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Abstract

The Dmanisi site has yielded human remains and lithic industry associated with Late Pliocene–early Pleistocene fauna. The site is composed of
volcanogenic sediments overlying basaltic lava flows. The lithostratigraphic sequence comprises two basic depositional units: Unit A, overlying
the basalt flows, and Unit B on top. A paleomagnetic and rock-magnetic study has been carried out on 106 specimens from Units A and B and the
uppermost basalt flow. The lava and Unit A provide normal polarities, while reversed polarities and anomalous directions are observed in Unit B,
the latter probably due to overlapping of a secondary and a primary reversed polarity component. The lower part of the section shows a clear
correlation with the Olduvai subchron, and the upper levels could be as young as 1.07 Ma. As human remains were found both in units with
normal and reversed polarity, different non-contemporaneous human occupations might have been possible.
© 2007 University of Washington. All rights reserved.
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Introduction

Although a general consensus exists about Africa being the
cradle of mankind, the timing of the first habitation and stone
technology in different regions of the world remains a topic of
debate (e.g., Gabunia et al., 2000; Zhu et al., 2003). During Late
Pliocene or early Pleistocene time, hominins started to spread
out of Africa and several Plio-Pleistocene and lower Pleistocene
Eurasian sites yield direct or indirect evidence of human
presence (e.g., Gabunia et al., 2001; Parés et al., 2006). These
discoveries have provided new insight about the pattern of
human evolution and dispersal, a topic in which age determi-
nations possess capital importance. Paleomagnetic methods are
widely used for dating purposes and have proved to be a very
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useful tool in order to establish a temporal control of sites
yielding hominin remains or artifacts (e.g., Zhu et al., 2003).

The Dmanisi paleo-anthropologic site is located in southern
Georgia (Caucasus) (41.34°N, 44.34°E), 85 km SW of Tbilisi.
Over the course of the last two decades, the site has yielded
several hominin fossils, thousands of vertebrate remains and
more than one thousand stone tools (Gabunia et al., 2001;
Rightmire et al., 2006). K/Ar and 40Ar/39Ar dating of the lava
flows underlying the site yielded ages of 2.0Ma (Schmincke and
van den Bogaard, 1996), 1.8 Ma (Maissuradze et al., 1991) and
1.85 Ma (Gabunia et al., 2000), and 40Ar/39Ar dating of volca-
nogenic ashes in which a hominin mandible was found gave an
age of 1.81 Ma (Lumley et al., 2002), making the Dmanisi
findings the most ancient human fossils outside Africa so far.

Dmanisi is located near the confluence of the Masavera and
Pinezaouri rivers, on top of an erosional spur of the Masavera
basalt, 80 m above present-day water levels. The Late Pliocene
Masavera basalt, a thick sequence of lava flows, filled the
ed.
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Figure 1. (a) Schematic stratigraphic section of the Dmanisi site (modified from Gabunia et al., 2001). Main depositional Units A1, A2, B1 and B2 (after Gabunia et al.,
2001). In brackets, old stratigraphic classification (Dzaparidze et al., 1991). Sampled units (see text) are shown with black (sedimentary samples) and grey (volcanic
samples) rectangles. (b) Latitudes of virtual geomagnetic poles and magnetic polarities of studied levels in all units. In grey, samples with anomalous directions,
interpreted as reversed polarity directions (see text). Comparison with the Geomagnetic Polarity Time Scale (Gradstein et al., 2004).
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Pinezaouri paleo-valley, creating a basin filled by a lake which
allowed sediment deposition until both rivers started to excavate
the present-day Masavera and Pinezaouri valleys (Dzaparidze
et al., 1991).Overlying the lava flows, a 4- to 5-m-thick sequence
of volcanoclastic alluvium that is homogeneous in composition,
proportions and texture can be found at the site. The basic min-
eral components are unsorted sand-sized basaltic shards, pumice
and glass in a variable matrix of undifferentiated clay, with
secondary carbonates in varying proportions (Mallol, 2004).

