The parameters in the least-squares
solution were the position and velocity
of the spacecraft at the epoch, the
gravitational constant GM s for Mars,
the distance off the earth’s axis of ro-
tation, and the longitude of each of the
five NASA/JPL Deep Space Network
tracking stations for which data were
available. The statistical properties of
the fit, which were good, are summa-
rized in Table 2. The solution for GM »
is 42,828.22 + 1,83 km3/sec2. A sec-
ond solution was performed in which
the Doppler data were fitted along
with nine range measurements taken
on 27 July from the NASA/JPL Deep
Space Network (Mars tracking facility)
at Goldstone, California, with the ex-
perimental ranging system wused for
Mariner 5. The statistical properties of
the Doppler fit were not changed ap-
preciably by the addition of the range
data. The nine range residuals are
shown in Table 3. The value of GM »
for the range and Doppler fit is
42,828.48 = 1.38 km3/sec?, which is
not significantly different, either in size
or in estimated standard error, from
the value based on Doppler measure-
ments alone. This estimate was com-
puted with a standard error of 62 X
10—9 second on each range point and
a standard error of 0.05 hz on Doppler
data sampled at 1-minute intervals.

Although the introduction of range
data into the fit does not appreciably
affect the solution for the mass of
Mars, it is of value in the determination
of the orbit of the Mariner spacecraft.
This has important implications for
other Mariner experiments which will
require good orbital data for final anal-
ysis. Precise knowledge of the orbit is
important in relation to information on
the ephemeris of Mars and will be
significant in later analyses of the track-
ing data when the nongravitational
forces on Mariners 6 and 7 are better
understood. At present, we Dbelieve
that the areocentric orbit for Mariner
6 from the fit to range and Doppler
data can be used to predict events
along the trajectory to better than 1
second in time or to better than 8 km
along the flight path. For example, our
best estimate of the time of closest
approach to Mars is 31 July 1969,
05:19:06.4 (%=1 second) (UTC).

In addition to Mariners 6 and 7, the
only other source for an accurate de-
termination of the mass of Mars is
Mariner 4. A recent analysis (/0) of
Doppler data, taken over a 10-day in-
terval during which the spacecraft was
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centered about a closest approach, has
yielded a value for GM s of 42,828.32
=+ 0.13 km3/sec2. Therefore, the masses
determined from Mariners 4 and 6 are
in agreement, and there is good reason
to use the value determined from
spacecraft measurements in calculations
with other planetary data.
JouN D. ANDERSON
LEONARD EFRON
S. KueN WoNG
Jet Propulsion Laboratory, California

Institute of Technology, Pasadena
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Silicon: A Possible Factor in Bone Calcification

Abstract. Silicon, a relatively unknown trace element in nutritional research,
has been uniquely localized in active calcification sites in young bone. Silicon in-
creases directly with calcium at relatively low calcium concentrations and falls
below the detection limit at compositions approaching hydroxyapatite. It is sug-
gested that silicon is associated with calcium in an early stage of calcification.

Approximately 5000 quantitative,
electron probe microanalyses for cal-
cium, phosphorus, and silicon were
made on 50 specimens of normal tibia
from young mice and rats (0 to 28
days old) with five different sample
preparation techniques. As a result,
silicon, a relatively unknown trace ele-
ment in nutritional research, has been
shown to be localized in active calcifi-
cation sites in young mouse and rat
bone. The amount of silicon present in
specific regions within the active areas
appears to be uniquely related to “ma-
turity” of the bone mineral. In the
earliest stages of calcification in these
regions, when the calcium content of

- the preosseous tissue is very low, both

silicon and calcium contents rise con-
gruently. In more advanced stages the
amount of silicon falls markedly, and,
as calcium approaches the proportions
present in hydroxyapatite, silicon is
present only at the detection limit; the
more “mature” the bone mineral the
smaller the amount of measurable sili-
con. Concomitantly maximum amounts
of silicon are present at molar ratios of
calcium to phosphorus of approxi-
mately 0.7, but at ratios of calcium to

phosphorus approaching that of hy-
droxyapatite silicon again falls below
the detection limit.

To carry out a study involving quan-
titative analysis for and precise location
of trace elements in biological tissue
sections, unusual precautions must be
taken to avoid contamination, redistri-
bution, or removal of the elements. This
prerequisite cannot be emphasized too
strongly in the case of an element such
as silicon which is so abundant in the
environment (7). Modified histological
specimen procedures used were (i)
freeze-drying and embedding in poly-
mer, (ii) vacuum drying and embed-
ding in polymer, (iii) hand polishing
of freeze- and vacuum-dried embedded
slices with materials free of silicon,
(iv) cryostat cutting with subsequent

- freeze-drying, and (v) fixation in ab-

solute alcohol and embedding in paraf-
fin. The comparison standard for quan-
titative electron microprobe analysis
was a natural apatite for which a dis-
tinctly superior analysis of major and
minor elements is available (2). There
was no measurable wavelength shift
between the specimen and the stan-
dard. Sequential quantitative analyses
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Fig. 1. Spatial relation between silicon (A) and calcium (Q) composition (percent,
by weight) in typical traverses across young tibia in (a) a periosteal region (cross
section) and in (b) a metaphyseal trabecula (longitudinal section) as obtained by

electron-microprobe techniques.

were performed by moving the speci-
men in 3- to 4-um steps under a sta-
tionary electron beam focused to a
diameter less than 2 pm.

