the outflow in the Atlantic cannot be east-
ward along the equatorial corridor because
there is no direct oceanographic connec-
tion. Instead, these warm saline waters flow
eastward into the western boundary current
of the North Atlantic subtropical gyre and
are delivered into the subpolar Atlantic,
producing the rapid melting of ice and
hence Heinrich events. This is a seasonal
process. From inflection points to maxima,
there is a diminution in the zonal compo-
nent relative to the meridional component
of the tropical easterlies in the key season of
Northern Hemisphere summer. Relaxation
of the "Zonal force permits increasing
amounts of heat and salt to flow eastward
into the western boundary current, culmi-
nating in F. profunda maxima and Heinrich
events. This mechanism alters the parti-
tioning of heat loss from these inland seas.
Latent heat flux to the atmosphere decreas-
es relative to sensible heat loss to the North
Atlantic Ocean by means of surface water
advection as the zonality of tropical easter-
lies decreases; the opposite effect occurs as
the zonality increases.

The mechanjsm that we propose for the
delivery of heat- and salt-enhancing or -re-
tarding continental ice accumulation and
sea ice—ocean density stratification is com-
plimentary to the “binge and purge hypoth-
esis” (26), to the “conveyer belt hypothesis”
(25), and to the evidence that variation in
the advection of warm Atlantic surface wa-
ter into the Norwegian Sea influenced both
atmospheric circulation through the last
glacial-interglacial ~transition (27) and
Greenland ice for 0 to 41 ka (2). Our results
also support the initial view that Heinrich
events were a product of precessional forc-
ing (I). Circumstantial evidence exists in
the correlation between Heinrich events
and similar millennial-scale responses in
the Greenland ice (19) and with spectral
analyses of Vostock (Antarctica) and GRIP
(Greenland) ice cores, which contain stable
spectral peaks at 8.96 and 7.76 ky, respec-
tively (28).

If our scenario is correct, then at ~3 “C
ka, equivalent to ~3 ka (a in Fig. 1C), the
modality of the system changed. During this
time, there was a concomitant increase in
precipitation around the North Atlantic in
subpolar latitudes and a decrease in precipita-
tion in West Africa (29-32). The precessional
forcing and response mechanism described
here will continue to at least 28,000 A.D,;
consequently, F. profunda maxima should oc-
cur at ~3200 A.D. and ~11,600 A.D.
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Latest Homo erectus of Java: Potential
Contemporaneity with Homo sapiens
in Southeast Asia

C. C. Swisher lll, W. J. Rink, S. C. Antén, H. P. Schwarcz,
G. H. Curtis, A. Suprijo, Widiasmoro

Hominid fossils from Ngandong and Sambungmacan, Central Java, are considered the
most morphologically advanced representatives of Homo erectus. Electron spin reso-
nance (ESR) and mass spectrometric U-series dating of fossil bovid teeth collected from
the hominid-bearing levels at these sites gave mean ages of 27 = 2t0 53.3 = 4 thousand
years ago; the range in ages reflects uncertainties in uranium migration histories. These
ages are 20,000 to 400,000 years younger than previous age estimates for these homi-
nids and indicate that H. erectus may have survived on Java at least 250,000 years longer
than on the Asian mainland, and perhaps 1 million years longer than in Africa. The new
ages raise the possibility that H. erectus overlapped in time with anatomically modern

humans (H. sapiens) in Southeast Asia.

