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FOREWORD

Apvances IN CHEMISTRY SERIES was founded in 1949 by the
American Chemical Society as an outlet for symposia and
collections of data in special areas of topical interest that could
not be accommodated in the Society’s journals. It provides a
medium for symposia that would otherwise be fragmented,
their papers distributed among several journals or not pub-
lished at all. Papers are reviewed critically according to ACS
editorial standards and receive the careful attention and proc-
essing characteristic of ACS publications. Volumes in the
Apvances IN CHEMISTRY SERIES maintain the integrity of the
symposia on which they are based; however, verbatim repro-
ductions of previously published papers are not accepted.
Papers may include reports of research as well as reviews since
symposia may embrace both types of presentation.
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PREFACE

RCHAEOLOGICAL CHEMISTS subject artifacts and other materials from

archaeological or art historical sources to the scrutiny of modern
instrumental analysis. Workers in this field find these investigations always
intensely interesting, seldom financially remunerative, and sometimes ar-
chaeologically useful. We have been organized in the United States as a
Subdivision of the American Chemical Society since the Sixth Symposium,
held in Chicago in 1977. We met for the Seventh Symposium in Kansas
City, September 14-15, 1982. The papers presented at this Symposium
form the basis for the chapters in this volume. They comprise a represen-
tative cross section of current activities of chemists and of scientists in
related fields on behalf of archaeology and art history.

The workhorses of analytical chemistry (atomic absorption, x-ray
fluorescence, and neutron activation analyses) continue to provide main-
stream contributions to our understanding of pottery, glass, metal, and
stone artifacts. Stronger attention is now also directed to archaeological
soils, to bone and shell, to inks and pigments, and to organic materials
such as gums, lacquers, and textiles.

Advances in chemical instrumentation make possible entirely new
applications to archaeology, although the marketplace must demonstrate
whether these developments are as much of use to the archaeologist as
they are of interest to the chemist. This volume, for example, describes
initial applications of Auger spectroscopy and of particle accelerators,
respectively, for dating inks and for dating small samples of carbonaceous
material. Instrumental advances, both for separation and analysis, have
made organic materials more tractable, and applications described in this
volume include gums, lacquers, and a shroud. Chemical analysis continues
to provide key data on the subject of provenance and trade routes, illus-
trated herein with soapstone, obsidian, native copper, majolica, and Maya
ceramics. Finally, chemical analysis provides the archaeologist or art his-
torian with a fuller characterization of materials, whether they be human
bone, medieval stained glass, Egyptian Blue, Roman coins, or textile fabric
pseudomorphs, all of which are examined in this volume.

xi
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Use of Rare Earth Element Analysis to
Study the Utilization and Procurement
of Soapstone Along the Labrador Coast

RALPH ALLEN and HANY HAMROUSH
University of Virginia, Department of Chemistry, Charlottesville, VA 22901

CHRISTOPHER NAGLE
Brandeis University, Anthropology Department, Waltham, MA 02254

WILLIAM FITZHUGH
Smithsonian Institution, Anthropology Department, Washington, DC 20560

Neutron activation analysis provides the necessary sensi-
tivity and accuracy to measure rare earth element (REE)
concentrations in soapstone even when geochemical proc-
esses have left the soapstone very depleted in trace elements.
The types of variation in REE concentrations expected from
a single geological source were studied at the Fleur de Lys
quarry in Newfoundland. Although the absolute concen-
trations varied, the chondrite-normalized distribution pat-
terns remained parallel. Analysis of debitage indicates that
most materials worked were from nearby outcrops, but
there was some working of soapstone from more distant
quarries. Artifacts representing various Eskimo and Indian
cultures over the past 4000 years have been analyzed and
many have been matched to geological outcrops on the basis
of their REE patterns.

D ESPITE ITS HARSH ARCTIC AND SUBARCTIC CLIMATE, the coast of pres-
ent-day Labrador has been the home of peoples from several cultural
traditions for over 7000 years. Most of the archaeological evidence—
the tools and implements left by the prehistoric inhabitants of this area—
consists of a variety of lithic (rock) artifacts. The variety of naturally
occurring lithic materials utilized indicates that these prehistoric peoples
were keen observers of their environment. As in many other parts of the
world, the Indian and Eskimo peoples along the Labrador coast found
and used the relatively soft, carvable soapstone. Soapstone is a hydrous
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© 1984 American Chemical Society
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magnesium silicate containing the mineral talc and varying amounts of
other minerals including chlorite and carbonate minerals. Soapstone de-
posits originated during episodes of regional or contact metamorphism
and are thus found associated with mountainous areas. Although soap-
stone exposures or outcrops are not uncommon in certain types of terrain,
these outcrops are often relatively small and may be difficult to identify.
In late Maritime Archaic times (~ 4000 B.p.), these soapstone outcrops
were identified and the soft rock was carved into plummets (I). During
the Paleo-Eskimo and Neo-Eskimo times (after 4000 B.p.), this material
became even more important as a resource when it was fashioned into
a variety of lamps and cooking pots. Later, soapstone became (and re-
mains) an important artistic medium for the Eskimo or Inuit.

Soapstone’s unique properties are a result of the plate-like crystal
structures of the talc and other minerals. These minerals are formed
during the metamorphic alteration of several types of ultrabasic or sed-
imentary rocks. The geochemical process is a complex one, but previous
work has indicated that the trace element contents are determined by
the metamorphic process (2). The possibility of a unique set of trace
element concentrations for each region where soapstone was formed
makes this useful natural resource an attractive material for archaeologists
to study. By identifying and characterizing the soapstone from outcrops
that were used by prehistoric peoples, the archaeologist may be able to
determine the source of soapstone artifacts found at habitation sites far
from the outcrop. The fact that there are soapstone deposits scattered
along the entire Labrador coast makes the study of soapstone procure-
ment and utilization particularly interesting. Soapstone is certainly not
a common type of rock and requires some effort to find; however, it was
certainly more readily available to the prehistoric inhabitants of Labrador
than was the Ramah chert that was used for chipped stone tools (1).
Ramah chert from a single relatively localized source area makes up over
99% of the chipped stone from Dorset Paleo-Eskimo assemblages from
the northern tip of Labrador to the areas south of Hopedale (Figure 1).
This type of lithic material shows that there must have existed effective
mechanisms for the dispersal of chert over long distances. The mechanism
for resource procurement and dispersal is unknown, but the patterns in
the dispersal of a more readily obtainable material like soapstone may
help us understand this mechanism. The appearance of soapstone from
nonlocal sources suggests population movements or group interactions.
If interactions are the explanation, soapstone links two points in a net-
work.

To show that a soapstone artifact originated from a particular outcrop,
the trace element contents of the artifact must match the material from
the outcrop. Like most naturally occurring materials, soapstone is some-
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Figure 1. Map of Labrador coast and northern Newfoundland showing some
of the soapstone outcrops and archaeological sites studied.

what inhomogeneous; therefore, a particular soapstone outcrop requires
extensive sampling to determine the variability of the trace element
contents for the material from a single geological formation. This type of
extensive sampling was carried out for several soapstone outcrops in
Labrador, including the best known aboriginal quarry in the region,
located near Fleur de Lys in northern Newfoundland. The analysis of
these samples helps to establish the variability expected for an outcrop
and eliminates the uncertainty in matching artifacts with a particular
quarry.
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Background and Sampling

In Labrador, true prehistoric soapstone quarries—as opposed to geolog-
ical outcrops—where clear evidence of mining or other extractive activ-
ities is preserved, have proved to be rather difficult to locate. An ex-
ception is the well-documented Fleur de Lys quarry, where Dorset
Paleo-Eskimos apparently worked the deposits for many years (3). Quar-
ried zones are found in two discrete localities, referenced as Localities
1 and 2, which are located about 0.5 km apart. The most intensively
worked location (Locality 1) consists of a discontinuous series of areas
where soapstone was removed, spaced over a distance of 200 m. Prelim-
inary calculations based on the number of preform removal scars and
unfinished preforms suggest that material for a minimum of 1000-2000
vessels was mined from this locality alone during the period of time that
it was being quarried.

A total of 26 samples from locality 1 and 4 samples from locality 2
were selected for analysis to investigate intrasource variability in trace
element content. Several other quarries along the Labrador coast, whose
locations are shown in Figure 1, were sampled extensively. These sam-
ples include 16 from the Peabody Point (Seven Islands Bay area), 12
from a Coffin Island outcrop, 25 from Cape Nuvotannak, and 28 from
the Bay of Islands. In addition, a total of over 20 other outcrops were
sampled, including several outcrops in the Ungava Bay area. In some
cases, only a few samples were obtained from a particular region. All
outcrop samples were selected to be physically soft enough to have been
material that could have been used during prehistoric times.

In addition to outcrop and quarry samples, we have analyzed de-
bitage, preforms, and finished vessels to test the hypothesis that man-
ufacturing took place in the proximity of the outcrops where the soapstone
was obtained. Intuitively, this seemed logical, and evidence that Dorset
(Paleo-Eskimo) sites near known outcrops contained substantial quan-
tities of debitage and preform fragments bolstered this assumption. Trace
element analysis of these materials and the nearby outcrops allowed this
assumption to be tested. The most extensive test was for samples from
Komaktorvik and other archaeological sites in the Peabody Point region.
A total of 67 debitage samples and 16 preform fragments were analyzed
from various sites in the Peabody Point area. In addition, 49 artifacts
(cooking pots and lamps) were analyzed.

Over 650 soapstone samples from the Labrador region have now
been analyzed. Of these, 400 samples are artifacts from a large number
of different sites. The archaeological sites represent an extensive spatial
distribution, but they also come from sites representing the different
cultural traditions that span over 4000 years of human activity along the
Labrador coast. The detailed discussion of these artifacts is not the subject
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of this chapter, but our analysis has included artifacts from Maritime
Archaic; Early, Middle, and Late Dorset; Thule, or Labrador Eskimo
sites.

Materials and Methods

All samples were analyzed by instrumental neutron activation analysis (INAA)
following procedures described previously (2,4). Because the rare earth elements
(REEs) have proved to be most useful in characterizing the soapstone from the
different quarries (5), the analysis was optimized for the measurement of these
elements. Following a 2-h irradiation, with a flux of ~ 2 X 10'2 neutrons cm~2
s~1, the soapstone samples (0.3-0.7 g) were transferred to new counting vials
for radioassay. The radioactivity was measured once with solid state Ge (Li)
detectors 4-10 days after irradiation. The length of the count was determined
by the activity of the 4°La, '53Sm, '®Yb, and "°Lu that were being measured.
In a second measurement, 40-50 days after the irradiation, #'Ce, *?Eu, %3Gd,
160TD, 169Yb, and "°Yb were measured. Other long-lived radionuclides, such as
®Fe, %S¢, °Co, and 3'Cr were measured at both times. In most cases, concen-
trations were determined by comparison to a soapstone standard prepared and
analyzed in our laboratory. In some cases, other U.S. Geological Survey standard
rocks (e.g., BCR-1) were also run as a cross check on the soapstone standard.

Results, including a measurement of the uncertainty due to counting sta-
tistics, were calculated, stored, and displayed with laboratory microcomputers.

The data display of particular interest is the normalized REE distribution
pattern. The concentration of the particular REE is normalized by dividing it
by the average concentration of that element found in chrondritic meteorites.
The geochemist assumes that the REE concentrations in chondritic meteorites
represent undifferentiated primordial material. During the history of the earth,
the REE and other elements have been partially separated from each other by
geochemical processes on the basis of the charge and size of the ion (Gold-
schmidt’s rule). In these natural processes, the REEs are normally all 3+ ions,
so separations are the result of the decrease in ionic size (lanthanide contraction)
with atomic number. The one exception is europium, which can be partially
reduced to the 2+ ionic state during geochemical processes; this rare earth
element behaves anomalously. In most studies of geochemistry of REE, the
normalized concentrations have been plotted with the more convenient atomic
number as the abscissa because the reciprocals of the rare earth element ionic
radii are a linear function of atomic number (6). Although all 3+ ions (including
scandium) could be plotted if ionic radii were used (e.g., Ref. 7), this chapter
is concerned primarily with the REE. In the case of soapstone, the distribution
of the concentrations of REE depends upon the metamorphic conditions as well
as the original concentrations of REEs in the particular rocks being altered. Thus
the distribution patterns of REE in soapstone show a great deal of variation
among the different geological regions where the material is formed (5).

The key features in a normalized REE distribution plot are (1) the absolute
magnitude of the concentrations; (2) the differentiation of the lighter REEs from
each other in going from the radius of La®* (1.14 A) to Sm3* (1.00 A); (3) the
differentiation of the heavier REEs as the size decreases from Gd3*+ (0.97 A) to
Lu®* (0.85 A); and (4) the difference between the europium concentration meas-
ured and that predicted by a smooth variation in normalized concentrations
between samarium and gadolinium. Because the REE distribution curves are
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smooth functions of atomic number (or size), the essential features of the curve
can be determined by accurate measurements of lanthanum, samarium, euro-
pium, gadolinium, and lutetium. We are fortunate that these elements are the
ones where INAA data are the most precise, although at extremely low concen-
trations, the gadolinium measurements are subject to some analytical error owing
to spectral interferences. These elements, where the results are most precise,
were used to calculate five parameters that were used to describe the general
features of the REE distribution plot. These parameters were (1) normalized
lanthanum concentration; (2) normalized lutetium concentration; (3) slope, on a
semilog plot, from lanthanum to samarium; (4) slope, on a semilog plot, from
gadolinium to lutetium; and (5) the difference between the log of the measured
europium concentration and that obtained by extrapolating between samarium
and gadolinium on a semilog plot. These parameters as well as the concentrations
of iron, scandium, cobalt, and chromium were evaluated using ARTHUR, a
series of programs designed for pattern recognition and statistical algorithm
development (8).

Results

The accuracy of the matching of artifacts to quarries depends upon the
accuracy of the raw data, the variations in REE concentration within a
geological formation or outcrop, and the uniqueness of the REE distri-
bution pattern associated with each quarry. For soapstone from the La-
brador area, the REE concentrations were often at or below the levels
found in chondritic meteorites; these low concentrations are near the
sensitivity limit for the INAA procedures utilized. The uncertainty in
the analysis is based upon the counting statistics (Table I). In Figure 2
the results of the analysis of two typical soapstone samples from Labrador
are shown normalized to chondritic meteorites. The standard deviation
(%10) due to counting statistics is indicated by the error bars for each
element. It is clear from these results that at low concentrations the
uncertainty in the analytical data must be considered in matching pat-
terns. By focusing on the importance of the REE distribution pattern,
the analytical uncertainty of a single element is not as critical. For the
iron, cobalt, and scandium concentrations, the analytical uncertainties
are generally less than +3%.

Previous work had indicated that the variations of REE contents
within an outcrop were less than those between outcrops (4); this con-
clusion required further testing for the Labrador quarries. The large
Fleur de Lys quarry offered an excellent opportunity for this study.
Figure 3 shows the REE patterns typical of Fleur de Lys quarry. Over
half of the samples are parallel to and fall between curves 1 and 2.
Although this pattern is characteristic of the soapstone in this formation,
the pattern shown by curve 3 is typical of the samples found at locality
2 and one worked area (B) at locality 1. The difference between these
similar types of REE patterns is in the size of the europium anomaly.
In early studies, this kind of difference between soapstone samples from

In Archaeological Chemistry—II1; Lambert, J.;
Advances in Chemistry; American Chemical Society: Washington, DC, 1984.



REE Analysis of Labrador Soapstone

ALLEN ET AL.

1.

‘sordures 19730 oY} Ul Ajurejrooun [eonA[eue oY) Jo 9ANLIUSSSIdaI Sxe SON[EA ISIYL,

‘Jurog Apoqeaq woyj uny (T 93Is woly 93eqa( ,

*SOTISTIE)S BunUNOd 0} ANPp (O F) Ayureprddup) ,

+g o8y ur pano[d se[dweg ,

‘wdd $¢0°0

= o ‘wdd gpg'0 = po ‘wdd 90’0 = nF ‘wdd 1870 = wg ‘wdd gg'g = B 'SIII0}OW d[UPUOYD 0} PIZI[EULIOU SFUSWS[S TRIES BIFY »

€89 631 (1 01’0 <00 11°0 S¥0°0 QG0 sA7 op 1no[g
er'9 101 9°0T 01’0 60°0 Se1’o 11°0 6¢°0 s&7 op 1ma[g
6LV ¥9 6'S 11°0 010 310 ¥1°0 Qg0 sA op 1no[g
GL'L L91 €9 18°0 <00 4\ ¥90°0 < 40) s& op 1no[g
99°'S €8 g'6 ¥1°0 L0°0 LT0 620°0 18°0 s&7 op 1no[g
G601 1°se 9'¢y 6'¢ 0'¢ LG Tl L'6E jutoq souueyof
geel 8€T €65 (A% TL (9 eT'L 1'¢ spue[s] jo Aeq
L0°€ V'SL 8% 900 60°0 010 L80°0 €€°0 jurod %onmom
(90°0) 6°0) (10°0) (80°0) 6°0) 30°0) (€0°0) €1 D F
18'8 066 LS°0 810 0's €90 98’9 €c8 P IIATOPIEWON
(80°0) (2°0) (10°0) (10°0) (20°0) (100)  (¥00°0) (€0°0) 0 F
o'y 9'9L 9%°0 80°0 €00 ¥0°0 3€0°0 11°0 PIo18es
(%) (wdd) (wdd) SUWION)  o("ULON)  oUWMON) o ULION)  ("UMON) a)dwng
€0%4 0) 28 ny PO ny ws vy do.onQ

1se0)) Jopeiqer] Suoly sdoxdnQ duoisdeog 10y ey VVNI aanejuasaadoy awog °J 9[qelL

T00UD'S020-¥86T-84/T2OT 0T :10p | 86T ‘T Afenuer :ajeQ uoied||and

In Archaeological Chemistry—II1; Lambert, J.;
Advances in Chemistry; American Chemical Society: Washington, DC, 1984.



Publication Date: January 1, 1984 | doi: 10.1021/ba-1984-0205.ch001

10 ARCHAEOLOGICAL CHEMISTRY

100

L1113t

10

Ly

1

1.0

0.1

11 ll“ll

o]

0.0l —F—F—F—F——F+——F—F——F—F—F—F—F+—1
LA CE ND SMEUGD T yB LU

Figure 2. Chondrite-normalized REE distribution patterns for soapstone from
Labrador showing analytical uncertainty based upon counting statistics.

similar areas had been observed. In one case, samples from southeastern
Pennsylvania had parallel REE patterns but differed in the size of the
europium anomaly because the samples came from two distinct geological
settings (2). In the case of the Fleur de Lys samples, the sources of the
soapstone represented by the two types of REE patterns were only a
few meters apart, so the same explanation seems unlikely. The two types
of patterns may more likely represent metamorphic reaction zones within
the same geological formation. In geochemical studies of the alteration
of serpentine to talc at Tamarack Lake (Calif.), a zone was observed
where the europium anomaly changed dramatically over a distance of a
meter. Although the other REE concentrations and the mineralogical
compositions were very similar across this zone, the different behavior
of the europium was attributed to changes in oxidation conditions as the
hydrothermal solutions passed through the rocks causing the metamor-
phic alterations (2).

The observation of two similar but slightly different REE patterns
for soapstone from the same outcrop was repeated for several other
outcrops in Labrador. The geochemical reasons for different types of
REE patterns in the same outcrops are not known. However, because
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the trace elements are redistributed by the movement of hydrothermal
solutions through the geological body and the mobility and “solubility”
(partitioning between the mineral phase and solution) of each REE is a
function of its ionic size (and oxidation state), the patterns observed
probably reflect degrees of partial separation of the REEs from each
other. An outcrop requires sufficient sampling to discover this type of
inhomogeneity; this is especially true when there is overlap with REE
patterns from other geological sources. There are significant differences
between most of the soapstone outcrops studied (e.g., Table I); however,
there are some differences that are difficult to distinguish. For instance,
one of the two types of samples found at Peabody Point is indicated in
Figure 3. Curves 4 and 5 represent the range of this type of Peabody
Point soapstone.

Another type of variation, observed for outcrop samples in Labrador
as well as in the eastern United States (9,10), is shown in Figure 4. In
this case, each separate outcrop located within several miles of the other
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Figure 3. Chondrite-normalized REE patterns showing the range of patterns

found for soapstone from the Fleur de Lys quarry in Newfoundland. Curves 1

(0) and 2 ( X ) represent range of concentrations for most of the samples; curve

3 (@) is the somewhat different pattern that was more typical of the Locality 2

soapstone. Range of REE patterns typical of the soapstone outcrops at Peabody
Point is shown by curves 4 (30) and 5 (M).
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Figure 4. Chondrite-normalized REE patterns for representative soapstone

samples from outcrops in the Okak area. Curves 1 (O) and 2 (@) are the types

of patterns found at the Coffin Island outcrop; curve 3 (X ) is an outcrop at
Moores Island; curve 4 (A) is typical of the Nutak outcrop.

outcrops in the region near Coffin Island has a similar pattern. The
differences are due primarily to the size of the europium anomaly and
the partitioning of the lighter REEs (the slope between lanthanum and
samarium). Such “regional” changes could result from differences in the
rocks that were metamorphically altered or differences in the extent of
metamorphic activity throughout the region. Recognition of this type of
regional variation may be valuable when it is impossible to find and
analyze all of the soapstone outcrops in a region. For example, it may
be reasonable to suggest that an artifact originated from soapstone in a
given region if it is similar to, but not an exact match for, any of the
outcrops sampled.

The matching of outcrop samples with debitage and other artifactual
material is an ideal problem for computer-assisted pattern recognition
techniques (8). The use of ARTHUR for the analysis of the soapstone
from Labrador will be discussed in a future publication, but the important
parameters for comparing soapstone are given in Table II. For this table,
the samples from a given quarry were taken as one or two groups. The
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grouping was based upon the similarity of the samples using hierarchal
dendrograms of feature correlations generated by the HIER routine in
ARTHUR (8). Each of the five parameters used to characterize the REE
pattern was averaged for all of the samples in the particular group. The
number of samples included in determining the mean value as well as
the standard deviation from the mean for each parameter is given. Only
outcrops represented by five or more samples are included.

