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THIE ANNIVERSARY ADDRESS OF THE PRESIDENT.
Ricrany Dixox Onpwaa, FLRUS,

DEarn has not dealt heavily with us i numbers, but among those
whom we have Tost during the last twelve months are three of our
distinguished Poreign Mentbers, and from the list of our Fellows

we miss one master mind of his time.

In the death of Prof. Cuanrnes Liarworrin on March 13th,
1920, we have to mourn one who stands in the front rank of
geologists, worthy to be placed among the masters of the seience.
In every braneh that he touched-—stratigraphy, teetonics, petrology,
palwontology, the work that he did was not only brilliantly original
aud enduring, but it has fertilized, and will continue to fertilize,

“{he rescarch of others.

Born in 1842 at Farvingdon. in Berkshire, his carly life was
spent at Bucklwnd, in Oxfordshire.  Hix edueation, as well as the
professional work which he discharged in the South of Scotland
up to the age of 39,wppear to have been purely literary, but he
managed to acquire for himself a kunowledge of xcience.  Interest
i the origin of landscape, and i the rocks to which 1t owes
its features, was quickened by hix discovery of fossils in strata
regarded as barren; and the attraction liccame insistent hetween
1866 and 1869, when he began a systematic investigation of the
rocks of the Southern Uplands, partly alone, and partly in the
company of his friend James Wilson.

He soon saw that the Uplands area was much more complicated
than had previously been realized, and that the only way i which
its structure could be unravelled was by detailed mapping on a scale
larger than had been emploved.  For such work he wax eminently
titted, In the possession of an weunte faculty for diseriminating™
minute lithological differences and an' excellent memory  for
lithological types, combined with a good eye for a couuntry and
for a fossil, and patience to search and colleet exhaustively.
Morcover, he was able and willing to supplement published topo-
graphical, maps by personal survey, making large-seale plans of
crucial arcas on which there was room to record his own very
detailed observations.

The results appeared in o suceession of papers, culminating in
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the miners.  He was elected a Fellow of our Society in 1808,

served on the Couneil in 1902-1903, and dicd on December 13th,.

1920. .

GEO‘RGE Housey, born at Islington in 1833, graduated at
Cambridge in 1877, and entered the teaching profession.  1n 1881
he went to New Zealand as mathematical aund science-nuaster of
the Christehurely Boys” High School, and, atter holding sonie other
posts, was made Inspector-General of Schools uml;r the New
Zc:ll:\ll(l LEdueation Department, up to his retirement in 1915,
His natural bent was mathematical aud physical, and he found
time to prepare and publish a number of papers dealing with these
subjects, despite his activ ity in educational matters. It was from
this side that he touched our science, by his contributions to the
study of New Zealand e wbhquakes, and by his exertions in rousing
an interest in bcmnolorrv both the older and the new, in Auntml-
asia. e was elected a Fellow of our Society in 1911, and died on
April 26th, 1920, '

GEORGE SwiET was born at Salisbury, but spent most of his life
in Australia, where he was o manufacturer of pottery. He was
always a keen geologist, and served as second in command to Sir
T. W. Edgeworth David in his expedition to Fumafuti. He
made extensive collections of fossils from the Carboniferous aud
Cretaceous rocks of Queensland, and was joint author with.
C. C. Brittlebank of a description of the glacial deposits of the

Bacehus Marsh District.  He was eleeted a Fellow of this Socicty
n 1890.

In the preparation of the foregoing notices of deceased Fellows
I am indebted to Sir William Boyd Dawlkins, Dr. Walcot Gibson,
Mr. F. W. Harmer, Dr. John Horne, Mr. G. W. Lamplugh,
Prof. J. E. Marr, Prof. A. C. Seward, Prof. W. J. Sollas, Sir
J.oJo Ho Teall, Prof. W. W. Watts, and many others, too
numerous to ention in detatl, for assistance and information
readily rendered. "o all these T express my gratitude and thanks
for the help accorded. )
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T'NO®] NEATTON.
sKxow youn Ifavirs.”

Cusron has deerced that on these oceasions your President shall
deliver an address, which is usually devoted Lo a veview of the past
history, of the present condition, or of the future needs of some
department of Geological Seience. To-day T propose to follow
neither of these coursex, but o make o digression into - the
philosophy of our science. to exwmine the meaning of some of
the words which we use, and to take tor my text that motto
which, Dlazoned in letters of wold from the ancient temple of
Delphi, may be translated by geologists ax * know your fanlts)”

Taults there ave, and many. of observation, ot deseription, of
interpretation, but they will only be considered in connexion with
faults in the teehnieal meaning of fractures ot roek, along which
movement of the opposite sides has taken place. These, ax the
toxt-books tell ux, are of two kinds, vormad or reversed s the classi-
lieation arose in the coalticlds of Lngland, where the phenomenon
was first studied in detail, and where, with few exeeptions, the
hade of the fault is towards the downthrow, so that 1t was natural
to regard this as the normal condition, and a *normal ” fault was
syhonyvinous with one in which the hade was towards the down-
throw, the exceptional caszes in which the reverse condition of a
hade towards the upthrow was found being distinguished  as
sreversed.’

