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Abstract
The Inge Lehmann archive contains thousands of seismological work documents from Inge Lehmann’s private
home. For a long time the author thought that the main concern was to keep the documents for posterity. There
is now a renewed interest in Inge Lehmann, and some documents were presented in a poster at ESC Potsdam
2004, and the collection of documents were scanned and catalogued 2005-2006 at Storia Geofisica Ambiente in
Bologna. Inge Lehmann (1888-1993) is famous for her discovery in 1936 of the earth’s inner core and for work
on the upper mantle. A short biography is given. After her retirement in 1953 she worked at home in Denmark,
and abroad in USA and in Canada. She took part in the creation of the European Seismological Commission in
1951, and in the creation of the International Seismological Centre in 1964. Inge Lehmann received many
awards. Some letters from her early correspondence with Harold Jeffreys are discussed, they show how the inner core was discussed already in 1932. A few of the author’s reminiscences of Inge Lehmann are given.

der to ensure that the same phase is identified
from station to station. Bolt (1997) wrote:

Key words seismology – biography – core – mantel –
documents

«Inge Lehmann had an enormous fund of knowledge and experience about seismology from its early
days in this century; in retrospect, it is a great shame
that more effort was not made to persuade her to
write up her reminiscences in more detail.».

1. Introduction
Inge Lehmann (1888-1993) (fig. 1) is the
Danish seismologist who discovered the earth’s
inner core (Lehmann, 1936). In atomic physics
an equivalent act would warrant a Nobel prize
(Bolt, 1987, Brush, 1985). She retired from the
Danish Geodetic Institute in 1953, but continued her scientific work in Denmark, USA and
Canada, and her last publication was «Seismology in the days of old» (Lehmann, 1987). In
addition to her significant contribution to our
understanding of the earth, she was famous for
the view that seismograms from a group of stations should be read by the same person in or-

I was a friend and colleague of Inge
Lehmann for many years, I helped her in writing her last paper in 1987, when she was 99
years old, and it is a translation of a paper she
had given previously at the Danish Geophysical
Society. At some point in time our collaboration afforded me to discuss her important collection of seismological publications, correspondence and other documents. When Inge
Lehmann said that she wanted her epistolary
archive destroyed after her death, I remarked to
her that I had seen an extremely interesting
book (Hansen, 1962; 1964) about Carsten
Niebuhr, who went on an expedition to the Middle East 1761-1767. I said that the book could
not have been written without the availability of
the epistolary archive at Rigsarkivet, the Danish
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observatory on the island of Ischia. The seminar
was organized by SGA (Storia Geofisica Ambiente, Bologna) and ING (Istituto Nazionale di
Geofisica e Volcanologia, Naples). As preparation for my seminar talk I started cataloguing
the archive after discussing procedures for that
with Finn Åserud at the Niels Bohr archive. The
procedure I used was to put numbered wrappers
around Inge Lehmann’s original wrappers or
groups of pages in the stack. The purpose was to
make documents easier to find and put back
where they were before. In some cases the information of the placement of a document is necessary to interpret the document. The talk was
more about the life of Inge Lehmann than about
the archive, and so is this paper. Some examples
of archive material will be discussed in Section
6, and in last paragraphs of Section 3.
There was an interest shown for Inge
Lehmann when Louise Palmer was arranging
an exhibition «Great Women, Great Science»
exploring the history of women in science, including Inge Lehmann, at Bruce Museum of
Arts and Science in Greenwich, Connecticut
from 2004-2005, Bjarne Kousholt, who has
written books on Tycho Brahe, Ole Rømer,
Hans Christian Ørsted and Agner Krarup Erlang, at high school level, has also written a
book on Inge Lehmann (Kousholt, 2004). Kristian Hvidtfelt Nielsen helped me in transferring
Inge Lehmann´s doctoral gown from the doctor
of science reward ceremony 1964 at University
of Colombia in the city of New York. It was
transferred so that it is now owned by Kvindemuseet (=womens museum) in Århus.

Fig. 1. Inge Lehmann (1888-1993).

National Archive. Later she left me in her will
some seismological correspondence, books,
card files, seismograms and other work materials, which now make up the Inge Lehmann
archive. I hope that the archive will prove to be
useful to the seismologists and historians.
For a long time I wondered how great was
the interest in the Inge Lehmann archive, and I
waited for the documents to become historical,
with no clear feeling when that happens. In
2003, to my surprise (being retired) I was invited to present a paper at the «Second Seminar on
the Scientific Correspondence in Earth Sciences: Historic Value and Scientific Relevance».
The seminar was held on September 29, 2003
on the island of Ischia, and it was part of the celebrations to commemorate the 75th anniversary
of the death of Giulio Grablovits, the seismologist who took care of the Casamicciola seismic

2. Short biography of Inge Lehmann
Inge Lehmann was born in Copenhagen,
Denmark on May 13, 1888 and she died on
February 21, 1993, also in Copenhagen, at 104
years of age. An overview of some of her closest family is given in table I. Her father was Alfred Lehmann, professor in Psychology at University of Copenhagen; after working in Wilhelm Wundt’s psychological laboratory at
Leipzig 1885-1886 he introduced to Denmark
the study of experimental psychology, and like
Inge Lehmann he enjoyed activities such as
680
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Table I. Some of Inge Lehmann’s closest family.
Family member name

Title etc.