The outcrop samples from Peabody Point were compared to debi-
tage, preforms, and finished vessels from the archaeological sites within
20 km. Much of the material analyzed had REE patterns similar to the
Peabody Point outcrop (see Table II); however, there was a significant
number of samples that were similar but had a lower degree of correlation
(using hierarchal dendrograms) than did the outcrop samples. Many of
the debitage samples were analyzed before the Peabody Point quarry
had been completely characterized. The similarity with the analyzed
outcrop samples was enough to suggest that there was another outcrop
in the Peabody Point region that had not been sampled. Further sampling
at Peabody Point did find this second REE pattern to be characteristic
of some soapstone from this outcrop. About 64% of the debitage analyzed
from Komaktorvik and all 12 debitage samples from the nearest archae-
ological sites match those from the Peabody Point outcrop. The other
debitage from Komaktorvik includes samples with REE patterns that are
very similar to samples from outcrops further south along the coast (e.g.,
Okak and Napaktok). There are several debitage samples that have a
positive slope between lanthanum and samarium, and this particular REE
pattern has not been found at the outcrops sampled to date. This char-
acteristic REE pattern (positive La-Sm slope) was found for several ar-
tifacts from the Seven Islands Bay area (which included Peabody Point)
as well as for the debitage.

Discussion

The Fleur de Lys soapstone quarry is unique in preserving considerable
evidence of the methods used to extract soapstone. The worked areas at
Fleur de Lys are almost certainly Dorset (11). There is no archaeological
or historical evidence that the Neo-Eskimo population, which supplanted
the Dorset peoples in Labrador, ever occupied the northern Newfound-
land area (12). In more recent times, the 17th and 18th centuries, the
Neo-Eskimos frequented the Strait of Belle Isle to trade with Europeans.
The only other people who might have used the soapstone at Fleur de
Lys were the Maritime Archaic Indians, who also lived in Newfoundland.
However, these people used soapstone for plummets, so it is doubtful
that they would have needed to employ any elaborate quarrying methods
to extract the small amounts they needed.
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Evidence of plummet manufacture was not observed from survey
and test excavations at the quarry (3). There is no evidence for soapstone
utilization by other Indian cultures in the area. Although no lithic tools,
which are diagnostic of the Dorset culture, were found at Fleur de Lys,
the preform morphology observed in the quarry corresponds to finished
Dorset vessels in size and shape. Thus the consistent and uniform tech-
nology of soapstone extraction observed at Fleur de Lys is assumed to
be only that of the Dorset people. Association of artifacts from dated
archaeological sites may provide some indication of the length of time
that the quarry was in use.

The amount of soapstone extracted from the Fleur de Lys quarry
was large. In locality 1, there is a strong tendency for preforms, removal
scars, and mounds of tailings from the quarrying operations to be clus-
tered together in discrete groups over a 200-m length of the cliff face
(Figure 5). The quality of the soapstone may have determined the lo-
cations of the worked areas, but other evidence at the site suggests an
efficient technological reason for the intensive working of a particular
area. Most partially carved but unremoved preforms found in place at

Figure 5. Photograph of prehistoric soapstone quarry at Fleur de Lys showing
site of removal of preforms from the cliff face.
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Fleur de Lys possess an “access zone” along one or more sides. Once a
single preform has been removed the deep (15-20 cm) depression of the
removal scar acts as one of the sides for the next preform if it is carved
from the adjacent soapstone. The preform shapes are variable, but most
are oval or subrectangular in the range of 2025 cm in width and 25-30
cm in length. The outlines of the preform appear to have been carved
using a semicircular scraping motion. The scrapers found in the test
excavations were fashioned from thin tabular slabs of the hard neigh-
boring bedrock. These “tools” were apparently shaped expeditiously to
create an acute edge suitable for scraping the soapstone. After the pre-
form was excavated all around the sides with the scrapers, it was removed
by a clean break. There is no evidence of undercutting preforms to
facilitate breaking them away from the outcrop. Although the removal
method is not known, it may have been facilitated by the accessibility
on one side.

Evidence for the next stage of soapstone manufacturing has not been
found at Fleur de Lys. No Dorset habitation sites or soapstone processing
sites with debitage were found or have been reported. There were very
few fragments of partially worked vessel rejects in the tailings below the
cliff face, which suggests that secondary reduction took place away from
the quarry zones. Thus for information on this stage of manufacture, we
must shift north to Komaktorvik, which appears to be a secondary re-
duction station for the material from the nearby outcrops at Peabody
Point. Most of the debitage (78%) and preforms (62%) from Komaktorvik
and the other sites in the area have REE patterns that fall within the
range found at the Peabody Point outcrop. The debitage, and to a greater
extent the preforms, at these sites were not derived exclusively from the
Peabody Point outcrops, and some have REE patterns that match closely
the patterns found in outcrops at Okak and Napaktok Point (5). This
observation raises questions regarding the assumption that all manufac-
turing took place near the outcrops. The presence of nonlocal material
may result from one of the following explanations: (1) After extraction
and initial preforming, the soapstone can be transported and finished at
another site where debitage and/or preform fragments can be deposited
far from the quarry; (2) Dorset and later people often repaired and (or)
reworked broken soapstone vessels to make them once again serviceable,
and in the process they could produce debitage; (3) it is possible that
blocks of soapstone or preforms were traded and (or) transported from
considerable distances before being finished. In terms of the final ex-
planation, it should be noted that some Dorset lamps are quite small
and would not have required a very large piece of soapstone to be carried
to a distant habitation site.

Although it is clear that the presence of “exotic” (nonlocal) soapstone
will provide the best information about population movements and/or
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contacts, the high percentages of local debitage at Peabody Point and
Komaktorvik does show predominant use of local resources. Thus it should
be possible to postulate that REE patterns for debitage (from sites where
high quantities of debitage and preforms are found) represent a nearby
“quarry” when none is known. Because we have analyzed only the re-
lationship between Peabody Point and the surrounding sites, we feel
that this assumption must be used with due caution.

Now that we have sufficient sampling of many soapstone outcrops,
the variability of the trace elements within an outcrop region and among
distant outcrops can help us to establish a statistical probability for the
nearness of match for soapstone artifacts. While details of this matching
will be the subject of a future publication, a few preliminary observations
can be made. The most obvious finding is that the majority of the artifacts
at a particular site originated from local or nearby outcrops. At Peabody
Point, all the artifacts analyzed matched the nearby outcrops. However,
in the entire Seven Islands Bay, only 36% of the 49 vessel fragments
analyzed matched the Peabody Point outcrop. It should be recognized
that these vessel fragments represent not only different geographical
locations within the Seven Islands Bay area, but different cultural periods
as well. The artifacts and debitage from Peabody Point were all from a
late Dorset occupation, but in general the artifacts at other sites are from
Pre- or Mid-Dorset times. When looking at the REE patterns for artifacts
from this area, there appear to be at least four different sources of soap-
stone that were utilized but for which we have not sampled the outcrop.
Those artifacts that match each other, but for which we have no matching
quarry or where the quarry appears to be further south along the coast,
tend to group by time period. For example, the six artifacts with one
particular pattern are all from Late Dorset sites at Komaktorvik and Big
Head.

By knowing the cultural context of an artifact, we will be able to
determine the time frame for the utilization of a particular outcrop.
Preliminary analysis indicates that the Fleur de Lys quarry was used
during earlier Dorset periods, and some matching artifacts are found
north along the Labrador coast. Although this is evidence for Dorset
utilization of soapstone from Newfoundland (Fleur de Lys), these people
apparently only populated the more northern regions of Labrador during
the late Dorset (after A.D. 800) period. The one Dorset lamp from this
period, which has been found south of the Nain area, was recovered
from the suspected Norse (Viking) settlement at L’Anse aux Meadows
on the northern tip of Newfoundland. Along with this late Dorset lamp,
the most important soapstone artifact from this site was a spindle whorl
(13). Earlier analysis indicated that this object could have been made
from soapstone found at an outcrop within 2 km of the site (I14). The
analysis of a sample of the Dorset lamp, provided through the courtesy
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of Parks Canada, indicates that it was not made from soapstone found at
L’Anse aux Meadows. The best match for this Dorset artifact appears to
be from a northern Labrador outcrop at Cape Nuvotannak. This unusual
location for a late Dorset artifact from such a distant quarry raises the
question of how the lamp came to Newfoundland. Could it have been
brought from the northern coast by the Vikings? Single artifact-to-source
matches are difficult to interpret, but large-scale studies such as this one
can show how raw materials were distributed from sources. These pat-
terns of resource procurement can suggest the mechanisms of distribu-
tion.
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Provenance Studies of Middle Eastern
Obsidian from Sites in Highland Iran

M. JAMES BLACKMAN

Smithsonian Institution, Conservation-Analytical Laboratory, Washington, DC
20560

Exchange of obsidian from a limited number of sources to
most archaeological sites in the Middle East can be docu-
mented from the early Neolithic through the Bronze Age.
Thus, precise provenance determinations for obsidian ar-
tifacts can provide important information concerning con-
tacts among regions and clues to the nature of the exchange
itself. Three regions, each with several discrete sources,
have been identified as major suppliers of obsidian. Exten-
sive sampling and chemical analysis of sources in Central
Anatolia and the Greek Islands provide excellent coverage
of these regions. The sources in the Eastern Turkish-Soviet
Armenian region are, however, much less well known. The
analysis, by instrumental neutron activation, of samples
from three sources in this region and four sources in the
Central Anatolian region are reported. The source data are
compared with the analyses of artifacts from the important
highland Iranian sites of Tal-e Malyan and Tepe Yahya.
The methods of provenance identification and the impli-
cations for exchange in obsidian at these two sites are dis-
cussed.

T HE EXCHANGE OF OBSIDIAN from a limited number of possible sources
to most archaeological sites in the Middle East can be documented
from the early Neolithic through the Bronze Age. Precise source prove-
nance determinations for the obsidian artifacts can, therefore, provide
important information concerning the nature and organization of ex-
change in obsidian, as well as in other goods moving in the same network,
throughout this long period of cultural development. Obsidian is partic-
ularly well suited for use in the study of long-range exchange in the
Middle East, for although the obsidian artifacts are widely distributed
archaeologically, the geological occurrences are restricted to a relatively

This chapter not subject to U.S. copyright.
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few sources located in geographically circumscribed regions. Moreover,
obsidian (at least for the Middle Eastern sources so far examined) appears
to be homogeneous within a given flow; precise chemical analysis shows
significant elemental concentration differences among the flows, which
allow differentiation with a high degree of certainty. The well-established
and growing body of literature on obsidian analysis and exchange theory
for the Middle East additionally provides a large data base which may
be drawn upon to match sources and artifacts to test exchange models.

Users of chemical analysis to characterize obsidian and monitor long-
range exchange have concentrated primarily on the earliest time periods
from Neolithic to about 3500 B.cC. It is, however, after about 3500 B.C.
that state polities arose in the Middle East; such developments are pos-
tulated to have influenced and in turn have been influenced by long-
distance exchange systems of the day. The use of exchanged items as a
monitor to trace the direction and perhaps even the volume of exchange
during this pivotal period is then of great interest to those attempting
to assess the relationship between long-distance exchange and state de-
velopment.

This investigation focuses on obsidian reaching two highland Iranian
sites during the time period from roughly 3500 to 1800 B.c. Geological
source samples from two major source regions in Western Asia were used
to characterize possible sources of the artifacts.

Archaeological Sites and Obsidian Artifacts

Obsidian from two sites in highland Iran, Tal-e Malyan and Tepe Yahya,
forms the basis of this investigation. The obsidian artifacts from these
two sites were excavated from deposits dating from about 4500 B.C. to
A.D. 400. It is, however, the period from 3500 to 1800 B.C., corresponding
to the Middle Uruk through the Ur III to Isin Larsa periods in Meso-
potamia (1,2), that is of primary concern.

The site of Tal-e Malyan (Figure 1), located in the Kur River Basin
in Fars Province in southwestern Iran, was excavated by William Summer
of Ohio State University. The first major occupation at Malyan occurred
during the Banesh Phase (3400-2800 B.c.). The site reached its peak in
size and population during the Kafteri Phase (2100-1800 B.C.), occupying
about 200 hectares. During the subsequent Qaleh/Middle Elamite Phase
(1600-1000 B.c.), Malyan declined, and it was abandoned sometime after
1000 B.c. (3). Confirmed as the ancient city of Anshan (4), co-capital with
the lowland city of Susa of the Elamite polity, Malyan actively partici-
pated in a far-flung exchange system including lowland Elam and the
Mesopotamian cities.

The site of Tepe Yahya, located in the Soghun Valley in south-
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central Iran, was excavated by C. C. Lamberg-Karlovsky of Harvard
University. About 3 hectares in area, Tepe Yahya was occupied from the
mid fifth to early second millenia B.C. (5). A site of manufacture of chlorite
bowls, Tepe Yahya shows evidence for exchange links with Mesopotamia
to the east and has been postulated to have had ties with the Harrapian
civilization in the Indus Valley to the west (6,7). Protoelamite tablets
found at Tepe Yahya indicate the site’s inclusion in the Elamite sphere
of influence. It therefore seems likely that exchange links should exist
between Tal-e Malyan and Tepe Yahya and between them and lowland
Elam and Mesopotamia that might be monitored using obsidian prove-
nance information.

Forty-seven obsidian objects, totaling 107 g, have been recovered
from excavation at Tal-e Malyan. Two general categories of object may
be defined based on function: utilitarian items—tools (mostly blades),
cores, and debris; and luxury items—ground and polished bowls, bead/
rings, and cylinders. The presence of spent cores and core trimming
debris indicates that the blades were struck from the cores at the site
rather than arriving as finished products. The manufacturing technology
for the obsidian blades is identical to that used to make chert and jasper
blades found in abundance and made of local material. The luxury items,
ground and polished objects, may well have arrived at Tal-e Malyan as
finished products. Although a ground stone industry was present at the
site, only relatively soft stone materials such as talc, chlorite, marble,
and limestone appear to have been worked. Obsidian, a much harder
and more brittle material, would have required different working tech-
niques. Large blocks of obsidian would also have had to be transported
over great distances (~1500 km) to supply the raw material. It is likely
that the luxury items and the raw material for the utilitarian items were
being exchanged in terms of function rather than material type. As such,
these two categories of object may have been included in different aspects
of the exchange system.

Eleven obsidian objects from Tepe Yahya, composing about one-
half of the excavated obsidian, were analyzed. The obsidian was an un-
sorted sample from two seasons of excavation, and is taken to be rep-
resentative of the entire collection. All the Tepe Yahya obsidian, seven
blades and four flakes, are of the utilitarian type. No obsidian luxury
items were reported.

In addition to the Tal-e Malyan and Tepe Yahya artifacts, objects
from two other archaeological sites were included in the analysis. The
two selected pieces from earlier periods at Ali Kosh and Choga Safid
were included to attempt to correlate the samples in this investigation
with those analyzed by Renfrew and coworkers (8—10) by optical emission
spectroscopy.
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Geological Source Samples

Two geographically separate regions in Western Asia contain obsidian
sources that might have contributed obsidian to archaeological sites in
highland Iran. The smaller of the two regions, the Central Anatolian
region, is located in central Turkey to the east and southeast of Lake
Tuz (Figure 2). The second and by far the greater in area, the Eastern
Turkish—-Armenian S.S.R. region (ET-ASSR), encompasses most of east-
ern Turkey and Soviet Armenia stretching from Lake Van in the south
to Lake Sevan in the north.

Thirteen samples from three general collection areas within the
Central Anatolian region were available for analysis. The three areas,
Hotmis Dag, Golli Dag, and Hasan Dag, are shown in Figure 2. Eight
samples were collected from four localities in the area around Hotmis
Dag, three from three localities in the Géllii Dag area, and two from the
Hasan Dag area.

Thirty-two samples from three general collection areas in the ET—
ASSR region were available. Fifteen samples were collected from several
localities at Nemrut Dag on the southwestern shore of Lake Van; 10
samples were from several localities at Suphan Dag on the northwestern
shore of Lake Van; and 6 samples were from a source between the city
of Razdan and the northwestern tip of Lake Sevan in the Armenian S.S.R.
(Figure 2). A single sample from the Isle of Giali in the Aegean source
region was also analyzed.

All of the source samples, except for the Lake Sevan material, were
collected by Richard A. Watson of Washington University and Ibrahim
T. Cakmak. This field work was facilitated by Saadettin Alpan, Director-
General of the Maden Tetkik Arama Enstitutu, and funded by the Na-
tional Science Foundation through support of the Turkish Prehistoric
Project under the direction of Robert J. Braidwood and Halet Cambel.
The Lake Sevan samples were provided by J. Allen of Dumbarton Oaks.

Methodology

The elemental analysis of the artifacts and geological source samples was per-
formed by using instrumental neutron activation analysis at the National Bureau
of Standards Reactor in Gaithersburg, Md. The geological samples and artifacts
were prepared in the same manner. After cleaning in an ultrasonic bath and
several washings alternately with distilled water and ethanol, the samples were
dried at 105 °C, were wrapped in several thicknesses of clean polyethylene
sheeting, and several small chips were struck off with an alumina pestle. The
chips were further reduced to medium sand size, rewashed, dried, and about
100 mg was weighed into clean 0.5-mL polyethylene microcentrifuge tubes.
About 95-mg replicates of the multielement standard, NBS SRM 1633—coal
flyash, and two check standards were also encapsulated in microcentrifuge tubes.
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Samples and standards were irradiated for 8 h at a flux of 5 X 10 n/cm?¥s.
Following a 6-day decay, the samples were counted for 2 h each using an intrinsic
germanium detector (FWHM at 1333 ®Co of 1.71 keV), and data were collected
on an 8192-channel MCA. Data processing included corrections for pulse pileup
and peak interferences. Samples were then allowed to decay for 30 days post-
irradiation and were recounted for 4 h using the same system. Table I presents
a summary of the elements sought and quantified.

Elemental concentration data for 19 elements were then used as input in
a hierarchical aggregative clustering program (Table I). The clusters, presented
as dendrograms plotted as a function of dissimilarity, were produced by “nearest
neighbor” distance calculations on a mean character difference matrix (11). This
method of data analysis is quite useful in sorting, grouping, and displaying

Table I. Experimental Parameters

Nuclide = Gamma Ray Concentration in SRM
Elements Analyzed Energy (keV) Count 1633
Na* Na-24 1369 1 0.32%
K K-42 1525 1 1.61%
Ca Sc-47 159 1 4.70%
Sce Sc-46 889 2 27.0 ppm
Cr Cr-51 320 2 131 ppm
Fe® Fe-58 1099 and 2 6.20%
1292
Co Co-60 1173 and 2 41.5 ppm
1333
Zn*® Zn-65 1115 2 213 ppm
As® As-76 559 1 61.0 ppm
Br Br-82 554 1 8.6 ppm
Rb® Rb-86 1077 2 125 ppm
sb Sb-122 564 1 6.9 ppm
Sbe Sb-124 1690 2 6.9 ppm
Cs® Cs-134 796 2 8.6 ppm
Ba Ba-131 496 1,2 2700 ppm
La® La-140 1596 1 82.0 ppm
Ce* Ce-141 145 2 146 ppm
Nde Nd-147 91 1,2 64.0 ppm
Sm* Sm-153 103 1 12.9 ppm
Eu® Eu-152 1408 2 2.5 ppm
Gde Gd-153 103 2 11.2 ppm
Tb Tb-160 298 2 1.9 ppm
Yb Yb-169 177 2 6.4 ppm
Yb? Yb-175 396 1 6.4 ppm
Lu® Lu-177 208 1 1.0 ppm
Hf* Hf-181 482 2 7.9 ppm
Ta® Ta-182 1221 2 1.8 ppm
The Pa-233 312 2 24.8 ppm
Ue Np-239 106 1 11.6 ppm

¢ Elements used in cluster.
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quantities of sample data with large numbers of variables per sample. Cluster
analysis is not, however, a statistical test, and the clusters formed by this tech-
nique must be further tested for statistical significance and geological and ar-
chaeological consistency.

Cluster Analysis of Source Samples

When the chemical concentration data from the geological source ma-
terial were subjected to cluster analysis, several discrete clusters of geo-
logically consistent samples were formed. The dendrogram in Figure 3
shows that the peralkaline obsidian from Nemrut Dag is easily distin-
guished from the calc-alkaline to subalkaline obsidians from all the other
sources. Finer-scale examination of the dendrogram reveals that all of
the source areas sampled can be readily distinguished from one another,
although obsidian samples from some source areas are clustered into
more than a single group.

The three ET-ASSR source areas—Nemrut Dag, Suphan Dag, and
Lake Sevan—are each composed of at least two chemically distinguish-
able groups (Appendix A), probably representing different eruptive events
at the respective sources. The source group labeled Nemrut I in Figure
3 and Appendix A is quite homogeneous, with elemental dispersions of
4% or less. The Nemrut II source group is somewhat less homogeneous,
particularly for scandium (28%), iron (11%), and europium (27%), and
may consist of obsidian from more than one eruptive event. Two source
samples from Nemrut Dag (XNO522 and 525) do not cluster tightly with
either Nemrut source group and may represent additional flows at Nem-
rut Dag. Altinli (I12) reported as many as 20 identifiable lava flows from
Nemrut Dag, indicating the likelihood of multiple obsidian occurrences
that might be chemically distinguishable.

The Suphan Dag source samples also cluster into two separate source
groups. Chemically these two groups show much greater differences than
did the Nemrut Dag groups (Appendix A). The group designated Suphan
I is less homogeneous than is the Suphan II group, and the former group
may contain samples from more than one obsidian flow. Five of the six
Lake Sevan source samples formed a homogeneous group, designated
Sevan I in Figure 3. However, the sixth sample clustered closely with
neither the Sevan I group nor with any other source sample. Based on
its distinctive composition, this single sample has been tentatively given
a separate source group assignment, Sevan II (Svn II in Figure 3).

The Central Anatolian region source samples present an equally
intricate picture. The three Géllii Dag area samples, plus two archaeo-
logical samples (XEO540 and 541) from the immediate area, formed a
single group of chemically consistent composition. The Hasan Dag source
samples (Hsn in Figure 3) also cluster closely in a readily recognizable
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group. The eight Hotmis Dag area samples, however, showed more
complexity. Two samples clustered closely and were isolated from all
other obsidian samples (this group is designated Koru in Figure 3). The
remaining five Hotmis Dag samples formed a loose but distinguishable
cluster that may readily be subdivided into three groups, Hotmis I, II,
and III. These groups most probably represent different eruptive events
at Hotmis Dag; the Koru group appears to be a separate source.

The single Aegean region sample from Giali is easily distinguished
from the sources in both the Central Anatolian region and the ET-ASSR
region. It has been placed in a separate group designated Gli in Figure 3.