The geologic age and taxonomic affinity of
hominid fossils from Ngandong and Sam-
bungmacan, Central Java, bear directly on
the controversy surrounding the origin of
anatomically modern humans (H. sapiens).
Proponents of a regional continuity model
for the origin of H. sapiens consider that
these fossils are both morphologically and
SCIENCE «
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temporally transitional between Javanese
H. erectus, such as Sangiran 17, that are
older than 780,000 years ago (ka), and early
robust Australian H. sapiens, such as Wil-
landra Lakes Hominid (WLH) 50, that first
appear about 30 ka (I, 2). The opposing
view is that H. sapiens arose in Africa less
than 200 ka and only recently spread out



over Europe and Asia, replacing existing
populations of hominids with little or no
interbreeding (3-5). Both views recognize
strong morphological continuity between
mid-Pleistocene Javanese H. erectus.and the
Ngandong and Sambungmacan hominids,
but differ in how these hominids relate to
H. sapiens (1, 3, 6, 7). Here, we present
geochronological data that suggest that H.
erectus persisted in Southeast Asia much
longer than in either Africa or mainland
Asia, and may have coexisted in time with
H. sapiens.

Hominid fossils were discovered at Ngan-
dong in 1931540 years after the discovery of
the type H. erectus specimen at Trinil (Fig.
1). Between 1931 and 1933, the Dutch Geo-
logical Survey in Java conducted excava-
tions in a 50 by 100 m area that yielded over
25,000 vertebrate fossils, including a total of
12 hominid calvaria and partial calvaria and
two hominid tibiae (8). In excavations by
Gadjah Mada University :(GMU) between
1976 and 1980 in an adjacent 25 by 14 m
area, an additional 1200 vertebrate fossils
were recovered, including two partial homi-
nid calvaria and hominid pelvic fragments
(9). In both excavations, most of the 26,000
fossil vertebrates and all of the hominids
were concentrated in an interval 50 cm or
less thick near the base of a 0- to 3-m thick
terrace deposit of the Solo River (Fig. 1) (8).
The Ngandong terrace, also referred to as the
High Terrace (10), is situated 20 m above
the level of the present-day Solo River in the
Kendeng Hills region and is traceable for
some 15 km (10). The fossiliferous interval
consists of volcaniclastic sandstone inter-
mixed with marl cobbles from the uncon-
formably underlying Pliocene Kalibeng For-
mation. Fossil accumulations at Ngandong,
and in outcrops of the 20-m terrace deposit
elsewhere, occur primarily at bends of the
present-day Solo River (11), suggesting that
the river had a similar course in the past and
that the 20-m terrace is geomorphologically
young.

The fragmentary nature of the fossils at
Ngandong and their association with fluvial
sediments suggest that they have been
transported by water, although the presence
in the nonhominid fossils of a few articu-
lated vertebrae and a few crania with asso-
ciated mandibles indicates that the amount
of transport was minimal. Likewise, both
hominid and nonhominid crania show little
evidence of abrasion because fragile pro-

C. C. Swisher lll and G. H. Curtis, Berkeley Geochronol-
ogy Center, 2455 Ridge Road, Berkeley, CA 94709 USA.
W. J. Rink and H. P. Schwarcz, Department of Geology,
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S. C. Antdn, Department of Anthropology, University of
Florida, Gainesville, FL 32611, USA.

A. Suprijo and Widiasmoro, Laboratory of Bioanthropol-
ogy and Paleoanthropology, Gadjah Mada University,
Yogyakarta, Indonesia, 55281.

cesses such as the pterygoid plates are pre-
served (12). Most of the fossils consist of
isolated teeth, single and partial elements,
and fragments (8, 12). Despite recent
claims to the contrary (6), no complete
skeletons were found (13). The lack of sys-
tematic study of the nonhominid fossils,
rather than taphonomic processes, may ex-
plain why so few hominid postcranial ele-
ments (two tibiae and partial pelvic frag-
ments) were reported from the Ngandong
excavations because fragmentary hominid
remains may have gone unidentified among
the fauna (6, 14). Except for the few fossils
described by von Koenigswald housed at the
Geological Research and Development
Center (GRDC), most of the 25,000 fossils
from the original Dutch excavations appear
to be lost (15).