Relation to Inge Lehmann

Year(s)

Hans Jakob Tørsleff

Grandfather, mother’s father

Ida Sophie Tørsleff

Mother

1866-1935

Aunt, Mother’s sister.

1879-1975

Cousin, Signe
Andrea Tørsleff’s daughter

1910-1974

Signe Andrea Tørsleff

Principal, Haderslev Lower
Secondary School

Lis Groes
(Anne Lisbeth G.)

Danish Trade Minister 1953-1957
Member of Parlament 1960-1971

Ebbe Groes

General Manager, Fællesforeningen Husband to Lis Groes
for Danmarks Brugsforeninger (Coop) Father to Nils Groes

1910-2000

Nils Groes

Executive Director, AKF, Institute
of Local Government Studies
Denmark

Son of Lis and Ebbe Groes

1938

Harriet Hoffmann

Actress

Sister

Orla Lehmann
(Peter Martin Orla L.)

Politician and instrumental
in the first Danish
democratic casting

Father’s uncle, brother to
Wilhelm Otto Waldemar
Lehmann

1810-1870

Wilhelm Otto
Waldemar Lehmann

Officer, Engineer, layed telegraph
Father’s father, brother to
cable between Denmark and Sweden Orla Lehmann

1817-1894

Alfred Lehmann
(Alfred Georg
Ludvig L.)

Professor of experimental
psychology at University
of Copenhagen

Father

Julius Lehmann

Instructor at the Royal Danish
Opera, Copenhagen

Uncle (father’s brother)

1861-1931

Karl Lehmann

Chief Surgeon

Cousin
(Julius Lehmann’s son)

1897-1979

Tyge Lehmann

Ambassador, expert in
InternationalLaw, Director, ,
Human Rights Unit Royal Danish
Ministry of Foreign Affairs

Son of Karl Lehmann

1858-1921

hiking in the mountains. Her mother was Ida
Sophie Tørsleff, who had one more daughter,
Harriet Hofmann. Her mother’s sister was Signe
Andrea Tørsleff, mother of Lis Groes (Anne
Lisbeth Groes, the Danish trade minister 19531957). One of the sons of Lis Groes is Nils
Groes, who was executor under Inge Lehmann’s

1941

will in 1993. He takes care of her family correspondence while I take care of her seismological
correspondance. Alfred Lehmann had a brother,
Julius Lehmann, who had a son Karl Lehmann.
Tyge Lehmann, Karl Lehmann’s son, wrote in
the Danish newspaper Politiken on March 1,
1993, that to the very end of Inge Lehmann’s
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life she took an active interest in what he could
tell her about the International Court case between Denmark and Norway over the maritime
boundary in the Arctic Ocean between Greenland and Jan Mayen. Inge Lehmann had herself
been to Jan Mayen in 1927 to explore the possibilities for establishing a Danish seismological station there. However she had found the
ground on the volcanic island too loose for the
delicate instruments. Instead she placed the station in Illorqortormiit (Scoresbysund), Northeast Greenland.
Her education took place in Copenhagen
(1894-1906) in a private, coeducational school
run by Hanna Adler, an aunt of Niels Bohr. It
was an institution where boys and girls studied
the same subjects, and where all learned
needlepoint as well as woodwork and soccer.
The school was the first coeducational school in
Denmark. The book about Hanna Adler (Adlersamfundet, 1959) describes how she studied coeducational schools on a visit to USA in 1892,
and then started her own school in 1893. The
book also describes how in 1943 former schoolchildren of hers, including Inge Lehmann,
helped Hanna Adler to be one of the very few
members of the Danish Jewish community who
obtained official permission to live in Germanoccupied Copenhagen, if not the only one, provided she did not go to Sweden.
Inge Lehmann studied mathematics at the
University of Copenhagen (1907-1910) and
continued 1910-1911 at Cambridge, England
(Newnham College). She became an assistant
in an actuary’s office (1912-1918 at an insurance company of the name «Danmark»). She
graduated with a cand. mag. degree (candidatus
magisterii) from the University of Copenhagen
in 1920. She studied mathematics at University
of Hamburg (professor Blaschke) in the autumn
of 1922. During 1923-1926 she worked as an
assistant to J. Steffensen, professor of actuarial
science. In 1928 she graduated with a mag. scient. degree (magister scientiarum) from the
University of Copenhagen.
In 1925 Inge Lehmann became an assistant
to Niels Erik Nørlund (Bang, 1988), the director of Gradmaalingen, an institution in charge
of research in fundamental geodesy in Denmark. She helped Nørlund in establishing the