S0 long as the nomenelature was confined to the region in which
it originated, or so long as the purely geological connotation of
the words was remembered, no harm could rvesult from the terms
nmade use of ; but thought ix by no means free, it is trannelled
by the Jimitation of the human intellect and the bmpussibility of
omuiscicnce, by limitation of our vocabulary, and also by the
variation in the meaning of words, according to their context
or the oceasion on awhich they are uséd.  As o consequence of
this, the “normal’ fault came to be regarded ax normal m the
untechnieal seuse of the word; the generalization was extended
from the district in which it originated to the world at large,
and text-books, even those of quite recent date, are found in-
sisting on the prevalence of *normal’ faults and the ravity of
reversed ones—yet it ix very doubtful whether any such disparity
of frequeney really exists. Were 1 to dew on my own exprerienc
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alone, the conclusion would be the opposite, that reversed leult's
were .t]lL‘ normal condition and the so-called < normal’ faults coml
paratively vare; this I find has equally been the experience of some
other ):_g-c(.)]uf_;'ists whose detailed ficld-work has been mainly bv.\'ond
the British Isles, but as a world-wide generalization Vit \\juuld
probably be as incorrect as the opposite. The real truth appears
to be that the prevalent type of faulting varies in ditferent regions
and that there 1s not at present sutlicient evidence to show ?\'hicli
can be ‘l'cgm-dcd as more frequent and therefore more normal in
the ordinary sense of the word, or whether, taking the world as a
whole, the one is not about as frequent ax the utlu}r.
' A few yearsago, I had experience of what may be regarded as an
Instance ?f the effeet of the double meaning of the word * normal.’
A.t .ﬂmt tune I was interested in the amount of the vertical throw
«'>t faults, which had demonstrably originated as normal or 1";3\’01'5'0(1
in the spccml. geological meanmg of these words.  The conditi()n;
(.)t .thc '011(1}111")' exeluded that large group of faults where the
mclination from the vertical is so small that a transference from
one class to the other might have been produced by tilting
subsequent to the formation of the fault; and of those not s'D
cxcl\\dcd‘ instancees of reversed faults with  throws uf’ 6OV t::
10,000 hfct were on record, but T could lind none of o delinitely
nyormfll fault of more than about a couple of thousand fucg
lgt it ‘woul('l have been dangerous to conelude that the possible
limit of . vertical throw was markedly less i the case of “normal”’
than of ‘reversed” faulting, for the alternative ilnterpretation
\\i:;s equally possible, that, where the fault was normal, the
observer saw no reason for enphasizing what miy : o
without special mention; while, if thz fault \v;\:shfcl\)';::(;h’;;t:\)/(‘)ﬁ
@ nmttcr. for record, as something out of the common. ’ -
Iu this instance the former interpretation may be the true
one, and the limit of possible vertical throw of a (l(;“llit(,‘]y normal
may be much less than in the case of o delinitely reversed f'llll‘t
or (ff the intermediate cluss of those having so SIIIZL“ @ .lmdc ‘tlné
their original classification is uncertain; 1mt‘ this question will n‘ot
b<.: treated here. At present Iam not coneerned with theories
Ok' the origin of faults, but with a consideration of the meaning
of ‘thc words employed to deseribe themn, and among tho:(’:
having a special meaning in geology, which have il.ll't,‘il(T\' bu;n
used, we may lind examples of the oppusite extremes of safoty or
danger.  The word “hade’ is a good example of the i’umler ‘c‘l)ass
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1t has a perfeetly definite and precise meaning, as the inciination
of wsloping aurfaee, measured from the vertieal s apart from an
obsolete use in agricnlture, the word is restricted to mining or
gmh)g.\;; and. consequently, it is free from any visk of being mis-
wnderstood, for it either carries with it o definite and precise
intention, or Is absolutely meaningless to the reader or hearer.

As an example of the other class we oy take the word
<pormal T; not only has this word a general dietionary nieaning,
and conmnotation i ordinary intereourse, but it is also used as
several branches of natural knowledge, and
t and different, from that which

al which the uninitinted

a teelnieal e in
in each the meaning is distine
it bewrs in other scienees andd trom tl
to it. Tence, when using this word,

any scienee would attach
the precise meaning in which it is

we must he quite clear as to
used, and avoud the Tallacey, only too common, of making it first
express o definite fach and then extending its meaning by the
connolition whi-h it would have in L different context; it gives
an exbreme instanee of the dauger involveil in taking a word ont
wl vocabulary of our language, and giving it a special

of the gene
1d uot, on that account, advocate

techuical signiticanee, yeb 1 wou
its abundonment. 1L would be hnpossible to Jdevise another term
wholly free Tfrom the same danger, unless some entirely meaningless,
and probably -aeophonous, word were invented s for,so long as the
name is devived inany way from existn
front the outset carry with it a more extended meaning than the

1\ words and roots. 1t must

special one intended to be implied.

