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appointment of commissioners authorized to take action in cases of
mproper exploitation of propertics, or nnreasonable or prohibitive
conditions imposed by landowners for rayalties and wayleaves; (2) the
provision and administration of a funid for the purpose of undertaking
sxperimental work.

Sinee Sir Lionel Phillips wrote his report an Imperial Mineral
tesourees Bureau bas been set up. 1t has been designed as an
imperial link hetwcen the respective Mines and Mineral Departments
f the self-governing Dominions, Indir, and the United Kingdom,
and its constitution wonld not appear to permit of its being attached
o a Mines Department of the United Kingdom. The Bureau is,
we understand, already ot work on its internal organization.
It is an Imperial body te be incorporated by Royal Charter
mder the Presidency of the Lord President of the Council,
with @ governing hody containing representatives appointed by the
self-governing Dominions, India, and the United Kingdom, as well
as eertain technical men appointed by the Minister of Reconstruction
to represent the mineral, wining, and metal industries generally.
in the collection of stutistical information it will work through the
Mines Departments of all parts of the Empire, including the United
Kingdom, and as an Imperially constituted body its relations to a
Home Mines Department should be of similar nature to those of the
elf-governing Dominions,

From what has been said, however, it must be clear that it would
he a great advantage for the dispateh of important business relating
te the mining indnstry of this country to bring under one official
head the functions performed by so many different governing bodies.
‘Whether an independent Ministry should be formed or to what
cxisting Department of State a Mines Department should be attached
are questions of comparatively minor importance. But if a Ministry
to deal with Commerce and Tndustry were to be formed this wounld
obvionsly be the proper home for a Department of Mines and Minerals,
just as in France the Conseil géndral des Mines is a department of the
inastre des travava publies.

IV.-—"'nw Twrerior or rnn Kawrn.
By .. D. ¢LoHay, F.R.S., I.G.S.

fring the Infroduction o o Geophysieal Discussion organized by a Committee
of the Dritish Association for the Advancement of Science, and held in the
rooms of the Royal Astronromieal Society on November 19, 1918,

“VHEN I received the invitation to open this discussion my first
‘ feeling was of diffidence, for, the interior of the carth being
neeessarily inaccessible to direct observation, the solution of the
yroblems connected with it has principally been left to mathematical
research, and this must remain the final eourt of appeal. TIn these
cireumstanges it secmed verging on presumptuousness to address an
audience consisting so largely of mathematicians in inanguration of
a diseussion on the interior of the earth. Second thoughts showed

e
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that there was mueh to be said aguinst this view, for, though
mathematies is the court of appeal, it can only decide on the facts
placed before it by the seiences of observation, and so the discussion
seems profitably prefaced by a statement of the leading facts which
have heen collected, and those conclusions which are so diveetly
derived frow them as to have almaost the validity of obscrvation.

The first, and still one of the most important, of these observations
is that the temperature vises vegularly to the greatest depth yet
penctrated into the eartli, the rate of increase being on the average
about 1° C. for every 25 m. of depth; we also know that at depths
from which voleanic eruptions take place the temperature reaches at
least 1000° C.  So long as the nebular hypothesis held undisputed
sway, it was natnral to suppose that the increase of temperature was
continuous to the centre cf the earth, and, as long ago as 1793, we
find Benjamin Franklin indicating the necessary corollary from this,
that below a certain depth the material, of which the carth is
composed, must necassarily be in a molten, and, at a still greater
depth, be converted into a gaseous, condition, an hypothesis very
gimilar to that associated in recent times with the name of Arrhenins.

The fundamental assumption on which this deduetion is based has
been sapped by the discovery that the radium content of the outer
layers of the earth is amply sufficient to account for the whole of the
temperature gradient observed in ifs superficial portion, and, other
considerations being ignoved, the hypothesis which has been seriously
proposed, that the innermost parts of the carth may be intensely
cold, approaching the absolnte zero temperature of space, is n porsible
one. We have ulso the demonstration that the earth as a whole is
something like twice as rigid as an equal-sized globe of solid granite,
which precludes the assumption that the interior can be in a tluid or
gaseous condition in any ordinary sensc of the word, but here we
must allow for the effect of pressure. When it is remembered that
at a depth of but + km., or abont 2% miles, the pressure is alveady
greater than the crushing strength of the strongest known rock, and
that at the centre it is about three thousand times as great as this, it
becomes evident that the properties of matter may be very greatly
modified and that the terms used to deseribe the three states, as we
know them under surface conditions, may nced to be used in a very
esoteric sense when transferred to the interior of the carth.  For the
present all that need be said is that material, which ean be shown to
be from twice to six times as rigid as strong granite, can only be
described as fluid or gas in a very Pickwickian sense of the word,
and it is possibly a mere aceident that the threefold division of the
interior, outlined by Benjamin Franklin, comes so near that which
I propose to show 1s the deduction to be drawn from the present
state of knowledge.

