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INTRODUCTLON OF POOR OUALITY

In this paper we examlne the topolopy of lunar remanent mapnetle [lelds
by analyzing simultancous mapgnetometer and solar wind spectrowmcter data., The
results of this study are then used to infer characteristics of the magnetized
sources and thelr evolution during crustal formation,

Remanent magnetic fields were first measured on the moon by the Apollo 12
magnetometer in Oceanus Procellarum (Dyal et al., 1970). Subsequently, many
additional surface and orbital experiments have measured fields over a large
part of the lunar surface. Following these discoveries many investigators
examined the interactilon between lunar remanent fields and the solar wind
plasma. Barnes et al. (1971) were the first to use this phenomena and estimate
the remanent magnetic field scale size at the Apollo 12 landing site. They
assumed that the field associated with the regions of permanent magnetization
(magcons) were compressed by the solar wind flow. They also modeled the
interaction mechanism at the lunar limb to explain magnetic perturbations in
lunar orbital data reported by Sonett and Mihalov (1972). .

Very carly examination of simultancous Apollo 12 magnetic and plasma data
revealed a strony correlation between the plasma density and surface magnetic
field changes (Dyal et al., 1972). Comparison of simultanecous interplanctary
(0G0~5) and lunar surface (Apollo 12) plasma velocity daﬁn by Neugebauer ct
al., (1972), demonstrated that che solar wind was decelerated ~ 50 km/scc as a
result of its interaction with lunar remanent fields. In addition, the
interaction near the limb resulted in occasional detection of the solar wind
plasma as far as 18° past the terminator. They modeled the interactiow as a
balance of plasma and magnetic field pressure normal to the lunar surface,
Siscoc and Goldstein (1973) developed two pressure balance models for the

field-plasma interaction.
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In one case the souwrce dipole axls 1a pcrpcndiculué to the surface and deflee~
tion currents close above the moon., In the other case the source dipole axliu
1s parallel to the surface and the currents intersect the moon. Clay et al.
(1975) studied scveral properﬂies pf the solar wind at thé lunnr_surfacc.from
measurements obtained by the Apolilo 12 and lSlsolﬂr wind spectrometers. in
addition to plasma deceleration and deflection they measured heating of the
protons in excess of adiabatic compressicnal heating and an increased level of
fluctuations at frequencies .abmrc*..!h«:lom5 Hz.

Vanyan (1977) has recently developed a diffusion model to describe the
fleld-plasma interaction at the lunar surface and cbmpared the model to a
limited data set from one Apolle site. We will extend the diffuslon theory in
this paper to describe the interaétion with fields characterized by two scale
' lengths and compare this madel with data from three Apollo landing siltes wi.th
;rustal ficlds of very different intensity and topology.. qu the first time
we' compare local remanent f£ield properties from this ﬂnnlzﬂis.with Lph sbnt@ul
rogolutdlon magnetic mape recently obtuihed froﬁ the clcctron-raflcctiun prurimuﬁu
(I.ln, private communicntlon). WYe tﬁen conalder thcsé surface and orbluial
cxpcriMentql results of the crustal magnetilc flelds along with the wnatural
magnetlc remanence measured iIn rctﬁrned.samples to postulate sourcc§ for the
magnetiéing fieid and the physical conditions.in.the cruit during this evolu-

tionary period.

MAGNETIC FIELD-SOLAR PLASMA DIFFUSION THEORY
In this sectlon we discuss a field-plasma interaction model develbped by
Vanyan (1977) in which the local magnetic fields propagate Into the solax
‘plasma by means of diffusion. Interaction of the solar wind with;global
planetary mdgnetiu fields, as in the case of the eafth,'is.by a balance of