seismological stations Scoresbysund and Ivigtut in Greenland and took an active role in the
mounting of the seismographs at the seismological station of Copenhagen.
She studied seismology in the summer of
1927 at Hamburg under E. Tams, at Darmstadt
under B. Gutenberg, at Strasbourg under E.
Rothé, at De Bilt under J. van Dijk and at Uccle
under E. Somville. Gutenberg (Schweitzer,
2003b) was important, since he had determined
the depth to the earth’s core (Gutenberg, 1914),
and he gave her much of his time during the
one-month stay.
In 1928 Lehmann was appointed statsgeodæt (state geodesist) and made chief of the
Seismological Department of the newly
formed Danish Geodetic Institute under the directorship of Niels Erik Nørlund. In this position, until her retirement in 1953, she supervised the seismological stations in Greenland
and Copenhagen, she worked out the bulletins
of the stations, did scientific work and published many papers. A Danish children’s book
about Inge Lehmann (Jensen and Pedersen,
1996) describes an earthquake that Copenhagen found frightening, but Inge Lehmann
thought was wonderful. In her position as state
geodesist she could travel around and collect
information on how the earthquake was felt.
The earthquake occurred on October 31, 1930,
23 hours Greenwich Mean Time (used by seismologists), equivalent to 1 November Middle
European Mean Time (used by Danish newspapers). It was described by Lehmann in 1948
(1948a, p. 11-14). An annotated list of Danish
earthquakes since year 1073 is given by
Lehmann (1956); update of it is given by
Gregersen et al. (1998).
Lehmann attended most of the 4-yearly
meetings of the International Union of Geodesy
and Geophysics (IUGG), starting with the 1927
meeting in Prague, where time curves were discussed, a subject in which she was interested the
rest of her life. She attended many other meetings also, for instance the study week November
19-25, 1951 at the Vatican for the problems of
microseisms. Her paper there (Lehmann, 1952)
demonstrated the relationship between microseismic storms (as experienced in Greenland)
and cyclones. Lehmann also attended some of
682
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the meetings organized by Keilis-Borok and
Leon Knopoff, named «Geophysical Theory
and Computers» (now Mathematical Geophysics). Inge Lehmann and Harold Jeffreys attended such meetings in Cambridge, 1966, organised locally by E.R. Lapwood, and in
Copenhagen, 1969, organised locally by Jørgen
Hjelme (1928-2006).
Inge Lehmann was the first president of the
European Seismological Federation, a federation that was replaced by the European Seismological Commission in 1951. Lehmann (1971)
explains how the idea of a European Seismological Society came about at a small meeting
in Strasburg 1947, and how at a meeting in
Verona 1950, organized by Medi and Caloi, the
European Seismological Federation was
formed with Inge Lehmann as its president.
However the officers of IUGG decided that if
European seismologists were to have special
meetings this would have to be arranged by the
International Seismological Association or the
International Association of Seismology and
Physics of the Earth’s Interior (IASPEI), which
came into being at the Brussels Assembly in
1951 as the successor of the former International Association of Seismology (IAS). As a consequence the European Seismological Commission (ESC) was set up.
The 1967 IUGG meeting in Zurich was her
last IUGG meeting, and she presented a paper
(Lehmann, 1968). I was participating in the
same meeting, and I can confirm the statement
in Bolt (1997, p 291), that Lehmann was extremely sensitive to noise. She had reserved an
expensive hotel room downtown Zurich, but
found out that the hotel could not guarantee that
it was a quiet room. When she heard that my
hotel room was cheaper and quieter she offered
me the expensive hotel room in exchange of
mine, and would pay the price difference. However very early on the first morning I was woken up by loud streetcar noise. So I left the hotel
in exchange of a cheap, quiet camping site, and
both Inge Lehmann and the Danish Geodetic
Institute saved money. One of the documents in
the Inge Lehmann archive shows that in Cambridge 1966 E.R. Lapwood promised to give
Inge Lehmann a quiet room in Emanuel College. During 1928-1929 the Danish Geodetic