A more weighty considerttion, perhaps, is the desirability, in
certain stages of knowledge, of making use of words which have
not u rigid lmitation of meaning, bub rather of such as lave ill-
defined limits, capable of extension and modification as the advanee
of knowledge mukes necessary ov advisable.  The old distinction
of normal and reversed faults was made in the carly days of our
in the light of what we now know it ix certainly in-
nderstanding of the processes, causes, and

. . . LY
tion of faults his advaneed much beyond

selenee
adequate, but, until our u
jechanism of the produe
its present state, no approach toa final or complete classification 1s
For these reasons the old terminology may be retained,
tween the technical and untechnical
that, though normal faulting

possible.
provided that we distinguish be
meanings of the words, and remember
in the former sense numy also be normal in the Jatter in certaln

yegious, it is most definitely not =0 for others, and not neeessarly
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so for the world at large.  We must also vemember that these two
eluasses are not each all of one kind and wholly distinet from the
other; it may be, and indeed almost certainly is, the ease that
both normal and veversed faults comprise more than one group
wholly distinet in origin and mode of formation, and that in some
cases there is a closer reationship between normal and reversed
faults than between them and others of nominally the same class.

There is, however, one very definite difference between normal
and reversed faults, in that the former necessitate an jnerease in
the horizontal distance of two points situated on opposite sides
of the fault and the latter 4 decrease.  In other words, normal
f:lulting indicates an extension of the country affected by it, and
reversed faalting o compression.  This distinetion has long been
recognized, and more than half a century has passed sinee there
appeared a paper by the Bev. J. M. Wilson '—whom 1 revere as
my first teacher in geology—on the cause of contortion and faults.
I this it was pointed ont that the clevation of w tract of country
would Inercase the length of the measurenient across the elevated
et while depression would give rise to o decrease,®nd caleulation
was made of the amount of the extension or compression which
would be produced in this way.  There can be no guestion that
the cause assigned is a trae one and that hoth estension and com-
pression can be produced in this way; but, in the light of our present
knowledge of the extent of contortion and faulting, it is cvident
that the cause is (rantitatively nadequate, aud that some other
must be mvoked to account for the amount of change in the original
dimensions which i indicated by existing structure,  This is not
amatter to be dealt with heres but it may be noticed that, adthough
extension of the horizontal dinmensions of 1 faulted region would
sutliciently aceount for the facts of normal fanlting, provided that
the necessary fractures were in existence, the case of reversed
faults is much less simple, for, while they mply o reduction in
the horizontal dimensions of the faulted region, it is casily
demonstrable that, in many instances, they could not have been
produced merely by compression in a horizontal dircetion. 1t is
true that reversed faulting has been imitated in experiments on
a small seale, and produced in those instances by compression; it
15 equally true that on the scale met with in Nature they might

'+ On the Cause of Contortion & Fanlts’® Gool. DMag. 1868, pp. 205-208.
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be so produced if there were no such thing as friction; but
itis no less certain that when friction along the surface of th.e
fault is taken into consideration it would be impossible for hori-
zontal compression alone to give rise to displacement n]on.g a
fault-surfuce, where the hade did not exceed 30° from the vertical,
and doubtful if the hade were mueh less than 45° .

The reasoning ix quite simyple, clear, and conclusivey there 1\ A
certain angle of inclination murking the extreme slope at which
one body will rest on another: if the slope is less no movement
will take plice, if steeper the upper one will shide over T;he .10“'0'1'
down the slope separating the two.  This lmiting inclination 1%
known as ‘the angle of repose,” and varies aceording to the substance
and natuwre of the surface; for highly finished and well-lubricated
metallic surfaces it ix only a few degrees, for dressed stone it is
not far short of 30° for an undulating surface, such as is found
in ceven the eleanest-ent fanlt, the angle would be stil.l higher.
Now what ix true where the bodies are affeeted by the vertical
force of gravity is equally true of any other foree acting in any
other direction, the angle being measured from a plane at right
angles to the diveetion of pressure, that is from the vertical, when
compression takes place tn & horizontal direction.  Henee it re-
sults that horizontal pressure could not, by itself, give rise to
movement along the fault-surface unless the hade were ab least
307 from the vertical; where the hade is less, pressure would only
lock the two surfuces more closely together, and ncrease the
resistance to movement.

