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Long-Term Potentiation: Evidence Against an 
Increase in Transmitter Release Probability in the CAI 

Region of the Hippocampus 
Toshiya Manabe* and Roger A. Nicoll? 

It is widely accepted that N-methyl-D-aspartate (NMDA)-receptor-dependent long-term 
potentiation (LTP) in the CAI region of the hippocampus is triggered postsynaptically, but 
there is considerable debate as to the site at which the increase in synaptic strength is 
expressed. The irreversible open-channel blocking action of the NMDA receptor antag- 
onist MK-801 has been used to test whether the probability of transmitter release (P,) is 
increased during LTP. Although the rate of declineof the amplitude of the NMDAreceptor- 
mediated excitatory postsynaptic current (EPSC) in the presence of MK-801 strongly 
depends on P,, the rate of decline of the EPSC evoked at synapses expressing LTP is 
identical to that observed at synapses not expressing LTP. These findings are difficult to 
reconcile with models in which the expression of LTP is due to an increase in P . 

High-frequency activation of excitatory 
synapses in the CAI region of the hip- 
pocampus results in an  NMDA glutamate 
receptor-dependent, long-lasting increase 
in synaptic strength referred to as LTP ( I ,  
2). A variety of approaches have been used 
to determine whether the expression of 
LTP is pre- or postsynaptic, but the inter- 
pretation of the results has not been uni- 
versally agreed upon (2). One approach has 
been to examine the interaction of LTP 
with paired-pulse facilitation (PPF), a   he- 
nomenon in which activation of a synapse 
at short intervals results in a presynaptic 
facilitation of transmitter release in re- 
sponse to the second stimulus (3). Al- 
though PPF is altered by a wide range of 
manipulations that increase P,, there is no  
interaction between PPF and LTP (4, 5). 
This finding has been used to argue for a 
postsynaptic site for LTP expression. How- 
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ever, if P, increases with LTP, it is possible 
that the mechanism differs from that of 
other manipulations used to increase P, and 
that this accounts for the lack of interaction 
between LTP and PPF. 

T o  circumvent this problem, a direct 
method is needed to monitor changes in P.. - 
that is entirely independent of the mecha- 
nism responsible for causing the change in 
P,. Recently, two reports have described just 
such a method (6, 7), which relies on the 
open-channel blocking action of the 
NMDA receptor antagonist MK-8Q1 (8). 
Repeated activation of synapses in the pres- 
ence of MK-801 results in a progressive 
decline in the amplitude of the NMDA 
receptor-mediated synaptic current. The  
rate of decay depends on P,. When P, is 
high, the decline is relatively rapid, because 
a large fraction of the synapses on  a given 
stimulus release glutamate, which opens 
NMDA channels. These channels are then 
irreversibly blocked by the MK-801 and are 
unable to contribute to subseauent resuons- 
es. W e  have used this approach to deter- 
mine whether LTP has any effect on  the 
rate of decay of the NMDA receptor-medi- 
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ated component of the synaptic response in 
the presence of MK-801. 

Whole-cell patch-clamp recording tech- 
niques were used in the in vitro hippocam- 
pal slice preparation (9). We  first examined 
the effect of changing PI on the decay of the 
NMDA excitatory postsynaptic current 
(EPSC) in the presence of MK-801 (Fig. 1). 
We  recorded NMDA EPSCs in the pres- 
ence of 6-cyano-7-nitroquinoxaline-2,3-di- 
one (CNQX) and at a membrane potential 
of +50 mV, to remove the voltage-depen- 
dent block by MgZC (10). After establishing 
a stable base line at a stimulation of 0.1 Hz, 
the stimulator was turned off and MK-801 
(40 pM) was applied. Stimulation was re- 
sumed 10 rnin later, and the NMDA EPSC 
was recorded in the continuous presence of 
MK-801. The  size of EPSCs progressively 
diminished with a half decay time of 1.5 
min, corresponding to nine stimuli (Fig. 
1A). Sample records of the EPSCs (Fig. 1B) 
demonstrate that the time course of the 
EPSC speeds up in the presence of MK-801 
(I  1 ) (see scaled trace with broken line in 
Fig. 1B). The  time course of the EPSC is 
the same whether evoked early or late in 
the presence of MK-801, and thus the de- 
cline in the size of the EPSC cannot be due 
to an  increase in the effective concentra- 
tion of MK-801 during the observation pe- 
riod. When we decreased PI by lowering 
extracellular Ca2+, the decline in the EPSC 
in the presence of MK-801 was considerably 
slowed (Fig. 1C). The half decay time for 
the 2.5 mM Ca2+ experiments was 2.0 t 
0.2 rnin (n = 16), whereas for the 1.0 mM 
CaZ' experiments it was 6.3 + 0.9 rnin (n 
= 11) (P < 0.00002) (Fig. ID). These 
findings confirm recent results both in hip- 
pocampal cultured neurons (6) and in slices 
(7 ) .  

