
ment correctly that it contains 33 points 
with three or more events in a 5" by 5" 
square. However, they then state, 'We iden- 
tified considerably more surface regions 
with three or more events than those shown 
in Fig. 2," and in their figure 3B they show a 
map in which the same numerical criterion is 
used (three events in a 5" by 5" square), but 
with the new data set. They end up with a 
map containing more than 250 "clustered 
events" that they compare with the one we 
produced (3). They then state that "the 
frequency distributions for 5, 10, and 15 

per surface region show the same 
results; there is no evidence for clustering"; 
in fact, as shown in Fig. 3, the 15-point 
distribution from the new data set continues 
to show clustering. 

Taylor and Cloutier state that the PVO 
plasma wave "scenario, including proposed 
evidence of clustering of lightning over sur- 
face highland regions, has encouraged the 
acceptance of currently active volcanic out- 
put. . . ." However, the first suggestion of 
active volcanism on Venus was published in 
1967 (14); Ksanfomaliti commented on the 
possibility of lightning from an erupting 
volcano in his 1979 papers on the Venera 
wave measurements (2% 6). In the period 
from 1979 to 1982 more discussions of this 
concept arose because of direct measure- 
ment; in the interior. surface. and atmo- 
sphere of Venus (Venera landing photo- 
graphs; radar maps for Arecibo, PVO, and 
Venera 15 and 16 showing volcanic struc- 
tures, absence of plate tectonics, and high 
radar reflectivity; and observations of atmo- 
spheric sulfur content). Critical information 
suggesting present-day volcanism includes 
discussions of gravity anomalies (16) and, in 
their discussion of heat transport on Venus, 
Solomon and Head (17) stated, "the Venus 
surface, if most of the heat loss occurs by 
volcanism, should be densely covered with 
thousands of distinct centers of current or 
recent volcanic activity." These concepts are 
supported by subsequent detailed analysis of 
the ages of the volcanic structures on the 
Venus surface (18) and by PVO measure- 
ments of SO2 variability since 1978 (19). 

Indirect but significant support for the 
volcano concept also comes from ray tracing 
with the Venera and PVO wave data. stud- 
ies of atmospheric chemistry, and variations 
in the haze characteristics (20), and from a 
re-analysis of one Venera 9 optical event 
originally discussed by Krasnopol'skii in 
terms of detection of lightning flashes (21). 
The intensity of the Venera event detected 
on 26 October 1975, however, was much 
too high to have indicated lightning, and 
Venera may have detected a volcanic erup- 
tion that could have served to initiate the 
SO2 enhancement subsequently observed by 

the PVO. In short, there are many reasons 
to believe that Venus has active volcanism, 
quite independent of the wave observations. 
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Response: Scarf and Russell (1 ) raise issues 
that may distract the reader from the central 
theme of our article (2), namely, that the 
electric field measurements by the Pioneer 
Venus Orbiter (PVO) are unrelated to ei- 
ther the lower aknosdhere or the surface of 
Venus. In addition, Scarf and Russell make 
several assertions that we believe are incon- 
sistent with past interpretations and are 
incorrect. Our specific responses are as fol- 
lows. 

Scarf and Russell contend that the PVO 
electric field noise is topographically related. 
In our article, we emphasized that the 100- 
Hz noise attributed to lightning and volca- 
nism was not, as Scarf and Russell state, 
uniquely clustered over highland topogra- 
phy, but rather that the noise appears ran- 
domly across the nightside of Venus. We 
provided ample evidence to support this 
perception in our figures 3 and 4. In their 
figure 3, Scarf and Russell present noise 
distributions from only a portion of the 
com~lete data set and state that these noise 
events are clustered over the highlands. 
However, these restricted results do not 
provide convincing evidence for highland 
clustering of the noise. 

When a more extensive set of data is 
shown, it is readily apparent that the noise 
distribution is widespread, not clustered. To 
verify this point, we show in Fig. 1 the 
distribution of 100-Hz noise attributed to 
lightning by Scarf and Russell for all PVO 
orbits up to orbit 1895. By comparing 
panels A and C of this figure it may be seen 
that the vast majority (-85%) of the 100- 
Hz events are observed outside the outlines 
of the highland regions. Figure 1 also illus- 
trates the nightside tracks of the Soviet Vega 
1 and 2 balloons, which traversed regions 
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within which Scarf and Russell allege copi- 
ous lightning activity. As Kerr reported (3), 
the Vega instruments found no evidence of 
lighting in crossing these regions. 