So far the reasoning is clear and conclusive; it is an error, how-
ever, to draw, as has been done, the conclusion that reversed faults
of lower hade than this limiting angle could not have originated
as such, but must have been formed as normal faults, to become
apparently reversed through tilting subsequent to their formation.
This is one, though not the only, possible deduction from observed
facts; for the alternative is open to us that the forces which pro-
duced movement along the fault were either vertieal, or possessed
a considerable vertical component, in the dircetion in which they
acted.

A similar conclusion would result from field-observations of
veversed faults. I have mysclf repeatedly found reversed faults in
soft tertiary shales and sandstones, and on the rare occasions when
it was possible to find the actual fault-planc unobscured by surface-
débris or weathering, it was frequently a clean-cut swrface, along

YOL. LXXVII, f



Ixxxii  PROCEEDINGS OF THE GEOLOGICAT SOCIETT. [vol. Ixxvii,

which movement had taken place, without any indication of
crushing or deformation of the friable or plastic material on
cither side.  There was no indication of any such resistance
to movement as would have resulted from friction at the fault-
surfuce, if the upthrow side had been forced upwards by being
thrust against the inelined surface of the fault.  On the contrary,
the appearance was rather as if the pressare of the overlying on
the underlying mass had been temporarily relieved, at the time
when the displicement took place.  Muelt the same appearanee is
frequently presented by normal faultx; sometimes there is con-
siderable crushing and deformation close by the fault-surface, such
as would reasonably be expected if the movement had been due to
the overlying mass sliding, by its own weight, over the inelined
surface of the fault; at other times, hopvever, no such appearance
is met with, and even soft rock, easily bent or broken, lies on
cither side of the fault-surface alimost as wninjured as it the two
sides had been sepurated trom each other when the movement
took place.

"We must also consider that very large class of faults, sometimes
of great vertical throw, in which the fault-surface is cither vertical,
or so nearly vertical that it is difticult to decide the direction of
the hade. In these, and especially where the throw is large, we
:an hardly attribute their origin simply to extension or com-
pression 1n a horizental direction, and” we secm compelled to
invoke the action of some force acting vertically, or with a very
large vertical component, in its direction; and more than that, it
must have been one which acted with muel greater effeet on one
side of the fault than on the other, or, possibly, in opposite
directions on opposite sides of the fault.

Paradoxical as it may seem, this is by no means physically
impossible. Some years ago, when discussing the displacements of
the ground which took place along the San Andreas Faulf, in
connexion with the South Californian curthquake of 1906, T had
occasion to refer to the very complicated stresses which are set up
in a body subjected to compression, or extension, in one direction,
but free to change its formm in another, and exhibited to you a
model llustrating how a forec acting in one dircetion on the body
as a whole might set up stresses, and give rise to displacemené,
within it, in a wholly different direction. The displacements
dealt with on that occasion were of comparatively small amount;

Q.. G 8. vol. Txv (1909) pp. 1-16,
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but it 1s not possible to place a limit on those which could origi-
mate in a shmilar wanner, and it is, at least, not impossible that
the movenments revealed by faulting may have originated in some
analogous way. wd that the divection of the torces acting nmmedi-
ately on either side of the fanlt may have been very different from
that of the ultimate mtluenee o which they were due,

Geologists have recoonized that to some such cause we nmust
attribute the origin of the fractures which traverse all rocks,
frequently  with a remarkable  parallelism and regulavity  of
diveetion; but they have not sutliciently recognized that the sume
canse which gives rise to the fractures may equally be the cause
of movement along the surface of the fracture, this movement
taking place sunultancously in opposite directions vu opposite sides
of the fault. Generally faudts are too numerous, and form too
complicated a system, to allow of sueh a cause as has been mentioned
being recognized in the effect; but all who lave had experience of
geological survey must have come across instances of faults that
i only be detected by close and detatled survey, or hy under-
ground workiugs in mines and quaries. In these cases the
disturbance of the even course of the boundary-lines is limited to
the tmmediate neighbourhood of the fault, dving out on cither
side, Just as the displacements in 1906 were localized to the
muediate neighbourhood of the San Andreas Fault,

[t ix no purt of my present aim to enter on a diseussion of the
physies of fanlting, the purport of such reference as has been made
being to cluctdate the meaning, and the limitation of meaning, of
the words which we use in a special sense, and fo point out that
in using the words ~upthrow ™ and ~downthrow” we must be careful
to avold any implication that the displicement was restricted to one
side of the fault: For it may well have taken the form of o simul-
tancous movement in the same direction, but of different amount,
ar i opposite dircetions, upwards on one side and downwards on
the other, of the surface of separation. -