Institute (Geodætisk Institut) was carrying out
the Seismological Service in Denmark. This
service was done by National Survey and
Cadastre - Denmark during 1989-2004 and
from then it has been carried out by Geological
Survey of Denmark and Greenland (GEUS).
Inge Lehmann was succeeded 1953 at the
Danish Geodetic Institute by Henry Jensen
(1915-1974 ), an experienced geodesist and, after 1953 seismologist. She exchanged letters
with him, on the subject of the loan of books,
journals and seismograms. She also attended
the European Seismological Commission General Assembly in Copenhagen, 1966, organized by him. Henry Jensen became the first professor of Geophysics at University of Copenhagen in 1965. Jørgen Hjelme,succeeded him at
the Danish Geodetic Institute, later National
Survey and Cadastre - Denmark until 1995,
where he was succeeded by Søren Gregersen,
now at GEUS.
A small seismic array station, named Inge
Lehmann station, situated 77° 55’ N, 39° 14’
W, 2400 m above sea level, on the Greenland
Ice Cap started in June 1966 as a Danish American cooperative project (Lenton, 1968). The
project showed that the station is very sensitive
to small events, and a project in 1967 (project
Blue Trek) showed that the low noise and good
signal found at the Lehmann station is also
found on a large portion of the Ice Cap, while
Camp century near the edge is quite noisy. The
station was run until September 1967.
Lehmann’s name will continue to be honoured in the geophysical world. In 1996 the
American Geophysical Union established the
Inge Lehmann Medal. It is given for ‘outstanding contributions towards the understanding of
the structure, composition and/or dynamics of
the Earth’s mantle and core’. It is awarded in
odd-numbered years.
Lehmann donated her entire estate and fortune to a fund administered by the Danish
Academy of Sciences and Letters. It offers a
travel award each year alternatively to a psychologist and a geophysicist. Those awards
started while Lehmann was still living, and the
first chairman of the awards committee of the
Lehmann Foundation, Elvin Kejlsø told me,
that she was happy to know that the people who
683
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were awarded the Lehmann award could use it
as an important qualification in their curriculum
vitae. The current chairman is Søren Gregersen.
Inge Lehmann remained involved with the
scientific community throughout her long life.
She participated in a reception held at the Danish Geodetic Institute on her 100th birthday in
1988, and a large number of geophysicists from
both sides of the Atlantic participated. Some of
them had participated in a workshop on «Causes and Effects of Earthquakes at Passive Margins and in Areas of Postglacial Rebound on
both sides of the North Atlantic» held in Vordingborg, Denmark, May 9-13, 1988 (Gregersen
and Basham, 1989). V. Keilis-Borok and C.
Kisslinger were there because IUGG bureau
had a meeting in Copenhagen the following
days. The Danish Geophysical Society (Claus
Hammer) convened the reception, and Elvin
Kejlsø, V. Keilis-Borok, Carl Kisslinger and
Søren Gregersen gave talks. She really enjoyed
that the proceedings were tape recorded, enabling her to listen to them repeatedly.
A humorous mistake is documented in the
children’s book about Inge Lehmann (Jensen
and Pedersen, 1996, p 57). It shows a letter from
the hospital dated January 25, 1989 addressed to
Inge Lehmann’s parents, long since deceased.
Judging from the two digits, 88 allotted to the
year of Lehmann’s birth in the personal number,
the hospital assumed that she was almost 1 year
old instead of almost 101. The same book shows
several pictures of Inge Lehmann. One shows
her mother, grandmother and great-grandmother, and on page 57 it credits Michael Bernth
Pedersen with helping Lehmann write her last
paper on seismology. Bernth Pedersen helped
with everyday problems, since he lived nearby,
while I helped her when she needed help from a
seismologist, looking up references, or typing
up manuscripts. Michael helped her keep up her
fighting spirit until her death. Many of Inge
Lehmann’s non-seismological books and one of
the flags from the Inge Lehmann station are now
in Michael’s possession.
In his obituary of Inge Lehmann Nils Groes
writes:

content. It had been a long and rich life full of victories and good memories.».

«One day at the hospital, Inge told us that all day
she had been thinking about her own life and she was

«that the observations of P’ are not due to diffraction in a normal manner through the core. How-

When Inge Lehmann received the award
from the Seismological Society of America
(Oliver, 1978) Jack Oliver at Cornell University mentions her charming summer cottage in
Holte that so many seismologists have visited. I
was invited there as late as summer 1990, and
was impressed by the way she answered the
phone from someone that was surprised to find
her there. She pretended that going out to one’s
summerhouse when the weather is good is the
obvious thing to do when you are only 102
years of age («Of course I am in the summerhouse», she said).
Lehmann’s many awards are documented in
table II. A more detailed biography was given by
Bolt and Hjortenberg (1994) and by Bolt (1997).
3. The Inner Core Discovery
The way Inge Lehmann discovered the inner core was by observing unexpected large
amplitudes in the shadow zone (Lehmann,
1936). Lehmann’s last paper (Lehmann, 1987)
has a fig. 4b, also published in Lehmann
(1931). The text written on the top of that figure
is in German, in translation it reads: Frankenfurter travel time curves, made by B. Gutenberg
1928. The figure contains a continuation of the
P’ curve extending from 142° to 100° and
tagged «gebeugte Wellen?» (Bent waves with a
question mark). The question mark shows that
in 1928 Gutenberg was not sure that the waves
were diffracted, but he did not get the idea that
these waves came from an inner core. Lehmann
(1936) presented the idea, and reflected and refracted rays from the inner core in Lehmann’s
simple earth model explained the waves.
Gutenberg readily accepted the idea of an inner
core (Gutenberg and Richter, 1938, p. 364),
while Jeffreys was slower to do so (Jeffreys,
1939, p. 554). The wording of Gutenberg and
Richter was that they accepted Lehmann’s hypothesis
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Table II. Inge Lehmann’s many awards.
Year(s)

Awards to Inge Lehmann

1936-1948

Member of the Executive Committee of the International Seismological Association.

1938

Tagea Brandt Award.