Age estimates for the Ngandong fossil
site have varied widely. Faunal correlations,
as well as the geomorphology of the site,
indicate that the fossil site is late Pleisto-
cene in age (8, 16). However, a mid-Pleis-
tocene age has been suggested for the homi-
nids on the basis of morphological compar-
isons with H. erectus fossils elsewhere and
because the hominids might have been re-
worked from older deposits into the late
Pleistocene faunal assemblage (6, 17). All
of the available evidence, however, indi-
cates that the hominid and nonhominid
faunas from Ngandong are of the same age.
Photographs of Ngandong hominid calvaria
V and VI show that the hominids were
found in situ among the nonhomind fauna
in the same Solo River terrace (7, 8, 18).
Similar bone preservation and chemistry of
the hominid and nonhominid fauna (12,
19-21) and the improbability of selectively
reworking 15 hominids from the underlying
marine marls or from upstream mammalian
fossil-bearing exposures (the nearest located
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30 km away) argue against any differential
age sorting of the nonhominid and hominid
fauna (11).

Radioisotopic ages reported for the Nga-
ndong and Sambungmacan hominids are
based on dates on volcanic rocks within the
Notopuro (Pojajar) Formation at Sangiran
(22,23). However, the fossil-poor Notopuro
Formation has been shown to be older than
the Solo River terraces (10, 24, 25). More
recently, U-series dating of fossil bone chips
from Ngandong have given ages between 31
and 101 ka (10, 25). Subsequent U-series
dating of only the outer surface of the bone
fragments yielded ages between 109 and
188 ka, whereas whole bone samples gave
dates of 55 to 59 ka (10, 25, 26). These
results showed that the outer surfaces of the
bone had lost uranium long after uranium
had been adsorbed by the bone and that
239Th had grown partially into equilibrium
with 24U (27). Therefore, the true age may
be younger than the whole bone analyses
because these dates also incorporate a por-
tion of the uranium-depleted bone (26, 28).

Our attempts to find primary volcanic
material at Ngandong proved futile. “°Ar/
3%Ar analyses of detrital volcanic minerals
collected from the overlying colluvium at
the site gave dates ranging from over 400 to
100 ka (29), giving us a maximum age for
the site. We decided to apply combined
electron spin resonance (ESR) and U-series
dating techniques to Ngandong fossil bovid
tooth enamel (30, 31). We collected tooth
samples from a 1-m-deep test pit in the
terrace deposit at Ngandong, adjacent to
the area quarried by Oppenoorth in the
1930s. At 220 cm below the present surface
we encountered a zone consisting of volca-
niclastic sandstone with cobbles of under-
lying Pliocene marl similar to that described
by Oppenoorth as Layer 2 (Fig. 1). Much of

Fig. 1. Map showing lo-
cation of the Ngandong,
Sambungmacan, and
Jigar sites, Central Java,
Indonesia. At Ngan-
dong, a general strati-
graphic section, modi-
fied slightly from (8), is

T

Ngandong
unit |- ]

&}

shown adjacent to the
site. Hominid and non-
hominid ~ fossils  (X)
were recovered from
Unit 2 in volcaniclastic
sandstone with cob-
bles of underlying Plio- Sangiran
cene marl. In our test Y
pit, we were not able to
distinguish Units 4 and
5, whereas Unit 6 is
probably recent alluvi-

Sambungmacan

B Surakarta

—“NwWH

o ::EE N .
Solo River Trinil | Ngawl

0 10

um. Similar findings
were reported by Bartstra et al. (10).
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the upper 2 m appeared to represent collu-
vium, possibly including some of the debris
from the original 1930’s quarry. Layer 2 was
only about 30 cm thick in our test pit, but
was found to contain numerous vertebrate
fossils. We excavated three small pits 10 to
20 c¢m in diameter down through the 30-
cm-thick interval. In two of the pits, we
recovered well-preserved fossil bovid teeth
(95296 and 95297). The teeth and the ad-
jacent sediment were collected for ESR and
U-series dating. Five dosimeters were placed
into the wall of the excavation at and above
the fossil-bearing layer for external dose
rates and-left in the site for 1 year (32). We
also collécted a bovid tooth (95301) and
associated sediment from a test pit in a
terrace deposit located approximately 7 km
downstream from Ngandong near the vil-
lage of Jigar where GMU had recovered
abundant fossil vertebrates. The terrace de-
posit at Jigar (Fig. 1) is 19 m above the Solo
River and its nonhominid fauna is consid-
ered to be similar to that of Ngandong (33).