L}

1 have already referred o two elasses of technical terms, one of
which is a word not used outside some particular department of
knowledge, aud consequently meaningless to the uniuitiated, the
other o word in common use, to which a special limited meaning
is given when used as a technieal term. A thind class is that of
compound words, in which one or all of the components may be in
general use, though the compound is conlined to one special branch
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of science ; and of this a very typical instance is provided by that
special form of reversed fault, commonly known as an ‘overthrust.
This word is distinctly a technical term speeial to geology, it is not
used as a noun in ordinary speech or writing, nor is it used in any
other braneh of natural knowledge, yet, unlike the word ¢hade,’ it
is far from meaningless apart from its technical significance, for
1t is compounded of two common, characteristically English,
words, and as such carries with it 2 whole group of connotations.
First, that the rocks now resting upon the swrface of separation
ought not normally to occupy that position, but have been brought
there by displacement from that which they originally oceupied ;
secondly, that the displacement has taken place by a movement of
the upper mass over the lower; and, thirdly, that this movement
was produced by some cause or force external to the area occupied
by the material displaced, which has been thrust as an mert
mass, influenced by, but taking no part in the production of, the
power by which it was moved. ‘

Doubtless the word was from the outsct intended to carry with
it the whole of these implications, and so long as it is used only in
that extended sense and some other word 1uade use of when
a different group of connotations is mtended, no objeetion could
be raised ; but, if it is to be retamed as one of our speeial technical
terms, 1 is eminently desirable that its meaning should be limited
to the first, which expresses a fact, and that it should cease to
imply the other two, which are of the nature of a theory of origin.
In practice, however, it has generally been used in the extended
Interpretation, and on this has grown up 4 mass of controversy
as to whether the upper mass was thrust over the lower, or the
lower thrust under the upper, as to the direetion from which the
impulse came, and as to the ultimate causc to which it was duc;
but the greater part of these controversial writings resolves itself,
on critical examination, into merc verbal dialectics, or is incon-
sistent with somc of the fundamental principles of physics.

Taking these points in order, we may first consider that of
the direction of movement. In the Scottish Highlands it is quite
clear that the upper blocks have moved westwards relative to the
lower, in Seandinavia the relative movement of the upper blocks
has been castwards, and in the Alps northwards; but it would be
an equally true statement of the facts to say that the movement
of the lower masses Liad been in the opposite direction, and more
than this it is impossible to say,  Leaving on one side the abstract
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disquisitions of pure philosophy on the question of the possibility
of there being such a thing as absolute motion, it is cortain that it
can only be expressed in terms of displacement, relative to some
point which has to be accepted as fixed, and this point must
neeessarily lie outside the body regarded as in movement.  From
this it results that we cannot determine the divection of dix-
placeiuent of the masses, on cither side of the plane of separation,
by observations within the region of the displacements ; and, as
we have no means of reference to some external point, which ean
be regarded as unaffected, it results that we nmay only speak with
certainky of the relative movements within the region of the
overthrust.  We are justified in speaking, or writing, for purcly
descriptive purposes, of an castward or westward movement of the
upper block over the lower, in order to avoid the long periphrases
and digressions which would be unavoidable if the true meaning of
the observations were always to be expressed in full; but in this
case it is desirable to observe uniformity of practice, and always
to regard the upper block as having moved relatively to the lower,
and especially to vemember that the expression ix used merely
as a convenience in deseription, not as implying any assertion of
displacement or fixity relative to auny point outside the area of the
overthrust.

Having shown that argument as to the direction of movement
is merely discussion of the words in which the facts are to be
represented, 1 come to the question of the direction from which
the pressure, to which the movement is attributed, was exerted.
This discussion, aguin, involves a widespread fallacy that pressure
can e one-sided ; it permeates the great work of Suess, in which
we find repeated reference to carth-waves advancing  ugainst
resistant blocks, and in which the forms of the folds are repeatedly
invoked as evidence of the dircction from which the pressure caue.
The deservedly great influence of this work on geological thought
has served to emphasize and perpetuate o very uatural fallacy,
derived from an imperfect interpretation of cveryday experience.
When a person pushes, for instance, against an unlatehed door
which yields to the pressure, 1t is natwal for that person  to
attribute the result to the action of which le is conscious, and
to take no account of the inanimate subject of his activities;
properly considered, however, both take an equal and opposite part,
and the door pushes back in exactly the same degree as the person
pushes against it. This is casily recognized when the door is
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latched and cannot yield, in this case the resistant pressure of the
door is felt and appreciated, yet the same takes plce when it 15
free to move, though the opposing pressure is limited to that
niecéssary to overcome the friction of the hinges and the inertia of
the door.  Once this limit is reached the door begins to move, and
it the pressare exerted by the person is greater than that needed to
move the door. at the rate which he wishes to impart, the result
aay be that he falls forward wntil he meets the greater resistance
of the tloor.