How sensitive is this technique for de- 
tecting changes in transmitter release? A 
serious problem encountered in this study is 
that the decay varied substantially between 
slices even Gnder the same conditions. 
Thus, in our standard 2.5 mM CaZC solu- 
tion, the half decay time ranged from 0.9 to 
3.4 min. This variation might be due to 
small differences in the physiological state 
of the slices, for example, varying concen- 
trations of extracellular adenosine. which 
acts on presynaptic receptors, and differenc- 
es in the effective concentration of MK-801 
within the slice. The drug MK-801 is li- 
pophilic, and therefore its concentration is 
unlikely to be uniform throughout the slice. 
Because the depth at which cells were re- 
corded varied, it is likely that the effective 
concentration also varied. 

We  therefore sought a method that 
would permit the comparison of results from 
two pathways obtained from the same cell. 
First, we made sequential observations on 
separate pathways in the presence of MK- 

801, in which one pathway was analyzed as 
shown in Fig. 1, and then approximately 40 
rnin later we analyzed a previously unstimu- 
lated input. However, this procedure failed 
because over this extended period the effec- 
tive concentration of MK-801 increased, as 
witnessed by a faster decay time constant of 
the EPSC recorded later in the experiment 
(30.3 L 2.2 ms for the first run versus 20.7 
+ 2.0 ms for the second run, n = 3 )  and by 
the faster MK-801 block (half decay time of 
2.5 t 0.4 rnin for the first run versus 1.5 + 
0.4 rnin for the second run). 

We  next com~ared  simultaneouslv two 
separate inputs onto the same cell. In this 
case, exactly the same decays were recorded 
for both pathways (Fig. 2A). Although this 
approach eliminated the interslice variabil- 
ity, a method had to be devlsed in which P, 
could be varied selectively in one of the 
pathways so that the sensitivity of the ap- 
proach could be ascertained. W e  accom- 
plished this selectivity by applying paired- 
pulse stimulation to one of the pathways 

(Fig. 2B, inset). This treatment results in 
enhanced PI from this pathway, and, as 
expected, the half decay time was clearly 
shorter (Fig. 2B). The  half decay time for 
the control pathway (open triangles) was 
2.3 ? 0.2 rnin and for the paired-pulse 
pathway (filled triangles) was 1.6 + 0.2 rnin 
(P  < 0.0003, n = 11). 

The plot in Fig. 2B, which averages re- 
sults across a number of slices, still suffers 
from the interslice variability. T o  overcome 
this problem, we compared the two path- 
ways within a slice (Fig. 2C), and in each 
case the pathway with the paired-pulse 
stimulation decayed much faster than the 
control pathway. Thus, the points in Fig. 
2C (triangles) clearly fall well below the 
diagonal line. O n  the other hand, when two 
pathways were stimulated alternately at the 
same frequency, synapses on the same cell 
showed very similar decay rates despite the 
substantial variability across slices; thus, the 
points (circles) fall close to the diagonal 
dotted line (Fig. 2C). 