The picture that emerges from the cluster analysis and direct com-
parison of concentration data is complex, but promising. Although several
of the source areas consist of multiple occurrences of obsidian, all the
source areas sampled have readily distinguishable source-specific com-
positions. At least 13 chemical groups from 7 collection areas can be
identified (Table II). The collection areas of Suphan Dag, Nemrut Dag,
Lake Sevan, and Hotmis Dag each consist of two or more groups of
distinct chemical composition. The presence of multiple chemical groups
from what have been taken as single source areas points up the need for
extensive and careful source sampling to avoid confusion in artifact source
assignment.

Comparison with Previous Work

There is alarge and growing literature on Middle Eastern obsidian studies
that contains elemental data from the analysis of many hundreds of sam-
ples. Some effort is needed to reconcile the disparate terminology used
to classify sources of both known and unknown provenance. The task is
made difficult by the use of different analytical techniques of varying
precision, the selection of different element sets in analysis and reporting,
and the use of different secondary standards to quantify the concentration
data.

The earliest work, by Renfrew and coworkers (8—10) using optical
emission spectroscopic analysis, reported concentrations for 15 elements.
The Ba/Zr ratios were the primary discrimination technique. Wright (13),
Wright and Gordas (14), and Mahdavi and Bovington (15) used instru-
mental neutron activation analysis (INAA) as the analytical technique and
Na/Mn ratios to make source discriminations. Work done at the Uni-
versity of Bradford by Warren, Aspinall, and their students (16-19) used
INAA in reporting 16 elements. Plots of 1/Sc (Cs + Ra + Rb/100 +
(Th + La + Ce)/10) vs. %Fe/Sc were used as the primary discrimination
technique (16). Yellin and Perlman (20-23) at Hebrew University used
high-precision INAA and based source discrimination on an element-by-
element comparison of group means and root-mean-square deviations.
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Table II. Geological Source Groups

Source Hebrew Bradford Renfrew
Groups Univ. Univ. et al. Location

Central Anatolian Obsidian Sources

1. Golli GLD Bl 2b (CIFTLIK) Golli Dag
2. Hotmis I HTMS-C B5 le-f (ACIGOL) Hotmis Dag
3. Hotmis II HTMS-A B5 le-f Hotmis Dag
4. Hotmis III HTMS-B B5 le-f Hotmis Dag
5. Koru KRUD — — Koru Dag
6. Hasan — — 1h Hasan Dag
7. — NNZD — — Nenezi Dag
8 — — — 4f Kulaklikepez
Eastern Turkish-Armenian S.S.R. Obsidian Sources
1. Nemrut I NMRD 1 Gl 4c Nemrut Dag
2. Nemrut II NMRD 2 (?) — — Nemrut Dag
3. Nemrut III — — — Nemrut Dag
4. Nemrut IV (?) — —_ —_— Nemrut Dag
5. Suphan I — — — Suphan Dag
6. Suphan II — — — Suphan Dag
7. Sevan I — — — Lake Sevan
8. Sevan II — —_ —_ Lake Sevan
9. — ZNKT B4 (?) 3a(?) Zarnaki Tepe
10. — — G2 4 Bingsl Dag
Sources of Unknown Provenance
1 — — B2 g P

Direct correlation with the analysis done by optical emission spec-
troscopy and the early INAA work was not possible. However, corre-
lations could be made with Hebrew University and the University of
Bradford data. Because different standards were used at these two lab-
oratories and in this investigation to quantify the elements, a set of
correlation factors had to be calculated to convert the data to a comparable
form. This task was done by intercomparison of the standards (24,25).
When the converted group means of the Hebrew University and Uni-
versity of Bradford data were clustered with the means of the groups
determined in this investigation, as shown in Figure 4, there was good
correspondence for the groups from source areas known to be the same.
The Golli source group clustered closely with both the GLD (Gélli Dag)
source group of Hebrew University and the Bl (Ciftlik) source group of
Bradford. The Koru source group likewise clustered with the KRUD
(Koru Dag) source group of Hebrew University and the three Hotmis
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source groups each clustered with one of the HTMS (Hotmis Dag) source
groups of Hebrew University. The close clustering of the converted
source-group means from the same source area demonstrates the ability
to use analytical data generated in other laboratories in the identification
of artifact sources in this investigation. This fact is important because
several known geological source groups that were not available for analy-
sis in this investigation and artifact groups of unknown provenance from
other archaeological sites have been analyzed at Hebrew University and
the University of Bradford. The geological sources include the Nenezi
Dag source northwest of Géllii Dag in the Central Anatolian region and
the important Zarnaki Tepe source north of Lake Van in the ET-ASSR
region; both were analyzed at Hebrew University. One of the artifact
groups of unknown provenance, Bradford’s B2 group, has been identified
with the Renfrew et al. (10) 1g source. Table II presents a summary of
the geological source groups outlined in this investigation and a corre-
lation with the sources reported by the other investigators.

Archaeological Artifacts and Source Assignments

The elemental concentration data from the analysis of the artifacts from
the highland Iranian sites of Tal-e Malyan and Tepe Yahya were sub-
jected to the same cluster analysis as the geological source samples.
Figure 5 shows that three major clusters were formed, representing sig-
nificant geochemical differences. Each of these major clusters could be
divided into two or more groups of distinctive chemical composition.
The first major cluster contained artifact groups A and A’, which appear
to be closely related; the second major cluster contained artifact groups
C and G; and the third major cluster contained groups E, D, F, and B.
In all, eight artifact groups were identified, and each contained at least
two samples. The elemental concentration data, presented in Appendix
B, demonstrate the validity of these groups as chemically distinct entities.

When the geological source samples and the artifact groups were
clustered together, as shown in Figure 6, three close matches between
source and artifact group were observed. Group A artifacts and the Nem-
rut Dag I source samples formed a single very tight cluster at a low level
of dissimilarity. Although none of the artifacts clustered with the Nemrut
Dag II source, the two artifacts of Group A’ formed a cluster with one
of the Nemrut Dag source outliers (XNO525 in Figure 3). This source
sample and associated artifacts, now termed Nemrut Dag III source
group, demonstrate the need for a large and comprehensive sample of
source material. Artifact Group F and the Sevan I source also formed a
tight cluster at low levels of dissimilarity. Table III shows the close
agreement, for selected elements, between the artifact group and the
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Table III. Comparison of Selected Elemental Concentrations Among
Artifact Groups and Source Groups

Elements Nemrut I Group A Sevan I Group F
Na (%) 3.83 *0.03 3.89 =0.07 3.49 +0.05 3.45
Sc (ppm) 0.187+0.005  0.193x0.010  2.99 +0.03 2.95
Fe (%) 2.04 +0.02 2.03 +0.05 0.796 +£0.011 0.802
Rb (ppm) 235 +5 229 +9 147 6 145

La (ppm) 100 +0.5 103 *2 35.7 =04 35.4

Sm (ppm) 19.1 =*0.3 19.2 =*0.7 3.02 =0.04 3.00
Eu (ppm) 0.423+0.011 0.419+0.028 0.491 +0.026 0.488
Th (ppm) 26.7 0.6 26.8 =0.9 17.8 =03 17.3

assigned source group. None of the remaining 5 artifact groups was
clustered with any of the remaining 10 source groups.

The unassigned artifact-group means were then clustered with the
converted means for the geological source from Nenezi Dag and Zarnaki
Tepe and artifact group B2 (1g) of unknown provenance. Figure 4 shows
that none of the unassigned artifact groups clustered with the Central
Anatolian source at Nenezi Dag (NNZD). However, artifact Group E
did form a very tight cluster with the Zarnaki Tepe source group (ZNKT)
located in the ET-ASSR region, and artifact Group D clustered closely
with Bradford’s B2 (1g) artifact group of unknown provenance. As was
shown earlier in this chapter, the agreement of the converted data among
the three laboratories is excellent and lends credence to the contention
that Group E artifacts originated at Zarnaki Tepe and that Groups D and
B2 of Bradford are the same group. Group D artifacts included the
samples from Ali Kosh and Choga Safid (KOO and CSO in Figure 5).
Renfrew (26) found only Nemrut Dag and source group lg obsidian at
these two sites, lending additional credence to the contention that artifact
Group D obsidian is Renfrew’s 1g obsidian.

Two important conclusions can be drawn from the source-artifact
group assignments. First, none of the artifact groups originated at any
of the known and analyzed Central Anatolian sources. As the analyzed
sources from this region include the major sources (Gollii and Hotmis
Dag), it seems highly unlikely that new occurrences of obsidian will be
discovered in this region that will prove to be the sources of the artifact
groups of unknown provenance. Although central Anatolian obsidian has
been found in very rare occurrences in lowland Mesopotamia (10,19), it
does not appear to have penetrated into the Iranian highlands. The ET-
ASSR region seems to be the origin of all obsidian from Tal-e Malyan
and Tepe Yahya. Second, none of the artifact groups appears to originate
from Suphan Dag, a multiple source area only 60 km north of the im-
portant source at Nemrut Dag. Much of the Suphan Dag obsidian con-
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tains large 2—4-mm plagioclase phenocrysts and is unsuitable for flaking;
however, some of the Suphan Dag material is of good quality. It is at
present unclear why this material was not exploited.

Archaeological Implications

The source assignments, tabulated in Table IV, show that obsidian from
eight chemically distinct sources reached Tal-e Malyan during all phases
of occupation of the site. During a roughly comparable period of time,
Tepe Yahya was receiving obsidian from three of these eight sources. At
Tal-e Malyan, more than half of the artifacts were from the Nemrut Dag
I and III sources. The remaining artifacts were fairly evenly distributed
among the other six source groups. Three artifacts, two from Nemrut
Dag and one from Group G, were surface finds of unknown provenance,
and three additional artifacts, one each from Nemrut Dag III, Zarnaki
Tepe, and Group C, were from Qaleh/Middle Elamite context dating

Table IV. Artifact-to-Source Assig}xllments at Tal-e Malyan and Tepe
Yahya

Tal-e Malyan
Banesh Kafteri  Qaleh/M .E.

Source 3400-2800 2100-1800 1600-1000 All-Phase
Group B.C. B.C. B.C. Unknown  Total
Nemrut 15 88%) 7 (29%) 0 2 24
Nemrut II 0 0 1 0 1
Zarnaki 1 6%) 2 (8%) 1 0 4
Sevan I 0 2 (8%) 0 0 2
Group D (1g) 1 (6%) 2 (8%) 0 0 3
Group B 0 5 (21%) 0 0 5
Group C 0 4 (17%) 1 1 6
Group G 0 2 (8%) 0 0 2
Total 17 24 3 3 47
Tepe Yahya
VI VA-IVB
Source 45004000 3600-2600 Late/  All-Phase
Group B.C. B.C. Unknown  Total
Nemrut I 0 0 3 3
Nemrut III 0 0 1 1
Zarnaki 1 6 0 7
Total 1 6 4 11
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from 1600 to 1000 B.c. Forty-one artifacts were from Banesh and Kafteri
contexts and will be discussed at length later in this chapter. At Tepe
Yahya, only about a third of the obsidian originated at Nemrut Dag with
both Nemrut Dag I and III sources represented. Artifacts from these
two sources were all from very late contexts or were surface finds of
unknown provenance. All Tepe Yahya obsidian artifacts with firm ar-
chaeological provenance information, dating from 4500 to 2600 B.C., were
assigned to the Zarnaki Tepe source, a relatively minor source at Tal-e
Malyan.

When obsidian source assignments for comparable time periods, the
Banesh Phase (34002800 B.c.) at Tal-e Malyan and periods VA to IVB
(3600-2600 B.C.) at Tepe Yahya, are compared (Table IV), both sites
show a heavy reliance on a single obsidian source. At Tal-e Malyan, the
Nemrut Dag I source contributes 88% of the obsidian; two other sources,
Zarnaki Tepe and Group D (1g), contribute 6% each. At Tepe Yahya,
however, the Zarnaki Tepe source contributes 100% of the analyzed
obsidian.

Renfrew and Dixon (27) postulated an exchange network, the Zagros
Interaction Zone, that included Nemrut Dag (4c) obsidian and Group D
(1g) obsidian (thought to be located west or southwest of Lake Van),
operating along the western flanks of the Zagros Mountains as far south
as Ali Kosh and Chogha Sefid on the Deh Luran Plain in 7500-5500 B.C.
The proposed mechanism of the obsidian exchange was a reciprocal “down
the line” exchange. After an apparent interruption in the flow of obsidian
from these sources, the exchange resumed in about 5000 B.C., but with
a third source, Group 3 (3a), replacing the 1g source. The redefined
interaction zone, called the Tigris—Plateau Zone, now includes highland
sites, and the mode of exchange is thought to have changed from recip-
rocal to central-place directional exchange (27). By 4000-3500 B.cC., both
Nemrut Dag I (4c) and Group 3 (3a) had penetrated the southern high-
lands and are found at Tal-e Bakun, about 10 km from Tal-e Malyan in
the same river basin. Renfrew et al. (10) and Dixon (28) postulated the
Group 3 (3a) source to be located northeast of Lake Van and to have
entered the system by way of Lake Urmia (Figure 7).

Epstein (19) analyzed obsidian from the lowland site of Choga Mish,
dated to ca. 5500—4200 B.c. He found that 1g obsidian had not been
replaced by Group 3 (3a) at Choga Mish, but that obsidian from these
two sources coexisted with Nemrut Dag (4c) obsidian. The Nemrut Dag
I (4c) source predominated with 1g, 3a, and possibly three other sources
in subsidiary roles.

The source pattern for obsidian reaching Tal-e Malyan in 3400-2800
B.C. appears to have changed little from that reported by Renfrew et al.
(10) and Epstein (19) for earlier lowland sites. Nemrut Dag I obsidian
predominates, with Group D (1g) and Zarnaki Tepe (3a?) present in minor
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amounts. However, the source pattern for obsidian from Tepe Yahya is
quite different. Zarnaki Tepe (3a?) is the sole source of obsidian from
good stratagraphic context for the periods from 3600 to 2600 B.c. No
Group D (1g) obsidian is present and no Nemrut Dag obsidian is from
good context. Although the presence of Nemrut Dag obsidian cannot be
totally discounted, it would appear to be in a subsidiary role to the Zarnaki
Tepe obsidian.

The Tepe Yahya sample is admittedly a small one; however, the
distribution pattern argues against the inclusion of Tal-e Malyan and
Tepe Yahya in the same obsidian exchange network during the period
from 3500 to 2700 B.c. If, as Renfrew suggests, the exchange at this time
took place between central places, obsidian moving along the western
flanks of the Zagros Mountains should have moved through Susa and
Tal-e Malyan before reaching Tepe Yahya (Figure 7). Were this the case,
Nemrut Dag obsidian should also be the predominant source at Tepe
Yahya, as it is at Tal-e Malyan. It appears that the obsidian reaching
Tepe Yahya may have taken a different route, more directly connected
to the Zarnaki Tepe source north of Lake Van. This route could be from
the Lake Urmia area, where Renfrew et al. (10,27) found Group 3 ob-
sidian to predominate, via the valley systems east of the Zagros Mountains
and thus to Tepe Yahya. Information on obsidian from archaeological
sites in the valleys of the eastern Zagros is scarce or nonexistent and so
this hypothesized exchange must await confirmation.

One-half of the obsidian recovered at Tal-e Malyan was from the
Kafteri Phase ca. 2000 B.C., contemporaneous with Ur III in Mesopo-
tamia. Comparison of the source distribution patterns between the earlier
Banesh Phase and the later Kafteri Phase shows distinctly different pat-
terns of source utilization. Unfortunately, contemporaneous obsidian ar-
tifacts from Tepe Yahya were not available, so these changes could not
be monitored in the south central highlands.

During the Kafteri Phase, while the three sources present in the
Banesh Phase continue to reach the site, four new sources have been
added to the obsidian inventory. Three of these are of unknown prove-
nance (Groups B, C, and G); however, the fourth is from the Sevan I
source in the Armenian S.S.R. about 300 km north of Lake Van (Table
IV). The distribution of artifacts among the sources also changes dra-
matically. The Nemrut Dag I source contribution drops from 88% in the
Banesh Phase to 29% in the Kafteri Phase; the contribution of the other
sources rises from 12% in the Banesh to 71% in the Kafteri. Two of the
sources introduced in the Kafteri Phase, Groups B and C, are 21% and
17%, respectively, of the assemblage. The distribution pattern has changed
from heavy reliance on a single source in the Banesh to a more even
reliance on at least three sources in the Kafteri.
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In addition to these changes, it appears that luxury items made of
obsidian were introduced during the Kafteri Phase. Two bowl fragments
and a large highly polished bead/ring were recovered. One of the bowl
fragments and the bead/ring were made of Nemrut Dag I obsidian; the
other bowl was of Zarnaki Tepe obsidian. If, as hypothesized earlier,
these artifacts were not made at Tal-e Malyan, then one or more sites
of bowl manufacture should exist, probably near Lake Van.

In summary, four major aspects of obsidian exchange have altered
between Banesh and Kafteri times at Tal-e Malyan.

1. The number of sources utilized has increased twofold.

2. The reliance on a single source has been replaced by a
more uniform distribution among the sources.

3. The geographical area exploited, which had centered on
the Lake Van area, has expanded to include the most north-
erly known source on Lake Sevan in Soviet Armenia.

4. Luxury items make their appearance during the Kafteri
Phase.

These changes argue for significant alterations in either the organization
of the exchange, the political alignment in the source region, or both.
During the Kafteri Phase, Tal-e Malyan together with Susa occupied an
important and influential position as co-capital of Elam and as conduit
for raw materials and finished goods moving out of the highlands and
into lowland Mesopotamia. The position of importance held by Tal-e
Malyan does not, however, explain the changes observed in the obsidian
exchange. Although Tal-e Malyan might have been able to command a
larger share of the exchange in many other types of goods, its distance
from the obsidian sources makes its direct influence over events in the
source region unlikely. One must look to developments in Ur III Mes-
opotamia for factors that effected the observed changes in the obsidian
exchange. Expansion of Ur III influence into northern Mesopotamia or
strictly local developments in the source region appear to have resulted
in increased access to a larger number of obsidian sources. A tighter
control over the exchange may be indicated, with the possibility of col-
lection and transshipment locales resulting in the mixing of obsidian from
different sources.

Conclusions

This study has demonstrated that precise chemical analysis is a powerful
tool for the characterization and provenance determination of Middle
Eastern obsidian. Thirteen to 15 chemically distinctive groups were dis-
tinguishable in geological source samples collected from eight source
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areas. It appears that several of these groups represent different eruptive
events at the same volcanic source. The presence of multiple chemical
groups at the same volcano points out the need for extensive sampling
at each potential source.

Eight chemical groups were identified within the artifact sample.
Of these groups, four could be identified with known geological sources;
however, the remaining four groups are of unknown provenance and
three of the four do not appear to have been previously recognized.
Clearly a great deal more field and analytical work needs to be done in
the Eastern Turkish-Armenian S.S.R. region before a complete inven-
tory of sources is available.

This investigation also demonstrates the potential of provenance
studies to monitor exchange in both obsidian and other goods presumed
to be flowing in the same network. There is a tendency to think of
exchange as a unified phenomenon, i.e., a single network, organized
along a single set of principles for each period of cultural development.
Obsidian evidence from Tal-e Malyan and Tepe Yahya shows that ex-
change must be viewed as a much more complex procedure. Archaeo-
logical evidence indicates that these two sites should be linked in the
exchange of several types of items. The obsidian source patterns point
to the opposite conclusions for obsidian. Although obsidian reaching
Tal-e Malyan during the period from 3400 to 2800 B.c. fits well with the
central place redistributive model developed by Renfrew et al. (10) for
the lowlands, Tepe Yahya does not seem to be participating in this ob-
sidian exchange system. Tepe Yahya seems to have received its obsidian
through a different system that may have been organized on a similar
level, or may be a continuation of the reciprocal down-the-line system
from earlier periods.

Coincident with Tal-e Malyan’s expansion as a major local and re-
gional power during the Kafteri Phase (2100-1800 B.c.), the level of
organization and the scope of the obsidian exchange also appear to have
undergone a significant change. The changes in the obsidian exchange
system seem to be centered in the source region and possibly in northern
Mesopotamia, but similar changes in exchange of other materials were
also undoubtedly occurring. Whether long-range exchange was a factor
contributing to, or the result of, increased sociopolitical organization in
the region cannot be assessed from the study of a single material.

