
comes from one "half-breed" informant with a Kamia mother; the map follows Gifford's
report. For the Kidu-dokado of Surprise Valley, the map shows bedrock mortars as
absent, following Stewart (Stewart 1941: 381). It should be noted, however, that Isabel
Kelley describes what may be a bedrock metate for that tribe (Kelly 1932: 138).
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TABLE 1

BEDROCK MORTAR SITES OF CALIFORNIA BY COUNTY

County No. Sites No. Bedrock Mortar % Total Sites Reporting
Sites Bedrock Mortars

Alameda 95 15 15.8
Alpine 65 21 32 3
Amador 106 64 60.4
Butte 159 81 50.9
Calaveras 239 142 59,4
Contra Costa 134 6 4.5
Colusa 19 1 5.3
Del Norte 12 0 0.0
El Dorado 78 36 46.2
Fresno 375 173 46.1
Glenn 98 0 0.0
Humboldt 206 0 0.0
Imperial 66 0 0.0
Inyo 439 44 10.0
Kern 196 62 31.6
Kings 27 1 3.7
Lake 270 24 8.9
Lassen 272 24 8.8
Los Angeles 118 8 14.8
Madera 103 66 64.1
Marin 369 3 .8
Mariposa 251 149 59,4
Mendocino 569 3 .5
Merced 63 5 8.0
Modoc 194 15 7.3
Mono 540 34 6.3
Monterey 370 112 30.3
Napa 267 20 7.5
Nevada 84 17 20.2
Orange 81 2 2.5
Placer 59 21 35.6
Plumas 68 3 4.4
Riverside 110 33 30.0
Sacramento 266 20 7.5
San Benito 15 2 13.3
San Bernardino 322 14 4.3
San Diego 301 53 17.6
San Francisco ?3 0 0.0
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TABLE 1 (continued)

County No. Sites No. Bedrock Mortar % Total Sites Reporting
Sites Bedrock Mortars

San Joaquin 137 0 0.0
San Luis Obispo 182 31 17.0
San Mateo 97 1 1.0
Santa Barbara 263 8 2.9
Santa Clara 51 10 19.6
Santa Cruz 46 4 8. 7
Shasta 272 8 2.9
Sierra 38 6 15.8
Siskiyou 321 44 13.7
Solano 48 8 16.7
Sonoma 258 5 1. 9
Stanislaus 133 16 12.0
Sutter 31 5 16.1
Tehama 239 2 .8
Trinity 139 1 .7
Tulare 326 189 58.0
Tuolumne 224 48 21.4
Ventura 24 3 12.5
Yolo 66 2 3. o
Yuba 16 3 18.8

CHANNEL ISLANDS

Anacapa 1 0 0.0
S. Clemente 6 0 0.0
S. Miguel 51 0 0.0
S. Nicolas 68 0 0.0
Santa Catalina 105 1 1.0
Santa Cruz 18+ 0 0.0
Santa Rosa 155 0 0.0
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DISCUSSION

Map 1 shows clearly a general pattern of distribution. The entire Sierra
Nevada, extending from Butte County in the north to Kern County in the south, is an area
of generally dense distribution. The frequency with which bedrock mortars are found in
the Sierras might have appeared even more pronounced had Tuolumne County been more
completely surveyed. Although the absolute number of site surveys for that county
appears adequate on the surface, only certain portions of the county are well represented.

Beyond the latitudes of the Sierra, bedrock mortars are seen in California
only in scattered distribution, except for a cluster of sites at Tule Lake. To the east, in
the Basin ranges, density falls off sharply from that noted in the Sierra. To the west of
the Sierra, across the Great Valley, only scattered sites occur in the northern Coast
Ranges. A somewhat closer pattern of sites in the southern Coast Ranges of Monterey
and San Luis Obispo Counties is echoed by stretches of site-dotted coastline. Worthy of
remark are the great number of sites on the coast of Monterey County. Because they
cluster so closely they cannot be adequately indicated on the map; but Table 1 provides
supplementary information.

Several areas of the state are virtually devoid of bedrock mortar sites: the
Mojave Desert, the Great Central Valley, the Colorado Desert, and most of the northern
quarter of the state.