Time (min) Stimulus number 

Fig. 1. The effect of the Ca2+/Mg2+ ratio in the external solution on the decay time course of NMDA 
receptor-mediated EPSC amplitudes in the presence of MK-801 (9). Schaffer collateral-commissural 
afferent fibers were stimulated at 0.1 Hz in the presence of MK-801. (A) An example of blockade of NMDA 
receptor-mediated EPSCs by MK-801 in a solution containing a normal Ca2+/Mg2+ ratio. Typically the 
response to the first stimulus in the presence of MK-801 was approximately 15% smaller tLan control 
values. Because of the slow rise time of the NMDA EPSC, it is possible that some channels could open 
and be blocked by MK-801 before the peak of the EPSC. (B) Sample traces of NMDA receptor-mediated 
EPSCs recorded from the cell illustrated in (A). Each trace is an average of six consecutive EPSCs 
recorded at the times indicated in (A). Trace 2 is the average of the first six EPSCs evoked in MK-801. The 
decay kinetics of NMDA receptor-mediated currents were much faster in the presence of MK-801 (trace 
2) than before MK-801 application (trace 1). This difference is clearly shown when trace 2 is scaled to the 
peak of trace 1 (see trace with broken line), indicating that MK-801 was blocking open channels in a 
use-dependent manner. The trace recorded at time 3 is scaled to the trace at time 2 tb compare the time 
course of the NMDA receptor-mediated currents. (C) An example of blockade of NMDA receptor- 
mediated EPSCs in a solution containing a low Ca2+/Mg2+ ratio in a different cell. The decay time course 
was slower than under normal conditions, suggesting that a change in P, could be detected by measuring 
parameters in the decay of NMDA receptor-mediated EPSC amplitude in the presence of MK-801. (D) 
Summary graph of this series of experiments. All the values are normalized in each experiment by the 
amplitude of the first EPSC evoked in the presence of MK-801 and averaged for each condition (filled 
circles: 2.5 mM Ca2+/1 .3 mM Mg", n = 16; open circles: 1.0 mM Ca2+/1 .3 mM Mg", n = 11). 
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In the two previous studies examining the 
use-dependent block of MK-801 on EPSCs 
(6, 7), it was proposed that P, varies over a 
wide range among the population of synapses 
and, therefore, that synapses with a high PI 
are the first synapses to be blocked by the 
MK-801. If this is the case, the recorded PPF 
should increase gradually as the high?, syn- 
apses are eliminated, leaving the low-P, syn- 
apses with larger PPF. This is indeed the case, 
strongly supporting the heterogeneity in PI 
among synapses and indicating that PPF en- 
hances release to a greater extent on low-P, 
synapses than on high-P, synapses (Fig. 2D). 
An equivalent blockade of NMDA receptors 
by the competitive NMDA receptor antago- 
nist APV (D,L-2-amino-5-phosphonovaleric 
acid) caused no change in PPF (n = 4). 

We  next addressed the issue of whether 
LTP is associated with an  increase in PI 
(Fig. 3). Two independent pathways con- 
verging onto the same postsynaptic cell 
were stimulated. The cell was held at -80 
mV and the AMPA (a-amino-3-hydroxy- 
5-methyl-4-isoxazolepropionic acid) recep- 
tor-mediated EPSC was recorded. After es- 
tablishing a base line for the two pathways, 
we induced LTP in one of the pathways by 
pairing synaptic stimulation with depolar- 
ization (Fig. 3, A and B). W e  then followed 
LTP for at least 60 min to determine that it 
was stable. 

