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Solar Flare Acceleration of Solar Wind:
Influence of Active Region Magnetic Field

Abstract. The direction of the photospheric magnetic field at the site of a solar
flare is a good predictor of whether the flare will accelerate solar wind plasma. If the
fleld has a southward component, high-speed solar wind plasma is usually observed
near the earth about 4 days later. If the field has a northward component, such high-
speed solar wind is almost never observed. Southward-field flares may then be
expected to have much larger terrestrial effects than northward flares.

Solar flares that occur in active re-
gions where the photospheric magnetic
field has a southward component tend to
be associated with enhanced solar wind
velocity observed near the earth 4 days
later. This was observed in both the
northern and southern solar hemispheres
during portions of the last two 11-year
sunspot cycles. During most of the time
interval investigated, the solar field po-
larity was outward in the north and in-
ward in the south.

800

For this report we used all the flares in
the interval 24 August 1978 through 9
November 1979 with importance 2 or
greater, as reported by the group obser-
vations in Solar-Geophysical Data (/).
Flares whose disk longitude exceeded
70° were not used. The start of the inter-
val was determined by the beginning of
observations by the Los Alamos solar
wind experiment on the spacecraft Inter-
national Sun-Earth Explorer 3 (ISEE-3),
and the end of the interval was selected

600
Fig. 1. Solar wind ve-

locity observed near
the earth on the
fourth day after a
flare as a function of
the direction of the
flare-site photospher-
ic magnetic field.
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to be well before the change in polarity
of the solar polar magnetic fields. A list
of the 80 flares used in this study is
available from the authors. We obtained
very similar results for the interval May
1967 to August 1972 and the interval
June 1977 to August 1978; thus the effect
is long lasting and significant.

At the site of each flare the direction of
the photospheric magnetic field was
measured by using the Mount Wilson
and Kitt Peak observations reported in
Solar-Geophysical Data (/). A transpar-
ent straight edge was used to determine
the approximate direction of the line
dividing the two polarities of the magnet-
ic field at the site of the flare, and the
field direction was taken to be perpen-
dicular to this line. ‘

Figure 1 shows the average solar wind
velocity on the fourth day after the flare
(that is, averaged over 72 to 96 hours
after the flare) as a function of the direc-
tion of the photospheric magnetic field at
the site of the flare. A tendency can be
seen for the southward flares to be asso-
ciated with higher solar wind velocity
and the northward flares with lower ve-
locity, with a smooth progression be-
tween the extremeés. The two solid lines
are separate least-squares fits to the
data.

Flares in the northern solar hemi-
sphere are represented in Fig. ! with
crosses, and those in the southern hemi-
sphere with dots. The arrows indicate
the field direction in each hemisphere
given by the model of Babcock (2). Most
of the northern hemisphere flares are
clustered about the direction indicated
for the Babcock model in the northern
hemisphere, and the same is true for the
southern hemisphere.

Figure 2 shows a superposed epoch
analysis of the average solar wind veloci-
ty observed in the interval from 10 days
before the time of the flare to 10 days
after. The solid line represents 39 flares
whose sites had a photospheric field, B,
with a southward component and the
dashed curve represents 32 northward
flares. Nine flares had fields directed
approximately parallel to the solar equa-
tor and are not included in Fig. 2. The
southward flares are on the average
clearly associated with high-speed solar
wind, while the northward flares are on
the average not assoctated with in-
creased solar wind velocity.

We discovered the effect described
here while investigating the influence of
the direction of the flare-site magnetic
field on geomagnetic activity reported by
Pudovkin and co-workers (3). They re-
ported that southward (defined by them
with respect to the geomagnetic field
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Fig. 2. Superposed epoch plot of average
solar wind velocity observed near the earth.
Zero time is the time of the flare. The error
bar represents twice a typical standard error
of the mean. This is not a direct test of
significance since a single active region some-
times produced more than one flare, and
flares sometimes occurred within a few days
of each other, so that the flare events are not
completely independent,

rather than the solar magnetic field)
flares produced geomagnetic activity and
that northward flares did not. They also
reported that southward flares acceler-
ated solar wind plasma having a south-

ward component of interplanetary mag-
netic field and that northward flares had
a northward componént of interplane-
tary magnetic field. The effect reported
here may aid in the prediction of terres-
trial consequences of solar flares.
H. LuNDSTEDT
J. M. WiLcox
P. H. SCHERRER
Institute for Plasma Research,
Stanford University,
Stanford, California 94305
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Eastern Indian 3800-Million-Year-Old Crust and

Early Mantle Differentiation

Abstract. Samarium-neodymium data for nine granitic and tonalite gneisses
occurring as remnants within the Singhbhum granite batholith in eastern India
define an isochron of age 3775 = 89 x 10° years with an initial "*Nd/'"**Nd ratio of
0.50798 + 0.00007. This age contrasts with the rubidium-strontium age of
3200 x 10° years for the same suite of rocks. On the basis of the new samarium-
neodynium data, field data, and petrologic data, a scheme of evolution is proposed
for the Archean crust in eastern India. The isotopic data provide evidence that parts
of the earth’s mantle were already differentiated with respect to the chondritic
samarium-neodymium ratio 3800 X 10° years ago.

This report describes the samarium-
neodymium systematics, geology, and
petrology of a group of granitic rocks
from the Singhbhum-Orissa iron ore
province in eastern India. The purpose
of the study is to obtain a precise samari-
um-neodymium age for these rocks, to
determine the sources and evolution of
the ancient granitic crust in this part of
India, and to evaluate the nature of dif-
ferentiation of the Archean mantle.

The oldest known granitic rocks
(3.5 x 10° to 3.8 x 10° years) have been
reported from western Greenland, Lab-
rador, Minnesota, and Michigan (Z, 2).
Granites and granitic gneisses occupy
large areas of the Indian shield, and it
has long been suspected that granitic
rocks of Archean age (greater than
2.5 x 10° years) occur in India. Al-
though some of the high-grade granitic
gneisses in the Indian shield are very
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similar to the oldest gneisses in Green-
land, the available radiometric dating by
the potassium-argon and rubidium-stron-
tium methods suggests ages no older
than 3.5 x 10° years (3). The samarium-
neodymium method (¢) is considered a
more reliable way of dating ancient rocks
because of the relatively greater stability
of samarium and neodymium as com-
pared with other known radioactive par-
ent-daughter pairs (5). We report here
the first samarium-neodymium study on
a group of Indian Archean granites.
The vast Singhbhum granite batholith
complex occupies over 10,000 km? in the
Singhbhum-Orissa iron ore province of
the Indian shield (6). The oldest unit in
this complex is a biotite-tonalite gneiss
grading to granodiorite which occurs as
numerous remnants within the main
mass of Singhbhum granite. The largest
of these tonalite-gneiss remnants occu-
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