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Periodic Insolation Variations on Mars

Abstract. Previously unrecognized insolation variations on Mars are a conse-
quence of periodic variations in eccentricity, first established by the theory of
Brouwer and Van Woerkom (1950). Such annual insolation variations, charac-
terized by both 95,000-year and 2,000,000-year periodicities, may actually be
recorded in newly discovered layered deposits in the polar regions of Mars. An
additional north-south variation in seasonal insolation, but not average annual
insolation, exists with 51,000-year and 2,000,000-year periodicities.

Unique layered deposits have been
discovered in the polar regions of Mars
through Mariner 9 photography (I, 2).
A history of periodic entrapment, by
solid CO, deposits on the surface, of
dust particles settling out from planet-
wide dust storms is likely recorded
there. Murray et al. (I) postulate that
the individual layers might be asso-
ciated with a 50,000-year alternation in
the pattern of insolation at the two
poles of Mars previously recognized by

Leighton and Murray (3). A longer-
period effect in depositional conditions
is indicated by the association of tens of
individual layers into distinct overlap-
ping plates. This longer-period effect
was ascribed to some unrecognized cli-
matic fluctuation by Murray et al. (/).
We. report here previously unrec-
ognized long-term periodic variations in
the solar insolation reaching Mars (4),
which can be expected to regulate the
growth and disappearance of perennial
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Fig. 1. (a) Eccentricity of Mars for the past 107 years; (b) average annual insolation
at the poles; (c) insolation at the subpolar point at perihelion.
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CO, deposits and probably also the
production of planet-wide dust storms.
These insolation variations arise from
variations in the eccentricity of the
orbit of Mars. This pattern of insola-
tion variations bears a striking similarity
to the long-period and short-period
fluctuations that seem to be recorded by
the layered deposits. Thus, we propose
that this newly recognized long-term
periodic variation in the insolation,
arising from a periodic fluctuation in
the eccentricity of the orbit, may be re-
corded in the polar regions of Mars. A
later paper (5) will outline considera-
tions of the actual mechanisms by which
this process may have taken place.
Long-term changes in the eccentricity
of the orbit of a planet can be computed
by using the Laplace-Lagrange theory
of secular perturbations. The disturbing
function is limited to its secular part;
that is, all periodic terms containing
the mean longitudes are ignored. This
is equivalent to spreading out the mass
of each planet in the solar system along
its orbit with a local density propor-
tional to the time spent at each position.
Since the eccentricities can sometimes
become very small, it is convenient to
define the following quantities: h; = e,
sinw;, k; = e; cosw;, where e; and o; are
the eccentricity and longitude of perihe-
lion, respectively. The pertinent part of
the secular disturbing function between
two planets p and g thus takes the form

R = R0 DA () + ke +

he* + ki*) — bsp® (hohy + koko)] (1)

and the perturbation equations for A,
and k; are

dhe _ 1 & ﬂ‘_‘_,—l oR, @)
dt — nmal ok dt ma? aht

where R; is the total secular disturbing
function felt by planet i obtained by
summing the contributions from all the
other planets, n; is the mean motion,
and ¢ is time. In Eq. 1, G is the gravita-
tional constant; a, and a, are the semi-
major axes, with a, <a, and b,
denotes a Laplace coefficient that is
a function of a,/a, The mass of the
perturbing object is denoted by M*,
Carrying out the differentiation indi-
cated in Eq. 2 yields a system of linear
first-order differential equations. The
motions of the perihelia and changes in
the eccentricities of all the planets are
coupled to each other and must be solved
for together. A solution has been ob-
tained for the solar system (excluding
Pluto) by Brouwer and Van Woerkom
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(6). Eight eigenvalues, §;, and eigenvec-
tors were found, each being a solution
to the system of Eq. 2. In general, &;
and k; are given by a superposition of
the appropriate components of each
eigenvector and have the form

he= 3 My cos(—S;t + ¢;)
7

3)
ky = E MU sin(—S;t + e_,)
i

The constants M;; and ¢; are ascertained
from the values of h; and k; in the
epoch 1900 (7). The eccentricity can
be computed from