Dzaparidze et al. (1991) proposed a first stratigraphic clas-
sification of the Dmanisi Plio-Pleistocene sequence which
comprised six relatively horizontally bedded depositional units.
From top to bottom, they are gray clays with limestone blocks
(I), yellow brown loam (II), limestone crust (III), brown loam
(IV), blackish-brown loam and blackish sand (V) and volcanic
ash (VI). A more recent and currently accepted interpretation of
the stratigraphic sequence includes only two main depositional
units (Gabunia et al., 2000, Fig. 1): the basalt floor is overlain
by fallout ash layer Unit A, which is formed by subunits A1
(former layer VI) and A2 (former layers IV and V), the latter
conformably overlying A1. The transition between A1 and A2
is gradual, and it has been hypothesized that both units might
represent consecutive ash-falls from a single eruption (Mallol,
2004). The upper surface of A2 is an erosional surface and
fallout ash layer Unit B unconformably overlies A. Unit B is
formed by subunits B1 (former layer II) and B2 (former layer I),
which unconformably overlies B1.
oi.org/10.1016/j.yqres.2007.09.001 Published online by Cambridge University Press
Within Unit A, numerous lens-to-tunnel shaped sedimentary
structures cross-cut horizontally bedded strata, and most of the
vertebrate fossils, including the hominins, come from these
features (Gabunia et al., 2001). Their structure, composition and
geomagnetic polarity, which was determined in a previous
paleomagnetic study (Gabunia et al., 2000), suggest that they
formed during erosion of Unit A before deposition of Unit B. On
the other hand, one of the mandibles (D2600) was found in ash
layer A1 (Lumley et al., 2002). A post-depositional unit of
pedogenic calcrete is also recognized, forming a caliche layer on
top and a calcrete layer at the bottom of B1, called “Kerki” in the
bibliography. This feature has been interpreted as a non-
pedogenic calcrete possibly related to groundwater fluctuation
in a semi-arid environment (Mallol, 2004).

The site has been subject of previous paleomagnetic work.
Sologashvili et al. (1995) obtained normal polarities in all
lithostratigraphic units and an anomalous direction in the basal
lava, correlating the section with the Olduvai subchron. Most of
the samples, however, were not fully demagnetized. Goguitch-
aichvili and Parès (2000) analyzed 8 cores from the basalt lava
and 27 samples from the overlying sediments. The basalt flow
yielded an intermediate polarity direction and the sedimentary
samples provided reverse polarity directions. These results did
not support an Olduvai age for the human remains but sug-
gested an age between 1.77 Ma (Olduvai/Matuyama boundary)
and 1.07 Ma (Matuyama/Jaramillo boundary). Gabunia et al.
(2000) obtained normal polarities in samples from Unit A and
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Table 1
Paleomagnetic results

UNIT Levels N DEC INC α95 k

B1 (II) 18 46 No mean calculated
B1 (III) “Kerki” 3 3 171.0 −56.9 22.3 31.8
A2 (IV) 6 11 15.4 62.3 4.3 244.7
A2 (V) 20 37 0.5 52.5 3.1 112.0
Masavera Basalt 1 8(9) 352.1 69.8 9.4 36.1

Levels: Number of stratigraphic levels in each unit. N: number of specimens
analyzed (9 specimens, 8 cores in the Masavera basalt). DEC: declination. INC:
inclination. α95: radius of 95% confidence circle. k: precision parameter.
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the underlying basalt flow as well as reversed polarities in Unit B
and the infills of the aforementioned features cross-cutting Unit
A, which therefore proved to be non-contemporaneous to Unit A
sediments. Unfortunately, almost no technical details (position
of the studied cores, demagnetization temperatures and fields)
nor Zijderveld plots were provided in their study, although this
kind of information is essential for reliable paleomagnetic re-
sults. Mean paleomagnetic directions of samples from Unit A
and the infills showed good clustering, while scatter in Unit B
was considerable (k=3.2), casting doubts about the interpreta-
tion of the latter directions and their polarity. In a recent study,
(Garcia, 2004) obtained coherent results only from samples of
the lava flows and the lowermost parts of Unit A, all yielding
normal polarities.