Taking the outer layers of the earth first, we find thal the rocks
which are exposed at the surface consist in part of material which
has been disintegrated by the processes of surfuce denudation, trans-
ported, deposited, and resolidified, and partly of rock which has not

! Trane. Amer. Phil. Soc., iii, pp. 1-5, 1793.
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yet undergone these processes, but is thoroughly cooled and solid in
cvery sense of the word. To the greatest depth yet reached the
rocks are of this type, and it evidently coutinues for some distance
below the depths which can be reached by direct observation or by
irnmediate deduction. This outermost portion of the earth, in which
the physical condition is similar to that of the surface rocks, ia
commonly known in geology as the crist, » name which originated
in the days when the earth was supposed to consist of & molten
interior and an outer solid crust, and has survived that supposition
for want of a better, and after all the word does not necessitate
a fluid interior; a loaf of bread, for instance, has a crust, though the
interior should be solid. At the present day the term means no
more than the outer layers in which composition and counstitution
have not undergone any great change, as opposed to the more deeply
scated material, which differs on one or both of these characteristics
The thickness of this outer crust has been estimated by various
methods, the increase of temperature, the pressure under which
certain mincrals must have been formed, the strength of the crust as
indicuted by the anomalics of gravity, and some others, all of which
agree in putting the lower limit at about 50km., or some 30 miles,
well under one-hundredth of the radius of the earth.

In the outer regions of the crust geological investigation has
shown that movements of displacement have taken place on a large
scale. Over widths of some hundreds of kilometres rocks have been
compressed to the oxtent of one-third to one-half or less of their
original extension, as is shown by the folds into which originally
horizontal strata have been thrown. In other cases clean-cut,
gently sloping, or horizontal fractures have been rccognized, and,
along these fractures, displacements have taken place to the extent,
well established, of over 60 km. and in some cases possibly of over
double this, or from }° to 1° of the circumference of the earth.
In other places there is evidence of extension, much less capable of
measurcment than the compression, which, though probably smaller
on the whole thun the compression, may be comparable in amount.
Displacements in avertical direction have also been well determined,
along defined surfaces of fracture the displacement of opposite sides
of fuults has been established up to about 5 km., and possibly to half
as much again, and, as regavds places less than a couple of degrees
apart, such as the crests of the Himalayas or Andes compared with
the plains at their foot, or the mountains of Japan with the bottom
of the Tuscarora deep, the vertical displacements may be as much
as 16 k.

The cause of these great earth movements is still an unsolved
problem of geophysics. At one time they were generally attributed
to compression of the carth’s crust through contraction due to gradual
wnlmp, and the notion 1s by no means extinct, but the curiously
Tocal distribution of the compression is against this interpretation, no
less thau the fact that the amount is lurgely in excess of any con-
traction permissible on this hypothesis, and besides we have the
cqually well-established facts that regions of very considerable
extent show signs of tension and expansion of their dimensions.
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Especially in the case of the great thrust-faults is explanation
difficult; the appearances are such as suggest a simple fraeture «nd
displacement by compression due to approuch to ce udn other of (he
Iimits of the region affected, but it can easily be shown that the
thrusts involved in this explanation are many times greater than
those which could be transmitted by the material of whieh the
blocks are composed. The final explanation must wait until it an
be treated by one who is at the same time fully cognisant of the
geological results and of the physical principles 1uvolvcd probably
also till a further advance is nmdc in our knowledge of th(, physieal
properties of the material under conditions such as exlbt, even at the
comparatively small depths invelved.