A similar fallacy s commonly to be found in the interpretation
of experiments on the small scale, ntended to illustrate the
foldings and faultings of rocks. These generally take the form

“ofa box-shaped receptacle, filled with sand, clay, or other material,
the bottont and three sides being solid with cach other, while the
fourth side can be advanced by means of a serew or other
mechanieal contrivance.  Here we appear, at first sight, to lave
aease of a solid immovable obstacle and a pressure, combined
with movement, exerted from one side in the direction of the fixed
obstruction; but when the circumstances awre more closely examined,
we see that whatever pressure is exerted by the movable side on the
contents of the receptacle must be met by an cqual and opposite
pressure on the nut of the serew, the fulerwn of the lever, or
generally on the lixed point from which the purchasc is obtained.
Looking still farther into the matter, we find that this fixed point
must be connected, diveetly or indireetly, with the body-of the
receplacle, and so we see that the sides wre only nominally fixed
or movable, and that the one is drawn in exactly the same degree
as the other is pushed ; cousequently, the pressure on the contents is
not from one side towards the opposite one, but in equal amount wd
opposite direetions trom each towards e otlier. Wheun, hiowever,
we transter our consideration from the movements of the sidex of
the receptacle to the resistunce offercd by the conteuts, the con-
ditions become much less simple: in the one case, we have three
sides and the bottom all locked together and moving i unisou,
50 that there is no frictional resistance to the forward movenent
of the contents as a whole: in the other, any displacement of the
contents would be resisted by friction against two sides aud the
bottom of the box, this resistance being apart from that opposed
by the contents to deférmation, resulting from change in the
dimensions of the receptacle.  Hence it results that, while the
pressure must inoevery case e equal and opposite, the fesistance
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to change of form will not be equal in opposite directions,
and o the dislocations which result will not he symmetriceal
with reference to the apparently fixed and movable parts of the
veceptacle s but this want of svimetey must be attributed 1o in-
cquality of distrilution ol the resistanee. not to an unsvinmetrieal
disposttion of pressure or movement.,

I Nuatwre the conditions are Paether complicated by the faet
that the material mvolved s muaeh less unifor in character
throughout the disturbed tract than in the small-seale expertments,
and the character of the deformation even less dependent on the
direetion of the compression, <o that it this were ina north-und-
sordh direction the strike of the vesulting folds or overthrusts may
depart very considerably from the general castand-west divection.
A further complication is wtroduced by the fact that the vigidly-
fixed sides and hottom of the box-shaped receptacle used in the
experiment e not vepeated e Natures so that there is a0 possi-
hility of relief Deing found laterally or downwards, mstead of only
up\\‘;.mls; or there may he compression stmnltancousty exerted i
different, possibly widely different. directions.

To mravel all these conditions in detadl is hevowd our power, in
the present state of knowledge, but the buportant point {o he
remembered s that we may not deduee from the chavacter ot the
deformation which rocks have undergone any conclusion of absolute
nmovenent of one =ide of the compressed tract or of the other; all
that we can learn, from observation within the distuehed tiet, is
that the horizontal dimensions have undergoue diminution, but
whether by movement of one side only or of Dboth, measured
relatively {u sotne point outside the tract, connot be determined.
The same reasoning il conclusions apply with equal foree to the
compression indicated by overthrsts, and the deformations which
have, at one time or other, bren taken as evidenee that the upper
mass moved over the lower, or the lower under the upper, are seen
to be merely disputation about words, For {he structures appealed
to are the expression of the resistance Wifered to deformation by
the rocks in which they ocenr.

As in the ease of the direction of movewment, it nmay be a con-
venlence to aceepl the common usage, incorreet though it be, when
referring Lo the enuse to which the displacements are due, so long
as the language 1s nnderstood to be merely deseriptive, and so long
as we do not allow ourselves, in further tollowing up the train
of thought. to be influenced by the words in which the facts of
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observation have been presented, rather than by the facts them-
selves. Yet it would be better that we should abandon this mode
of cxpression alf;ogejoher, for it is not only fraught with danger to
ourselves, and likely to Jead to erroncous reasoning, but also it is
liable to misunderstanding by ungeological readers who, attaching
a different meaning to the words from that which was intended,
will conclude that we do not understand the subjeet with which we
are dealing, and so our Philistines be led to scoff.

