
carbonate production of 100 m ~ n o l  C ~ n - '  
day-' (1.2 g C m-' day- ')  in March 1993 
( 1 2 ) .  T h e  ratlo of organic p roduc t~on  to  
calcium carbonate product1011 is 1.1. T h e  
ratio was almost the  same In August 1992 
(1 .0) .  T h e  ratio of organlc carbon produc- 
t lon to  calc~uru carbonate p roduc t~on  re- 
quired to  maintain seawater PcO, at  a 
constant value of 350 pa tm has been cal- 
culated to  be 0.6 (2 ) .  W h e n  the  ratio 
exceeds these values, reefs serve as a sink 
of CO, 113). T h e  ratio for Shiraho reef , , 

excee& these threshold values, w111ch 1s 
consistent with our PcO, measurements. 

011 Moorea barrier reef, French Polyne- 
sia, C02  evasion from sea to air was ob- 
served a t  a backreef site, and it xvas con- 
cluded that reefs are a source of C02  (6 ) .  In  
contrast, at a reef front (corresponding to 
the reef crest in this study) slte, C02  flux 
fro111 air to sea xvas observed (14) .  These 
results suggest that different reef Tones act 
differently as to  CO' fluxes and that the  
highly productive zone such as the  reef 
front acts as a sink of CO,. 

A relatively loxv estimate of global reef 
net organic ~ r o d u c t i o n  was based o n  a 
meall reef production rate of 0.1 g C ~ n - '  
dayp1 (4 ) ,  xvhich in  turn was based primar- 
ilv on measurements from three atolls 115). 
1; that study, net production for the  \$hole 
reef xvas calculated from changes in  total 
carbon and alkalinity In enclosed lagoon 
water with a long residence time (50 days). 
Decomposition of organic rnatter predomi- 
nated in such lagoons, and thus, the  estl- 
mate might have been low. T h e  low esti- 
mate of net organic production is also based 
o n  underestimates of the  contribution of 
nitrogen f~xa t ion  ( 4 ) ,  which provides nexv 
nu t r~en t s  for net organlc productloll In the  
coral reef. Coral reefs, o n  the  other hand. 
are known to be active sites of nitrogen 
fixation ( I  6 ) .  Our  PC,, measurements and 
our estimate of high net  organic production 
~nilicate that reefs might serve as a sink, not  
a source, for atmospheric C O L .  
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Flotation of Diamond in Mantle Melt at 
High Pressure 

Akio Suzuki, Eiji Ohtani, Takumi Kato 

Experiments show that diamond floats in a primitive mantle melt at around 20 gigapascals 
and 2360°C and in a melt f0rme.d by partial melting of the transition zone at about 16 
gigapascals and 2270°C. These observations constrain magma densities at high pres- 
sure. Diamond precipitated or trapped in a silicate melt at the base of the transition zone 
or the lower mantle floats and has been accumulating in the transition zone since early 
in Earth's history. Thus, the transition zone could be a reservoir of diamond. 

D e n s i t v  difference betxveen solid and liu- 
uid governs the  chemical differentlation In 
the  Earth's Interlor; in  particular, the  oli- 
vine-silicate melt density crossover at high 
pressure could produce serious influences 
(1 ,  2 ) .  Density meas~~rements  at high pres- 
sure and high temperature have suggested 
that olivine floats In komatiite and perido- 
tite melts at denths below 250 km 13. 4 ) .  , ,  , 

However, the  existence of a density cross- 
over between o l i v ~ n e  and a magma In the  
Earth is still uncertain because flotation of 

nst~tute of Mineralogy. Petrology, and Economlc Geolo- 
gy, Tohoku University. Senda~ 980, Japan. 

olivine 111 the euuilibr~um mantle melt has 
not yet been observed in the  experiments. 
Kitamura (5 )  suggested that diamond might 
float in  mantle melt a t  111gh pressure and 
speculated that a diamond-rich layer might 
form during solidification of a terrestrial 
magma ocean. 

W e  conducted density measurements of 
peridot~te melts at h ~ g h  pressure by sink-float 
experiments with diarnond as a density 
marker. T h e  experiments were carried out in 
an  MA-8-type multianv~l apparatus (6).  
T h e  starting mater~als (Table 1 ) were sim- 
pl~fied compositions of primitive peridotite, 
PHN1611 (7), and the melt by partial melt- 
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Capsule (mhlte) 

Fig. 1. (A) Photomicrograph and (B) sketch of the 
run product showing the flotation of diamond in 
the PHN1611 melt at 20.7 GPa and 2360°C. 

Table 1. The experimental conditions and the 
results. 