Leaving this question aside, it is clear that extensive displace-
ments have taken place in the outermost layers of the erust, aud
these are pl(,sumabl\ taken up, possibly in a somewhat difleront
form, by the lower layers, bnt in any case neeessitate that, bhelow
the rigid and solid crust, must come materia]l which possesses some
of the properties attributed to a fluid, though not necessarily moro
than the power of changing ity form when exposed to stresses of
sufficient magnitude and of long cnough duration. This has been
recognized for some time, and we were content to accept the general
conclusion without giving it a mname, but this does not satisly
"‘American thought, and Professor J. Barrell has not only introduced
the name asthenosphere fur the region of waterial comparatively
weak as against permanent stlc.s:, but has given a numecrical
estimate of this weakness or strength.  According to him the
material at the weakest purt of the asthenosphere reached by his
investigation, placed at 400 km. from the surface, is about '; of
that of massive surface vocks, and of the order of a capacity of
sustaining stress differences of about 1,0001b. per sq. in. with
extreme permissible limite of 100 aund 5,000 1b. per sq. in, AL this
depth the conclusions drawn fron: his method of dcduction beecome
distinctly doubtful, but, st the lesser depth of 50 k., the strength
is only about six times that quoted and at 100 km. about Tour {hnes
this ammount.?

The nature of the transition from the solid erust, or lithosphere,
to the underlying asthenosphere is of nterest, and on 16 two lines of
reasoning can be brought to hear. Tirst, we have Professor Barrell's
caleulations, according to which the permunent strengthi hetween the
depths of 20 and 30 kin. rumounts to about four to five times that of
granite, and at a depth of 36 km. to only one-quurter, showing
a very rapid diminnation of strength at depths below 30 Tan. aud
a tolerably abrapt trausition fromw the crust o the underiymg
material.  The other line of veasouing depends on the phenomenon
of reflection of earthquake waves. Tt is now pretty well estabiisied
that long distance records, whei clear enongh, show the wrrivel wob
only of waves which Lave travelled from the origin by o diveet pu- by,
but of vthers which have been rellected at or near the Hlllaeu. I
the mathemutical treatment of these waves it is necessary fo assnue

Y Jowrnal of Ueclogy, xxiii, p. 44, 1915,



22 R. D. Oldham—The Interior of the Il arth.

a spherical body with a definite outer surface, from which reflection
tukes place, and it was not unnatural to regard this as the outer
surface of the earth, but there are some very real difficulties in the
way of this interpretation. Just thirty years ago Dr. C. G. Knott
showed ! that, in the heterogeneous material of which the outer
luyers of the earth are composed, simple condensational und dis-
tortional waves could not be transmitted, as each would undergo
a breaking up into two forms at every passage from rock of one kind
to that of another; ten years later Professor M. I. Rudzki further
showed * that only a very small proportion of known rocks possessed
those characters of elasticity which would enable them to transmit
unaltered the two simple forms of elastic waves, and the records of
seismographs show that the movement of the wave particle at the
surface is of a very complicated nature, having no relation to the
siiple movements required by the theory of reflection. For these
reasons it seems probable that the reflection, of which we find
evidence in long distance records, does not take place at, but a short
distance below, the surface, and it is natural to place it at the limit
where the more heterogeneous rocks of the outer layer pass into
the more homogeneous material of the central core—in other words,
at the lower limits of the crust or at about 30 km. below the outer
surface. Professor Barrell's figures suggest that the limit 1s probably
sufficiently defined to give rise to reflection, and the fact that the
reflected waves are not always equally conspicuous is in consonance
with the natural assumption that the lower limit of the crust may be
more sharply defined in some places than in others, an assumption
which iz strengthened by fact that these reflected waves are
sspecially conspicucus where the point of reflection lies under the
great nexus of mouutains forming the Pamir Plateau and the ** Roof
of the World”. It is not unnatural to suppese that this region,
unique as regards surface features, should be equally singular in the
character of the uuder surface of the crust, und so give rise to the
more than usual prominence of the reflected waves, where incidence
takes place under this region.

Tor the rest of the interior of the carth we are principally
dependent on the results obtained by the modern development of
scismology.  When it was recognized that the long distance records
ot great earthquakes represented the arrival of mass waves which
had travelled through the earth it must have oceurred to more than
one worker thut they would give information regarding the
vonstitution of the material traversed by the wave paths, but
I know of no published work previous to a paper by myself, read
before the Geological Society in February, 1906, ou the **Coustitution
of the Interior of the Barth as reveuled by Barthquakes”,® to
which, doubtless, T owe the honour of having been invited to address
vou to-day, and iu treating the subject the most convenient course