Extension of this study of obsidian into other sites in highland Iran
is needed to outline more definitively the exchange routes in effect during
the late fourth and early third millenia B.c. Expansion of precise prove-
nance studies to include other types of exchange items is needed to
provide the fine-grained information about the direction and nature of
exchange not possible with more conventional archaeological techniques.
It will, however, be the integration of provenance studies and the more
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traditional archaeological techniques that will eventually determine the
role of long-range exchange in the development of the Middle East.
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Appendix A
Elemental Concentrations in the Source Samples (Data given as ppm
Na Fe
Samples (%) Sc (%) Zn As Br Rb Sb Cs Ba
Nemrut Dag 1
XNO523 3.82 .180 2.03 140 22.1 6.34 233 1.23 7.66 112
XNO524 3.82 .189 2.03 140 22.8 6.27 233 1.34 7.50 75.1
XNO527 3.82  .190 2.03 145 23.0 5.64 229 1.12 745 141
XNO528 3.87 .196 2.07 152 24.3 7.63 240 1.25 7.89 70
XNO0529 3.86 .187 2.06 140 23.3 6.59 241 1.26 7.68 107
XNO530 3.83 .184 2.05 142 24.2 6.19 238 1.36 7.78 88.5
XNO531 3.81 .182 2.05 149 22.2 8.10 239 1.29 7.90 120
XNO534 3.78 .185 2.00 139 23.1 6.20 227 (1.48) 7.55 112
Mean 3.83 .187 2.04 143 23.1 6.62 235 1.26 7.68 108
*lo .03 .005 .02 5 .8 .82 5 .08 17 21
Nemrut Dag 11
XNO520 4.26 .214 2.99 161 18.5 5.00 249 .805 8.78 114
XNO521 4.18 .352 2.49 135 20.9 4.93 243 .11 9.13 120
XNO526 4.15 .198 3.19 163 20.6 4.50 268 1.20 9.62 123
XNO532 4.33 .241 2.81 147 19.1 5.83 256 992 876 155
XNO533 4.24 313 3.25 167 22.1 571 260 1.17 9.36 107
Mean 4.23 .257 2.93 154 20.2 5.16 255 1.05 9.12 123
*lo .07 .072 .33 14 1.5 .58 10 .19 .38 19
Nemrut Dag 111
XNO525 4.22 .106 3.01 173 33.3 18.8 252 2.42 14.7 175
Nemrut Dag IV
XNO522 4.30 .908 3.12 150 18.6 3.87 246 1.43 8.03 135
Suphan Dag 1
XS0500 3.31 3.41 .816 32.4 13.6 n.d. 211 1.07 7.68 n.d.
XS0501 3.06 3.43 817 26.7 11.6 n.d. 210 1.14 7.72 n.d.
XS0503 3.05 3.43 814 24.8 12.6 n.d. 212 1.14 7.81 nd.
XS0508 3.09 3.57 .954  39.1 12.0 n.d. 206 1.07 7.88 n.d.
XS0509 3.06 3.55 .841 37.8 13.2 n.d. 210 1.17 7.95 n.d.
XS0510 3.05 3.63 906 26.6 13.0 n.d. 220 1.38 8.00 n.d.
Mean 3.10 3.50 .856 30.7 12.6 n.d. 211 1.16 7.84 n.d.
*lo .10 .09 .059 66 .8 — 5 A1 A3 —
Suphan Dag 11
XS0502 3.04 2.97 .862 27.5 8.12 n.d. 168 .626 5.13 602
XS0504 3.13 3.09 910 259 8.48 n.d. 177 .608 5.30 577
XS0506 3.06 3.00 .886 26.1 8.48 n.d. 158 .602 5.02 573
XSO0507 3.02 2.97 .894 36.1 10.0 n.d. 168 578 5.21 620
Mean 3.06 3.01 .888 28.6 8.74 n.d. 168 .603 5.16 593
*lo .05 .06 .020 49 .84 — 8 .020 .12 22
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except where noted otherwise. N.D., not determined; n.d., not detected)

La Ce Nd Sm Eu Gd Yb Lu Hf Ta Th U
Source Group
100 189 92.0 19.1 421 124 13.6 2.01 27.9 3.69 26.3 7.77
101 189 86.9 19.1 426 12.1 13.8 2.08 28.1 3.81 26.3 8.11
101 188 85.3 18.6 445 114 13.6 2.00 27.9 3.78 26.1 7.78
101 192 89.4 193 428 12.1 14.0 2.10 29.4 391 27.5 8.37
100 190 87.7 194 418 11.4 139 2.07 28.9 3.92 27.3 8.25
99.8 90.7 19.4 423 10.4 13.8 2.06 28.8 4,01 27.2 8.34
189 87.7 19.4 416 109 14.2 2.10 29.0 3.93 27.0 8.63
99.3 186 87.0 18.8 406 109 13.6 2.02 27.8 3.68 25.9 7.91
100 189 883 19.1 423 11.5 13.8 2.06 28.5 3.84 26.7 8.15
5 1.5 2.2 3 .011 T 2 .04 .6 12 .6 31
Source Group
115 209 98.6 20.0 792 144  14.6 2.17 28.7 4.46 31.4 9.39
110 200 94.7 19.0 453 12.6 13.7 2.07 28.0 4.22 31.9 9.67
121 222 103 20.7 758 13.4  15.6 2.30 31.3 4.84 334 11.4
110 202 933 193 .656 11.3 14.1 2.17 28.3 4.40 30.9 9.91
119 220 102 21.6  .806 12.3 15.3 2.38 30.9 4.88 33.3 10.6
115 210 98.2 20.1 .678 12.5 14.6 2.19 29.4 4.55 32.2 10.2
5 10 4.4 1.1 184 1.2 .8 15 1.6 30 1.1 .8
Source Group
104 197 92.5 20.7 670 14.1 15.2 2.22  30.3 4,18 33.1 11.8
Source Group
115 210 96.4 19.3 1.02 12.2  14.1 2.13 28.4 4.25 30.2 8.63
Source Group
20.5 38.4 16.4 4,49 .140 425 3.55 660 3.64 1.34 14.8 5.55
20.7 41.3 17.6 4.35 .173 4.80 3.79 .626 3.3¢4 1.38 15.6 6.83
19.4 39.1 15.1 4.14 .152 492 3.87 620 3.26 1.43 14.8 6.99
23.9 48.3 17.3 4.88 .145 3.48 4.09 644 4.06 1.33 17.5 7.27
19.0 39.1 17.9 4,27 .148 3.80 3.70 625 3.35 1.43 154 7.17
18.1  36.9 13.5 4.10 .144 530 3.86 621 3.26 1.36 14.7 7.09
20.2 40.4 16.4 4.36 .150 4.38 3.80 .633 3.47 1.38 15.3 6.79
2.0 4.0 1.9 .29  .012 77 .19 .016 .31 04 11 .79
Source Group
32.3 59.8 22.9 5.00 .402 5.55 3.06 510 3.79 .812 17.1 4.66
62.8 22.1 528 433 444 3.22 548 4.42 .893 18.4 4.86
33.7 61.2 23.9 5.10 .439 4.57 3.19 528 4.71 .895 17.6 4.87
33.1 60.0 22.5 4.89 458 3.71 3.12 .503 3.75 .886 17.3 4.56
33.3 60.9 22.8 5.07 433 4.52 3.15 522 4.15 .871 17.6 4.74
.8 14 .8 17 .024 .81 .07 .020 .50 042 .6 .16

Continued on next page.
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Elemental Concentrations in the

Na Fe

Samples (%) S¢ (%) Zn As Br Rb Sb Cs Ba
Lake Sevan 1

XRO622 3.43 3.02 .811 40.3 2.18 n.d. 158 328 5.56 601

XR0O623 3.46 3.01 795  39.6 3.07 n.d. 143 .308 5.07 583

AROO001 3.47 2.96 779 N.D. N.D. n.d. 142 277 5.22 572

AROO003 3.55 2.98 .802 N.D. N.D. n.d. 148 339 5.11 567

ARO004 3.54 2.96 794 N.D. N.D. n.d. 145 333 5.32 577

Mean 3.49 299 796  40.0 2.63 n.d. 147 317 5.26 580

*lo .05 .03 011 — — — 6 025 .20 13
Lake Sevan 11

AROO002 3.17  2.53 392 36.9 3.84 n.d 148 .493 3.69 162
Gollii Dag

XG0600 3.16 1.78 559 23.4 8.07 nd. 222 1.06 8.37 208

XGO0601 3.01 170 554 254 7.00 n.d. 208 1.04 7.67 369

XCO0640 3.13 1.68 542 19.4 6.20 n.d. 196 .859 7.30 305

XEO540 3.10 1.72 569 22,7 7.09 1.84 204 902 7.75 270

XEO541 3.05 1.69 560 20.5 6.42 n.d. 199 .821 7.54 285

Mean 3.09 171 557 223 6.96 — 206 936 7.73 287

*lo .06 .04 .010 24 .73 — 10 .108 .40 58
Hasan Dag

XHO660 3.15 2.05 .580 20.5 6.39 231 145 .789 5.11 1004

XHO661 3.39 2.06 .586 21.0 6.03 1.48 144 784 5.32 981

Mean 3.27 2.05 583 20.8 6.21 1.90 145 787 5.22 993
Koru Dag

XA0560 3.38  2.07 .568 24.9 11.3 n.d. 298 1.23 14.2 193

XA0561 3.35 2.09 579 226 11.1  nd. 298 1.35 15.0 157

Mean 3.37 2.08 574 23.8 11.2 nd. 298 1.29 14.6 175
Hotmis Dag I

XKO580 3.13  1.02 738 32.8 5.00 2.8 201 520 8.47 440

XKO581 3.20 1.04 755 30.1 6.05 3.07 196 .683 8.39 431

XKO585 3.22 1.08 749 30.5 6.48 2.76 196 .502 8.28 448

Mean 3.18 1.05 747 31.1 5.84 2.88 198 .568 8.38 440

*lo .05 .03 .009 1.5 .76 .16 3 .100 .05 9
Hotmis Dag 11

XKO582 3.41 130 1.23 41.2 4.67 196 171 .637 6.85 550

XKO584 348 1.31 1.22 5.63 3.31 176 .613 6.85 572

Mean 345 131 1.23 41.6 5.15 264 174 .625 6.85 561
Hotmis Dag 111

XKO583 3.14 1.18 944 34.5 507 281 194 561 7.42 477
Giali

XYO700 2.86 1.56 .667 18.7 9.26 . 7.14 155 .510 5.23 1032
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Source Samples—Continued
La Ce Nd Sm Eu Gd Yb Lu Hf Ta Th U
Source Group
35.9 57.1 18.6 3.03 .508 nd. 276 .403 5.18 3.10 18.3 9.47
35.2 56.4 28.0 3.07 .476 4.02 2.80 .406 4.75 3.10 17.7 9.32
35.4 55.3 18.5 2.98 .469 n.d. 2.69 .402 494 3.10 17.7 9.24
36.0 56.0 17.7 3.04 .528 nd. 270 .400 4.93 3.03 17.7 9.40
36.1 55.9 17.4 2.98 479 nd. 2.68 .400 4.90 2.98 17.6 9.09
35.7 56.1 20.0 3.02 .491 — 2.73 402 494 3.06 17.8 9.30
4 7 4.5 .04 .026 — .05 .002 15 .05 .3 .15
Source Group
17.6 32.4 12.0 2.87 .238 N.D. 3.06 .439 3.40 242 14.7 8.19
Source Group
25.7 45.4 14.8 2.83 .131 N.D. 2.61 .402 3.45 237 234 9.50
26.7 45.3 13.2 2.93 .148 N.D. 240 .372 349 2.06 23.0 8.40
26.0 43.4 13.2 2.59 .138 N.D. 244 .316 2.86 221 22.5 8.07
26.7 45.6 14.1 2.71 .155 N.D. 243 .375 320 2.13 23.4 8.53
25.9 44.4 153 2.91 .133 N.D. 243 .359 3.20 2.07 228 8.29
26.2 44.8 14.1 2.79 .141 N.D. 246 .365 3.24 217 23.0 8.56
S5 .9 .9 .14 .010 — .08 .031 .25 .13 4 .55
Source Group
27.2 43.7 12.6 2.34 .418 n.d. 1.39 .280 2.86 1.35 14.3 3.95
27.0 44.6 12.0 2.38 .428 2.54 1.57 .257 292 140 14.6 4.21
27.1 44.2 123 2.36 .423 — 1.48 .269 2.89 138 14.5 4.08
Source Group
15.2 31.8 12.8 3.62 .020 N.D. 4.58 .664 4.46 3.99 389 128
15.5 32.1 14.0 3.62 nd. N.D. 464 .652 451 3.68 33.8 124
15.4 32.0 13.4 3.62 .020 N.D. 4.61 .658 4.49 3.84 354 12.6
Source Group
31.1 50.4 15.5 2.85 .276 N.D. 3.01 .43¢ 410 225 28.9 8.24
31.7 51.1 16.0 2.90 .272 N.D. 3.00 .446 420 215 29.1 8.26
31.9 51.2 16.4 2.84 .295 N.D. 3.05 .459 432 220 30.1 8.33
31.6 51.0 16.0 2.86 .281 N.D. 3.02 .446 421 2.20 294 8.28
4 .6 .5 .03 .012 — .03 .013 11 .05 .6 .05
Source Group
37.7 60.6  19.7 3.47 .503 N.D. 3.12 .524 562 1.81 25.6 7.09
38.6 61.7 16.9 340 .517 3.88 3.10 479 548 1.94 26.2 7.24
38.2 61.2 18.3 3.44 .510 3.88 3.11 .502 555 1.88 25.9 7.17
Source Group
34.5 55.7 19.4 3.15 .38 N.D. 296 .507 4.81 1.96 27.1 7.59
Source Group
42.9 64.5 16.7 2.69 .282 3.10 1.94 .317 337 157 18.8 5.02
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Appendix B
Elemental Concentrations in the Artifact Samples (Data given as ppm
Na Fe
Samples (%) Sc¢ (%) Zn As Br Rb Sb Cs Ba
Artifact Group A:
MAO002 3.83 .181 1.97 147 N.D. N.D. 217 1.32  7.32 99.5
MAO004 3.80 .208 2.04 138 24.8 6.45 227 1.42 7.53 83.7
MAOO005 3.94 .208 2.09 123 23.9 5.90 224 1.26 7.74 n.d.
MAO006 3.82 .189 1.98 146 23.1 6.30 220 1.42 7.00 82.4
MAOO007 3.83 .179 196 145 25.1 5.46 220 1.40 7.15 n.d.
MAO008 3.82  .202 2.09 146 23.0 6.88 227 1.23  7.52 n.d.
MAOO11 3.89 .204 2.00 N.D. N.D. N.D. 226 1.26 7.68 96.5
MAOO017 3.91 .192 2.12 N.D. N.D. N.D. 232 1.26 7.84 67.4
MAOO019 3.84 .201 1.97 143 23.7 6.60 220 1.39 7.14 164
MAO020 3.85 .201 1.97 N.D. N.D. N.D. 221 1.17 7.86 79.0
MAOO021 3.87 .200 2.08 142 26.2 7.15 224 1.32 7.46 88.9
MAO022 3.96 .190 2.09 148 25.8 7.10 231 1.43 7.57 110
MAO024 3.95 .194 1.99 N.D. N.D. N.D. 224 1.34 7.60 78.5
MAO029 3.90 .182 2.04 N.D. N.D. N.D. 228 1.41 7.50 81.6
MAO030 3.74 .202 2.08 150 26.8 7.28 229 1.32 7.67 n.d.
MAOO031 3.95 .188 2.13 N.D. N.D. N.D. 241 1.33 7.01 n.d.
MAO032 3.81 .182 2.04 144 24.9 7.25 228 1.42 7.77 n.d.
MAO033 3.92 .181 2.03 N.D. N.D. N.D. 227 1.35 7.55 78.1
MAO034 3.93 .200 2.01 146 26.7 6.84 235 1.36 7.35 111
MAOO039 3.98 .187 2.01 149 22.1 514 229 1.30 7.83 83.3
MAO042 3.98 .197 2.03 147 23.5 6.13 233 1.39 7.62 139
MAO043 3.96 .179 2.02 157 25.7 6.94 233 1.27 771 n.d.
MAO044 3.89 .199 1.98 149 229 6.26 238 1.25 7.41 n.d.
MAO046 3.92 .191 199 152 222 5.57 236 1.56 7.69 n.d.
YAO107 4.02 .203 2.13 152 26.2 6.49 248 1.45 7.86 n.d.
YAOI111 3.87 .172 1.96 N.D. N.D. N.D. 202 1.46 7.74 57.7
YAO112 3.85 ..192 2.07 142 24.0 6.49 236 1.36 7.50 n.d.
SUO002 3.97 .197 2.06 158 24.5 6.97 247 1.33 7.98 n.d.
Mean 3.89 .193 2.03 146 24.5 6.48 229 1.35 7.56 93.8
*lo .07 .010 .05 7 1.5 .62 9 .08 .26 26.8
Artifact Group A':
MAO026 3.97 .128 2.50 167 33.4 16.9 243 2.15 14.0 170
YAO110 4.25 .188 2.83 N.D. N.D. N.D. 219 2.14 13.8 86.8
Mean 4.11 .158 2.67 167 33.4 16.9 231 2.15 13.9 128
Artifact Group B:
MAOO013 3.13 1.59 457 28.3 nd. nd. 169 .181 3.87 173
MAOO015 3.22 1.72 467 32.6 nd. n.d. 187 217 4.36 172
MAO036 3.21 1.69 .461 31.1 nd. nd 183 143 4.23 200
MAO040 3.29 1.65 472  30.0 n.d. n.d. 184 154 4.27 172
MAOO041 3.31 1.84 445 25.2 nd. nd 200 241 4.87 170
Mean 3.23 1.70 460 29.3 nd. nd. 184 .184 4.30 177
*lo .07 .10 .011 3.1 — — 11 045 .37 13
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except where noted otherwise. N.D., not determined; n.d., not detected)

La Ce Nd Sm Eu Gd Yb Lu Hf Ta Th U
Nemrut Dag 1
99.7 188 81.8 N.D. .417 21.3 13.5 N.D. 27.1 4,05 26.2 N.D.
103 191 86.5 19.2 433 18.5 14.2 2.10 27.5 3.74 26.3 8.07
105 195 89.4 19.8 417 174 145 2.15 28.3 3.80 26.7 8.62
98.3 189 85.1 18.5 403 194 13.7 2.02 26.3 3.98 25.7 8.22
98.1 188 84.3 18.2 .408 18.2 13.4 2.02 26.3 3.97 254 8.11
104 196 92.0 19.8 421 18.2 144 2.10 28.1 3.91 27.1 8.85
101 193 N.D. N.D. 422 N.D. 13.9 2.22 23.7 3.96 26,9 N.D.
103 N.D. N.D. 19.5 .458 N.D. 14.3 2.22 30.8 437 28.3 N.D.
98.9 189 79.0 18.8 420 15.7 13.5 1.99 26.3 3.87 25.6 8.39
102 184 N.D. 20.5 426 N.D. 13.9 2.22 22.4 3.91 26.7 N.D.
104 195 92.7 19.5 404 17.5 14.3 2.08 28.0 3.89 29.9 8.49
104 195 94.1 19.7 427 16.3 14.3 2,12 28.1 4,05 27.0 8.78
103 193 N.D. N.D. .379 N.D. 14.3 2.24 21.4 3.81 27.1 N.D.
104 N.D. N.D. 18.1 417 N.D. 14.2 2.09 28.0 420 26.3 N.D.
104 197 92.2 19.7 397 159 144 2.10 28.5 4.09 27.0 8.65
106 N.D. N.D. 19.9 .491 N.D. 15.0 2.22 29.4 4.41 27.9 N.D.
100 189 86.6 19.0 369 19.2 14.4 2..10 28.3 3.93 27.1 8.01
104 N.D. N.D. 18.1 360 N.D. 14.0 2.09 28.7 431 26.5 N.D.
104 192 83.5 18.7 .417 18.1 13.8 2.07 26.7 4.33 26.6 8.01
104 193 83.3 18.6 440 18.5 13.8 2.10 26.8 4.30 26.7 8.08
103 193 82.8 18.8 399 153 14.7 2.08 26.9 4.25 26.8 6.61
101 190 82.7 19.5 472 14.3 13.7 2.13 274 4.42 27.3 7.88
101 192 78.6 19.1 406 15.7 13.7 2.05 26.7 4.29 26.3 8.30
101 189 79.3 19.3 446 16.1 13.9 2.08 27.2 4.38 26.9 8.08
107 199 91.2 20.3 .430 20.1 14.6 2.15 28.8 3.88 27.7 8.87
101 193 N.D. N.D. .400 N.D. 14.0 2.01 26.0 4.27 25.3 N.D.
103 193 90.9 19.4 415 175 14.2 2.09 28.0 3.85 26.6 8.48
105 196 85.4 19.0 451 18.2 144 2.07 28.5 4.13 27.2 8.37
103 192 86.1 19.2 419 17.6 14.1 2.11 27.2 4.08 26.8 8.26
2 3 4.9 7 .028 1.8 4 .07 20 21 .9 .50
Nemrut Dag 111
100 192 84.7 19.4 566 N.D. 14.4 2.10 27.8 4,07 32.4 11.8
102 197 N.D. N.D. .508 N.D. 14.6 2.09 25.4 4.46 29.9 N.D.
101 195 84.7 19.4 537 N.D. 14.5 2.10 26.6 4.26 31.2 11.8
Unknown Provenance
38.1 56.4 13.0 1.68 .175 n.d. 1.50 256 3.80 2.17 31.7 9.64
36.0 54.2 13.8 1.58 .145 n.d. 1.52 255 3.58 224 33.9 10.3
37.6 54.6 12.1 1.60 .158 n.d. 1.57 248 3.64 2.32 33.7 9.60
40.4 58.6 15.0 1.75 .153 n.d. 1.59 254 3.68 2.42 33.6 9.88
35.1 50.7 12.2 1.46 .134 n.d. 1.62 264 3.63 2.53 35.3 10.9
37.4 54.8 13.2 1.61 .152 n.d. 1.56 255 3.67 2.33 33.6 10.1
2.1 3.0 1.2 .11 .016 —_ .05 .006 .08 14 1.3 .5
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Elemental Concentrations in the