e = (hé + k)2

The upper curve of Fig. 1 shows a
plot of the eccentricity of Mars for the
past 107 years. There are relatively
rapid fluctuations with an approximately
95,000-year period during which the ec-
centricity varies by between .01 and
.06. This is superimposed on a much
longer, nearly periodic variation every
2 X 10% years. The theoretical maxi-
mum possible eccentricity, ey, = .141,
is obtained by adding the absolute
values of all of the coefficients, M,
and the minimum possible eccentricity,
emin = .004, is obtained by subtracting
from the largest one the absolute values
of all of the remaining coefficients (8).
In Fig. 1, a maximum value of only
.132 is obtained for the interval shown.
However, eccentricities arbitrarily close
to the maximum or minimum can be
achieved by waiting long enough.

Variations in the perihelion and
aphelion distances for the orbit of Mars
are due almost solely to the eccentricity
fluctuations, since the semimajor axis
suffers negligible change on this time
scale. Indeed, we are guaranteed, by
Poisson’s theorem, that there are no
secular terms in the expression for the
semimajor axis up to second order. It
is thus adequate for our purposes to
treat the semimajor axis—and therefore
the orbital period—as a constant (9).

To numerically relate eccentricity and
insolation, we compute the average
yearly solar insolation, (), incident
at the north pole:

1) :% S(g)2 sind cos(¢ — 6)dt

cos(p —0) >0 (4)
where P is the orbital period; 8§ is the
obliquity of Mars; r is the Mars-Sun
distance; and ¢ and § are, respectively,
the orbital angular position and longi-
tude of the north hemisphere’s summer
solstice, to be measured from some fixed
inertial space vector lying in the orbit
plane. (To the level of our approxima-
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Fig. 2. (a) Eccentricity of Mars and (b) logarithm of the ratio of the maximum
polar insolations for 5 X 10° years. Rapid fluctuations in the insolation ratio are due
to the 51,000-year beat between the precessing perihelion and spin axis. The longer-
period envelope is produced by the 2 X 10%year periodicity in the eccentricity. For
comparison, a plot of cosw [lower curve in (a), without a vertical scale] is included
to illustrate the 72,000-year perihelion precession.

tion, we can neglect the inclination of
the orbit of Mars to the ecliptic. In this
case, we can refer § and ¢ to the equi-
nox and ecliptic of 1950.) The solar
constant, S, has been normalized to a
distance of one semimajor axis, a. The
integral is taken over all those times
during one orbit of period P for which
the integrand is positive. Equation 4
can be transformed into an integral over
¢ by Kepler’s law, d¢/dt = C/r?, where
C =2na%(1 — ¢2)*%/P 1is a constant.
Integration yields

S sind
(= &% ®
Using the values for Mars, § = 23°59’
and § = 0.06 watt cm—2, we find that
as the eccentricity varies from .004 to
.141 the annual average insolation at
the geometric pole on Mars varies about
1 percent. This is sufficient, under
some conditions, to significantly affect
the behavior of permanent CO, there.
We are also interested in the insolation
at the subsolar point at perihelion,
Ly, =8/(1 — €)2, which now can be
seen to vary as much as 30 percent due
to the eccentricity variations. These

Iy =

relationships are presented in the mid-
dle and lower curves of Fig. 1 (10).
Another property of interest is the
difference between maximum insolation
at the north and south poles for a given
orbit. Although the average annual in-
solation is identical, there does exist an
alternating seasonal difference between
north and south, that is, a cool fall
versus a warm fall. Because of the
precession of Mars’ spin axis, the preces-
sion of the perihelion within the orbital
plane, and the previously discussed per-
iodic variations in the eccentricity, the
ratio of maximum insolation at the south
pole to that at the north pole, I, (S)/
I,.(N), experiences a periodic variation.
The insolation at the north pole is
given by the integrand of Eq. 4,
S sind
I(N) = [ros 1+
e cos(¢p — w)J cos(¢p — 6) (6)

where we have expressed r as a function
of ¢. To first-order accuracy in the ec-
centricity, the maximum insolation is
achieved when ¢ = 6 and

Inax(N) = S sind[1 + 2e cos(@ — w)] (7)
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On the other hand, the insolation at the
south pole becomes a maximum when
¢ =0+ and