I Trang, Seismol. Soc. Japan, xii, pp. 115 {f., 1888,
2 Beitrige z. Geophysik., iii, pp. 519-40, 1898,
* Quart. Journ. Geol. Soc., lxii, p. 456, 1906.
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will be to outline the position as there presented, and the modifica-
tions which have been introduced by subsequent work. 1In 1905
there were twelve earthquakes of which direct aund accurate
knowledge was available of the place and time of origin, and two of
which the place was known, but the time had to be inferred from
distant records. Tabulating thie records of these carthgnalies, it was
found that the intervals tuken by the first and second phases to
reach the place of record inercased regulualy up to a distance of
about 120° from the origin. The rate of transit increased more
rapidly at first, less vapidly later, und showed that the deeper the
wave path penetrated the greater became the rate of frunsmission,
which meant that the wave paths were curved with a convexity
towards the centre of the earth. Up to 120° there wus no breach in
the regulavity of the time curve, and the ratio between the rate of
propagation of the condensational aud distortional waves remained
much the same; beyond 120° distance an irregularity appeared, the
first phase, or commencement, was appreciably delayed, and the
second phuse completelv disappeared, omly at about 140° did
something reappear which was recorded as second phuse, but must
either be distinet from the second phase at lesser distauces, or be
dclayed by about ten minutes in its arrival. LFrom these facts it
wus conciuded that the carth, down to the depth rearhed by wave
paths emerging at 120° or to a little more than half the radius
measured from the surface, was composed of material capable of
transmitting the two primary forms of wave motion, and that down
to this depth there wus no indication of any change of condition, the
increase in elasticity, indieated by the inereasing rate of propagation,
being no more than might be attributed to the imcereascd pressure
and compression of the material.  Deyond this depth thers is o rapid
transition to o material which can only transmit the convlensational
waves at a somewhal reduced rute, and Is cither tneapable of
transmittive the distortionzl waves, or transmits fThom with o
reduction to about lialf the velocity attained in the Jower parts of
the outer shell; at thar thue it was tmpossible to decide hebween
the two alternatives which were hoth presented, with scme leaning
towards the former.

In dealing with subrequent developments it will be eonvenient to
take the two parts of the time curve, and of the resuiting purts of
the earth’s interior separately.  Beginning with the outer shell the
first work te be neticcd is the often quoted paper iy Professer
Wiechert, which appeared in 145070 where the subject iv freated in
a more elaborvately mathematical form, and appended 1o if is a
detailed discussion of the records by K. Zoppritz, the wo-1 important
part of shich, from the present point of view, is the discussion of
the depth reached by the wave pathe. For those emerging up to
a distance of about 45° the depth reached by the two wave paths 13
about the same, and increases ropidly at first, then loss rapidly;
from 45° to about 70°, where the depth reached is ubout 1,400 to
1,500 km., there is very little increase, but a considerabie difference

1 4 Ueber Erdbebenwellen *7: Gottingen Nachrichten, 1907,
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in the depth reached by the two forms of waves; beyond that
distance the depth reached increases again, and gradually becomes
more equal for the two forms of wave motion till the limit of about
120° is reached. In detail these results have been modified by later
work and more exact and numerous determinations of the time
intervals, which Professor H. H. Turner has, within the last three
years, found to require considerable corrections; it is also
a fact that the mathematical methods were not altogether
sound, and quite recently the problem has been tackled anew by
Dr. C.'G. Knott.* He informs me that he has succeeded in solving
the integrals in an unequivoeal manner, no longer needing the use
of any assumptions, as had previously been used by himself and by
Professor Wiechert. From this he has computed and plotted the
wave paths for various distances, which show that those emerging at
from 45° to about 75° are crowded together in their deepest-lying
parts, in a zone lying just outside about one-quarter of the radius
from the surface, or at a depth of 1,300 to 1,5600km. The
flattening of the wave pathsin this region shows, that the incrcase
in rate of propagation suffers a check, and in the case of waves
emerging at 73° the lower part of the path is actually concave
towards the centre, indicating a temporary decrease in the rate of
travel.?

. The coincidence of these results make it apparent that a change of
some kind takes place in the neighbourhood of 1,400 km., or rather
Jess than a quarter of the radius, from the surface, but it is equally
clear that it is not a change of state, for both here and at greater
depths the two forms of simple mass waves continue to be propagated
at about the same relative rates as js demanded by theory. The
change indicated is rather of chemical composition than of physical
constitution, and in discussing this it is necessary to hark back.