In addition, during this period of whole- 
cell recording the ability to induce LTP in the 
other pathway was washed out, while LTP, 
once induced, was unaffected (12). We con- 
firmed this result by pairing the other path- 
way. This pairing ensured that, when we com- 
pared the two pathways in the presence of 
MK-801, one pathway would be expressing 
stable LTP while the other would be locked 
into a nonplastic state, although NMDA re- 
ceptors were functional. To  block the AMPA 
receptor response, CNQX was then applied, 
and the holding potential was shifted to a 
positive potential to record the NMDA syn- 
aptic response. After a -stable base line was 
obtained, stimulation was stopped and MK- 
801 was applied. Synaptic stimulation was 
resumed after a 10-min period, and the re- 
sponses to stimulation of the two pathways 
were compared (Fig. 3, C and D). In none of 
the six experiments was a clear difference in 
the decay of the NMDA EPSC seen between 
the two pathways. On average, the half decay 
time for the control pathway was 1.8 + 0.1 
min and 1.8 + 0.1 min for the LTP pathway 
(n = 6) (P > 0.9). 

To  obtain a more precise comparison, 
uncontaminated by interslice variability, we 
compared the ratio of the half decay time of 
the control and LTP pathways against the 
magnitude of potentiation in each experi- 
ment. These points cluster around a half 
decay time ratio of 1 (filled circles in Fig. 
4A). We  compared these results with those 

obtained when we applied paired-pulse 
stimulation to one pathway and found that 
the half decav time ratios are well above 1 
(open circles). The  mean potentiation for 
the LTP experiments was 58 ? 9% and for 
the PPF experiments was 39 ? 6% (Fig. 4); 
the ratio of half decay times was 1.00 ? 
0.05 for the LTP experiments and 1.49 ? 
0.05 for the PPF experiments (P < 
0.00002). This comparison indicates that, if 
P, had changed with LTP, the technique 
was clearly sensitive enough to detect the 
change. 

Although it is well established that - 
paired pulses primarily facilitate release at 
synapses with low PI, it,is conceivable that 
LTP might increase Pi in an  even smaller 
subset of synapses than occurs with PPF, in 
which case changes in the shape of the 
decay curve might be more prominent than 
differences in the half decay time ratios. A 
more accurate method for detecting small 
differences in the decay of two curves is to  

Fig. 2. Paired-pulse fa- 
cilitation (PPF), a presyn- 
aptic phenomenon, ac- 
celerates the decay time 
course of NMDA-medi- 
ated EPSC amplitudes. 
We activated indepen- 
dent pathways by in- 
serting two stimulating 
electrodes into stratum 
radiatum approximately 
500 pm on either side of 
the recorded cell. (A) 

plot the size of responses of potentiated 
synapses as a function of the corresponding 
size of responses of the control synapses for 
each time point. If there is no difference in 
the two curves, the line described by these 
points (y = a + bx + cxZ) should be 
straight. For the PPF experiments (Fig. 4B), 
the deviation from linearity was striking (c 
= -0.28 +- 0.7; P < 0.004). O n  the other 
hand, for the LTP experiments a straight 
line best describes the points (c = 0.08 ? 
0.09; P > 0.4, n = 6) (Fig. 4C). The values 
for c for the PPF and LTP experiments are 
significantly different (P < 0.01). 

Another issue to keep in mind is that our 
method of analysis used the NMDA recep- 
tor component of the EPSC, although LTP 
is typically monitored on the AMPA recep- 
tor component. One possible scenario is 
that the ratio of NMDA to AMPA recep- 
tors varies greatly across synapses and that 
synapses with high ratios are already poten- 
tiated in control conditions, so that only 

Stimulus number - Stimulus number 

When two independent -: C .- D 
pathways (filled and - 
open'circles) were stim- 
ulated alternately at the 
same frequency (0.1 Hz) 
(see inset), EPSC ampli- 
tudes of the two path- 
ways decayed with the 
same time course in the MK-801 

presence of MK-801. 
The resul t  from One rep- TIl2 of control pathway (min) Time (min) 
resentative experiment is L- 

