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Why do these interpretations differ 
from those presented by Be and Duples- 
sy (9)? Analysis of the distribution of 
modem assemblages (7, 8) indicates that 
the transition between the subtropical 
and subpolar faunas coincides with the 
approximate location of the STC (Table 
1), with the subpolar assemblage domi- 
nant south of the STC. Thus, if B6 and 
Duplessy's interpretations were correct, 
the subpolar assemblage should domi- 
nate the lower section of the core. Figure 
2 shows that this fauna is never domi- 
nant. According to these criteria, the 
STC must have always been south of the 
core site. Furthermore, according to the 
criteria listed in Table 1, environmental 
estimates from both this report and (9) 
indicate the presence of STW, not SAW, 
during the coldest intervals. The criteria 
on which Be and Duplessy's inter- 
pretations are based (Orbulina universa 
diameters) may not be as precisely de- 
fined as the criteria used in this report 
(21). 
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the southwest Indian Ocean today and 
are associated with the continuous 
southward flow of the warm, low-salinity 
water along the African coast. Although 
tropical species were present during the 
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may have been less intense or more vari- 
able, or both, during glacial intervals 
than today. Comparison of these glacial 
assemblages with modern samples in- 
dicates that the region off the west coast 
of Australia may be a modern analog for 
the Agulhas region during glacial inter- 
vals. On the basis of this analogy, and 
estimated temperatures and salinities, I 
conclude that circulation in the Agulhas 
region during the last glacial period 
varied seasonally. A warm, southward- 
flowing current, similar to the Agulhas 
Current today but characterized by high- 
er salinity, may have flowed southward 
during the summer months. During the 
winter months, however, this southward 
flow either decreased, shifted, or was re- 
placed by a cool, high-salinity current 
from the south. This increased seasonal 
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(22) suggest that the southwest monsoon 
may have been weaker in the northern 
Indian Ocean. Instead, seasonal weaken- 
ing or reversal of winds may have oc- 
curred within the region and may have 
affected surface circulation (23). 
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High-pressure syntheses have con- 
firmed that olivine and pyroxene trans- 
form, respectively, to spinel and garnet 
structures (1). This transformation is 
compatible with seismic data and is 
thought to account for the 400-km dis- 
continuity in the earth's mantle (2). In- 
asmuch as dislocations and stacking 
faults control the plastic flow properties 
of crystals (3), we began an investigation 
of the nature and structure of these de- 
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fects in ringwoodite and majorite. Our 
purpose was to obtain a qualitative de- 
scription of the rheology of high-pres- 
sure silicate phases and assess the possi- 
bility of deep-mantle convection. 

We report here transmission electron 
microscopic observations of dislocations 
and extended defects in ringwoodite and 
majorite crystals. Ringwoodite is the 
high-pressure y spinel polymorph of oli- 
vine, and majorite is the high-pressure 
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copy and ringwoodite and majorite, the high-pressure polymorphs of olivine and 
pyroxene, were identified. Ringwoodite contains antiphase boundaries and straight 
dislocations that are probably dissociated. Mantle flow of spinel might proceed by 
pure climb, and whole-mantle convection may be possible if the grain size is small 
enough. 

Dislocations in Spinel and Garnet High-Pressure Polymorphs 
of Olivine and Pyroxene: Implications for Mantle Rheology 

Abstract. The meteorite Tenham was observed by transmission electron micros- 
copy and ringwoodite and majorite, the high-pressure polymorphs of olivine and 
pyroxene, were identified. Ringwoodite contains antiphase boundaries and straight 
dislocations that are probably dissociated. Mantle flow of spinel might proceed by 
pure climb, and whole-mantle convection may be possible if the grain size is small 
enough. 

66 66 



Fig. 1. Electron diffraction diagrai 
woodite, (111) plane. 

garnet polymorph of pyroxene 
minerals, which are metastabl 
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only available natural samples 
minerals, which probably cons 
important part of the mantle t 
zone. 
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vine (7) and majorite is the garnet poly- 
morph of pyroxene. The values deter- 
mined for the cell parameters, a = 
0.82 + 0.02 nm for ringwoodite and 
a = 1.17 + 0.02 nm for majorite, agree 
with the values determined by x-ray dif- 
faction (8). In all the areas that we have 
examined ringwoodite grains are very 
small, ranging in size from 0.1 to 2 gm; 
their shape is often polygonal with grain 
boundaries parallel to {110} planes; and 
they coexist with majorite, which is pres- 
ent in greater amounts (9). 