The spatial distribution of the chang-
ing calcium and silicon compositions in
young bone is shown in Fig. la, rep-
resenting one of a great many traverses
through sites rich in silicon in the
periosteal regions. In the periosteum
both the calcium and silicon values are
invariably low, whereas in the adjacent
osteoid layer of this sample (Fig. 1a),
there are silicon-rich sites containing
up to 25 times as much silicon and nine
times as much calcium as in the peri-
osteum. The silicon content falls again
to the original extremely low value as
the calcium concentration rises to 15
percent and beyond. Several other
traverses across periosteal regions of
this sample yield similar results.

A similar relation exists between
calcium and silicon in the metaphysis
of young bone, the presence of silicon
corresponding with the margins of
trabeculae and bony spicules in the
course of formation. Part of a typical
traverse across the metaphyseal region
of a longitudinal section of a young
tibia (Fig. 1b) shows silicon content
rising from 0.01 to 0.06 percent in the
preosseous border and to 0.12 percent
on the edge of a trabecula but then de-
clining to and remaining at 0.01 per-
cent while calcium content rises pro-
gressively from 0.06 to 27.8 percent.
This same relation was encountered
eleven more times in the continuation
of the traverse, not shown in the figure.
Calcium contents in the silicon-rich
sites, which are abundant in this part
of bone, range from 0.15 to 0.70 per-
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cent and molar ratios of calcium to
silicon range from 1/3 to 3. By com-
parison, on the edge of the trabeculae
where the calcium content is about 1
percent, the molar ratios of calcium to
silicon are typically about 5. The de-
cline in silicon, as the traverse pro-
gresses into the trabecula, occurs usu-
ally at a calcium concentration above
I percent. Silicon continues to fall and
remains at a minimum as the calcium
concentration progressively increases
with distance from the edge of the
trabecula.

The overall relation between silicon
and calcium contents, in regions where
silicon is found, in both periosteal and
endochondral bone can be summarized
as follows. At extremely low concentra-
tions of tissue calcium (less than 0.1
percent) little or no measurable silicon
is present. Silicon appears where a low
to moderate and varying calcium con-
tent suggests active calcification. The
silicon is not uniformly distributed in
these areas but is concentrated in sites
containing from 0.08 to 1.0 percent or
more silicon and from 0.1 to 2.0 per-
cent calcium on the edge of trabeculae
or from 0.5 to about 15 percent cal-
cium in the periosteal areas. Such sites
are common. Generally a marked de-
cline in silicon-rich sites occurs at cal-
cium concentrations of 10 to 20 per-
cent, and little or no measurable silicon
is present at calcium concentrations
above 20 percent, whether in areas of
active calcification or not.

To help eliminate the possibility that
the silicon increment could be a re-
sidual effect as tissue fluid space is
replaced by apatite, simultaneous analy-"
ses were made in specific areas for sili-

con and for chloride, an anion not be-
lieved to participate in the calcification
process (1). No correlation with the
silicon effect was observed. However,
a positive correlation has been estab-
lished with magnesium, which has
been suggested as a factor regulating
mineralization in vivo (3).

These observations, relating to active
bone development, imply that silicon
may be allied to the initiation of min-
eralization of preosseous tissue, whether
in periosteal or in endochondral ossifi-
cation. Further evidence that silicon is
involved in calcification at an early
stage is provided by molar ratios of
calcium to phosphorus. In hydroxyapa-
tite, and in mature bone generally, this
ratio is approximately 1.67. In the sili-
con-rich sites, even though calcium
contents range appreciably, these molar
ratios are typically in the range 0.6 to
0.8. Silicon-rich sites have yet to be
found in bone approaching the compo-
sition of hydroxyapatite. Additional in-
formation from studies in vivo support
the finding that silicon is associated
with calcium in the mineralization
process (4).

EpitH M. CARLISLE
School of Public Health, University of
California, Los Angeles 90024
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Dimethylpropynylbenzamides:
A New Group of Herbicides

Abstract. N-(1,1-Dimethylpropynyl)-
3,5-dichlorobenzamide is representative
of a group of benzamides that are her-
bicidally active on annual and peren-
nial grasses with potential agricultural
utility in forage legumes, certain turf
grasses, and cultivated crops.

Several dimethylpropynylbenzamides
have shown outstanding activity as se-
lective herbicides. Preeminent among
these is N-(1,1-dimethylpropynyl)-3,5-
dichlorobenzamide (Fig. 1), extensively
field tested under the code designation
RH-315.

This benzamide was prepared by
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