shown in this figure. (B) 
When one pathway (open triangles) was stimulated regularly at 0.1 Hz and another pathway (filled 
triangles) was given paired stimulation (inter-stimulus interval of 50 ms) at 0.05 Hz (see inset), which would 
selectively increase the P, of the synapses in the latter pathway, the EPSCs evoked by the stimulation of 
the latter pathway decayed significantly faster than those of the former. Each pathway was given the 
same number of stimuli during the course of experiments. MK-801 (40 pM) had been applied for 10 min 
before the sfart of stimulation. Normalized EPSC amplitudes evoked by the first stimulus of the pair are 
plotted'for the paired-pulsed pathway. For the control pathway the amplitude of the EPSC evoked by 
every other stimulus is plotted (n = 11). (C) Summary graph of this series of experiments. Triangles show 
the result of each of the individual experiments that form the summary graph in (B), in which paired 
stimulation was used. Half decay times (T,,,) of NMDA receptor-mediated EPSC amplitudes of the 
control and paired-pulsed pathways were measured for each experiment. The half decay time of the 
paired-pulsed pathway was significantly shorter (P < 0.00003) than that of the control. Circles show the 
result of each of the individual control experiments, one of which is shown in (A), where both pathways 
received exactly the same stimulation. There was no significant difference (P > 0.25) in half decay times 
between the two pathways (n = 4). (D) Effect of MK-801 on PPF. PPF recorded in the experiments shown 
in (B) was normalized over the 6-min control period. After 10 min, MK-801 (40 pM) was applied for 10 min 
and stimulation was then resumed. In the presence of MK-801, PPF gradually increased with the stimulus 
number, suggesting that synapses with low P, were on average being preferentially spared, which 
supports the idea that subpopulations of synapses with different P, values exist. 
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synapses w i th  low ratios can express LTP. I f  The  present results pu t  severe con- 
this were to  occur, possible effects o f  L T P  straints o n  possible mechanisms responsible 
o n  the decay of the NMDA component for the expression of L T P  in the CAI re- 
might  be more diff icult to  observe. gion o f  the hippocampus. They appear to  

Time (min) Stimulus number 

6 D 

Control 
20 rns 

Fig. 3. The effect of LTP on the decay time course of NMDA receptor-mediated EPSC amplitudes in the 
presence of MK-801. (A) Summarygraph of six experiments. The first pairing (filled arrow) caused a stable 
LTP in one pathway (filled circles), whereas the second pairing (open arrow) in the other pathway (open 
circles) failed to induce any potentiation, presumably the result of washout of the LTP-inducing mecha- 
nism. In all SIX cells we applied CNQX after confirming that the second pathway had lost the ability to show 
LTP. (B) Sample traces of AMPA receptor-mediated EPSCs (average of 10 traces) recorded from one of 
the cells shown above. We induced LTP in one pathway by pairing depolarization to 0 mV with electrical 
stimulation of afferent fibers at 2 Hz for 20 s. In the other pathway the same pairing was given at least 60 
min after the whole-cell recording was obtained. (C) The decay of NMDA receptor-mediated EPSC 
amplitudes in the LTP pathway (filled circles) in the presence of MK-801 was superimposable on that in 
the control pathway (open circles). Half decay times of the LTP pathway were not statistically different 
from those of the control pathway (P > 0.9). (D) Sample records of NMDA receptor-mediated EPSCs 
(average of six traces) from one cell are shown. We recorded the left traces just after starting stimulation 
in the presence of MK-801 and fhe right traces around the 25th stimulation. 

make a change in P, unlikely t o  contribute 
importantly to  the increase in synaptic 
strength. An increase in the number of 
release sites is theoreticallv ~oss ib le  but 

Fig. 4. Summary graphs compar- 

, A 

would require that these new release sites be 
o n  synapses that before L T P  were entirely 
silent; otherwise a recruitment o f  additional 
release sites would, o n  average, increase the 
overall probability o f  release at that syn- 
apse, which would be detected by the M K -  
801. Thus, the present results favor a post- 

ing the effects of LTP and PPF. (A) 
1.8- 

The ratio of the half decay time (T,,,) 
of the control pathway to that of the 1.6 

potentiated pathway plotted as a 
function of the potentiation ratio. Al- 2 1.4 
though PPF showed a clear in- c, 
crease in the ratio of the half decay .g 
time (open circles), LTP failed to 
show any change (filled circles). The 
potentiation ratio in PPF experi- 1.0- 
ments was expressed as half of the 
recorded PPF in control conditions 0,8- 