There is a considerable body of evidence, principally astronomical,
though partly also geological, which goes to show that the central
portion of the earth is composed of metal, principally iron, surrounded
by a sheath of stony material. In part this deduction is reached
from spectroscopic analysis of the sun and stars, in part from the
composition of meteorites, which, whether regarded as the fragments
of older worlds, or as the material from which worlds are built np,
may be regarded as fair samples of the composition of our earth, and
in part from certain geological observations which indicate that deep
down in the earth masses of metallic iron ure assoclaied with the

! Not yeb published in full ; for an abstract sce Nature, November 21, 1918,
p. 289,

“ 1n this connexion it is noteworthy that just a year ago Dr. G. W. Walker
announced his conclusion that many of the earthquakes which give rise to
long distance records criginate at about this depth (Brit. Assoc. Rep., 1917).
The conclusion cannot be regarded as fully established, and there arc some
dilficulties in the way of its acceptance, but it is an important and interesting
suggestion, which must receive serious consideration, with the reservation that
the origin is not of the earthquake proper but of the bathyseism, of which the
surface quake, which is felt and does damage, is a secondary result (see Quart.
Journ. Geol. Soc., 1xv, p. 14, 1909).
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stony matter of the outer layers. "This bypothesis was mathemati-
cally investigated by Professor 8. Wiechert in 1897, who found
that, within pcnmssl})lc arlutions, the earth might l)c regarded as
compowd of a central core of density about 8 and an outer sheath
of density about 3, the dimension of the core being from about
three- qualters to less than four-fifths of the radius of the carth,
according to the actual densitics adopted, and that such an earth
would satisfy the known couditions of mean density, as well as of
precession and mutation. On the latter 1 can offer no opinion or
criticism; the former is easy of veritication, the densitics ure about
right for the ¢fony casing and the mainly iron core, allowing for the
eifects of pressure and compression, so that the hypothesis may be
accepted as at least a possible one, und it is noteworthiy that the
limit of the two purts of the earth lie just where the o.uthxmke
records indicate « change in composition, unaccompanicd by chunge
in state, of the material of which the carth is conposed.

There remains the central purt of the earth, penetrated by wave
paths emerging beyond 120% from the epicentre, In 1406 it was
still doubtful whether the so-called second phase at these distunces
represented the much delayed distortional waves, traveliing by a
direct path, or wus of a different character.  In Professor Wicchert’s
puper, already referred to, fhie slowing down of the rate of
transmission, at depths below a little more than half the radius, was
recognized, but the seccond phase was accepted without nestion as
representing the smme phenomenon ax at distances of 100 and less,
and this has remained the interpetation aceepted by the (iGttingen
school, up to the latest publication which has reached us. “Tn
this country the trend of thought has been different; the fivst
noteworthy Jandmark was the demansi ation by Dr. Go V. Walker
that what was recorded as the second phase at these great distances
synchromized with the thme at which waves reflected at, or near, the
surface of the eurth would reach the place of record,” and this seems
still the most probable inrerpretation.  Lately Professor H. . Turner
has attacked the same pmMcm and, in the latest reports of the
British Asscciation and the Shide Bulletins, has shown, by statistical
methods, that the so-called second phuase at distances boyvond the

limit of 1207 must be a diiferent phvnommn)n from the second phase
at lesser distances,  Mewnwhile, by an entively different poth, 1 hiad
yself arrived at a sihnilar conclusion: the examination - records

f instruments of the type weneraliv wsed in Haly, whivh give the
second phase 1 an exceptionally clearly noarked wad conspicuous
manner, showed thos ‘\'nlz so-cailed second p}msu at sery long
distances was of a ditfere sliogether, and a few vears ago
I was able to exaumine some ol ‘the 1ecords of the Gulitzin instrument
ab Eskdalemuir, which gave just the same vesult. 1The typieal
second phase, when weil developed, <hows l. distinet commencement,
a well-miarked maximum wd w less rapid dying out: in i, in fact,
patently the record of a single group of waves of one ehowter and

D Guttingen Naehurichion. 1897, pp. 221 13,
© Mede n Scismolegn. 1913,
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form. At long distances, on the contrary, the commencement is
more gradual; there is no well-marked maximum, but two or more
suceeeding each other, and the record bears the impress of being due
to the successive arrival of more than one group of waves, just the
appearance, in fact, which would be anticipated from Dr. Walker’s
interprotation. Tuaking all this into consideration it is not possible
to accept the supposed second phase at distances beyond 120° as
being identical in character with the featnre which is so well marked
at lesser distances, and in these very long distance records nothing
can be recognized which may be identified as the arrival of
condensational waves travelling by a direct path from the origin;
if present they are mueh reduced in intensity and delayed in arrival.
Hence we may conclude that the wave paths which penetrate deeper
than the outer limits of a central nucleus, extending to something
less than half the radius of the earth from the centre, encounter
a material which is devoid of rigidity even against stresses of only
a few seconds’ durvation.