Absence of suitable rock outcrops clearly dictates the Valley pattern. Map 3
traces the approximate limits of the Great Valley. Within the boundaries of the Valley,
the meaning of ethnographic reports of the "presence" of bedrock mortars must be modi-
fied by the facts of geography. (Only one of the sources from which Map 3 was drawn
made any note of a lack of availability of rock outcrops.)

A comparison of Maps 1 and 3 shows a few suggestive patterns. The areas in
Napa and Lake counties which show archaeologic, but not ethnographic, reports of bed-
rock mortars may indicate areas where earlier use had been forgotten.2 The same
possibility would appear in the more striking cluster of bedrock mortar sites near Tule
Lake. Comprising a total of 59 sites (including two sites at which both bedrock mortars
and bedrock metates were recorded), this cluster is located just north of a tribal area
which reports the use of bedrock mortars ethnographically, and yet for which no archaeo-
logical occurrence of the feature is recorded. Some keys to this paradox may lie in the
possibility of error in the map's arbitrary boundary lines, in lack of adequate site surveys,
or in the reliability of informants. Nevertheless, the cluster -- so distant from any
areas of similarly intense distribution farther south in the Sierras -- clearly raises a
question, and may be taken to suggest either independent invention of this quite simple
feature or the clue to some past movement of population.

Less dramatic, but interesting, -is the fact that so many informants in the
southern half of the state reported knowledge of the use of the bedrock mortar in areas
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lacking in archaeological remains. More complete site survey of the area would be
required before an explanation of this phenomenon could be sought. If bedrock mortars
prove to be more common in these southern regions than present archaeological evidence
has indicated, some adjustment of present theories concerning the close association
between bedrock mortars and the acorn might be necessary. If no more bedrock mortar
sites appear, the ethnographic reports require some explanation.

The most interesting possibility raised by the maps, however, concerns the
significance of the mortars which appear along the coast of the middle section of the
state. The frequency with which these mortars occur in Monterey County is remarked
above. Suitable stone is not limited to this one stretch of the state's coast; there would
seem to be little unique to the range of foods available in that area to call for utilization
of a certain form of grinding tools with an intensity otherwise found only in the Sierras
of the state.

It is entirely possible that the mortars are no reflection of truly local use.
The patterning offers confirmation of a theory previously drawn from other evidence.
Pilling, after quoting documents from 1860 and 1900 which mentioned historical summer
migrations for Yokut Indians, and noting the presence of shell heaps marking camp sites
along the Monterey coast, wrote: "Another interesting implication for the archaeologist
is presented by the fact that under this annual migration pattern some sites scattered
along the coastal region may easily be the result, not of local inhabitants, but of the
annual tourlsts of prehistory" (Pilling 1950: 439).

Another summer migration pattern -- this time from Sycamore Creek to
Tulare Lake -- is described by Latta (1929: 29). Map 1 would suggest the possibility
that the coast of San Luis Obispo County may also hold just such prehistoric tourist
sites. The bedrock mortar sites in the Coast Ranges of the middle section of the state
occur roughly in the latitudes of areas of coast-line distributions between these areas
and the Sierra. It would seem possible that the truly "local" nature of these sites
should be questioned also; they may represent the traditional campsites, used regularly
over long stretches of time, by migrating Sierra tribes en route to summer seafood.

These possibilities are worth noting for two reasons. They raise questions in
the interpretation of evidence from the sites involved, and, perhaps more important,
they indicate that some modifications may be called for in the generally accepted picture
of the California Indian. Although for many areas of the state the traditional picture of
isolated tribes tied to their territories may hold, a broad band across the central section
of the state may have been an area of rather different patterns.
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NOTES

1 The range exhibited in California does not Indicate the limits of the form this
feature may take: the Kentucky "hominy holes" were "often two or three feet deep,
generally six or seven inches in diameter, . . " (Webb and Funkhouser 1929: 701).

2 The ethnographic reports, however, should be evaluated in light of the field
methods used and informants consulted.
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Map 1. Location of Archaeological Bedrock Mortar Sites in California.
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Overlay for Map 3: The Great Valley of California.
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