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PREFACE

The Belfast Geologist's Society has enjoyed a long and close association
with James S Loughridge. That a man of such eminence in his own profession
could find time to attend our winter lectures, follow our summer field
excursions and enjoy the occasion of an annual dinner has been a constant
source of pride; that such a man cduld become one of our closest friends
will remain a treasured memory with all of us.

The honour of Vice-President which the Society conferred on him in 1968
was fully repaid when in 1972-73 he honoured us in turn by accepting the
duties and responsibilities of President. More than any ane of us he
realised the need to weld amateur and professional interests in geology
and set the example from his own experience and knowledge across the
fields of medical, biological, archaeological and earth sciences. His
friendship with such notable geologists as James Phemister broadened our
horizons (as far as the Shetlands!) and made possible those memorable
excursions with the Glasgow Geologist's Society.

Among all his interests, two topics remained paramount- "The Origins of
Man® and "The Life and Work of Alfred Wegener". No one could be better
qualified to review the fossil record of his own species- his Presidential
address on Hovember 3rd 1972 left us in no doubt as to the scale and
direction of this evolutionary trend, But as he watched the progress of
the earth sciences through the past two decades, he must, in his great
admiration for Alfred Wegener, have been overwhelmed with joy to see the
originality and insight of the Continental Drift hypothesis vindicated in
the growth of Plate Tectonics.

James Loughridge’s last lecture to the Society - * Wegener - The Aftermath *
based on a wealth of reading and personal record proved so unique in its

content that it is offered here in this first monograph of the Belfast

Geologist's Society. OW;}L—-

ALFRED WEGENER - THE AFTERMATH

1. YWegener

Alfred Wegener was born in Berlin in 1880, where his father was in
charge of an evangelical church. Bis early apecialization was planetary
astronomy, and he obtained his doctorate in 1905 for tables of the
planetary motions; he wvas then 25 yeara old. After a long and futile
search for a Professorship in Garman universities, he was finally made

a Professor of Meteorology and Geophysics in the University of Craz

in Austris.

Wegener was described as a man of medium height, slim and wiry, whose
moat noticeable features were hin forehead, and a stern mouth under a
powerful straight noss. While still young, he enjoyed the general re-
spect of professional colleagues on both sides of the Atlantic. When
only 26 he went Lo Greenland as meteorologist to the great Danish ex-
pedition under Rrichson in 1906-08, and proved to be a reaearch student
of distinction. After a period of fruitful work in Cermany in meteor—
ology, he went again to Creenland in 1912 with the Dane, Captain Koch,

and wintered on the inland ice, which had never been done before.

The theory that the continents were not fixed but bad drifted with re-
spact to one another was first propounded by Wegener in his 1912 address
1o the Prankfurt-am-Main Geological Association. But hia further re-
search on the idea was interrupted first by the Greenland expedition
and then by the outbreak of the 1914-18 war. He became a young reserve
1feutenant in the 3rd Regiment of Queen Elizabeth Crenadier Guards of
the Cerman Army, was wounded in the am and hompitalised. His recovery
was swift, but no sooner had he returned to the front than a wound in
the neck put him out of action for the rest of the war., His prolonged

convaleacence enabled him to do further research, and it was as a



result of this that in 1915 there appeared on the horizon a little cloud,
"like a man's hand", herald of one of the most profound revolutions in
man's understanding of nature. I refer to a small book, The Origin of
Continents and Qceans, a book which I consider puta the author on the

pame prominent platform as Isaac Newton and Charlea Darwin.

Wegener was not the firat to apeculate on continental drift. As soon
as exploration had produced reagonably accurate maps of the continents,
the striking fit of some opposing coastlines became evident, notably
the way in which the bulge of Brazil conforms to the bight of Africa
on the opposite side of the Atlantic. Ceology in the 1Tth and 1Bth
centuries was dominated by the idea of the Biblical flood as a major
force in shaping the earth's murface. It was 2 geology based on the
belief that past catastrophes had caused sudden and radical changes,
German theologians and the explorer Alexander von Husboldt in 1800 and
evon Sir Ceorge Darwin all accepted the catastrophic idea, but by the
beginning of the 20th century this concept gave way to that of "uni-
formitarianisa".