IFrom the consideration of these two matters which have given
rise to controversy, concerned almost entively with words, by
which things that really matter may be deseribed, T now come

to one which is a vital one, for it may invelve a modifieation, and

in some respeets a radieal change, in some of the fundamental
principles, which have rather been -tacitly accepted thaw definitely
proved. In discussions, as in descriptions, of the phenomena or of
the origin of these overthrusts, the masses involved have generally
been regarded as passive, moving under the influence of external
forces in the production of which they took no part. The notion
is a natural oue, it is the simplest and easiest way of interpreting
the facts of observation ; but its general aceeptance must be very
largely attributed to the inttuence of experiments on a sinall scale,
which have themselves been suggested and” directed by the hypo-
thesis which they were intended to illustrate and investigate. In
these we have an inert mass, variously composed to huitate, more
or less, the rocks of the Earth’s crust, and this mass is subjected
to deformation Ly the applieation of external forces.  In this way
many of the structures which have been worked out by geological
observations in the field were Imitated on o small scale in the
experiment, and the resemblunce was accepted as evidence that
the large-seale structures, met with in Nature, were produced, like
the small-scale structures of the experiment, by the application of
external forces. Difficulties, however, arise when we consider the
conditions which are introduced by an increasc of dimensions to
the scale of Nature; and, when the mechanies of overthrusts are
investigated, these difficulties become insuperable.

When one bedy is pressed against another by any force at right
angles to the surface of contact, it may be caused to move by
another force acting at right angles to the first, and the magnitude
of the second force needful to produce movement bears a definite
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vatio to the first, a ratio which depends ou the naturc of the
niaterial and the character of the surface of separation. This
atio 1s known as the ¢ coeflicient of frietion,” and is, numnerically,
the same as the tangent of the angle of repose.  For a flat-dressed
surface of stone the cocflicient is about three-fifths of the weight
of the stone, for a surface such as that of a so-called “thrust-
plane’ it would not be less: consequently, to move a block of
rocks 5 miles wide would need a pressure equal to that due to the
weight of o columu, of the same rocks and of the same cross-
section, having a height of at least 3 miles, or just about the limit
of height of colmmu which wverage hard rock can bear without
crushing. »

From these figures 1t appears that the maximuam  possible
width of the overthrust must be somewhere about 5 miles, if it
wmoved as an inert mass under the influence of some external
impulse : for, if the width exceeded this limit, the stresses would
be greater than those which rock could bear or transmit, and relief
would be found in some other way than by a general displacement
along the whole width of the overthrust; bub 5 miles is less
than half the width of the mass moved in the Highland over-
thrusts, it is not more than a tenth of thut of the Scandinavian,
and a still smaller fraction of those which have been deduced
in the regton of the Alps.  IFrom this it might seem to be
established that none of these overthrusts could possibly have
heen produced, and that there must he some error in the obser-
vations, or the imferences which have been dvawn from them as
to structure.

This reasoning, however, is not justiiable.  We have again a
case very like that whieh hasx been mentioned in connexion with
what are ordinarily understood as reversed faults, and once more
we have to face the alternative that the hypothesis of origin needs
correction, not the facts of observation ; but, before examining this,
it is necessury to refer to one possible means of getting over the
difficulty which has been encountered! If we might believe that
the cocflicient of friction along the surface of the thrust was less
than that adopted in the calculation, the width of the blocks
which could be moved would be correspondingly increased ; but not
in this way can suflicient increase be obtained, for even with the
most perfectly formed and tubrieated surfaces in mechanism the
cocflicient is not materially less than one-tenth, and the maximune
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width of block which could be moved would not be inereased
beyond about 30 miles. The actual surface along which move-
ment took place-being, to say the least, mueh less perfect than
those which give so small a cocfficient of friction, the maximum
width that could be moved would in any case be less than has, in
some instances, been shown by observation in the field. Resistance
to movement might, however, be reduced if the downward pressure
due to the weight of the upper block were, in some way or other,
temporarily relicved, and if this relicf were complete there would
be no limit to the width of block that could be moved. It is
not casy to conceive the means by which this could be brought
about, nor is it necessary to consider the possibility, for the
cxistence of mylonites, and other indieations, of resistance to
wmovement, given by the deformation and fracture of rock, are
cloquent of the resistances which lad to be overcome when the
existing displacements were brought about. Taking these into
consideration, it is evident that the frictional resistance must have
been at least as great as is represented by the coeflicient made usc
of, so that the width of 5 miles must be regarded as a maximum
rather than a minimum limit of the width of the overthrust
which could be moved by pressure from without.

From this we are led to the conclusion that the thrusts did not
move simultancously over the whole of their extent, but partially,
first in one part then in another, ecach separate movement involving
an area limited by the strength of the roeks and their power
to transmit, or resist the effect of, Pressure.  Some years ago
it might have been said that any supposition of this kind was
physically impossible; but at the present day the change of
volume which results from an alteration of the molecular group-
ing of the same chemical clements, expressed geologically as a
different mineralogical constitution of rocks having the same
chemical composition, or more briefly as a change of mode of the
same norm, has opened up at least one means by which the desired
effect might be produced. Doubtless the advance of Inowledge
will open up other possibilitics, some of which might be indicated,
though I shall not refer to them, as my present purpose is nob
to deal with things themsclves, but with the words in which they
are expressed. )

One result of the acceptance of any such process as has been
suggested is that the origin of overthrusts ceases to Lave any
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resemblance to thrasting in the ordinary sense of the word ; the
wovement would not be like that of a sledge, pushed bodily
forward over the ground, but more akin to the erawl of cater-
pillar whieh advances one part of its body at a thme, and all parts
i suceession. A further result is that the motive power would
have originated within the aren of the overthrust, and, as we
cannot conceive of this taking place in the dead vock of the upper
block involved, we must put it in the lower one, more directly
assoctted with those lower liyers of the erust, in which nany
imperfeetly understood changes are certainly going on, and pro-
bably many that are wholly unsuspeeted at present.