plasma dynamic.dﬁﬁ magnetic pressure. The magnetic pressure, B2/8n, of the
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loecal remanent fields at cach oE_thc Apoallo 12, 14, and 16 lamding slies Lo
larger than the nominal solar wind dynamic pressure (approximatcly /n':lO-'9 ;
dytcs/cmz). lowaver, solar wind spectrometer data from the Apollo landing " éz
sites indicate that the solar plasma impinges directly on the lunar sucface
with small changes from incerplanetary values of its density or bulk vclocity‘ E
(Clay et al., 1975; Necugebauer et al., 1972). Therefore, it is clear that |
scale sizes of the local fields are too small for the dynamic pressure of the
solar wind td'tignificantly distort the fileld by a pressure balance mechanism.
Barnes et al. (1971) calculated that the interaction region for the plasmn-

field pressure balance interaction has a theoretical scale length L %~ 10 km. ;{
If the local field scale 1tngth is L >> L the particles experiencc significant

momentum changc during the interaction and a shock may form. When L << L

.the interaction is weak or nonexistent since thc fleld scale size, 15 smaller . T

than the electron gyroradlius or electron inertial length and little momentum

change is imparted to the particles in the_interattion. For the intermediate
case of L ~ L we will model the interaction using the theory of Vanyan (1977)
which does not require a halance_of magnetic and plasma pressure,

To model the field diffusion into the plasma we consider the magnetic
field of a magnetized layer, the top of which is at a depth d below the lunar
surface. Magnetization M in the layer iS'p;oportional tQ 2a cos.mz where

= 2r/L and L is ‘the scale size characteristic’of the magnetization (sce

Figure 1). We use the Apollo coordinate system which has its origin on the

lunar surface at the landing site.. The x axis is'directed‘radiallj outward

from the surface; the.y and z axes are tangential to the surface, directed

castward and northward respectively. Thé magnetic field in tﬁc nonconducting

B i

lunar half space x <0 aatisfies Maxwell's equation X E - (An/c)l - 0 whlch

S e,

bccomes Laplace 8 equation V k = 0 with the Bolution

L gt b T e e T e R



e {dobx)

Dx = (ae + be™)cos mz (1)

where ¢ is the velocity of lipht and l is the current. In the plasma the
ficld 1s given by ¥ x £ = - (1/c) 3p/dt and Ohm's law } = of which together

yield the diffusion equation

Nooe o2
3t hmo VR (2)

where E 1s the electric field., The electrical conductivity of a collisionless

plasma is ¢ = inezl(mm) where the electron densiﬁy, charge, ‘and mass are n, e,

]

and m respectively and w is the frequency (see Jackson, 1962)., Diffusion of

the field into the plasma 1s by a transverse electromagnetic wave puropagating

~Bx eiux~imt

along the x axis j = B.e , where the pfopagation constant is

k = & + iB. For these conditions equation (2) becomes.

vzg = azg ' ' (3)

with 62 ='wp2/c2 (mpz = 4nne2/m, the plasma frequency). For w < by k becomes

purely imaginary, and the wave does not propagate in the plasma but decays

with a Length of S"l. Solution to equation (3) in the limit as w -+ 0 is -

BK é = ce ¥ cos mz where dz = m2 + 62. From the magnetic boundary conditions
] . .

at the lunar surface it can be shown that the distorted and undistorted lunax °

field B and B respectively are related by

— n—m P . ’
By = Bpy ™ g+m Bry ¥ - f(n'L)BRx - (4)
for the radial componenc=ana-
- = m =
B, = Brp = qim Dpg T E(WIDp, B

for the tangential component. Note that for the .more general ecase with two
fleld components tangent to the surface equation (5) is valid, the total tan—

gential fields replacing the z components. The theory 1s linear so thap the



sum of two solutions is anlso a solution., We will use superpositlon of solutlons
to model the interactilon data with magnetizatlon characterized by two dlffcrcnt