As previous investigations have provided rather contradicto-
ry results, the present study was started in order to try to obtain a
clearer magnetostratigraphic picture of the Dmanisi paleo-
anthropologic site. Samples were obtained in three different
samplings (Fig. 1). In 1992, samples belonging to Unit A (seven
5–5.9 cm horizontally cut continuously sampled blocks) were
taken from the so-called Darani pit, and in 1993 three
horizontally cut 10 to 40 cm block samples belonging to both
Units B (blocks 1 and 2, the former taken in the “Kerki” calcrete
crust) and A (block 3) were collected in the so called Area 2 of
Figure 2. Orthogonal vector plots of stepwise demagnetization of representative samp
plane. Demagnetization steps are given in °C (thermal) and mT (AF). (a) Thermal dem
DM23-3-1, Unit B). (c) AF demagnetization (sample DM23-8-2, Unit B).
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the excavation (see description in Sologashvili et al., 1995).
Non-magnetic glue was applied every day during 1 month to the
blocks to be consolidated for sampling, and the same procedure
was repeated once a week during a whole year to preserve them
during storage. In 2005, the underlying lava flows were sampled.
Sedimentary samples from the 1992 and 1993 samplings were
oriented only with a magnetic compass, and volcanic samples
also by means of a solar compass.

Laboratory measurements and rock-magnetic results

Paleomagnetic experiments

Paleomagnetic measurements were performed in the Uni-
versity of Burgos. Blocks were cut into cubic or prismatic
specimens of 1.5 to 2.0 cm height with a non-magnetic saw, so
that specimens from 47 different stratigraphic levels were
available together with specimens from the uppermost lava
flow. Although most blocks had enough consistency to be used
for subsequent thermal or alternating field demagnetization
experiments, some had to be put into plaster moulds in order to
resist thermal demagnetization without breaking up. All of the
latter samples belonged to Unit B. Magnetization of the plaster
moulds was negligible (normally less than 1% and less than 4%
in the worst case) compared to magnetization of the specimens.

Remanent magnetization was measured with a 2-G cryo-
genic magnetometer, thermal demagnetization was performed
with a Schonstedt TSD-1 furnace and AF demagnetization with
a degausser included in the 2-G cryogenic magnetometer
equipment. Directions of remanent magnetization components
were determined in all cases by means of principal component
analysis (Kirschvink, 1980).

Specimens were subjected either to thermal or AF demag-
netization. In almost all cases, each stratigraphic level was
represented by at least a thermal and an AF demagnetized
specimen. In a few cases in Unit B, a combined thermal and AF
les from the Dmanisi site. Circles (crosses) correspond to the horizontal (vertical)
agnetization (sample DM22-5-1, Unit A). (b) Thermal demagnetization (sample
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Figure 3. Susceptibility-versus-temperature curves. (a) Sample DM22-5-1 (Unit A). (b) Sample DM23-8-2 (Unit B).

Figure 4. Anisotropy of magnetic susceptibility of representative samples in
Unit A and Unit B. Squares: maximum principal axes. Triangles: intermediate
principal axes. Circles: minimum principal axes.
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demagnetization was also carried out. Thermal demagnetization
was performed in 11 to 20 steps up to maximum temperatures of
574 to 640°C; AF demagnetization in 16 to 20 steps up to
maximum peak fields of 90 to 140 mT; and, in combined
demagnetization experiments, samples were thermally demag-
netized up to 236°C before being AF-cleaned. During thermal
demagnetization, room temperature bulk susceptibility was
measured after each heating step in order to check possible
alteration of the carriers of remanence. Unit A samples showed
a 50–60% increase in susceptibility at room temperature after
428°C, with susceptibility starting to rise mainly after heating at
237°C. Unit B samples displayed a steady but only slight
increase of susceptibility during demagnetization.

Thermal demagnetization of samples from the basalt flow
yielded almost complete demagnetization at 575°C, although
most specimens were subjected to AF demagnetization. A
normal polarity component partially overlapped by a more or
less intense secondary component could be isolated in all studied
cases (Table 1).

Unit A specimens displayed a rather simple paleomagnetic
behavior (Fig. 2a), both in thermal and in AF-demagnetized
samples, showing a single paleomagnetic component. Only in a
few cases orthogonal demagnetization plots of samples from
some of the upper-lying Unit A levels showed a more complex
behavior, apparently related to the partial overlapping of a
primary normal polarity component and a secondary one,
although the characteristic component could also be easily
isolated. Characteristic remanence (ChRM) could be isolated at
temperatures above 150 to 237°C (in a few cases above 428°C)
or fields above 10 to 20 mT. All analyzed 48 specimens from
Unit A, which belonged to 26 different stratigraphic levels,
provided normal polarity directions, and thermal and AF-
demagnetized sister specimens from the same level showed
good agreement in their paleomagnetic directions. ChRM is
oi.org/10.1016/j.yqres.2007.09.001 Published online by Cambridge University Press
probably a post-depositional remanence (pDRM), as Dmanisi
sediments show signs of intense bioturbation (Mallol, 2004).