Na Fe
Samples (%) Sc (%) Zn As Br Rb Sb Cs Ba
Artifact Group C:
MAOO001 3.86 480 1.54 145 1.62 3.29 117 .379 1.30 616
MAO023 3.89 .480 1.58 142 n.d. 4.37 120 .364 1.30 631
MAO027 3.82 469 1.55 140 n.d. 2.90 108 .347 1.10 636
MAOO038 3.84 483 1.54 138 n.d. nd. 117 .423 1.16 671
MAO047 3.93 482 1.55 143 nd. 2.58 122 .299 1.44 625
MAOO048 3.77 489 1.59 148 n.d. 3.29 123 .434 1.28 610
Mean 3.85 480 1.56 143 1.62 3.23 118 371 1.26 631
+lo .06 .007 .02 4 — 70 6 .054 .13 21
Artifact Group D:
MAOO014 3.74 2.48 1.33 40.6 6.69 2.23 225 .949  10.5 576
MAO025 3.66 2.13  1.25 37.8 7.28 2.92 226 994 10.4 487
KOO001 3.52 2.14 1.30 33.1 7.36 n.d. 251 .843 10.5 489
CSO0001 3.56 2.16 1.30 39.3 7.67 n.d. 250 961 10.2 511
Mean 3.62 2.22 1.30 37.6 7.24 2.55 238 .935 10.4 515
+1lo .10 17 .03 3.5 43 — 15 .070 g 42
Artifact Group E:
MAOO009 3.78 1.89 940 60.8 n.d. nd. 218 .386 9.09 188
MAOO016 3.77 1.90 .941 63.5 n.d. n.d. 203 .435 8.75 n.d.
MAOO018 3.68 1.81 .888 58.5 nd. 1.13 199 .352 8.39 n.d.
MAO045 3.86 1.86 .943 61.0 n.d. n.d. 216 437 9.34 223
YAO101 3.84 1.90 972 62.6 2.63 n.d. 226 .432 9.51 79.0
YAO102 3.81 1.89 972 64.6 2.94 n.d. 226 .591 9.40 127
YAO103 3.84 1.88 956 N.D. N.D. N.D. 219 .419 8.61 129
YAO104 3.79 1.93 988 N.D. N.D. N.D. 234 .346 8.96 115
YAO105 4.02 1.83 .943  62.5 2.36  n.d. 205 .454 9.01 286
YAO108 3.73 1.85 .944 N.D. N.D. N.D. 212 .459 8.58 105
YAO109 3.79 1.86 .948 62.7 2.11 n.d. 228 .403 9.44 199
Mean 3.81 1.87 949 62.0 2.49 1.13 217 .429 9.01 161
+lo .09 .03 .026 1.9 38 9 — 11 .066 .39 67
Artifact Group F:
MAO003 3.44 2.98 795 37.3 2.20 n.d. 140 .370 4.71 567
MAOO037 3.46 2.89 .810 38.8 nd. n.d. 150 .363 4.66 536
Mean 3.45 2.94 .802 38.1 2.20 n.d. 145 .367 4.69 552
Artifact Group G:
MAOO012 3.53 1.47 102 n.d. 4.90 113 .440 1.63 699 111
MAOO035 3.77 1.49 108 n.d. 5.39 122 459 1.23 702 116
Mean 3.65 1.48 105 n.d. 5.14 117 449 1.42 700 113
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Artifact Samples—Continued
La Ce Nd Sm Eu Gd Yb Lu Hf Ta Th U
Unknown Provenance
83.7 164 72.9 17.5 2.28 19.7 108 1.53 2I1.1 7.66 15.9 4.00
84.6 165 72.5 179 2.28 16.3 109 1.52 20.8 7.74 16.2 4.48
82.9 163 73.9 17.7 2.19 14.3 109 1.52 21.3 7.74 16.0 4.33
85.4 163 71.8 17.4 238 N.D. 10.9 1.57 20.9 8.23 16.3 3.77
84.2 163 69.7 18.2 2.32 N.D. 109 151 20.0 8.33 16.3 3.84
86.2 166 73.3 18.1 2.38 N.D. 11.0 1.56 21.1 8.38 16.8 3.40
84.5 164 72.3 17.8 2.30 16.6 109 1.54 20.9 8.01 16.2 3.95
1.2 1 1.5 .3 .07 2.9 1 .02 .5 .34 3 .42
Unknown Provenance (1g)
42.8 72.8 24.9 4.61 .485 N.D. 3.68 .552 833 1.64 278 9.20
41.6 71.2 24.9 4.33 .396 N.D. 3.60 .529 7.96 1.69 28.1 9.40
429 T71.1 24.5 4.51 415 6.09 3.39 .604 8.21 1.44 28.9 9.44
42.6 70.5 26.2 4.48 425 5.05 3.40 .546 8.22 1.50 28.8 9.49
42.5 714 25.1 4.48 .429 5.55 3.52 .557 8.18 1.56 28.4 9.38
.6 1.0 7 12,039 — .15 .033 .16 12 .5 15
Zarnaki Tepe Source Group
35.2 70.1 29.9 6.73 .386 6.90 5.96 .934 8.46 2.28 25.3 8.74
35.5 70.0 31.4 7.24 .406 7.37 5.97 .949 8.45 2.45 24.2 8.65
33.1 67.0 29.4 6.82 .342 6.23 5.98 .927 8.14 2.21 23.4 7.94
35.2 69.6 30.3 7.22 .363 7.01 6.21 .993 8.43 2.61 25.1 8.67
35.8 T7L.1 33.7 7.65 .368 10.7 6.47 1.03 8.99 229 25.9 9.25
36.0 71.0 31.2 7.60 .337 7.17 6.60 .995 8.94 2.36 25.7 9.06
354 N.D. N.D. N.D. .407 N.D. 572 .925 852 2.51 24.8 N.D.
344 N.D. N.D. N.D. .361 N.D. 591 .959 8.82 2.48 25.7 N.D.
35.7 69.1 32.0 7.07 .333 7.05 6.13 .935 8.73 2.22 24.9 8.21
353 N.D. N.D. N.D. .33 N.D. 5.61 .911 8.37 241 24.5 N.D.
35.8 69.8 32.9 7.52 324 9.02 6.47 .999 9.08 2.44 25.3 9.00
35.2 69.7 31.3 7.22 .360 7.57 6.09 .960 8.63 2.39 25.0 8.65
.8 1.3 1.5 .36 .029 1.44 .32 .039 .30 .13 7 .46
Lake Sevan I Source Group
34.6 56.1 17.0 3.00 .457 5.34 2.80 .398 473 293 174 8.83
36.2 56.6 18.6 3.00 .518 N.D. 2.76 .371 4.72 3.11 17.1 8.44
354 56.4 17.8 3.00 .488 534 2.78 .38 473 3.03 17.3 8.64
Unknown Provenance
111 203 814 16.8 1.80 13.8 8.92 1.25 14.2 7.42 18.2 4.92
116 203 80.1 17.3 1.88 n.d. 9.11 1.39 14.0 7.99 18.8 3.78
113 203 80.7 17.0 1.84 13.8 9.02 1.32 14.1 7.70 18.5 4.31
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The Application of Geochemical
Techniques to the Investigation of Two
Predynastic Sites in Egypt

RALPH ALLEN and HANY HAMROUSH
University of Virginia, Department of Chemistry, Charlottesville, VA 22901

Predynastic sites at Nagada and Hierakonpolis are impor-
tant sources of information about the rise of Egyptian civ-
ilization. To identify areas related to prehistoric human
activity, surface soil samples were analyzed for phosphate
content and acidity. At Nagada, high phosphate concen-
trations were found in soils near storage pits; low phosphate
contents characterized soils near what is believed to be the
oldest tomb in human history. Grain size analysis allows
differentiation between the various Nile sediment forma-
tions. Trace element analysis (particularly for rare earth
elements) was also used to characterize the different silt
formations at Hierakonpolis. Comparisons of trace element
patterns in the silts to those in the sherds suggest that most
of the pottery was made from the clay silts found in the
immediate vicinity.

T HE NILE RIVER VALLEY was one of the cradles of civilization and was
characterized by the rich silts deposited along its length by regular
episodes of flooding. The Nile River divides the desert area south of
Cairo into two unequal geomorphic units. The Eastern Desert is char-
acterized by its rugged mountains and steep scarps, which drain to either
the Red Sea or the Nile; the Western Desert is characterized by the flat,
monotonous pediplains between the Nile and a relatively high scarp in
the west.

During Pliocene times, the overdeepened Nile Trench was invaded
by the sea, which deposited thick beds of montmorillonitic clay interbed-
ded with sand, organic rich detritus, and gravel (I-3). Later, during Late
Pleistocene and Early Holocene times, the lower Nile Basin was overlain
with a series of silt units as sediments were carried from the Upper Nile
drainage basin. Some of the overlying silt formations along with the
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approximate times of deposition are given on page 63. It is important to
study these different Nile silt units because most Prehistoric and Pre-
dynastic settlements were located along the Nile Valley. The sedimen-
tological events that accompanied the deposition of these silts had a great
impact on the ecological environment and thus affected the different
Prehistoric cultures along the Nile Valley.

Although there are numerous studies of Egypt during the Dynastic
Period, there are far fewer of the Predynastic Period. The term Predy-
nastic refers to the period of food-producing communities that imme-
diately preceded the unification of Lower and Upper Egypt and the
emergence of dynastic Egypt. The most important Predynastic sites known
in Egypt are located at Nagada and Hierakonpolis. The Nagada area
includes the important Predynastic areas of Nagada, Ballas, and Abadiyeh
first investigated by Petrie (4). At Nagada, for example, a staggering total
of 2149 graves were identified in a 17-acre area on the low desert spurs
overlooking the cultivated land of the Nile Valley. Taking advantage of
the soft ground on these spurs, the Prehistoric Nagadans placed their
graves side by side until the area was literally saturated with tombs (5).
The extensive site of Hierakonpolis apparently had great importance to
early Egyptians and probably played an important role in Egyptian his-
tory, especially before and during the unification of the Egyptian state.
The religious and political distinction of this town suggests that this may
have been the capital of the Predynastic Kingdom of Upper Egypt (6).

Geological investigations of these two sites were started by Butzer
in 1958 to permit the reconstruction of the geographical conditions of
the Prehistoric settlements (7). These and other geomorphological stud-
ies have identified the Nile silt units upon which Paleolithic and Pre-
dynastic sites are found. At Nagada, seven Predynastic sites have been
identified on silts ranging from the Sahaba formation to the Singari Mem-
ber. At Hierakonpolis, several Predynastic sites existed on the top of the
Masmas, Sahaba, and Arkin silt formations.

In the Nagada—Khattara region, geomorphological studies showed a
relationship between the major trends of the wadis and the spatial dis-
tribution of the archaeological remains (8). These regional geomorphic
studies are useful in identifying potential sites for seeking Predynastic
archaeological remains, but more detailed local surveys are necessary to
identify portions of a site that should be excavated. One problem con-
fronting a geologist or archaeologist is to find and identify the Nile silt
formation upon which Predynastic settlements and cemeteries were es-
tablished. One approach is to use careful stratigraphic analysis of the
area to determine the various levels of silt formations. Another approach
is to use some distinguishing and discriminating geological or chemical
feature to identify the various silt layers. We have investigated the use
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of sedimentological techniques, including grain size analysis and trace
element analysis, to distinguish among several of the silt formations at
Nagada and Hierakonpolis. Other chemical techniques, mainly soil pH
and phosphate analysis, have also been used to further establish the sites
of prehistoric human activity upon a particular sediment layer. This chap-
ter indicates the potential for the use of an interdisciplinary (geological
and chemical) approach to prehistoric archaeology in Egypt and other
similar areas.

Chemical Prospecting

Sites of prehistoric human activity may be evident where the human
activity has disrupted natural chemical processes. This is particularly true
in areas where the weathering processes do not include a great deal of
leaching by aqueous solutions. For example, the ultimate source of all
phosphates in soils is the breakdown of the phosphate minerals that are
weathered from surrounding geological formations (9). Human activity
may lead to decreases in the soil’s phosphate levels (e.g., by agricultural
activities) or increases in these levels when low-solubility phosphate com-
pounds are deposited in the soil (e.g., by burials). The acidity of a soil
may also be affected by human activities.

Surveys of soil pH and phosphate content are of proven value (e.g.,
10), but it is important to recognize the effects of local geological con-
ditions. For example, at Nagada the soil is highly alkaline due to Eocene
limestone deposits (cliffs) near the site. When soils at the Predynastic
site KH1 [occupied around 3700 B.c. (11)] at Nagada were analyzed for
phosphate and pH, the alkalinity was dependent upon the amount of
carbonate in the sample. Surface soil samples were taken from the corners
of a grid (1 X 1 m units) imposed on the archaeological surface. For the
phosphate analysis, 50 mg of sediment material finer than 0.5 mm was
leached for 30 min in 5 mL of 7.5 N sulfuric acid. The phosphate was
measured in the field by using a colorimetric technique based upon the
phosphate reaction with molybdate (11,12). The pH measurement was
made by placing 0.5 g of the soil into 5 mL of distilled water. After 3
min, the sediment had settled and the pH was measured using a cali-
brated glass electrode and pH meter.

The phosphate levels ranged from 0.7 to 7.0 mg P,O5/g soil, and
the pH varied between 8.2 and 7.1. The highest pH values (8.0-8.2)
were found for the sections in and near where a carbonate layer or horizon
was identified during excavations (13). The pH was lower (7.4-7.6) in
the soils from the areas where an intact and a looted Predynastic grave
were found. However, the lowest values (pH 7.1-7.4) were from an area
where the surface soil horizon was midden material from later occupations
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(Dynastic times) of the area. The decay of organic materials in this midden
material results in lower pH measurements. The midden material was
partially transported by the wind and is covered in places by compact
sand and scree. The irregular exposures of the midden material lead to
significant variations in the large grid used.

The phosphate measurements at this Nagada site were useful in
locating a Predynastic grave (> 2.5 mg P,O5/g) and what is interpreted
as a hearth and storage pit (2-3 mg P,05/g). The normal phosphate levels
in the area were less than 1 mg/g. The phosphate levels around a looted
grave were lower (0.7-1.9 mg P,O5/g), but this finding is consistent with
the lack of bones in the grave. The low soil phosphate concentrations
suggest that the bones were removed before they could contribute to
the elevation of the phosphate levels. Petrie has contended that grave
looting occurred even in Predynastic times (4). Clearly one of the prob-
lems at these Predynastic sites is the disruption caused by looting. In
most cases, the results of chemical tests cannot be interpreted without
stratigraphic information about the site.

At Hierakonpolis, the analyses of soil samples from some localities
were of no value because of the great disruption of the materials. For
example, a stone-cut tomb (Tomb 2), which is interpreted as being the
oldest stone-cut structure of its kind in Egypt (Amratian, ca. 3800-3500
B.C.), was surrounded by huge piles of looters’ (and archaeologists’) back-
dirt (6). The smaller graves that surround this stone-cut tomb may have
been arranged around this larger tomb. In order to identify actual graves
near the stone-cut tomb, the backdirt piles (containing pottery and animal
bones) were cleared around the tomb. Once exposed, the hardened
surface, into which the Amaratian and Protodynastic tombs had been
cut, was sampled for phosphate determinations. In this case, the exten-
sive work that went into eliminating the uncertainties of the stratigraphy
were for naught because no new tombs were found in the immediate
vicinity of Tomb 2. There were no anomalies in the phosphate levels.

The importance of stratigraphic studies and the identification of
sedimentary units at extensively disrupted sites like Hierakonpolis can
be illustrated by the excavations at locality 11, where there is evidence
for habitation (trash mounds and pottery) as well as industry (pottery
kilns). This locality offered a unique opportunity to study Predynastic
ecology because of the excellent state of organic preservation in an area
where there was a clustering of multi-functional components (6, 14). Four
test pits were dug in one area through the site, in the direction N10 °E—
S10 °W. The correlation profile is shown in Figure 1. The oldest unit
identified was Nile silt (Masmas formation). In some areas, this silt was
covered by eolian and/or wadi sands, which probably represents a local
feature of sand accumulation under arid to semiarid conditions.
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four studied sections at locality 11 in Hierakonpolis. Vertical scale
is in meters above sea level.

Correlation profile for the

Figure 1.
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There was initially thought to be great horizontal variation in the
Nile silts because a dark brown silt was found at ON-OE; a much lighter
silt was at about the same level in test pit ON-6E. The geological stra-
tigraphy showed that this lighter material was not a Nile silt, but the
filling of a depression with fine yellowish wadi sands. A comparison of
the present topography of what has been interpreted as a trash mound
and the paleotopographic profile shows that they are different. The hu-
man occupation and activity at this locality played an important role in
creating the present topography, especially around the area of test (A).
The cross section of the mound showed layers of different sediments,
organic debris, and broken pottery. The paleotopographic profile sug-
gests that this area was used for trash because it was a natural depression.
The Predynastic topography sloped downward in the direction south of
test pit A (not shown in Figure 1). Thus whether the disruption of the
area is due to looters, erosion, or the inhabitants themselves, detailed
stratigraphic studies are important to differentiate between the numerous
silt formations and the various wadi deposits that might be present.
Archaeological deposits are found on or in particular formations; there-
fore, the ability to recognize these particular sediment formations is
important.

Identification of Sedimentary Units

The Quaternary stratigraphic features of the Nile Valley have been di-
vided into a number of different silt units based upon field observations.
However, it is sometimes difficult to define these silt units in the field
because of their great geological similarities. In order to understand the
differences in these silt units, it is instructive to look at how the Nile
Valley has evolved with time. The Nile, 6800 km long, can be divided
into three distinct river systems: (1) the White Nile between Lake Victoria
and Khartum; (2) the Blue Nile between Lake Tana and Khartum; and
(3) the Saharan Nile between Khartum and the Mediterranean. Thus the
Nile silts in Egypt are deposits of materials from at least two distinctly
different hydrogeological systems (i.e., the Ethiopian system and the
Equatorial system). Over geological times, the contributions from these
two systems to the Saharan Nile have changed; the various deposits [i.e.,
Dandara, Dibeira-Jer (Masmas), Sahaba, and Arkin formations] should
reflect these different contributions. In addition, climatic conditions, and
hence depositional conditions, have also changed and given rise to dif-
ferences in the sediments (15). These differences (the contribution of
each source and the climatic and depositional conditions) should be re-
flected in the geochemical characteristics of each unit.

Hassan (16) suggested that grain size parameters of sediments could
be used to differentiate among the Nile silts deposited over the last 90,000
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years from those deposited earlier when water from the Eastern desert
made large contributions to the Nile sediments. This type of grain size
analysis was applied to several of the older Nile formations in Nagada.
The sediments were analyzed by standard methods by using settling
velocities as measured with a hydrometer (17). The earliest of the Nile
silts exposed at Nagada (the Giran el-Ful formation) had a mean grain
size that is considerably larger (~ 0.5 mm, which is considered to be a
medium sand) than that of the more recent silts. The next sedimentary
period produced the Dandara, which is the oldest of the “modern” for-
mations; it has a smaller mean grain size, that of a silt (~ 0.03 mm).
Although the mean sizes of the two other “modern” formations were
similar, the distribution of grain sizes was not. By taking sizes between
2 and 0.063 mm as sands, grains between 0.063 and 0.0039 mm as silts,
and the smaller grains as clays, the sediments are quite different. The
Dandara sediments are 45% sand, 30% silt, and 25% clay; the younger
Dibeira-Jer formation sediments are 14% sand, 31% silt, and 55% clay.
The Sahaba formation sediments were 35% sand, 21% silt, and 44% clay.

The differences in the grain size distribution for the various for-
mations reflects the hydraulic conditions of deposition. The grain size
parameters were used to determine these depositional conditions. The
median (M) grain size was plotted as a function of the maximum (C) grain
size (defined as the size of the largest 1% of the grains). The points on
this CM diagram (Figure 2) correspond to particular modes of transpor-
tation and deposition (I8, 19). Classes I, II, and III (Class III includes
the older Giran el-Ful) in this figure represent rolled sediments where
suspension is of little importance. Classes IV through VII were primarily
suspended materials that were deposited by settling of the grains. Be-
cause the sediments of the “modern” Nile system fall into Class V, these
materials were transported as a uniform suspension and were deposited
as a rain of particles that were not sorted by bottom currents (20). The
best explanation for these sediments is the deposition in swamps created
when the Nile overflowed high banks. If such a depositional process
occurred during the Predynastic occupation, then one might assume that
the habitation sites were situated near swamps and far enough from the
Nile to avoid flooding. These measurements of grain size fractionation
were based upon a limited number of samples (20), but the precision is
good enough to suggest that grain size distribution could be useful in
characterizing and differentiating the various Nile sediment units.

In sediments of this type, the harder heavy minerals are usually
found in the coarser (sand) fraction (along with the quartz). The differ-
ences in the amount of sand in a particular sample may therefore result
in differences in the concentrations of those elements associated with
the heavy minerals. In addition, the mineralogical composition of this
heavy mineral fraction varies and is dependent upon the source of the
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Figure 2. CM pattern of the modern and old Nile sediments. The abscissa

(M) is the median grain size (in microns) for the sediments; the ordinate

(C) is the size of the largest 1% of the grains. The Sahaba (+ ) and Dandara

(®) formations are considered to be modern (since middle Pleistocene pe-

riod) silts; the Giran el-Ful (® ) formation is from the older Nile regime.

Significance of regions designated by roman numerals is discussed in the
text.

sediment (16). Instrumental neutron activation analysis was used to meas-
ure some trace elements in sediments from the different formations at
Hierakonpolis to show that trace element analysis could be used to iden-
tify the various sediment formations. This technique, which is described
elsewhere (21,22), was used to analyze seven samples of sediment from
the Masmas formation (equivalent to the Dibeira-Jer at Nagada), which
was exposed by the excavations at locality 11 (Figure 3). Another Masmas
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Figure 3. Map of Hierakonpolis showing the locations of some of the
Predynastic sites studied and the geological descriptions of the surface.

formation sample was taken from a small exposure along the Dune wadi.
Five samples from the younger Sahaba formation came from near local-
ities 29 and 54 and the Khasekhemui fort. The Arkin formation is even
younger, but at Hierakonpolis there are few exposures as most of it is
covered by the cultivated area of the modern flood plain. Two samples
of Arkin silt were collected from the small exposures between the fort
and the flood plain. Another 30 samples of burned clay and pottery were
taken from the archaeological sites where evidence of kilns was found.
In examining the analytical results, it was clear that for many of the
elements the actual concentration depended upon the amount of sand-
sized material in the sample. The quartz contains few trace elements,
but the heavy minerals associated with this same grain size fraction con-
tain iron and many of the trace elements. The iron, cobalt, scandium,
and chromium concentrations in the Arkin samples were similar to those
in the Sahaba samples, but differed from those in the Masmas formation
sediments. In Table I the averages (and standard deviations) are shown
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Table I. Average Concentrations in Nile Silts and Pottery from

Hierakonpolis
Masmas® Masmas®® Sahaba and Sahaba®*°
Silt(7) Sherds(10)  Arkin® Silt(8) Sherds(9)
Fe,0,% 7.3 =+ 0.4 8.2 =+0.9¢ 10.6 =+ 0.8¢ 10.9 =+0.3¢
Co(ppm) 21 =+ 1 29 %3 0 =5 38 =2
Sc(ppm) 137 * L5 187 +20 237 = L7 25.2 +0.7
Cr(ppm) 144 =13 —_ 270  +45 —_
La ratio® 84 + 8 103 +8 108 +10 130 +5

Lu ratioc 13.8 =* 1.0 13.7 =09 177 *= 0.9 18.2 =0.9

La-Sm/  —0.86 = 0.008 —0.090+0.008 —0.071+ 0.005 —0.075%=0.004
Gd-Lv/  —0.025+ 0.005 -0.030+0.004 —0.051%= 0.005 —0.050=+0002
Eus -0.10 = 0.02 —0.11 *0.03 —0.18 = 0.03 -0.16 =0.01

°Number of samples included in average given in parentheses.

bSherds and wasters from localities 11, 39, and 59.

¢Sherds and wasters from localities 24, 29.

d4Standard deviation from the mean (uncertainty in individual analysis <2%).

“Normalized to concentrations in chondritic meteorites: La, 0.33 ppm; Lu, 0.034
ppm.
fSlope of REE curve using chondrite-normalized concentrations: La-Sm = (log[La]
— log[Sm])/5; Gd-Lu = (log[Gd] — log[Lu])/7.

€Eu anomaly of REE curve using chondrite-normalized concentration: (log[Eu] —
(log[Sm] + log[Gd])/2).

for the Masmas and Sahaba (including the two Arkin samples) sediments.
The relative uncertainty in the analysis of iron, cobalt, scandium, and
chromium was <2% for each sample. The two types of materials also
differed from each other in the concentrations and relative distributions
of the rare earth elements (REEs). Figure 4 indicates that although the
REE distribution patterns [described elsewhere in this volume (22)] were
the same for the Sahaba and Arkin samples, those for the Masmas silt
differed. Not only did the REE patterns differ, but the absolute con-
centrations tended to follow the other elements measured. The average
concentrations for lanthanum and lutetium for the two types of silt are
shown in Table I. The samples plotted as chrondite-normalized patterns
in Figure 4 show that there is some overlap in the absolute concentra-
tions. The real differences are in the europium anomaly and the slope
from gadolinium to lutetium. In Table II the slopes of the curves from
lanthanum to samarium [(log[La] — log[Sm])/5] and from gadolinium to
lutetium [(log[Gd] — log[Lu])/7] are shown along with the europium
anomaly [(log[Eu] — ((log[Gd] + log[Sm])/2)].