To assure ourselves that we had excavat-
ed the same layer from which the Ngan-
dong hominids were collected, we obtained
bovid teeth from museum collections at
GRDC and GMU. Bovid tooth GRDC
6679 was collected from Oppenoorth’s layer
2, 15 February 1932, between the finds of
Ngandong hominid calvaria IV (25 January
1932) and V (17 March 1932). A second
bovid tooth was also obtained from the
collections of the 1976-1980 GMU exca-
vations from which Ngandong hominid cal-
varial fragments XIV and XV were discov-
ered. The hominid calvaria and tibia from
Sambungmacan (Fig. 1) are considered

Table 1. ESR dates on fossil bovid teeth from Central Java. U-en, uranium
concentration enamel; U-den, uranium concentration dentine. Uncertainty in
uranium measurements are 1 ppm. EU and LU, uranium uptake modes; see
text for full explanation. Neutron activation analysis yielded the following
ranges of radioelements in the sediments from Ngandong: U — 1.13 to 1.56
(*x0.1) ppm; Th — 4.41 t0 6.27 (+0.17 to 0.36) ppm; and K — 0.52 to 0.73

(0.3 to 0.4) % by weight.

morphologically similar to the Ngandong
hominids (34). Fluorine analyses of the
Sambungmacan hominid tibia gave similar
values as the nonhominid fauna, indicating
that they are of similar age (34 35). We
obtained a bovid tooth from the 1973
GMU excavation for direct age comparison
with Ngandong. -

ESR and U-series dating of bovid tooth
enamel from Ngandong, Sambungmacan,
and Jigar (Tables 1 and 2) was done at
McMaster University following previously
described preparatory and analytical meth-
ods (30, 36, 37). Two models of uranium
uptake are generally considered in order to
calculate an ESR age. In the early uptake
(EU) model, it is assumed that all uranium in
the tooth was adsorbed early in the burial
history, whereas in the linear uptake (LU)
model it is assumed that the uptake was
continuous and constant throughout the
burial history. The EU model yields the min-
imum age for a given data set provided that
there has been no loss of uranium. LU-ESR
ages have often agreed well with ages from
other dating methods (31), although EU-
ESR ages have been shown to agree well
with radiocarbon and U-series ages in many
geological settings (38, 39).

The teeth from all of the sites contained
high concentrations of uranium (Tables 1
and 2). The dentine values are particularly
high, and exceed values for any previously
measured site of similar age (40). The EU-
ESR ages are consequently significantly low-
er than the LU-ESR ages, although both
models yield late Pleistocene ages. All of the
teeth from the three separate excavations at
Ngandong using either model give similar

ages, indicating that the fossils from the site
are of a single age and are not differentially
reworked from older deposits. Similar ESR
ages were obtained on Sambungmacan and
Jigar teeth supporting the temporal correla-
tion of these three sites (Table 1).