In Unit B, 49 specimens from 21 stratigraphic levels were
analyzed, both AF and thermally demagnetized samples
showing two or three components. In several cases, specimens
from the same block and stratigraphic level (i.e., the same
sample) displayed a rather different demagnetization behavior
when subjected to different demagnetization techniques (Figs.
2b and c). In the case shown, thermal demagnetization was able
to separate a lower unblocking-temperature normal polarity
component and a higher unblocking-temperature reversed-
polarity component, while AF demagnetization of the sister
specimen did not, providing an anomalous northwest-pointing
direction with negative inclination. In other cases AF demag-
netization was able to separate components to a certain extent,
while thermal demagnetization of sister specimens did not.
Some specimens were subjected to combined thermal and
AF demagnetization, but in most cases this technique did not
supply much new information. The higher unblocking-temper-
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ature components could be isolated at temperatures above 350
to 500°C, and the higher unblocking-field components at fields
above 20 to 50 mT.

Reversed-polarity ChRM directions could be clearly isolated
in block 1 (“Kerki” carbonate layer) and lower stratigraphic
levels of block 2 (Fig. 1). In several specimens of Unit B,
however, analysis of orthogonal vector plots did not allow
determination of a clear ChRM component or, more frequently,
provided extremely anomalous directions, such as northward
pointing directions with negative inclinations. In some cases,
however, analysis of directions during demagnetization showed
that there was a tendency of the remaining remanence towards a
southward-pointing reversed polarity direction, indicating that
the complex behavior observed in Unit B samples could be
produced by the overlapping of a normal and a reversed polarity
component of similar unblocking-temperature and field spectra,
rather than by the presence of anomalous intermediate polarity
directions. Due to the aforementioned problems, at higher
stratigraphic levels, a more complex picture arose, and while
some specimens also provided reversed polarity directions, often
rather anomalous directions of intermediate polarity were
determined.

Rock magnetic experiments

In order to identify minerals responsible for remanent mag-
netization, susceptibility-versus-temperature (κ–T) curves were
measured on whole rock powdered samples from both Units A
and B with a KLY-2 Kappabridge with furnace. Measurements
were performed in argon atmosphere, with samples being heated
up to temperatures near 700°C and cooled down to room
temperature, and Curie points were determined taking inflexion
points in κ–T curves following the drop of susceptibility corres-
ponding to the destruction of ferromagnetic phases.

In Unit A specimens (Fig. 3a), a main component with a Curie
temperature TC≈510°C (low-Ti titanomagnetite) could be
recognized on the heating curve together with a small and
almost imperceptible hump at approximately 330°C (perhaps
related to the presence of pyrrothite, titanomagnetite or
titanomaghemite). The cooling curve showed an increased
susceptibility value. In specimens from Unit B (Fig. 3b), two
phases could be clearly identified in heating curves, one with a
Curie temperature TC≈520°C (low-Ti titanomagnetite) and one
with TC≈400°C, probably also related to the presence of
titanomagnetite or titanomaghemite. In Unit B, cooling curves
did not show a significant susceptibility increase, but the lower
TC phase had disappeared.

Some Unit A and B specimens were subjected to isothermal
remanent magnetization (IRM) acquisition and demagnetization
experiments. A weak (0.12 T), intermediate (0.4T) and strong
(2T) IRM were imparted to the samples at three perpendicular
axes and then thermally demagnetized. The low-Ti titanomag-
netite component could be recognized in all cases, but the phase
with TC≈400°C could be distinguished only in one Unit B
specimen. In Unit A specimens, a decrease of IRM was
recognized at 300°C in the high and intermediate field axes,
probably related to the presence of pyrrothite.
rg/10.1016/j.yqres.2007.09.001 Published online by Cambridge University Press
Measurements of anisotropy of magnetic susceptibility
(AMS) were carried out on 11 samples from Unit A and
8 samples from Unit B with a KLY-4 Kappabridge. Anisotropy
factor P was characterized by very low values, with a maximum
P=1.006. Analysis of anisotropy parameters, however, showed
that in Unit A samples foliation (F) dominates over lineation (L),
with F=1.0020; L=1.0012, while the opposite occurs in Unit B
samples (F=1.0009; L=1.0020). In Unit A, a sedimentary
fabric with nearly vertical minima was observed, but in Unit B
the sedimentary fabric could no longer be recognized, a second-
ary fabric probably being superposed to the latter (Fig. 4).

