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thalamic self-stimulation site elicits immediate sexual behavior which pe 
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and temperature suggests a different ex- 
planation. 

As Riecker and Rooney pointed out, 
their data below 30 kb showed only 
the normal inverse relation between 
strength and temperature; that is, iso- 
baric sections at 10 and 20 kb showed 
an almost-linear decrease in shear 
strength with increasing temperature 
between 27? and 900?C. At 30 kb 
and higher, however, the data showed 
abrupt decrease in shear strength in 
the range 300? to 520?C, although in 
the range 520? to 900?C the shear 
strength again decreased linearly with 
increasing temperature. 

We have demonstrated experimen- 
tally that at pressures exceeding 30 kb 
the stability field of serpentine in the 
temperature range 350? to 550?C is 
preempted by a pressure-dependent, 
oxonium-bearing, 2: 1 layer silicate 
with a basal spacing of 10 A and the 
composition [(H30)2MgIZlISi8O20(0H)4] 
(2). The 10-A phase occupies a large 
volume of P-T-X space in the system 
MgO-SiO2-H20 and is stable to at 
least 90 kb below 550?C. Above 
550?C under pressures greater than 30 
kb it breaks down to the assemblage 
clinoenstatite-coesite-vapor. The phase- 
equilibrium diagram for the system 
MgO-SiO2-HO0 indicates that at or 
above 30 kb and below 550?C the 
serpentine in serpentinite or serpentini- 
tized dunite would react as follows: 

2[Mg,Si,O,o(OH)s] -- 
serpentine 

d - 2.55 g/cm3 
[(H30 ) 2Mg0-hSisO2o(OH) ] + 

10-A phase 
d c., 2.65 g/cm3 

3Mg(OH)2 + 4MgO 
brucite periclase 

d = 2.37 g/cm3 d -= 3.58 g/cm3 
This reaction involves a -Av of about 
12 to 16 cm3/mole and a correspond- 
ing density increase relative to serpen- 
tine of about 7.5 to 9.5 percent; it 
would result in development of new mi- 
cropores and in nucleation and growth 
of a soft, slippery, low-strength, micace- 
ous phase along preexisting grain 
boundaries in the serpentine. These 
changes would probably be manifested 
by a sudden decrease in apparent shear 
strength of the rock. 

One should note that experimental 
work by us and by others (3) shows 
that serpentine is stable under between 
20 and 30 kb below 550?C, and ex- 
perimental studies in the low-pressure 
range (0.1 to 3 kb) show conclusively 
that it is stable at up to 500?C (4-6). 
It has also been demonstrated experi- 
mentally that aluminous serpentine of 
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clinochlore composition [Mg5Al2Si3Olo 
(OH)8] is stable at least to 500?C, and 
possibly to 600?C, under pressures up 
to 20 kb (7). It seems improbable, there- 
fore, that the strength of serpentine- 
bearing rocks under high pressure 
would be reduced significantly in the 
temperature range 300? to 520?C as 
a result of serpentine dehydration, as 
concluded by Riecker and Rooney. 

As we have noted, the reported shear- 
strength data for serpentinized dunite 
under 30 and 40 kb show a "normal" 
regular decrease with increasing tem- 
perature between 520? and 900?C. 
At or above about 550?C, the 
10 A phase-brucite periclase assem- 
blage would ultimately transform to 
the assemblage forsterite-clinoenstatite- 
vapor in accord with the two reactions: 

[(H30) 2Mg51-Si8020(OH)4] + 
3Mg(OH)2 + 4MgO -> 

8MgSiO3 + 4Mg(OH), + 4H20 
8MgSiO3 + 4Mg(OH)2 + 4H20- 

4Mg2SiO4 + 4MgSiO3 + 8H20 

Our experimental results to date sug- 
gest that these reactions are essentially 
independent of pressure above 30 kb 
[(dt/dp) > 30 kb -0O], in accord with 
the pressure independence of the de- 
hydration temperature of serpentine 
under pressures below 30 kb (3, 4, 6). 
If one assumes that the vapor phase is 
contained in the sample, the volume 
change associated with the develop- 
ment of the assemblage forsterite-clino- 
enstatite-vapor is very small if not es- 
sentially zero, and the density of the 
vapor phase is about 1.30 g/cm3 based 
on the zero-pressure densities of the 
solid phases. By comparison, the values 
for the density of water on the 500?C 
isotherm at 30, 40, and 50 kb, based 
on shock-wave measurements, are 1.27, 
1.34, and 1.40 g/cm3, respectively (8). 
Thus, if the vapor phase were retained, 
the development of forsterite and clino- 
enstatite would not be attended by any 
significant volume change, and a "nor- 
mal" inverse relation between shear 
strength and temperature would be ob- 
served; this is exactly what the data 
of Riecker and Rooney show. 