Without entering into advocaey of this hypothesis of origin of
overthrusts, the claim must at least be made that it is a possible
one, consistent with the facts vevealed by observation, and not
incompatible with our present knowledge, or ignorance, of the
physies of the Tarth's crust. I aceepted, it follows that the word
coverthrust’ suggests something quite  different from  what
actually took place, and that the word *undercrawl’ would more
nearly express the manmer in which the thing referred to wis
brought about: vet I have no desive, cortainly no intention, to
suggest that o well-established term <hould be abandoned and
veplaced by one which may he Just as misleading, if we define it
otherwise than as a reversed fault of very low inelination from the
horizontal.  No long as the counotation is thus limited, one word
15 as good as another, and when, wishing to discuss origins and
processes of formution, we go beyond this meaning, all words may
be equally had, if we allow eollateral meanings of the constituent
parts to influence onr reasoning,

Phe theme might e expanded indelinitely, but enough has been
said to polnt the moral, of the danger of louse wse of wordy, and of
the necessity of distinguishing elearly between things themselves
and the terms in which they are deseribed or mentioned.  The
lesson s no new one, for the fallacy, of using the same word in
more than one sense, must be as old as lnguage and logic ; it is
so well lmown that, for over 2000 years logicians have used a
special term to deseribe, and have consistently warned us to avoid,
it, yet, old as 1t Is, it is ever new, and the warning needs repeated
reiteration, for it is a form of fullacy to which mankind is navur-
ally prone, and almost inpossible of avoidance, in the finite



xcii PROCEEDINGS OF TILE GEOLOGICAL SOCLETY. [vol. Ixxvii-

Limitation of hwman intelleet, and of the vocabulary at its dis-
posal. It is also one against which geologists must be especially
on their guard, for the language which they use is of such modern
origin that their special terms have not fully lost the connotation
of their origin, and, consequently, the difliculty of differentiabing
between the special technical signilicance of the word on the one
hand, and the literary, or literal, meaning of itx derivation, on the
other, is ever present and espeeially great,
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Febraary 25rd, 1921.
Mr. R. D. Oupmanr, FLR.S,, President,

m the Chair. v

James McCormick, M. Tust. Mech. k., Chicf Inspector of Mate-
rials, ete., North-Kastern Railway Dock-Oflice, Hull, was elected a
Ifellow of the Society.

The List of Donations to the Library was read.
The following conununications were read :—

1. “On Swuccammina earteri Brady, aud the Minute Structure
of the Foraminiferal Shell” By Prof. William Johnson Sollas,
M.A, Se.D., LL.D., '.R.5, I".G.5.

2. ¢ Notes on the Views of the late Prof. Charles Lapworth with
regard to Spiral Movements in Rocks during EKlevation or Depres-
sion.” By Dr. Theodore Stacey Wilson, B.Se,, F.G.S.

Lantern-slides and mieroscope-slides were exhibited by Drof.
W. J. Sollas, in illustration of his paper; and diagrams and
models by Dr. T\ Stacey Wilson, in illustration of his paper.

Lpressions of moth-wings on stalagmite, from a cave at Bur-
rington Combe (Somerset), were exhibited by Ceeil Carus-Wilson,
F.RS.E, F.G.8.

March Oth, 1921.
Mr. . D. Onpiar, FLRS,, President,
in the Chair,

Ralph Walter Segnit, B.A., Balliol College, Oxford; Irederick
Murray Trotter, B.Sc., Beebive lun, Seghill (Northumberland) ;
and Thomas Warde Whitficld, Fern Bank, 'T'he Avenue, Trowbridge
(Wiltshire), were elected Lellows of the Society.

The List of Donations to the Library was read.
The following communications were rewd :—

1. “The Swrface of the Marls of the Middle Chalk in the Somme
Valley and the Neighbouring Districts of Northern Trance, and the
Effect on the Hydrology.” By William Bernard Robinson King,
0.B.18, M.A,, 1M.G.S.

2. “The Bala Country : its Structure and Rock-Suceession.” By
Miss Gertrude Lilian Klles, M.I3. K., D.Sc., 1".G.S.

Specimens of fossils were exhibited in illustration of Miss G. L.
Elles’s paper.
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