: ORIGINAL PAGE Ib
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The undistorted remancnt field QR at each Apollo site 1s measured when
‘the moon 1is in the gcomagnctic,tniilund thercby shﬁeldcd from the solar plasma
The.diSCOrtcd fiecld 1s calculated from the difference in the fileld measured at
the surface by an Apollo surface magnetometer and the field measured in lunar
orbit by the Explorer 35 magnetometexr or the Apollo subsatellite magnetometer.
This difference is k= RA - HE = Ep + QR + ED where QA is the field measured
at the surface and EE is the field external to the moon measured by a lunar
orbiting magnetometer. The undistorteq remanent fileld is ER and the interaction
field from currents in the plasma is'QDi Fluctuations in the external field
Rﬁ induce eddy currents in the moon. The poloida; field associated with these
currents oppose the change in the external'field..'This poloidni induction
mode dominates magnetization, toroidal, and diamagnetic modes when the moon is
in the solar wind. However, in the limit of low—frequeucy dr1v1ng field
fluctuations, the poloidal induction vanishes, Therefcre in the analyois we
Lse one hour averaged data in which we éstimate the residual poioidal fields
te be v 10% of the external field. Furthermore,.sinqe the induced ficlds Rp
have dipolar aymmctry about the direction of the external field.changc,.qnd
not about the roemanent field;'poloidgl coﬁﬁributions will tend torreducc the
correlation in the data predicted by éqﬁaciohs 4 énﬁ 5 without_biasing the

analysis.

ANALYSIS OF LUNAR SURFACE MAGNETIC AND PLASMA DATA
Measurements used in this analysis were obtained from several different
lunar surface and orbital instruments: Apollo-12, 15, and 16 1unar.surface

magnetometers, Apollo 14 and 16 lunar,portnbie magnetometers, Lunokhod 2



magnetomeker, Apollo 12 and 15 solar wind spectrometers, Explorer 35 Mgy
tometer and'thc Apollo 15 and 16 subsacellite mngnétomctcrs. The network of
three lunar surface magnctometers were deployed by astronauts on the Apollo

12, 15, and 16 missions. The ;ccCOr magneti; fleld was measured 3 times per
sccond with 0,2 pamma resolutlon and transmitted to earth from ench of these
Apollo sites. A detalled description of these instruments is reported by

Dyal and Gordon @973). The lunar portable mngnetomérs were developed for
deployment and operntioh during the astronaut traverses on thb Apollo 14 and

16 missions. A total of six vector field measurements were obtalned of sur-—
face remanent fields. The‘Lunokhﬁd 2 magnetometexr was deployed in LeMonnier
Bay and obtained vector field méasurements during a traverse of several kilome-
ters in this reéion. A more detalled description of this cxpériment is givdn
by Dolginov et al. (1976). The solar wind density and vector veloeity measurﬁ-
ments were obtained at the Apollo 12 and 15 lunar surface sites by the Solar
Wind Spectrometér which has been describgd by Clay et al, (1972). These
inétruments measure plﬁbma spectia every 28 sgconds and continuously transmit
the data to earth. The magnetic fields in the near lunmar environment were
ﬁcasurcd by the orbiting Explorer 35 and Apollo 15 and 16 spbsatcllitc magne-
tomaeters., The Explorer 35 instrument, orhiting the noon every 11.5 hours with
aposelene of 9390 km and periselene of 2570 km, measured\the vegtor components
every 6.14 seconds with a vesolution of 0,4 gamma. A more detailed description
of this experiment is reported by Sonett et al, (1967). The Apolle 15 and 16
subsatdllite magnetomet2rs orbited approximately 100 km above the'lunar surface
with a 2 hour period and measured the véctor field components every 2 soconds
with.-a resolution of 0.2 gamma, The subsatell;te magnetometer characteristics
~are described in detail by Coleman ck al. (1972). | |

The lunar crustal magnetic fields have been me;éuréd at four.Apolln

landing sites, one Lunokhod 2 gite, and mapped by the Apollo‘éubsauellitc.'