However, it was Wegoner who first tried to muster the evidence for
continental drift, and in so doing he anticipated present-day thinking
vased on highly diverse fields of science - meteorology, geology,
oceanography, seismology and palacontology - which bring into focus

what is actually hf;ppan&ne in the earth's crust and mantle.

A number of seemingly disparate discoveriea wers brought together to
form the revolutivnary concept of “sontinental drift", the current
theory of which is that the continenta are in motion with reapect to

one another, and are carried by the creeping movenents of gigantic

3.

plates of the earth's cxrust clashing with one another from time to time
to produce the great mountain ranges. The manner in which theae extra-
ordinary discoveries were made is one of the great scientific detective-
storiea of all time. It casts new light on the topography of every
corner of the earth, from the Alps to the Appalachians, from the San

Andrean Fault of California to the volcanoes of Japan.

Had Wegener 1ived to a ripe old age, he would in the end have seen much

of his theory vindicated.

Wegener argued in his book that in the Carboniferous perioed all the
continents were united to form one great continent called Pangaea.
Antarctica, Australia, India and Africa separated in the Juraasic period;
{n the Cretaceous, Africa and South America separated like two pleces of
a cracked ice-flow; finally, Scandinavia separated from Creenland and
Canada at the start of the Pleistocene. The mountains of the west coast
of America from the Andes to Alaska were formed, he sald, by the press-
ure of great blocks of the continent pushod west., The snowy mountains
of New Guinea were pushed up by the northward drive of Australia, and

the Himalayas arose from the northward pressure of India.

Wegenar rejected the theory of shrinkage of the earth which went back
%o Sir Isaac Newton, and pointed to the discovery of radioactivity and

the heat and energy it generated.

There were zoological problems to consider. The lemurs, tha moot

primitive of the primates, are found only in the island of Madagasacar,
in nearby East Africa, and across the ocean in Ceylon and India, The
hippopotamua ia found in Africa and Madagascar. How could it, a habi-

tant of muddy streams, cross 250 miles of open sea to Madagascar?



Then again, in botany, the fossil leaves of Glosaopteris are found in
India, Australia, South America, and alsc in the coal seams of Ant-

arctica,

Wegener also found matching featurea on opposing sides of the KNorth
Atlantic, Thus, the Caledonian mountain system of Norway and northern
Scotland has features in SBommon with North Newfoundland and the Appa-

lachian chain of north-east America.

Finally, Wegener cited evidence of great climatic changes, of fomail
palm trees in Spitzbergen and coal in Antarctica, and at the same time
depoeita left by melting lce-sheets in South Africa. Large gypsum
deposits in Texas and Kansas during the Permian period indicate the

same hot arid climate as in Permian Burope.

In 1926, after the third editlon of Wegener's book had appeared, the
American Association of Petroleum Geologists organised a symposium on
the issue. Though a few spoke in favour of "drift", the big guns of
American geology were totally againat Wegener. Thirty years later
Longwell criticised the ridiculing of Wegener's ldea. He naid: "We
know too little about the earth to indulge in such final judgment, In
my view the hypothesis of continental drift has not failed so utterly

that it deserves the death sentence."

Just after the 1926 symposium, to which he alsc waz a contridbutor,
wegener tried to etrengthen his arguments with astronomical proof of
measurement, because the first observations seemed to show that Creen-
land and the U.S.A. vere drifting weat at a rate of 35 melres a year,
(Today these positioning methods have heen replaced by laser beams -
without, so far as I know, detemmining direct evidence for drift,) The

main body of geologiots (with a few notable exceptions in the Southern

heaiophere) just could not accept the idea of the drifting of great
barges of rock. MNeverthelena, Wegener had made a major contribution.

He had mustered the help of every field of science.

Wegener's theory haa led to the greatest revolution ever to occur in
man's understanding of the planet on which he lives. Although ita
roots lay in the past century, it has only come to fruition in the

past two decades.