1951-1954;
1957-1960

Member of the Executive Committee of the International Association of Seismology and
Physics of the Earth’s Interior (IASPEI).

1957

Associate Royal Astronomical Society, London.

1959

Honorary Fellow Royal Society, Edinburgh.

1960

The Harry Oscar Wood Award in Seismology.

1963-1967

Vice President of the Executive Committee of the International Association of Seismology
and Physics of the Earth’s Interior.

1964

Doctor of Science (Sc.D.) h.c. Colombia University in the city of New York.
Deutsche Geophysikalische Gesellschaft, Emil-Wiechert Medal.

1965

Kgl. Danske Videnskabernes Selskab (Royal Danish Academy of Sciences and Letters) Gold Medal.

1967

Tagea Brandt Award.

1968

Doctor of Philosophy (Dr. phil.) h.c. University of Copenhagen.

1971

American Geophysical Union, Bowie Medal given for outstanding contributions to fundamental
geophysics and unselfish cooperation in research.

1973

Honorary membership of European Geophysical Society.

1977

Medal of the Seismological Society of America.

the solid inner core, her model does not consider the question about whether the inner core is
solid or fluid, that was done by others much later (e.g. Birch, 1940; Bullen, 1946; Bolt, 1987
and Cao et al., 2005). Hence she discovered the
inner core, that later proved to be solid.
Simon (1993) discusses her personal memoir of Inge Lehmann:

ever, the velocity distribution required to account for
these observations differs greatly from the hypothetical model used in her paper».

This great difference is not surprising; she
was not trying to estimate the real velocities but
presented a simple earth model with constant
velocity in each shell of the model, so that the
time distance curve could be calculated by simple trigonometry and paths were straight lines.
The wording of Jeffreys (1939) was «It seems
therefore that diffraction must be abandoned as
an explanation of PKP at distances less than 142
degrees». Additional confirmation of the inner
core was given by Engdahl et al. (1970) by using the Large Aperture Seismic Array (LASA).
Inge Lehmann discovered the inner core,
but it is not correct to say that she discovered

«I had heard long before her arrival at Lamont,
that she was the seismologist who had proved the
existence of the inner core of the Earth».

A short but good version of the story of the
inner core discovery is given by Oliver (1978):
«Her best–known paper, succinctly entitled P’
demonstrated that this phase is not the result of dif-
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fraction as was held at that time, but was a clear indication of an inner core of higher velocity, thus revealing to mankind for the first time this major feature of
the earth.».

jumped at the discovery of hell, but he reacts all
wrong.».

In Jeffreys’ June 4, 1932 letter he does not
comment the proposal.
The letter from Jeffreys dated 1932 June 1
was not shown in Potsdam 2004, it was somehow overlooked in the Lehmann archive in
2004 when documents were selected for the
poster, and it is shown here in fig. 4 and fig. 5.
Therefore Bischoff were led to believe that Jeffreys were uninterested in the inner core. It is
surprising that it is dated already the day after
Lehmann’s letter. It is interesting to note that in
Lehmann’s letter shown in figs. 2 and 3 attention is given to the mantle discontinuity as well
as to the inner core discontinuity, but she doesnot use the word mantle.

Schweitzer (2003a, p. 19) gives another
short but good version of the same story:
«Both Gutenberg and Jeffreys overlooked the existence of an inner core, which was discovered by the
Danish seismologist Inge Lehmann (1888-1993; Emmerich and Schweitzer, 1988; Bolt, 1997; Kertz,
2002) in 1936 (Lehmann, 1936; 1987).».

Brush (1980, p. 706) notes that it is the last
name of Inge Lehmann that is associated with
the discovery of the inner core, but few people
outside the geophysical/seismological community seem to realize that one of the most important discoveries about the structure of the earth
was made by a woman.
Bischoff (2004) notes that in her studies of
the 1929 Buller, New Zealand earthquake, Inge
Lehmann had found that the stations Swerdlowsk and Irkutsk had substantial amplitudes
although they were in the shadow zone.
Bischoff also claims that Jeffreys four years before the publication in 1936 did not show interest in Lehmann’s conclusions about a possible
inner core. This lack of interest in 1932 on the
part of Jeffreys was displayed in a poster at the
ESC Potsdam 2004 General Assembly. The
poster showed how the idea of a discontinuity
surface within the core was proposed in the last
lines of her letter to Jeffreys dated May 31,
1932 (Hjortenberg and Larsen, 2004), it is also
shown here.
The first page of the letter is shown in fig. 2,
second page is shown in fig. 3, in the last lines
of the second page she proposes the idea of a
discontinuity surface within the core. At the
discontinuity surface the velocity increase with
depth. She wrote that there is hardly anything to
disprove such a surface in present observational data.
In a letter from Jeffreys dated June 1 (figs. 4
and 5), he remarks;