In order to evaluate the appropriate ura-
nium uptake model for the dated teeth, we
made mass-spectrometric U-series analyses
of Ngandong enamels and dentine. Griin et
al. (41) showed that, if early uptake of
uranium had occurred, then the U-series
and EU-ESR ages should agree, because all
U-series ages are computed on the assump-
tion that uranium uptake was early. If ura-
nium uptake had occurred continuously af-
ter deposition, the U-series age should be
younger than the EU-ESR age (39, 42).
However, at Ngandong the U-series ages
(Table 2) are all older than the EU-ESR age
(Table 1). This pattern could be a result of
leaching of uranium from the teeth late in
their burial history, leaving the less soluble
29Th behind, thus increasing the ?*°Th/
234U and the U-series age. To test for this,
we analyzed teeth from which we had re-
moved outer layers of enamel of varying
thickness. In all cases where outer (sedi-
ment-side) enamel layers were removed, the
ages were less than or equal to the age of the
whole enamel (Table 2). This result con-
firms that uranium has been leached from
the outer part of the enamel late in its
burial history, causing an increase in the
20Th/?**U ratio (and thus the apparent
U-series age) of the whole enamel. Removal
of the outer layers of the tooth generally
resulted in a slight decrease in the uranium
concentration of the remaining material,

Table 2. U-Series dates on fossil bovid teeth from Ngandong, Central Java. Al
isotope ratios shown are activity ratios. Decay constant for 23°Th = 9,193 X
1076 year—1; 234U = 2,833 X 1076 year~". En, enamel; Den, dentine; ESD,
micrometer’'s of enamel removed from outer (sediment) and inner (dentine)
sides of tooth prior to dating. Uncertainties for uranium concentration, and
2341 /238, 230Th/234J, 230Th/232TH ratios are 2¢ uncertainties in the last digits.

Ma- 284y/  230Th/ 230Th/ Age ka
Specimen Lab U-en  U-den LU age EU age terial ESD U (ppm) 2381 234 232Th + 20
number no.* (Ppm m ka + 10 ka * 1o
pm) o) ( ) ( ) 94NG-T1 (95296)
Ngandong Den na. 188(1) 1.042(6) 0.548(5) 9315(100) 85.8 + 1.2
94NG-T1 95296A 6.2 1864 481 *23  284+13 Eni 0/0  11.926) 1.082(5) 0.350Q2) 713(2)  46.6+0.3
952068 159  201.3 42.0+25 241+15 En2 51/54 11.16(3) 1.078(3) 0.316(5) 486(8)  41.1 +0.8
94ANG-T2 95297A 11.9 192.2 48.6 = 3.0 276 1.7 94NG-T? (95297)
95297B  15.1 184.1  47.8 = 3.1 270*x1.8 Den na 131(2)  1.07(13) 0.579(3) 3077(4) 928+ 0.8
GRDC-1932  95393A 14.01 130.7 41.1+48 237+28 Eni 0/0  17.12(7) 1.072(5) 0.30(1) 44(2) 376 =1.7*
GDJM-1978  94762A 9.2 67.4 50.0+58 304+35 En2 0/36 16.52(8) 1.084(5) 0.3454) 111(1) 46.0 + 0.7*
Mean = 463+37 269+22 En5 69/0 17.56(@8) 1.084(7) 0.317(8) 993(27) 413+1.4
Jigar En4  29/0 15.78(8) 1.072(6) 0.271(5) 132(3) 33.8+ 0.8
95301A 0.5 781  309+30 27.2+19 .
0018 06 877 39723  266:14 gy oo 15px0 1006 02963 268025 38504
Mean = 308+01 269+04 629) 1. : Db
En2 32/25 19.39(8) 1.042(4) 0.249(1) 3355(7)  31.0+0.2
Sambungmacan End  73/65  8.34(3) 1.027(4) 0.26(1)  42320) 32.0=*1.8
(UGM-1973)  94761A  6.02 1044 533*40 324*24 Epd 109/102 9.18@3) 1.034(4) 0.252(3) 1040(5) 31.5+02
*A,B = samples prepared from different parts of the same tooth. *Age corrected for detrital thorium.
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even though we argue that the stripped
(outer) portion had lost uranium. This ef-
fect is attributed to the original distribution
of uranium in the teeth prior to uranium
loss from the outer (surface) enamel. As
observed by fission track mapping of urani-
um in teeth from other young sites, the
concentration of uranium is typically high-
est near the enamel’s outer surface and de-
creases inward (38).