Inox(S) == § sind[1 — 2¢ cos(8 — w)] (8)

From Eqs. 7 and 8 and the definitions
of h and k,

Imax(s) o
_Imax(N) =1 —4e cos(fd — w)
=1—4kcos6 —4hsing (9)

The present position of the Mars spin
axis and its precession period of 1.75 X
105 years determined by Lorell et al.
(I11) can be used to compute 6 as a
function of time. A present value of
6 = 172° was taken as sufficiently ac-
curate for our purposes. Figure 2 is a
plot of the logarithm of Eq. 9. The
maximum polar insolation can be seen
to alternate between the north and south
poles with a 51,000-year period, and
to exhibit a 2,000,000-year periodicity
in amplitude, ranging from about 10
percent difference to 50 percent differ-
ence. This periodic insolation difference
may be important in processes that are
nonlinearly related to insolation, such
as the mobilization of water vapor from
ground ice and certain kinds of atmo-
spheric dynamics.

Thus, it is an intriguing possibility
that the insolation of Mars experiences
periodic fluctuations on a time scale and
of sufficient magnitude to be recorded
in at least polar deposits on Mars,
especially the layered terrains described
by Murray et al. (I). In addition, Briggs
(12) has shown that the eccentricity
variations represented in Fig. 1 probably
cause the maximum annual insolation
on Mars to sometimes exceed and some-
times not exceed a critical threshold ap-
parently necessary for the generation of
a planet-wide dust storm. Thus, periodic
insolation variations on Mars may be
recorded in sedimentary  deposits
throughout the planet.
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Genetic Mapping of the Fv-1 Locus of the Mouse

Abstract. The Fv-1 locus of the mouse, a major determinant of the biology of
murine leukemia virus, is very closely linked to Gpd-1 on chromosome 4 (linkage

group VIII).

The Fv-1 locus of the mouse (1) is
the major determinant of the sensitivity
of mouse cells, in vivo or in vitro, to
infection with naturally occurring strains
of murine leukemia virus (MuLV) (2).
Indirect evidence suggests that Fv-1
type also has a strong influence on the
incidence of spontaneous lymphoma in
hybrids between high and low leukemic
mouse strains, presumably as a result
of its effect on cell-to-cell spread of
virus (3). In the backcross to AKR
from crosses between the high virus
AKR mouse strain (Fv-I*) and low
virus strains carrying the Fv-1? allele,
which is restrictive for the murine leu-
kemia virus contributed by AKR, in-
heritance of the Fv-1" allele is strongly

correlated with expression of infectious
virus (3), the MuLV group-specific (gs)
antigen, and the G;x antigen of thymo-
cytes (4). In the case of infectious
virus, Fv-1 regulates expression by de-
termining the sensitivity or resistance
of the cells to spread of infection; in
the case of G;x antigen, the correlation
of antigen expression with Fv-1 type
appears to result from linkage (4).
Thus, the Fv-1 locus is of major im-
portance in the biology of murine leu-
kemia, and its precise localization in
the mouse genome could be important
for the study of mouse neoplasia.

We have recently found (5) that
Fv-1 is in chromosome 4 (linkage
group VIII), since segregation analysis

Table 1. Three-point cross of b, Fv-1, and Gpd-1; (C57BL/6J X DBA/2J) X DBA/2N and
reciprocal mating. All mice have one chromosome of genotype: b Fv-I" Gpd-1°; the other
chromosome is that given in the table. The recombination frequencies =+ the standard error
are: b to Fv-1: 39/107 = 36.4 + 4.7 percent; Fv-1 to Gpd-1: 1/107 = 0.9 = 0.9 percent; and

b to Gpd-1: 40/107 = 37.4 = 4.7 percent.

I P tal Recombinant Recombinant Double
tem aren b to Fv-1 Fv-I to Gpd-1 recombinant
Genotype b Fv-1" Gpd-1* b Fv-1° Gpd-1¢ b Fv-1" Gpd-1°¢ b Fv-1° Gpd-1®
No. of mice 30 24 0 0
Genotype B Fv-1° Gpd-1°¢ B Fv-1" Gpd-1® B Fv-1® Gpd-1® B Fv-1" Gpd-1*
No. of mice 37 15 1 0
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