A similar eouclusion seems to have been reached by Mr. Harold
Jeftreys, if I understand him aright, as the result of a mathematical
investigation of the viscosity of the earth,) based on tidal
deformation and the periodic variation of latitude, so that we
have two entirely independent lines of research leading to the
same conclusion,

To sum up, we have found that the interior of the earth is divided
into three distinet regioms, characterized by differences in the
physical condition of the material. They are :—

1. An outer crust, of matter which is solid in every sense usually
attaching to the word. Its thicknessis comparatively insignificant,
being little more than half a hundredth of the radius. At its lower
limit this passes rapidly into

9. A shell of about half to three-fifths of the radius in depth,
consisting of matter to which neither the term solid nor fluid can be
applied without introducing a connotation which is contradictory to
some of its properties, for while highly rigid as against stresses of
short duration, or even of duration measured by years, it is capable
of indefinite yielding to stresses of small amount if of seenlar duration,
At its lower limit this passes sowewhat rapidly, but more gradually
than at the outer limit, into

3. A central nucleus consisting of matter having little or no
rigidity, even against stresses of very short duration. Here the
material may be deseribed as fluid, whether liquid or gas, without
introdueing any contradictory connotation.

In composition, as distinet from constitution, the earth appears to
consist of two parts; acentral portion mainly metallic and principally
iron, extending to somewhere between three-quarters and four-fifths
of the radius, and an outer envelope composed of stony material.

Geologically, we have a twofold division, into the outer crust
composed of material more or less similar, in composition and

1 Monthly Notices of R.A.S., May, 1917, p. 454,
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coustitution, to the swface rocks with which we are acqnuinted, and
an inuer cove which dilfers in one or both of these churacters.
Ktymologically the word ¢ geology” should apply eyually to the
study of both these regions, but, for convenience anl from the
Limitation of the individual hwman mind, it is usually confined to
the problems presented by the rocks composing the crust, while
those of the deeper regions lie vutside its scope.

Suach, briefly, are the conclusions which may be drawn from the
sciences of terrestrial observation. The statement, I kuow, is in-
complete and imperfect; some at lcast of the concliusions will
doubtless be traversed und regarded as Incompatible with the results
obtained from other lines of research, but in their main features ol
the threefold division ¢f physical condition and the twofold division
of chemieal composition they secem to me so well founded that the
burden of proof lies with those who would traverse, 1ather than
with those who are prepared to accept, them.

V.-—Nores ox AMMONITES.
By L. . Spari, B.Se., F.G.S.
1.

FIHE following notes were compiled, for the most part, some years
ago, but their publication iu the prescut form suggested itself
to the writer on the perusal (during w short ““leave’ from active
service) of a number of recent pupers on Ammonites, principally
Professor Swinnerton and A, K. Troeman’s study  of  the
“Morphology and Develonment of the Ammonite Septum 7.1 The
main part ot that ingniry is devoted to the development of the septum,
ilustrated by successive Feptad seetions”, and it is claimed that
where sutural development cannot be worked out, ““septal scetions ™
will to some extent serve as o substitute. The writer has no
intention of dizecussing the usefainess of “septal secivons”; but
some of the suggestions put forward, and conclusions wrrived at, by
the authors, as well as cortain opinions, which they adopr from other

workers on Ammonites, tnvite eritienl examinabion, S, In the
present paper, othiereuent work on the morphology anc physiology

of the Ammonite septum and suture-line, not yet embocied intext-
books, is alse included, wnd sinee the writer veniures to pit forward
opintons that differ in many essentinds from the vivws of Dboth
textbooks and other wathors, it 1= hoped that the pape: may prove
of general interest.

Tor Forware Beores or tie Seperun,

Swinnerton and Trueman give intevesting contoured ylans of the
seeond and of the adult septum of Dactylivceras commune, Sowerby sp.,
and graphs illustrating the average profile of these tw. septa, and
restate that ‘“on the whole the second septum tends to be coneave
rather thau convex forwards™ (p. 37), and that it appeuars that the
[adult] septum as & whole is convex forwards’’ (p. 32). Irofessor

b Quart. Journ. Gaol. Soc., vol. Ixxiii, pt. i, pp. 26-58, pls. ii iv, 1917,