The decrease in age after stripping of the
outer surfaces of enamel agrees with U-
series analyses of surface bone from Ngan-
dong that indicate uranium loss (26). Strip-
ping enamel from the inner (dentine) side
of one samplé (95297Den) yielded a higher
age compared with the whole enamel age,
possibly because of uptake from the urani-
um-rich dentine (Table 2). Analysis of the
dentine from the Ngandong teeth gave ap-
parent ages near 90 ka (Table 2). These old
ages are similar to those obtained on bone
(26), further confirming the greater tenden-
cy of dentine and bone to lose uranium
compared to denser enamel.

Even though the U-series ages of the
tooth enamel, after removal of the outer-
most enamel layer, \approach the EU-ESR
ages (37), this is not proof that the EU
model correctly describes the uranium up-
take history of the teeth. The stripping
experiments show that there has been some
increase in age as a result of uranium loss;
however, we cannot be sure exactly how
much increase has occurred. If the ages
before uranium loss occurred were signifi-
cantly lower than the EU-ESR age, then an
LU model would be more appropriately ap-
plied to the ESR ages. A conservative con-
clusion from these experiments is that the
true ages lie somewhere between the EU-
and LU-ESR ages, but the complexities in-
troduced by later uranium loss prevent a
definitive assignment of an uranium uptake
model. The EU and LU models give mean
ESR ages of 27 *+ 3 to 46 = 4 ka for
Ngandong, 27 = 0.4 to 39.8 * 0.1 ka for
Jigar, and 27 = 3 to 53 * 4 ka for Sam-
bungmacan (Table 1) (37), whereas our
youngest U-series ages obtained from our
Ngandong enamel stripping experiments
was 31.0 = 0.2 ka (Table 2).

The new dates from Ngandong and
Sambungmacan are surprisingly young and,
if proven correct, imply that H. erectus per-
sisted much longer in Southeast Asia than
elsewhere in the world. The youngest se-
curely dated crania of African H. erectus
come from Bed IV at Olduvai Gorge dated
at older than 1 Ma (43), whereas the young-
est mainland Asia H. erectus are older than
290 ka or 420 ka based on two U-series
dating studies of the Layer 1-2 travertine at
Zhoukoudian, China (44-47). Although
the young ages for the Ngandong and Sam-

bungmacan hominids might suggest that
they should be grouped with early Australa-
sian H. sapiens rather than with H. erectus
(1), such an approach disregards morpho-
logical attributes unique to each of these
groups of hominids. Although the Ngan-
dong and Sambungmacan hominids possess
a relatively large braincase for H. erectus,
they retain Southeast Asian H. erectus aut-
apomorphies, including cranial superstruc-
tures and vault shapes that distinguish them
from the early Australasian H. sapiens (3, 6,
48, 49). On the other hand, the features
shared by Ngandong H. erectus and the
early Australasian H. sapiens are equally
prevalent in fossil hominids from North
Africa, suggesting that these features may
be plesiomorphic (49). _