4. The Lehmann discontinuities
Birch (1971) gave a speech when Inge
Lehmann was awarded the Bowie medal by the
American Geophysical Union. He said that her
1936 paper added a new discontinuity to the
seismic structure of the earth, the Lehmann discontinuity, which divided the core into inner
and outer parts.
Don Anderson (1979, 1981) use the title
Lehmann discontinuity for a discontinuity in
the mantle at 190-250 km and this use continues. On February 26-28, 2004, a symposium organised by Hans Thybo and entitled «Seismic
Heterogeneity in the Earth’s Mantle: ThermoPetrological and Tectonic Implications», was
held at the Royal Danish Academy of Sciences
and Letters, Copenhagen with Don Anderson as
key speaker. At the symposium it was decided
that the use of the expression «Lehmann discontinuity» also for a mantle discontinuity is
OK. During the symposium it was clear that
each time the Lehmann discontinuity was mentioned the mantle discontinuity was meant.
Karato (1992) and references therein give
additional examples of the use of the expression
Lehmann discontinuity for an upper mantle discontinuity. Karato proposes the Lehmann discontinuity (~200km) to result from a change in
anisotropy structure with depth.

«Macelwane is a bit casual about the core. I
should have thought that a good Jesuit would have
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Fig. 2. First page of Inge Lehmann’s May 31, 1932 letter. She offers to send records of the Azores earthquake
that shows the discontinuity in the upper layers using the records at distances from 19 to 22 degrees.
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Fig. 3. Second page of Inge Lehmann’s May 31, 1932 letter. Only the last 15 lines are about the inner core. They
deal with the «increase of P’ before the focal zone». «I suppose they could be explained by a discontinuity surface within the core at which the velocity increases». In the paragraphs before the last 15 lines one or two discontinuities in the upper layers are discussed.
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below the Mohorovicic discontinuity, where Jeffreys has 7.75 km/s and Lehmann has 8.0 km/s
and Lehmann’s velocities have a discontinuity at
220 kilometres depth. Her later studies use data
from nuclear explosions (Lehmann, 1962; 1964)
and interpret a phase observed by Romney
(1959) as a P wave refracted in a discontinuity at
a depth of 215 km. Her interpretation (Lehmann,
1967) of low velocity layers and a 220 km discontinuity was used in making earth models, e.g.
the PREM model (Dziewonski and Anderson,
1981). The authors state that their decision to locate discontinuities at 220, 400 and 670 km was
based on results from many other studies.
Lehmann (1970) concludes that the nature of the
deep discontinuity in P velocity varies and it may
not be present everywhere.

5. Post-retirement research
In 1951 Maurice Ewing, who had discovered
the phase Lg together with Frank Press (Press and
Ewing, 1952), visited Copenhagen (Lehmann,
1978), and he invited Inge Lehmann to come to
Lamont (now Lamont-Doherty) to assist in the
study of Lg. In 1952 she made her first visit to the
United States, and when Inge Lehmann retired in
1953; 5 years before the mandatory retirement,
she felt free to carry out seismological studies at
home and abroad. While at the Lamont-Doherty
Earth Observatory in 1953 Lehmann published
studies of three European earthquakes (Lehmann,
1953a), and explained the behaviour of P and S
waves on the assumption of a low-velocity layer
at some depth below the Mohorovicic discontinuity. Gutenberg (1948) made the assumption that
in California small amplitudes in P and S, and a
certain delay can be explained by the presence of
a low velocity layer at a depth of about 80 km
Lehmann (1953a, p. 483) remarked that in Eastern North America there is no comparable deep
shadow for S as there is in Europe.
In subsequent years Lehmann continued her
upper mantle investigations (Lehmann, 1955).
Lehmann (1957) report some results of the Lg
studies started in 1951, and she found that the
deep earthquakes she investigated did not produce Lg waves, but the shallow ones did. She
concludes that a closer study of the phase Lg
should yield interesting and important results.
This prediction became true near Denmark
when Kenneth et al. (1985) showed a barrier for
Lg waves in the North Sea.
Lehmann and Ewing (1960) deals with Lg
waves as recorded in Copenhagen. The paper is
bound in two volumes, one with text and one
with diagrams. Figure 1 to 31 of these diagrams
show copies of seismograms, often with Lg
waves coming from south or east of Copenhagen, but figure 17 shows the seismograms
from both Scoresbysund and Copenhagen of an
Arctic earthquake also discussed by Oliver et
al. (1955). Figure 32 is a map of all the earthquakes considered in the 1960 paper.
Inge Lehmann published the Jeffreys and the
Lehmann model for the P velocities in the upper
800 kilometers of the mantle (Lehmann, 1959, p.
390). The Lehmann model differs from Jeffreys’