The differences in iron and trace element concentrations are a result
of differences in the source of the material (which minerals are present)
and the depositional differences (heavy mineral fraction present). When
the sediments were analyzed by x-ray diffraction techniques, the only
minerals observable, besides the clays (montmorillonite and kaolinite),
were the quartz and plagioclase (21). Most of the iron appears to be
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Figure 4. Normalized REE distribution curves for Masmas and Sahaba
formations and ceramic materials from Hierakonpolis. Key: O, typical
pattern of Masmas silt; W, ceramic plum red ware produced from this silt;
A, typical pattern of the straw tempered ware; ®, a waster from the kiln
where some of this straw tempered ware was produced; X, silt from the
Sahaba formation that was used at this kiln. (A silt from the Arkin for-
mation was identical to the Sahaba silt in REE concentrations.)

present as amorphous ferroginous oxides coating all of the grains. There
are heavy minerals present, and the differences in the mineralogy of this
fraction may account for some of the compositional differences observed.
Hassan (16) found that the heavy mineral fractions from the Sahaba for-
mation contained larger amounts of opaque minerals (25-48%) and augite
(21-31%) than did the fractions from the Dibiera-Jer (17-25% opaques,
3—28% augite) unit, which is comparable to the Masmas unit. The horn-
blende represented a higher fraction of the heavy minerals in the Dibiera-
Jer (25-49%) than in the Sahaba (6-28%), with epidote being about the
same (9-16%) for both fractions. Differences in the minerals present may
account for the concentration differences as well as the REE patterns.
The opaque minerals (magnetite and ilmenite) are iron-rich. The Sahaba
materials contain more of the coarse fraction (hence more heavy minerals)
and a larger proportion of the heavy minerals are opaques, which could
account for the higher iron concentrations. Cobalt is geochemically as-
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sociated with iron, but the ratio of cobalt to iron is different for the
Masmas and Sahaba. The cobalt, scandium, and chromium in the Masmas
are about half of what seems to be typical of the Sahaba silts. The chro-
mium may be associated with the augite (23), which is more plentiful in
the Sahaba sample. The REE distribution patterns may reflect the rel-
ative importance of hornblende, augite, plagioclase, or minor minerals
like apatite (23).

The consequences of the differences in the REE contents of these
sediments are greater than potentially allowing sediment formations to
be identified by trace element analysis. Some of the numerous Predyn-
astic ceramic artifacts from Hierakonpolis were also analyzed.

Pottery manufacture represents one of the earliest breakthroughs
in chemical technology and is particularly important at a site like Hier-
akonpolis where ceramic production was perhaps a key factor in the initial
settlement, development, and environmental degradation of the area in
the 4th millennium B.c.. Although a variety of pottery types are repre-
sented at Hierakonpolis in Predynastic times, the most striking and ex-
tensively studied are those belonging to the untempered plum red ware
category, found in abundance in cemeteries, and the straw tempered
ware closely associated with settlement areas. The trace element data
showed that the straw tempered ware and the untempered plum red
ware were made using the local Nile sediments (21). The material used
to make pottery was apparently taken from the immediate vicinity of the
kiln. In Figure 4 the REE patterns of a sherd of straw tempered ware
and a waster (overfired clay) from the vicinity of a kiln at locality 29 are
shown. There were also sherds of the plum red ware near this ancient
(Amratian) kiln, and these had REE patterns that were characteristic of
the Sahaba formation silt on which the site was located. Another kiln
was found at locality 11, and although the area was covered with later
erosional material, the site was found on the Masmas formation silt. The
plum red ware fragments, the wasters, and the straw tempered ware
found in this area all had REE patterns like those of the Masmas silt
(Figure 4). The sherds around the kilns at localities 39 and 59 were mostly
plum red ware and they also match the Masmas silt. If all of the sherds
and wasters from localities 11, 39, and 59 are averaged with the samples
of Masmas silt, the average concentration and deviation are very similar
to those of the sediment samples alone (Table I). The iron has somewhat
lower and the cobalt and scandium have higher concentrations than
average, but the REE distribution patterns are nearly parallel for all of
the samples. When all of the sherds from sites located on the Sahaba
sediments (localities 24, 29) were averaged with the Sahaba formation
silts themselves, the results (Table II) confirm that all of these materials
have essentially the same composition. The REE patterns were parallel
for all of these materials. The only exception to this pattern of material
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Sedimentological Units Characteristic of the Nile Valley in the
Region Including Nagada and Hierakonpolis

Approximate
Top Radiocarbon Date
_ Recent wadi scree e
Singari member, Ineiba formation 8940 B.P.

el-Kab formation (or Arkin formation)  10,600-5600 B.p.

Malki member, Ineiba formation 12,070 B.p.

Sahaba silt 12,000-18,000 B.P.
Dibeira-Jer formation (Masmas) 40,000 B.p.

Korosko formation 27,000 B.p. (?)

Dandara formation
Giran el-Ful formation

Middle Pleistocene
Early Pleistocene

utilization was a plum red ware sherd (not included in averages) that was
found on the surface at locality 24. The composition and REE pattern
suggest that this sherd was made further up the Great Wadi from Masmas
formation material. It may have been transported to locality 24 at some
later date.

Although the number of samples analyzed is limited, the inescapable
conclusion to be drawn from our data is that some of the Nile silt for-
mations can be differentiated on the basis of trace element contents and
REE distribution patterns. In addition, we conclude that the Early Pre-
dynastic (Amratian) pottery was made from clays found in the immediate
vicinity of the kiln. Older shales that are found layered with the much
earlier sandstone deposits that were cut by the Great Wadi were also
analyzed. The REE patterns as well as the scandium, chromium, and
iron concentrations are different enough to suggest that these materials
were not used to produce pottery (21). In a previous paper, we discussed
the possibility that some of this shale, or the white salt found associated
with it (anhydrite—-CaSO,), was mixed with the local clay to produce the
finer, harder plum red ware (21). This addition could account for the
slight difference in the average composition of the sherds from localities
11, 39, and 59 and the Masmas silt.

Conclusion

The studies at two Predynastic sites in Egypt have demonstrated the
value of geological and geochemical techniques to aid the archaeologist.
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It is often the combination of techniques that provides the best approach.
The microstratigraphic studies along with pH and phosphate measure-
ments made it possible to identify the location of different human activity
in an archaeological site. The stratigraphic studies gave information about
the processes that occurred at a site. Grain size analysis and chemical
analysis of sediments offer some promise for determining which of the
many Nile sediments is present without detailed stratigraphic studies.
Trace element analysis has also been useful in tracking these silts as they
were utilized for the Predynastic ceramic industry.
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Soil Chemical Investigations in Illinois
Archaeology: Two Example Studies

WILLIAM 1. WOODS

Southern Illinois University at Edwardsville, Department of Anthropology,
Edwardsville, IL 62026-1001

The past decade has witnessed a significant increase in ar-
chaeological activity in the United States. Coupled with this
trend has been a heightened interest in ancillary techniques
of analysis . This chapter focuses on the author’s experiences
with one such technique; namely, soil chemical analysis.
Specifically, discussion will be restricted to the aspects of
this work related to 1llinois archaeology. The results of two
projects pertaining to both prehistoric and historic site con-
texts are reviewed in an effort to illustrate the potentialities
of such investigations.

RCHAEOLOGICAL SOILS ARE REPOSITORIES of information about past
A cultural activity. They not only contain artifactual remains and fea-
tures, but also are themselves rewarding objects of study. A variety of
physical and chemical changes occur in natural soils as a result of human
occupation (1,2). Many of these changes are not long lasting, but others
can be detected for millennia. Such physical modifications as soil com-
paction and textural change are evident to any experienced excavator.
Less evident, but also of high interpretive value, are the chemical al-
terations that have been brought about by the addition of organic and
inorganic debris to the soil matrix. The differential distribution of these
alterations, among other things, can be used to determine site bound-
aries, define stratigraphic relationships, delimit intrasite activity areas
and features, and aid in their functional interpretation.

The past decade has witnessed a significant increase in archaeological
activity in the United States. Coupled with this trend has been a height-
ened interest in ancillary methodologies, including soil chemical analysis.
A variety of studies involving archaeological soils have been conducted
within the State of Illinois, and these can serve as a microcosm for the
nation as a-whole (3-17). Two of these applications will be discussed
herein (Figure 1). In the first project, soil analysis was employed as a
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RANDOLPH SALINE
COUNTY COUNTY

FORT DE
CHARTRES 1
SITE

Figure 1. Regional site location.

technique to delineate and interpret the boundaries of an 18th century
French fort for which no surface remains existed (11,15). In the second
application, data derived from soils collected during the excavation of a
prehistoric habitation midden were utilized to derive population param-
eters for a dated segment of the site’s occupation (17). With the exception
of those utilized for phosphorus determination, standard quantitative
techniques of soil analysis were applied in both of these examples (see

box).

Fort de Chartres 1 Site

In the first half of the 18th century, the French constructed a sequence
of at least three forts named Fort de Chartres on the Mississippi River
floodplain in Randolph County, Ill. (25). The first two forts were com-
pleted in the 1720s and had wooden palisades. Within less than a decade,
each of these forts fell into disrepair and was abandoned. The final Fort
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Experimental Methods
Sample Preparation

Pretreatment for all samples consists of air drying, mechanical
grinding, and passage through a 2.0-mm sieve,

Analyses

Qualitative phosphate Gundlach field test (18) as modified by
Eidt (19) and Woods (20).

Inorganic phosphate Sequential extraction with sodium hy-
droxide and hydrochloric acid reagents,
spectrophotometric determination of the
ascorbic acid reduced phosphomolybdate

complex (6).

pH Electrometric measurement of 1:2 soil:
water mixture.

Organic carbon Chromic acid digestion-titration (21-22)

Nitrogen Semimicro Kjeldahl digestion-titration
(23).

Caleium, potassium, Hydrochloric acid extraction, determi-

magnesium nation by atomic absorption spectrome-
try.

Iron, copper, zinc Sodium dithionite reduction, sodium cit-
rate chelation, determination by atomic
absorption spectrometry (23,24).

de Chartres, erected in the 1750s, was composed of stone. Although
original portions of this fort still remain, the above-ground features of
the first two forts disappeared and knowledge of their locations was lost
until recently.

During the summer of 1980, examination of a 1928 U.S. Army Corps
of Engineers aerial photograph revealed a dark rectangular stain situated
approximately 1 km to the east of the stone fort (26). The shape and
dimensions of the stain conformed closely to those indicated in docu-
mentary sources for the first Fort de Chartres. In the half-century since
the photograph was taken, both a levee and a two-lane highway have
been constructed over portions of the site area. The tract of land between
the highway and levee that presumably contained the central portion of
the fort is presently owned by the State of Illinois.

In an effort to ascertain the fort’s precise location, delimit its external
boundaries, and identify possible internal features and activity areas, the
Illinois Department of Conservation sponsored a program of remote sens-
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ing at the site. As part of that program the author and John Weymouth
of the University of Nebraska were commissioned to conduct, respec-
tively, a detailed soil chemical investigation and an intensive magnetic
survey of the area utilizing the same site grid. Field activities carried
out in November 1980 included topographic survey of the study area,
establishment of a permanent site grid, and collection of soil samples.
Unfortunately, conditions of extremely poor visibility did not allow for
a surface survey of the area, which would have aided in formulating
sample collection strategy. Consequently, samples were collected at 2-
m intervals along a series of transects placed throughout the field (11).
Soils were taken from a depth immediately below the plowzone through
use of a 2-cm diameter core. The locations where cultural materials or
feature fill were encountered during coring were recorded and were
found to be contained within a 75-m-long area. Ultimately, 404 samples
were recovered from the study area.

Immediately following fieldwork, the relative concentrations of
phosphate in all of the samples were determined by means of a rapid
qualitative test (18-20). Although not absolutely reliable, this test can be
utilized as an initial screening device. The qualitative results were found
to approximate closely the distribution of subsurface materials and feature
fill. In order to depict the fort boundaries, as well as suspected internal
features, more accurately, a series of 46 samples was selected for quan-
titative analysis. These samples were situated on three north-south-ori-
ented transects between site grid lines N480 and N590. Phosphorus,
calcium, and pH were determined for all of these samples and proved
to be effective cultural indicators. Magnesium, potassium, iron, copper,
and zinc testing were terminated after two transects due to the nondi-
agnostic nature of the results.

Figure 2 summarizes the distribution of the calcium, phosphorus,
and hydronium ion concentrations along the three transects. Along all
three transects, the hydronium ion concentration drops dramatically at
N510 as the suspected boundary of the fort is approached from the south.
By progressing northward, a distinct increase is noted in the vicinity of
N580. The calcium and phosphorus results are similarly distributed along
the first two transects, reaching their highest concentrations immediately
on the inside of the boundaries exhibited by the hydronium ion and
having relatively low levels in the area suspected to be the central portion
of the fort. This distribution has been interpreted as indicating the lo-
cations of former structures along the interior margins of the palisade,
separated by a parade ground. Significantly, feature fill and limestone
were also evident at the locations of peak concentration. The results for
the third transect are somewhat different, with peak calcium and phor-
phorus levels more closely spaced and centrally located. Again, these
values correlate with feature fill and limestone. This transect is proximal
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to the projected east wall of the fort and the two peaks may represent
opposite ends of one structure approximately 20 m in length.

The results of Dr. Weymouth’s magnetic survey are in accordance
with the soil chemical analyses (15). The palisade lines, suspected interior
structural features, and parade ground are clearly depicted on the line
contour magnetic maps. Furthermore, the 1-m internal grid unit em-
ployed in that survey allowed for more accurate definition of the fort
boundaries, and the 48-m inside dimension indicated by the magnetic
results compares quite favorably with that suggested for the fort by doc-
umentary sources.

The Black Earth Site

The Black Earth site is one of three midden deposits in Saline County,
IIl., that were excavated in 1978-79 as part of the Carrier Mills Archae-
ological Mitigation Project. Situated on a bluff overlooking the Saline
River valley, the Black Earth site midden was approximately 80 m in
diameter and reached a maximum thickness of 160 cm. In order to pro-
vide ancillary data relating to the origin and development of the midden,
a series of 105 soil samples was collected from the excavations. Extreme
care was exercised so as not to gather soil from feature or obviously
disturbed contexts or from the immediate vicinity of burials. Upon re-
covery, samples were subjected to 13 basic physicochemical analyses.
The results of these analyses demonstrated that when compared to the
highly acid, infertile silt loams of the area, the midden deposit exhibited
darker coloration, coarser texture, greatly increased pH levels, and higher
concentrations of all elements tested.

One outgrowth of the soils work at the Black Earth site was the
development of population parameters based on the analytical data. It
was reasoned that because the midden was a wholly anthropogenic ac-
cretional phenomenon originating from habitation, certain aspects of its
present chemical composition should be reflective of actual cultural ad-
ditions. In an effort to estimate the number of individuals that would
have been required to make these additions, soil physical and chemical
data were examined for a 785-year segment of the Middle Archaic oc-
cupation at the site, which has been dated to between 5645+ 70 B.P. and
4860 + 85 B.p. (UGa 2705, UGa 2703, uncorrected). Initially, the volume
and weight of the portion of the midden deposited during this period
were determined. Then, population parameters were developed through
utilization of various lines of evidence including the probable chemical
contributions by standard resident communities and the total amounts
of phosphorus and calcium found to have been present (Figure 3).

In order to determine the volume of the 90-cm extent of the midden
between 50 and 140 cm below surface for which endpoints had been
dated, the following standard formula was employed:
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Figure 3. Column sample results from the Black Earth site, grid coor-
dinates N267.0, E60 4. Key: Ca, ppm Ca X 10~%; P, ppm P; K, ppm K;
N, % N X 10% H, [H;0*] X 10°% C, % organic C X 10*.

Volume = (1/6) w h(h?® + 342

where a is radius of base and h is maximum height. This formula assumes
a roughly circular shape in plan view and an even curvature in profile
from periphery to center, which was approximately attained by the mid-
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den. For this analysis only two significant digits will be utilized, and the
volume estimate was rounded to 2300 m®.

Bulk density was not analytically determined, but an estimate of 1.3
g/cc was arrived at after a review of literature concerning mollic epipedons
of similar composition (27). By utilizing this figure, the total dry weight
for the segment was determined to be 30 X 10° kg. Assuming a constant
rate of accumulation, this yields total annual volume and dry weight
depositions of 2.9 m® and 3800 kg, respectively. Average elemental con-
centrations for the segment were determined from samples collected on
a column in the core area of the midden.

The average concentration of phosphorus was found to be 3000 ppm.
Given the calculated yearly material deposition rate, approximately 11
kg phosphorus would have been contributed each year. Cook and Heizer
arrived at an annual deposition rate of 124 kg phosphorus to a site area
by a standard population of 100 individuals (28). By utilizing this rate, a
population of only nine individuals would have been required to account
for the amounts of phosphorus found to be present. Because phosphorus
as phosphate is the least mobile of the elements tested, this figure can
be considered to represent an absolute minimum permanent population
estimate for the site during the period of occupation under consideration.
It should be remembered, however, that soil phosphate is also found in
occluded forms and in organic combination and that these fractions were
not totally measured by the procedure utilized (29). Consequently, the
minimum population estimate should be increased, perhaps by as much
as 50-60%, to about 15 individuals.

Given an average calcium concentration of 10,000 ppm and the same
average annual deposition rate, approximately 38 kg calcium would have
accumulated each year. For their standard permanent population of 100
individuals, Cook and Heizer projected an on-site per annum deposition
of 55 kg calcium (28). Extension of this rate to the average amount of
calcium present in the dated segment results in a population estimate
of 69 individuals. In this regard, the mobility of calcium was not taken
into consideration, because losses due to leaching are felt to have been
roughly equaled by downward movement of additions from later occu-
pations at the site.

Another line of evidence, the crude death rate and resultant burial
population, was employed to assess the permanent resident population
estimates derived from the phosphorus and calcium results. The per
annum death rate of 3% postulated by Cook and Heizer (28) was utilized,
and it was also assumed that all deceased individuals would have been
interred on-site. Based on the community of 15 individuals and on the
3% per annum death rate, a burial population of 350 individuals would
be expected. Similarly, a population of 69 would have resulted in the
interment of approximately 1600 individuals during this period. The total
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Middle Archaic burial population at the Black Earth site has been esti-
mated on the basis of a 25% sample excavated area to have been ap-
proximately 550 individuals (30). This finding suggests that if Cook and
Heizer’s projections approximate reality, the phosphorus results most
closely represent actual habitation intensity.

With a population of 15 individuals, the average weight of material
contributed daily per person would have amounted to 0.69 kg on a dry
weight basis. Again, assuming a permanent population with no periods
of site abandonment, this does not appear to be an altogether unreason-
able figure, especially considering the amounts of floral and faunal ma-
terials that would have been necessary to sustain the dietary require-
ments of such a population, not to mention the organic and inorganic
items needed for food processing, fuel, heat retention, facility construc-
tion, tool manufacture, and clothing. Clearly, there are large uncertain-
ties associated with these determinations. For example, the error values
inherent in the radiocarbon dates were not considered. Furthermore,
the assumption that the site was occupied continuously by an ideal stand-
ard population for 785 years is not acceptable. Anything less than per-
manent residence by the entire population or any periods of abandon-
ment would, of course, increase the estimated population level. However,
the projections do compare favorably with those arrived at after analysis
of the data gathered through excavation, and, significantly, were deter-
mined solely through examination of the soil physicochemical charac-
teristics.

Conclusions

Over the past half-century, the utility of soil chemical analysis to ar-
chaeology has repeatedly been demonstrated. Numerous investigations
accomplished since 1972 have both reaffirmed previous findings and
indicated directions for future applications. The prospect for continued
expansion of this ancillary methodology is quite favorable.
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Soils from archaeological sites have the potential to yield
important information on natural and anthropogenic stra-
tigraphy, resource availability, and site boundaries. Soil
samples from Yagi, an Early Jomon site in southeastern
Hokkaido, Japan, were analyzed. The stratigraphy there is
composed of a series of paleosols accumulated during the
Holocene from local volcanic activity. Archaeological and
pedological techniques were used to classify soil units in
the field. Instrumental neutron activation analysis was em-
ployed to generate multielement concentration profiles for
42 soil samples from six exposures. Chondrite normalized
rare earth element (REE) patterns confirmed the validity
of the field-designated stratigraphic sequence. A small num-
ber of potsherds from Yagi exhibited REE patterns similar
to those of soil horizons of corresponding age. This ap-
proach can complement traditional pedological methods.

INCE THE VERY BEGINNINGS of systematic archaeological research, when
S Boucher de Perthes searched the gravels of the Somme, stratigraphy
has been a basic tool of prehistoric investigations. Archaeological soils
have the potential to yield as much information about context, site bound-
aries, dating, resource availability, and past environments as the artifacts
themselves. Over the past 30 years, archaeologists have begun to employ
techniques borrowed from the soil sciences in an attempt to better under-
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stand both natural and anthropogenic sediments. Conventional soil analy-
sis techniques include a mixture of subjective field designations combined
with relatively simple quantitative laboratory tests for important major
elements such as carbon, calcium, nitrogen, phosphorus, aluminum, and
iron (1,2).

These techniques are normally adequate to answer most of the ques-
tions encountered on archaeological sites; however, complex stratigraphy
and unusual soil conditions can present a more difficult problem. In this
chapter, we explore what additional information might be provided by
a more comprehensive elemental analysis. Instrumental neutron acti-
vation analysis (INAA) was chosen because it provides concentration data
for both the major elements usually obtained by conventional techniques
and the trace elements used in many provenance studies.

Archaeological Setting

Yagi is located on the northern coast of the Oshima Peninsula in south-
eastern Hokkaido. The site is located on a broad terrace that rises steeply
40 m above a narrow coastal strip. It is backed by a series of low, wooded
mountains about 100 m in elevation and is circumscribed by two small
rivers. Much of the terrain is very rugged. Most of the peninsula is
andesitic highland, and its topography and geology are heavily influenced
by local volcanic activity. The Oshima peninsula has two active volcanoes,
Komagatake and Essan; both are within 30 km of the site.