Run no. P T Time 
(GPa) ("C) (min) 

PHN 161 1 compositiont 
20.2 2360 5 
20.7 2360 5 
21.2 2360 5 
22.1 2360 5 
IT8720 composition$ 
14.0 2270 5 
14.9 2270 5 
15.8 2270 6 
16.7 2270 5 
16.7 2360 5 
19.2 2270 5.2 

Result* 

'S, sink; F, float. tThe starting composition of 
PHNI6II was 45.1% (by weight) SiO,, 2.8% A120,, 
10.4% FeO, 38.4% MgO, and 3.4% CaO. Mg# = 
100MgO/(MgO + ~ e ~ ) j ( i n  mole percent) = 86y9 (7, 
9). $The starting composition of IT8720 was 41 2% 
(by weight) SiO,, 3.7% A120,, 15.1 % FeO, 33.0% MgO, 
and 7.0% CaO. Mg# = 79.6 (8, 9). 

ing of PHN1611 at 20 GPa (8),  which we 
named IT8720. The starting materials were 
composed of olivine, orthopyroxene, cli- 
nopyroxene, and anorthite (9). A synthetic 
diamond single crystal with a diameter of 
around 400 p,m was used as the buoy to 
measure the density of the peridotite melts at 
high pressure. We conducted experiments 
from 14.0 to 22.1 GPa at around 2300°C 
(10). Heating durations were about 5 min. 

In a run quenched from 20.7 GPa (cor- 
responding to the base of the transition 
zone) and 2360°C, diamond was less dense 
than the PHN1611 primitive mantle melt 

Pressure (GPa) 

Fig. 2. (A) The experimental results on compression 
of the PHN1611 and IT8720 melts. Triangles and 
reversed triangles represent flotation and sinking of 
diamond, respectively (open symbols, PHN1611 
melt; solid symbols, IT8720 melt). Diamond floats at 
high pressure in both melts. The density curves are 
expressed by the Birch-Mumaghan equation of state 
with adensity p, = 2620 2 120 kg m-3 (19) and bulk 
modulus K = 36 + 8 GPa, assuming a pressure 
derivative K' = 4 for PHN1611 melt at 2360°C, and 
p0=2710+ 120kgm-3(19)andK=3659GPa, 
assuming K' = 4 for IT8720 melt at 2270°C. The 
parameters used for calculation of the density of the 
diamond marker are ~~(25°C) = 351 5 kg m3, ther- 
mal expansion coefficient a(25"C) = 0.24 x 
K-', temperature derivative dddT = lo8 K-2, 
K(25"C) = 442 GPa, dKldT(25"C) = -0.01 54 GPa 
K-l,  d2KldT2 = -2.01 x GPa K-2, and K' = 
4.03 (20). (B) The relation between the bulk modulus 
K and its pressure derivative K' for the PHNl611 and 
IT8720 melts. 

(Fig. 1). The density crossover between the 
primitive mantle melt and diamond is at a 
pressure of 20.5 GPa at 2360°C, and the 
density of the melt at this point is 3590 2 
20 kg mP3 (Fig. 2A). The density crossover 
between diamond and the partial melt, the 
IT8720 melt, is at 16.3 GPa and 2270°C 
(Fig. 2A); the density of this melt here is 
3560 ? 30 kg m-,. 

It is not possible to determine the density 
curve of the peridotite melts uniquely on the 
basis of the diamond flotation exneriments. 
but we can estimate the possible relation 
between the bulk modulus K and its pressure 
derivative K' for the Birch-Mumaghan 
equation of state of the peridotite melts (Fig. 
2B). Agee and Walker (4) estimated that the 
density crossover between peridotite melt 
and olivine is at around 11 GPa and 2000°C. 
Our measurements imply that the density 
crossovers between olivine and the 
PHN1611 melt at 2360°C and that between 

2.51 . ' I 
0 5 10 15 20 25 

Pressure (GPa) 

Fig. 3. The density relations between the IT8720 
melt and coexisting phases, olivine, majorite, and 
modified spinel at 2270°C. Majorite and modified 
spinel are denser than the IT8720 melt at high 
pressure; that is, there is no density crossover in 
the transition zone. 

the IT8720 melt and olivine at 2270°C may 
be at around 17 and 13 GPa, respectively, for 
K' = 4. For a greater K', the density cross- 
over is at a lower pressure. Further, the pres- 
sure of the density crossover is reduced as 
temperature is decreased because of the large 
difference of the thermal exnansion coeffi- 
cients of olivine and the peridotite melt. As 
a result of the density crossover, olivine 
could accumulate in the upper mantle during 
solidification of a magma ocean (2), al- 
though viscosity of the melt and grain sizes of 
the crystals also control the nature of any 
stratification of the mantle (1 1 ). At -20 . , 

GPa, majorite appears as the liquidus phase 
in a peridotite composition, and magnesio- 
wustite and modified spinel coexist with the 
melt above the solidus (12). The compres- 
sion curves indicate that the peridotite melts 
are less dense than these minerals (Fig. 3). 

