did all their calculations on paper. Be-
cause of these antiquated methods, some
scientists view the early calculations
with skepticism.

Segall and Lisowski reviewed the old
surveying data and plugged them into a
computer to recalculate the ground
movement during the 1906 event. That
quake, with an estimated magnitude of
8.3, moved Loma Prieta Mountain in a
direction parallel to the fault, they report
in the Nov. 30 SCIENCE. But last year’s
magnitude 7.1 quake moved the mountain
in a markedly different manner, shifting it
diagonally toward the fault.

To explain the motion contrast, Segall
and Lisowski propose that the two earth-
quakes ruptured separate faults in the
San Andreas system: one that descends
vertically and another inclined 20° from
the vertical. Seismic evidence collected
during the 1989 quake shows that it
occurred along a tilted surface that
forced the southwest side of the fault to
ride up over the northeast side. The
recalculated surveying data, along with
other evidence, suggest the 1906 event
occurred on a vertical fault plane. In this
earthquake, the two sides of the fault slid
past each other horizontally, with very
little movement up or down.

Purely horizontal slippage is charac-
teristic of the San Andreas fault, which
absorbs the motion between the Pacific
and North American tectonic plates. In
fact, seismologists had never seen signifi-
cant vertical motion during a San An-
dreas earthquake before 1989. But until
Segall and Lisowski reexamined the data
for 1906, geoscientists could not rule out
the possibility that the earlier quake also
included some vertical motion.

Seismologist Hiroo Kanamori of the
California Institute of Technology in Pas-
adena says the suggestion of multiple
faults makes sense because of the San
Andreas’ complex geometry near Santa
Cruz. The fault bends there and does not
align exactly with the motion of the
Pacific and North American plates.

The USGS geophysicists say their anal-
ysis raises some critical questions about
the “recurrence model” used by the fed-
eral government to forecast the proba-
bility of earthquakes for specific regions.
This model is based on the assumption
that the next large earthquake in an area
will resemble previous ones. But if the
San Andreas near Santa Cruz includes
several fault planes, then the recurrence
model might be inappropriate.

Seismologists using that model have
said they do not expect another strong
quake soon along the Santa Cruz Moun-
tain section of the San Andreas. But
Segall and Lisowski conclude that the
1989 shock on the tilted fault could have
increased stress on a shallow part of a
vertical fault. If so, they argue, “the
present earthquake hazard in the Santa
Cruz Mountains is not negligible.”

— R. Monastersky
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Mother tongue may influence musical ear

When a Briton and a Californian listen
to Beethoven’s Fifth Symphony, they may
not hear the same thing. New research
indicates that people who speak different
dialects of a language perceive tonal
patterns in strikingly different ways, sup-
porting long-standing speculations that
speech characteristics influence the way
people hear music.

Diana Deutsch of the University of
California, San Diego, set out to investi-
gate a musical paradox she had discov-
ered four years ago (SN: 12/20&27/86,
p.391). This phenomenon, called the tri-
tone paradox, occurred when she elec-
tronically removed specific “overtones”
from a series of two computer-generated
pitches separated by a half-octave — an
interval called a tritone. Overtones nor-
mally help listeners identify the octave of
anote; without them, the octave becomes
ambiguous, Deutsch says.

In her 1986 study, some people who
listened to paradoxical tritone series per-
ceived a rise in pitch from one note to the
next, while others perceived a descent.
Also, whether an individual thought the
second tone was higher or lower de-
pended on the first note. For instance, a
person might typically insist that C fol-
lowed by F sharp was rising but that D
followed by G sharp was descending.

Deutsch concluded that most people
mentally arrange musical pitches on a
circular map, or “pitch-class circle,” plac-
ing all the notes in positions comparable
to the numbers on a clock. However, she
observed, the orientation of notes along
the circle seems to vary from one individ-
ual to the next — for instance, one person
might position a particular note at the
12:00 site while another person places it
at 5:00. This, according to Deutsch, deter-
mines how an individual perceives a
paradoxical effect.

But a key question remained: Why do
different people orient their mental maps
in different ways?

Deutsch believes the answer lies in
language. In the new study, she played
several ambiguous tritone series to 24
people raised in southern California and
then to 12 people raised in southern
England. On average, she found, when the
Californians thought a particular series
rose, the English thought it descended —
and vice versa.

The results provide the first demon-
stration that listeners with different dia-
lects differ profoundly in their percep-
tions of musical patterns, Deutsch
asserted this week at a meeting of the
Acoustical Society of America in San
Diego. “A relationship between language
and music has been hypothesized since
ancient times,” she told SCIENCE NEws.
“But what hasn’t been known is if there is
some direct influence of language on
music.”
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“I've concluded very firmly that how
you orient this circle of note names . . . is
acquired by exposure to speech around
you,” she adds. Deutsch says her analyses
appear to rule out many other potential
causes of the tritone paradox, such as
differences in age, gender, musical train-
ing or mechanics of hearing.

Nor does she believe genetic factors
can explain the variation. “It doesn't
seem reasonable [to conclude] that we're
dealing with two genetic pools [in the
latest experiment] if you consider that the
population of the Californians was so
heterogeneous genetically, including
Asian Americans, German Americans”
and other ethnic groups. The English
group was also fairly heterogeneous, she
says.

Deutsch suggests that paradoxical ef-
fects might also be heard in real music,
perhaps in large orchestras. If so, lan-
guage-linked perceptions “could drive a
person’s emotional response,” she con-
tends. “An audience in London would
want one performance, but an audience
in Los Angeles would want something
different.”

Bruno H. Repp, a linguist at the Haskins
Laboratories in New Haven, Conn., re-
mains skeptical. “Whether such effects
can be heard in real music, I don’t know.
But I doubt it,” he told SCIENCE NEws.

At the same meeting, Deutsch reported
on another study indicating that the
fundamental frequency of a person’s voice
— the lowest frequency present in a
person’s voice — also affects how that
person perceives the tritone paradox.
She measured the fundamental frequen-
cies of nine men and women, most of
them college students in San Diego, and
then tested their perception of the tritone
paradox. In eight of the nine, she discov-
ered a correlation between fundamental
voice frequency and how the person
perceived various tritone series.

The relationship between Deutsch’s
dialect findings and the voice-pitch cor-
relations is perplexing. “I don’t see why a
cultural factor [such as dialect] would
have any influence [on the perception of
the tritone paradox],” Repp argues. On
the other hand, he says, the results
“would make sense . . . if different cultur-
al groups used different fundamental
ranges in speaking.”

Deutsch did not measure the funda-
mental frequencies of the English/Califor-
nian volunteers, but she speculates that
further studies may reveal voice-pitch
differences between the two groups. She
also plans to investigate how people who
speak languages other than English react
to the tritone paradox, and to compare
people raised in various U.S. regions.
Ultimately, Deutsch wants to see whether
a live orchestra can produce the tritone
paradox. — R.N. Langreth
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