8
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The source fot these permanent magnetic fields i1 the remanence in the lunar
crustal materlal, This roemanence has been measured In representatlve lupare
samples from all landing sites and is generally consldercd to be due to free
iron (e.g., Strangway ct al., 1973; Nagata, 1972; Runcorn et al., 1970). The
geologic and remanent field characceristies are differcnc at cach of the three
Apollo sites studied din this paper. The Apollo 12 instrument was deployed on
the castern edge of Oceanus Procellarum, a mare region north of Mare: Cognetum
and southeast of Lansberg cratef. Tﬁe site cﬁofdinates are 3.2°% ;nd 23.4%
and the remanent field magnitude is 38 * 2 gammas. The Apollo 15 instrument
was deployed on a mare plain near the eastern edge ;f Mare Imbrian aﬁ coordiﬁates
26.1°N and 3.7°E. .The measuréd remanent field was only 3.4 i‘2.9 gammaiand
directed mostly vertical., The Apollo 16 instrument was deployed in lunar
highlands at the western edge of the Descartés Mountains near part of the
highest topﬁgraphic featurés on the near side of the Moon. The wemanent ficld
waé measufcd at five diffcrent.locations along the astronaut éraversn. The
ia;gcst fleld of 327 £ 7 gammas was measured neax Smoky Mounéain while the
remancnt fileld at the stationarg_magnetometer ig 234 = 3 gammad. The Apollo '
16 mapnetometer 1s at coordinqtes 8.9?5 and 15,5°E.

Magnetic fie;d, plasma density, and plasma vélocity measurcmentg for a
five day period from Apollo 12 are shown in Figure 2, TQiB data was obtéinudk <::
during the first lunar orbit after the Apollo 12 landing when the moon was in
the magnetosheath for two days and in the free streaming selar wind for threce
days. There is a correlation of more than 0:8 between' the change in remancnﬁ
field component tangential to the lunar surface and solar wind partiéla density,
as predicted by the diffusion interaction model. 'Qn the pthér hand, there s
a correlation of only - 0,22 between disﬁortion.of.tﬁe rémananf ficld and |
solar wind velocity. The éimultaﬁeoué increase in tangéntiai fiéld distortion
" and velocity during.theliast hohrs.bf daj 330715_éoincidental'becausé of~£he.

Fa
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dennity enhancement assoelated with the leading edpe of the nolar whiad high
veloedey ntream,  After passape of the leading edge and its dennlty eohancement,
the slow vine in velockey bepinning on day 332 does not result In the tanpentinl
fi¢ld inerease expected by thc'prcssurc balance mechanlsm.’ A slmllar lack of
correlation is found between hour averages of solar wind velelty and field
distortion in the remainder of the data we have examined. It 1s also signl{lcant

that the solar plasma changes the reinanent field more than 15 gammas which is

50% of the unpercurbed 28 gamma steady field, This 1is one of the 1argcét time ;
dependent lunar magnetic signals measured at the surface,

The Apollo 15 magnetic field and simultaneous plasma data are shown In

Figure 3 for a five day time period when the moon was in the magnetosheath Fig. 3 ;

and the free atreaming solar wind. The components of the ,steady field are

R

BR? = -~ 0,2 % 1;5 Yo it is apparent from this figure that thexe is very

1ittle correlation between any of the field and plasma parameters. We expcet

small at this site: B <= + 3.3 £ 1.5 Y"BRy =+ 0,9+ 2.0y, and

the interaction at this location to be negligible since Equations (4) and (5)

predict no field change in the limlt as Br 0.
Figurc 4 shows five days of Apollo 16 magnetic and solar wind plasma ' <::EEF, 2

data. The remanent fileld at this site was larger than that measured at any othoer

=i~ s e e TSR Y

- .y ¥ L= I L
Apollo site: an 181 % 3 v, BRy 7

Thoare L5 an obvlous covrelation between the Apollo surface and subsatellite

= - 573y, and B, o+ 136 & 2 y.

magnetomater ficld differences and the solar wind plasma density. There is no
corrclapion between solar wind velocity.and pcrturbaﬁions in rcmaﬁent field
components. This cofrelation pattern is similar ﬁo that of Apoilo 12 data in
Fipure 2. | | |