Diamond is transnorted to Earth's sur- 
face by kimberlite magmas, which are en- 
riched in volatiles. The volatile-enriched 
compositions of kimberlite magmas may be 
a signature of shallower depths by assimila- 
tion of metasomatic horizons at the litho- 
spheric metasome or at the lithosphere- 
asthenosphere boundary (13). In these 
models, the proto-kimberlite magma is a 
deeply derived ultramafic melt transported 
from the transition zone, and possibly from 
the lower mantle or the core-mantle bound- 
ary (14). Some diamonds contain high- 
pressure mineral inclusions such as ma- 
jorite, (Mg,Fe)O, CaSiO,, and (Mg,Fe) 
SiO,; the latter two are assumed to have 
had perovskite structures. These minerals 
are consistent with derivation in the tran- 
sition zone and the lower mantle (15).  The . . 
spiral growth textures recorded on surfaces 
of some diamonds indicate growth from sil- 
icate melts (16). Our experiments imply 
that diamond crystals precipitated or 
trapped in silicate melts at the base of the 
transition zone and the lower mantle will 
tend to float and accumulate at a depth of 
500 to 600 km in the early magma ocean 
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stage or during the  plume a c t i ~ ~ i t ~ e s  in  the  
eeoloe~cal time. Thus, the transition zone 
L, " 

could be a diamond-enrichment zone and, 
therefore, is a potential reservoir of dia- 
mond in  Earth. 
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Age-Related Reductions in Human Recognition 
Memory Due to Impaired Encoding 

Cheryl L. Grady," Anthony R. Mclntosh, Barry Horwitz, 
Jose Ma. Maisog, Leslie G. Ungerleider, Marc J. Mentis, 

Pietro Pietrini, Mark B. Schapiro, James V. Haxby 

The participation of the medial temporal cortex and other cerebral structures in the 
memory impairment that accompanies aging was examined by means of positron emis- 
sion tomography. Cerebral blood flow (rCBF) was measured during encoding and rec- 
ognition of faces. Young people showed increased rCBF in the right hippocampus and 
the left prefrontal and temporal cortices during encoding and in the right prefrontal and 
parietal cortex during recognition. Old people showed no significant activation in areas 
activated during encoding in young people but did show right prefrontal activation during 
recognition. Age-related impairments of memory may be due to a failure to encode the 
stimuli adequately, which is reflected in the lack of cortical and hippocampal activation 
during encoding. 

Les ion  studies have shown that medial tem- 
poral areas, including the hippocampus and 
adjacent cortices, play a critical role in de- 
clarative, or explicit, memory, specifically in 
the encodine of new memories (1 .  2 ) .  In " , , 

brain-damaged patients, the  loss of medial 
temporal structures results in severe antero- 
grade amnesia and in lesser degrees of retro- 

C Y  

grade arnnesla (3). Lesions in animals also 
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have shown memory performance to be de- 
pendent o n  both the hippocainpus and ad- 
jacent structures (4). O n e  theory (1)  is that 
the hippocampus participates in the storage 
of new memories by binding together neural 
activities in distributed regions of the  cor- 
tex, so that later presentation of all or part of 
the  stimulus context can reactivate the  en- 
tire network and facilitate retrieval. T h e  
role of the hippocampus is thought to be 
limited in time, so that a t  some point after 
the new memory is processed, it can be 
retrieved without hippocalnpal involvement 
(5). Other  regions also participate in  mem- 
orv. such as the  vrefrontal cortex 16-8). , , , ' ,  
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aging varies; explicit memory is reduced in 
old compared with young people, but little 
change is seen in  implicit memory (12).  
There are changes in the  hippocampus with 
aging, including reductions in long-term 
potentiation (13) ,  loss of afferent input 
(14),  and loss of neurons (15).  Some age- 
related hippocampal changes such as in- 
creased dendritic arborization may be a 
compensatory response to loss of cells or 
Input (16).  There also are age-related 
changes in other areas of the  cortex, such as 
reductions in  neurons (17),  dendrites (18) ,  
and synapses, particularly in  the  frontal cor- 
tex (19).  However, the  relation between 
these changes and age-related reduct~ons In 
human meinorv 1s unknown. 

In a previous experiment (20),  we ~lsed 
positron emission tomography (PET) to 
measure regional cerebral blood flou- 
(rCBF) in young people during encoding 
and recon i t ion  of faces. T h e  medial tern- 
poral cortex, including the  hippocampus, 
showed increased rCBF (rCBF activation) 
during encoding of new memories but not 
during recognition. T h e  prefrontal cortex 
was activated during both conditions: in the  - 
left hemisphere during encoding and in the 
right hemisphere during recognition. Here 
we discuss young and old people (Table 1) 
who underwent repeated PET scans (21) 
while verforinine three tasks twice in the  " 

following order: rneinorlzing a set of faces 
(encoding), h c e  matching (perception), 
and face recognition. '4 sensorimotor con- 
trol task also u-as perforined a t  the begin- 
ning and end of each scanning session. Dur- - - 
ing the encoding task, subjects were shown 
32 unfamiliar faces and asked to memorize 
them. Each face was shown for 4 s, and the  
entire set was shown three times, in a dif- 
ferent order each time. T h e  matching task 
used different faces from the memorization 
set and u-as a forced-choice match-to-sam- 
ple task in which the sample h c e  and two 
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