6. The work materials and
epistolary archive
Inge Lehmann’s collection of work materials is large, and it contains books, papers, documents, reprints, card files and seismograms
(e.g. from the Heligoland explosions 1947).
One interesting example is a handwritten document from a seminar she gave on the 10th of
May 1954 in Pasadena. It is about the upper
mantle of the earth, its different structure in Europe, California and NE America.
There is also an envelope with papers about
the first Danish seismologist, E.G. Harboe
(1845-1919), stating that he retired from the
military in 1897.
The Inge Lehmann epistolary archive contains letters from many countries, including
Italy, Austria, Australia, Russia, Germany,
Denmark, France, UK, USA and Canada. The
Inge Lehmann archive altogether contains
many thousands of documents that Lehmann
stored in her home. They were scanned and catalogued on 2005-2006 by SGA by Storia Geofisica Ambiente (Bologna), producing more
than 5000 files, each containing one or more
scanned pages. It is important that each page in
the archive can now be uniquely identified by
the filename and the number in the file, and the
directory names and structure may be regarded
as a catalogue.
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Fig. 4. First page of Jeffreys’ 1932 June 1 letter. «Thank you for your very informative letter. I’m sorry about
the new discontinuity». « No please don’t send me the records; I am snowed under with my present work». It
appears that Jeffreys is not interested in the new discontinuity in the mantle.
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Fig. 5. Second page of Jeffreys’ 1932 June 1 letter. The main subject is epicentre determinations, by the group
method, but in the last paragraph the inner core discontinuity surface is discussed: «Macelwane is a bit casual
about the core. I should have thought a good Jesuit would have jumped at the discovery of hell, but he reacts all
wrong».
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6.1. More on the Brussels,
1951 assembly, start of European
Seismological Commission (ESC)

The Inge Lehmann archive contains a big
envelope marked, in translation:
«Correspondence with Harold Jeffreys before the
war, about time curves, somewhat disordered, first
letter from December 19, 1930».

In a two page machine typed document
Inge Lehmann describes in Danish the assembly of the International Seismological Association in Brussels 1951. The following two paragraphs are a translation of some of that document:

They may be difficult to put in order, since
Jeffreys often wrote the day and month, but not
the year, on his letters. I believe that in most
cases the year can be deduced from the exact
placement of the letter and the content of the
letter. Less than a quarter of the about 150 letters in the envelope are dated drafts of letters
from Lehmann to Jeffreys, so there may have
been more letters and it is a pity that the letters
received by Jeffreys have disappeared.
The correspondence between Inge Lehmann
and Sir Harold Jeffreys about the inner core of
the earth was discussed in Chapter 3. Another
example of correspondence topics is the letter
from Jeffreys August 23, it was answered by
Inge Lehmann August 30, 1934. His letter contained the proof of his manuscript to Nature,
No. 280 on the State of the Earth’s Central core.
It refutes the assertion by the seismologist L.
Bastings from New Zealand that he observed S
waves through the earth core. Jeffreys’ article
said that:

«In Brussels 1951 Inge Lehmann participated in
the meeting of the Commission on the Physics of the
Earth’s Interior (COPEI) that led to putting COPEI’s
work under the International Seismological Association (later called IASPEI).
Inge Lehmann also took part in the meeting
where cooperation between European seismologists
was discussed. They found that the best solution
would be that the Association sets up a European
Commission. Later 5 delegates requested such a
commission, and it got 13 members from 13 countries.
The Commission (European Seismological
Commission, ESC) held one meeting on which Inge
Lehmann was elected president, but she refused.
Then Wilhelm Hiller was elected president of ESC
with Pietro Caloi as secretary. Beno Gutenberg was
elected president of the Association with Pietro Caloi
and Harold Jeffreys as vice-presidents.».

«The lack of rigidity in the core does not rest
wholly on the past failure to identify S waves
through it. [...]. If Bastings’ interpretation is correct,
it will be necessary to suppose that the core is elasticoviscous, behaving as solid for stresses with periods
of a few seconds but as a liquid for a period of 12
hours.».

6.2. Epistolary archive, Sir Harold Jeffreys
(UK) and others
In 1971, Lehmann (1971) recalled:
«I was the only Danish seismologist for 25 years.
I began to work on travel times and I was fortunate
in that Harold Jeffreys, who at that time was doing
his important work on travel time tables could use
some of my research. For several years we had quite
a correspondence, this was, of course a great encouragement to me.».

The letter from Inge Lehmann confirms her
view that Jeffreys is right in believing that L.
Bastings has read PPS for S1’, the latter being
the hypotetical S wave through the core. The
manuscript proof referred back to Bastings
(1934), to Jeffreys (1929; 1926) and to
Lehmann (1930; 1931). Later on Lehmann
(1950, p. 196) comments further on Bastings’
interpretation:

In 1994, Lady Jeffreys (1994) wrote:
«It was not until my marriage to Harold Jeffreys
in 1940 that I knew of the importance of Inge
Lehmann’s work in observational seismology and for
the next five years it was not possible for them to
communicate with each other (1). He must have had
letters from her in the 1930s but I regret that these
have disappeared.».