synaptic mechanism o f  expression. 
H o w  can the Dresent results be recon- 
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ciled w i t h  studies using quanta1 analysis 
( 12, 13) ? A number o f  studies have reported 
a decrease in the incidence o f  failures o f  
transmission after LTP, although the failure 
rate has n o t  been examined in detail at t ime 

because the first of the responses I I 

1 .O 1.2 1.4 1.6 1.8 2.0 
induced by paired stimulation should Potentiation ratio 
be unaffected by this manipulation. 
The potentiation ratios were obtained 
before Plot of the the size addition of the of normalized MK-801. (B) re- 8 .e:,<". - :::k :: 
sponse in the control pathway as a 0.6 2 0.6 

CI ...' . function of the size of the normalized a 
:';# 

response in the pathway receiving 0.4 
a*,' 

000.4  .,, 
paired pulse stimulation for each time 5 0,2 ,, 0.2 *a* 

point. The initial responses in the 

presence Of MK-801 are displayed at O.8. 0.2 0.4 0.6 0.8 1.0 O.8. 0.2 0.4 0.6 0.8 1.0 
the upper right corner of the graph, Paired vulses LTP 
and the final points are near the ori- 
gin. (C) The size of the normalized response in the control pathway plotted against the size of the normalized 
response in the pathway expressing LTP. 

periods equivalent to  those used in the 
Dresent studv. The decrease in failures is usu- 
ally interpreted as a n  increase in P,. Altema- 
tivelv. the decrease in failures could reflect , , 
the appearance of patches of functional 
A M P A  receptors o n  the postsynaptic cell. 

In summary, although our use o f  the irre- 
versible open-channel blocking action of 
MK-801 provided a sensitive assay for chang- 
es in P-. we were unable to  detect anv effect o f  
L T P  o h  P,. This result favors an LT'P expres- 
sion mechanism involving an increase in 
postsynaptic sensitivity to  glutamate. 
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environment 1s highly anoxlc and magnetite 

wlll undergo at least Dartla1 d~rect reduction to 

Retention of Helium in Subducted 
Interplanetary Dust Particles 

I welcome the report by H. Hiyagon (I  ) of der the high-vacuum conditions of the ex- 
diffusive loss of He and Ne from interplane- periments ( I ) ,  low 0, fugacities and high 
tary dust particles (IDPs) as a significant con- CO/CO, and H,/H, ratios will shift pure 
tribution to the evaluation of Anderson's hy- magnetite into the stability field of magne- 
pothesis (2) that the high 3He/4He ratios in tite + a-iron. The relevant equilibria are: 
ocean island basalt (OIB) hotspots reflect He 
introduced into the mantle by subduction of Fe,04 = 3Fe(a)  + 2 0 ,  

IDP-containing sediments. Hiyagon's mea- 
surements of the high diffusivities of He and 
Ne in IDPs at the temperatures of subducting 
slabs should lay this proposal (2) to rest. 

Here I wish to comment on the results of 
the diffusion ex~eriments with   articular 
reference to the deviations of the measured 
diffusivities from a linear Arrhenius d lot at 
the low-temperature end of the data (500 
and 600°C). The samples used in these 
experiments were magnetite separates from 
Pacific Ocean sediments. Hiyagon's mea- 
surements show that the diffusivities of 
both He and Ne  are significantly greater at 
500 and 600°C than are the values predict- 
ed by the close fit to a linear Arrhenius plot 
of data measured at higher temperatures. I 
believe this is a result of conversion of some 
of the magnetite to metallic a-iron at the - 
lower temperatures. In the high-tempera- 
ture ex~eriments magnetite would be con- - 
verted by deoxidation to wustite (Fe0,95) 
and magnetite, which should have only a 
minor effect on diffusive loss of gases. 