This corrvelation between the field perturbations and plasma density scen

L] N N

in the Apollo 12 and 16 data can be used to calculate the remanent field scale . »

PRI
e
lengths at these sites. In Figure 5 we show .the radial magnetic field difﬁcrcn;e-/fLﬂ

\\\\:: g
10 - 3 . . . ) ¥
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Anw enlenlated from Apolle 12 and Explorer 35 datn and Lhe corvesponding fleld

ealevlated from the Cleld diffuslon model uslng the selar wind denalty nieasured
by the Apollo 12 solar wind abcctromctcr. The écnlc slze L of the fleld is
iceratively adjusted until the Ffuncrion £(n,L) multipiied by the steady fleld :
component best fits the measurements. Radial component data measured in the
magnetosheath do not correlate with the cheory as well as data measured in the
solar wind, Other data sets show similar: deviation from the diffusion model
for short periods of time. . We attribute this behavior to solar wind dynamic
pressure, plasma thermal, and frequency dependent effects not incorporated in
the field diffusion theory. The corresponding xahgential field change and
diffusion model field are in close agreement. This correlation is better |
shown in Figure 6 where the measured field difference is plotted on the ordinate.<:§;;:
and the field calculated from the diffusion model 1s plotted on the abscissa.
With perfect agrcement betweean mcasured field and theory the data would fit
the straight line shown in the figurc. The correlation between the mcnsured{
and calqulated ficlds was maximized to a value of 0.89 by ysinp two remanent
flelds, each characterized by a different magnitude and scale size. In the
analysis shown in Figures 5 and 6, a larpe magnitude 33 gamma fleld of seale
size 18.5 km 31 supérimposcd_on a 4.6 gamma fileld of scale slze 100 km,

The Apollo 15 measured and’calculated reﬁanent field changes are shown in

‘ \ .
Figure 7. There 1s very litile corrvelatlon between these two ficelds, Filg

confirming our previous conclusions based only on surface field and plasma

ORIGINAL PAGE I8
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The Apollo 16 data in Figure 8 show a gnnd correlation between thg measured < Fig.

data in Flgure 3.

and calculated field changes. Correlation of the radial and tangential measured
remanent field changes with the calculated field changes are O. 82 and 0.74
respectively using a 5.7 km, ‘187 gamma field superimposed upon a 100 km, 5.7

Bamma field.
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Resulen of the remanent [leld analyses discusued above are sumaarized in

|

i

|
Fipure 9. Remanent field change tangential to the surface at the Apollo 12, ‘/’ﬁzgi 9.

15, and 16 landing sltes is plotred as a fupction of the measured solar wind
density, Larger dat. sets were used here than in previous analyses. For each
sice the averaped data is compared to the diffusion model calculations with
three different scale lengths for the local field values, It 4is apparent that
the Apollo 12 and 16 analyses are relatively sensitive to the model scale
lengths, '

CRUSTAL MAGNETIC FIELD RESULTS AND CONCLUSIONS

From remancnt f£iecld-plasma interaction analyecs; we.hnve estimntcd the
iocul fileld scalé lengths at the Apollo 12.and 16 sites. An important compafiL
son can be made between these results, the portable magnetometer travcrsé
measurements, and the subsatellite maghetilc maps.

The 5.7 Rm scale size calculated for.remanence In the Descarte region is.
in agreement with mecasurements of the lunar portable magnetometer over a 7 km
traverse by astronauts Young and Duke. At three differeﬁt-mcasurcmcnt sites
along a 1.5 km traverse, the local field was directed uniformly down and to
the northwest., Measurcments over a 7 km traverse orilented orthoponally to the
1,5 km vraverse, vevealed a local fiecld directed up and southwest at one
extreme and down and southwest at the other cxtreme. Th%nc measurements of -
the lunax portable magnetometer confirm the remanence scale size determined
from field diffusion analysis.