Discussion and conclusions

In Figure 1, paleolatitudes of virtual geomagnetic poles
(VGP) corresponding to directions from all sequence levels are
shown. A cut-off angle of 45° has been chosen to distinguish
between intermediate and reverse or normal geomagnetic field
(McElhinny andMcFadden, 1997).Where specimens belonging
to the same stratigraphic level displayed coherent directions, as
occurred in Unit A, their mean direction was used to calculate the
VGP. Elsewhere, VGPs from each specimen were calculated,
providing more than one at a single stratigraphic level. Only in
those cases in which a characteristic remanence could
unmistakably not be isolated (e.g., Fig. 2c), a VPG was not
determined.

In Unit A, samples from all 26 stratigraphic levels displayed
well-clustered normal polarity directions (Table 1 and Fig. 1), in
most cases obtained from the mean value of thermally and AF
demagnetized specimens, which showed excellent agreement.
The underlying lava flow also yielded a normal polarity direc-
tion. Unit B samples belonging to the “Kerki” calcrete layer
(block 2, Fig. 1) also provided coherent results (Table 1). Three
of four analyzed levels displayed reversed polarity, and the
lowermost one, where no thermally demagnetized specimen
was available, had an intermediate polarity. Analysis of rema-
nence directions during demagnetization showed a tendency
towards a southward-pointing reversed polarity direction. Re-
maining Unit B samples (block 1, Fig. 1) showed a more hete-
rogeneous behavior. Only the lowermost stratigraphic levels
clearly yielded reversed polarity directions, but the remaining
ones were characterized by the occurrence of anomalous inter-
mediate polarity directions together with some reversed polarity
directions.

If demagnetization characteristics of samples with the kind of
behavior described in the previous section is taken into account
(i.e., contradictory behavior of AF and thermally demagnetized
specimens belonging to the same stratigraphic level, tendency
towards reversed polarity directions of paleomagnetic rema-
nence vectors during demagnetization), it seems reasonable to
suppose that the anomalous intermediate polarity directions
observed in Unit B actually have no geomagnetic significance
but are produced by the coexistence of a secondary normal and a
primary reversed polarity component of similar unblocking
temperature and field spectra. This interpretation is supported by
AMS results, insofar as Unit B (as opposed to Unit A) clearly
shows a secondary, non-sedimentary fabric. Therefore, upper-
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lying Unit B samples are also interpreted as possessing reversed
polarities.

If the results from the present study are compared with the
geomagnetic polarity scale, and available radiometric data (1.8
to 2.0 Ma for the underlying lavas and the volcanic ash level)
are considered, the lower part of the section shows a clear
correlation with the Olduvai subchron (Fig. 1). If considered
reversed, the upper levels cannot be correlated with any specific
point and could be as young as 1.07 Ma (age of Jaramillo)
because the whole section is not continuous and so the smaller
events might not be recorded, even though the data set from this
study is composed of continuous subsections. If directions of
the upper-lying Unit B samples are considered intermediate,
those data might correspond to a polarity change between
Olduvai and any of the normal polarity subchrons shown,
although because of the reasons outlined before we do not favor
that interpretation.

Despite the morphologic differences observed between man-
dible D2600 found in layer A1 and the remaining hominin
findings (Rightmire et al., 2006), different data sources (i.e.,
stratigraphic and sedimentological) suggest that the time frame
spanning the Dmanisi lithostratigraphic section is not long (e.g.,
Gabunia et al., 2001). On the other hand, human remains and
artifacts have been found in volcanic ashes (Unit A, normal
polarity), pipe features (reversed polarity) and Unit B (reversed
polarity), and the Olduvai/Matuyama reversal is not recorded in
the discontinuous sequence presented in this study. A conserv-
ative analysis of these observations suggests that the age of the
Dmanisi site could at least span several ten thousands of years,
although a much wider period of hundreds of thousands of years
cannot be excluded. All this might point to more than one
human population occupying the studied area.
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