The most conspicuous features in ring- 
woodite are extended planar defects that 
give rise to a fringed contrast when 

n of ring- viewed obliquely (Fig. 2) (10). In grains 
with a {111} plane perpendicular to the 
electron beam, three families of these de- 
fects exist, intersecting the plane of the 

. These foil along (112) directions. The defects 
e at am- lie on {110} planes; contrast analysis 
led by x- shows that, for a defect lying on the (110) 
L6 chon- plane, the displacement vector is of the 

Cather- type a/4 [112], or equivalently a/4 [110] 
gwoodite (10). These planar defects are therefore 
:s are the stacking faults, which can be considered 
s of the either as Shockley-type faults corre- 
titute an sponding to an a/4 [112] shear or as 
ransition Frank-type faults corresponding to the 

removal of one neutral Mg2SiO4 layer 
vere cut with an accompanying a14 [110] dis- 
iorite do- placement (Fig. 3). This fault affects only 
i; purple the cationic sublattice and leaves the 
optically close-packed oxygen sublattice undis- 
thinned turbed; it can also be viewed as a twin 

mined in boundary or as an antiphase boundary 
300 Phil- between domains where the cation order 
onfirmed is reversed. It has been shown that this 
hases by type of fault is the least energetic in the 
gwoodite spinel structure (11), and indeed it has 
)h of oli- often been observed in other spinels 

such as MgAlO24 (12), LiFe508 (13), and 
recently Mg2GeO4 (14,15). We think that 
the defects observed in ringwoodite may 
be considered as antiphase boundaries 
produced as the result of impingement of 
spinel domains nucleated at various 
places within one olivine crystal. 

Dislocations in ringwoodite are best 
seen when the planar defects are out of 
contrast. The dislocation density is very 
nonuniform, varying from 109 dislo- 
cations per square centimeter in some 
grains to zero in others. So far, we have 
mostly observed straight dislocations 
lying along the three (110) directions in 
{l 1} planes (Fig. 4). In cases where their 
determination was possible, we found 
the Burgers vector to be a/2 [011] for 
dislocations lying along [110] (the dis- 
location lines make a 60? angle with their 
Burgers vector). This is good evidence 
for the activity of (111)[110] slip sys- 

lite grain; tems. Similar observations have been 
made in MgAI,04 spinel (16), where 
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Fig. 3. Mixed layer (111) in the y spinel struc- 
ture. Silicon and magnesium ions are shown 
in tetrahedra and octahedra. Note their sym- 
metrical disposition on each side of the (110) 
fault plane, seen edge-on horizontally. The 
[112] direction is horizontal, the [110] direc- 
tion vertical. 

(110)[li0] or (111)[110] slip systems 
have been found depending on the orien- 
tation of the crystal with respect to the 
applied stress. For the (111)[110] slip 
systems, a weak-beam analysis (17) 
showed that the 60? dislocations were 
dissociated according to the reaction a/2 
[l10]---a4 [110]+a/4 [110],' with a 
fault of the type (001) a/4 [011] on the 
(001) plane, which is the least energetic 
fault (11). 

Majorite shows very little defect struc- 
ture; indeed, most of the crystals are 
dislocation-free. When dislocations are 
seen, their density is very low, in keep- 
ing with the fact that garnet is very re- 
sistant to deformation. The dislocations 
observed, in majorite as well as in ring- 

Fig. 4. Straight dislocations along [110] in the 
(I 1) plane of ringwoodite; scale bar, 0. l tAm. 
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woodite, are typical of crystals annealed 
at high temperatures, whereas neighbor- 
ing untransformed olivine has a high den- 
sity of dislocations corresponding to the 
(110)[001] slip system typical of shocked 
crystals (17); this is to be expected since 
the high-pressure phases grew in re- 
placement of shocked minerals. The pos- 
itive identification of ringwoodite and 
majorite in a shocked meteorite supports 
the view that it is possible to synthesize 
high-pressure silicate phases by shock 
wave experiments. 