Experimental results of Raleigh and 
Paterson (9) show that serpentinite 
undergoes both weakening and embrit- 
tlement above 500? to 600?C under 
pressures as high as 5 kb, which 
changes they correlate with the dehy- 
dration of serpentine. The specific 
mechanisms invoked are (i) reduction 
of effective confining pressure, due to 
the pore pressure of the water released 

on dehydration, and (ii) loss in cohesive 
strength because of the development 
of talc and forsterite, at the expense of 
serpentine, along preexisting grain 
boundaries according to the reaction: 

5[Mg6Si401o(OH)8] -> 
12Mg2SiO4 + Mg5Sis02o(OH)4 + 18H20 

Raleigh and Paterson point out that 
their results do not enable assessment 
of the relative importance of these 
mechanisms. At pressures exceeding 30 
kb, however, the development of the 
assemblage 10 A phase-brucite periclase 
from serpentine, without the presence 
of water as a free phase, at tempera- 
tures below 550?C strongly suggests 
that the second type of mechanism 
(neomineralization) is operative at the 
high pressures employed by Riecker 
and Rooney. Furthermore, the results 
of these workers show no significant 
weakening of serpentinized dunite 
under pressures exceeding 30 kb be- 
tween 520? and 900?C, in which tem- 
perature range water is a free phase in 
association with .forsterite and clino- 
enstatite; the pore-pressure mechanism 
o'f Raleigh and Paterson may not be op- 
erative under pressures lexceeding 30 kb. 

Careful postmortem study of the 
phase composition and microtexture of 
experimental products from high-pres- 
sure shear tests on serpentine-bearing 
rocks, with particular reference to oc- 
currence of the 10-A phase, should 
provide considerable insight into the 
weakening phenomenon. 

C. B. SCLAR 
L. C. CARRISON 

Battelle Memiorial Institute Columbus 
Laboratories, 505 King Avenue, 
Columbus, Ohio 43201 
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In discussing our paper (1) Sclar 
and Carrison (2) postulate an inter- 
esting alternative mechanism to explain 
weakening of experimentally deformed 
minerals and rocks in the presence 
of water. For various reasons we do 
not believe that this mechanism 
operates to any significant extent in 
our shearing tests. 

They contend that shear weakening 
of the serpentinite and serpentinized 
dunite occurs abruptly above 30 kb in 
the temperature range 300 to 520?C, 
where the stability field of serpentine 
is preempted by a 10 A layer-silicate 
phase. Although more pronounced at 
30 kb, weakening is not abrupt, but 
occurs at pressures well below 30 kb. 
At 15 kb (1, Fig. 2) the strength of 
unserpentinized dunite and synthetic 
forsterite is greater than the strength 
of serpentinized dunite. The specimen 
is more tightly confined at higher pres- 
sures, which fact explains the ap- 
parent increase in weakening. 

We did not specify the dehydration 
temperature of the serpentine, but, as 
we stated, those pellets sheared above 
450?C were damp after removal from 
the press. The x-ray patterns also show 
that the serpentine begins to break 
down near 500?C. It is notable that 
Handin (3) found weakening in ser- 
pentine at temperatures as low as 
200?C. Unfortunately, it is not known 
what effect the composition of the ser- 
pentine has on dehydration tempera- 
ture in our tests; nor do we know 
which serpentine minerals are pres- 
ent in the samples. 

Lastly, the funerary suggestions of 
Sclar and Carrison were fulfilled: post- 
mortem studies were made of more 
than 130 sheared pellets shortly after 
each test was completed; studies in- 
cluded a thorough x-ray examination, 
using diffractometer and film methods 
as well as microscopic observations. 
No brucite, periclase, or 10 A layer- 
silicate phase were identified at any 
pressure, temperature, or shearing con- 
dition attained in the tests. Since re- 
ceipt of Sclar and Carrison's rebuttal 
(2), we have made other, longer-time 
tests (45 minutes) on serpentinite in 
the region above 30 kb at 450?C. The 
x-ray patterns did not show a 10-A 
phase. Since most of our shearing 
tests were accomplished rapidly, usual- 
ly within 10 minutes, we think it un- 
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used reactive oxide mixtures in their 
experiments, while our starting ma- 
terials were natural or synthetic 
minerals. 

THOMAS P. ROONEY 
ROBERT E. RIECKER 

U.S. Air Force Cambridge Research 
Laboratories, Bedford, Massachusetts 
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Single Cells, Coconut Milk, and 

Embryogenesis in vitro 

Steward and his co-workers (1) re- 
ported obtaining thousands of embryos 
from carrot cell suspensions grown in 
media containing coconut milk. This 
fact was taken as evidence for his hy- 
pothesis (2) that isolated cells tended to 
behave as if they were zygotes when 
exposed to media containing coconut 
milk (the liquid endosperm that nor- 
mally nourishes the coconut embryo). 
The belief that coconut milk has em- 
bryogenic effects on single plant cells 
in culture has now achieved the status 
of accepted truth. Perhaps the final ap- 
probation has been given this theory in 
Plant Biochemistry by Bonner and 
Varner (3). Bonner states, "Two con- 
ditions must be satisfied for this to oc- 
cur [embryogenesis]. The specialized 
cell must be separated from its neigh- 
bors, that is, it must be a single cell. In 
addition, the cell must be surrounded 
by medium which contains the nutrients 
needed for embryo growth. The liquid 
endosperm of coconut or horse chest- 
nut contains the required substances. If 
either of the two conditions is not 
satisfied, embryos are not produced. 
Thus, if clumps of cells, rather than 
single isolated cells, are placed in the 
enriched medium, they grow into un- 
differentiated masses of callus. If the 
embryonic nutrients [coconut milk, and 
such] are omitted, no growth takes 
place." 