As Fig. 1 and our earlier work (4) show, 
the 100-Hz noise exists in many patchy 
regions lying apart from the elevated topog- 
raphy and is highly correlated with the 
nightside ion troughs that are believed to 
result from the solar wind interaction with 
the ionosphere. The ion troughs, like the 
100-Hz noise, are widely encountered 
across the nightside during periapsis passes, 
and consequently the distribution of these 
features over much of the low latitude sur- 
face regions is unrelated to the planet's 
surface. 

Scarf and Russell assert that studies from 
the geological community have provided 
"[c]ritical information suggesting present- 
day volcanism" on Venus. On the contrary, 
we find no evidence in any geological stud- 

ies for volcanic eruptions during the current 
decade, although a number of studies have 
suggested past and possibly future volcanic 
activity. Geologists typically refer to time in 
geologic terms, and have discussed the term 
"volcanic activity" without reference to tim- 
ing except on the most uncertain scales. 
Clearly, the interpretations of Scarf and 
Russell are the source of any notion of 
present-day volcanism on Venus. 

The specifications used by Scarf and Rus- 
sell in their assertions about the noise-light- 
ning relation have been clearly documented. 
They state (5) that to be attributed to a 
lightning source, a 100-Hz noise pulse must 
occur when the magnetic field is strong and 
steady and with a mostly radial orientation. 
In Fig. 2, we show time series of electric and 
magnetic field data provided by Scarf and 
Russell (6). In the lower panel some, but 
not all, of the 100-Hz noise impulses are 
attributed by them to "lightning events." A 

80" 
Entire surface 

Fig. 1. Distribution of 
100-Hz noise attributed . .., . . ... - .  
to lightning in relation -60" 1- ' 

fight-bf vega 1 and 2 
balloons (nightside por- 
tions of Vega trajectories 6 0  
are shown as solid lines). 0 

(A) One dot represents 3 
each 100-Hz "lightning" '3 300 
event, as idennflcd by 0o 
Scarf and Russell, and 
arrows mark the trajec- 3 
tories of Vega 1 and 2. -30" 
Lack of noise events near 

to ekvateJ surface to- 
pography (PVO orbits 1 -70" 
through 1895) and over- 

0" longitude results from 
limitations in overflight 
coverage from PVO or- 
bits. In (A) it is seen that 
both Vega 1 and 2 
crossed regions in which 
many "lightning" signals 
have been identified 
from the PVO. In (B) it 
is seen that relatively few 
of the total events ap- 
pearing in (A) are posi- 
tioned above the out- 
lined highland regions. 
In (C) all events appear- 
ing over the lowlands are 
shown independently, 
emphasizing that the 
majority of the events do 
not appear over the 
highlands. 

1 1 1 1 1 1 1 1 1  1 1 .  
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comparison of these "events" with the char- 
acteristics of the time series of the total 
magnetic field, B,, and the radial, or x- 
component of the field, B,, shown in the 
upper panels, reveals fundamental inconsis- 
tency in the data interpretation. It is seen 
that half of the "events" identified, the four 
events lying to the right and to the left of the 
four impulses near 19:21 universal time, do 
not satisfy the detection criteria. Specifically, 
three of these "events" occur when the field 
is very weak (less than the 10-gamma mag- 
nitude specified), and the fourth occurs at a 
time when both the field amplitude and 
direction are rapidly changing. This discrep- 
ancy is compounded by the fact that numer- 
ous similar impulses appear at 100 Hz, but 
are unexplained. Together, these points doc- 
ument the uncertain nature of the asserted 
identification of "lightning-induced whis- 
tlers." We believe the interpretation by Scarf 
and Russell of the electric field data is 
incorrect, and we find no justification for 
the inference of lightning. 

We have established that the 100-Hz 
events persistently occur within regions of 
plasma depletion, or ion troughs. We have 
argued that the free energy associated with 
these plasma discontinuities offers a ready 
source for plasma instabilities which could 
readily provide the source of the observed 
noise. However, Scarf has rejected the very 
existence of this demonstrated correlation, 
and in (7) states: 

I l l t l l l  1 1 1 1  

Lowlands and plains 

It has been shown above that the appearance of 
an ion trough is not a necessary condition for 
simultaneous detection of 100-Hz whistlerlike 
noise bursts, and thus there is certainly no cause- 
and-effect relation involving these phenomena. 

He also says, 

If a careful comparison did confirm that these 
O+ troughs and superthermal populations are 
always detected in association with 100-Hz sig- 
nals previously identified as lightning whistlers, 
then it would indeed be clear that one must 
question or even discard the lightning interpreta- 
tion. 

On the other hand, in note 13 of their 
comment ( I ) ,  Scarf and Russell state other- 
wise. 