If the Ngandong and Sambungmacan
hominids represent a late-surviving sample
of H. erectus (50), then the unilineal trans-
formation in Southeast Asia from early and
mid-Pleistocene H. erectus to the early Aus-
tralasian H. sapiens—with Ngandong and
Sambungmacan as intermediate steps, as
proposed by the multiregional theory for
the origin of H. sapiens—is no longer chro-
nologically plausible. Rather, our ages for
Ngandong and Sambungmacan indicate
that H. erectus persisted in Southeast Asia
into the latest Pleistocene overlapping in
time with H. sapiens and raise the possibil-
ity that features shared by the two species
are either homoplastic or the result of gene
flow (51). In Africa and the Near East, H.
sapiens first appear in the fossil record
around 100 ka (52), and in mainland Asia
perhaps by 67 ka (45). On Java, the oldest
known H. sapiens date to less than 10 ka
(53); however, evidence elsewhere in
Southeast Asia indicates that H. sapiens ar-
rived much earlier. Early H. sapiens date to
about 30 ka in Australia (54) and possibly to
40 ka in Malaysia (55), whereas archaeolog-
ical remains attributed to H. sapiens occur as
early as 40 ka in New Guinea (56) and 50 ka
(or greater) in Australia (17, 57). The tem-
poral and spatial overlap between H. erectus
and H. sapiens in Southeast Asia, as implied
by our study, is reminiscent of the overlap of
Neandertals (H. neanderthalensis) (58) and
anatomically modern humans (H. sapiens)

in Europe (59).
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Dynamical Signature of the Mott-Hubbard
Transition in Ni(S,Se),

A. Husmann, D. S. Jin,* Y. V. Zastavker,t T. F. Rosenbaum,#
X. Yao, J. M. Honig

The transition metal chalcogenide Ni(S,Se), is one of the few highly correlated, Mott-
Hubbard systems without a strong first-order structural distortion that normally cuts off
the critical behavior at the metal-insulator transition. The zero-temperature ( T) transition
was tuned with pressure, and significant deviations were found near the quantum critical
point from the usual T7/2 behavior of the conductivity characteristic of electron-electron
interactions in the presence of disorder. The transport data for pressure and temperature
below 1 kelvin could be collapsed onto a universal scaling curve.

Disorder can turn a good metal into an
insulator. Alternatively, strong interactions
between electrons can split the half-filled
band of a crystalline metal and open an
insulating gap. In the first limit, a critical
degree of disorder localizes the electrons
through quantum interference and leads to
the continuous Anderson transition at T =
0. In the correlation-driven scenario, a met-
al-insulator (MI) transition occurs when
the ratio of the intrasite Coulomb repulsion
to the bandwidth is of order unity. This
Mott-Hubbard picture applies at nonzero
temperature and is usually first order, often
with coincident electronic, magnetic, and
structural transitions.

This dichotomy between the Anderson
and the Mott-Hubbard limits suffuses theo-
retical treatments of the MI transition (1).
However, blending correlations and disor-
der can be more amenable to theoretical

exposition, with the possibility of a well- .

defined order parameter (2). Experimental
characterization of the critical behavior re-
quires high-resolution measurements in the
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T — 0 limit on materials that must satisfy a
severe set of constraints: (i) true statistical
disorder without the chemical segregation
that gives rise to classical percolation ef-
fects; (ii) strong electron-electron interac-
tions, but only a modest band gap to permit
tuning; and (iii) strong electron-electron
interactions, but no first-order structural in-
stability at the MI transition.

It is this last constraint that may be the
most restrictive in the highly correlated
limit. For example, it is possible to decon-
volute the effects of correlations and disor-
der at the T = 0 MI transition in the
Mott-Hubbard system vanadium sesquiox-
ide (3), but there are no actual divergences.
The critical behavior at the transition is cut
off by a sudden, symmetry-breaking, mono-
clinic distortion. In contrast, the transition-
metal chalcogenide NiS,_ Se_ is one of the
select few Mott-Hubbard materials (4)
without a structural instability tied to the
localization of charge (5). The T = 0 MI
transition can be tuned with pressure,
which offers an experimental approach to
the mixture of statics and dynamics at a
quantum critical point.

Nickel diselenide, NiSe,, is a good met-
al while nickel disulfide, NiS,, is a Mott
insulator, whose half-filled narrow 3d e,
band is split by the Hubbard U, the intra-
site Coulomb repulsion, with a band
gap < 1 eV (6). Substitution of Se for S
drives the system metallic, with a MI tran-
sition seen as a function of temperature for
NiS,_ Se, in the narrow range 0.47 < x <