The climate of the peninsula is cool-temperate maritime. Beech and
oak forest is the dominant vegetation. Climate variation since the end of
the Pleistocene has been slight, but has affected the vertical distribution
of some plant communities (3).

Because flat areas in this region are scarce, all terraces on the penin-
sula are presently intensively utilized for either housing or cultivation.
This was also true in the past. At least 84 other prehistoric sites are
known within 10 km of Yagi. Most of these sites date to the Jomon period
(11,000-300 B.c.). The Jomon period of Japanese prehistory is of special
interest to archaeologists because Jomon people manufactured the first
ceramics in the world—as early as 12,000 B.p. at sites in southern Japan

@).

The Yagi site was excavated under a project directed by William
Hurley, Peter Bleed, and Masakazu Yoshizaki (5) (Figure 1). Archaeo-
logical remains of the Jomon period are scattered over 50,000 m? of the
Yagi terrace. Excavated features include five semisubterranean houses,
numerous large pits, middens, and living floors. On the basis of carbon-
14 dates and ceramic typology, three major Jomon occupations are in-
dicated (6). A late Initial Jomon occupation has been dated between 7000
and 5350 B.c. (The Jomon is traditionally subdivided into six periods:
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Incipient, Initial, Early, Middle, Late, and Final.) Two Early Jomon
occupations are represented: one between 4450 and 4000 B.c. and another
between 3690 and 3190 B.c. The majority of features and artifacts date
from these periods. The site was probably not continuously inhabited
but was reoccupied at regular intervals. A limited Late Jomon component
should date to around 1500-1000 B.C.

Interpreting the stratigraphic sequence at Yagi proved to be very
difficult. Multiple archaeological horizons, layered between volcanic ash
accumulations and interwoven with hundreds of subsurface features,
obscured relationships between features and components. Relating Yagi
to other Jomon sites in the region was also difficult because, traditionally,
comparison often is based on a component’s relationship to particular
volcanic horizons. Yagi is on the periphery of most of the Komagatake
ash falls; therefore not all volcanic episodes are represented at Yagi (Fig-
ure 2 and Table I). Although a stratigraphic framework for the archaeology
at Yagi was evolved, a pedological analysis was also attempted to clarify
the stratigraphy.

Pedological Methodology

Field descriptions of soil profiles include horizon designations and thick-
nesses, color, consistency, texture, structure, and boundary character-
istics. The nomenclature used is that of the 7th Approximation (7). The

Table I. Volcanic Episodes During Jomon Occupations

Eruption Date At Yagi
Komagatake
Ko-a 1929 A.D. yes
Ko-b 1905 A.D. no
Ko—cl 1856 A.D. no
Ko—c2 1767 A.D. no
Ko-d1 ? no
Ko—d2 P no
Ko—e 1700 B.P. yes
Ko{f 2750 B.P. P
Ko-g 4780 B.P. ?
Ko-h 5750 B.P. ?
Essan

Es—-a

1750-1850 A.D. ?
Es-b
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Figure 2. The Oshima Peninsula, Southern Hokkaido. The distribution
of pyroclastic deposits from some of the Holocene eruptions of Komagatake
and Essan (14).

pH was measured in the field with a narrow range pH testing kit. Detailed
particle size analysis was performed in the laboratory: sand fractions were
sieved, silt and clay fractions were separated by hydrometer (8). Organic
carbon was determined by loss-on-ignition (9) rather than by sodium
pyrophosphate solubility because the latter produced anomalous results.

Phosphorus was measured colorimetrically after digestion in perchloric
acid (10).
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Results and Discussion

The soils of the Yagi site are andepts, immature soils developed in vol-
canic ash. Such soils are distinguished by their high organic carbon, high
phosphorus retention, low bulk density, and high water-holding capacity
(11). At Yagi, the soils have a high sand content (65-80%). Most soils fall
into the sandy loam and sandy clay loam categories as determined by
particle size analysis. However, in the field many horizons were desig-
nated as clay loam on the basis of texture and consistency. It is likely
that the field designations are more accurate than laboratory determi-
nations. The high cation exchange capacity of these soils makes it ex-
tremely difficult to disperse them for particle size distribution analysis
(12,13).

The soils are generally dark except for the yellow-brown ash-pumice
layers and the yellow initial materials below the archaeological horizons.
The dark coloration (Munsell 10YR3/2-10YR2/1) is largely a function of
organic carbon content. In the Yagi soils, organic carbon is generally
high, occasionally over 20% by weight. It is lowest in the ash-pumice
horizons and in the initial material below the archaeological layers.

The unusual thickness of the mollic and umbric horizons is caused
by the accumulation of several paleosols formed from the multiple erup-
tions of two nearby volcanoes and by the stability of the humus—amor-
phous material complex.

The soils of the Yagi site were formed from the pyroclastic deposits
of Komagatake and Essan. The former, about 25 km northwest of the
site, has erupted frequently throughout the Holocene. Since ca. 6000
B.P., there have been 10 eruptions with substantial ejecta, although the
materials from some were deposited very locally (Figure 2 and Table I).
At Yagi, only Ko-a (1929) and Ko—e (1700 B.p.) are obvious in the stra-
tigraphy as light-colored, gravel-like pumice, and even these are dis-
continuous across the site. Eruptions Ko—f and Ko—g should be evident
at Yagi, but pedogenesis and disturbance have altered them sufficiently
to make the initial material unrecognizable. Small inclusions of pumice
evident in some exposures may represent one or both of these eruptions.

Figure 3 illustrates the relationships between the archaeological and
pedological stratigraphy in one exposure (N124, E84, North Wall). Six
major archaeological horizons have been recognized (5). The designations
are partially site-specific, but do accommodate the stratigraphic scheme
derived by local archaeologists. The horizons are based on their physical
distinctiveness and associated artifacts and/or features. Horizon 1 is sub-
divided into 1a, the plowzone and Ko-a inclusions, and 1b, a black, sandy
loam with no pumice. Horizon 2, Ko—e, is a thin discontinuous pumice
layer. Horizon 3, containing the bulk of the artifacts, is subdivided into
3a and 3b. The lower section, 3b, sometimes occurs as dark, sandy
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Figure 3. Comparison of the archaeological and pedological horizons at
exposure N124, E88, north wall.

compact horizon, called XY, and is identified as an occupation zone.
Horizons 4, 5, and 6 are light-colored sandy clay loams devoid of artifacts,
which have features (storage pits, semisubterranean houses) intruded
into them. Because the archaeological stratigraphy depends on the rec-
ognition of particular volcanic horizons and the appearance of the XY
layer, both of which were discontinuous across the site, a pedological
stratigraphy based on standard physical and chemical characteristics was
derived.

Pedologically, several soil units can be recognized (Figure 3). Erup-
tion Ko—a and above represents the modern soil (Unit I). However, much
of Ko-a has been removed from areas where it interfered with modern
cultivation. Unit II is composed of Ko—e and the Apb zone between it
and Ko—-a. Unit III, the most complex, was designated as one unit in the
field. Its initial material is presumably Ko—f and Ko—g. The archaeological
horizon, XY, constituted unit IV. It is only found in occupation areas
and represents features such as house floors and sheet middens. Unit V
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(Unit IV if XY is absent), the basal zone, is not physically or chemically
uniform across the site, suggesting varying degrees of archaeological
disturbance. Unit III appears to be composed of two physically and
chemically distinct sections. Units I and II have reasonable internal con-
sistency.

The soils at Yagi, then, are a series of paleosols accumulated during
the Holocene. The stratigraphy of the upper sections is datable by the
ash-pumice layers, Ko—a and Ko—e. Because initial material from earlier
eruptions is unrecognizable, the time-scale must depend upon radiocar-
bon dating of the archaeological horizons.

The dark coloration of these paleosols has been attributed to the
persistence of organic carbon. Normally organic carbon content declines
rapidly after deposition (15). In Ireland, Gardiner and Walsh (16) have
estimated that 75% of organic carbon in buried soils is depleted in about
4000 years. However, in andosols, organic carbon is persistent. Gibbs
(17) stated that in buried andosols in New Zealand there is little or no
color change over 20,000 years. Martini (I8) noted that organic matter
increases from incipient to mature andosols, then declines. This pattern
may be related to the formation and diagenesis of morphous materials,
particularly allophane, and to the stability of the humus-allophane com-
plex.

Allophane is common in andosols of 6000-8000 years (19), but is
rare in very young and older materials. Klages (20) attributed the decline
of allophane in deposits of Quaternary age to replacement by metahal-
loysite.

Phosphorus content is also positively correlated to the amount of
allophane (21,22). In Japan, retention of phosphorus is used as a crude
criterion for distinguishing aluminous (volcanic ash) soils from siliceous
soils derived from other parent materials (23). Phosphorus values in Yagi
soils range from 0.13 to 1.22%. Values are highest in the modern soil,
and in Unit III, particularly in the lower section. The lowest values occur
in Unit I and in the materials below the archaeological horizons (Figure
3). The phosphorus loadings in all these soils are considerably higher
than those recorded in anthropogenic horizons from nonvolcanic soils
(24,25).

The similar behaviors of organic carbon and phosphorus suggest a
common cause. Both are complexed with amorphous material. Their
persistence appears to be determined by the temporal variation in the
availability of amorphous material. The high values of phosphorus in the
surface soil can probably be attributed to the current use of human excreta
as fertilizer. The high carbon and high phosphorus levels in the lower
section of Unit III coincide with the occurrence of many artifacts. If this
unit represents midden material, high values would be anticipated. How-
ever, this unit is also of the correct age to have developed large amounts
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of allophane. Clearly, the roles of diagenesis and human impact cannot
be isolated. In the modern soil, the latter appears to be dominant. In
Unit III, the two may be complementary.

The XY layer is anomalous. It is anthropogenic, but has relatively
low organic carbon and phosphorus content. The complications caused
by diagenetically controlled variations limit the use of phosphorus and
organic carbon as indicators of human impact.

The laboratory tests normally used to confirm field designations and
to establish the boundaries of archaeological occupation were inconclu-
sive because of the nature of the soils at Yagi. A more complete chemical
analysis of the soils was attempted by using neutron activation analysis.

Soil Sampling and Neutron Activation Analysis

Fifty grams of each soil sample was sieved to remove stones and gravel
(>2.0 mm), then fired at 500 °C for 2 h to drive off excess moisture. The
composition of the treated material would also approximate that of low-
fired pottery.

Samplings of 250-350 mg of the fired materials were then analyzed
by instrumental neutron activation analysis (INAA) by using the SLOW-
POKE nuclear reactor at the University of Toronto. The concentrations
of 31 elements were measured by means of three separate neutron ir-
radiations and four sample countings (26). Short-lived isotope-producing
elements (2 min-2.5 h) were measured with a short irradiation and rapid
counting; medium-lived isotope-producing elements (9-15 h) were ir-
radiated 15X more and were counted the next day. Longer-lived isotope-
producing elements were irradiated overnight and counted after 1 week
for isotopes with half-lives of 26—100 h and after 2-3 weeks for the long-
lived isotopes.

Results and Discussion

Forty-two soil samples were taken for analysis from different soil units
of six exposures. The primary grouping of the analytical data was made
by the soil units distinguished in the field (Figure 3). Table II contains
the analytical data expressed as elemental concentration means and stand-
ard deviations for five major elements and nine minor and trace elements
for the five soil units. Complete data are available from the authors on
request. In addition, Units II and III have been subdivided on strati-
graphic and chemical grounds. Unit II consists of Ko—e and its associated
Apb. Because Ko—e is discontinuous, Unit II' is the second soil unit in
those sections where Ko—e is missing from the exposure.

Unit III has been divided into III(upper) and III(lower). Unit III
should represent at least two different volcanic episodes (Ko—f and Ko—
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g), which could not be distinguished in the field. Unit III(upper) was
probably produced by Ko—f materials and Unit III(lower) by Ko-g.

Table II suggests that the soil unit classification agrees quite well
with the chemical concentration groupings, considering the heterogene-
ous nature of soil deposits, and forms reasonably precise (5-20%) groups.

The division of Unit II into II and II' is justified on the basis of both
the major and the trace element concentrations. The splitting of Unit
III into III(upper) and III(lower) is justified primarily by the concentra-
tion differences displayed by the higher atomic weight trace elements.

Of the elements listed in Table II, most were found either to be
relatively unchanged in their concentrations (e.g., sodium and potassium)
or to decrease by 25-50% with increased depth. However, aluminum
and calcium appear to increase (by 15-50%) with depth. Calcium and
aluminum are often leached out of the upper levels of acidic soils, and
pH at Yagi varies from slightly acidic in upper levels (5.5-6.0) to neutral
in the lower levels (7.0). The highest concentration of calcium is found
in Unit IV, at the archaeological horizon, and may be caused by the
addition of calcium-rich remains such as animal bone.

The soil units can be divided into two distinguishable groups (A and
B). Unit IV and the basal unit have matching elemental concentrations
and Unit III(lower) is quite similar except for slight elevations in the
mean values of the medium atomic weight elements (iron to cobalt).
These three soil units comprise Group B. Unit I and Unit III(upper)
form a second chemically similar group (Group A). Unit II appears to be
a mixture of these two distinct groups with approximately half of the
elements favoring each group; most of the major constituents and all the
high atomic weight elements show a Group B affiliation and the medium
atomic weight elements show a Group A affiliation.

However, Unit II’ exhibits the medium atomic weight element con-
centrations of Group B, but the high atomic weight elements produced
mean values far higher than those of even the Group A units. The pe-
culiarities of Units II and I’ may be related to the addition of ash from
the single modern eruption of Essan (Table I). All other volcanic horizons
represent material ejected from Komagatake.

The rare earth element (REE) concentrations show similar patterns
when the samples are grouped by soil units. Results, expressed as ele-
mental concentration means and standard deviations, are displayed in
Table III. There are three main points of interest:

1. The intergroup consistency of the mean europium concen-
trations.

2. The approximately 30% decrease in the mean concentra-
tions of the heavy REE with depth. This parallels the changes
found in other elements (Table II).
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3. The fractionation and subsequent enrichment of the light
REE in Units I, II', and III(uppen).

Comparison of the REE concentration profiles shows that Units II,
III(lower), IV, and the basal unit are chemically very similar; Units I,
II’, and III(upper) form a less well defined but separate grouping. The
REE groupings are in reasonable accord with those made using the other
elements of Table II (Groups A and B).

To further investigate variations in the REE concentrations of all
the samples, the concentrations were chondrite-normalized (27), and the
chondrite-normalized patterns were plotted. Three basic patterns were
observed (Figure 4). Pattern 1 is characterized by a high enrichment of

100 \, —

10— -

LaCe — Nd — SmEu — Tb Dy — — — Yb Lu

Figure 4. The three chondrite-normalized REE patterns characteristic of

Yagi soil profiles: pattern 1 (@), pattern 2 (R), and pattern 3 (O). Pattern 2

is subdivided into 2a and 2b. That shown here is for 2a. Pattern 2b has a
similar shape but has lower values.
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light REE (with chondrite-normalized values of lanthanum >100), and
a large negative europium anomaly. Pattern 2 is characterized by a de-
creased enrichment of the light REE with little or no europium anomaly.
Because of the broad range of lanthanum values in pattern 2, it may be
subdivided into 2a (chondrite-normalized values for lanthanum of 50—
100) and 2b (chondrite-normalized values for lanthanum <50). Pattern
3 is characterized by a flatter REE profile with a positive europium
anomaly. Through the arguments of Westgate and Gorton (28), these
widely and subtly differing chondrite-normalized REE patterns may in-
dicate sequential eruptions from two or more centers, although they may
reflect temporal changes in the composition of ejecta from a single source.
In the latter, magma may show elemental variability in response to changes
in temperature and pressure via fractional crystallization. The major ele-
ment and trace element composition of lava, ash, and pumice will reflect
the elemental values of the magma.

The dominance of Komagatake ejecta at Yagi supports the concept
of single source variability. The behavior of major elements and REE in
the Yagi soil profiles is compatible (29). However, this will remain con-
jectural until analysis of dated stratigraphies at or close to both Koma-
gatake and Essan have been completed.

After the REE patterns have been established, it is possible to check
the reliability of the soil unit designations. The results in Table IV suggest
that there is quite reasonable agreement between the REE patterns and
the soil horizon units. Only 2 samples out of 42 do not appear to fit the
various clusters. These two samples were obtained from an exposure
where the basal stratigraphic sequence was undecipherable. This table
confirms the similarity of Units II, III(lower), IV, and the basal unit
(Group B) noted in Table III, and the similarity of Units I and III(upper)
(Group A) with II'.

The sequence of the REE patterns observed with increasing depth

Table IV. Comparison of REE Patterns Found in Different Soil Units

Pattern

Unit
(number of samples) 1

1)

' (7)

11 (4)

III upper (9)
III lower (8)
1V (6)

Basal (4)

Ll o] e
eI
o] amro| |
o utw—~N ||
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Figure 5. Chondrite-normalized REE patterns for the N124, E90 profile
showing the change in pattern with depth. The figure has been divided into
two sections for clarity. Key: @, pattern 1; B, pattern 2; O, pattern 3.

for one exposure (N124, E90) is illustrated in Figure 5. The upper units,
ITAp and IIC, exhibit REE pattern 1 and subsequently deeper soil units
exhibit 2a (IIIApb), 2b (II1B2b), and 3 (IVApb and VC).

Of the six exposures sampled with their combined 42 soil units, only
one sample appears to be significantly misplaced. It is found in Unit IV
with a pattern 2a rather than a pattern 3, and is one of the two possible
outliers predicted from the expected REE pattern placement in Table
III.

Eight ceramic samples from the Early Jomon occupations at Yagi
were also analyzed as part of a continuing project involving both miner-
alogical and chemical analysis (30). Basal units at Yagi appeared to have
adequate amounts of clay to manufacture pottery, and hence may have

In Archaeological Chemistry—II1; Lambert, J.;
Advances in Chemistry; American Chemical Society: Washington, DC, 1984.



Publication Date: January 1, 1984 | doi: 10.1021/ba-1984-0205.ch005

9 ARCHAEOLOGICAL CHEMISTRY

provided a source of raw materials. While bearing in mind that pottery
is made from mixtures of clays and tempers, and that additives may well
distort the elemental concentration profiles, the chondrite-normalized
REE patterns of these sherds (Table V) were found to be quite similar
to those of the lower soil units—Unit III(lower) and IV, and the basal
unit. These units would have been the contemporary surface when the
site was occupied. The source of the REE patterns in the pottery could
be derived from either the clays used or the volcanic glass used as temper.
The REEs are very refractory; their relative distributions would not be
affected by manufacturing.

Conclusions

The stratigraphic sequence at Yagi is formed from a series of paleosols
accumulated from five volcanic episodes and modified by contemporary
and prehistoric human activities. The entire sequence is about 8000 years
old.

Archaeological and pedological stratigraphies were used to designate
soil units in the field. However, conditions peculiar to volcanic soils limit
the effectiveness of normal soil science laboratory tests.

Multielemental chemical analysis of soil samples by INAA produces
elemental concentration profiles that may be used to confirm the original
stratigraphic delineations of soil horizon units. The relationships between
the various soil units may be explainable geochemically. Although the
geochemical explanations may be of little direct interest to the archae-
ologist, they do imply that the observed differences are both real and
expected. This finding provides reliability for stratigraphic analysis and
for pottery provenance investigations.

Table V. REE Concentrations in Some Yagi Ceramics

Concentration
Element (ppm)
La 14 =4
Ce 40 =9
Nd 12 =4
Sm 2.4 £0.7
Eu 0.9 =0.2
Tb 0.37+0.15
Dy 3.3 0.9
Yb 2.3 0.3
Lu 0.32+0.05
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This approach may be applicable in solving questions of archaeo-
logical dating and relative stratigraphy at sites where traditional pedo-
logical methods are inadequate.
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Analysis of Soil Associated with
Woodland Burials

JOSEPH B. LAMBERT, SHARON VLASAK SIMPSON, JANE E.
BUIKSTRA, and DOUGLAS K. CHARLES

Northwestern University, Departments of Chemistry and Anthropology,
Evanston, IL 60201

We have analyzed the chemical composition of soil sur-
rounding the femurs of five human skeletons buried during
the Middle Woodland Period in west-central Illinois in or-
der to document the movement of specific chemical elements
between soil and bone. The use of elemental composition
of bone as a measure of ancient diet is predicated on the
absence of appreciable elemental flux between soil and bone.
We found homogeneous concentrations of strontium and
zinc in the soil, in agreement with the absence of any ex-
change activity for these elements. Concentrations of cal-
cium, iron, aluminum, and potassium were inhomogene-
ously distributed, indicating flux out of (calcium) or into
(iron, aluminum, potassium) bone.

LTHOUGH THERE IS AN EXTENSIVE LITERATURE on the chemical analy-
A sis of soil (1,2), very little work has been done on the dynamics of
soil composition associated with buried bone. The elemental content of
human bone has been related to the ancient diet (3). Any significant
transfer of specific elements from bone to soil or vice versa would vitiate
the analysis of bone in terms of diet. Loss of trace or minor elements
from bone could result in build-up of the elements in soil directly adjacent
to the bone, unless the newly introduced elements are flushed away by
the action of groundwater. Similarly, transfer of contaminative elements
from soil to bone could be associated with depletion of elements in soil
directly adjacent to the bone, unless groundwater maintains an equilib-
rium by reintroduction of the depleted materials. Thus, establishment
of enhancement or depletion in the soil of elements found in bone should
be an important aspect in our understanding of the relationship between

0065-2393/84,/0205-0097$06.00/0
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bone content and ancient diet. We report herein a multielement ap-
proach to the solution of this problem.

The most important element characterized to date in relation to diet
is strontium. Discrimination by animals against strontium in favor of
calcium results in decreased absolute strontium levels in animals com-
pared with plants, and in carnivores compared with herbivores (3). Al-
though the association of strontium with specific components of the diet
is not yet established, decreased levels of strontium have been crudely
associated with meat intake or protein level in the diet. Various authors
have been able to relate the strontium level with the development of
farming (4), with status as measured by the nature of grave goods (5),
and with the sex and status of the individual as measured by burial
location (6). Gilbert (7) and we (6) have examined other elements exten-
sively for possible relationships with ancient diet. By consideration of
elemental levels in soil compared with bone and of the relationship
between elemental levels and the age of the individual at death, we (6)
suggested that strontium, zinc, magnesium, calcium, sodium, and copper
might be useful for dietary conclusions. Iron, aluminum, manganese,
and potassium in bone are significantly contaminated by soil and are of
no use. Gilbert (7) also concluded that strontium, zinc, magnesium, and
copper would provide the best information on ancient diet. Our recent
studies of elemental levels in rib and femur from the same population
(8) confirmed that strontium, zinc, and magnesium, which have the same
levels in the two bones, should be of greatest dietary use; iron, aluminum,
manganese, and potassium, which show higher levels in the more con-
taminated ribs, are predominantly contaminants from the soil. A third
group of elements (calcium, sodium, and lead) showed depletion in the
ribs, presumably from leaching.