Thus the authors are inconsistent, saying 
that a trough-noise relation exists, but not 
abandoning the lightning interpretation. 
The relation indeed prevails, and stands as a 
distinct challenge to any attempt to interpret 
this noise as being due to lightning. 

In our investigation (2) we did not at- 
tempt a detailed analysis of the electric field 
and magnetic field signals. A credible inves- 
tigation of the so-called polarization would 
require a statistical analysis of a large num- 
ber of orbits. Thus, the treatment of the 
polarization of the noise in the comment by 
Scarf and Russell is not relevant as a com- 
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Flg. 2. A comparison of 80 

electric field (lower pan- 40 
els) and magnetic field 
(upper panels) for a por- $ O 
tion of PVO orbit 44, 40 

1 7  January 1979. Elec- J 
tric field data show re- 
sults of ScaBs latest in- 4 0  

terpretation (1 ) of "new" -80 
eight bursts of 100-Hz 
noise said to result from 
lightning discharges. 7 -2 
Four of these bursts, the 3 -3 two on the far left and 
the two on the far right, s 4 - 
occur in association with 2 -5 weak, variable magnetic 
fields, with no sustained -6 
evidence of a pro- 19:17 19:20 19:23 19:26 
nounced radial direction Universal time (hours) 
(B, dominates in radial 
configuration of field). The identification of these signals is inconsistent with the stated criterion of a 
strong, steady, radially oriented magnetic field, as specified by Scarf and Russell (5 ) .  

ment on our work. Detailed analysis such as 
that required for the polarization study was 
performed by Scarf and Russell, with the use 
of their digitized high resolution data for a 
brief portion of a single orbit, number 526, 
on a computer. Contrary to the statement by 
Scarf and Russell that "we made these deter- 
minations using high-resolution data identi- 
cal to those on file at the National Space 
Science Data Center," the necessary digi- 
tized data are indeed not in the archive. We 
have been unsuccessful in our formal efforts 
to obtain free access to the necessary high- 
resolution data, on tape. Thus the publica- 
tion of detailed data withheld from others is 
an unfair practice which we protest, and 
which we assert undermines the scientific 
objectives of investigation. 

Fortunately, however, we can show that 
the analysis of Scarf and Russell demon- 
strates the fallacy of their conclusions. First, 
the polarization diagrams in their figure 2 
show significant amplitudes ofE at all angles 
with respect to B, rather than strongly 
peaked amplitudes nearly orthogonal to B. 
In fact, in both examples the largest ampli- 
tudes have a tendency to occur near 45" 

from B, indicating that the wave mode is 
neither purely electromagnetic nor purely 
electrostatic and ruling out the identification 
of pure whistler waves. Second, the smooth 
variation of amplitudes with angle (time) 
over the 12-second spin period shows that 
these waves must be continuous over the 
spin period and cannot be produced by a 
number of discrete impulsive events of vary- 
ing intensity and location, as would occur 
with lightning strokes. Such a continuous 
and slowly varying distribution further rein- 
forces the interpretation of a spatial region 
of localized instability around the spacecraft. 
Thus we believe that these polarization stud- 
ies refute both the alleged identification of 
whistler waves and the alleged impulsive 
characteristics of the events. 

We have shown (2) that the events Scarf 
and Russell say are lightning signals are 
localized within ion troughs and randomly 
distributed with respect to topography. In a 
separate paper (8) we have presented evi- 
dence that the waves have short wavelengths 
and a low velocity, which led us to suggest 
that electrostatic waves were a more plausi- 
ble interpretation than electromagnetic 

whistler waves. Either tvDe of wave could 
4 L 

result from instabilities within ion troughs, 
so that wave mode identification is, in fact, 
immaterial. It is known that su~erthermd 
ion beams (often observed in association 
with these troughs) can generate whistler 
waves propagating parallel to the mean 
magnetic field (9). In summarizing our posi- 
tion on wave mode identification, we stated 
(8) 

In view of the wide-reaching science implica- 
tions depending upon interpretation of these sig- 
nals, however, it is emphasized that the important 
issue is not what type of local instability is respon- 
sible, but rather that the evidence clearly indicates 
that some type of local instability, and not atrno- 
spheric lightning, is responsible for these signals. 

We cannot and do not rule out past or 
future volcanic activity at Venus. That is not 
our objective, nor is it appropriate. We do, 
however, maintain that the PVO electric 
field resits and their interpretation by Scarf 
and Russell are responsible for a widespread 
notion that there has been verv recent active 
volcanism and copious lightning on Venus, 
a notion that we reject as incorrect and 
misleading. 
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