Although our observations on ring- 
woodite are still fragmentary, they all 
point to a remarkable similarity to other 
spinels; we find the same stacking faults 
and the same slip systems as in MgAl,04 
spinel, for instance. It seems reasonable 
to think that many other similarities will 
eventually be found; thus we expect to 
find straight edge dislocations with an 
a/4 [110] Burgers vector, dissociated in 
their climb plane (110) with the least ener 
getic fault (16, 18). If this is the case, we 
may venture to draw a few tentative con- 
clusions regarding the rheology of the 
mantle transition zone (19): intra- 
crystalline flow of y spinel may proceed 
by slip on (111) planes (probably difficult 
and controlled by pinching of the stack- 
ing fault which does not lie in the glide 
plane) or by pure climb of edge dis- 
locations dissociated in their climb 
planes (17, 18). If the grain size of spinel 
is small in the mantle (19), it is possible 
to consider grain-boundary sliding ac- 
commodated by Nabarro or Coble creep 
in the grains as an important flow mecha- 
nism (20); this would make it possible to 
think that the mantle viscosity does not 
increase much in the transition zone (21) 
and that there is no rheological barrier to 
convection below 400 km (22). 
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commodated by Nabarro or Coble creep 
in the grains as an important flow mecha- 
nism (20); this would make it possible to 
think that the mantle viscosity does not 
increase much in the transition zone (21) 
and that there is no rheological barrier to 
convection below 400 km (22). 
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The treatment of malignant disease 
with antibody has been of considerable 
interest to oncologists and immunolo- 
gists throughout the past decade (1). Al- 
though inhibition of tumor growth has 
been demonstrated in experimental sys- 
tems by the passive administration of 
antibody, these effects were usually 
found to be minimal, short-lived, or ther- 
apeutic against only small tumors. Solid 
tumors were relatively resistant to anti- 
body therapy, whereas tumors of lym- 
phoid origin were found more respon- 
sive. One of the limiting factors in the 
success of antibody therapy has been the 
lack of sufficiently high-titered anti- 
bodies of defined class, avidity, and 
specificity. In fact, the overall difficulties 
associated with these technical aspects 
have tended to dampen the enthusiasm 
for a more generalized approach to the 
serotherapy of cancer. 

A reappraisal of the role of sero- 
therapy in the treatment of tumors may 
now be warranted. With recent advances 
in somatic cell hybridization techniques 
(2) it is now possible to obtain permanent 
cell lines that continuously produce 
monoclonal antibodies of defined speci- 
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19. It must be kept in mind that olivine and ring- 
woodite in Tenham have the composition 
(MgO.76Feo.24)2SiO4. The iron content is therefore 
higher than in the mantle, probably too high for 
,f spinel to exist. Our conclusions should be re- 
stricted to the upper part of the transition zone 
(below 400 km, before the iron-rich y spinel that 
is first formed transforms to (3 spinel by a peri- 
tectic reaction) or to its lower part, when the 3 
phase is transformed back to y spinel. In both 
cases the spinel grain size may be quite small 
because nucleation may be more active than 
growth and because the grain size must be stabi- 
lized by other phases. 

20. This is the so-called superplastic creep. P. J. 
Vaughan [Eos 59, 1185 (1978); personal commu- 
nication] experimentally found that Mg2GeO4 
spinel deformed by this mechanism. 

21. R. J. O'Connell [Tectonophysics 38, 119 (1977)] 
pointed out such a possibility for the postspinel 
lower mantle. 
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ficity. This is accomplished by the hy- 
bridization of B lymphocytes from im- 
munized donors with myeloma cells in 
culture (2). Antibodies obtained from 
these hybrid cell lines are chemically ho- 
mogeneous, react with constant avidity 
to single antigenic determinants, and can 
be isolated in quantities previously not 
obtainable by conventional methods. In 
this study we demonstrate that mono- 
clonal antibodies directed against a T 
cell differentiation antigen (Thy-1.1) dra- 
matically inhibit the growth of a trans- 
plantable AKR mouse lymphoma. 

Mice of the AKR, 129, and C57BL/6 
(B6) strains were purchased from the 
Jackson Laboratory. F1 hybrids [(129 x 

AKR)F1 and (B6 x AKR)Fi] prepared 
between these strains were bred in our 
mouse colony. The AKR SL2 leukemia 
(used for serotherapy) was derived from 
a spontaneous thymoma (3); SL2 cells 
passaged both in vivo and in vitro ex- 
pressed high concentrations of Thy-1.1 
antigen on the cell surfaces. 

Hybrid cells producing monoclonal 
antibodies against the Thy-1.1 antigen 
were isolated from a fusion performed 
with BALB/c MOPC21 NSI/1 myeloma 
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Mouse Leukemia: Therapy with Monoclonal Antibodies 

Against a Thymus Differentiation Antigen 

Abstract. Monoclonal antibodies against a thymus cell differentiation antigen 
(Thy-l.l) were effective in the therapy of a transplanted mouse leukemia. Passive 
immunization resulted in high titers of cytotoxic antibody in the serum of treated 
mice and the suppression of metastatic tumor cells. The tumor-suppressive effects of 
the monoclonal antibodies were amplified by the administration of exogenous com- 
plement. This combined antibody and complement therapy resulted in the cure of 
leukemia in a significant proportion of the treated animals. 
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