These results indicate that strontium, zinc, and magnesium, and
possibly calcium, sodium, and lead, may be of use in understanding
ancient diet, whereas iron, aluminum, manganese, and potassium clearly
are of little use. If these conclusions are correct, iron, aluminum, man-
ganese, and potassium should show depleted levels in the soil directly
around buried bone, unless groundwater can reintroduce these ions from
more distant soil. The remaining elements should show equal or en-
hanced levels in the adjacent soil. This proposition was tested briefly by
Keeley et al. (9), who found depletion of manganese but no change in
copper in soil adjacent to some entirely decomposed British burials. In
the present study, we have examined levels of the three most important
dietary elements (strontium, zinc, magnesium), as well as the clearly
contaminative elements (iron, aluminum, manganese, potassium) and
those possibly with mixed roles (calcium, sodium, lead), in order to obtain
a complete understanding of the dynamics of elemental interchange be-
tween buried bone and the adjacent soil.
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Materials and Methods

All burials were located at the Elizabeth site in west-central Illinois, dated
approximately to the Middle Woodland Period (100 B.C. to 400 A.D.). Soil samples
were taken at 5-cm intervals from the midpoint of the shaft of each femur, in
horizontal and vertical directions. Approximately 50-100 g of soil was removed
with a steel trowel from a 2-cm circle surrounding the measured position. The
soil samples were air-dried and stored in sealed, polyethylene-lined paper bags.

The femur was chosen for its cylindrical symmetry, which permitted soil
sampling in a full 360° solid arc around the bone without significant contamination
from the effects of neighboring bones from the same skeleton. Furthermore, we
have shown (8) that the femur is less sensitive to diagenetic effects than the rib,
for example. The femurs appeared to have decomposed more on the underside
than on any other surface. Soil sample sets were not usually complete because
most skeletal discoveries could not be anticipated. Burials were normally located
in a pit that had been backfilled at the time of interment. Consequently, soil
within and outside the pit need not be of the same materials. Vertical samples
well below the skeleton and horizontal samples well away from the skeleton may
reflect a change in the type of soil. With one exception, only burials that had
been located on a level surface were examined in order to avoid the effects of
soil creep (10).

For chemical analysis of each sample, approximately 10 g of soil was trans-
ferred to a Gooch crucible. Surface debris such as twigs were removed, and the
crucibles were heated in a muffle furnace at 500 °C for 24 h to remove organic
components. The ashed soil was then pulverized with a pestle in a porcelain
mortar. For each soil position, four 0.5-g portions of fine powder were analyzed
separately, and the results were averaged. Soil analyses were performed in-
house by atomic absorption spectrometry on a Varian Model 1250 spectropho-
tometer according to our previously reported method, which involves total dis-
solution of the sample in acid (11,12). The elements assayed were strontium,
zinc, magnesium, calcium, sodium, lead, iron, aluminum, manganese, and po-
tassium.

Results

In order to display and discuss the soil analyses, a coordinate system
must be defined. With the femur extended in the z direction (feet always
pointing toward the observer), the x axis is horizontal and the y axis
vertical. Let us arbitrarily define the positive y direction as up and the
positive x direction as away from the burial (hence, negative x is between
the two femurs). In the data tables, + 5x then would indicate a soil sample
located 5 cm away from the femur (i.e., away from the burial), —5x
would indicate a sample 5 cm from one femur inwards toward the other
femur, and — 10y would indicate a sample 10 cm beneath the femur.
Soil was analyzed surrounding four separate burials, which we have
designated by the letters A-D. Burial B contained two individuals rep-
resented by Bl and B2. Individual A (mound 3, burial 1) was a female
of age 35-50; B1 (mound 3, burial 3) a female of age 50+ ; B2 (mound
3, burial 3) a female of age 40+ ; C (mound 3, burial 13) a female of age
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25-35; and D (mound 11, burial 5) a male of age 20-21. Tables I-V
display the results of our analyses.

Discussion

The distribution of elements around each femur was used as an internally
calibrated measure of dynamic effects between bone and soil. The four
analyses at each soil position were averaged, and the means for the various
positions were compared to one another by the F-test (12, 13), which
determines whether there is a significant difference among the means.
A negative result indicates that all the means are statistically the same.
A positive result indicates that at least one of the soil positions is distinct
from the others. Thus, if the concentration of a given element decreases
or increases with the distance from the bone (the result of leaching into
or out of the bone), a positive result would be obtained. In addition, if
the concentration above the bone is different from that below or on the
side, a positive result also would be obtained. If only one soil point is
anomalous, a positive result may be misleading.

These principles are best seen by application to burial A, the F-
tests for which are given in Table VI. The distribution of zinc is seen to
be entirely isotropic, as there are no differences in the means for all four
soil positions around both femurs at the 95% confidence level. A ho-
mogeneous distribution of strontium also is seen around the left femur.
The positive result for the right femur is caused by the single —5x point,
but there is no discernible overall trend in the strontium data. Except
for this single point, the strontium distribution is essentially homoge-
neous around the right femur. Similarly for manganese, the distribution
is homogeneous around the left femur, and the positive result for the
right femur is caused by a single position, — 5x.

We propose that a pair of criteria must be fulfilled in order to
conclude that exchange effects are present. First, statistically significant
(>95%) differences in elemental concentrations must be present for soil
around both the right and the left femur. Secondly, the pattern of in-
homogeneity must be the same for both femurs. In dealing with material
as naturally heterogeneous as soil, it is necessary to utilize such extreme
criteria. According to these criteria, in addition to strontium, zinc, and
maganese, we observe the distributions of sodium and lead to be ho-
mogeneous around Burial A.

The distributions of magnesium, calcium, and iron are clearly ani-
sotropic around the femurs, and aluminum and potassium are probably
anisotropic. Within this set of five elements, however, there are two
distinct patterns of leaching. The highest concentrations of magnesium
and calcium are at positions + 5x and — 5x from the right femur and — 5x
from the left femur. The lowest concentrations of these two elements
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Table VI. Soil Analysis F-Test for Burial A

ARCHAEOLOGICAL CHEMISTRY

Right Femur Left Femur Right Femur Left Femur
(+5yuvs. +5xvs. (+5yvs. —5xvs. (+5yvs. +5xvs. (+5yuvs. —5xvs.
—5x vs. —8y) +5x vs. — 5y) —5xvs. —5y) +5x vs. — 5y)
Sr 9.89%* 0.76 Pb 5.63++ 16.95%**
Zn 1.09 1.79 Fe 31.05%** 30.24 %%*
Mg 203. 14*** 188.27*** Al 4.24+ 6.57*
Ca 27.63*** 232.09%** K 8.71%* 10.98%**
Na 1.13 10.74%* Mn 6.40* 1.86

NoTEs: F-test significances are indicated as follows: +, 95.0%; ++, 97.5%; *, 99.0%;
**09,5%; *** 99.9%.

For burial A, m = 3, n = 12 (m + 1 is the number of compared means; n + m is
the number of individuals).

are present directly below, — 5y, both femurs. For iron and aluminum,
however, the lowest concentrations are located at +5x and —5x from
the right femur and — 5y from both femurs. Potassium follows this same
pattern to a lesser extent. The most reasonable explanation for these
divergent results is that magnesium and calcium are being released from
the bone into the soil, whereas iron, aluminum, and potassium are being
depleted from the soil into the bone. This conclusion is similar to the
results obtained by comparison of rib analyses with femur analyses (8)
and by analysis of concentrations as a function of the age of the individual
at death (6). Fixation of iron and aluminum by phosphate, available from
bone in this context, is a well-established phenomenon (14).

Thus three distinct patterns of elemental distribution emerge from
the analyses of soil around burial A. The concentrations of strontium,
zinc, manganese, lead, and sodium are relatively homogeneous in the
soils above, beside, and below the femur. The concentrations of mag-
nesium and calcium are high directly beside the femur and the concen-
trations of iron, aluminum, and potassium are low beside the femur.
These results suggest that strontium, zinc, manganese, lead, and sodium
are not involved in a significant dynamic interchange between soil and
bone (or that the effects have been washed away), that magnesium and
calcium are leached out of the bone into the soil, and that iron, aluminum,
and potassium are removed from the soil into the bone. For burial A,
these trends are more prominent for the right femur than for the left.
In mound 3, all the burials contained two bodies. For burial A, the
arrangement was such that the right femur was located next to the left
femur of the companion, and soil effects on the right femur of A may be
exaggerated by similar effects from the left femur of the companion.

The grave pits in mound 3 were prepared by removal of soil through
the A and into the B horizon in order to form bowl-shaped holes in the
ground. In soil science, the A horizon refers to the humus-rich top layer
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that is most subject to the effect of washing. The B horizon is the region
to which the washings from A can migrate. The C horizon is weathered
but maintains chemical stability. The backfill process after burial would
tend to homogenize the soil and mix the horizons. After the pit was filled,
the mound was constructed over it. The hard clay beneath the hole would
be less permeable to rain water, so that collection of water toward the
bottom of the pit after rains could give rise to anisotropic distributions
of elements.

Soil from burial B was sampled around both individuals, labeled B1
and B2. The analyses for Bl are given in Table II and the F-test com-
parisons in Table VII. The elemental distributions follow a similar pattern
to that for burial A. The elements strontium, zinc, sodium, lead, and
manganese again show relative homogeneity around the bones. For a
positive result (i.e., anisotropy), significant differences must be observed
around both femurs, and the same pattern must be present for both.
Thus for B1, zinc is homogeneous around the right femur, but the positive
result for the left femur is caused by the single point at + 5y.

Significant inhomogeneity is observed for magnesium, calcium, and
iron for Bl. As for burial A, the highest calcium and magnesium con-
centrations are located at —5x and + 5y from the left femur and at + 5y
and —5x from the right femur. The lowest concentrations are at — 5y
from both femurs. The lowest concentrations for iron and aluminum are
at —5x and + 5y from the left femur and at + 5y and — 5x from the right
femur, and the highest concentrations are at —5y from both femurs.
Thus the elemental distributions in the soil are very similar for both
burials A and B1. Surprisingly, the distribution of potassium around B1
does not fulfill the criteria for inhomogeneity, although examination of
the raw data does show similarities to the patterns for iron and aluminum.

Table VIL. Soil Analysis F-Test for Burial Bl

Right Femur Left Femur Right Femur Left Femur
(+5yvs. +5xvs. (+5yvs. —5xvs. (+5yvs. +5xvs. (+5yvs. —5xvs.
—5xvs. —35y) +5x vs. —5y) —5xvs. —5y) +5x vs. —5y)
Sr 7.33** 6.55%+ + Pb 6.46* 1.33
Zn 3.05 4.00+ Fe 42.02%** 49,64 %**
Mg  61.59b%*x* 385.44*** Al 4.03+ 6.93*
Ca 107.38*** 156.61%** K 1.49 8.07**
Na 1.04 11.37%%* Mn 1.08 5.45++

NotEs: F-test significances are indicated as follows: +, 95.0%; ++, 97.5%; *, 99.0%;
*%099.5%; *** 099.9%.

For burial B1, m = 3, n = 12, unless otherwise indicated.
*m = 3, n = 10 (see footnote, Table VI).
bm = 3, n = 11 (see footnote, Table VI).
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The generally higher solubility of potassium salts could promote rein-
troduction and homogenization of potassium in the soil around the burial.
Local differences could explain why this process occurs more for B1 than
for A.

Soil sampling was less extensive around burial B2 (Tables III and
VIII). The F-test could be applied only to samples around the left femur,
so our complete criteria, which require agreement for both femurs, could
not be utilized. Again, however, the largest inhomogeneities are for
magnesium, calcium, and iron. Furthermore, the highest magnesium
and calcium concentrations are at —5x and + 5y from the left femur and
the lowest concentrations at — 5y from the left femur. Conversely, the
lowest iron concentration is at +5y and —5x from the left femur and
the highest at —5y. The patterns are the same as for burials A and B1.
Again, homogeneous distributions are observed for strontium, zinc, so-
dium, lead, potassium, and manganese. The small amount of data for
the right femur also follows the same patterns.

The conclusions from B1 and B2 parallel those from A. Leaching of
calcium and magnesium occurs from the bone to the soil, and depletion
of iron and aluminum occurs from the soil to the bone. All other elements
show little or no leaching effect. Only potassium exhibits different prop-
erties; it appears not to be depleted from the soil around Bl and B2. As
for A, the soils around B1 and B2 were a mixture of the A and B horizons.

For burial C, satisfactory statistical differences were found only for
calcium (both femurs) (Table IX). Although several elements show sig-
nificant anisotropy around the right femur (Table IX), the statistical con-
clusions in each case (except that of calcium) result from a single point
and are not confirmed by the left femur. These results contrast with those
for the burials described thus far, in that only calcium fulfills our criteria
for inhomogeneity. The highest calcium concentrations are at + 5y and
+5x from the left femur and at +5x, —5x, and +5y from the right
femur. The calcium content decreases with increasing distance from both

Table VIII. Soil Analysis F-Test for Burial B2

Left Femur Left Femur
(+5yvs. —5xvs. —5y) (+5yvs. —5xvs. —5y)
Sr 7.60++ Pb 7.68++
Zn 4.61+ Fe 8.88*
Mg 80, 72%** Al 0.06
Ca 304.53%** K 0.03
Na 0.22 Mn 2.19

NortEs: F-test significances are indicated as follows: +, 95.0%; ++, 97.5%; *, 99.0%;
**99.5%, *** 99.9%.

For burial B2, m = 2, n = 9 (see footnote, Table VI).
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Table IX. Soil Analysis F-Test for Burial C

Right Femur® Left Femur® Right Femur® Left Femur®
(+15xvs. +10xvs. (+10yvs. + 5y vs. (+15x vs. + 10x vs. (+ 10y vs. + Sy vs.
+5xvs. +5yvs. +5xvs. +10xvs. +5xvs. +5yvs. +5xvs. +10xvs.
—5xvs. —10x) +15x) —5xvs. —10x) + 15x)
Sr 1.92 0.80 Pb 3.16+ 2.92
Zn 1.36 1.25 Fe 3.44++ 2.69
Mg 0.91 1.17 Al 0.89 1.67
Ca 9.84%** 10, 11%%* K 5.51%* 3.06
Na 2.12 2.30 Mn 3.67 2.58

NorEs: F-test significances are indicated as follows: +, 95.0%; ++, 97.5%; *, 99.0%;
*%99.5%; *** 99.9%.

¢For burial C, m = 5, n = 18 (see footnote, Table VI).
bm = 4, n = 15 (see footnote, Table VI).

femurs in the +y, —x, and +x directions, in agreement with a process
whereby calcium leaches from the bone only into the nearby soil.

There are two possible explanations for the lower sensitivity to el-
emental variation in the soil around burial C, compared with A, B1, and
B2. First, we did not have a soil sample from the — 5y location, directly
below the femurs, and this location is particularly sensitive to leaching
effects. Without this point, the analysis may be less sensitive. Second,
and possibly more important, the age of the individual in burial C (grave
pit 3—13) was 25-35 years at the time of death; those in burials A, BI,
and B2 (grave pits 3—1 and 3-3) were probably all over 40. The increased
brittleness and porosity of the bones from older individuals have been
shown to bring about increased contamination of chemical elements from
the soil environment (6). Thus the younger age of the individual in burial
C may have caused less elemental interchange with the environment.

The soil around burial D, located in a different mound (grave pit
11-5), was sampled very extensively (Table V). The expected trends are
observed, for the most part, in the samples around the right femur (F-
tests are given in Table X). Homogeneous distributions are found in both
x and y directions for strontium and zinc. The remaining elements ex-
hibited inhomogeneity, although many of these results are caused by a
single, anomalous point. No expected patterns were observed in the soil
around the left femur; these results were atypical compared with all
others and may have been influenced by unknown soil anomalies or by
decomposed burial artifacts.

The point located between the femurs, designated by —x in Table
V (last section), is a useful control for other samples in the x direction,
because it is >15 cm from each femur. Leaching effects should be tailing
off at this distance. Indeed, concentrations of strontium, zinc, lead, so-
dium, and manganese at + 15x to +5x from both femurs are similar to
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Table X. Soil Analysis F-Test for Burial D

Above Femurs® Right Femur® Left Femur®
(+35yvs. +25y (+15xvs. +10x (—Syuvs. +5y
vs. +15y vs. vs. +5xvs. + 5y vs. vs. +5xvs.
+10y) —35y) +10x vs. +15x)

Sr 2.20 1.11 85.05%**

Zn 0.82 1.94 52.58%**

Mg 1750.00%%* 200.83*** 73.84 %

Ca 51.27*** 60.51%** 79.36%**

Na 5.67++ 5.46* 2.37

Pb 2.72 3.87++ 1.74

Fe 23.23%%* 7.93%* 1.64

Al 16.10%** 8.06%* 1.69

K 11.44%** 3.81++ 2.43

Mn 2.19 4.16* 25.53%**

NortE: F-test significances are indicated as follows: +, 95.0%; ++, 97.5%; *, 99.0%;
**099.5%; ***, 99.9%.

¢For burial D, m = 3, n = 12 (see footnote, Table VI).
bm = 4, n = 15 (see footnote, Table VI).

the values at —x (between the femurs). Magnesium and calcium con-
centrations are higher at + 15x to + 5x than at —x, and iron, aluminum,
and potassium concentrations are lower. Thus, the three distinct patterns
of elemental distribution observed for burials A and B are also observed
in the x direction for D.

The vertical profile for burial D was the most extensive we obtained,
from +35y to + 5y in 5-10-cm increments, and showed the same trends
we observed in the burials from mound 3. Thus the soil distributions for
strontium, zinc, lead, and manganese are vertically homogeneous. Al-
though the F-test for sodium is positive, the distribution is not monotonic
and may not have been appreciably inhomogeneous. As usual, high F
values are obtained for magnesium, calcium, iron, aluminum, and po-
tassium. The magnesium and calcium concentrations decrease monoton-
ically with increasing distance from the skeleton, whereas the iron, alu-
minum, and potassium concentrations increase monotonically with
increasing distance from the skeleton. These results again are suggestive
of loss of magnesium and calcium from the skeleton to the soil and loss
of iron, aluminum, and potassium from the soil to the skeleton.

The soils in the vicinity of mound 11 were less developed than those
around mound 3, with only a very weak B horizon. The pitfall was a
mixture of soils from the A and C horizons. There was no actual mound
over the pit, which was dug out from the side of a ridge. Thus the
anomalies associated with the left femur may have been the result of soil
creep.
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Conclusions

Because of the normal heterogeneity of soil and because of possible
unnatural alterations introduced at the time of burial, such as grave goods
that have since decomposed, elemental analysis of soils and discernment
of spatial trends of specific elements are fraught with difficulties. None-
theless, we believe that we have documented permanent and diagnostic
alterations in the soil composition as the result of elemental interchange
with the skeleton. Furthermore, these observations correspond in almost
every detail to those made in our study of the relative elemental com-
positions of excavated human ribs and femurs (8).

With few exceptions, we found that strontium and zinc are homo-
geneously distributed in the soil around the burials, so that there was
no flux of these elements between soil and bone. These elements were
found to be of equivalent proportions in the ribs and femurs (8) and have
been classified as reliable indicators of ancient diet. Calcium was found
in higher concentrations beside (+x and —x) and above (+y) the skel-
eton, and this increased concentration clearly dies off in the +y direction
(gradient data were not available for —y). In agreement with the rib/
femur study, these results suggest that calcium is leaching out of the
bone and lodging permanently (on the time scale of the burial) in the
soil around the skeleton. A similar observation for magnesium differs
from the rib/femur result, in which magnesium was found in identical
proportions in the two bones. The increased presence of magnesium in
the soil around the bones may have resulted from effects of organic tissue,
which we have not been able to consider.

The pattern whereby strontium is stable in buried bone but calcium
clearly leaches out into the soil over time confirms that use of the stron-
tium:calcium ratio in the analysis of buried bone is entirely inappropriate.
Although valuable to the geologist and the biochemist, this ratio is de-
pendent on diagenesis and is not reliable for the archaeologist looking
at ancient bone. The absolute strontium and calcium percentages must
be used in development of dietary inferences.

The elements sodium, manganese, and lead were generally homo-
geneous in their distribution in the soil around the skeleton. However,
we have clearly demonstrated that sodium is lost from bone and man-
ganese is gained during burial (6, 8) (lead effects were not entirely clear).
Thus sodium and manganese may be relatively mobile within the soil,
so that archaeological effects are too short term. The high solubility of
sodium salts may promote the disappearance of any concentration in-
homogeneities.

Finally, iron, aluminum, and potassium show unambiguous patterns
of leaching from the soil into the bone. Their distributions are invariably
anisotropic (except occasionally for potassium, another element with highly
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soluble salts). Their concentrations are lower beside and above the skel-
eton; these decreased levels die off clearly in the +y direction. These
elements were found at higher levels in the rib than in the femur (8), as
expected for contaminants.

In this study, we have not been able to focus on specific environ-
mental effects, such as weathering, climate, bacteria, drainage, solifluc-
tion, grave goods, and the decomposed organic part of the body. Soil
analysis can be a difficult and frequently unrewarding approach to under-
standing the effects of diagenesis of buried human bone. However, we
believe that, at the least, we have shown that strontium and zinc in
human bone undergo little or no flux with the soil during burial for the
time period and conditions under study, that calcium leaches from the
bone into the surrounding soil, and that iron, aluminum, and potassium
move from the soil into the bone. The flux of magnesium, sodium, lead,
and manganese is not clear from soil analyses alone, although their roles
are clarified by comparison of their relative levels in rib and femur.

This study comprises an initial approach to understanding soil/bone
dynamics. We have not been able to address the question of the actual
mechanisms of elemental flux, which might be quite different for calcium,
iron, and manganese, for example. Sites with other soil characteristics,
such as pH, and other environmental characteristics, such as climate,
might produce different results.
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Modern Neutron Activation Analysis
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Neutron activation analysis (NAA) is an eminently suitable
technique for obtaining the chemical profile of ancient pot-
tery and artifacts made from other earthy materials. This
technique can be used to determine where these articles
originated. An NAA system that has proved to be adequate
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