Figure 1 shows the Fe-0  phase diagram 
(3) at the temperatures of interest, 400 to 
1200°C, the highest temperature at which 
diffusive loss was measured. A t  T < 560°C, 
pure magnetite lies on the boundary be- 
tween the two-phase regions (magnetite + 
hematite) and (magnetite + a-iron). A t  
-500°C, pure magnetite is stable over the 
range of equilibrium gas compositions given 
by p(0,)  = 10-l8 to bars, p(H2)/ 
p(H,O) = to 3.2, and p(CO)/(CO,) 
= 2 X lop6 to 1, these being the limiting 

The effect of these reactions on diffusive 
gas loss is due to the large density change in 
the conversion of magnetite (p = 5.2) to 
metallic Fe (p = 7.9), resulting in a large 
volume decrease that strongly enhances dif- 
fusive loss of gases. Observations (5) show 
that in the conversion of magnetite to me- 
tallic iron the magnetite grains become 
deeply fissu~ed with a large increase of sur- 
face area per unit volume, which signifi- 
cantly increases the rate of diffusive gas loss. 
In the experiments above 600°C, however, 
the stable ~ h a s e s  on deoxidation become 
magnetite and wustite (p = 5.75), and con- 
version to wustite is accompanied by a neg- 
ligible volume change with no  fissuring (5), 
and thus no  enhanced diffusive loss of eases. - 

In sediments undergoing subduction the 

values between the two-phase stability Oxygen (%) 

fields (magnetite + hematite) and (magne- Fig. 1. Fe-0 phase diagram at 400 to 1200°C (3).  
tite + a-iron), respectively (4). Thus, un- Oxygen values are in weight percent. 

I2O0 

1000 

800 

600 

- 
Fe at lower temperatures, followed at higher 
temperatures by a two-stage reduction to wus- 
tite and then to metallic Fe (Fig. 1). The 
mechanisms involved have been described in 
detail (5) and show that diffusive loss will also 
be enhanced by fissuring at the higher tem- 
peratures when deoxidation reaches the stage 
of conversion of wiistite to metallic iron. 
Therefore the measured diffusive losses (1 ), 
under conditions probably not reached in the 
higher-temperature experiments but certainly 
achieved in subducted sediments, should be 
regarded as lower limits for the actual diffusive 
loss rates in subducted IDPs. A final, and 
ultimately conclusive experiment on diffusion 
losses could be carried out by mixing an IDP 
concentrate back into a small volume of the 
original sediment (reduced to fit the experi- 
mental apparatus) and measuring diffusive 
losses and temperature directly, and in a 
sealed container in which CO, CO,, and 0, 
fugacities are controlled within limits appro- 
priate to sediments in subducting slabs. Exam- 
ination of the magnetite residues from the 
various heating cycles would document the 
phase changes resulting from deoxidation 
with the diffusion losses of He and Ne in each 
ex~eriment. 

4000Lj ?;2' 214 ;6 i 8  310 - 
0.2 0.4 

Nevertheless, it appears certain from the 
present experimental results ( I )  that He 
and Ne in IDPs cannot survive the subduc- 
tion process to become significant compo- 
nents in the upper mantle. Observations on 
mantle-derived basalts in subduction arc re- 
gimes reinforce this conclusion: the 3He/ 
4He ratios observed in all the major circum- 
Pacific arc volcanic gases and basalts (6) are 
always at least equal to, and generally lower 
than, the ratios in the worldwide reservoir 
tapped by mid-ocean ridge basalt (MORB) 
lavas. In some arcs, such as Indonesia, the 
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- y Iron 
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ratios are much lower, indicating the incor- 
poration of radiogenic helium from conti- 
nental sources (7). If He with the high 
3He14He ratios characteristic. of IDPs were 

Magnetite 

hem+atite 

2 
to survive the subduction process, one 
would expect to observe ratios greater than 
those of MORBs, if anywhere, in the lavas 
and volcanic eases derived from the mantle 
wedge above-the subducting slabs, where 
He  accumulates by volatile transport from 
the downgoing slab. However, 3He/4He ra- 
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