«Amongst the phases he determined were those
of the transverse waves transmitted through the core.
There are as we have seen, many phases in the
records of some of the stations, so many, indeed, that
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Fig. 6. First page of Inge Lehmann’s May 6, 1932 letter to Harold Jeffreys.
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Fig. 7. Second page of Inge Lehmann’s May 6, 1932 letter to Harold Jeffreys. This paper was also shown in
Potsdam 2004, and one of the words is German, Scheiteltiefe, the depth reached by the deepest ray.
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There is also correspondence with Pietro Caloi,
for instance, in connection with the publication
of the work of the Vatican meeting (Lehmann,
1952), and correspondence with a lot of other
seismologists, e.g. with B. Gutenberg, V. Conrad, P.V. Willmore, S. Müller. M. Båth. F. Press,
M. Ewing, J. Oliver, E. Peterschmitt, and J.H.
Hodgson.

it will be possible to pick out phases to fit almost any
time-curve, but a proof of the existence of the corresponding phase is not obtained in this way. It is not
obtained unless there is a concentration of points
close to the curve.». Lehmann (1953b)

further discuss Bastings’ publications during
the time span 1933-1937.
Many other observations can be derived
from the correspondence with Jeffreys:

6.3. Niels Bohr archive

On May 6, 1932 Lehmann writes:
The Niels Bohr archive has made copies of
9 letters from the correspondence between
Lehmann and Bohr and 3 letters about Inge
Lehmann. Seven letters of those 9, and one season’s greeting were written by Inge Lehmann at
Newnham College, Cambridge in 1911. They
deal with invitations for tea, and the necessity
of a chaperone, which must have surprised Inge
Lehmann after Hanna Adler’s school. She sent
a message of congratulation to Niels Bohr at the
Carlsberg mansion (now Carlsberg Academy)
in honour of his 60 years birthday on October 7,
1945. A letter dated October 11, 1947 thanks
Mrs Bohr for a beautiful box left at the death of
Hanna Adler, and adds that a copy of Inge
Lehmann’s paper on Hanna Adler is enclosed.
It also recalls Inge Lehmann’s visits to her
when she had to miss her family who were in
Sweden.In the letter Inge Lehmann adds that it
was always a pleasure to visit Miss Adler.
In a letter January 14, 1962 from Harold
Jeffreys to Niels Bohr, he wonders whether
Inge Lehmann has ever received any honour
in her own country. In a letter July 11, 1962
from Niels Bohr to Niels Erik Nørlund
(Lehmann’s former director) he suggests the
award of the Gold Medal of the Danish
Academy of Scienses and Letters. In a letter
to Niels Bohr dated August 22, 1962 Niels
Erik Nørlund confirms that he will propose
that when the Academy meets again. The
medal was awarded in 1965.

«I was determined to prove that your tables were
the most excellent tables, but – why have you spoilt
them by smoothing. You have smoothed them excellently – no more discontinuity surfaces in the mantle
of the earth. The velocity increases first more rapidly then slowly with depth. But Byerly’s (2) curve has
a sharp bend about 20°, your reduced ISS (3) data
pointed to the reality thereof. I have now studied two
earthquakes Iceland, Azores with a good deal of observations on either side of 20°.» (The full text of the
letter is shown in figs. 6 and 7).

On November 18, 1932 she sends a letter to
Jeffreys about her time curve:
«I feel quite sure about the bend about 20°, but
that is exactly the sort of thing which is not exhibited by the statistical method.».

On December 14, 1932 she writes again:
«I am glad to hear that – at last – you believe in
the bend about 20°.».

On March 29, 1936 she writes about amplitudes at distances 12° to 15°.
«If you had seen so many records from these distances as I have seen, I am sure you would not doubt
that amplitudes are abnormally small.».

Such observations are examples of the historic and scientific value of letters in earth science (Ferrari, 2002), (Ferrari, 2003). It shows e.g.
that the inner core was discussed 4 years before
Lehmann (1936). We are fortunate that Lehmann
kept drafts or carbon copies of the outgoing letters and not only the letters she received.
Letters from Harold Jeffreys from after the
war are filed in different places in the archive.

6.4. Additional items to Bibliography
A bibliography with Inge Lehmann’s publications on microfiche with 59 references is in695
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cluded with Bolt (1997). Information about additional references has been found in the
Lehmann archive. That information is given in
the present publication as Lehmann (1948b;
1948c; 1965; 1971; 1978).
A paper with 32 pages and 9 plates entitled
«The seismological stations København and
Scoresbysund» was published by the Geodetic
Institute in 1930. It is undoubtly written by Inge
Lehmann, but author’s name is not given in the
publication.

in Bologna) by scanning and cataloguing the
documents 2005-2006.
The files obtained can help getting a better
understanding of Inge Lehmann’s publications
and of the historical development that she was
part of. The paper also shows how she presented the idea of an inner core to Jeffreys 4 years
before 1936, and Jeffreys reply.
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7. Conclusions
This paper deals with Inge Lehmann’s
achievements and the Inge Lehmann archive.
The safeguarding of the Inge Lehmann archive
was done by SGA (Storia Geofisica Ambiente

Notes
(1) Because of World War II and the German occupation of Denmark.
(2) American seismologist.
(3) International Seismological Summary, an annual publication with epicenter determinations and readings of
phases. It was replaced by International Seismological Centre (ISC) bulletins in 1964. Lehmann played a key
role in the initiation of ISC.
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