The categorical statements made by 
Bonner are surprising, to say the least, 
since Steward's theory has never been 
supported by experiments showing that 

used reactive oxide mixtures in their 
experiments, while our starting ma- 
terials were natural or synthetic 
minerals. 
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Single Cells, Coconut Milk, and 

Embryogenesis in vitro 

Steward and his co-workers (1) re- 
ported obtaining thousands of embryos 
from carrot cell suspensions grown in 
media containing coconut milk. This 
fact was taken as evidence for his hy- 
pothesis (2) that isolated cells tended to 
behave as if they were zygotes when 
exposed to media containing coconut 
milk (the liquid endosperm that nor- 
mally nourishes the coconut embryo). 
The belief that coconut milk has em- 
bryogenic effects on single plant cells 
in culture has now achieved the status 
of accepted truth. Perhaps the final ap- 
probation has been given this theory in 
Plant Biochemistry by Bonner and 
Varner (3). Bonner states, "Two con- 
ditions must be satisfied for this to oc- 
cur [embryogenesis]. The specialized 
cell must be separated from its neigh- 
bors, that is, it must be a single cell. In 
addition, the cell must be surrounded 
by medium which contains the nutrients 
needed for embryo growth. The liquid 
endosperm of coconut or horse chest- 
nut contains the required substances. If 
either of the two conditions is not 
satisfied, embryos are not produced. 
Thus, if clumps of cells, rather than 
single isolated cells, are placed in the 
enriched medium, they grow into un- 
differentiated masses of callus. If the 
embryonic nutrients [coconut milk, and 
such] are omitted, no growth takes 
place." 

The categorical statements made by 
Bonner are surprising, to say the least, 
since Steward's theory has never been 
supported by experiments showing that 
coconut milk has the purported effect, 
or that the embryos in cell cultures must 
be derived from single cells. In fact, 
it has been shown conclusively that 

coconut milk has the purported effect, 
or that the embryos in cell cultures must 
be derived from single cells. In fact, 
it has been shown conclusively that 

neither coconut milk nor any other 
similar nutrient complex is required for 
embryogenesis in carrot cell cultures 
(4, 5), and the available evidence indi- 
cates that embryos in cultures of car- 
rot and other species usually develop 
from cell clumps-not from, single cells 
(6, 7). 

I offer the following points to sup- 
port this contention: 

1) Although Steward has obtained 
embryos from cell suspensions of the 
wild carrot, Daucus carota, grown on 
media containing coconut milk (1), he 
has not reported control experiments 
establishing that coconut milk is the 
component of the medium responsible 
for embryogenesis. Steward's data 
which showed an absence of cell divi- 
sion in the absence of coconut milk 
(1) hardly comprised an adequate con- 
trol, since the basal medium used was 
designed 30 years earlier for growing 
tomato root cultures (8) and has too 
lit,tle of nitrogen and several other min- 
erals for adequate growth. Experiments 
of others show that embryogenesis oc- 
curs readily in wild carrot cultures 
started and maintained through numer- 
ous transfers on media containing only 
minerals, sucrose, vitamins, and an 
auxin (4, 5, 7). If there are, special 
"embryonic nutrients" involved, they 
must be produced by the cells them- 
selves, a fact that has theoretical im- 
plications different from those of Stew- 
ard's theory. 

2) In cultures of other varieties of 
carrot (9) and in other species (10) 
where embryos have occasionally been 
observed, either coconut milk was ab- 
sent from the medium or the essential 
components of the medium were not 
identified by control experiments. In 
short, although coconut milk has an 
unusual capacity for inducing growth 
in explants and is often used in cul- 
ture media, it has never been shown 
to have any relevance for embryogene- 
sis in vitro. On the contrary, in the 
only well-studied experimental system, 
the wild carrot, coconut milk has been 
shown to inhibit embryogenesis par- 
tially or completely, depending on the 
cultural circumstances (4, 5, 7). Ab- 
normal development of young embryos 
in the presence of autoclaved coconut 
milk was demonstrated by Van Over- 
beek in 1942 (11). 

3) Steward has not provided data to 
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must be produced by the cells them- 
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short, although coconut milk has an 
unusual capacity for inducing growth 
in explants and is often used in cul- 
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to have any relevance for embryogene- 
sis in vitro. On the contrary, in the 
only well-studied experimental system, 
the wild carrot, coconut milk has been 
shown to inhibit embryogenesis par- 
tially or completely, depending on the 
cultural circumstances (4, 5, 7). Ab- 
normal development of young embryos 
in the presence of autoclaved coconut 
milk was demonstrated by Van Over- 
beek in 1942 (11). 

3) Steward has not provided data to 
support this contention that single cells 
were the source of embryos in his cul- 
tures. The available evidence indicates 
that mitosis in plant cell suspensions 
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