The Last Expedition
In 1930 Wegener crossed Greenland by a route of 600 miles. A short
sunmary of his expedition givea some idea of his determination and

grit, at a time when he was no longer a young man.

The chief goal was to sel up an obsorvatory in the middle of Creenland,
in the area known as Eis-Mitte, arnd to carry out weather observatiocns
throughout the long polar night. Wegener left Denmark for Greenland
on lat April 1930, picking up 25 Icelandic ponies on the way. On 4th
May 1930 the Danish Covernment ship reached Um-a-Mak Bay to find the
fjord atill completely blocked by thick nea-ice. The expedition had to
wait for six weeka until the sea-ice broke up., This occurred on 17th
June, and from June till November every effort was made to transport,
over a diatance of 250 miles, the greal mass of material required %o
equip Bia-Nitte for the winter. It was a fearful phyaical toil, under
which even the strongeat members of the party sometimea collapsed.
Wegener was described as being everywhere - now he was lending a hand
in making a road over the moraine, now conducting a column of Green-
landera to repair a causeway on the glacier, now calling by boat on a
coastal settilement to gel dried fish as dog-food, or scanty Creenland

graan for the ponies., Hia colleaguen, Sorge and Georgi, had gone



atraight to Bis-Mitte from the east coast of Greenland. Here they
carried out their famous measurements. Eias-Mitte wan fourd to be 9000

feat above sea-level, resting on an ice thickness of about 6000 feet,

The main part of the expedition was fitted out with Icelandic ponies,
dogn, and propeller-driven sledges, But the plans vent wrong., Ice
and storms delayed the unloading of supplies, The advance party in-
cluding Sorge and Georgi had built a temporary station at Bis-Nitte by
digging a large pit in the snow. Obpervations were then carried out
before the arrival of the prefabricated hut and the supplies for
wintering out. Desperate, after the agonising series of delays referred
to above, Wegener, with the reat of the party, set out from the west
coast towards the end of September 1930, with 15 sledgea carrying 4000
1b. of supplies, sufficient to keep two men at Bis-Mitte during the
winter. The party conslsted of 13 Greenlanders, Wegener and Loewo.
After trekking 100 miles through new snow, driving winds and extreme
cold, all but one (Basmus) of the Creenlanders turned back. The bulk
of the supplies, including Christmas parcels, a gramophone and. some
scientific instruments, had then to be cached in the snow to leave the

three remaining men a load they could mangge to carry.

Meanwhile, morale at Bis-Mitte was sagging. Ceorgi had juat written to
his wife: "We feel ourselves abandoned. Wintering here in the middle

of Greenland is indeed no trifle. We are very depressed." Next morn—
ing, 30th October, the depreanion vanished, for, lying in their sleeping
bags — they had turned off their heater to conserve fuel — they heard

a sleigh on the snow surface above them. ‘They scrambled out to find a
Greenlander, bulky in his heavy clothes, standing grinning beaide a
dog-sleigh, with Wegener and Loewe close behind. Ceorgl said: "A

marvelleus performance in a temperature of minug 66°!" Wegener was

rit, but Loewe's feet were oo froat-bltien that he could not return.
Even with their dogs worn out, Wegener started out with Rasmus to return
to the coast. 'Three men stayed behind, with fuel short and rationa
skimpy for two. They survived, but Wegener and the Greenlander never
reached the const. The coastal camp became alarmed at their non-return
and alerted the British Arctic Air Expediiion under Gino Watkinas. Next
summer Wegener's body wam found on the trail; he was thought not to have
frozen to death dut to have died from a heart attack; he had just passed

his 50th birthday.

Three important results may be put to the credit of Wegener's expedition:=

1. They wmeasured the thickness of the fce-cap and made it to be €000
feet - sufficient, if it melted, to cause all the oceans of the world
to rise about 18 feet and therefore to swamp extensive coastal plaina
atd certain towns, including London and Belfast.

2. The wmeteorology showed local wind circulation to be much more com—
plicated than a aimple system of glacial anticyclone.