Anderson et al. (1972) used the charged particle experiment on the
Apollo 15 and 16 subsatellites to measure crustal remanent fields by abserving
the electrons reflected by the fields back to.the satellite. The magﬁetic
maps of tha iunar surface generated bj this téchnique have a spatial resolution

of 7.6 km. These maps are in excellent agreement with our surface measurements

(R. P. Lin,'private communication 1978). Each field meuau:ement_dcpénds.upon-

12




the Lostancancous futerplaneeary field dirvqetion and che subsatelllte Toention
so that the mapy do not have continuous covervage. Within 15 km of the Apolloe

12 landing site the particle reflection experiment measurcd flelds from 10 to

100 gammas which are in aeccord with the aurfeee measurement of 38 gammac ovexr
_ ORIGINAL PAGH Ib
a scale length of 18,5 km, OF PQOR QUALITY

There 1s no direcct clectron reflection measurement from the Apollo 15_
site location. lowever, in five map resolution elements (7.5 km square) near
the site, the measured field 1s zero within experimental error. At one adjacent
map clement the ficld is 0.3 gammas. Agaln these results agree with the
Apollo magnetometer measurement of 3.4 # 2.9.gammea.
| The electron reflection field measurement nearest the Apollo 16 site was
for an area 15 km away with a field magnitude of 2.0 gammas. Decause the

Apollo fleld scale size is 5.7 km we do not expect the remanent fiecld 15 km

Lo

distant to be characteristic of the Apollo site, Within fifteen map resolution

elements (100 km) of the Apollo'lﬁ site the electron reflection technique
measurcs Fieiué greater'then 1000 gammas. These comparlisons of nurfnce and
orbital mapgnetic measurcments are the first comprehenﬂlve tle between hirh
spatial resolution, limlted coverage surface measurements and the 1ower reso-
lution, extended coverage maps obtained with the subsntellite experiment,
Investigatlon of the remanent field-solar wind interaction hns permitred
calculation of the chareeteristie scale of mageetization‘;n the Apolleil2 _
vieinity to be 19 km, and in the Apollo 16 vicinity to be-6 km, These results
have been shown to be in agreement with the astronaut traverse magnetic
measurements at Apollo 14 and 16, the Lunekhod 2 traverse magnetic measure-
ments, and the surface magnetic maps from the particles and fields subsutellite
experiments. We conclude from information provided by all of thesc experiments
that remanent fields with magnitude.up to several hundred gammas, which are

found over much of the lunar surface, are charac;erized by spatial variations

13
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an small as a [ew kllometers, As shown achematically din Flpure 10, this
caaclusion implles that the magnetized sources for che remaneni [lelds are
sore or less randomly dlstributed in the lunar crust with a chavacteristle
scale of a few kilomctcrs.. This magnetized material may be brokoq from and
reoriented with respect to lavger scale‘uniformly magnetized reglons. Thils
model would result in remanent fields.of scale length 5 to lOlkm and magnitude
~ 100 gammas.near the surface in accord with measurements of lunar surface
magncetometers, and weaker fields of scale length 50-100 km and magnitude
n 0,1 pammas at 100 km altitude in accord with measurements of subsatellite
instrumcnts. A simple calculatlon of filelds assoéiated with the rcmaﬁcncc
measured in returned lunar samples demonstrates.the validity of thils model of
crustal magnetization. A disk unlformly magnetized along its axis at 4x10f5
emu/gm, with a radiqs 50 km and thickness 10 km representing 2 inrgc scale
magnetized region of the crust, has an axial field at its top surface of about
4 gammas and a field 100 km above the surface at subsatellite altitude of 0.4
_gcmmas. A spherdcal plece of this disk of radius 5 km, representing impact
debris responsible for the small scale field, has a magnetic ficld at ics
surface of 100 gammas, however aﬁ a distance of 100 km che ficld is only 0.01
gdammas. This model 1s comsistent with present knowledge of the lunar cruscal
cvolution, however it Is not unique and othar.models ﬁay\alsd be cpnsistent.
with the magnetic data. |