3, 'The expedition's work led to improvements in stoxm warnings and in

weather forecasls generally for Atlantic shipping and air traffic.

2. The Aftermath

Since Wegener's time, research work and advances in knowledge have been

along three lines:-

1. Residual rock magnetism and the recognition of magnetic stripes on
the sea floor. These discoveries were made significant by the time-
table of magnetic reversals erected on them.

2. Drilling of the earth's crust, which atarted with the Mohole project

{(abandoned before completion).
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3. The Deep Bea Drilling Project, which emerged [rom the fallure of the
Mohole programme, and was to become one of the most succeaaful scien-

tific enterprises of thia century,.

In the 1950a, Hesa, Profesaor of Geology at Princeton, attached much im-
portance to the recent discovery of long rifts in the floor of the Pacific,
(Later, as Chairman of the Space Sclence Board, he was regponsible for the
space programme of the U.S.A,, though his chief interest lay in the oppo-
site direction - down rather tham up,) Hess's crucial role in the deveiop-
ment of pew cbncepta in ocean-floor geology in the 1960n began when he re-
cognised the full importance of the undersea research work carrled out by
F.A. Vening Meineaz before the war. Meinesz, a Dutch geophysicist, had
made several long submarine journeys to test local variations in the
earth's gravity by using the oscillations of a pendulum when the subsarine
waa stationary on the sea bottom. Near the East Indies he had found a zone
of markedly weakened gravity. 'The zone wan 100 miles wide and 5000 miles

long, and followed the of trenchea that parallels the island arc

of the East Indiea on their southern flank, curving north with the trend of
the chain to pass weat of New Guinea and then up the east coant of the
Philippinen. A eimilar gravity anomaly was discoverasd following the trenchea
on tho oceanic side of Japan, and another in the West Indien. By the 1950s
these trenches were recognised as one of the moat remarkable featurss of

the earth's surface, and the zones of weak gravity were to give Hess and

otheras one of their atrongeat cluea to sub-oceanic procesues.

The trenches are scattered round the rim of the Paclfic Ocetin, forming long
gashes which penetrate desper below sea level than Everest rises above it.
They 11e to the seavard side of an arc of voleanic islands or a coantal
mountain chain like the Andes, which also includea volcanlic provincen. The
suggeation was that the upthrust of the islanis or mourtains and the down—

thrust of the trenchea ia all part of the same process.

A3 the water pressure on the trench floors is about eight tons per
square inch, they may prove physically impossible to visit. However,
sounding of the trench floors produced a remarkable result in that sam-
ples recovered even from the deepest trenchea resemble in many waya

deposita laid down in shallow water.

Benioff plotted all the earthquakes in South America for 36 years [rom

1906 to 1942, and found they delineated a sloping zone nearly 3000 miles
long, on the weatern edge of the continent. Thia zone atarted at a re-
latively shallow depth under the trench that skirts the coast; but under

the Andes and further east it extended down to more than 400 miles.

These sloping regions, known as Benloff zones, alope down under the con-
tinenta at about 45 degrees. Volcanlc eruptions occur over that part of
the slope where earthquakes are taking place at depths of up to 60 milea.
It is tempting to speculate that the quakes occur between a deacending

ocean plate and the over-riding contimental block.

As recently as 1935, the British Association set up a committee to collect
information and appointed Bdward Bullard of Cambridge University as one
of thelr experimenters. He studied the sea floor in contrast to the con-
tinental rocks heated by their rich inclusion of radicactive elements.

The sea {loor everywhere was found to consist of basalt and below it the
"bagic" rock from which basalt had been derived - a rock containing even
lesa radioactivity. After the war, Bullard was appointed Director of
Naval Operation Research in Britain and had to stop his work at the
Seripps Institutfon of Oceanography, leaving a graduate student to con-
tinue. Heat-flow measurements were made at sites in the Pacific and
Atlantic oceans, and the rate proved remarkably high, though variable from

place to place, in the mid-Atlantic region, Bullard explained this