We hypothesize that large regions of the lunar crﬁst 50 to 100 Rm in
extent and tens of kilometers thick were magnetized early in lunar history;_-
perhaps as early as 4.3 to 4.4 billion.years (b.y.) aﬁb.(Toksﬁz and Johnson,_
1974) as tﬁe crust cooled through the iron Curieﬁtemperature. The mechanism
for this magnctization is still ﬁnknown, however qﬁailablc data_étrongly
indicate a nearly fandom, local meéchanlem ;ather than é uniform, global

magnetizing process {Dyal et al., 1977; S:nka, 1977;'and Goid and Soter, 1976).

14
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Exeavatlon of large mare basins in the solidified crust between 4.4 and 3.9

b.y. apo, removed much of the magnetdized material from the baslns, The scutne;ed
maghetized materinl from basin formatlon and from the intense bombardment

cpoeh 4 b.y. ago left a layer of small séhlc, randomly ordented mapghetized

debvis over much of the lunnx surface. Marve basin flooding, between 3.9 and

3,2 b.y. ago, heated the basin floors above the Gurie temperature crasing most

of the remanent magnetilzation benecath the basins. Subscqﬁunt.nltcratiﬁn of
crustal magnacization has probabiy been minor. This scenario is conéistent

with what 1s known of crustal evolution, the results of orbital magnetic
experiments, and our investigation of phe‘qcmanent magneiic field scale sizes

at the lunar surfacc.

ORIGINAL PAGY IS
OF POOR QUALITY
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SOLAR WIND PLASMA

|

l FLOW

Z(NORTH)

Y(EAST)  \IAGNETIZED

- LAYER

MOON

Figure 1 - Schematic representation of the remanent field-solar wind inter-
action. Magnetic fields near the lunar surface are produced by natural
© magnetic remanence in the crust. The neutral solar plasma impinges on the

lunar surface with little change in its flow due to interaction with these

Jocal fields.

cal ; The orthogonal coordinate system used in the analysis is
also shown. -

19

et e et

JRISTN | DOPE ST N



RADIAL FIELD
DIFFERENCE, gammas
o
?

2¢ I ] l

TANGENTIAL
DIFFERENCE, gammas

SOLAR WIND
DENSITY, p*/em3

9 600
= ;é 500 -
=
>
= Z 400 -
-l O _
2 S 300 M -
L .
> 200 | I { ' i
330 _331 332 333 o 334 . 3356
[1969] ' TIME, days
Figure 2 - Apollb'lZ magnetometer and plasma one hour average data as a func-

tion of time for 5 days of the first post deployment lunation. The radial
field difference is the x axis component as shown in Figure 1 and the tan—
gential difference is the horizontal component at the site. The field dif-
ferences are obtained by subtracting orbiting Ixplorer 35 magnetometer data
from surface magnetometer data., This data is typical of that from many
subsequent lunations. :
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mdgnekometer data from the surface magnetometer data.
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Figure 5 = Radial and tangential field differences of Apollo 12 surface and
Explorer 35 orbital magnetometer data compared to the corresponding radial
and tangential fields E(n,L)gR calculated using the field-plasma dififusion
theory. One hour average data are used in this analysis.
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~ Figure 9 ~ The remanent magnetic field chaﬁge tangential to the surface at

Apolle 12, 15, and 16 landing sites plotted as a function of the golar
‘wind plasma density medsured at the lunar surface. The averaged data for
‘each site are compared to 3 different models of the lunar remanent magnetic
- field. TFor the Apnllo 12 models a small scale field of 33 gammas is super-
imposed on a 4.6 gamma 100 km scale fieid. The Apollo 15 models are a -

4 gamma field of scale 5, 50, and 100 km. The Apollo 16 musdels are a small_ _

scale 146 gamma fileld superimposed on a 100 km scale, L gamma-field,
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